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PREDSTAVENI PROJEKTU “ROZVOJ CTT NA UTB VE ZLINE”

Centrum transferu technologii Univerzitniho institutu UTB ve Zlin€ zahdjilo dne 1. 7. 2014
udrzitelnost projektu ,,Rozvoj CTT na UTB ve Zliné*“. Nize zakladni informace o projektu.

IDENTIFIKACNI UDAJE O PROJEKTU:

Nazev projektu: Rozvoj CTT na UTB ve Zling

Registracni ¢islo projektu: CZ.1.05/3.1.00/10.0205

Ptijemce: Univerzita Tomase Bati ve Zlin¢

Nazev operacniho programu: OP Vyzkum a vyvoj pro inovace
Cislo operaéniho programu: CZ.1.05

Nazev prioritni osy: Komercializace a popularizace VaV

Cislo prioritni osy: 3

Nazev oblasti podpory: Komercializace vysledkli vyzkumnych organizaci a ochrana jejich
duSevniho vlastnictvi

Cislo oblasti podpory: 3.1

Cislo vyzvy: 10

Nézev vyzvy: Vyzva €. 3.3 pro oblast podpory 3.1 Komercializace vysledkl vyzkumnych
organizaci a ochrana jejich dusevniho vlastnictvi

Datum zah4jeni projektu: 01/09/2010

Datum zahajeni realizace projektu: 1/7/2012

Datum ukonceni realizace projektu: 30/06/2014

Celkove vydaje projektu: 18 079 217,00

Celkove zdroje ptipadajici na zplsobilé vydaje: 16 186 009,00
Celkové nezpisobilé vydaje: 1 893 208,00

Dotace projektu:

Strukturalni fond: 13 758 107,65

Statni rozpocet: 2 427 901,35

Odkaz na internetové stranky OP VaVpl: http://www.opvavpi.cz/

CILE, VYSLEDKY:
Globalnim cilem projektu byl rozvoj ¢innosti Centra transferu technologii od podpory
efektivniho vyzkumu a vyvoje ptes zabezpecovani ochrany vysledkt dusevniho vlastnictvi az

k funkénimu transferu technologii — vystupt VaV vznikajicich na UTB ve Zlin¢ — smérem k
aplikac¢ni sféte.

Tento cil byl realizovan skrze specifické cile projektu — budovéani tymu CTT realizujiciho na
pudeé UTB strategii komercializace véetné spravy dusevniho vlastnictvi na bazi
odpovidajiciho informa¢niho systému, rozsifovani sité¢ primyslovych partnert pro realizaci
transferu technologii - s nasledujicimi vysledky:

Vybudovany kvalitni tym CTT se zkuSenostmi s piipravou vysledkit VaV ke komercializaci.
Implementovana, optimalizovana a na souboru realnych vysledkt VaV na UTB ve Zliné
zkuSebn¢ ovéfena strategie komercializace.

Optimalizovany a pilotn€ ovéteny informacni systém pro spravu dusevniho vlastnictvi a
transfer technologii (IP management).

Vybudovana sit’ partnert z aplikacni sféry spolupracujicich s UTB ve Zliné v portfoliu
vysledkd VaV.
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Piedstavujeme Centrum transferu technologii
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Bartonikova Ivana
Univerzita Tomase Bati ve Zline, Centrum transferu technologii,
Nad Ovcirnou 3685, 760 01 Zlin
E-mail: bartonikova@uni.utb.cz http://isctt.utb.cz/

Centrum transferu technologii (CTT)

Je ztizeno jako specializované pracovisté pro spolupraci s aplikaéni sférou a transfer
vysledkl V a V. Vytvaii tedy podminky pro vznik G¢innych vazeb mezi vyzkumnymi tymy
UTB ve Zlin¢ a aplikac¢ni sférou, vedouci k rozsiteni a urychleni pfenosu poznatki z
vyzkumnych pracovist’ do primyslu. CTT bylo zfizeno k 1.1.2008 a je zaclenéno v
organizac¢ni struktufe Univerzitniho institutu, je tvofeno Oddélenim patentt a licenci (CTT-
OPL), Oddélenim transferu technologii (CTT-OTT) a Projektovym oddélenim.

Oddéleni patenttia
licenci (CTT-OPL)

Oddéleni transferu
technologii
(CTT-OTT)

Projektové
oddéleni

CTT-OPL provadi vesker¢ sluzby a ¢innosti tykajici se oblasti duSevniho vlastnictvi,
piedevsim pak sluzby souvisejici se zabezpecenim prumyslové pravni ochrany vysledkt
UTB, zejména se jedna o agendu souvisejici s uplatnénim prava na predmét pramyslového
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vlastnictvi, dale je zajiténo piimé zastupovani UTB pied Utadem pramyslového vlastnictvi
(UPV) CR, Svétovou organizaci dusevniho vlastnictvi (WIPO), Ufadem Evropské unie pro
dusevni vlastnictvi (EUIPO) a Evropskym patentovym tfadem (EPO) a zprostiedkovani
zastoupeni UTB ptred narodnimi tiady jednotlivych zemi, poradenské a konzulta¢ni sluzby v
oblasti dusevniho vlastnictvi.

CTT je tedy vyznamnym pojitkem mezi UTB a primyslovou praxi diky
specializovanym patentovym sluzbam, které jeho pracovnici provadéji nejen interné pro UTB,
ale také extern¢ pro prumyslové subjekty.

CTT ajeho pracovnici jsou ¢leny celé fady profesnich sdruzeni:

e  Asociace inovaéniho podnikani Ceské republiky, z. s.
e  Spoleénost védeckotechnickych parkii CR, z. s.

e Transfera.cz

e European Patent Institute

e Komora patentovych zastupcti CR.

CTT nabizi komplexni sluzby v oblasti ochrany dusevniho vlastnictvi, konzultantskou
a informacni ¢innost souvisejici s uzaviranim licenci, podporuje komercializaci vysledk
UTB ve Zlin¢ a fesi transferové projekty na narodni i mezindrodni Grovni.

Komercializace na CTT

Komercializace na CTT je soucasti strategického zdméru UTB, ktery ma za ukol
transformovat stavajici UTB do kategorie podnikatelské univerzity v souladu s Dlouhodobym
zamérem vzdelavaci, védecké, vyzkumné, vyvojové a inovacni, umelecké a dalsi tvirci
¢innosti UTB na obdobi 2016 — 2020.

Z hlediska strategického zaméru transformace do podoby podnikatelské univerzity ma
pienos vysledki V a V do praxe zdsadni vyznam. V postupu komercializace V a V vystupti
se uplatiuji Bat'ovské principy podnikani, které jsou skéle aktualni.

Dosavadni zkuSenosti a vysledky CTT

Za dobu své¢ existence vykazuje CTT vysledky zejména v oblasti tvorby a
managementu znalosti a duSevniho vlastnictvi.

Bylo vybudovéno rozsahlé portfolio chranénych vysledkt duSevniho vlastnictvi v

podobé patent (110), uzitnych vzora (126), pramyslovych vzori (88) a ochrannych znamek
(20).

Pracovnici CTT maji praktické zkuSenosti s transferovymi aktivitami, které ziskali v domacim
1 zahrani¢nim prosttedi.

CTT se rovnéZ podilelo na tvorbé metodik systému komercializace vysledki Va V,
které vznikly v rdmci ptedchozich projektt CTT.



Za celou dobu existence CTT byla také realizovana Cetna spoluprace s komercénimi
subjekty, napt. v podob¢ uzavieni celkem 12 licen¢nich smluv, fady dalSich smluv s obsahem
licenéniho ujednani a smluv o spolupréci a vyuziti vysledki V a V pii feSeni spoleéného
projektu.

Cisté prostory Univerzitniho institutu
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Ke komercializaci slouZi také €isté prostory Univerzitniho institutu, které spliuji
pozadavky pro zafazeni do tfidy &istoty ,,C* na zakladé pozadavku normy CSN EN ISO
14644 Cisté prostory a p¥islusné fizené prostiedi v souladu s pozadavky normy CSN EN ISO
13485 Systém managementu jakosti ZP.
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Podminky provozovani ¢istych prostor jsou predmétem periodického dohledu
notifikované osoby NB 1023 Institutu pro testovani a certifikaci, a.s. Zlin.

MozZnosti spoluprace s praxi:

* Prongjem kancelatskych nebo laboratornich prostory

* Realizace spolecnych inovacnich nebo vyzkumnych f
projekta

*  Vyuziti sluzeb pracovnikii Centra transferu
technologii

« Utast se konferencich, seminaftich, workshopech a
dalSich akci porddanych Univerzitnim institutem



Vyzkumné kapacity Centra polymernich systémii
Vladimir Pavlinek
Univerzita Tomase Bati ve Zline, Centrum polymernich systéma,
Trida Tomase Bati 5678, 76001 Zlin

pavlinek@cps.utb.cz; http://www.cps.utb.cz

Centrum polymernich systémt (CPS) je vyzkumnou jednotkou Univerzity Tomase Bati ve
Zlin¢, ktera je budovana od roku 2011. Personalni a pfistrojové zajisténi Centra umoziiuje
nabizet spolupraci akademickym institucim a primyslovym podnikim jak v zakladnim, tak i
aplikovaném vyzkumu a vyvoji, ¢i inovacich, formou spole¢ného projektu nebo zakazkami
smluvniho vyzkumu. Centrum je zaméfeno na oblasti pfipravy, zpracovatelstvi a
charakterizace polymernich materidlii a kompozitl, véetné navrhu a ptipravy produkti na
polymerni bazi, pfi¢emz jsou rozvijeny souvisejici oblasti zakladnich védeckych disciplin.
Pracovnici Centra také vyucuji na univerzité, zejména Skoli doktorandy.

Stavebné-technickd ¢ast projektu zahrnovala vystavbu nového objektu CPS s predpokladanou
kapacitou 112 pracovnik (fyzickych osob) a jeho vybaveni moderni pfistrojovou technikou v
souladu s planovanymi vyzkumnymi programy. Budova mé laboratorni trakt obsahujici tézké
laboratofe vybavené zpracovatelskymi zafizenimi odpovidajicimi plastikaiskym a
gumarenskym technologiim, mikroskopické a spektroskopické laboratoie pro analyzy
materidli a pfisad, laboratofe pro chemické a fyzikalni analyzy plasti a kompozitl i
mikrobiologickymi a biologickymi laboratofemi potiebnymi pro vyzkum v oblasti
biomaterialti. Laboratorni, i technologicky trakt byly postaveny moduldrnim systémem s vizi
dalsiho rozvoje infrastruktury. V administrativnim traktu jsou pak pracovny vyzkumniki,
podpirnych pracovnikii i managementu CPS a open space pracovny doktorandu.

Centrum polymernich systémt je soucasti vysokoskolského ustavu ,,Univerzitni institut” a je
tak oddéleno od jednotlivych fakult univerzity, nicméné fada pracovniki plisobi soucasné na
fakultach i na CPS. V ramci fakult se pracovnici zapojuji do vzdélavaciho procesu ve vSech
stupnich studia, pficemz je hlavni diiraz kladen na vychovu doktorandi. Aktivné se do
¢innosti CPS zapojuji studenti jak magisterského, tak zejména doktorského stupné studia,
ktefi jsou vnimani jako vyznamnd vyzkumna kapacita CPS. Vyzkumné tymy maji vyznamny
podil zahrani¢nich pracovnikd.

Centrum polymernich systému se vnitin¢ Cleni na 2 vyzkumné programy, kdy kazdy ma 4
oborové zamétené vyzkumné skupiny.

Vyzkumny program ,,Zpracovatelstvi progresivnich polymernich systémii“
Zpracovatelstvi plastl

Bioaktivni polymerni systémy

Povrchové upravy materiala

Gumarenské procesy a materialy

Vyzkumny program ,, Pokrocilé polymerni kompozitni systémy*
Multifunkéni nanomaterialy

Systémy se senzorickymi vlastnostmi

Kompozity s elektrickymi a magnetickymi vlastnostmi
Biokompozitni systémy
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Centrum polymernich systéml nabizi svou kapacitu pfi realizaci smluvniho vyzkumu na
zakazku pro primyslové partnery, feSeni spolecnych projektld vyzkumu, vyvoje a inovaci
s vyuzitim dotac¢nich tituld, feSeni technickych a technologickych problémi praxe, zpracovani
analyz a odbornych studii pii vyuziti moderni pfistrojové techniky.

Centrum dale poskytuje poradenskou a konzulta¢ni Cinnost, realizaci odbornych skoleni,
workshopt a tematicky zamétenych konferenci.

Centrum polymernich systému je ¢lenem ECP4, The European Composites, Plastics and
Polymer Processing Platform, kterd sdruzuje Spickova Evropskd vyzkumna pracovisté,
regionalni plastikaiské klastry a Evropské zpracovatele plasti a kompozitnich materiali.
Centrum polymernich systému také tézi ze spoluprace v ramci Polymer Processing Society
Network, ktera sdruzuje vice nez 400 partnert po celém svété. Spolecnost podporuje vyzkum
a technické inovace ve zpracovatelstvi polymert a predstavuje také nazorové féorum pro
inzenyry a vyzkumniky.

Za relativné kratkou dobu své existence se CPS muze pochlubit vice nez stovkou uzitnych
vzoru a patentll, velkym poctem publikaci a objemu smluvniho vyzkumu a nékolika desitkami
uspésnych absolventii doktorského studia. Za zminku jisté stoji, Ze v poslednim hodnoceni
aktivit 48 ceskych védeckych center, které provadi Lidové noviny, se CPS umistilo na 8.
miste.



Plasty v regionu, region pro plasty?!
David Hausner
Plastikarsky klastr s.r.o.

Cilem piednasky je seznamit (nejen) posluchace se situaci a stavem oboru zpracovani plasti
Vv regionu stfedni Moravy véetné porovnani se situaci v CR obecné.

Plastikaisky klastr byl zalozen v tnoru 2006 formou zajmového sdruzeni pravnickych osob s
cilem vytvofit komunikacni forum pro své (ne)cleny — zpracovatele plastii, vysoké a stfedni
Skoly, ale 1 pro laickou vetejnost a regionalni exekutivu. Hlavnimi diivody k zaloZeni klastru
byla piedevs§im tradi¢né silna pozice plastikaiského pramyslu ve Zlinském kraji (spolu s
gumatii pfedstavuje nejvykonnéjsi primyslovy segment regionu), na druhé strané vSak
nedostatek kvalifikované pracovni sily, chybé&jici vyzkumné a vyvojové zazemi pro
zpracovatele plastll, potteba odpovidajici vyjednavaci pozice pii ndkupu sluzeb a produkti a
ucinného prosazovani z4jmu odvetvi.

Vyznacnou vnitini definici a mottem Plastikarského klastru je jednoduché a srozumitelné
konstatovani: Klastr je sdruzeni téch, co se znaji, a i kdyz si treba konkuruji, tak chtéji
spolupracovat, protoze vi, Ze na tom vydélaji.

A co je diivodem existence klastrovych aktivit?! :
Zvyseni konkurenceschopnosti ¢lenskych firem Plastru aplikaci novych surovin a aditiv.

Zavedeni novych technologii ve ¢lenskych firmach Plastru. Eliminace slabych stranek malych
a stfednich firem, které nemaji vybudovanou infrastrukturu pro testovani novych materiala.



Low-cost and in-line plasma treatment of BOPP films

D. Kovagik'*", J. Maxa?, D. Skécelova', J. Krskova', M. Stupavska', A. Zahoranové?,
M. Cernak'~
!CEPLANT, Department of Physical Electronics, Faculty of Science, Masaryk University,
Kotlarska 2, 611 37 Brno, Czech Republic
’Department of Experimental Physics, Faculty of Mathematics, Physics and Informatics,
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ABSTRACT: Polymers like polypropylene (PP) are frequently used as films and foils for
packaging, protective coatings and sealing applications, because of their superior bulk
properties. However, PP films have limitation to their adhesion properties due to their
non-polar nature and low surface energy. Therefore, surface treatments are usually necessary
to improve the wettability and consequently the adhesive properties. In this research the
biaxially oriented polypropylene (BOPP) film was surface treated by air-plasma generated
using diffuse coplanar surface barrier discharge (DCSBD) and roll-to-roll corona system from
Ahlbrandt System GmbH. Efficiency of both atmospheric pressure plasma systems was
compared. The surface wettability of the untreated and plasma treated BOPP films was
evaluated using water contact angle measurement, BOPP film surface morphology after
treatment was investigated by SEM analyse, whereas topography by AFM. Characterization
of the plasma-induced surface changes was performed using XPS and ATR-FTIR
spectroscopy. The adhesion of plasma treated BOPP film was studied by the tape peel test

measurement. It was given attention also to ageing phenomena of plasma treated BOPP films.

1. Introduction

Due to the excellent mechanical properties, perfect corrosion resistance and relatively low
cost polypropylene (PP) is one of the most used polymeric materials increasingly replacing
the traditional engineering materials. Biaxially oriented polypropylene (BOPP) films are
produced by melting polypropylene, extruding a film of and subsequent stretching, i.e.
orienting it in the machine and cross directions. BOPP films have excellent optical properties,
high strength, light weight, thermal stability, chemical resistance and good barrier properties
against water vapour. The utilization of BOPP films includes electrical industry for the

production of capacitors, food industry for packaging, further wrapping of flowers and gifts,



as they feature brilliant gloss.

However, polypropylene is innately hydrophobic, low surface energy material, and thus does
not adhere well to other materials. It is necessary to modify its surface to increase the surface
energy and improve adhesion properties without change in its bulk properties for many
commercial applications. The basic principle of surface modification technologies is to
introduce the polar groups such as amine, carbonyl, hydroxyl, and carboxyl functional groups
to the polymer surface. The improved adhesion to other layers is mostly due to a purely
physical interaction or the formation of weak interactions such as hydrogen bonds, Van der
walls forces or dipolar interactions [1].

The application of cold plasmas to modify surface properties of polymers is a rapid and
environmentally friendly process which could potentially become an alternative to chemical
ways of surface modification [2] or flame treatment [3]. The advantage of this technique is
that plasma treatment only changes the uppermost atomic layers of polymer without
modifying the bulk properties. Therefore, the modification depth of the plasma treatment is
only a few nanometers [2, 4].

The atmospheric pressure plasma treatment processes have considerable advantages over the
other used technologies such as low pressure plasma treatment [5-7], flame [8] and priming
treatments of BOPP films. Plasma systems operating at atmospheric pressure have no use of
expensive and usually complicated vacuum and pump systems, material can be treated in
continuous regime without necessary to treat material in batches. On the other hand from the
industrial point of view only atmospheric pressure plasma systems working primarily in
ambient air and generating non-equilibrium, uniform plasma of high power density with as
large active plasma field as possible have a potential to be used at real polymer films industry
conditions. The systems that can fulfill these requirements include mainly industrial corona
[9-10] and dielectric barrier discharges [11-12].

In this paper we deal with the research focused on ambient air atmospheric pressure plasma



treatment of BOPP films using two different plasma systems. One of them was a roll-to-roll
corona system and the second one a system for treatment of rigid or flexible samples based on
diffuse coplanar surface barrier discharge (DCSBD) [13, 14].

Efficiency of both atmospheric pressure plasma systems was compared. The surface
wettability of the untreated and plasma treated BOPP films was evaluated using contact angle
measurement, BOPP film surface morphology after treatment was investigated by SEM
analyse, whereas topography by AFM. Characterization of the plasma-induced surface
changes was performed using XPS and ATR-FTIR spectroscopy. The adhesion of plasma
treated BOPP film was studied by the tape peel test measurement. Once treated,
plasma-modified surfaces may not be stable, there are often changes in the wettability, surface
chemistry, or adhesion properties as a function of storage time after treatment, thus we gave

attention also to ageing phenomena.

2. Experimental

As a material for experiments BOPP cigarette film from Terichem, a.s., Slovakia with the
thickness 25 um and square weight 22.8 g.m™ was used. Two types of atmospheric pressure
plasma systems were used for plasma modification of BOPP film surface. Plasma treatment
was carried out using a commercial roll-to-roll corona system from Ahlbrandt System GmbH
(Fig. 1a) and reactor for surface treatment of rigid or flexible samples up to A4 size based on
DCSBD (Fig. 1b).

Corona system has a volume configuration of electrodes with a grounded cylinder electrode
isolated by a ceramic layer. Plasma burns between a rotating cylinder and a detachable
electrode with gaps, which serve as an air outlet. Plasma was generated in ambient air at
atmospheric pressure, at room temperature and at the square power density (2.56 W.cm™). The

samples were treated 1, 3, 5 and 10 seconds. BOPP film was attached to the cylinder, whose



average speed of rotation was 18 m.min™'. The distance between the sample and electrodes

was adjusted tol mm.

Fig. 1. The view of atmospheric pressure plasma systems used for BOPP surface treatment:
roll-to-roll corona system from Ahlbrandt System GmbH (a), and reactor for surface treatment

of flexible samples up to A4 size based on DCSBD with the photo of generated plasma (b).

DCSBD system generating non-equilibrium, macroscopically homogeneous plasma was used
as an alternative to corona system. DCSBD electrode system consists of many parallel silver
electrodes embedded in Al,O3 ceramics [13, 14]. Plasma surface treatment of BOPP film was
realized on one side in a dynamic regime at input power of 400 W corresponding to the same
square power density 2.56 W.cm™ as in the case of corona treatment. As a working gas
ambient air at room temperature was used, exposure times in plasma were again 1, 3, 5 and 10
seconds. BOPP film was attached to the planar sample holder whereas the DCSBD electrode
with plasma on the bottom side was being automatically moved above the film with the speed
corresponding to the treatment time 1 sec for one pass-over from one side to the other.
DCSBD plasma burns on the ceramics in a very thin layer (~0.3 mm) and can reach very high
values of plasma power density (~100 W.cm™) [14]. Therefore, the distance 0.3 mm between

the sample and ceramics was kept to secure good contact.



As the analysis methods for verification of the surface changes of BOPP film after exposure
to DCSBD plasma and corona were used: contact angle measurement, scanning electron
microscopy (SEM), atomic force microscopy (AFM), attenuated total reflectance Fourier
transform infrared spectroscopy (ATR-FTIR), and X-ray photoelectron spectroscopy (XPS)
measurements. The adhesion was studied by tape peel test measurements.

The contact angle was measured directly using the image of the sessile drops (2 pl) taken with
the help of Surface Energy Evaluation System [15]. Distilled water was used as the testing
liquid. To minimize a measurement error 12 contact angles were measured, with the highest
and the lowest value eliminated. The final contact angle value was determined as an
arithmetic average of the remaining 10 contact angle values.

The surface morphology was observed by SEM using TESCAN Mira 3 device equipped with
a Schottky Field Emission electron gun, secondary electron detector and detector of
back-scattered electrons and both detectors also located in the objective lens. Maximal
resolution was 1.0 nm by 30 kV.

The topography of BOPP film before and after plasma treatment was investigated by AFM
using Ntegra Prima NT-MDT microscope in contact mode. Measured data were visualizated
by Gwyddion modular program.

The surface of untreated and plasma treated BOPP films were examined by ATR-FTIR using a
Bruker Optics Vector 22 MIRacle™ spectrometer (PIKE Technologies) and diamond/ZnSe
ATR crystals at 45° incidence. Twenty scans per sample were collected from 4000-600 cm™
at 4 cm™ resolution.

The XPS measurements were performed with an ESCALAB 250Xi (ThermoFisher Scientific)
using the AlIKa X-Ray source operating at 200 W beam power (650 microns spot size). The
survey spectra and high-resolution spectra were acquired using a pass energy of 50 eV and
20 eV, respectively. The resolution was set to 1 eV and 0.1 eV, respectively. In order to

prevent surface charging electron flood gun was used.



The strength of adhesion was measured by peeling the adhesive tape (Aerotape 21-1933)
away from BOPP film. The peel test was performed using a testing machine (Instron 4301) at
a crosshead speed 10 mm.min™' and with the length of the adhesive joint of 100 mm. A special

clamp was used which allows for a 90° angle at joint during the entire test.

3. Results and Discussion
The results of BOPP film plasma treatment study are summarized in separate subsections

according the analysis methods.

3.1 Contact angle measurement

The water contact angle measured on the reference BOPP film samples was 101.2°+1.1°. This
value confirmed highly hydrophobic character of studied films. As shown in Fig. 2 after each
plasma treatment the value of water contact angle decreased. Corona treatment resulted in the
decrease of contact angle to the value of 59.9°only after 1 sec exposure time. Comparing to
the DCSBD plasma corona seems to be more efficient but analyzing the longer treatment
times it can be seen that there is only slight effect on the hydrophilicity whereas using
DCSBD plasma we could obtain still the lower values of contact angle. The lowest value
42.39°+ 4.35° was observed for 5 sec DCSBD treatment. In contrast with corona treatment
the average deviations are higher and indicate the less homogeneous plasma treatment using
DCSBD.

Ageing of plasma treatment was investigated after the elapse of 1 and 4 weeks. For all
treatment times and also both plasma systems the water contact angle increased. The most
stable treatment using DCSBD plasma was confirmed for exposure time 5 sec where the value
of contact angle after 4 weeks was 61.1°+ 3.7°. The highest contact angle increase was
observed on the BOPP film treated 3 sec where after 1 week it reached the values comparable

to 1 sec plasma treatment. Corona treatment led to more stable treatment for exposure times



1 sec and 3 sec. After 1 week the contact angle was about 70° for all treatment times but after
4 weeks there was shown the evident increase of contact angle values for treatments done at
5 sec (78.48°) and 10 sec (90.31°). This fact can be explained by overexposure for treatment

times longer than 3 sec when the hydrophilicity tends to get worse.
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Fig. 2. The water contact angle values as a function of treatment time measured immediately

after BOPP plasma treatment for both plasma systems.

3.2 SEM measurements

Due to the SEM images of BOPP film surface after plasma treatment we were able to
compare the effect of both investigated plasma sources on the surface morphology. Since
corona consists of microfilaments which are perpendicular to the treated surface we supposed
that for longer treatment times the investigated BOPP film surface might be damaged. For
exposure time 5 sec and 10 sec it was possible to see even by naked eye that the transparency
of films was getting worse due to defect spots on the surface. Fig. 3 shows the comparison of
BOPP film surface morphology for the reference, corona and DCSBD plasma treated film at

the same exposure time 5 sec.
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Fig. 3. SEM micrographs (magnification 8000x) of BOPP film surface: the reference sample (a),

the sample treated by DCSBD plasma 5 sec (b), the sample treated by corona 5 sec (c).

As it can be seen DCSBD plasma is gentle to the surface of film due to the parallel orientation
of microfilaments to the treated surface and high ratio of diffuse plasma whereas the surface
of corona treated film is evidently damaged. To prevent this undesirable effect the corona
treatment times must be much shorter than 5 sec. In the case of DCSBD plasma there were the

changes in surface morphology neither for 10 sec treatment time.

3.3 AFM measurement

The results of AFM measurement are in accordance with the conclusion of SEM analyse.
AFM images in Fig. 4 compare the topography of BOPP film surface after 5 sec exposure
time in corona and DCSBD plasma. As it has already been shown by SEM the corona
treatment makes the surface of films rough. Root mean square (RMS) roughness for reference
sample was 5.63 nm. Corona treatment in 5 sec duration resulted in RMS roughness 23.4 nm
whereas DCSBD plasma treatment in 4.45 nm for the same exposure. This is clear evidence
that DCSBD generates non-equilibrium plasma that causes no changes in topography of

BOPP film surface.
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Fig. 4. AFM images of BOPP film surface: the reference sample (a), the sample treated by

DCSBD plasma 5 sec (b), the sample treated by corona 5 sec (c).

3.4 Tape peel test measurement

The results of tape peel test measured 24 hours after plasma treatment of BOPP films are
summarized in Fig. 5. It is evident that by increasing treatment time the peel adhesion
increased several times except 10 sec comparing to the reference sample. 10 sec exposure
time is too long, as it has already been discussed corona treatment leads to roughness of film
surface causing so high peel adhesion that it was not measurable as the tape was disported.
Worthy of note is also the fact that more than 4 times higher peel adhesion was obtained only
by 1 sec DCSBD plasma treatment whereas the corona treatment increased adhesion only 2
times. The highest peel adhesion was observed on the BOPP film which was treated by
DCSBD plasma 5 sec. This corresponds to the conclusion of water contact angle
measurement when the lowest and most stable value in time was obtained also for 5 sec
exposure time. Results of peel test further confirmed that the homogeneity of DCSBD
treatment is lower than using corona. This fact implicates that during DCSBD plasma
treatment there was not being kept the optimal distance ~0.3 mm at whole treated surface. The

mentioned problem may be solved by feeding the film on the roller in exact distance from the



concave curved DCSBD ceramics which has already been successfully developed and tested.
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Fig. 5. Dependence of peel adhesion values on treatment time for both plasma systems.

3.5 XPS measurement

XPS analysis was used to elaborate the outcomes of the contact angle measurements
suggesting a strong surface oxidation of the plasma treated BOPP films. The atomic
composition of reference sample and samples treated by both corona and DCSBD plasma is

listed in Table 1.

Table 1. Chemical groups quantification at BOPP film surface after plasma treatment, the

second value separated by forward slash were measured after 30 days of ageing.

Atomic %
BOPP film
C-(CH,), CH, c-0 Cc=0 COOH

reference 28,59 68,96 2,45 / /

DCSBD 1s 25.05/26.8 59.93/63.85 9.38/5.88 3.58/1.65 2.06/1.83
coronals 25.0/24.37 48.06/58.05 13.95/9.36 6.63/4.29 6.36/3.93
DCSBD 3 s 25.55/24.95 61.31/48.58 7.22/12.57 3.73/7.33 2.19/6.57
corona3s 23.38/22.93 44.37/54.56 13.04/9.93 8.47/6.12 10.75/6.46
DCSBD 5 s 24.95/24.75 48.58/57.3 12.57/9.34 7.33/4.75 6.57/3.86
corona5s 20.42/24.16 41.93/49.16 16.15/13.01 9.1/6.29 12.4/7.38
DCSBD 10 s 24.54/26.3 47.67/52.51 11.81/11.04 8.34/5.31 7.64/4.84
coronal0s 22.63/25.42 44.31/50.6 12.78/11.35 8.67/5.97 11.6/6.66




The quantitative data confirm the increase of oxygen content. This shows that oxygen groups
are introduced into BOPP surface after ambient air plasma treatment. Corona treatment seems
to be more effective due to strongly filamentary nature of plasma. The presence of oxygen
groups was detected also 30 days after treatment indicating the retention of hydrophilic

character of film surface.

3.6 ATR-FTIR measurement

ATR-FTIR analysis was performed in order to investigate the potential of this technique to
measure plasma-induced chemical changes on the surface. Unfortunately, comparing the
ATR-FTIR spectra for untreated and plasma treated BOPP film we were not able to detect any
changes. We assume that our device should be equipped by additional accessories as it was

presented in [6].

Conclusion

Corona and DCSBD plasma systems have been used to modify BOPP film surfaces. As it was
shown plasma treatment can greatly change the surface chemistry as well as morphology and
topography of films. The polar functional groups generated due to plasma on the surfaces
causes decrease in the water contact angle. Ageing process of the plasma treatment showed
that the effect was not permanent due to the migration of polar groups into polymer bulk
however it was better than before treatment. The results of SEM and AFM showed that
DCSBD plasma treatment is gentle to the BOPP film surface even there were observed the
changes in surface roughness neither for the longer exposure in duration of more than 5 sec.
The tape peel test measurement showed that DCSBD plasma is more effective on the peel
adhesion than corona. The homogeneity of DCSBD plasma treatment might be improved by
the roll-to-roll system based on the concave curved DCSBD ceramics in which the optimal

distance between ceramics and film can be much better kept.
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Vyroba polymernich membran ve formé dutych vliken metodou inverze fazi
Robert Valek, David Maly
MemBrain s.r.o., Pod Vinici 87, 471 27, Straz pod Ralskem
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SOUHRN: V pfiispévku je popsan princip formovani polymera z roztokli metodou inverze
fazi. Ptispévek déle obsahuje stru¢ny popis chovéani polymernich roztokl a zaklady
membranovych separaci s dirazem na membranovou separaci plynti. Metodou inverze fazi
byly pfipraveny membrany ve forme dutych vldken uréenych pro separaci plynti. Membrany
byly vyrobeny z polyetherimidu (PEI), byl studovan vliv sloZzeni polymerniho roztoku, slozeni
a davkovani srazeci stfedové kapaliny, teploty srazeci lazné, vzdalenosti zvlakiniovaci trysky
od hladiny sraZeci nadrze a rychlosti odtahu dutého vldkna na jeho separacni a transportni
vlastnosti a smési CO,/CH,. Transportni vlastnosti byly stanoveny pomoci permeametru a
separaéni vlastnosti pomoci plynové chromatografie nebo hmotnostni spektroskopie. Uéelem
je nalezeni optimalnich vyrobnich parametr pro vyrobu membrany s vysokou permeabilitou
a selektivitou s vyuzitim statistickych metod pldnovani experimentu — design of experiments
(DOE). Byly pfipraveny polymerni membrany ve formé dutych vlaken se selektivitou pro
sm&s CO,/CH4 a = 39 a permeanci pro CO, P = 19 GPU coZ odpovida 1,53.10™'° m*/s/Pa/m*.

Tento typ membrany je vhodny pro separaci biomethanu z bioplynu.

Fabrication of Polymeric Hollow Fiber Membrane by Phase Inversion
Robert Vilek, David Maly
MemBrain Ltd., Pod Vinici 87, 471 27, Straz pod Ralskem, Czech Republic

ABSTRACT: The paper describes the principle of polymer forming from their solutions by
phase inversion method. The paper also contains a brief description of the behavior of
polymer solutions and membrane separation fundamentals with an emphasis on membrane
gas separation. By phase inversion method were prepared hollow fiber membranes for gas
separation. Membranes were made of polyetherimide (PEI), the influence of the polymer
solution composition, bore liquid composition and its dosage rate, temperature of the
precipitation bath, the air-gap and take-up speed of the hollow fiber on its separation and
transport properties of a mixture CO,/CH4 were studied. The transport properties were
determined using permeation apparatus and separation properties by gas chromatography and

mass spectroscopy. The purpose is to find optimal process parameters for the production of



membranes with high permeability and selectivity using statistical methods of planning
experiment — design of experiments (DOE). There were prepared polymeric hollow-fiber
membranes with selectivity of CO,/CHy4 a = 39 and permeance of CO, P = 19 GPU
(1,53.10"° m® s Pa™! m™). This type of membrane is suitable for methane separation from

biogas.

1. Uvod

1.1. Inverze fazi

Formovani vyrobku z roztoku polymeru metodou inverze fazi nepatii mezi bézné zpisoby
zpracovani polymerd, jako jsou vstfikovani, extruze, vyfukovani, lisovani a dalsi, pro vyrobu
polymernich membran je vSak metodou klicovou. Lze vyrabét ploché asymetrické membrany,
ale predmétem tohoto prispévku je tvorba asymetrické membrany ve formé& dutého vlakna.
Asymetrickd membrana ma tenkou kompaktni separacni vrstvu zpravidla ma vnéj$im povrchu,

ktera je celistvé spojena se silnou porézni strukturou stény vlakna, viz obrazek 1.

Obr. 1. Detail stény dutého vidkna

Pro rozpousténi polymeru se pouzivaji aprotickd rozpoustédla, v prvnim pfiblizeni jsou to ty,
ktera jsou neomezen¢ misitelna jak s polarnimi tak nepolarnimi kapalinami. Pti kontaktu
roztoku polymeru v aprotickém rozpoustédle se srazedlem dochazi, vlivem zejména rozdilu
koncentraci, k ptfechodu rozpoustédla do polarniho srdzedla (voda) a zaroven k pronikani
polarniho srazedla do roztoku polymeru, ¢imz dojde k vysraZeni polymeru z roztoku. Pokud
roztok polymeru vytéka do srazedla z kruhového otvoru vhodného rozméru, vysrazi se

polymer ve form¢ vldkna. Aby vzniklo duté vlakno, je nutné, aby ke srazeni polymeru



dochazelo i ve stiedu vlakna. To je realizovano dvéma koaxialnimi trubickami, vnitini
trubickou protéka stiedova srdZeci kapalina a mezikruzim protéka roztok polymeru, ktery je

veden do srazeci nadrze, kde je formovan vnéjsi povrch vldkna se separaéni vrstvou.
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Obr. 2. Schéma procesu zvldkiovani [2]

Jiz pti ptipravé polymerniho roztoku se ke smési ptidava ur¢ité mnozstvi srazedla, zpravidla
etanol. Tim dojde ke zmensSeni polymernich klubek v roztoku a to se pfi styku se srazedlem
projevi rychlej$im vysrazenim pevného polymeru [1].

Pokud je tok rozpoustédla z roztoku polymeru pii kontaktu se srazedlem intenzivni, dochazi
k tvorbé kompaktni vrstvy polymeru, to se déje pii srazeni polymeru z koncentrovanych
roztokil Cistym koagulantem. V ptipad¢, Ze je tok rozpoustédla z polymeru malo intenzivni to
znamena, ze je intenzivni tok srazedla do roztoku polymeru, vysrazi se polymer ve formé
porézni struktury, viz obrazek 3 a obrdzek 1. Tento ptipad nastdva, kdyz je vychozi roztok
polymeru mélo koncentrovany (vyroba poréznich membran pro ultrafiltraci nebo dialyzu),
nebo pokud je polymer sraZzen smési rozpoustédla s koagulantem, tak jak se déje pti

formovani vnitfniho povrchu dutého vldkna, obrazek 3 a obrazek 1.
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Obr. 3. Vztah mezi sloZzenim polymerniho roztoku, kinetiky srdazZeni a strukturou membrany [2]

1.2. Separace plynii na polymerni membranée
Principem separace plynii na polymerni membrané je rozpousténi a difize plynu v polymeru,
hnaci silou separace je rozdil parcidlnich tlak.

Selektivita symetrické membrany je definovana pomérem permeabilit Cistych slozek,

P
Ay/p = ﬁ (1)

kde A je plyn s vyS§i permeabilitou. V piipadé, kdy je membrana asymetricka s obtizné
méfitelnou tloustkou separacni vrstvy, je permeabilita Cisté slozky nahrazena permeanci.

« P}
Xa/B= i (2)

Permeance je definovéna jako tlakové normalizovany objemovy tok plynu pies jednotkovou

plochu membrany

1 — Qpya
Fa (PFxa-Ppya)A (3)

2. Experimentalni ¢ast

2.1. Vyroba membrany ve forme dutého vidkna

Asymetrickd membrana ve form¢ dutého vldkna byla vyrobena metodou inverze fazi z
roztoku polyetherimidu (PEI) s obchodnim ndzvem ULTEM 1000 v N-methylpyrrolidonu
(NMP) s ptidavkem srazedla ethanolu (29% PEIL 60% NMP, 11% EtOH). Externi srazeci
nadrZz obsahovala demi vodu o teploté¢ 10°C. Pridavek ethanolu (srdzedla) do polymerniho

roztoku zplisobi zmenSeni poloméru makromolekularniho klubka a pfi nasledném zavedeni



vlakna do vody urychluje srazeni polymeru, to v diisledku vede k membrané s tenci separacni
vrstvou a jednotnéjsi strukturou Chyba! Nenalezen zdroj odkazi.. Vnitini profil vlakna byl
sraZzen sm&si NMP a vody (15%). V priibéhu taZeni vldkna byly ménény Ctyfi parametry
(faktory), kazdy ve dvou urovnich: tok polymerniho roztoku, tok stiedové srazeci kapaliny,
vzduchova mezera spinneret - hladina vody a rychlost odtahu vldkna. Po vyhodnoceni
mikrostrukturnich, transportnich a separac¢nich vlastnosti byly tyto parametry davany do

souvislosti s podminkami tazeni a byl hodnocen vliv jednotlivych faktora a jejich interakce na

kvalitu vlakna.
Tab. 1. Podminky tazeni dutych vidken
fizené podminky ‘ konstantni podminky
davkovani davkovani odtahova vzduchovda  teplota  voda v sti.  tep. srdz.

Vzorek polymeru sti. kapal.  rychlost mezera roztoku kapaliné ldzné

ot/min ml/min m/min cm °C % °C
A5 1 7 2,1 12,0 2 50 15 10
A5 2 7 2,1 9,7 5 50 15 10
A5 3 7 2,6 12,0 5 50 15 10
AS 4 7 2,6 9,7 2 50 15 10
A5 5 10 2,1 12,0 5 50 15 10
A5 6 10 2,1 9,7 2 50 15 10
AS 7 10 2,6 12,0 2 50 15 10
A5 8 10 2,6 9,7 5 50 15 10

2.2. Uprava membran po vyrobé

Po vyrobé byla vlakna postupné promyta vodou, etanolem a hexanem a vysusena na vzduchu.
Finaln¢ byla dutd vlakna povrchové upravena ve dvou krocich. V prvnim kroku byla vlakna
ponoiena do etanolu po dobu 30 sekund a poté ,,zihana* v peci na 40°C po dobu 24 hodin,
tato Gprava ma ptiznivy vliv na uspotfddani makromolekul a potlacuje plastifikaci polymeru
pusobenim oxidu uhli¢itého. V druhém kroku byla vlakna ponotena do roztoku silikonového
kaucuku v hexanu a nésledné byla vlakna zihdna 24 hodin pti 80°C, aby prob¢hla kvalitni
vulkanizace silikonového kaucuku. Tenky film kaucuku ,,opravi® defekty vlakna v separacni

vrstve a tim zabranuje nefizené permeabilité plynt.

3. Vysledky a diskuze

3.1. Méreni transportnich a separacnich vlastnosti asymetrickych membran

Z ptipravenych a povrchové upravenych vldken byly vyrobeny laboratorni moduly s dvaceti
vlakny. Vldkna v modulu maji uzavieny jeden konec a plyn je ptivadén (feed) na vné;si

povrch vlaken a permeat je odvadeén ze stiedu vldken stfidavé na priitokomér nebo hmotnostni



spektrometr, kterym bylo analyzovano slozeni permeatu. Soucasné bylo testovano az Sest
modulli spojenych sériove, kdy retentat z jednoho modulu ptichdzi jako vstupni plyn na dalsi
modul. Toto usporadani zkracuje dobu méfeni a je mozné jen za podminky kdy je tok
vstupniho plynu mnohem vétsi, nez tok permeatu (nizky stage-cut). To znamena, ze vstupni
plyn ma na vSech modulech podobné slozeni. Prutok, slozeni vstupniho plynu a tlak

v membranovych modulech byl regulovan pomoci permeametru Neptunus od vyrobce
Convergence. Pratok byl ve vSech ptipadech 80 I/h (STP), membrany byly testovany za

ptetlaku 6, 8, 11 a 14 bar a testovani probihalo na smési CO, a CHs v poméru 1:1.

Tab. 2. Transportni a separacni vilastnost mebran ve forme dutych vidiken

permeance  selektivita

Vzorek CO; (8 bar) (8 bar)

GPU

A5 1 11,5 30,7
AS 2 10,3 28,2
A5 3 17,5 37,4
AS 4 20,6 22,9
A5 5 - -
A5 6 16,5 32,2
A5 7 19,2 39,2
AS 8 12,8 28,6

4. Zavér

Bylo vyrobeno nékolik typli membran pro separaci plynt ve form¢ dutych vldken. Byl
sledovan vliv nékolika faktord na transportni a separacni vlastnosti membran.

Statistické metody planovani experimentu jsou vhodnym néstrojem pro kvantifikaci vlivu
jednotlivych faktort a jejich interakce na kvalitu membrany.

Linearni regresni model selektivity membrany sestaveny na zaklad¢ hodnoceni vlivu
jednotlivych faktort a jejich interakce vykazuje dobrou shodu s experimentalnimi daty.
Selektivita membran z PEI je jen malo zavislé na tlaku smési plynit CO, — CHy v rozsahu
tlakd 6 — 14 bar.

Byla vyvinuta metodika testovani membran v laboratornich membranovych modulech.

V jednom okamziku je testovano az 6 modull, coz vede k uspofe Casu i spotieby plyn.



Podékovani

Tato prace vznikla za podpory Ministerstva primyslu a obchodu Ceské republiky v ramci
projektu LO1418 ,,Progresivni rozvoj Membranového inovacniho centra® podporovaného
programem NPU I Ministerstva $kolstvi a télovychovy Ceské republiky a s vyuzitim

infrastruktury Membranového inovacniho centra.

Citace

[1]  Wang: J. Membr. Sci 207, 2002, p. 227-240

[2] Chung T. S.: Advanced Membrane Technology and Applications, p. 821-839, Wiley
pub., ISBN978-0-471-73167-2



Plasmatreat: Open-air plasma upravy povrchi vyrobki z plasti

Dodavatelsky program firmy:
LONTECH — surface treatment, s.r.0.
CZ-53322 Byst 34 (okres Pardubice)

Tel.: 603 471 086, 466 989 560
E-mail: lontech@lontech.cz
www.lontech.cz

Plasmatreat GmbH
Od roku 1995 vyviji, vyrabi a prodava zatizeni pro vytvareni atmosférické plazmy (5500
systémul).

Openair® plasma technology je chranéna mnoha patenty (120).
Plasmatreat spolupracuje s pfednimi vyzkumnymi Gstavy, univerzitami a vyrobci lepidel,

laku, barev, atd.
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Openair®- Plasma

Umoznuje selektivni modifikaci vlastnosti povrchu

Aktivace: extrémni zvySeni smacivosti povrchu, vytvareni aktivnich povrchil. Zlepsuje
adhezi, zlepSuje zivotnost a spolehlivost lepenych spoji

Cisténi: odstranéni nedistot, mastnoty, mikrocisténi, neutralizace elektrostatického néboje
Vytvareni povlaki: vytvafeni funk¢nich ploch s povlaky (PlasmaPlus®- Coating

Technology)



Systém s jednou plazmovaci tryskou

Systém s 8 plazmovacimi tryskami




Laboratorni systém

Plazmovaci systém pro velké plochy




Monitoring vSech funkci

PCM

Jet Pressure Control Module
LCM

Plasma Spectrum Control Module
RCM

Rotation Control Module
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Openair®- Plasma - Vlastnosti
*Pracuje pii atmosférickém tlaku

*In-Line vyrobni procesy
*MozZnost integrovani do stavajicich linek
*Elektricky neutralni paprsek

*Neskodné pro Zivotni prostiedi — negeneruje 0zon

Openair®- Plasma - Aplikace

Aplikace na vSechny druhy materiala - plasty, gumu, sklo, keramiku, kovy, ale také na
kombinaci kovovych a nekovovych povrchi, kompozity a pénové materialy.

Vzhledem k nulovému potencidlu a bezkontaktni aplikaci je mozné upravovat choulostivé
vyrobky, jako jsou metalizované DVD disky, kondenzétory nebo elektronické obvody bez
nebezpeci poskozeni.

Openair®- Plasma - Priklady aplikaci

PlasmaPlus®- Coating - Priklady aplikaci

Vytvéafeni antikoroznich vrstev na hlinikovych slitinach
Vytvateni vrstev zvySujicich adhezi

Vytvareni vrstev zabranujici adhezi

Materidly: Kovy, plasty, sklo



PlasmaPlus®- Coating — Princip

G, N7

AntiCorr® Coating Technology
Kompletni robotizované pracovisté 1,1 milion souc¢asti za rok
Podrobna kontrola celého procesu




Fine Powder Coating (FPC) pomoci Openair® Plasma

Nanaseni kovovych prasku na kovy, plasty, kompozity
*Zvyseni tfeni povrchu

«Zvyseni odolnosti proti korozi
*ZvySeni vodivosti povrchu
«ZlepsSeni pajitelnosti

ZlepsSeni pienosu tepla
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Fine Powder Coating (FPC) - aplikace

Povlak médi na skle




Vrstva zvySujici tieni

Plasmatreat GmbH — reference
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Vyuziti plazmové technologie pro povrchové upravy praskovych materiali a plastovych
vyrobki

Ing. Jiti Cerman, Ph.D. *, Ing. Monika Pavlatova **, Prof. RNDr. Petr Spatenka, CSc.***
* SurfaceTreat, a.s., ** SurfaceTreat, a.s., *** SurfaceTreat a.s./FS CVUT

Uvod

Firma SurfaceTreat a.s. je zaméfena na vyvoj a aplikace plazmovych povrchovych uprav,
pricemz v této oblasti nabizi nejen vyrobu zafizeni pro tyto Upravy, ale také zpracovani
materialt ve form¢ sluzby. Preduprava povrchu s vyuzitim plazmové technologie se stava
stale Castéji pozadovanym typem upravy. Divodem je predevsim efektivni, rychly, ale hlavné
Setrny zpiisob pro zpracovavany materidl 1 Zivotni prostfedi. Lze takto vyfeSit napt. aktivaci
povrchu pied lepenim, potiskem ¢i lakovanim. Zafizeni firmy SurfaceTreat a.s. nabizeji
moznost zpracovani drobnych plastovych soucasti nebo mensich dili a to ve vakuovych
komorach riznych kapacit nebo s vyuzitim atmosférické trysky. Kromé této oblasti firma
vyvinula také unikatni systém Upravy praSkovych materiald jak v testovacim mnozZstvi, tak 1
ve velkych objemech a to az 2 tuny denné s vyuzitim vSech kapacit a v zavislosti na typu
materialu. Upravou je dosaZeno velmi vyrazné zmény sméaéivosti materialu - hydrofilizace.
Vyuziti této Gipravy nachazeji zejména praskova aditiva pro vyrobu plastl ¢i natérovych hmot,
prasky pro technologii vyroby plastii rotacnim tvafenim a dal$i mozné aplikace.

Praskové materialy

Vyuziti plazmové technologie patii mezi velmi efektivni a zaroven ekonomicky
vyhodné zplisoby modifikace povrchovych vlastnosti polymerti bez ovlivnéni vnitini
struktury i objemovych vlastnosti. Zména vlastnosti je zpilisobena navazdnim novych
funk¢nich skupin na povrch fetézce polymeru. Jednd se prevazné o hydroxylové skupiny.
Hydrofobni povrch se stava hydrofilnim. ZkuSenosti z oblasti praskli mdme napft. s materidly
jako je LDPE, MDPE, UHMWPE, PP apod.

U praskovych materidll jako jsou napt. aditiva do barev (vosky, textury, atd.)
dochazi po plazmové tupravé ke zlepSeni smacivosti ¢astic (obr. 1). Pii zpracovani neni tedy
nutné pouzivat dispergacni Cinidla, materidl pfi zamichdvani do barvy netvoii shluky a je
velmi rychle a snadno rozmichan. Dalsi vyhodou je vyuziti tzv. low-cost materiali, které
touto Upravou ziskavaji velmi vysokou ptidanou hodnotu.
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Obr. 1: Porovndni smdcivosti neupraveného a plazmové upraveného praskového
materialu po rozmichani ve vodé



Pro zjistovani smacivosti praskového materidlu byla v naSem piipad¢ vytvofena interni
norma dle Washburnovy metody, kdy je méfena dynamickd vzlinavost materialu,
benzylalkoholem pti 25 °C (obr. 2). Tato metoda je zaloZzena na kapilarnim efektu, kdy
hodnota vzlinavosti je métena jako pfirtstek méfici kapaliny vsaknuté do vzorku v zavislosti
na Case. Po plazmové upravé je dosaZeno vyrazné navySeni smacivosti upraveného
materialu vZdy v zavislosti na jeho typu a stupni upravy - od desitek % az po 100 % i
vice. Hodnota naméfena na upraveném materialu je normalizovdna k hodnoté naméfené u
neupraven¢ho vzorku.

Obr. 2: Méreni dynamické vzlinavosti praskového materialu

Dalsi zptsob zjistovani dosazeného efektu plazmové upravy je méteni povrchového
napéti pfimo na sintrovaném povrchu a to jak z neupraveného tak i z plazmové upraveného
praskového materidlu. Jedna se o praskové materidly vyuzivané pro technologii vyroby
plastii rota¢nim tvarenim. Jak je znamo, mnoho plastti vykazuje velmi nizké povrchové
napéti a proto potiebuji chemické nebo mechanické osetfeni k dosazeni lepsi pfilnavosti.
V ptipadé pouziti plazmovée upravenych praski je sintrovany povrch jiz piedupraven, protoze
1 béhem zpracovani technologii rotacniho spékani zlstava efekt plazmové tipravy zachovan.

Povrchové napéti je jednim z rozhodujicich kritérii pro adhezi (pfilnavost) tiskatské
barvy, lepidel, lakii, natéri atd. na jakémkoli plastovém povrchu. Je méfeno v mN/m. Az na
nekteré vyjimky zde plati pravidlo, Ze ¢im vySsi je povrchové napéti materialu, tim lepsi je
ptilnavost ¢ehokoli vySe zminéného pii fixaci na povrch. Jako obecny limit je Casto v oblasti
meéfeni povrchového napéti uvadéna hodnota 38 mN/m. Pro dobrou adhezi by méla namétena
hodnota tento limit piekrocit. [1]

Pro zjistovani povrchového napéti na sintrovaném povrchu jsou pouzivany testovaci
fixy firmy ARCOTEST GmbH, pfi¢emz je pro danou hodnotu povrchového napéti urcen
prislusny fix. Vysledky mohou byt okamzité vyhodnoceny a vypovidaji velmi jasn€ o stupni
provedené povrchové upravy. Pfesnost méteni je =1 mN/m.

Prakticky priklad pouZiti testovaciho fixu Quicktest® 38 je patrny z obrazka 3 a 4.
Obrézek 3 znazoriuje test provedeny na neupraveném povrchu, kde je povrchové napéti pod
hranici 38 mN/m a na obrazku 4 je patrny vysledek testu na povrchu z plazmovée upraveného
materialu, kde povrchové napéti dosahuje hodnot nad touto minimalni hranici.



Obr. 3: Zjistovani povrchového napéti Obr. 4: Zjistovani povrchového napéti na povrchu
na povrchu z neupraveného materialu z plazmove upraveného materialu

Hodnoty zjisténé na povrchu z neupraveného materidlu se pohybuji v rozsahu 28-35
mN/m, zatimco z plazmov¢ upravené¢ho 38-48 mN/m v zavislosti na typu materidlu a stupni
upravy. Hlavni oblasti vyuziti je jiz zminovand vyroba plasti technologii rotacniho tvéfeni.
Zde se jedna o praskové materialy o velikosti ¢astic cca 500 mikrometr. V rdmci aplikacnich
testd jsou provadény testy adheze PUR pény k povrchu z plazmové upraveného materialu.
Ptipravek je tvofen vrstvou upraven¢ho PE materidlu, PUR pénou bézné dostupného typu a
opét vrstvou upraveného materidlu (obr. 6). Pii pouziti neupraveného PE materidlu a PUR
pény dochézi k oddé€leni jednotlivych vrstev (obr. 5). Adheze mezi upravenym PE a PUR
penou je vyssi nez koheze PUR pény.

Obr. 5: Vzorek tvoreny vrstvami Obr. 6: Vzorky tvorené vnéjsimi vrstvami
sintrovanymi z neupraveného PE materialu  z plazmové upraveného PE materialu
vyplnény PUR pénou vyplnéné PUR pénou po destrukci

Adheznich schopnosti sintrovanych dila z plazmové upraveného materialu lze vyuzit k vyrobé
vyplnovanych dild PUR pénami napf. pro vyrobu sedadel nebo termo-izola¢nich nadob.
Velkym piinosem je pak moznost tvorby jednodussi konstrukce v diisledku zvySeni celkové
pevnosti vyrobku.

Plastové vyrobky

Jednou z dalSich oblasti vyuziti plazmové technologie je dosazeni pozadovanych
povrchovych vlastnosti u hotovych vyrobkt, jako jsou napft. tésnéni, krytky, konektory apod.
bez nutnosti aplikace chemickych ptipravkli nebo metod zalozenych na tepelném ovlivnéni
povrchu bézné pouzivanych pro jeho aktivaci.



Z naseho pohledu patii mezi nejcastéjsi pozadavky na povrchové zpracovani pomoci
plazmatu tprava, resp. aktivace povrchu pied naslednym lepenim, lakovanim ¢i potiskem.
Z hlediska materialu jsou zpracovavany typy jako je PE, PTFE, TPU, PP, PEEK, apod. Pro
zjistovani zmény povrchového napéti jsou opét pouzivany testovaci fixy a inkousty s presné
definovanym povrchovym napétim. V nékterych ptipadech je také aplikovana metoda méteni
kontaktniho thlu na pfistroji Drop Shape Analyzer - DSA30 firmy Kriiss. Vyvojové procesy
jsou zaméfeny na vyhleddni nejvhodngjSich parametri procesu upravy a dosazeni
pozadovanych hodnot povrchového napéti. Vzorky jsou nasledné dodany k ovéfovacim
testim dané aplikace.

Priklad tpravy plastového dilu v nizkotlaké plazmové aparature - preduprava pred
lepenim.

Obr. 7: Povrchové napéti - material PEEK - Obr. 8: Povrchové napéti - material PEEK -
pied plazmovou upravou, < 36 mN/m po plazmové uprave; > 44 mN/m

Plazmova zarizeni

Firma disponuje vlastnimi systémy pro zpracovani materiali o raznych kapacitach.
Napt. zatizeni LA 400 (obr. 9), umoziuje diky své variabilit¢ zpracovani rlznych typt
substratu, tj. praskt, drobnych vyrobki ale i napt. plosnych textilii s moznosti umisténi roll to
roll systému. Zafizeni je vyuzivano piedevsim pro testovaci a vyvojové procesy, plazmové
povrchové upravy praSkovych materidli ve velmi malém mnozstvi cca 250 g nebo pro
zpracovani malosériovych zakazek. Skala materialdi z hlediska velikosti &astic je od 8 do 800
mikrometri a to zejména diky velmi uCinnym mikrovinnym zdrojim plazmatu a
sofistikovanému systému michani. Diky této kombinaci je zarucen homogenni a velmi
efektivni proces upravy s vysokou stabilitou. Této vyhody je vyuzito i u plazmovych systémi
s velkoobjemovou kapacitou - ST 650 pro zpracovani praski s velikosti varky az 10 kg a ST
1000 pro zpracovani prasku s velikosti varky az 25 kg. Kromé zminénych systému je nové
k dispozici laboratorni univerzalni syst¢ém LA 650 (obr. 10), ktery umoziuje zpracovani
jednak praskovych materiala s velikosti varky cca 10 kg s moznosti ru¢niho i automatického
plnéni materidlu, ale také zpracovani plastovych soucasti, diky pohyblivému dnu a
vyjimatelnému piipravku pro umisténi vyrobkd.



Obr. 9: Zarizeni LA 400 pro plazmové povrchoveé upravy riznych typii substratii

Lo =3 _,_.‘,_l_ . A
Obr. 10: Zarizeni LA 650 pro plazmové povrchové upravy praskovych materidlii i plastovych
vyrobkii

Dalsi oblasti je zpracovani povrchu plasti pomoci atmosférické plazmové trysky.
Atmosféricka tryska (obr. 11) slouzi pro generovani plazmatu za atmosférického tlaku.
Plazma je generovano pomoci klouzavého obloukového vyboje (Gliding arc discharge) a
zafizeni je urCeno primarné pro zafazeni do stavajicich kontinudlnich vyrobnich linek jako
krok ptedupravy pied lepenim, potiskem ¢i lakovanim. Po tupravé dochazi ke zlepseni
smacivosti/adheze povrchu a proto jsou nasledné tpravy aplikovany velmi snadno, maji lepsi
prilnavost a celkove se tedy zvysuje kvalita finalni upravy (obr. 12).



Obr. 11: Atmosféricka plazmova tryska Obr. 12: PP deska vlevo upravend
atmosferickou tryskou, vpravo bez upravy

Zavér

Mezi vyhody plazmovych povrchovych uprav patii jednoznacn€ zpracovani pii
teplotach ptijatelnych pro teplotné citlivé materialy, ke kterym polymery patti. Dalsi vyhodou
je dlouhodobad stabilita Gpravy. U praskovych materialt i po 3 letech uskladnéni byl naméfen
ubytek dynamické nasakavosti pouze cca 20 %. U hotovych vyrobki byla namétena zvysené
povrchové napéti 1 po uskladnéni v fadu mésicti, pfi dodrZeni jednoduchych manipulacnich
pravidel.

V soucasné dob¢ probiha také velmi intenzivni vyzkum vyuZiti plazmové upravenych
materiald v oblasti adhezivnich vrstev, dale pro kompozity ale i vyuziti plazmové povrchové
upravy dalSich produktl chemické vyroby nebo potravinaistvi.

Plazmové technologie nabizeji feSeni nahrazujici chemické mokré procesy, které jsou
technologicky naro¢né nejen pro obsluhu, ale i z hlediska odpadového hospodarstvi, tedy
zaroven feSeni Setrné k Zivotnimu prostiedi a materialiim samotnym. V ramci Evropy se jedna
o unikatni technologii zpracovani praSkovych materiald o velikosti ¢astic v fadu desitek a
stovek mikrometra ve velkych objemech.

Citace
[1] ARCOTEST Manual — Test Inks for testing the surface energy



Povlakovani forem pro vstiikovani plasti

Ing. Slavomir Hoftejs, CSc.
VUHZ a.s. Dobrd

Pozadavky na kvalitu vstiikovanych plastovych dili, objemy dodavek, ekonomiku
jejich vyroby a snizovani zmetkovitosti stale rostou. O tento trend se zaslouzil v minulych
letech zejména rostouci podil plasti pouzivany v automobilovém pramyslu.

Kvalita vyrabénych plastovych dilti pfitom zavisi na vSech faktorech, které se na
vstiikovacim procesu podili. Kromé typu vstfikovaného polymeru, tvaru dilu, zptisobu
formovani a konstrukce formy ma nezanedbatelny efekt na cely proces a na ekonomii
produkce i povrch dild formy, které piichazi do styku s plastem. S povrchovymi
vlastnostmi souvisi abrazivni odolnost, korozni odolnost, lepeni plastu, odformovani,
snadnost ¢isténi atd. Modifikace povrchu jednotlivych dilt formy se v soucasnosti provadi
zejména nanasenim PVD nebo PA CVD povlaki. Na povlakovné ve VUHZ as.
pouzivame ob¢ technologie povlakovani.

PVD a PA CVD povlaky nanasime v tloustce 2 — 4 um. Teplota povlakovani je vzdy
volena tak aby nedoslo ke zménam mechanickych vlastnosti zakladniho materialu nastroje
(150 - 450°C). Tyto povlaky zasadné¢ modifikuji povrchové vlastnosti. Ty\p povlaku
volime vzdy dle feseného problému. Povlakovani lze aplikovat i na dily s prichozimi a
neprichozimi otvory. Adheze a tvrdost téchto povlakl je vysoka. Aplikace povlaku také
snizuji Casy nezbytné pro udrzbu formy.

Nezanedbatelnym efektem povlakovani je i zlepSeni zatékavosti. To je dulezity
tarametr zeyjména u tvarové komplikovanych dilti. Kone¢nym vysledkem je, ze povrchova
kvalita vyrabénych dila je vyssi, za jednotku Casu se vyrobi vic dilii a ndklady na produkci
jednoho kusu jsou nizsi.

Néavrh konkrétniho typu povlaku vzdy vychazi zejména z nasledujicich parametrti:
e typu vstiikovaného plastu
e tvaru a velikosti dilu
e specifikace feSen¢ho problému.

V nize uvedené tabulce jsou uvedeny zékladni typy plastd, které aplikujeme na dily
forem. Je nutno zdiraznit, Ze v mnoha piipadech povlakujeme nejen dily forem ale i
stiizné a fezné nastroje pro navazujici operace. Tyka se to zejména problematiky lepeni a
problematiky Zivotnosti nastroji v souvislosti se zpracovavanim plastt s plnivy.



Tabulka 1: Povlaky nanasené na ¢asti forem (povlakovna VUHZ a.s)

Pocet x charakterizuje vhodnost daného povlaku pro danou aplikaci.

TYP POVLAKU BASICCOMP | ALUCOMP | PRESSCOMP | DLC COMP | NANOCOMP
TYP PLASTU TiN AITiN CrN DLC TiB2
PE XX XXX XX XXX XX
PP X XXX XX XXX XX
PB X XX XX XXX
PS XXX XX XXX
SB XXX XX XXX
SAN XXX XX XXX
ABS X XXX XXX XX
ASA XXX XX XXX
PVC XXX XX XXX
PTFE XXX
PVDF XX XXX
PA XXX XXX XX XXXX XXX
PC XXX XX XX XXX X
PET XXX XX XXX
PEEK XX
PPS XX XXX

Povlakujeme nejen ocelové nastroje ale 1 nastroje vyrobené z bronzi, tvrdokovu apod.

Tloustka povlaku a zplisob jejiho nanasSeni zpiisobuje, ze povlak kopiruje reliéf
povrchu pted napovlakovanim. Vyhodou je, Ze je mozno povlakovat i plochy s dezénem
bez zmény povrchového reliéfu. Z druhé strany je vSak nutno zdiraznit, Ze u leSténych
povrchu povlak ,,zakonzervuje* drsnost povrchu pied povlakovanim. Z toho divodu je
nezbytné, aby dily byly vyrobeny a k napovlakovani byly dodany s poZzadovanou finalni
drsnosti povrchu.



Komplexni FeSeni izola¢nich podstireSnich systémi pro stavebnictvi

Jan Cerovsky
JUTA, as.

Podsttesni membrana JUTADACH je vysoce difuzni material, ktery se sklada z difuzniho
filmu a dvou vrstev polypropylenové textilie. Odvadi vodni pary z konstrukce ven, vytvari
uzavieny systém pro tepelnou izolaci, kterd je chranéna pied zafoukanym destém, sn¢hem,
prachem pii extrémnim pocasi. Pfi slepenych spojich plni funkci vétrozébrany, ¢imz zvySuje
ucinnost tepelné izolace. Nizkodifuzni podstiesni folie JUTAFOL DTB se sklada z vyztuzné
miizky, dvou vrstev specialni folie a ze spodni ochranné netkané textilie. Chrani tepelnou
izolaci pfed zafoukanym destém a sné¢hem pfii extrémnim pocasi. Spodni vrstva z netkané
textilie umoziuje ¢aste¢nou absorpcei v piipade zvyseného vyskytu kondenzace vodnich par
na vnitini strané folie.



Vistamaxx'" Performance Polymers — nové moZnosti vyuZiti
Tomas Honek
Nachazel, s.r.o., Primyslova 11/1472, 102 19 Praha 10
tomas.honek(@nachazel.cz

Uvod

Firma ExxonMobil Chemical vyviji a komer¢né dodava metalocenové polymery od poloviny
80. let minulého stoleti. Prvni skupinou téchto materialti byly materidly Exceed, poté navazaly
napiiklad produkty Enable a nejnovéjs$i rodinou jsou materidly Vistamaxx. Materidly
Vistamaxx lze zatadit do skupiny plastomerd. Jedna se o semikrystalické¢ kopolymery PP a

PE, kde v matrici vysoce izotaktického (krystalického) PP jsou rozmistény domény ethylenu,

které zajist'uji charakteristické vlastnosti téchto materialt.

Obr. 1: Znazornéni struktury materialu Vistamaxx.

Materidly Vistamaxx lze zaradit na oblast pfechodu mezi tuhymi polyolefiny a kau¢ukovymi

materidly, jak je vidét na obrazku 2.

Propylene Amorphous Region Ethylene
Crystallinity Crystallinity
PP

Exact™
THM*
Vistamaxx Plast rs

Crystallinity

Vistalon™
EP{D)M Rubbe

Increasing crystallinity / density

Obr. 2: Zndazorneni pozice materialii Vistamaxx ve srovndni s ostatnimi polyolefiny.



Hlavni vlastnosti téchto materialti na rozdil od standardnich polyolefinti je vysoka elasticita.

Materidly Vistamaxx nalézaji Siroké uplatnéni zejména v oblasti flexibilnich foliovych obali.
Mozné aplikace jsou naptiklad v aplikacich lepivych ochrannych folii, prataznych f6lii (cling
vrstva), stretch hood folii (elastické jadro folie), zvySeni ESCR u HDPE vyfukovanych
produktli, mozna piimés do TPE materiali a jinde.

Experimentalni ¢ast
Cilem dnes$niho pfispévku je piedstavit moznosti aplikaci 3 novych typl materidla
Vistamaxx.

Vlastni charakteristika materidlli Vistmaxx je ddna obsahem ethylenu v polymeru, kterd se
pohybuje do 20%. Nize jsou zobrazeny zakladni typy materialli Vistamaxx a jejich standardni
vyuziti

=]
=1

MFR (230°C/2.16 kg), g/10 min
=
1
A

-

8 ] 10 11 12 13 14 15 18
Ethylene content, wt%

* FL grades pass ExxonMobil Chemical’s test for film appearance with regard to gels,
as needed for performance film applications (*A’ rating).

3000 ® &

3020FL" L] L] ]
3980FL* L] L ®
6102/6102FL" L] L] @
6202/6202FL" o L] @ @

Obr. 3: Standardni typy materiali Vistamaxx a jejich vyuZiti.

Tato standardni fada byla v posledni dobé rozSifena o nové typy, které dale posouvaji
moznosti pouziti téchto materialii do dalSich aplikaci.

Vistamaxx'M3588FL:

Materidl vyvinuty zejména s ohledem na dobrou svafitelnost u castPP a BOPP folii.

Tento produkt mé nizsi teplotu svatovani (SIT) nez standardné pouzivané terpolymery PP coz
ptispiva k nasledujicim vyhodam: vysS$i rychlosti balicich linek, Siroké (bezpe¢né) procesni
okno pro svarovani, vyborna hermeticita svara — jak je ukdzano na nasledujicich obrazcich
4ab.

Na Obr.¢. 4 je vidét porovnani folie se svafitelnou vrstvou z terpolymeruPP a z Vistamaxxu
3588FL.
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Sealant layer 105°C SIT
terpolymerPP  Vistamaxx3588FL

* seal hermeticity tested on 15um BOPP film with 2.5umreference
sealant layer based on very low SIT copolymer

Obr. 4: Porovnani parametrii 25my BOPP folie se svarovaci vrstvou z terpolymeruPP a
Vistamaxx3588FL. Svarovaci vrstva 2,5my.

25 pm BOPP film

v'Pure 105°C SIT
s =~ 90% hPP core terpolymer PP

5% hPP treated layer

v .
5% sealant layer { Pure Vistamaxx 3588FL

Obr. 5: Nahled vzorové struktury BOPP folie.

Naésledujici obrazek ¢. 6 ukazuje porovnani pevnosti svaru pro jednotlivé materialy pouzité u
BOPP folie:

Seal strength
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0
-
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»
§ 1 m— \/istamaxx 3588FL
* 105°C SIT terpolymer PP
0
80 100 120 140

Seal temperature (°C)

Obr. 6: Srovnani pevnosti svaru u terpolymeruPP a Vistamaxx3588FL.



Vistmaxx'"'6000:

Aplikace tohoto nového materidlu byla sméfovana zejména do prutaznych folii pro velmi
namahané aplikace, kde Vistamaxx6000 ptidava do struktury folie vysokou miru elasticity,
kterd umoziuje velké pfedepnuti na balicich strojich. Tento material se doporucuje pouzivat
pro struktury o Sti a vice vrstvach, kde se vklada jako sub-skin vrstva. Vyhodou proti bézné
pouzivanému Exceedu 3518CB je kromé¢ jiz zminéné elasticity také snaz$i zpracovatelnost,
lepSi odolnost propichu a odolnost dalSimu trhani pri vysokém prodlouZeni
(ptedpoklddany mechanismus je, Ze vznikla prasklina je zastavena na amorfnich doménéach
plastomeru).

Ultimate
stretch (%)
450 o
Tensile B : Stretch
135 NG force
forceNDR "~ e NG 200% pre-
(Lbf/0.6 g stretch
inch) (Lbs)
Tensile _ Pl]ig::égre
NDR (%), 337 (mLbf)
~ 500
Elmendorf
tear TD (g)
Standard PPS

EMC formulation 0.67 mils

Vistamaxx 6000 based
PPS formulation 0.67 mils

Optimal pre-stretch range is indicated by NDR
Ultimate stretch and stretch force at 200% pre-stretch
measured on the highlightinstrument

Data from tests performed by or on behalf of ExxonMobil

Obr. 7: Porovnani parametru strojni prutazné folie za pouziti materialu Vistamaxx6000 s folii
na badzi materidlii Exceed.

Uvedeny obrazek demonstruje zlepSeni vSech kritickych parametra folie pfi pouziti materidlu
Vistamaxx6000.

Vistamaxx' "'8880:

Novy materidl pro aplikaci vtavnych lepidlech. Na rozdil od standardnich
vysokomolekularnich polymeri pouzivanych v béznych aplikacich tavnych lepidel
v mensinovém podilu (EVA, PE) pfinasi tento nizkomolekularni polymer fadu vyhod:

Vyssi vytéZnost pouZitého tavného lepidla, mozZnost vyssiho diavkovani polymeru proti
béZnym typim, zlepSend adheze Kk substritu (Vistamaxxy jsou lepivé samy o sobg),
minimalni odér a barva (Cisty polymer).
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Obr. 8: Porovnani jednotlivych moznych formulaci receptury pro tavna lepidla pro
standardni polymery a s pouzitim Vistamaxx8880.

HMA melt density: volume of 100g HMA at 190°C
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Commarcial HMA Commercial HMA 70% Vistamaxx 8880 87% Vistamaxx 8880
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ml/100g

Obr. 9: Porovnani objemu 100g tavného lepidla pri pouziti riizného zakladniho polymeru.
Efekt nizsi hustoty Vistmaxxu8880 proti beznym polymerim.

Vyuziti Vistamaxxu8880 jako nosného polymeru pro tavna lepidla mize ptinést ca 11-12%
vyssi vytéznost nez u lepidel na bazi EVA.

Pro dobrou adhezi k polarnim substratim (lepenka) je nicméné tfeba ptidat do receptury
polarni slozku.

Zavér

Z vyse uvedenych piikladii je vidét, Zze nové typy materidli Vistamaxx umoznuji dalsi
roz$ifovani technologickych moZznosti pro rizné aplikace — zde uvedeny BOPP, prttazné folie
a tavna lepidla.

* VSechny uvedené obrazky jsou vlastnictvim firmy ExxonMobil Petroleum and Chemical
Belgium.




Vysoce ucinna maziva pro vstrikolisy
Zdenek Nachazel
Nachazel, s.r.o., Priomyslova 11/1472, 102 19 Praha 10
ing.zdenek(@nachazel.cz

Firma Nachdazel, krom¢ zastupovani z4jmt firmy ExxonMobil, nabizi feSeni problému
s oSetfenim a mazanim jizdnich kol — divize BIKE a tfetim naSim zaméfenim (divizi) je oblast
maziv (lubricants). V tomto okruhu najdete nejenom maziva pro mazani plasti, ale jak
v prednasce uvidite a uslySite, tak mazanim vyrobnich zafizeni, zde v konkrétnim ptipadé
bude pojednano o mazani stroju pro vstiikovani.

Vstiikovaci zatizeni — mazani v provozu a udrzbé

» Stroje pro vstiikovani (Injection Moulding Machines - IMM)

Jsou pomérné€ nové

Prvni generace mély nizkou uzaviraci silu

Posledni generace téchto strojii jsou schopny vyrabét velké soucasti, jako jsou
narazniky, panely, atd., kde pracuji s uzaviraci silou 8000 tun (mikro liti se pohybuje
mezi 10-30 tunami)

Unik hydraulické kapaliny miize zplsobit nepfedvidatelny pokles tlaku ve
vstiikolisu. Tento pokles narusuje plynulost provozu, zplsobuje vysokou urovei
odmitnutych dila (zmetkl) a mize vést i k poSkozeni formy

80 % vSech problémii s hydraulikou u wvstfikolisu pochazi od kontaminace
hydraulického oleje

Cistota oleje je kli¢em

Vysoka odolnost viici tlaku

Primysl vstfikovani plasti celi nékolika problémim pfi vybéru hydraulické
kapaliny:

*  Vysoké ro¢ni ndklady pro vétSinu hydraulickych kapalin

*  Nizka Zivotnost hydraulického ¢erpadla

*  Néklady na likvidaci pouzitych olejli

*  Ucpané nebo poskozené ventily a filtry jsou pti¢inou odstavek a prostoji

Ptrednaska tak bude zaméfena na kompletni servis vlastniho stroje 1 forem.

Whabar cooling channipls

Fead hopper Mcibed

Hydrauss modoe

Hydraulio il tank e

Injection mukding




Termoplastické kompoundy v aplikacich pro vedeni svétla, elektfiny a tepla
Pavel Cernohorsky, Ing. Radek Zyka
ALBIS PLASTIC CR s.r.0., Ceské Budéjovice, www.albis.com

@: pavel.cernohorsky@albis.com radek.zyka@albis.com

Nové moznosti aplikaci termoplastickych kompoundi (receptura ¢asto nastavena dle aplikace,
»tailor made®) pii vyrobé technickych dili. Zakladni ptehled o Casto uzivanych aplikacich, jako
je vedeni, rozptyl a blokace svétla, odvod elektrického naboje ¢i odvod tepla.

Thermoplastics compounds for application in guiding of light, electricity and heat
Pavel Cernohorsky, Ing. Radek Zyka
ALBIS PLASTIC CR s.r.0., Ceské Budéjovice, www.albis.com

@: pavel.cernohorsky@albis.com radek.zyka@albis.com

New possibilities of applications of thermoplastic compounds (formula often set according to the
application “tailor made”) upon production of technical parts. Basic overview of often used
applications such as guidance, diffusion and blocking of light, conductivity of electric charge or
heat conductivity.

Designéii v automotive a E+ E aplikacich pozaduji materidly schopné sledovat jejich napady a
trendy. Vytvofenim kompoundu upravujeme a vnaSime nové vlastnosti materiali. Zakladni
aplikace pro vedeni svétla je moZno popsat jednoduse.

Svételny tok je tieba blokovat, omezit, napf. zabranit pfechodu svétla z jedné kontrolky do druhé.
Ptidanou hodnotou jsou zde vysoka stinici schopnost pfi tenké sténé (uspora materialu) a vysoka
odrazivost povrchu materialu (moznost uziti mensiho zdroje svétla, méné energie a tepla) —
ALCOM LIGHT BLOCKING.

Obr. 1. bilé, odstinéné kontrolky v otackomeéru


http://www.albis.com/
mailto:pavel.cernohorsky@albis.com
http://www.albis.com/
mailto:pavel.cernohorsky@albis.com

Svételny tok je tieba rozptylit, skryt tzv. ,hot spots“ — zdroje svétla, napt. LED diody.
Vysledkem je velmi homogenni osvétleni pozadované plochy, s velmi Sirokym thlem zatreni bez
ohledu na barvu svétla — ALCOM LIGHT DIFFUSION. Materidly mozno pouzit i pro
velkoplosné aplikace, kde se pouziva technologie extruze.

Obr. 2. vyborny rozptyl — LED nejsou vpravo viditelné

Vedeni svétla z mista zdroje do mista osvétleni plochy, s vyhodou minimalnich ztrat pti odrazech
a pruchodu svétla, zcela ,,studené” svétlo — ALCOM LIGHT GUIDING

Vyroba a aplikace elektroniky pozaduje dily bez statické elekttiny, nékdy i dily s velmi vysokou
elektrickou vodivosti. Vytvoreny kompound dle pozadavkul na elektrické a mechanické vlastnosti
prezentujeme pod znackou ALCOM.

Svételné zdroje na bazi LED, vykonné procesory PC a telefonli odviji svoji Zivotnost od dobrého
chlazeni. Také snaha o zuZitkovani zdroji tepla s nizkym tepelnym spadem a nahradu klasickych
materiali (nerezovd ocel) v aplikacich vymény tepla/chladu vedla ke vzniku ALCOM
THERMAL CONDUCTIVE. Nami pouZzivané smési obsahuji méalo abrazivni materialy, tedy pfi
zpracovani materidlu ve vyrobé dochédzi k malému opotiebeni vstfikovacich stroji/extrudéri.
Toto je casto podcenovany bod pii navrhu aplikace.

Rada aplikaci, kde je funkce zaloZena na tfeni, at’ jiz zvysené frikci, ¢i extrémni odolnosti viigi
opotiebeni, je podporovéana vyvojem a vyrobou materialt ALCOM WEAR PROTECT.

Dle specifikace projektu je mozno nastavit i kombinované vlastnosti, napt. soucastka velmi
odolna vii¢i otéru, kterd se nebude nabijet statickou elektfinou. Omezenim je fyzikalni a
chemickad realita aplikace a materialu.



A FORTISCHEM

Nova vyvojova rada emulznich a pastotvornych PVC
Juraj Obuch
FORTISCHEM

Energochemica SE

Energochemica SE was established in 2011 in Prague. Our main task is to build a chemical
and energy holding which can become one of the leaders in the area of chlorine chemistry in
the V4 countries.

Energochemica SE makes progress by investing in the biotechnology, increases the share of
innovative products, improves the technological processes and efficiently uses power
resources. Energochemica SE want to be the best choice for clients and the biggest challenge
for suppliers through process solutions.

The core of the holding is formed by chemical factories with a long-year history which lay the
main emphasis on the quality of the offered products, environmental protection and work
safety.

With its own energy supplies, our production will be much more economical, efficient and
environmentally friendlier. We are convinced that with our rich experience with chemical
production and our corporate philosophy, we address all potential clients not only in the
European markets, but worldwide.

FORTISCHEM a.s.

Since 2012, FORTISCHEM a. s. has operated the chemical plant in Novéky. Today the
former Novéacke chemické zavody, a. s. continues in the long-tradition of successful
production of intermediate products for various industrial sectors. The company produces and
sells products involving the production and processing of chlorine, calcium carbide, carbide
compounds and technical gases. The company's portfolio includes production of PVC and
PVC products (INTERNOVA and Slovinyl Siding window frames). FORTISCHEM a.s. is
also involved in the production of basic and specialty chemicals. The company has been
audited, certified and continues to meet the requirements of EN ISO 9001, EN ISO 14001 and
OHSAS 18001 standards.



td FORTISCHEM

Product portfolio
N
e CaC,, C,H,, H,, Ca(OH),
UCIEEDIEE o NgOH, HCI, Cl, NaOCl
chemicals J
-
¢ CPN, ECH (T a R), NOVAMAL, DECIDOL (acetylenic alcohol)
2l o TIPA, DEIPA, PEPO, Blend of PEPO, Prepolymers
chemicals J
N
e Suspension PVC, Suspension Copolymers (VC/VAC)
® Emulsion PVC, Emulsion paste forming PVC
J
N
e Slovinyl Siding, granulates
e Window profile — INTERNOVA system
Y,

Polymers and PVC processing products

Suspension PVC
White, fine powder. Wide range of K-values (58-70).

Suitable for processing in various ways like calendering, extrusion, injection to produce
transparent or non-transparent foils, profiles (e.g. windows), tubes, cable coatings, mats.

Emulsion PVC
White, fine powder. Wide range of K-values (60 - 80).

Suitable for processing in various ways like calendering, pressing, extrusion to produce foils,
profiles (e.g. windows), tubes, cable coatings, mats.

Comply with standards for food and pharmaceuticals uses.

Extended use for food packaging — excellent properties for thermoforming and moisture
protection.



td FORTISCHEM

Emulsion paste making PVC
White, fine powder. Range of K-values (68 - 74).

Suitable for plastisols — automotive (car coatings), artificial leather production — especially
LV types, for flooring and wallpaper products.

Comply with standards for food and pharmaceuticals uses.

Co-polymers (VC/VAQC)

White, fine powder. Range of K-values (57 - 62).

Main uses in car coatings and extensively in LP, production, pharmaceuticals packaging (e.g.
blisters)

Comply with standards for food and pharmaceuticals uses.

Granulates
PVC granulates with different colours and for different applications

Mainly for injection moulding and extrusion. Coatings of wire — automotive, antenas coating,
electronics,...

Window profiles

INTERNOVA 6000 — new window profile system. More info on www.profily-internova.sk.

Siding
PVC facade system, simple installation and long-lasting.

Almost no maintenance needed. Very complex and covers
any configuration of facade.

More info on www.siding.sk.

We offer cooperation to develop new products — as supplier of PVC, but with respect
according to partner (or customer) needs like K-value, particle size distribution
optimalisation, viscosity of paste (plastisol), improve quality of final product according
pharma or food using by PVC properties.



Prevent fogging of your transparent food packaging

Laszl6 Mednyanszky
By PolyOne

Effective solutions exist to keep your packaging fog-free, and recent developments make it
easier than ever to do so.

Fog formation on food packaging films frustrates consumers, can lead to product spoilage,
and ultimately hinders sales. Fortunately there are ways to minimize fogging. There is now
also a new development that not only helps minimize fogging but also makes it easier for
consumers to open packaging.

Tremendous effort goes into the production and preparation of fresh foods, but unfortunately
much of that effort goes to waste. Estimates vary, but industry experts generally acknowledge
that about 40-50% of all food meant for humans is wasted worldwide — thrown away before
being consumed. Food packaging helps limit that waste by providing protection for food so
that it remains safe to eat, and packaging also serves a significant role by increasing
attractiveness, making it more likely customers will purchase a specific food.

Processors and converters of flexible thermoplastic film often do an excellent job of meeting
the requirements for food protection and attractive marketing. But they still can be challenged
when it comes to minimizing condensation, or fogging, and frustrating consumers either at the
point of sale or later after storage but before use. This paper discusses the reasons fogging
occurs, tools to minimize it, and also a new development that can both limit fogging and
support development of easy-to-open packaging.

What is fogging and how can we prevent it?

What is fog? In the classical sense, fog is the result of tiny water droplets suspended in the air.
The meteorological office will tell you that the thickest fogs occur where there are the most
particles on which these water droplets can form. Fogging on plastics films is really not all
that different than the fog that forms outside; it’s just that, on a plastic film, fog forms in on a
convenient hydrophobic surface — namely, the film. But the reasons for fog forming on
packaging and agricultural films are just the same as those in San Francisco Bay.

Water vapor in the form of tiny droplets condenses on a plastic film’s surface when an
enclosed mass of air cools to a temperature at its dew point. The extent of the phenomenon
depends on the relative humidity of the enclosed air mass and the temperature of the plastic
film enclosing that air mass.

Fogging in food packaging is most frequently seen on packaging films around fresh products
in refrigerators and chiller cabinets because the temperature is low enough to initiate
condensation if the relative humidity is high enough. Fogging on food packaging is not only a
problem of aesthetics, but also hygiene. And depending on the product, fog may lead to an



The root cause of water droplet formation is the difference in surface tension between the film
and the water. Most films used in food packaging are either totally olefinic (polyethylene or
polypropylene) or have multilayer structures in which the inner polymer surface is olefinic.
Polyolefins are non-polar and highly hydrophobic, with surface energies much lower than that
of water (which has a surface energy of 0.072 J/m?). As a result, water condenses on a
polyolefin film’s surface in discrete droplets with high contact angles.

When water condenses on a film made out of polar (hydrophilic) polymer with a higher
surface energy, the droplets have lower contact angles. These droplets tend to accumulate and
form a very thin transparent film of water, reducing or even eliminating the fogging effect.
Another example of the difference between higher and lower contact angles is an auto which
has a wax finish and the beading of water after a rain shower. The higher contact angles lead
to beading and separation of the water drops from each other.

What are the solutions?

There are two ways to improve antifog properties in polyolefin films:

1. Treat the film and then spray a coating onto its surface after extrusion.
2. Incorporate a specialty additive concentrate during extrusion of a film.

Spraying a coating on a film’s surface requires an investment in capital equipment and use of
a secondary process in a film manufacturing line. In contrast, a specialty additive concentrate
can be added at the film extrusion machine, in concentrations formulated to support
manufacturing of different types of films. Whether a surface coating or an additive
concentrate is selected, the anti-fogging system balances the differences in surface energies by
increasing that of the film to meet that of the water. The increased surface energy of the film
results in a lower contact angle of the water droplets, allowing adjoining water droplets to
merge and eventually spread out into a thin continuous film of water on the film. With a
nearly constant layer of water, translucency approaching the transparency of the film returns,
and no single droplet is so large as to fall from the film onto the food in that enclosed air mass
within the package.

Keep fresh food fresh

Film packaging performs several important roles. It protects and preserves the contents, and it
makes them look good. Film materials and processing technologies have come a long way in
recent years, and it is now possible to create films with outstanding mechanical properties, gas
barrier properties, and optical qualities. But with fresh food packaging in particular, we are
talking about a highly dynamic environment. Fruit and vegetables continue toward
equilibrium with their surroundings after they have been picked, for example, which is why
sometimes it is important for the film to present only a partial barrier to gases, to prevent
product deterioration because of an enclosed air mass which is too humid or too arid for
sustaining freshness of the food. Additionally, packaging can benefit from oxygen and
acetaldehydes scavengers.



Good packaging also protects your brand

Product brand identity is the sum of many factors, including the quality of packaging used.
That’s because packaging, when it is done well:

. Protects and preserves food from external factors
. Ensures a fresh product with a long shelf life
. Provides convenience for use (if it is easy to open and possibly also reclosable)

. Enhances shelf-appeal.

It is also important to remember that a very high proportion of any fruit or vegetable is water.
An apple is 84% water; only 4% of a cucumber is not water. The amount of naturally
occurring water present in meat is around 60-70%. All these fresh foods have porous surfaces,
so it is inevitable that some of that water is going to equilibrate with its environment while the
product is in its package. Unless the packaging film has very low barrier to water vapor, or
unless there is some sort of water absorber contained in the package, there is a high likelihood
that that water will accumulate in the enclosed air space and, at a specific temperature and
relative humidity, condense in droplets on the inner surface of the package, most noticeably
on the transparent film meant to display the food without opening the package. And unless the
film has an anti-fogging surface under those temperature and humidity conditions, a fog will
form, and the visible display aspect of the contents will be significantly affected.

This fog can form at any one of the various stages in the transport and storage of the product,
from the moment it is put in the pack, to the time that it is put on the shelf or in the
refrigerator at home.

Great looks and a simpler process

The addition of just a small amount of a relatively low-cost additive during the film
production process can make the difference between a product ending up in the shopping cart,
or staying on the shelf—possibly until it has to be thrown away.

In 2010, PolyOne introduced the first antifog additive for polypropylene films that enabled
antifog sealant film conversion without the need for surface treatment. It simplified
production of antifog films for the flexible food packaging industry, and improved production
efficiencies for both cast and blown film producers.

It also was one of the few antifog additives available with both EC and FDA food-contact
compliance, which meant that film producers can use the same anti-fogging product across
multiple geographic regions.

By eliminating the need for surface treatment using antifog coatings, these additives remove
the risk of orientation error because they are not a surface treatment. They also save time and
energy by reducing the number of separate steps needed to arrive at a finished film. In




addition, laboratory tests indicate that these additives produce antifog properties at a slightly
faster rate than existing additive solutions.

These additives are offered globally as a masterbatch or as a component of a specialty
formulation, and development has continued to make them even more efficient and easier to
add to processing lines.

Behavior of antifog concentrates in laminated barrier films

Different anti-fog masterbatch concentrates can be formulated for different types of packaging
film. In order to create the most appropriate antifog additives for different types of films,
research was commissioned into potential interactions between antifog additives in
polyethylene (BOPE) films and the bi-component adhesives used in the lamination of
biaxially-oriented polyethylene terephthalate (BOPET) to a PE film.

Following a broad screening of potential antifog candidates, production began on a series of
polyethylene films containing the different types selected, and then laminates were produced
with biaxially-oriented PET using bi-component adhesives. Some of these adhesives
contained solvents, and some were solvent-free. Evaluation was made of the films before and
after lamination—in both cases over a period of six months.

The various films were then subjected to a cold fog test, simulating conditions in the type of
refrigerator used in food packaging systems. Tap water was put in a beaker, the top of the
beaker is covered with a sample of the test film, and the beaker was put in a refrigerator at
4°C (39°F). The appearance of the film was observed after one hour and then after four hours,
and visibility through the film is given a rating from A (zero visibility due to fogging of the
inside surface of the film) to E (completely transparent).

Results showed that the type of adhesive used could negatively affect the performance of the
antifog agent, with solvent-free adhesives having a greater effect. But some antifogs
performed better than others, no matter the adhesive used. As a result of this testing, antifog
additives were developed and marketed. These additives do not interact with two-component
polyurethane adhesives, maintain their properties after lamination of films, and maintain the
sealability of the laminate. In addition, there is no restriction on their use in food contact
applications, because no Specific Migration Limit (SML) applies to them.

Attract consumers, but don’t then frustrate them: antifogging with easy-peel

Anti-fogging additives can be combined with other functional features in films to increase the
overall customer-friendliness of a complete package. But plastics materials systems are
dynamic too. Film processors need to be aware that incorporation of an additive to create or
enhance one property or set of properties may also have an unwanted adverse effect on other
properties, either inherent in the polymer or created by another additive.

One of the most tantalizing aspects of modern packaging is this: it provides such good
protection for the contents, that sometimes it is almost impossible to break into it! This is why
so much effort is put into developing materials systems for lidding that provide an excellent



seal while the product is on the shelf or in transit, but which allow the lid to be peeled back
easily when the consumer wants to open the package.

Easy-peel + antifog: a win for consumers and manufacturers
The combination of easy-peel and antifog in a complete system has important advantages for
film processors, particularly when it comes to costs:

. Ready-to-process grades simplify logistics and ease processing
. Broad sealing window for fast and flexible processing

. No need for extra processing step to bring peel & antifog effects
. No need for corona treatment for the packaging

Today, thanks to a development cooperation between a leading global supplier of additive and
colorant masterbatches and a major producer of polyolefin thermoplastics, packaging film
producers have the opportunity to select film-grade polypropylene for sealing layers that are
highly transparent, can be efficiently processed and converted, and yields film that provides
an excellent seal and yet still enables easy opening. In addition these films contain an
antifogging additive specially formulated not to compromise any of this easy-peel
functionality. Typical applications are fresh and processed meat, fish, ready-to-eat meals, and
fresh produce.

There were several key challenges that had to be met in the development of this specialty
formulation. Firstly, the additive had to be compatible with the polymer system, but at the
same time it needed to be able to migrate to the surface of the film over time, in order to
provide a consistent and long-lasting antifogging effect.

Secondly, the additive must not interfere with the principal role of the polymer, which is to
provide high levels of film sealability and peelability. It must not affect the integrity of the
overall film structure, avoiding any chance of delamination. It must not affect the optical
properties of the film.

Thirdly, the additive must meet all relevant food contact approvals. This includes meeting any
Specific Migration Limits (SMLs) that apply.

Your next step?

Antifog additives are a cost-efficient means of maintaining the high optical qualities of
polyolefin films used to pack perishable fresh foods. This in turn keeps food attractive to
consumers for longer durations, and can also help maintain food quality by minimizing
spoilage. Various antifog additives are available, and their careful selection depends on the
construction of the film in which they are used, as well as the specific conditions of the
application. Collaborating with an experienced supplier able to offer a wide variety of these
additive concentrates, globally, can help film manufacturers play their part in limiting food
waste and keeping consumers happy.

For more information from PolyOne on antifog solutions for transparent food packaging,
please contact us at info@polyone.com.



Funk¢ni aditiva pro plnéné smési
HSH CHEMIE
Jan Vrana

AddWorks UV - stabilizatory nové generace na bazi amino-etherové technologie pro
aplikace v zeméd¢lstvi. Materialy jsou konstruovany dle potieb zakaznika, zejména pak s
ohledem na zvySeny obsah siry obsazené v hnojivech a zaroveil na prodlouzenou délku
zivotnosti v extrémnich podminkach jizni Evropy a Severni Afriky. Doporuceny jsou pro
foliovniky, ale 1 dal$i aplikace v zemé&délstvi.

Addworks FR - bezhalogenové retardery hofeni na bazi materialu Hostavin NOW pro pouziti
v polyolefinech. Zakladem je opét amino-etherova technologie s nizkych davkovanim do
polymeru. Materidly jsou doporuceny zejména pro aplikace v tenkych foliich, vlaknech a
netkanych textiliich.

AddWorks UV - stabilizatory nové generace na bazi amino-etherové technologie pro
aplikace v zemé&dé¢lstvi. Materialy jsou konstruovany dle potieb zédkaznika, zejména pak s
ohledem na zvysSeny obsah siry obsazené v hnojivech a zaroven na prodlouzenou délku
zivotnosti v extrémnich podminkach jizni Evropy a Severni Afriky. Doporuceny jsou pro
foliovniky, ale i1 dalsi aplikace v zemé&délstvi.

Addworks FR - bezhalogenové retardery hofeni na bazi materialu Hostavin NOW pro pouziti
v polyolefinech. Zakladem je opét amino-etherova technologie s nizkych davkovanim do
polymeru. Materialy jsou doporuceny zejména pro aplikace v tenkych foliich, vlaknech a
netkanych textiliich.



Asaclean — priklad €isticiho granulatu pro vstrikovaci stroje a extrudéry; cesta ke
sniZeni nakladid, zvySeni produktivity a kvality
Autori: Petr Vaithara* a Dana Subrtova, VELOX CMS s.r.o., Bélohorska 39, 169 00, Praha 6

*E-mail: vanhara@yvelox.com

Tématem c¢lanku je seznameni s funkci a pouzitim Cisticich granulatt pii zpracovani plasta
vstiikovanim, nebo vytlacovanim. Je zde popsan istici proces a troven jeho uspésnost, pti
pouziti Cisticiho granulatu Asaclean. Vysledkem spravného pouZiti je Gispora Casu ur¢eného

k vyrobé¢, snizeni zmetkovitosti i uspora zpracovavaného plastu.

Asaclean — an example of one suitable purging granulate for injection molding machines
and extruders; the way for cost reduction, productivity and quality increase
Authors: Petr Vaithara* and Dana Subrtova, VELOX CMS s.r.o., Bélohorskd 39, 169 00,

Prague 6. *E-mail: vanhara@velox.com

We try to point out on function and application of purging granulates in process of injection
moulding or extrusion. The article describes purging process and level of success when
purging granulate Asaclean is applied. Saving of production time, scrap reduction and

processed plastics saving are results of proper application purging granulate.

1. Uvod.
V disledku stale se zvySujicich pozadavkil na kvalitu plastovych vyliski a vytlacovanych dilt
roste uplatnéni ptipravki uréenych pro ¢isténi vytlacovacich linek a vstiikovacich stroji. Toto
¢isténi je nutné k odstranéni degradovanych plastli, vrstev barevnych pigmenti se stén valce a
Sneku, horkych vtoki, poptipadé formy a to ptedevsim z ekonomickych aspektii. Vhodné
kvalitni Cistici materialy slouzi k rychlému odstranéni rezidui plastd pii zméné materialu a
k snadnéjSimu piejezdu z barvy na barvu. Vysledkem je tispora casu ur¢en¢ho k vyrobe,
snizeni zmetkovitosti a tispora materialu uréeného ke zpracovani.
Cistici materialy jsou jak kapalné, tak pevné a to ve form& prasku nebo granulatu.
Pro jednoduchost pouziti a velkou podobnost se zpracovavanym plastem nalezly své uplatnéni
v praxi Cistici granulaty. Lisi se kvalitou a zpiisobem pouziti. Mezi vysoce u¢inné Cistici
materialy s dominantnim postavenim na trhu patfi istici granulat Asaclean, vyrabény
japonskou firmou ASAHI KASEI Pomoci uvedeného Cisticiho granulétu Ize Cistit jak

komoru a $nek, tak i horké vtoky, samotné formy a dale hlavy extruznich linek.



2. Cistici granulait ASACLEAN
ASACLEAN je cistici granulat, kde do vhodného plastového nosice jsou zapracovana aditiva
typu tenzidd, detergenttl, uéinnych antioxidanti a tepelnych stabilizatort. Cisticiho efektu je
dosazeno trojim t¢inkem:
— z dtvodi rozdilného reologického chovani zpracovavaného plastu dochazi
k mechanickému ¢isténi.
— pisobenim chemickych reaktivnich latek obsazenych v Cisticim granulatu dochazi
k naruseni tisad na kovovych castech zatizeni.
— vysoka uroven tepelné stabilizace Cisticiho granulatu zabrani degradaci polymernich
zbytkd.
ASACLEAN neobsahuje Zadna abrazivni aditiva a v doporu¢eném teplotnim intervalu (podle
konkrétniho typu) nezptisobi poskozeni kovového povrchu, nebo ucpani horkych vtokda.
ASACLEAN je jako jeden z mala Cisticich granulatt vhodny pro odstavky stroji, tzv.

»SEALING", coz je jedna z nejucinnéjsSich forem ¢isténi valce a $neku.

2.1 Situace resitelné pomoci cisticitho granulatu

nekontrolovatelny vyskyt necistot a barevnych Smouh

- zvySena zmetkovitost po pferuSeni vyroby a odstavkach

- vyskyt ¢ernych tecek v ¢irém nebo transparentnim materialu
- Casove ndrocny prechod na jiny material nebo barevny odstin
- problémy pii mechanickém c€isténi s vytahovanim $neku

- deformace horkych kanali, nepriichodnost kavit

2.2. Posouzeni plastovych materialii z pohledu sloZitosti Cisteni

Pro zvoleni vhodného postupu ¢isténi je nutné vzit v uvahu tyto hlavni faktory:

zpusob provozovavani vyrobniho zatizeni — zejména velikost vstiikované davky
- procesni teploty zpracovavaného plastu
- typ pouzitého polymeru

- aditivace pouzitého polymeru (barva; plniva, retardéry, modifikatory, procesni aditiva,...)

Pokud se komora vstiikovaciho stroje plni jen z¢asti, granule plastu se mohou dostat
do nepouzivané ¢asti stroje a po degradaci vlivem teplotniho namahéni zptisobovat

kontaminaci pouzivaného plastu.



Aditivace polymert Casto ovlivituje jejich teplotni stabilitu, fyzikalni a mechanické vlastnosti.
Zejména smésné materialy (blendy) s obsahem kompatibilizatora jsou citlivé na podminky
zpracovani — ¢asto dochdzi k jejich napalovani na stény zafizeni a nasledné degradaci.

Z pohledu charakteru zpracovavaného plastu je mozné rozdélit polymery na m¢kké komoditni
plasty typu PP, PE, PVC, TPE,... a m¢kké plasty specialni typu TPO, POM, TPU. Styrenové
netransparentni plasty (ABS, HIPS) a technické netransparentni plasty (PA, PC, PC/ABS,
PBT, PPO) tvoii dalsi skupinu. Specialni oblasti jsou materidlové blendy typu napt. PC/PET;
ASA/PA6; PBT/PE. Mezi narocné plasty patii zejména transparentni polymery napt. PC,
PMMA, TABS, PET, PETG, SAN, COC a dalsi. Samostatnou oblast predstavuji
vysokoteplotni inzenyrské plasty (LCP, PEEK, PEI atd.), kde kazda uvedena skupina plasti

vykazuje charakteristické rysy vyzadujici pouZiti specifickych postupii ¢isténi.

3. Proces ¢isténi
3.1 Postup pri vyskytu problémii s kvalitou vyrobkiu
Pti vyskytu tmavych Castic nebo viditelné kontaminace tmavsim materidlem je vhodné pouzit
Cistici granulat. Pti kazdé odstdvce stroje se do komory natahne Cistici granulat a snizi teplota,
pokud to provozni podminky dovoli, nejlepsi je stroj vypnout a nechat vychladnout. Po
zchladnuti znova ohtat na procesni teplotu a vystiikat Cistici material pred formou. Pii
vyskytu barevnych skvrn se ¢asto jedna o pigment, ktery pfi zpracovani vytvaii tenkou vrstvu
na povrchu zatizeni a nepravidelnych intervalech dochézi k uvolnéni téchto nanost do
materialu. ReSenim je postup Sealing, pokud nelze z provoznich divodii aplikovat &istici
material se zvySenou ucinnosti — s obsahem kratkych skelnych vlaken — napt. ASACLEAN
CG nebo NEW EX. Cerné tecky ¢asto pochazeji z plniv &i retardérti hofeni, které diky
elektrostatické interakci mivaji tendenci usazovat se na kovovych ¢astech vyrobniho zatizeni.
V ptipadé vyskytu ¢ernych tecek je nezbytné aplikovat Cistici granulét vzdy, kdy je stroj

v

odstaven déle nez 15 minut. Nejvhodnéjsi je stroj odstavit s ¢isticim materidlem uvnitf stoje.

3.2Cisteéni vstrikovacich strojii

Pti ukonceni vyroby se do nésypky vsttikovaciho stroje nasype Asaclean a stroje se ponecha
v provozu, dokud nevychdazi z trysky zietelné svétly Asaclean. Pokud je to mozné, tryska se
uzavie (napf. najetim k formé&). Ve valci se nastavi maximalni bezpecny zpétny tlak, aby se
Cistici material dostal i do ,,mrtvych® zon. Minimdlni doba piisobeni pro vy¢isténi je 3-5
minut, pii prodlouzeni této doby lze jesté dosdhnout lepsiho vysledku. Doba ponechani

Cisticiho granulatu pii teplotdch nad 300 °C bez pohybu nesmi pfesdhnout 30 minut. Pokud se



pii piejezdu méni teplota zpracovavaného materidlu, vzdy se ponecha pii zvySovani

(snizovani) teploty Asaclean uvnitf stoje. Termooxidacni aditiva obsazena v Cisticim

granulatu zabrani vzniku degradovaného polymeru. Po dosaZeni pracovni teploty pro

nasledujici polymer nebo po ukonceni doby ¢isténi se uvolni tryska a material se vystiika ze

zafizeni. Zde je vyhodné pouzit co nejvyssi vstiikovaci rychlost. Pokud by byly viditelné

stopy necistot v Cisticim granulatu, 1ze Cistici cyklus opakovat. Pokud Asaclaen po ¢isténi

neobsahuje necistoty, zacne se davkovat nasledné zpracovdvany polymer a s jeho pomoci se

vytlaci zbytky cisticiho granulatu ze stroje.

Tabulka 1. Typické mnozZstvi Asacleanu na cisténi v zavislosti na priimeru sneku - vstrikovani

Primér |32 mm 36 mm 50 mm 60 mm 95 mm 11Smm | 160 mm
Sneku

Typické | Cca 0,5 Cca 0,6 Cca 0,9 Ccal,2 Cca 3,2 Cca 8,0 Cca 17
mnozstvi | kg kg kg kg kg kg kg

Nejcastéji pouzivanymi typy pro vstfikovaci stroje jsou Asaclean GL2, univerzalni Cistici
granulat, ureny pro teploty 180°C - 360°C, vhodny pro bézné polymery typu PA, ABS,
PC/ABS, PBT, PS, a dalSich. Pro ¢isténi transparentnich materiala se nejCasteji pouziva
Asaclean New E. Pro ¢isténi ptfi zpracovani PMMA byl specidlné vyvinut material Asaclean
NewM. Pro vysokoteplotni transparentni plasty typu PC se pouziva Asaclean PT fungujici

v teplotnim intervalu 200°C - 360°C; poptipadé typ SX vhodny pro pouziti v intervalu 300°C
- 370°C.

3.3 Cisténi horkych vtokii

Po vycisténi komory a $neku Ize pokracovat v ¢isténi horkych vtokti. Horké vtoky bezpecné
vycistime, je-1i primér vstupu alesponi 0,5 mm. VSechny typy Asacleanu (kromé Asacleanu
CQG, Asaclenu New EX) jsou vhodné pro ¢isténi horkych vtokii do oteviené formy, nebo se
mohou lisovat ptes horké vtoky v rezimu vyroby (bez dotlaku) do formy, pokud se nejedné o
slozitou formu. Na zakladé zkuSenosti a spoluprace s firmami INCOE a ARBURG byl
vyvinut novy, velmi u¢inny postup ¢isténi horkych vtoka, ktery je obdobou metody

»SEALING*.



3.4.Cistént extruznich linek

Asaclean je vhodny pro ¢isténi vSech typll extruznich technologii — extruze profili, extrusion
blow moulding, extrusion blow film a extrusion cast film. Po ukonceni extruzni vyroby se
komora vyplni Asaclenem. Pfed zah4jenim davkovani je potieba ovéfit, ze teplota zpracovani
odpovida teplotnimu rozsahu ¢isticiho granulatu. Pro spravny vysledek ¢isténi je potteba, aby
index toku taveniny zpracovavaného polymeru a Cisticiho granuldtu meél srovnatelnou
hodnotu. Pokud se hodnoty od sebe li$i, je vhodné smichat v poméru 1:1. Pfi €isténi extruzni
linky se pouziva nizkych otacek Sneku dokud neni stroj naplnén. V piipad¢ ¢isténi koextruzni
linky se davkuje cca 20% predpokladané hmotnosti Cisticiho granulatu do ptislusné nasypky.
Odstranéni sit je nutné pouze v piipadé, jsou-1i hustsi nez 80 mesh u jednoSnekovych nebo
200 mesh u dvousnekovych extruderii. Cim déle se ASACLEAN neché plisobit ve valci, tim
1épe se muze projevit Cistici efekt. Doporucuje se ponechat ASACLEAN po celé délce Sneku
po dobu 10-15 minut. Potom se upravi teplota na potfebnou pro nasledujici vyrobu

Nejsou-li pii vizudlni kontrole taveniny na ASACLEANU patrné zadné zbytky
degradovaného polymeru, ¢isténi je ukonceno. Pokud je nasledujici polymer zpracovavan pii
jiné teploté, tak teplotni nastaveni vzdy upravujeme pii naplnéném stroji Asacleanem. Pti

vytlacovani Asacleanu plynule pfechazime na zpracovani nasledujiciho polymeru.

Tabulka 2. Typické mnozstvi Asacleanu na cisténi v zavislosti na priimeéru sneku - extruze

Priumér Sneku JednoSnekovy extruder Dvousnekovy extruder
40 mm 2 kg 3 kg

90 mm 8 kg 12 kg

120 mm 16 kg 24 kg

4. Metoda SEALING
Je technologicky postup, pii kterém je ponechan vhodny ¢istici materidl po del$i dobu — napf.
po dobu odstavky ptes noc nebo vikend. Pfi SEALINGu je ponechan ¢istény stroj bez ohfevu.
Objemova kontrakce materidlu v zavislosti na teploté spole¢n¢ s dikladnym plisobenim
chemickych slozek umozni vyc¢isténi i téch mist vyrobniho zafizeni, kde dochazi
k pomalej$imu toku taveniny materidlu. Vyhodou tohoto zpusobu €isténi je i prevence

degradace zbytki plastu v zatizeni.




5. Zavér
Ekonomicky efekt aplikace ¢isticich granulatii znamena vyrazny ptispévek pro snizeni
nakladll na zpracovani nejen u transparentnich a citlivych materiald, stejné tak v piipade
castych zmén barev ¢i materiala predstavuje zasadni ptispévek pro dosazeni maximalni

kvality a produktivity zpracovani plasti ve vSech oblastech zpracovani polymert.



Vstrekovanie plastov: zvySenie kvality a zna¢na uspora nakladov — vysledok dosiahnuty
pouzitim zmieSavacich trysiek
Rolf Heusser', Ing.Pavol Cacara’

I . . 2
Promix Solutions, “Caspro s.r.o

Je vSeobecne zname, Ze statické mixéry — taktiez nazyvané zmieSavacie trysky, zabranuju
farebnym Smuham pri vstrekovani. Menej znamy je fakt, ze zmieSavacie trysky moézu
poskytovat’ rieSenia pre d’alSie problémy s kvalitou, zlepsit stilost’ vyroby a redukovat
nadklady na vyrobu. Tento ¢lanok poskytuje prehl'ad moznosti a poukazuje na dolezité
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Obr. 1. Casti statického mixéru, filtra a trysky
Montaz a ako to funguje

V $neku vstrekolisu je plast roztaveny a prisady si zmieSané s taveninou. Za poslednych niekol’ko
rokov su dizajn $neku a systém ovladania zdokonal'ované tak, aby optimalizovali a urychl'ovali
vyrobny proces ¢o najlepsie. Napriek tomu z viacerych dovodov dochadza k teplotnym rozdielom v
tavenine na vystupe. Rozdielne teploty taktiez spdsobuju rozdielnu viskozitu a rychlost’ pradenia
taveniny. Toto st najddlezitejSie dovody preco sa pouzivaju zmieSavacie trysky (vid obr. 1). Staticky
mixér spojeny s tryskou vstrekolisu, homogenizuje teplotu, viskozitu a rychlost’ toku pocas celého
cyklu vstrekovania. Obrazok ¢. 2 nam zobrazuje odchylku teploty pocas vstrekovania so Standardnou
vstrekovacou tryskou a so zmieSavacou tryskou od spolo¢nosti Promix.
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Obr. 2: odchylka teploty cez vstrekovanie zdvihu

Problémy s kvalitou moZu byt’ vyrieSené zmieSavacou tryskou

Obr.3: Slabé miesto kartridzu, ktoré by mohlo byt eliminované pouzitim zmiesavacej trysky.

»

Obr.4: Ciaram toku na casti plastu sa da zabranit pouzitim zmieSavacej trysky

Viacero problémov pri vstrekovani ma povod v rozdielnej teplote, viskozite a rychlosti prudenia
taveniny. V dosledku toho zlepSena homogenizacia tychto parametrov pomaha zleps$it’ rozmerové
tolerancie a zabranuje neziaducim efektom akymi su lesklé alebo Ziarivé miesta na povrchu. Oslabené
oblasti, ktoré maju dopad na pevnost’ jednotlivych Casti plastu, kde vznikli ¢iary toku, mézu byt
znacne redukované. Obrazok ¢. 3 zobrazuje rychly kolaps vonkajsej oblasti kartridzu, ktory moze byt
eliminovany pouZzitim zmieSavacej trysky Promix-u. UZ je zname, Ze zmieSavacie trysky efektivne
zabranuju farebnym Smuham vd’aka dokladnému premieSaniu. Obrazok €. 4 zobrazuje farebné Smuhy,



ktoré sa §iria z bodu vstrekovania vyliskov. Tie by mohli byt vyrazne znizené pouzitim Promix
zmiesavacej trysky.

ZmieSavacia tryska je efektivnym rieSenim problémov, a proces vstrekovania méze byt zlepSeny
viacerymi spdsobmi, ktoré prinest vyraznu usporu nakladov.

ﬁspora nakladov na masterbatch

Stale viac a viac sucasnych spracovatelov plastov farbi priamo s master batch alebo tekutymi
farbivami, aby tak znizili ndklady na materidl a zvysili flexibilitu vyroby. AvSak nie vzdy je l'ahké
dosiahnut’ staly a rovnaky farebny odtien, pretoze vysledok ovplyviuji podmienky vyrobného procesu
akymi su teplota taveniny, spétny tlak, rychlost Sneku a davkovanie farby. Presny a staly
gravimetricky alebo objemovy davkovac¢ farby s kombinaciou so zmieSavacou tryskou poskytuje
vyborné riesenie daného problému. ZmieSavacia tryska zabezpecuje dosiahnutie staleho a rovnakého
farebného odtienia nezavisle od typu vstrekolisu a vyrobnych parametrov.

Navyse, spotreba farebnych koncentratov a tekutych farbiv méze byt zvycajne znizena o 15 — 25%
v zavislosti od typu farby a aplikacie. Je to z dévodu t¢inného zniZenia tvorby aglomeratov farebnych
pigmentov a homogenizovanou distribiciou ¢astic pigmentu.

Zlepsenie energetickej u¢innosti a kratsia doba cyklu

V zavislosti od typu polyméru a typu vyliskov, méze byt teplota taveniny znizena pouZitim statického
mixéra pre jeho schopnost’ redukovat’ odchylku teploty taveniny. Mozné znizZenie az o 10 °C znacne
zvysuje energeticka Géinnost’, ¢oho vysledkom su kratsie ¢asy chladenia, ¢o v zavislosti od typu
vyliskov, zohrava vyznamnu tlohu v celej dobe cyklu. Vyrobca 2,5 kg PP nadoby vie napr. redukovat’
dobu cyklu zo 120 na 110 sekind na zéklade

redukcie teploty taveniny.

Miesacie Sneky verzus staticky mixér

Farebné Smuhy moézu byt zredukované zvySenim spitného tlaku vstrekolisu a pouzitim vécSieho
mnozstva farebného koncentratu. Je vSak zrejmé, Ze tento pristup nie je ekonomicky, lebo vedie
k vy$§im nakladom na farebné koncentraty a v zavislosti od typu polymérov, znizuje Zivotnost
plastifikaéného Sneku. Vie $pecialny miesaci Snek vyriesit’ problém farebnych Smuh? Do urcitej miery
ano, ale zaroven je nevyhnuté brat’ do uvahy niekol’ko zavaznych nevyhod v porovnani s dobre
navrhnutym dizajnom statického mixéra. Vykon mieSania mieSacieho Sneku zavisi na pohone $neku
ako aj na spitnom tlaku. Redukcia tvorby aglomeratov farebnych koncentratov, aj napriek vysokej
lokalnej Smykovej rychlosti v mieSacom $neku je mozna iba ¢iastocne, nakolko toto pdsobenie je
nerovnomerné a preto neefektivne. PouZitie asti dizky $neku pre miesanie je vzdy iba kompromisom,
lebo o to mensia dizka bude pouzitelna pre plastifikaciu. V neposlednom rade je nutné spomenut’, ze
montaz zmieSavacej trysky je ovel'a rychlejsia a viac efektivna z pohl'adu nakladov na montaz nového
Sneku.

DoleZitost’ geometrie mixéru a jeho spravneho dizajnu

Existuju aj priklady, kedy zmieSavacia tryska nevie zlepsit’ vyrobny proces:

ZmieSavacia tryska nevie vykompenzovat' zly a nerovnomerny davkovaci systém. Na dosiahnutie
maximalneho ucinku st dolezité spravny dizajn a velkost’ zmieSavacej trysky. Vyznamny vplyv na
dizajn zmieSavacej trysky ma vel'kost’ vstrekolisu, upinacia sila a typ polyméru. Chybny dizajn mixéra
alebo jeho zla geometria rieSia problém iba Ciastocne, alebo voObec. Navyse tlakova strata méze byt



prili§ vysoka resp. polymér moze utvarat’ usadeniny s naslednou degradaciou. Dobre navrhnuty mixér
by nemal zvysit’ tlakovi stratu o viac ako 10 az 15%. NavySe geometria mixéra zohrava déleziti tlohu
pri vykone. Aby sa dosiahli uspokojujiice vysledky, je potrebné efektivne mieSanie v celom priereze
vo velmi kratkej diZke zariadenia as minimalnou tlakovou stratou. Jedna geometria mixéra
neposkytne rovnaky vysledok pre vsetky aplikacie. Nespravna geometria mixéra alebo jeho dizajn
vedu k zlym vysledkom, ktoré su Casto interpretované ako problémy so zmieSavacou tryskou. Preto je
potrebné riesit’ navrh zmieSavacej trysky so skisenym dodavatel'om, ktory ponuka viacero rieSeni pre
rozne aplikacie.

Cistenie zmieSavacich trysiek

Ocakava sa, ze statické mixéry maju tendenciu tvorit usadeniny a Ze ich Cistenie je zlozité. Opak je
vSak pravdou, ak je navrh geometrie a montéaz trysky urobeny spravne. Vo vSeobecnosti to znamena,
7e¢ dobre navrhnuta zmiesavacia tryska nemusi byt odstranena a demontovana na ¢istenie. Cistenie je
vykonané in line s novym polymérom, ktory vytlaci star surovinu v mixéri.

Obr. 5: Promix zmieSavacie trysky ukazuju efektivne inline cistenie

Obrazok ¢.5 zobrazuje vysledok in line Cistiaceho testu s Promix zmieSavacou tryskou, ktora nazorne
ukazuje, ze iba 3 objemy mixéra su potrebné na uplné oCistenie zmiesavacej trysky. To je ovel'a menej
ako napriklad ¢istenie prazdneho kusu rurky alebo cCistenie plastifika¢ného $neku.

Dolezita je kvalita ocele

Mechanicky tlak vynalozeny na staticky mixér pocas vstrekovania je enormny. Staticky mixér musi
zniest’ prebichajuce, striedavé zatazenie tlakovymi stratami az do 100 bar (priblizne 1500 psi). Toto
modze byt dosiahnuté iba statickym mixérom vyrobenym =z vysoko kvalitnej ocele vratane
optimalizovanej geometrie a dizajnu mixéra. Dal§im dolezitym aspektom je, Ze pri vyborne
navrhnutej, kvalitnej zmieSavacej tryske a pri dodrziavani prevadzkovych pokynov nie su potrebné
ziadne néhradné diely.

Dokonca aj pri spracovani abrazivnych plniv ako napriklad sklenenych vlékien, spravne navrhnuty
a pouzivany staticky mixér vydrzi niekol’ko rokov.

Na zaver:

Zmiesavacie trysky zlepsuju stabilitu vyrobného procesu, redukuji spotrebu aditiv, a zvac¢suju
moznosti samotného procesu vstrekovania. Vela existujicich problémov s kvalitou méze byt
vyrieSenych so statickym mixérom I'ahkym, rychlym a ekonomickym spdsobom. Pri vybere spravneho
statického mixéra pre Vasu vyrobu je vSak dolezité sa poradit’ s nasimi expertmi, aby bol dosiahnuty
ziadany uspech.



Characterization of polyurethane based materials by hyphenated pyrolysis and desorption
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The production of polyurethane (PUR) applications requires a good knowledge of the individual
used substances as possibilities in compounding are unlimited. For many polymer scientists
interest in the material composition appears as there might happen unexpected side reactions as
well specific defects might appear in the final product (foam collapsing, delamination, blooming,
cracking, smelling, yellowing, etc...). Not always a physical reason can be found when speaking
about material properties but the analyst should go back to the chemical structures when
formulating an explanation.

From the analytical side by use of heat induced hyphenated techniques like thermal desorption,
pyrolysis and reactive pyrolysis coupled to gas chromatography with mass spectrometry (electron
impact, 70eV) straightforward conclusions might be gained concerning material composition. All
methods use an inert gas stream (helium) to transfer the analytes to the mass spectrometer and, as
GC-MS has generally nanogram sensitivity, a small amount of sample is required. Each method
targets another aspect of the composition analysis and might be combined in order to get the full
picture of the material/additive composition:

- By using thermal desorption GC-MS a moderate temperature up to 300°C can be chosen
to evolve non-covalently bounded substances from the material. In this case amine
catalysis, free chain-extenders, polyols, polyesters, flame retardants and plasticizers can
be detected. The absence of several key compounds like amine catalysts might explain a
lower kinetic behaviour as well as a bad adhesive mechanism. By thermal desorption the
MDI-pattern as well as the ratio between several isomers can be seen. This method has
the ability to detect external contamination e.g. silicons, oil, etc... For the automotive
industry this method has the ability to predict emission behaviour from the material as
such that a pass/fail judgement can be done concerning parameters like smell, fogging and
chemical safety assessment for car indoor compartments. The hardware configuration
uses a thermal desorbing unit coupled to GC-MS (PY-2020iD, Frontier laboratories,
Japan/ GC-MS QP2010 Plus, Shimadzu, Kyoto, Japan) having an Ultra ALLOY-5
column (0.25 mm i.d. x 30 m x 0,25 um film thickness, Frontier laboratories, Japan). The
mass spectrometer was programmed in full scan mode from 30-1000 Da with electron
impact ionization and a detector dwell time of 0.30 seconds.

- By using pyrolysis GC-MS chemical surface modification systems based on PUR can be
confirmed after mechanical separation of the surface as well as common PUR samples.
For surface coatings, knowledge of the matrix (substrate) is an advantage as these signals
can be subtracted from the obtained data in the pyrogram. Generally, 650°C for 2 minutes
in a helium stream were the applied pyrolysis conditions. For the analysis of PUR foams a
few mg of sample is required. According to the needs the sample might be pre-extracted
in order to avoid the presence of additives in the pyrogram. The hardware configuration
used is the same as for thermal desorption GC-MS. By pyrolysis GC-MS the complete



polyurethane adhesive system can be revealed as polyurethanes pyrolytic fragmentise at
the urethane bond remaining isocyanates and alcohols followed by the release of CO,
forming the primary amine corresponding to the initially amine before the phosgenation
process in the isocyanate production.[1] Not only small quantities of polyurethane glue on
a polyolefin surface but as well polyurethane based primers, chain extenders and the diol
(ester and ether) part can be revealed. Beside common isocyanate adhesive systems like
MDI and TDI also more complex systems using IPDI, HMDI or diisopropylphenyl type
diisocyanates can be confirmed. However, conventional pyrolysis GC-MS does not
necessarily provide useful information for the identification of condensed polymers or
resins containing ester/amide linkages and/or thermally labile polar pendant groups.
Therefore the combination with reactive pyrolysis might be performed as a cross-check
method. [2] [3] [4]

- Additionally pyrolysis GC-MS can work reactive when adding to the sample a reagent
which selectively breaks down the polymer chain in the pyrolyzer. On the contrary,
pyrolysis of such sample matrixes in the presence of an organic alkali, such as
tetramethylamonium hydroxide/methanol (TMAH/MeOH as 25 wt. %), results in
simplified pyrograms which consisted of the sharp peaks from the constituents. TMAH is
a very strong base and therefore perfect for this thermochemolysis process. The reaction
itself requires a moderate temperature e.g. 440°C and combines hydrolysis with methyl-
(trans)esterification. This, due to the result, that after the derivatization, the fragments are
converted to less polar substances and better to separate on a non-polar column. As a
main advantage, the analyst can use a similar hardware configuration for the separation of
fragments from pyrolysis GC-MS and as well for the separation of reaction products from
reactive pyrolysis GC-MS. [5] Reactive pyrolysis has many applications like the
characterization of polyesters, polyurethanes and polyethers. For example, after leaching a
PU sample in the reactive TMAH/MeOH mixture, important information from the
polyurethane sample can be obtained. Firstly, the macromolecular composition might be
revealed on the polyol side, however the isocyanate side can be detected as well. In case
additionally MDI isomer ratios are required to know, reactive pyrolysis can be applied,
where by selecting the ions of methylated MDA oligomers (226.15 M/z and 368.20 M/z)
an area % report of each substance can be obtained with high reproducibility (< 4.0 %
RSD for a triple measurement of 4,4-MDA). These results demonstrate that reactive
pyrolysis GC-MS analysis in the presence of TMAH/MeOH is a rapid and sensitive
method to identify the composition of unknown polymers. When combined with pyrolysis
GC-MS, important information can be obtained if correctly interpreted. Not only
combinations of monomers can be revealed but also ratio’s between presented monomers
(initially appearing as polymer chain). Reactive pyrolysis GC-MS is a versatile and fast
derivatization method compared to classical hydrolysis as classical hydrolysis requires
heat, pressure and alkali like KOH which remains as a salt in the system while TMAH is a
liquid.

By combining all 3 methods on one sample, cross-check of findings can be done and used to
confirm spectral data e.g. FTIR spectroscopy or to confirm a priori knowledge about the sample.
Polymers based on addition curing phenol resins by alder-ene crosslinking between 4,4°-
bismaleoimido diphenyl methane with 2,2°- diallyl bisphenol A (BMM/DABA) might be



interpreted as PUR when interpreting the FTIR spectra however by combining reactive and non-
reactive pyrolysis the phenol resin can be revealed.

As a case study, by TD-GC-MS the reactive brominated flame retardant tetrabromobisphenol A
(TBBPA) was not detected until reactive pyrolysis was applied as TBBPA was a part of the
polymer chain.

A limitation of the GC-MS instrumentation is the detectable molecular weight range, fragments
generally bigger than 1000 Da cannot be seen as due to limitations in volatility (GC) and mass
detection. Therefore polyethers with a higher molecular weight cannot be characterized. Another
drawback is the heat resistance and chemical stability of ether implementing a more difficult
characterization of the polyether polyols. Additionally, as a drawback to interpretation, the
electron impact ionization for aliphatic ethers does not show generally a molecular ion. Beside
the disadvantages, thermal induced sample preparation methods have the advantage to be quick
in sample preparation (isolating, mixing with reagents, etc...), do not suffer from long liquid
extraction procedures and extraction polarity, and as a main advantage, do require a few mg of
sample.
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Plasty a s nimi spojené technologie v automotive
Ladislav Glogar
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Termoplasty a reaktoplasty a s nimi spojené technologie maji v automobilovém primyslu
trvale rostouci uplatnéni. Pozadavky na kvalitu, efektivnost vyroby, Zivotnost a
recyklovatelnost dild, vytvareji neustaly tlak na dodavatele v automobilovém primyslu, aby
prichézeli s novymi technologiemi, materidly, ale i efektivnéjsimi procesy, které zvednou
pridanou hodnotu vyrobku. Dodavatelé jsou tak nuceni hledat cesty jak zefektivnit stavajici
procesy. Jak snizit zmetkovitost a zvysit kvalitu vyrobku. Jak prodlouzit Zivotnost
vsttikovacich forem, jak feSit rostouci naroky na spoje jednotlivych dili. Do popiedi se
dostavaji vice funkéni materidly a technologie silnosténnych vysttika. Pfedstaveny budou
ptistupu podpory a vysledky Vyzkumu a vyvoje v uvedenych oblastech, které poskytuje svym
¢lentim, zejména MSP automobilovy klastr.
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Abstrakt

Ozafovani elektronovym beta zafenim (EB) je vSestranna a ucinna metoda ke zlepSovani vlastnosti
plastovych vyrobki, pouzivana v riznych technickych aplikacich. Kabelaisky primysl tuto technologii
vyuziva jiz fadu let ke zlepSeni vyslednych vlastnosti izolaci kabelti.

Chemické procesy, vyvolané ionizujicim zafenim, jsou pomérné slozité, nebot’ zde soucasné probiha
nékolik konkuren¢nich chemickych reakci, napf. sitovani, degradace, oxidace, fragmentace,
disproporcionace a apod. Nejptinosnéjsi reakcei pii ozatfovani pro zlepseni konecnych vlastnosti vyrobkt
je vSak sitovani.

Cilem této prace je popsat vliv rtiznych davek ionizujiciho beta zafeni na zmény vybranych
mechanickych, tepelnych a chemickych vlastnosti komeréné dostupnych typid polymertt z hlediska
vyroby vodicu a kabelil 1 z hlediska dalSich aplikaci.

Vyznamné zmény mechanickych vlastnosti byly stanoveny pomoci tahovych zkousek zkusebnich téles
pfi riznych teplotach a dale posuzovanim chovani pti dlouhodobém zatizeni (teceni za studena, tzv.
kripové zkousky*). Vybrané mechanické vlastnosti byly porovnany s vlastnostmi neozatrenych
materialli. Zmény tepelnych charakteristik byly stanoveny pomoci termomechanické analyzy (TMA) a
vizualnim pozorovanim po expozici pii 220 °C v teplotni komotfe. Namétené udaje jsou doplnéné
hodnotami obsahu vzniklé gelové faze ve struktufe zkoumanych polymeri. Zmény chemické odolnosti
byly posouzené podle botnani pii rozpousténi v xylenu.

V zavéru tohoto ¢lanku je uvedena diskuze na zakladé vysledkti méteni.

Kli¢ova slova: Ionizujici zafeni, elektronové beta zareni, modifikace polymerti zafenim, radiacni
sitovani, vlastnosti mechanické, tepelné a chemické.

1. Uvod
Interakce ionizujiciho zéafeni s polymerem vyvolavd mnoho reakci, které si ¢asto navzdjem konkuruji.
Primarni interakce ionizujicitho zafeni s polymerem zahrnuje mimo jiné ionizaci, excitaci, tvorbu
volnych radikalt, atd. Sekundarni reakce, ktera nasleduje po tvorbé volnych radikald, zahrnuje abstrakci
vodiku, tvorbu dvojnych vazeb, rekombinaci (sitovani nebo vétveni), Stépeni fetézcl, oxidaci a
roubovani. [2]
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tvorba mezimolekuldrnich vazeb). Sitovani je chemicky proces, ktery vede k vytvafeni nekonecné 3-
rozmérné struktury - prostorové sité (gelu). Radiacni sitovani je vysledek rekombinace migrujicich
volnych polymernich radikalt, pfevdazné v amorfnich oblastech (obr. 1). Kritickou podminkou pro
radiacni sitovani je vznik sekundérnich radikald v amorfnich oblastech ve viskoelastickém stavu a
pohyblivost polymernich fetézci, které sekundarni radikaly nesou.

Obrazek 1: Tvorba pricnych vazeb v polyetylenu, vyvolana ionizacnim zarenim
(I — krystalické oblasti, Il — amorfni oblasti) [1]

Obvykle sitovani a rozpad hlavniho fetézce (degradace) predstavuji dva protichiidné procesy, ke kterym
pii pisobeni ioniza¢niho zafeni dochéazi vzdy soucasné. Pokud je pomér spojovani fetézcti k jejich
rozpadu vétsi nez 2, prevazuje proces sitovani.

Tyto strukturdlni zmény vedou k vyznamnému zvySeni molekulové hmotnosti, ke snizené rozpustnosti v
organickych rozpoustédlech a ke zlepSeni mechanickych, tepelnych a chemickych vlastnosti, které
umoziuji pouzivat levnéjsi standardni polymery nebo technické polymery namisto nakladnych vysoce
hodnotnych polymerd.

Kone¢ny vysledek ozatovani polymert je vzdy ovlivnény mnoha faktory napf. (teplotou skelného
prechodu, krystalinitou, chemickou strukturou polymeru, jeho konfiguraci, atd.), které je nutno vzit v
uvahu, aby bylo dosazeno pozadovaného vysledku.

Hlavnim diivodem pro sitovani izola¢nich polymert pro vodice a kabely je zlepSeni jejich vlastnosti pod
zatizenim pii vySSich teplotdch. Kromé toho sitovani vyrazné zvySuje chemickou odolnost,
otéruvzdornost, odolnost proti vzniku trhlin pod napétim (ESC) a odolnost proti pomalému vzniku
trhlin. To naptiklad umoznuje zmensit prifez vodice a tloustku izolanich materialii, coz je velmi
vyhodné pro aplikace v automobilovém primyslu a v aplikacich pro vefejnou dopravu.

Obvykle se kabely zpracovavaji kontinudln¢ v ozafovacim zafizeni, coz vyzZaduje krok rozvinuti resp.
svinuti a pfepravu produktu do ozafovaciho zafizeni, kde je vystaveny proudu emitovanych elektronti.
Typické ozatovaci zafizeni pro zpracovani kabelli pomoci ionizujiciho zafeni se sklada z urychlovace
elektrond, z prvkil pro manipulaci s produktem, stinéni proti zafeni, z odtahu ozénu a z fidiciho systému.
Pro sitovani materiall na vodic¢ich a kabelech se obvykle pouzivaji rizné typy elektronovych
urychlovact s riznymi energiemi od stfedni (0,3 - 5,0 MeV) az po vysoce energetické (5 - 10 MeV) v
zévislosti na pozadované hloubce penetrace urychlenych elektronti do ozafovaného materialu.
Penetracni schopnost urychlenych elektronli zavisi pfevazné na energii urychlovani a na hustoté
ozafovaného produktu (obr. 2).



Procesni parametry k regulaci vlastnosti polymert jsou pii dané chemické struktute polymerti v pfimé
korelaci s absorbovanymi davkami, které jsou funkci vystupni rychlosti ozafovaci jednotky. Diky tomu
je proces velmi spolehlivy, protoze vSechny klicové parametry Ize snadno regulovat pomoci
elektrickych veli¢in. Absorbovana davka je mnozstvi energie ionizujiciho zafeni, absorbované jednotkou
hmotnosti zpracovavaného materialu. Jednotka absorbované davky je 1 Gray (1 Gy = 1 J/kg).
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Obrazek 2: Princip ozarovani urychlenymi elektrony,
1 — hloubka vniknuti elektronu, 2 — primarni elektrony,
3 — sekundarni elektrony,

4 — ozareny material

Vyhodou oSetieni termoplastickych materiali ioniza¢nim zafenim je zlepSeni chemickych a fyzikalnich
parametrti konstrukéné pouzivanych polymert na troven, kterd by v mnoha ptipadech vyzadovala pouze
vysoce odolné a nakladné high-tech polymery Radia¢ni modifikace rovnéz umozni vyuzivat stavajici
materialy v novych oblastech (obr. 3).

ProtoZe sitovaci reakce se spousti téméf okamzité, umoziuji souc¢asné ozatrovaci centra dosahovat velmi
vysokych vyrobnich rychlosti az mnoha set metrii za minutu, takze tento proces mize konkurovat
chemickym metodam.

Davka zafeni ma pfimy vliv na ekonomiku procesu a vyznamné zavisi na volbé polymeru a na sloZeni
plasté kabelu. Je také ale nutno vzit v Givahu, Ze u nékterych polymert dochézi pisobenim ioniza¢niho
zéateni ke zhorSeni kvality vlastnosti. Proto je nejlepSich vysledki dosazeno, pokud je metoda pro
sitovani zvolena uz na zacatku navrhu produktu, a to véetné volby materiald.

Vodice a kabely s izola¢nimi plasti, u kterych bylo dosaZeno zesitovani pomoci ozafovani, dosahuji
vynikajicich vlastnosti. Netavi se a neméknou pii vyssich teplotach, tzn. pii prehrati vodice v disledku
zkratu nebo pfii letovani. Diky radiaénimu sitovani je dosazeno vyznamného zlepSeni parametru HRT,
tzn. limitni teplotni odolnosti. Napi. hodnotu HRT, ktera pro PE bez sitovani ¢ini 80 °C, lze zvysit az na
125 °C.

Typickou aplikaci radiacné oSetfenych vodi¢t a kabelti v automobilech je jejich pouziti napiiklad v
blizkosti motort nebo vyfukového systému.
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Obrazek 3: Polymery komercné vhodné pro radiacni sitovani

Tenkosténnd izolace nizkonapétovych vodict z PVC a PE s radiatnim sitovanim se pouziva v
motorech, automobilech, domacich spotfebicich, pocitacich a dalsich elektronickych zatizenich [2].

2. Popisy zkousek

2.1 Materidly, podminky pti ozafovani

Jako zakladni polymerni materialy byly pouzity termoplasticky elastomer (TPE-E: V-PTS-UNIFLEX-
E25D/M*M800/20 natural) od firmy PTS Plastic-Technologie-Service, Marketing und Vertriebs GmbH
(Némecko), nizkohustotni polyetylen - LDPE (DOW LDPE 780 E) a vysokohustotni polyetylen - HDPE
(DOW HDPE 25055 E) od firmy Dow Chemical Company. Pro piipravu zkuSebnich téles byl pouzit
vstfikovaci stroj ARBURG Allrounder 420C Advance. Podminky zpracovani byly nastaveny podle
doporugeni vyrobcti a zkusebni télesa byly piipravené podle normy CSN EN ISO 527-1. Ozafovani
zkuSebnich téles bylo provedeno ve firmé BGS Beta-Gamma-Service GmbH & Co. KG, Némecko.
Zkusebni télesa byla ozarovana v primyslovych podminkach (normalni atmosféra a pokojova teplota) v
komeréné vyuzivaném stiedisku v Saalu an der Donau (elektronovy urychlova¢ Rhodotron — 10 MeV —
200 kW) a s davkou zéteni od 0 do 198 kGy.

2.2 ZkuSebni metody

Obsah geldl (zesitovany podil) byl stanovovan podle normy CSN EN ISO 10147. Mechanické vlastnosti
byly zkouSeny tahovou zkouskou, provadénou na zkuSebnim zatizeni ZWICK 1456 pro LDPE a HDPE
podle normy CSN EN ISO 527-1, 527-2 pii rychlosti posuvu pfi¢niku 50 mm/min. Tahové zkousky
TPE-E byly provadény na zku$ebnim zaiizeni Alpha Technologies T2000 podle normy CSN ISO 37 pii
rychlosti posunu 500 mm/min.

Nameétena data byla zpracovand softwarem ,,Test Expert Standard”. Byl stanoven modul pruznosti E
[MPa] a mez pevnosti v tahu oy [MPa]. Kripové zkouSky byly provedeny na zatizeni konstrukce UTB
ve Zlin¢ [24] viz obr. 19. Zkousky probihaly v laboratornim prostfedi pfi normalni a zvysené teplot¢
podle normy CSN EN ISO 899-1. Na zavér byla provedena termomechanicka analyza a vizualni
posouzeni teplotni odolnosti. Pro termomechanickou analyzu bylo pouzito zafizeni Perkin — Elmer
Thermal Analyser TMA7 pii rozsahu teplot od 50 °C do 400 °C s nardstem 20 °C/min. Teplotni
odolnost byla posuzovana vizueln€ po dvouhodinové expozici v teplotni komote pii 220 °C, vizualnim
pozorovanim zmén materialu.



3. Vysledky a diskuze

Byl stanoven obsah gelové faze a zkoumany mechanické a tepelné vlastnosti polymera (TPE-E, LDPE,
HDPE) pied ozatovanim a po ném. K usnadnéni vyhodnoceni dat a pro porovnavani ozarenych
polymert s neozéaienymi byly v nékterych pfipadech pouzity bezrozmérné veliCiny. Vlastnosti
neozafenych polymerii maji bezrozmérnou hodnotu ,,1° a ostatni veliiny jsou vyjadfeny formou
poméru hodnoty zmétfené u ozaieného polymeru k hodnot¢ téze vlastnosti neozateného polymeru.

3.1 Obsah gelové faze ve struktuie ozatenych polymert

Vysledky méfeni obsahu gelové faze v TPE-E po ptlisobeni riznych davek zafeni zobrazuje obr. 4.
Maxima obsahu gelu (86,3%) bylo dosazeno pii davce 198 kGy. Pfi nizsich davkach byl u LDPE a
HDPE zjistény nulovy obsah gelové faze (obr. 5, 6). I pfes tyto vysledky prokazaly tahové zkouSky
trend vyrazného zlepSeni uz pii téchto nizkych davkach. To lze vysvétlit tvorbou mikrogeld, které
vytvareji elasticky aktivni zesitované fetézce, které mohou prendset tahové napéti. Pti zjisStovani obsahu
gelu ovSem tyto mikrocastice projdou filtrem spole¢né s rozpustnymi slozkami. Pfesnost méteni obsahu
gelu zavisi na propustnosti pouzitého filtru. Maxima obsahu gelu obou polyolefinii bylo dosazeno pfi
davce 198 kGy. Tato hodnota byla 67,3% v ptipadé LDPE a 65,3% v ptipad¢ HDPE.
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Obrazek 4: Obsahu gelové faze v TPE-E
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Obrazek 5: Obsahu gelové faze v LDPE
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Obrazek 6: Obsahu gelové faze v HDPE

3.2 Mechanické vlastnosti

Vliv riznych davek ioniza¢niho zéafeni na mechanické vlastnosti byl zjistovan tahovou zkouskou.
Kripové vlastnosti zkousenych polymert byly stanoveny pii pokojové teploté (23 °C) a pfi zvySené
teploté (80 °C a 100 °C).

3.2.1 Tahova zkouSka

Vysledky zkousky pevnosti v tahu (o) zdvisi pfevazné na mnozstvi obsahu vniklého gelu, na poctu
vazebnich molekul a na celkové morfologii krystald.

Jak je patrné z obr. 7 mez pevnosti v tahu TPE-E po ozéfeni davkou 66 kGy vzrostla o vice nez 35%. Pfi
vys$i dévce nez 66 kGy vSak pevnost v tahu klesa. Nad 132 kGy hodnota meze pevnosti v tahu
osciluje okolo hodnoty neozafenych zkusebnich vzorki TPE-E. Naopak obsah gelu dal roste s velikosti
ozafovaci davky.

Modul 100 (napéti ptisobici pti 100% prodlouzeni zkuSebniho vzorku) postupné roste se zvétSujici se
davkou ozateni. Modul 100 je pii davce 198 kGy o vice nez 50% vyS$i neZ u neozatrenych zkuSebnich
vzorku (obr. 7).
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Obrazek 7: Porovnani zmény modulu pruznosti E ;99 a meze pevnosti v tahu o) TPE-E p7i 23 °C

Pomérné prodlouzeni pii mezi pevnosti v tahu TPE-E kontinualn¢ klesa s rostoucimi davkami ozareni.
Pti nejvyssi aplikované davce 198 kGy zlistava pomérné prodlouzeni jen na 25% hodnoty u neozarenych
vzorkl. Nésledkem ozafeni vyznamné klesla pruznost TPE-E.
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Obrazek 8: Porovnani pomeérného prodlouzeni TPE-E pri pretrZeni pri teploté 23 °C

Porovnani pevnosti v tahu a modulu pruznosti E (pfi 23 °C) u vysokohustotniho polyetylenu (HDPE) a
nizkohustotniho polyetylenu (LDPE) ptfed ozafenim a po ném je znazornéno na obr. 9, 10, 14 a 15. Je
evidentni, ze sitovani zvySuje pevnost v tahu oy a modul pruznosti E u obou typt polyetylenii. Pti
pokojové teploté se u obou ozafenych typl polyetylenti zvysila hodnota pevnosti v tahu o cca 10% u
LDPE a 5% u HDPE v porovnani s neozafenym polyetylenem. OvSem jak je zfejmé z obr. 9, nejvyssi
hodnoty davek zareni neznamenaji vzdy nejvyssi hodnoty pevnosti v tahu.

Pti vysSich teplotich okolo 100 °C je pozitivni G¢inek ioniza¢niho zéafeni na mez pevnosti v tahu
mnohem vys$§i. U LDPE je mez pevnosti v tahu po ozéafeni 198 kGy témét o 60% vyssi v porovnani s
neozafenym materialem (obr. 9), zatimco HDPE vykazuje jen 10 % nartst (obr. 14).
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Obrazek 9: Porovnani zmény meze pevnosti v tahu oy LDPE pri teplotach 23 °C a 100 °C
Pti pokojové teploté ma ozateni pozitivni u¢inek na modul pruznosti E u obou typt polyetyleni: Po
ozateni je modul pruznosti E vy$si o 30 - 35% u LDPE (obr. 10) a o 35 % u HDPE (obr. 15). Naproti
tomu pii 100 °C modul pruznosti E nevykazuje vyznamné zvyseni u obou typt polyetylend.
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Obrazek 10: Porovnani zmeny modulu pruznosti E pro LDPE p¥i teplotach 23 °C a 100 °C
Obr. 11 zobrazuje zavislost modulu pruznosti ozafenych a neozarenych LDPE v rozsahu teplot od
pokojové teploty 23 °C az po zvysenou teplotu 100°C. Modul pruznosti LDPE neozéatenych i ozarenych
(132 kGy) zkusebnich téles s rostouci teplotou kleséd exponencidln€. Naproti tomu mez pevnosti v tahu
(obr. 12) klesa s rostouci teplotou linedrné. Také je nutno poznamenat, Ze polymery ozarené davkou 132
kGy vykazovaly u vSech zkuSebnich téles vySsi pevnost v tahu oproti zkuSebnim télesim neozatrenym.
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Obrazek 11: Porovnani modulu pruznosti E pro LDPE pri riuznych teplotdach
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Obrazek 12: Porovnani meze pevnosti v tahu oy LDPE pri ruznych teplotach
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Obrazek 13: Porovnani pomérného prodlouzeni LDPE pri mezi pevnosti v tahu &,y pri riiznych
teplotach

Zatimco zmény modulu pruznosti a meze pevnosti v tahu LDPE pted a po ozafeni vykazovaly podobnou
charakteristiku, zmény pomérného prodlouzeni pti pevnosti v tahu byly velmi rizné (obr. 13). Pomérné
prodlouzeni neozéienych zkusebnich téles LDPE rostlo z hodnoty 67,6% pfi pokojové teploté az na
hodnotu 74,1% pfti 40 °C a pak klesalo na hodnotu 54,8% pti maximalni teplot¢ 100 °C. Naproti tomu
pomérné prodlouzeni ozatenych LDPE rostlo v intervalu teplot méteni z hodnoty 70,9% az na hodnotu
91,2%.
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Obrazek 14: Porovnani zmeny meze pevnosti v tahu oy HDPE pri 23 °C a 100 °C
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Obrazek 15: Porovnani zmény modulu pruznosti E pro HDPE pii teplotach 23 °C a 100 °C
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Modul pruznosti HDPE neozdfenych a ozafenych zkuSebnich téles davkou 132 kGy klesal
exponencialné s rostouci teplotou. V ptipadé neozarenych klesal modul pruznosti E z hodnoty 873,1
MPa pfi pokojové teploté az na hodnotu 70,9 MPa pfi 120 °C. Neozatené zkusebni télesa nebylo
mozno méfit pii 130 °C (obr. 16), zatimco u ozéfenych zkuSebnich téles byl zméfeny modul
pruznosti E 45,8 MPa pti 130 °C.
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Obrazek 16: Porovnani modulu pruznosti E pro HDPE pri riznych teplotach

Mez pevnosti v tahu HDPE neozafenych a ozafenych zkuSebnich téles davkou 132 kGy klesala
exponencialné s rostouci teplotou. V ptipad¢ neozarenych zkuSebnich téles klesla od pocatecni hodnoty
22,5 MPa piti pokojové teploté az na hodnotu 5,52 MPa pfri 120 °C. Neozatené zkuSebni zkusebni
télesa nebylo mozno méftit pii 130 °C (obr. 17), zatimco u ozafenych zkusebnich téles byla zmefend mez
pevnosti v tahu 4,81 MPa pti 130 °C.
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Obrazek 17: Porovnani meze pevnosti v tahu oy HDPE pri riznych teplotdach

Z obr. 18 je patrné, ze pomérné prodlouzeni pfi mezi pevnosti v tahu E;v [%] roste s rostouci teplotou
jak u ozarenych tak i neozarenych zkusebnich téles HDPE, pficemz neozatené vykazuji vyssi hodnoty
pii nizSich teplotach. Zména nastane pfi teploté okolo 80 °C, za kterou ozarené zkuSebni télesa HDPE
dosahuji vyssich hodnot pomérné prodlouzeni pti mezi pevnosti v tahu.

Maximalni pomérné prodlouzeni u neozéafenych zkuSebnich téles HDPE bylo 44,5% pti 110 °C. U
ozatenych zkusebnich téles dosahli hodnoty pomérného prodlouzeni 50,4% pti 120 °C. Pak pomérné
prodlouZeni pfi mezi pevnosti v tahu obou typl (ozafené i neozatené) klesala. Je zajimavé, ze nad 120
°C si hodnotu pomérného prodlouzeni zachovaly jen ozafené zkuSebni télesa, zatimco neozaiené
zkuSebni télesa nevyhovely.
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Obrazek 18: Porovnani pomérného prodlouzeni HDPE pii mezi pevnosti v tahu ez pri riiznych
teplotach

3.2.2  Kripové chovani

Kripové chovani (teCeni za studena pod napétim) je dulezita vlastnost polymerd vystavenych
dlouhodobému zatizeni, napt. v ptipad¢ trubek, drati, skladovacich nadrzi, apod. Podle standardnich
znalosti mize sitovani vyrazn¢ zvysit odolnost polymert proti kripové deformaci.

Uginek radiaéniho sitovani na kripové chovani u HDPE a LDPE je zobrazeny v obr. 20, 21 a 22. Obr.
21 a 22 zobrazuje vliv davky ionizacniho zafeni na kratkodobé kripové chovani pii zvysené teploté 80
°C.

S rastem mnozstvi gelové faze roste 1 hustota sit€¢ v celém polymernim systému. Tato vznikld sit
propojuje polymerni fetézce ve zkusebnich télesech mnohem pevnéji, coz omezuje pravé teceni
materialu za studena.

Obrazek 19 : Zarizeni pro zkouseni kripového chovani pri pokojovych a pri vyssich teplotach
Material HDPE byl zkouseny pii pokojové teploté 23 °C po dobu 200 hodin a pii pocatecnim napéti
5,29 MPa. Druha zkouska byla provadéna pii teploté 80 °C pii shodném pocateCnim napéti, ale pfii
zkracené dobé€ pozorovani 24 hodin.

Z nameétenych dat 1ze vypozorovat (obr. 20), ze se viditelny vliv radia¢niho sitovani zacind projevovat

uz pti davce zafeni 66 kGy az do davky 198 kGy. Pii urovni davek od 66 do 165 kGy je vliv
absorbovanych davek zafeni velmi maly a roste po desetindch procent. Nejvyznamnégjsi ucinek byl



pozorovany pii davce 198 kGy, kdy celkova kripova deformace (E€ym) klesla o 20% oproti
origindlnimu neozaienému materialu.
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Obrazek 20: Porovnani kripového chovani HDPE pri 23 °C po 200 hodindach

Vyznamny vliv radia¢niho sitovani na kripové chovani je nejpatrnéjsi za zvysenych teplot (viz obr. 21).
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Obrazek 21: Porovnani kripového chovani HDPE pri 80 °C po 24 hodinach

Pii zvySené teploté a zkracené dobé expozice bylo dosazeno redukce celkového relativniho kripového
napéti o 18% a to uz pii nejnizsi aplikované dévce zateni 33 kGy. Zatimco davkou 66 kGy bylo
dosazeno zlepSeni az o 26%. Dalsi aplikované davky zéafeni nepfinesly dal$i vyznamna zlepSeni, jak
uvadi tabulka 1.



Tabulka 1: Porovnani zlepseni kripového chovani HDPE pri 80 °C po 24 hodinach

Davka
0 33 | 66 | 99 13\ 16 | 19
(kGy) 2 5 8
Zlepse ) 18 | 26 | 26 | 28 | 25 | 29
ni % % | % | % | % | %

V ptipad¢ druhého zkouseného materialu (LDPE) mél vliv zvySujicich se davek ionizacniho zafeni na
kripové chovani srovnatelny charakter (viz tab. 2). Nejvyznamnéjsi ucinek byl zjistény pii davce 198
kGy, kdy bylo pozorovéano zlepseni hodnoty kripového chovani o 21% oproti piivodnimu neozafenému
materialu (obr. 22).
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Obrazek 22: Porovnani kripového chovani LDPE pri 80 °C po 24 hodinach

Tabulka 2: Porovnani zlepseni kripového chovani LDPE pri 80 °C po 24 hodinach

Davk
avka 0 33 | 66 | 99 13 | 16 | 19
(kKGy) 2 5 8
Zlepse | sy 13117 | 12| 15| 21
ni 1% | % | % | % | %

33 Teplotni odolnost

Vliv riznych davek ioniza¢niho zafeni na odolnost zvolenych polymert (TPE-E, LDPE, HDPE) pii
vysSich teplotach byl zkoumany na zakladé méfeni termomechanické analyzy a vizualnim pozorovanim
teplotni stability v teplotni komote. Jak je patrné z obrazkiti 23 — 28 teplotni odolnost se zvySuje s
rostoucimi davkami ioniza¢niho zafeni.

3.3.1 Termomechanicka analyza

Vliv davek ioniza¢niho zafeni na termomechanické vlastnosti TPE-E je zobrazeny na obr. 23.



Termomechanicka odolnost se vyznamné zlepSuje pfi davkach zéafeni nad 66 kGy. Nejvyznamnéjsi
zlepseni odolnosti zkuSebniho materidlu proti penetraci méfici sondy bylo zjisténo pii davce 165 kGy az
do kratkodobého vystaveni teploté kolem 360 °C. Vyssi davky zareni uz nepiinesly dal§i pozadované
zlepSeni odolnosti proti pronikéni sondy do zkoumaného materialu.
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(2.) 33KGy

(1) OkGy
Tm|

Temperature |°C)

Obrazek 23: Thermomechanicka analyza TPE-E

Vliv davek zéafeni na termomechanické vlastnosti LDPE je uvedeny na obr. 24. Neozafeny vzorek se
zacal tavit pfi teploté 110 °C, coz odpovida teploté tani daného materidlu. Vzorky ozéafené nizSimi
davkami (33 a 66 kGy) pfi teploté¢ 140 °C pouze zmekly. Teprve az zkuSebni vzorky ozaifené davkami
vy$§imi nez 165 kGy vykazovaly vyznamné zlepSeni tepelné stability.
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Obrazek 24: Termomechanicka analyza LDPE

Podobny vliv davek ionizacniho zéfeni jako u LDPE na termomechanické vlastnosti vykazaly zkuSebni
vzorky materialu HDPE (viz. obr. 25). Uz mala davka zareni (do 15 kGy) posunula méknuti materidlu
azk 170 °C.

To lze pficist tvorbé frakci s vysokym bodem tani (fetézce s vysokou molekularni hmotnosti) v diisledku
sitovani.



Obrazek 25: Termomechanicka analyza HDPE

3.3.2  Vizualni pozorovani vybranych polymeru v teplotni komore

Teplotni odolnost TPE-E byla rovnéz vyhodnocena vizueln€ dvouhodinovém vystaveni teploté 220 °C v
teplotni komote. Vysledky pozorovani jsou uvedeny na obr. 26: Zkusebni vzorky byly v teplotni komote
umisténé vodorovné. Polovina zkuSebnich vzorkli byla na svém konci zatizena zavazim (ohybovy
moment byl 1,5 N.mm). Po vystaveni zkuSebni teplot¢ byly neozafené zkuSebni vzorky a vzorky
ozatené 33 kGy uplné roztavené. Deformace zkuSebnich vzorkd vlivem zvysSujici se teploty postupné
klesala se zvySujicimi se davkami ionizacniho zafeni. Podobné jako v pfipadé méfeni TMA
dosazeno u nejvyssi aplikované davky zateni 198 kGy. Povrchova kvalita zkuSebnich vzorkt se zhorsila
v disledku povrchové termooxidace.

0 33 66 99 132 165 198 0 33 6699 132 165 198[kGy]

Dvouhodinové vystaveni LDPE vzorkt teploté 220 °C v teplotni komote uvadi obr. 27. Umisténi a
zatizeni zkuSebnich vzorkt bylo shodné jako u TPE-E.

Ziskané vysledky rovnéz potvrdily vysledky méteni z TMA. K Uplnému roztaveni doslo pouze jen u
neozafenych zkuSebnich vzorkd. Zkusebni vzorky ozarené 33 kGy vykazovaly nejvétsi objemové
zmeény, které ovlivnily jejich teplotni deformaci ohybem coz lze zdliivodnit stale jeSté nizSim mnozstvim
sitovych propojeni ve struktufe daného polymeru, coz rovnéz koresponduje i s obsahem vzniklé gelové
faze (obr. 5).
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Obrazek 27: Deformace vzorkii LDPE pri teplote 220 °C

Po dvouhodinovém vystaveni vzorki HDPE teploté 220 °C pii stejnych podminkéach jako u vzorka
TPE-E a LDPE byly ziskdny podobné vysledky. Opét doslo u neozarenych zkuSebnich vzorki a vzorki
ozateny davkou 33 kGy po vystaveni zkuSebni teplot€ k jejich uplnému roztaveni. Nejmensi deformaci
zkuSebnich vzorkd vlivem zvySujici se teploty vykazovaly opét vzorky s nejvyssi aplikovanou davkou
zateni 198 kGy (obr. 28).

Obrazek 28: Deformace vzorki HDPE pri teplote 220 °C

Vysledky zkouSek jednozna¢né ukazaly, Ze radia¢nim sitovanim bylo dosazeno zlepSeni teplotni
odolnosti zkuSebnich vzorkii. Teplotni odolnost roste se zvySovanim dévek ioniza¢niho zafeni. Vzorky
ozafené nizS§imi davkami vykazovaly vétSi deformace a vetsi objemové zmény. To lze zdivodnit
nedostateCnym mnozstvim vytvotfenych sitovych propojeni ve struktuie polymeru.

34 Chemicka odolnost

Vliv riznych davek zafeni na chemickou odolnost (botnani) LDPE v kapalném xylenu uvadi obr. 29.
Vysledky zkouSek jsou také porovnané s neozafenymi vzorky. Méfeni bylo provedeno ponofenim
vzorkll do xylenu pii teploté 80 °C. ZvySeni hustoty sit€¢ v disledku noveé vytvoienych chemickych
vazeb ochranilo relativné otevienou amorfni strukturu proti vnikani rozpoustédla (xylenu).

Z obr. 29 je patrné, ze neozafené vzorky se Uplné rozpustily po 90 minutach. Naproti tomu vzorky
ozatrené jiz nizkymi davkami 33 kGy, se nerozpoustély, ale jen botnaly. Vysledky také koreluji s
ruznymi aplikovanymi ddvkami ionizacniho beta zafeni, coz lze zdivodnit zvySenim hustoty sit¢ ve
struktufe polymeru pii vySSich davkach ozéfeni, které bylo potvrzené také predchozimi méfenimi
obsahu gelu.
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Obrazek 29: Botnani LDPE v xylenu

4, Zavér

ZkuSebni télesa TPE-E, LDPE a HDPE byla vystaveny ucinku urychlenych elektronii za ucelem
zkoumani vlivu riznych davek ioniza¢niho beta zaifeni na mechanické, tepelené, chemické a kripové
vlastnosti.

Vliv vyssich davek ionizacniho zafeni na pevnost v tahu byl zcela evidentni pfi teplot€¢ 100 °C, kdy
zkuSebni télesa LDPE, ozatfené davkou 198 kGy, vykazaly zlepSeni téméef o 60 % v porovnani se
zkuSebnimi télesy neozafenymi. To je zplsobeno vy$Sim obsahem gelové faze a veétSim poctem
vzniklych propojenych molekul, coz lze vysvétlit vyssi mobilitou molekul fetézci LDPE coz ma za
nasledek lepsi t¢innost sitovani u tohoto matridlu oproti HDPE. Vliv rostoucich dédvek zafeni na modul
pruznosti E byl vyznamnéjsi pfi pokojové teploté. Maximdlni rozdil (cca 50%) mezi ozéafenymi a
neozafenymi zkuSebnimi télesy TPE-E byl zjistény pii ozareni davkou 198 kGy.

Pozitivni tcinek sitovani byl prokdzan také v ptipadé kripového chovéni. Nejvyznamnéjsi t€inek byl
pozorovan pii davce 198 kGy, kdy celkova pomérné prodlouzeni €y kleslo pifi vyssi teploté o 29%
oproti neozafenému materialu HDPE. S vyS$§im poctem sitovych propojeni se v systému polymeru
vytvorila hustsi sit’, kde nové vazby 1épe udrzuji stavbu celého polymeru.

Velmi dilezitym bodem je zlepseni teplotni odolnosti TPE-E, LDPE a HDPE po ozéfeni. Je zajimavé, ze
nad 120 °C si hodnotu pomérného prodlouzeni pii mezi pevnosti v tahu zachovaly jen ozafené zkuSebni
télesa, zatimco neozaiené nevyhoveély.

Teplotni odolnost rostla se zvySovanim davek ionizacniho zafeni. To lze pfiist tvorbé frakci s vysokym
bodem tani (fetézce s vysokou molekuldrni hmotnosti) v disledku sitovani. Pii pokojové teploté hraji
krystaly ulohu pevnych bodl pro amorfni fetézce. Pti plisobeni mechanického namahani nad teplotou
tani (Ty,) udrzuji strukturu amorfnich fetézcl pouze noveé vytvorené kovalentni vazby. To vyznamné
posouva aplikacni moznosti radiacné zesitovanych produkti z TPE-E, LDPE a HDPE materialti napf-.
trubek, kabelovych izolaci, atd., do oblasti pracovnich teplot mnohem vyssich, nez byla jejich ptivodni
teplota tani.

Vysledky prace potvrdily rovnéz pozitivni vliv dévek ionizujicitho zafeni na chemickou odolnost.
Zvyseni hustoty sit¢ v disledku novych chemickych vazeb zvysilo odolnost relativné oteviené amorfni
struktury proti vnikani pouzitych chemickych rozpoustédel.

5. Podékovani
Tento ¢lanek vznikl na zakladé dobré spoluprace mezi BGS Beta-Gamma-Service GmbH & Co. KG v
Neémecku a Univerzitou Tomase Bati ve Zlin¢ v Ceské Republice.
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Extrizne vyfukovacie stroje spolo¢nosti Plastiblow a sivisiace periférne zariadenia
Ing. Jana Rajnakova*
*1. PLASTCOMPANY, spol. s r.o.
Extriuzne vyfukovanie
Spdsob spracovania plastov
Pouzitie:

na vyrobu dutych telies réznych rozmerov, pripadne ClenitejSich tvarov — fl'ase, sudy,
kanistre...

Rozdelenie:

hydraulické a elektrické, pripadne hybridné stroje

Uplatnenie:

kozmeticky priemysel, potravinarstvo, farmacia, priemyselné obaly, automotive...
Plastiblow — predstavenie

Historia siaha do roku 1964

Taliansky vyrobca strojne-technologickych zariadeni (S-TZ) na vyrobu dutych nadob
Poslednych 15 rokov — orientacia na vyrobu plne elektrickych S-TZ

Vyfukované nadoby: 1 — 30 litrov

Vyhody el. vyfukovacich strojov Plastiblow:

ZniZenie dopadu na Zivotné prostredie

Nepritomnost’ hydraulického oleja vo vyfukovacich strojoch zabraiuje kontaminécii tak
prostredia, ako aj produktu samotného a umoziiuje pouZzivanie stroja v ¢istom a
kontrolovanom prostredi.

Zvysenie produktivity

Pouzivanie vysoko preciznych elektrickych gul'6ckovych skrutiek riadenych servopohonom,
umoziuje rychlejsi, presnejsi a tichsi chod. To mé za nésledok skratenie vyrobnych cyklov a
zniZzeniu mnozstva zmétkov/nepodarkov.

Rychla zmena produkcie

Patentovany dizajn hlav



LepSia opakovatel’nost’

Opakovatel'nost’ vyrobnych cyklov el. vyfukovacieho stroja nie je ovplyvnena teplotou okolia
ani ¢asom, na rozdiel od hydraulickych vyfukovacich strojov, kde zmena viskozity oleja ma
vplyv na ¢asy jednotlivych cyklov.

Energetické uspory

Spotreba energie je striktne obmedzena na mnoZzstvo potrebné pre dany pohyb.
ZnizZenie nakladov na idrzbu

Jednoduchy pristup k formam

Inovativne rieSenia v odvetvi

Predstavené firmou Plastiblow pred viac ako 20 rokmi
Predovsetkym:

Horizontalny pohyb vozikov na drzanie formy
Dvihanie extraderu

Pouzitie linearnych vedeni s valivymi loziskami
Patenty:

Dizajn hlav

Kontrola hrabky parizonu

Portfolio

Elektrické vyfukovacie stroje

Jedno alebo dvojformové

Vytuknuté nadoby v objeme od 1 do 30 litrov
Uzatvaracia sila 35 — 300 kN

Pocet extriiznych hlav: 1-12

Vyfukovacie stroje s technolégiou parison transfer
El. vyfukovacie stroje s kontinudlnym vytlacovanim
Vhodné na vyrobu technologicky naro¢nejsSich produktov, objem 5-10 litrov
Uzatvéracia sila 100 — 180 kN

Koextriazna technolégia



Aplikacie
® Medicina a farmaceuticky priemysel
® Kozmetika a hygienické potreby
® Domadcnost’ a chemikalie
® Priemyselné obaly
® Nadoby pre potraviny a ndpoje
® Oleje a maziva
® Automotive
® Hracky a technické prisluSenstvo
Suvisiace periférne zariadenia
Davkovanie (MOVACOLOR)
Nasavanie (GERCO)
Recyklacia (WANNER)
Doprava (MB CONVEYORS)

Chladenie foriem (EUROCHILLER)

Davkovanie — Movacolor

Gravimetrické a volumetrické davkovacie zariadenia
Jedno a viackomponentné

Presné davkovanie aj pri malych davkach
Jednoducha a rychla vymena aditiv

Nasavanie — Gerco

Motorové aj bezmotoroveé

Dopravny vykon 50-1000 kg/h

Prepravna vzdialenost’ 5-30 m

Nerezové zasobniky

Prepravovanie bez opotrebenia



Recyklacia — Wanner

Nozové a zubové mlyny

Kompaktny design = mala zastavbova plocha, Standardne pojazdné na kolieskach
Noze mozno jednoducho prebrusit’ bez Specidlnych pripravkov

Bezpecna nasypka tlmiaca hluk

Doprava — MB Conveyors

Dopravnikové pasy

Moznost nastavenia uhlu lomenia

Povrch: PUR, PP, PVC, kovovy

Teplotné odolnost’ -10°C az +90°C

Rychlost: standard 3 m/min, moznost’ pohonu s FM, s taktovanim, alebo obojsmerny posun
Chladenie foriem — Eurochiller

Priemyselné chladnic¢ky a chladiace systémy pre chladenie procesnej vody a vzduchu
Centralizované systémy aj jednotky vedla stroja

Chladiaca kapacita od 3,7 kW do 1220 kW

ZHRNUTIE:

Vyfukovacie stroje Plastiblow poskytuji vyrobu vysokvalitnych dutych telies s kratkymi
cyklami a nizkou spotrebou energie.

Niekol'ko pridavnych zariadeni napoméha vyfukovacim strojom kontrolovat’ kvalitu
vyfuknutych produktov, automatizovat’ dopiiianie materiélu, vystup a zber hotovych
vyrobkov.

Pridanie periférnych zariadeni k elektrickym vyfukovacim strojom vytvara komplexné
rieSenie pri vyrobe vyfukovanych vyrobkov pomocou extrizneho vyfukovania.



Termalni Cistici pece na ¢iSténi polymery zneciSténych kovovych dild

Jan Kral
COMPUPLAST s.r.o., Zlin

@€Compuplast

Spolec¢nost COMPUPLAST s.r.o. byla zalozena v prosinci roku 1991. Pracovnici maji vSak
vice nez 25 let zkuSenosti s navrhy nastroji a linek v oblasti vytlaCovani plast. V pribéhu
téchto let bylo vyrobeno velké mnozstvi vytlacovacich néstroju at’ jiz pro bézné aplikace, tak
1 pro velmi specidlni ucely. Konstruktéfi navrhuji tyto nastroje, stroje a zafizeni jiz témét 15
let ve 3D grafickém prostfedi. Spravny design tokového kanalu vytlacowvacich hlav je vzdy
simulovan pfidavnym modulem konstrukéniho grafického prostfedi, coz minimalizuje pocet
ptipadnych uprav pii uvadéni nastrojit do provozu.

-

Kromé¢ vlastnich produktli doddvame zafizeni a linky od zahrani¢nich vyrobcli v oblasti
zpracovani plasti - laboratorni zafizeni od firmy Labtech Engineering, kde jsme ziskali
v roce 2012 vyhradni zastoupeni pro Ceskou a Slovenskou republiku a diky velmi dobrym
uspéchiim zalozenych na kompletni dodavce, instalaci a také servisu v roce 2015 i zastoupeni
v zemich Estonsko, Lotysko, Litva, Bélorusko, Ukrajina a Moldavsko. V roce 2015 jsme
ziskali také zastoupeni Némecké firmy Schwing Fluid Technik zabyvajici se vyrobou
termalnich Cisticich peci vhodnych pro cely sektor plastikaiské vyroby.

il
BB TECH== SCHWING

www.labtechengineering.com www.schwing-technologies.com




SCHWING FLUID TECHNIK

Firma SCHWING se sidlem v Némecku navrhuje, vyrabi a dodava
nejpokrocilejsi termdalni Cistici systémy jiz od roku 1969.
Dlouholeté zkuSenosti uplatiované v primyslu maji za nasledek
perfektni vysledky cisténi soucasti v celém plastikdiském sektoru
(vytlaCovani, vsttikovani, vyfukovani, pfiprava a vyroba materiali)
a také u vyrobct vlaken a netkanych textilii.

HISTORIE FIRMY

1969

1972

1990

1996

1997

1998
2000
2005
2006
2007

e

Zalozeni E. Schwing Verfahrenstechnik GmbH: Prodej systému termalniho ¢isténi na
bazi technologie fluidniho loZe a také procesné méticich zatizeni

Vyroba systémt fluidniho loze pro termalni ¢isténi a tepelné zpracovani pod licenci
firmy Procedyne Corp./USA v Némecku

Zacatek zakazkového cCisténi ,,Contract Clean* v Neukirchen-Vluyn (hlavni
zakaznik: DuPont)

Oddéleni technologie fluidniho loZe a zakdzkového termalniho Cisténi v nové firme,
SCHWING Fluid Technik GmbH (SFT)

Zalozeni dcefinych spolecnosti pro zakazkové cisténi ,,Contract Clean™ v Brazilii
a Nizozemi

Zacatek ,,vysokoteplotnich procest* zalozenych na technologii fluidniho loze
Zalozeni dcefiné spolecnosti pro zakazkové ¢isténi ,,Contract Clean* v Mexiku
Ptidani produkce vakuovych pyrolytickych peci ,,SOLVO T* od firmy Rieter
Zacatek zakazkového Cisténi ,,Contract Clean* v Shanghai

Rozsifeni operaci tepelného zpracovani o zakazkové cisténi ,,Contract Clean®
v Birminghamu/U.K.




>

’ A TR0, R
TERMALNT CISTENT SCHWING

KOVOVYCH DiLU A NASTRO30 {_— TechnoLoGIEs




system ) system )
VAacuCLEAN INNOVACLEAN

Setrné a pFatelské k Zivotnimu prostredi Rychle a flexibilné

Cas ¢isténi: 8-26 h Cas ¢isténi: 1-2 h

Sespg
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SCHWING SCHWING //
VACUCLEAN jemné odstranuje organické necistoty INNOVACLEAN odstrani veskeré organické necistoty
z teplotné odolnych kovowych ¢asti jejich roztavenim (véetné halogenovych polymer() z teplotné odolnych
a rozkladem pod vakuem. kovovych ¢asti teplotnim rozkladem ve fluidnim loZi.

VYHODY VYHODY
m |dealni pro teplotné citlivé ¢asti a nastroje m Velmi kratky cas cisténi
m Potieba pouze elektrické energie a vody ® Vhodny pro viechny druhy polymer(
m Katylyzator pro cisténi odpadniho plynu (v¢etné PVC, PTFE, PEEK)
m Vysoka flexibilita

Zvlasté doporuceno pro: Zvlasté doporuceno pro:
m Zvlaknovaci trysky,hubice pro netkané textilie m Zvlaknovaci trysky, zvlakiovaci hlavy
m Svazky filtr, listové disky B Lamace
m Vyfukovaci hlavy m Hlavy na profily

B Sneky extruder(i m Horké vtoky



SYSTEM

MAXICLE\?\I

Vsechny rozméry

MAXICLEAN je plynovy termalni Cistici systém.
Odstrani veskeré organické necistoty z velkych
kovovych €asti a nastroji pomoci termalni oxidace.

VYHODY

m Pro velké &asti a nastroje
m PouZitelné pro velké mnoZstvi polymernich latek
m Vhodné pro vétsinu polymer(

Zvlasté doporuceno pro:

m Svazky filtrd

m Sneky extruderd

m Velké vytlacovaci a peletizacni hlavy
m Velké horké vtoky

SYSTEM /’
CompAcTCLEAN

Malé rozméry

Cas ¢isténi: 3-5 h

COMPACTCLEAN je maly plynovy termalni ¢istici
systém, ktery odstaruje organické necistoty pomoci
termalni oxidace. Je snadno integrovatelny do provozu.

VYHODY

m Nizka investice
m Vhodné pro vétsinu polymert
m Malé rozméry

Zvlasté doporuceno pro:
m Jednosmérné ventily
B Lamace

m Horké vtoky

B Jehlové uzavéry, trysky



NASE ZKUSENOSTI

— VASE VYHODY

TYPICKE SOUCASTI

Vstrikovani m Sneky vstfikovacich strojl
do forem: o Trysky

m Statické smésovace

m Jehlové ventily

m Jednosmérné ventily

m Horké vtoky

Vytlacovani: m Sneky vytlacovacich stroji
m Casti $nekl
B Lamace
m Vyménneé filtry taveniny
W Filtry, filtracni desky
m Vytlacovaci hlavy na profily
m Vyfukovaci hlavy

Vyroba m Zvlaknovaci hlavy
viaken: m Zvlaknovaci trysky
B Zvlaknovaci ¢erpadla
m Zvlaknovaci paprsky
m Filtraéni svazky / svicky

PRO VSECHNY POMYMERY

Polyolefiny: PE, HDPE, PP, PB, EVA, EVOH
Polyestery: PET, PBT, PC, PTT, PEN
Polyamidy: PA6, PA6.6, PA12, PPA
Halogenové polymery: PVC, PTFE, PVDF
Polyakrylaty: PAN, PBA, PMA, PMMA
Polystyreny: PS, ABS, SB, SBS, SAN
Polysulfidy: PPS, PSU, PES, PPSU
Biopolymery: PLA, PEA, PVAL, PPOX
Polyéterketony: PAE, PEK, PEEK
Polyimidy: PI, PBI, PEI, PBO, PMI
Polyuretany: PUR, TPA, TPO, TPU
Specialni polymery: LCP, POM, BR, NBR
Vase specifické polymery: ...

PERFEKTNI CISTOTA

m Odstranéni viech polymert
B Bez viech polymerl a zbytkd uhliku
® Bez poskozeni dili a nafadi

FLEXIBILNI RESEN{

m Veskeré tepelné metody cisténi

m Systémy pro sestavené, rozloZené a
komplexni ¢asti a nastroje

m Vsechny velikosti a geometrie ¢asti

INTELIGENCE A BEZPECIH

® Snadna a bezpecna cinnost
m Inteligentni kontrolni systém
m Automaticky proces fizeni

4

SETRNE K ZIVOTNIMU PROSTRED{

® Integrované nebo separatni ¢isteni
odpadnich plyn(
m Z&dné znecisténi vody

m Minimalizovana spotfeba energie

SERVIS & PODPORA

B Procesni konzultace a planovani
m Uvedeni do provozu a proskoleni
m Technickd podpora

P
SCHWING

TECHNOLOGIES



¢1sTict SLUZBY CONTR§2$C..§K.

Firma SCHWING se sidlem v Némecku navrhuje,
vyrabi a dodava od roku 1969 nejpokrocilejsi ter-
malni Cistici systémy. Velké zku3enosti uplatriované
v prdmyslu maji za nasledek perfektni vysledky v
oblasti plastikarského primyslu a u vyrobct vidken.

Vice nez 20 let poskytuje skupina SCHWING

vysoce kvalitni distici servis v rlznych ¢astech svéta.

Kazdy rok vycisti vice jak 250,000 dilG pro stovky =
zakaznikd. S témito zkusenostmi a know-how

poskytuji silnou podporu pro zdkazniky.

V zavislosti na specifickych pozadavcich pouziva citlivé a specidlni ¢asti jako jsou zviakriovaci trysky,
rlzné teplotni systémy cisténi k odstranéni organic- rotacni soucastky a horké vtoky vstfikovacich forem.
kych necistot.

Vysledky ¢isténi jsou vzdy kontrolovany a dokumen-

Kompletni fada vybaveni je schopna zvladnout aZ tovany precizni procesni kontrolou, dodrzovanim

5,000 kg (napfiklad vyfukovaci hlavy) a s délkami az procedury ¢isténi a inspekénim technikem.

do 6 metrl ( napfiklad hlavy pro zvldkriovani a sneky

exterudert ). SCHWING ma kompletni know-how a obrovské
zkudenosti pro viechny procedury provadéné pii te-

Za Ucelem ziskdni zcela &isté ¢asti byly navrzeny pelném cisténi. PouZijte tyto zkusenosti pro viechny

specialni a peclivé vybrané upravy uréené pro velmi vade distici procesy.

Profesiondlni a Setrné CiSténi soucasti a celych sestav kovovych dilt, které jsou znecistény
polymerem, je v dneSni dob¢ jednou z nedilnych soucasti vétSiny zpracovatelt plasta. Je
dilezité se zamyslet nad zpisoby soucasného cisténi, kde se jesté v mnoha firmach pouziva
otevieny ohen, ocelové Skrabky a jiné 'nastroje" k CiSténi, které mohou nevratné poskodit
mnohdy velmi drahé soucasti.

Nejjednodussim zplisobem jak ovéfit kvalitu a moznosti Cisticich peci SCHWING je vyuzit
jejich nabidku ukazkového Ccisténi VasSich typickych soucasti pfimo v Némeckém sidle
spolecnosti. Toto ukdzkové Cisténi je provadéno ZDARMA. ZkuSeni pracovnici na zakladé
rozméri soucasti, typu a mnozstvi polymeru ur¢i spravny typ a velikost Cistici pece a za Vasi
pritomnosti probéhne jak vlastni €isténi dorucenych soucasti, tak i celkovy popis dané Cistici
technologie.

Zaveérem lze fici, Ze nejen letité zkuSenosti naSich pracovniki, ale i dlouholeté zkuSenosti
naSich partneri mohou pomoci pii hledani nejriznéjSich problémi, které se vyskytuji
u zpracovatelll v celém sektoru plastikaiského pramyslu.



AGROTEN® Opvijeci strecova folie pro zemédélce

Jan Stiij
GRANITOL, a.s.

Zemédélska strecova folie AGROTEN® je urcena ke konzervaci travy. Mirn¢ zavadla trava je
slisovana do baliktl, stazena sitovinou a zavinuta do streCové folie. Spravné zabaleni do
streGové folie zaruCuje uchovani senaze v ptivodni kvalité, bez plisni a vlhkosti. Takto
zabalenou senaz je mozné skladovat venku, tim se usetii ndklady na ptepravu a skladovani.
AGROTEN® je chranény obchodni nazev pro vicevrstvé koextrudované folie z PE s vysokou
odolnosti proti propichu. Folie obsahuje lepivou slozku ptimo ve své struktufe. Pti spravném
pouziti umoznuje dokonalé utésnéni balikt travy a tim zabranéni ptistupu vzduchu.

Granitol je v sou¢asnosti jedinym vyrobcem téchto folii v CR.

AGROTEN® AG

Je chranény obchodni ndzev pro vicevrstvé vyfukované koextrudované folie z PE s
vysokou odolnosti proti propichu.

ARGOTEN se vyrabi ve dvou typovych variantach:

Typ AGS pro sildzovani je vhodny pro baleni slisované travy, urcené ke konzervaci
krmiva pro dobytek a koné¢.

Typ AGT pro technické tcely je vhodny k dalSim aplikacim mimo silazovani, které
vyzaduji lepivou streCovou ovijeci folii s vyssi odolnosti viici propichu.

Folie se vyrabi v barevném provedeni — typ AGS nebo transparentni — typ AGT
Folie je stabilizovand proti slune¢nimu UV zafeni s odolnosti min.12 mésici.

Folie obsahuje migrujici lepivou slozku ve struktute, ktera zajisti dokonalé piilnuti
jednotlivych vrstev folie pfi ovijeni. Tato vlastnost je dilezita pro zajisténi spravné
funkce obalu.

ZPUSOB KONZERVACE KRMIVA

SilaZni jamy

Baleni senaze do ovijeci stretch folie

Silazni jamy

Potfebny objemny, dokonale izolovany prostor- investice

Potfeba velkého mnozstvi folie (t1.150 — 200 um) na zakryti

Uskladnéni na jednom misté (nemobilni) - jednotlivé krmné davky je tfeba ustdjeni
dovazet do prostoru

Nutnost hermetického utésnéni — nevyhoda pii opakovanych odbérech

Baliky ve stretch folii

V¢tsi operativa, baliky 1ze uskladnit pobliz stdje, pfipadn€ nechat na volném
prostranstvi

Lze je skladovat na sebe, nevyzaduji Zadné specidlné upravené prostory

Pro postupné zkrmovani, mobilni

Zajisténo dokonalé utésnéni a vytvoreni prostiedi pro zrani senaze
Objemové nizsi spotieba folie (tl. 25 um)



Vyhody silaze balené ve stretch folii

Rizena anaerobni fermentace zachovava vice vyzivnych slozek potravy
* Vyssi koncentrace stravitelnych materialt
* Vyssi hmotnost chovnych zvifat a rychlejsi pirtstky
»  Vyssi produkce mléka, vyssi obsah maselného tuku

Snizeni ztraty, zpusobené zkazenim a vypiranim zZivin

Delsi skladovatelnost — snizeni pH zajistuje stalost
» Dilezité v oblastech s kratkou dobou sklizné

Snizeni rizika pocasi béhem sklizné

Jednotlivé baliky se sndze prepravuji
* Pici Ize pouzit tam, kde je tfeba
» S pici lze snadno obchodovat

Potencial pro nizsi naklady — z4dné investice do sil nebo seniki
Zadny vytok nezadoucich tekutin do spodnich vod

CHARAKTERISTIKA PRUTAZNE STRETCH FOLIE

V soucasné dob¢ tvofti stretch folie 20% silazni folie v Evropé (Skandinavské staty 40%)
Vétsina silazni folie je na bazi LLD-PE (Buten-C 4, Hexen-C 6, Octen-C 8)
Preferovan je typ C8 PE-LLD ( 70% silazni folie v Evrop¢)

* vySSi pevnost

* lepsi odolnost propichu

* lepsi odolnost proti roztrzeni

Monofblie v tloustce 25 um films pro kulaté baliky
Koex. vicevrstva folie je nejlepsi pro hranaté baliky sendze

Prataznd (Stretch Wrap) folie — Technické pozadavky

A B C A
Prataznost COm m Razova pevnost m
Pruznost HmOO (Prizraénost) Probarveni I
Odolnost propichu Cm . Lepivost -
Pevnost v pretrhu . _ o
Odolnost UV EE = Maly hluk pri odvijeni W
L] Slabé

L] Dostateé¢né
B Vynikajici

B C
H
[
.
H B



RESENI STRECOVYCH FOLIi

Konvenchni reseni - monofolie

e

A) E/VA vyfukovana folie B) PE-LLD cast folie

Vicevrstva folie — vyfukovana nebo lita (cast)

5um 15 pm 5 pm 6 um 12 pm 6 pm
C) Trivrstva koex. vyfukovana félie D) Trivrstva koex. cast folie
E/VA (A )/PE-LLD/EIVA( }) (m) PE-LLD /(m) PE-LLD / PE-VLD + PIB

SPECIFICKE POZADAVKY PRO VYROBU AGROTENU

Strojni vybaveni
* koextruzni vyfukovaci linka s Gpravou pro vyrobu lepivych folii
Receptura, vybér materialti
» pozadavky na prataznost, odolnost propichu, lepivost folie, UV stabilizaci
Baleni, lozeni a znaceni vyrobku
* role s pfesahem dutinky, manipulace s rolemi, baleni do krabic s otvory ve chlopnich,
loZeni na paleté, stohovatelnost palet, znaceni-identifikovatelnost jednotlivych roli
Vystupni kontrola
+ garance kvality- konzistentni kvalita, odolnost propichu, lepivost, zavedeni specialnich
testovacich metod
Otazka likvidace foliového odpadu u zemédelct
* zneCisténa, lepiva folie — spalovani, zpétny odbér + recyklace
Sezoénnost vyroby

wevr

* naro¢néjsi validace vyrobku

Strojni zatizeni
Pozadavky:
» vicevrstva koextruze,
« gravimetrické davkovani s automatickou kontrolou davkovani
* Bezkontaktni kontinudlni méteni tloustky a regulace tloustkového profilu
* Antiadhezni Giprava povrchi soucasti linky
* Bocni a podélné roziezavani a odsavani odiezkl folievytez paskl pro piesah dutinek
* Specialni upravy navijeni
» Manipulace s rolemi — baleni do krabic s chlopnémi.



RECEPTURA
Koextruze materidll se strukturou zajist'ujici:
Vysokou pevnost, odolnost propichu, pritaznost

Lepivo

mezioperacni a vystupni kontrola kvality (interni metoda méteni odolnosti propichu)
st folie

feSeni davkovani specialnich typli materiald, pribézna kontrola davkovani
zabezpeceni kontroly vyrobniho procesu

feSeni kontroly dostatecné lepivosti folie

vystupni kontrola kvality (interni metoda méfeni lepivosti folie)

uvolnéni vyrobku k expedici s prodlevou, vlivem postupné migrace lepivé slozky

Odolnost povétrnosti — UV stabilizace min.12 mésict, barevné provedeni

Agroten® je vyroben z materialu DowlexTM, ktery je svétovym standardem pro vyrobu
kvalitnich silaznich folii

AGRO

TEN typ AGS

folie je urcena pro baleni slisované travy, urcené ke konzervaci krmiva pro dobytek
mirné zavadla trava je slisovana do balikt, stazena sitovinou a zavinuta do stre¢ové
folie

tento zplisob konzervace je zaloZen na standardnim chemickém procesu fermentace
dalezitym faktorem procesu fermentace je tzv. anaerobni prosttedi, tzn. prostiedi bez
piistupu kysliku

je velice dulezité, aby se do balikli nedostaval zadny vzduch

konzervace hmoty kyselinou mlé¢nou bez ptistupu vzduchu dava krmivu vysokou
vyzivovou hodnotu

spravné zabaleni zarucuje uchovani senaze v ptivodni kvalité, bez plisni a vlhkosti
zabalenou senaz je mozné skladovat venku, tim se usetii ndklady na ptepravu a
skladovani



ZPUSOB BALENI SENAZE

* pfinasazovani role folie na balicku musi byt na protahovaci jednotce role uloZzena
tak, aby lepiv¢jsi strana folie byla ¢elné k povrchu baliku

» zabaleni baliku do folie se doporucuje do 2 hod. od slisovani pice, nejlépe tam,
kde budou skladovany, z divodu minimalni manipulace a mozného poskozeni

» vlastni proces fermentace zacina kratce po zabaleni

* doporucuje se skladovani balikli nastojato

* pocet vrstev ve stohu je zavisly na obsahu suSiny, velikosti, hustot¢ a tvaru balikt

* doporucuje se skladovat na rovném a suchém povrchu

» pii skladovani stohovanim se doporucuji maximaln¢ 3 vrstvy na sob¢

* manipulace s baliky je doporu¢ena nejdiive po 4 tydnech od zabaleni, aby se
nenarusil cely fermentacni proces konzervace

* pfi poSkozeni je nutné ihned utésnit opravnou paskou

DULEZITE PARAMETRY BALEN{
» pratah 70 %
» ptekryti jednotlivych vrstev o 50 %
* pro dokonalé utésnéni je doporucovano baleni do 4 nebo 6 vrstev folie
* mnoZstvi vrstev zavisi na susin¢ dané plodiny (¢im sussi, tim vice vrstev folie je
zapotiebi)

SYSTEM BALEN{ 4 VRSTVY
» 500 mm f6lie potfebujeme 27 obaleni baliku pro 4 vrstvy (@ 120 cm)
* 750 mm folie potiebujeme 18 obaleni baliku pro 4 vrstvy (@ 120 cm)

SYSTEM BALENT{ 6 VRSTEV
* je zajiSténa vyrazn& niz$i propustnosti kysliku
« silazZ je lépe chranéna, je zajisténa vyrazné lepsi kvalita
* baleni je doporu¢ovano pii baleni stonkové pice, Spatnych tvart slisovanych balikd,
baleni silaze s vysokym obsahem suSiny

242 1x4




SPECIFIKACE —typ AGS
POUZITI
* strojni baleni senaze

ROZMERY
* 250x 0,025 mm, navin 1800 m
* 500 x 0,025 mm, navin 1800 m
 750x 0,025 mm, navin 1500 m

BAREVNE PROVEDENI
« bila
e zelena
 Cerna

DUTINKY
* papirové s vnitinim primeérem 76 mm
* s presahem dutinky 7,5 mm na kazdé stran¢

UPRAVA FOLIE
e UV stabilizace na 12 mésicu

AGROTEN typ AGT
+ folie je urena pro vytvoreni mobilniho piistiesku pro baleni stoht slamy
» takto uskladnénd sldma slouzi jako ekologické palivo pro teplarny a elektrarny
* proti vlhkosti od zemé je slama izolovana ¢ernou podkladovou folii
» vrstvy lepivé folie vytvoii pevnou zasténu proti vétru a desti

SPECIFIKACE —typ AGT
POUZITI
+ strojni baleni stohti slamy

ROZMERY
1000 x 0,030 mm, navin 1000 m

BAREVNE PROVEDENI
* pfirodni

DUTINKY
* papirové s vnitinim primeérem 76 mm
* s presahem dutinky 7,5 mm na kazdé strané

UPRAVA FOLIE
e UV stabilizace na 12 mésica



NASE PREDNOSTI

VYROBA V CR
* jsme jediny vyrobce agrostretch folii v CR

TRADICE
» vyrobou vyfukovanych fo6lii se zabyvame vice nez 40 let

GARANCE KVALITY
» veskera produkce prochazi né¢kolikafazovou kontrolou kvality pfimo ve vyrob¢ a
podnikovych laboratotich
» kvalitni vstupni suroviny od renomovanych firem

TYM ZKUSENYCH TECHNOLOGU
* sluzby v podobé technického a aplika¢niho poradenstvi piimo u zdkaznika
* vlastni vyvojové oddéleni

AGROTEN®
* vysoka odolnost proti propichu
* vyborna elasticita — taznost
» konzistentni kvalita
« rovnomérna lepivost
* optimalni pfilnava sila zajist'ujici soudrznost jednotlivych vrstev i celého baliku
» Nizka propustnost (kyslik,vlhkost)
* vysoka odolnost proti UV zafeni



Specialni modifikace PMMA extrudovanych desek pro stavebnictvi

Petr Kubéna
POLYCASA, s.r.o.

POLYCASA® XT je nejcastéji pouzivana deska pro maloobchod, vitriny prodejen nebo
svételné panely vyvinuta ve spolecnosti Polycasa.

Diky perfektni prahlednosti a schopnosti tvarovani do podoby podle navrhu vitrin si ji téméet
nevSimnete: material plni svou funkci, aniz by rusil pfi prohliZzeni vystavenych vyrobkd.
JestliZze se pouzije pro reklamni a informacni tabule vykazuje dlouhodobou odolnost desek
XT proti UV-zateni. XT je obchodni znacka firmy Polycasa pro velkoformatové desky z
polymetylmetakrylatu (PMMA) vyrabéné vytlacovanim. Desky Polycasa XT jsou vhodné pro
pouziti jak v interiéru, tak i pro venkovni pouziti a mohou byt ¢iré nebo mlécné bilé, piipadné
1 v barevném provedeni.



Vlaknité a kompozitni nanostruktury pripravované
ve SPUR a.s. Zlin

Dusan Kimmer
SPUR a.s., trida Tomase Bati 299, Louky, 763 02 Zlin, Ceskd Republika

Uvod

Nanostruktury ptipravené z nanovlaken fixovanych na textilnich sbérnych substratech = nanoNonwoven
Textiles (NNT)

Nanovlaknité vrstvy fixované do poréznich podkladii = Electrospun Nanofibrous Membranes (ENMs)
Nanostrukturované kompozity pfipravené z nanovlaken a plniv

pozadované materialy v riznych primyslovych odvétvich spojenych s katalyzou, bioinzenyrstvim,
elektronikou (separatory, elektrodové materidly) a ekologickymi aplikacemi (filtrace vzduchu, zpracovéani
odpadnich vod, absorpce zvuku)

prehled o aplikacich nanostrukturovanych materialti pripravovanych a testovanych ve SPUR a.s., Zlin

Obsah
* Vlaknotvorny proces v elektrostatickém poli
» Charakterizace nanostruktur
* Filtrace vzduchu
» Filtrace vody
» Ptiprava a aplikace biocidnich nanostruktur
* Nanostrukturované kompozity pfipravené elektrospinningem
*  Zavéry



Electrospinning
Ptiprava nanovlaken v elektrostatickém poli

COLECTING
ELECTRODE

COLECTING —/
SUBSTRATE
NOZZLE
SPINNING
ELECTRODE
HIGH VOLTAGE
DOSING OF SOLUTION

* monitorovano je vice nez 20 proménnych (material sbérného substratu, rychlost posuvu sbérného

SpinLine 120

substratu, rychlost rotace vldknotvornych elektrod, rychlost davkovani roztoku, vzdalenost elektrod
c, ¥ Uatd.)

» vlaknotvorné elektrody - rotujici elektrody s kordy, trysky

Taylorovy kuzely tvorené na kordové viaknotvorné

elektrodé Taylorovy kuZely vytvarené na tryskach



Charakterizace nanostruktur
Digitalni rozmérova analyza
Modelovani zachytu ¢astic v nanostruktuie

PHYSICS

COMPUTER
SCIENCE

vvvvvv

e skluz podél vldkna,
e zachyceni na vlakné,
e zachyceni do nanostruktury

Krystaly NaCl fixované
mechanismem zachyceni

Vysledky:
e distribuce primért vlaken
e distribuce velikosti pori
e filtracni u€innost

e tvorba filtracniho kolace
videoprezentace mechanismu filtrace

videoprezentace simulace filtracniho procesu na netkané textilii na bazi nanovlaken



videoprezentace pohled na priichod filtrovaného média pres netkanou textilii na bazi nanovldken
vychazejici ze SEM snimkii, simulovany software

nunnugX

Charakterizace mikro- a nano- strukturovanych materialt, stanoveni filtraénich vlastnosti pro PP melt
blown (MB) materialy, elektrospinované PVDF nanostruktury (ES) a jejich kombinace
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SEM HV: 30.0 kV WD: 7.89 mm VEGA3 TESCAN| SEM HV: 30.0 kV 70 mm

View field: 289 ym Det: BSE 50 pm View field: 28.9 ym Det: BSE
SEM MAG: 4.00 kx  Date(m/dly): 11/03/14 SPUR a.s. SEM MAG: 40.0 kx  Date(m/dly): 11/04/14 SPUR ass.

(a) (b)
SEM snimky (a) MB (zvétseni 4000%) a (b) ES (zvétseni 40000%) materialit

3D modely pro MB, ES a kombinaci obou materialii

@) (b) (©)

(@) MB filtracni model (25 g/m?), (b) ES filtracni model (0,2 g/m?),
(¢) filtracni model z kombinace ES+MB materidlit
Nanostrukturované a mikrostrukturované filtracni materialy — distribuce prumeéru viaken
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ano- a mikrostrukturovanych filtracnich materialu — distribuce velikosti pori

Pore Size Distribution Statistics
Electrospun Layer
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Pore Size Distribution Statistics
Meltblown Layer
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Distribuce velikosti porii (a) ES a (b) MB materialii
Experimentalné stanovend hodnota pro ES nanostrukturu = 280 nm
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Srovnéni experimentalnich a vypoctenych hodnot

Srovnani zachytu velmi jemnych castic
ptedpovézenych z 3D modelu (Cervena
linka) a stanovenych experimentalnich dat
(Cerné body) pro ES material

Filtrace vzduchu
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Experimentdlni data pro ES (plosnd hmotnost 0,2 g/m?), MB (plosnd hmotnost 25 gim?)
a ES+MB filtracni materialy pri celni rychlosti 48,3 cm/s

Zachyt chiipkovych virdi nanostrukturovanymi filtry

In vivo test — §ifeni infekce vzduchem

CHAMBER 1
NANONONWOVEN
TEXTILE MEMBRAN
CHAMBER 2 PEggé‘E EMB =

VISCOSE NONWOVEN

CHAMBER 3 — TEXTILE

Trikomorovy box pro testovani ucinnosti zachytu virii nanostrukturami



Zachyt virt chiipky nanostrukturami

Titer of influenza virus from the mice’ lungs
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Filter

Vyhodnoceni nalezu chiipkového viru v plicich ptimo infikovanych mysi
a mysi chranénych mikrostrukturovanou a nanostrukturovanou textilii

Srovnani filtrli do masek piipravenych ze sklenénych mikrovlaken s materialy z PU nanovlaken pii
stejném tlakovém odporu

Filtration efficiency (%)

100,000 - .
Skladany filtr
99,999
=8—PU nanofibres
pressure drop =
99,998 85 Pa
—8—Glass
99,997 microfibres
pressure drop = «
87 Pa
99,996 i
Kapsovy filtr
99,995
SN
99,994 . : | .
0 100 200 300 400 500
Particle diameter (nm)
KartuSové filtry

Filtrace vody



Srovnani tokl pfes membrany piipravené z nanovlaken a mikrovldken

Distilled Water Filtration through micro- and nano- fibers
based membranes (FE. ;= 100%)

100000
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rs pore
1000 size 0,2

um

[
|

—microfibe
100 rs pore
size 0,05
um
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Modul membranového bioreaktoru pro filtraci odpadnich vod
e Celkova plocha membrany SpurTex MF RF = 3.6 m?
e Koncentrace pevnych latek v aktivovaném kalu = 16-20 g/I
e 30 s backwash kazdych 5 minut
e Vycisti 720 1/den - spotieba 5 clenné domacnosti
e SniZeni bakterialni kontaminace = 2 - 3 CFU/ml log removal po filtraci

Membranovy bioreaktor Deskovy filtraéni modul
Ptiprava biocidnich nanostruktur



Zakotveni biocidl do polymernich fetézcii kovalentni vazbou
Syntéza polyurethant modifikovanych ftalocyaniny, chlorhexidinem a polyhexamethylen biguanidem

AN\ PUANA~NCO + H,N—PC —> AN\, PU/\N\\ ~NHCONH—PC @)
NN\, PU\NN~NCO + HO—PC —> NN\, PUAN\,~NHCOO—PC ()

Ptedpokladané mechanismy deaktivace bakterii

Oxidation
of protein

Damage of
cell membrane

Damage
of DNA

\ ' / Reactive

o @ - OXygen

/ ‘ \ species

Aplikace biocidnich nanostruktur - Ekotoxicita extraktl z filtracnich membran
Akutni toxicita vs. aplikace nanostiibra
(testovana na korysi Daphnia magna a zelené tase Pseudokirchneriella subcapitata)

‘ Uvoliiovani antibakterialnich tprav filtra do extraktu pii filtraci vody

Nanostructure Chlorhexidine
- Polyhexamethylene | Phtalocyanine | NanoAg
modified by . .
biguanid
Loss of Daghnla 0 0 100 %
magna
Inhibition of growth

P S ——— Pseudokirchneriella 2,7% 0 100 %

J CRCRY 0.2 x49.0 ur . 2

PU nanovldkna modifikovana subcapitata®

Y24 h leaching, 24 h incubation
2)24 h leaching, 72 h incubation

Vliv velikosti porti na deaktivaéni u¢innost biocidnich nanostruktur

nanoAg, zvétseni 45000x



Oteviena nanostruktura s vétsi velikosti pora,

stseni 5000x Planarni nanostruktura, zvétSeni 5000x
zvétSeni

Vliv velikosti port na deaktivacni uc¢innost biocidnich nanostruktur

N
- \ -

SEM I 5.0 kV woeseomm L] : SEM IV 5.0 kY WX 5,40 mm
View Dol 20.9 g Det: 83 S pm View fold 20.9 g Det: 83
SEM MAG: 5,00 kx  Date(madyk 05012 Y SEMMAG 5.00 kx  Dafe(mady 050112

Bakterie zachycené uvnitt oteviené struktury, Filtra¢ni kola¢ z bakterii E. coli na struktuie s
zvétSeni 5000 mensi velikosti port, zvétseni 5000



ES kompozitni nanostruktury
Zabudovani uhlikovych nanotrubi¢ek do nanovlaken

~ 500nm |
TEM snimky MWCNT v PU nanovlaknech

Zabudovani keramického plniva do nanovlaken

TEM snimky keramiky v PU nanovlaknech

Zabudovani interkalovaného nanojilového plniva do nanostruktur
v IR [4 ;< / / ',! e w7 I

P

3 J /)
M HV: 5.00 KV L VEGAI TESCAN  SEMHV: WO: 6.997 mm
View fieid: 963.1 pm Det: SE 200 ym View field: : View field: 96.31 pm Det: SE 20pm
SEMMAG: 150X | Date(midy}: 09/16/10 SPUR a.s. SEMMAG:500x | Date(midy): 09/16/10 SPURa.s. SEM MAG: 1.50 kx| Date(midy): 09/16/10 SPUR 8.5,

SEM snimky nanostrukturovaného kompozitu z matrice EVA kopolymeru a vermikulitu pfipravené v
elektrostatickém poli. Zvétseni 150%, 500x a 1500%
Aplikace kompozitnich nanostruktur v elektrotechnice
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SEM HV: 20.0 kV |

View field: 28.9 pm

SEM MAG: 5.00 kx | Date(midly): 10/21/15

SPURa.s.

SEM snimek kompozitni nanostruktury pro elektrodové materialy, zvétSeni 5000%
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10 vybijejicich cykli superkapacitatoru pfipraveného z kompozitni nanostruktury

Aplikace kompozitnich nanostruktur pro kapacitni deionizaci vody

Akumulovany naboj CDI elektrod méfeny v intervalu -1,2 az+1,2 Vv 1 mol/dm® KClI

Elektroda .
zmeény potencialu 10 mV/s
Mikroporézni vrstva 93
Nanostrukturovany kompozit 480

Zavery

Filtrace vzduchu

Modelovani filtra¢niho procesu

Akumulovany naboj (mC/cm?) pii rychlosti




Ochranné funkce nanostrukturovanych filtri proti pfenosu viru chiipky
vzduchem na koloniich mysi - in vivo test

Zpracovani odpadni vody
Vyhody nanovléknitych membran pro u¢inné¢ MBR
Morfologie antibakterialnich nanostruktur ovliviiuje jejich deaktiva¢ni i¢innost
Ekologické aspekty nanostruktur modifikovanych biocidnimi Cinidly

Kompozitni nanostruktury
Aplikace do elektrodovych materiali pouzivanych pro akumulaci energie
a kapacitni deionizaci vody

Financial support from The Technology Agency of the Czech Republic (TH01030287 and TA 04010085)
is gratefully acknowledged.



Originalni design plastika¥skych vyrobkii — odkaz prof. Skarky

Gorig Janl, Straznicky Pfemysll, Straznicka Jarmilal, Soukalova Radomila®
YUTB ve Zliné, Centrum transferu technologii
2UTB ve Zliné, Fakulta multimedidinich komunikaci
E-mail: gorig@uni.utb.cz

SOUHRN:
Stupné volnosti designéra pfi vytvaieni navrhu vzhledu plastikaiského vyrobku jsou omezeny
specifickymi vlastnostmi polymernich materialti promitajicimi se do konstruk¢nich a
technologickych pozadavki (pozadavek rovnomérné tloustky stény, zaobleni hran,
konstrukce vyztuznych Zeber, konstrukce tichyti, technologické ukosy, umisténi vtoku, atd.).
Na druhé strané ale prave specifické vlastnosti plasti davaji designeriim nové, v porovnani s
jinymi (tradi¢nimi) materidly zcela unikatni moznosti sméfujici k originalnim designtim. Ty
pak ptinaseji konkurenéni vyhodu na trhu vyrobku, v nichz jsou ztélesnény a soucasné spliuji
zakonny pozadavek individualni povahy pro ziskédni dalsiho, tentokrat pravniho monopolu —
u¢inné prumyslové pravni ochrany pramyslovym vzorem.
Skute¢nym mistrem ve specifické oblasti designu plastikaiskych vyrobka byl nedavno
zemfely pan prof. Pavel Skarka. Jeho piinos v této oblasti se pokusime v této prednasce
dokumentovat pfehledem chranénych inovativnich feSeni designu vyrobk, které v prubéhu

let vytvofil on a jeho Zaci.

1. Uvod
Znamou a dnes jiZ i praimyslovymi subjekty pfijimanou skutecnosti je to, Ze originalni design
vyrobku pfinasi konkurenéni vyhodu na trhu. Napf. [1] uvadi, Ze aplikace primyslového
designu pfinaSi mimo jiné upevneéni pozice na stavajicich trzich, podporu priiniku na nové
trhy, trvalou konkurenceschopnost a jedinecnost, navySeni obratu a zvySeni zisku, zvySeni
kreditu u partnerd a zakaznikli, podporu budovani znacky a zviditelnéni na veletrzich,
konferencich a soutéZzich.

Je zteymé, ze tyto funkce muze plnit pouze design dostateCné jedinecny a ucinné
chranény proti neZadoucimu kopirovani a padélani. Tuto ochranu zajistuje primyslové pravni
ochrana designu primyslovym vzorem. Podle legislativy platné v CR - zakona ¢&. 207/2000
Sb. o ochrané primyslovych vzort... se primyslovym vzorem rozumi vzhled vyrobku nebo

jeho ¢asti spocivajici zejména ve znacich linii, obryst, barev, tvaru, struktury nebo materialii



vyrobku samotného nebo jeho zdobeni - viz § 2 vyse citovaného zdkona. Podle § 3 az 5 téhoz

zakona je prumyslovy vzor zpasobily primyslové pravni ochrany, pokud je

* novy (tzn.nebyl-li pfede dnem podani pfihlaSky nebo pfede dnem vzniku prava prednosti
zptistupnén vetejnosti shodny pramyslovy vzor, pii cemz primyslové vzory se povazuji za
shodné, jestlize se jejich znaky liSi pouze nepodstatné).

* ma-li individudlni povahu (tzn. jestlize celkovy dojem, ktery vyvolava u informovaného
uzivatele, se 1isi od celkového dojmu, ktery u takového uzivatele vyvolava pramyslovy
vzor, ktery byl zpiistupnén vetejnosti pfede dnem podani ptihlasky nebo prede dnem
vzniku prava prednosti).

Podobné podminky pro ucinnou primyslové pravni ochranu designu platnou na tzemi celé

Evropské unie zavadi nafizeni Rady EU €. 6/2002 i pro pramyslovy vzor Spolecenstvi.

Originalita designu je tedy nezbytnou podminkou jak jeho vySe uvedené
prospésnosti na trhu, tak 1 G€inné priomyslové pravni ochrany. Pfi tom je tfeba vzit v tivahu, Ze
vztaznou rovinou jedine¢nosti (originality, individualni povahy) designu je v obou ptipadech
mira volnosti designéra a respektovani znakt designu piedurcenych jeho technickou funkci.

Jedinecnost designu na trhu je posuzovéana predevsim subjektivné zakazniky, zatim co pro

posouzeni individualni povahy se v zapisné praxi a zejména pak v praxi druhoinstan¢nich

spornych fizeni patentovych uradd a soudti vyvinuly mechanismy objektivizace hodnoceni

originality designu.

2. Mira volnosti versus originalita u plastikarskych vyrobki

Napft. [2] pro aplikace miry volnosti designéra ve vymazovém fizeni prumyslového
vzoru uvadi: Pfi posuzovani individualni povahy (také pfi posuzovani rozsahu ochrany) se
piihlizi k mife volnosti, kterou mél pfi vyvoji primyslového vzoru jeho plvodce (§5(2),
§10(2) vyse citovaného zdkona ¢. 207/2000 Sb.). Je-1i mira volnosti designéra mala, je tfeba
hledat takovou ndmitku, ktera se co nejvice shoduje v téch znacich, ve kterych pozorovatel,

ktery je informovanym uZivatelem, bude hledat ptipadné odli$nosti.
Obdobné¢ pro respektovani znakti designu predurcenych jeho technickou funkci se ve
[2] uvadi: Pfi hodnoceni zpusobilosti prumyslového vzoru k zapisu (také pii posuzovani
rozsahu ochrany) se nepfihlizi ke znakim, které jsou piedurceny technickou funkci
prumyslového vzoru (§7(1), §10(1) vyse citovaného zakona ¢. 207/2000 Sb.). Toto ustanoveni
nelze vykladat tak, ze konstruk¢ni znaky nelze pokladat za znaky vzhledu. Tomuto ustanoveni

je nutno rozumét tak, ze se nepfihlizi k tém znaklm, které jsou v primyslovém vzoru stejné



jako v jiném znamém vzoru proto, Ze jejich pfitomnost je nutnd pro funkci, kterou maji plnit
oba porovnavané vzory, a jejich vzhled je touto funkci pfedurcen.

V dalsi ¢asti prednasky se budou autofi snazit na praktickych ptikladech zapsanych
pramyslovych vzora CR (CZ) a pramyslovych vzori Spoleéenstvi (RCD) dokumentovat
invenci designérti vybranych plastikaiskych vyrobki ve vyse uvedeném kontextu individudlni
povaha (jedineCnost, originalita) primyslového, versus mira volnosti designéra limitovana
znaky vyrobkl piedur¢enymi jeho technickou funkci, resp. u plastikarskych vyrobka
specificky limitovana pozadavky technologickymi.

Ptikladem mohou byt napf. lisované nebo vstfikované plastové vyrobky. U nich Ize
pomérné velmi piesné definovat technicky pfedurené technologické a funkéni parametry
limitujici miru volnosti designéra. Podle [3] mezi kli¢ové konstrukéni principy, které musi
konstruktér zvazit, patii tlouStka vylisku, ukosy, tvar a tloustka Zeber, zaobleni a dalsi.
Prestoze konstruktér neznd v tuto chvili pfesny dopad na vyrobu, musi tyto parametry
definovat pied zajetim nastroje do materialu, dokud jsou naklady na zmény minimalni.

Po celou dobu konstrukce se konstruktéfi musi snazit udrzet stejnomérnou tloustku
stén na celém modelu. Jakékoliv vétsi nerovnomérnost mize zpisobit problémy typu
vnitinich vzduchovych kapes, propady povrchu, nepfedvidatelnd smrsténi a v neposledni fadé
prodlouzeni celého cyklu. Je-li zména tloustky nezbytna, meéla by byt plynuld, aby
umoznovala hladky pritok materidlu bez vytvareni mist s vnitinim pnutim, které mohou
zpisobit rozpad dilu a to bud’ béhem testovani a vynutit si novy navrh dilu nebo pfimo pfii
vstiikovani plastu a vyvolat dal$i ndklady na Gpravu formy. Dale uvedeny piiklad zapsaného
primyslového vzoru Spolecenstvi prof. Skarky a jeho zaka dokumentuje, Ze splnéni tohoto

technologicko — funkéniho pozadavku nemusi byt na zavadu originality (individualni povahy

designu)

RCD 002108381-0003

Pfi navrhu zeber je dilezité pamatovat na to, Ze jsou soucasti konstrukce jen kvili

zvySeni pevnosti a nemélo by dochdzet ke kompromisim z divodu estetiky vylisku.



Konstruktéti obvykle pfi jejich ndvrhu postupuji podle standardnich metod. Konkrétni

uspofadani systému zeber miize byt ale originalni:

CZ 19190

Velké mnozstvi plastovych vyliskii ma problémy v disledku ostrych rohd a nedostatecnych
polomérii zaobleni. Ostré rohy vytvaii mistni vnitini pnuti, disledkem ¢ehoz muze byt
popraskani a pied¢asny rozpad plastového dilu. I tento technologicky pozadavek byl i zde

pojat s tviiréi originalitou, jak opét ukazuji primyslové vzory z provenience prof. Skarky:

=Y T

CZ 6430 RCD 000659511-0001

Zakladna by méla byt u Zeber nebo tchytl zaoblena pro leps$i rozloZeni namahani.
Pokud by tomu tak nebylo, zatizeni by nebylo rozlozeno rovnomérné a jeho Spicky by vedly k
rozlomeni a rozpadu dilu. Na druhou stranu, pokud by zaobleni bylo pfili§ velké, dochazelo
by k pfilisnému zhutnéni materidlu a to by vedlo ke vzduchovym kapsdm nebo propadim
povrchu béhem formovani. Ty samé principy plati v mistech, kde se dotyka zebro nebo tchyt

hrany dilu. Prakticka aplikace je opét ziejma z chranénych designii z dilny prof. Skarky:

CZ 14120 RCD 002157826-0001



Ukosovy thel je dilezitym technologickym parametrem, ktery umoziiuje bez problémii
vytahnout vylisek z dutiny formy.. Dale jsou uvedeny ptiklady vyrobku, u nichz je ukos pojat

nendsilné jako soucast celkového konceptu designu:

CZ 19180 CZ 13725

3. Ptiklady originalniho designu plastika¥'skych vyrobkii z dilny prof. Skarky

Ptikladem tvur¢iho pfistupu designéri pii souc¢asném vyuziti specifickych technologickych i
uzitnych vlastnosti plasti mohou byt vysoce origindlni designy jednoduchych a v zadkladnim

tvarovém konceptu technickou funkcei jednoznaéné preduréenych vyrobkli — konkrétné:

CZ 27276- Lahev CZ 28326 — Lahev

Originalita vySe uvedeného designu lahvi je nejlépe patrna v porovnani s béZnymi vyrobky:
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3.2 Krajece na ovoce

RCD 001389589-0001 - Krdjece, neelektrické [pro domacnost]

Pro porovnani opét bézné vyrobky se srovnatelnou funkci:

8] [9] [10]



[11] [12]

3.3 Dozy na potraviny (svainky pro déti)

RCD 002317073-0001 - Nadoby na potraviny

Bé&zné vyrobky se srovnatelnou funkci:

N

[13] [14]




3.4 Zvedaci sedatka do vany

RCD 002411462 - Sedatka do vany (pro Spatné mobilni)

Bézny vyrobek se srovnatelnou funkci:

[17]

3.5 Zahradni kole¢ko (ruéni vozik)

RCD 002157834-0001 - Rucni voziky



Bézné vyrobky se srovnatelnou funkci:

[18] [19]

[20]

Slovni vyjadieni originality designu podle RCD 002157834-0001 v porovnani s béznymi
vyrobky — analogie spornych fizeni u primyslovych vzoru:

nosnd konstrukce (tvar, zaobleni, hrany)

korba (tvar, rozméry, zaobleni, hrany)

kolecko (tvar, rozméry, struktura povrchu, zaobleni) — jedine¢nost tvarového feSeni — koule.

3.6 Nové, zcela originalni vyrobky

Sprchova hlavice k nasazeni na ruku:

RCD 002452862-0001 - Sprchové hlavice (na jednu ruku)



Obuv na ruce:

RCD 002108373-0001 - Obuv na ruce (pro handicapované)

4. Osobnost prof. akad. soch. Pavla Skarky (26. 7. 1942 — 8. 9. 2014) [4]

Jeho profesni ptsobeni bylo velmi Siroké, od drobnych ru¢nich
nastroji, ve kterych navézal na pionyrské aktivity svého ucitele
profesora Zdeiikka Kovare v oblasti designérské ergonomie, az
po slozité strojni systémy. Ve své tvorbé se rovnéz veénoval
produktim pro zafizeni kuchyné, nadobam a obalovému
designu, nabytku a dal§im interiérovym prvkim. Nelze
opomenout ani designérské névrhy nejriznéjSiho nafadi,

méficich pfistroj, tiskatskych, dievoobrabécich, fezacskych a

obuvnickych strojii. Zabyval se také designem dopravnich
prostfedkil - s jeho jménem je spojen napiiklad navrh kabrioletu Skoda Felicia, motocyklu
Dandy nebo motorovych kolobé&zek, které ziskaly fadu ocenéni.

Jako pedagog piisobil vzdy v oboru primyslového designu, nejprve na zlinské katedie VSUP
vV Praze, pozdé¢ji na Univerzit¢ TomaSe Bati ve Zliné. Pisobil v mnohych akademickych
funkcich — v roce 1990 byl jmenovan profesorem; byl prvnim dékanem Fakulty
multimedialnich komunikaci UTB ve Zliné, prodékanem pro rozvoj a hlavné vedoucim
pedagogem oboru primyslového designu. Jeho studenti fesili mnohé tkoly v Siroké Skale
pramyslového designu, mnohdy s ptesahem do nébytkového ¢i automobilového designu,
hracek a hernich pomicek pro déti, a ziskali velmi Cetnd ocenéni v tuzemsku i1 zahranici.
Spole¢né se studenty Technické univerzity Ostrava spolupracovali studenti UTB na vyvoji

auta StudentCar.



Struc¢ny profesni zivotopis:

Vzdélani:

1961-1967: Vysoka skola uméleckoprimyslova v Praze, akademicky sochar

1967-1968: Hochschule fiir Bildende Kiinste in Berlin, stipendium UNESCO

Praxe:

1959-1961: VUGPT Zlin

1968-1973: svobodné povolani

1973-1989: Vysoka skola uméleckoprimyslova v Praze, detasSovana katedra designu ve Zling,
odborny asistent, docent

1989-1999: Vysoka skola uméleckopriimyslova v Praze, detaSovana katedra designu ve Zling,
vedouci katedry, profesor

1999-2014: vedouci Ateliéru primyslového designu UTB ve Zliné

2002-2005: d€kan Fakulty multimedialnich komunikaci UTB ve Zliné

2005-2009: prodékan pro rozvoj FMK UTB ve Zlin¢

Pobyt v zahrani¢i:

1992-1993: Design International Stuttgart, zahrani¢ni praxe

2006: Technicka univerzita v KoSicich, stdz v ramci programu ERASMUS

Oblast odborného/uméleckého zajmu:

Produkt design

Graficky design

Filmova tvorba
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Zmékcovadla ve vinylovych podlahovych krytinach

Marek Sindeldr
* Fatra a.s., trida Tomase Bati 1541, 763 61 Napajedla

Uvod

Fatra a.s. je tradi¢nim ¢eskym vyrobcem vyrobku pro stavebnictvi na bazi PVC. Produkty do
stavebnictvi zahrnuji hydroizola¢ni fo6lie, podlahoviny, liSty a profily. Fatra jako ostatni
vyrobci produktii z PVC reaguje na ménici se legislativni pozadavky i ndzory odbornych
organizaci tykajici se vlastnosti a bezpe€nosti svych produkti. Jiz fadu let je pfedmétem
zajmu hodnoceni pouziti zmékcovadel, zejména ftalat, z pohledu jejich G¢inku na zdravi a
zivotni prostiedi.

Zmekcovadla se z 8090 % pouzivaji pti vyrobé mekéeného PVC. Jsou to vyznamné funkéni
latky, které méni fyzikalni vlastnosti PVC a déavaji tak nové moznosti jeho uplatnéni
z hlediska pruznosti a odolnosti. Ro¢né se globalné spotfebuje piiblizné 6 milionli tun
zmekcéovadel, z nichZz evropskd spotfeba ¢ini vice nez 1,2 milionu tun. Rozdéleni
zmékéovadel ukazuje Obr. 1.
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Poznamka: nékteré z vyse uvedenych prvki nemusi byt klasifikovany v REACH ani hodnoceny pro
i klasifikaci nebo hodnoceni rizik

Obr. 1: Prehled zmekcovadel, prevzato z [1]

Nejvice vyuzivanymi zmékcovadly jsou ftalaty. Obecny pojem ftalaty zahrnuje skupinu cca
40 syntetickych chemickych latek odvozenych od kyseliny ftalové (estery Kkyseliny ftalové).

Chemicka struktura ftalati zahrnuje struktury typu ortho, metha, para. Nejpouzivanéjsi jsou
orthoftalaty, piehled nejznamé;Sich ukazuje tabulka 1.



Tab. 1: Prehled nejznaméjsich orthoftalati

Nazev Zkratka |CAS Cdislo
Benzyl butyl phthalate (BBP) BBP 85-68-7
Bis(2-ethylhexyl) phthalate (DEHP) DEHP 117-81-7
Di(2-Propyl Heptyl) phthalate (DPHP) DPHP 53306-54-0
Di(n-octyl) phthalate (DNOP) DNOP 117-84-0
Diisobutyl phthalate (DIBP) DIBP 84-69-5
Diisodecyl phthalate (DIDP) DIDP 68515-49-1
Diisononyl phthalate (DINP) DINP 28553-12-0
Diisooctyl phthalate (DIOP) DIOP 27554-26-3
Di-n-butyl phthalate (DBP) DBP 84-74-2
Di-n-hexyl phthalate (DNHP) DNHP 84-75-3

Z hlediska spotieby predstavuji v Evropé nejveétsi skupinu ftaldty s vysokou molarni
hmotnosti, zastoupené DINP/DIDP/DPHP, coz dokumentuje Obr. 2.
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Obr. 2: Evropsky trh ftalatu, prevzato z [1]

Dalsi podskupinou zmékcovadel jsou tereftalaty (odvozeny od estert kyseliny tereftalové),
které jsou oznacovany jako ,neftalatova™ zmékcovadla. Patii sem di-iso-butyl-terephthalate
(DBT) a di-octyl-terephthalate (DOTP nebo také DEHTP). Nabizi dobrou vykonnost pii
nizkych teplotach, lepsi odolnost viici extrakci v mydlové vodé a nizkou tékavost. Obecné
vSak vykazuji niz§i miru kompatibility s PVC nez orthoftalaty.
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Obr. 3: Porovnani struktury ftalatovych a ,, neftalatovych“ zmékcovadel

Ftalatova zmékcovadla maji Sirokou Skalu vyuziti, byla proto podrobena rozsahlému testovani
na mozné zdravotni a environmentalni uc¢inky a patfi mezi nejvice zkoumané chemické latky.
Vsechna hlavni zmékCovadla na bazi ftalati (DINP, DIDP, DEHP, DBP a BBP) byla
pfedmétem komplexniho posouzeni rizik Evropské unie provedenych v rdmci nafizeni EU
793/93. Soucasné poznatky ukazuji, Ze akutni toxicita ftalatd je nizka. Nemaji mutagenni
ucinek, nejsou fazeny mezi karcinogeny. Hlavni zdravotni rizika spocivaji v poruSeni
hormonalni rovnovahy. N¢které orthoftalaty jsou klasifikovany jako endokrinni disruptory
(kat. 1 nebo 2, DEHP, DBP a BBP).

V Evropé je bezpetné pouzivani zméekcovadel povoleno dle natfizeni (ES) ¢. 1907/2006
REACH, které¢ je zakladnim legislativnim pozadavkem. Ptiloha XVII natizeni REACH

omezuje pouZiti Sesti ftalatl.

Tab. 2: Ftalaty s omezenym pouzitim podle Prilohy XVII narizeni (ES) ¢. 1907/2006 REACH

Ftalaty Omezeni dle REACH, Priloha XVII

DEHP, DBP, BBP Nesmi se pouzivat (uvadét na trh) jako latky nebo ve smésich
v koncentraci > 0,1 % hmot. v mékéenych plast. materidlech
slouzicich k vyrob¢ hracek a predmétu pro péci o déti.

DINP, DIDP, DNOP | Nesmi se pouzivat jako latky nebo ve smésich v koncentraci > 0,1 %
hmot. v me¢kcenych plast. materidlech slouzicich k vyrobé hracek a
predméti pro péci o déti, které déti mohou vkladat do tst.

V lednu 2014 Evropskéa komise dokoncila pfezkoumani omezeni ve vztahu k DINP a DIDP.
Na zaklad€ hodnoceni Evropské chemické agentury (ECHA) bylo konstatovano, ze neexistuji
zadna nepfijatelna rizika pro jiné pfredméty nez hracky a vyrobky pro déti, které mohou déti
vkladat do ust (natizeni (EU) 2015/326 ze dne 2. biezna 2015). DINP a DIDP jsou proto
povazovany za bezpecné pro pouziti ve vSech béznych spotiebitelskych aplikacich.

Prestoze neexistuji legislativni omezeni pro pouZziti ftalitii ve stavebnictvi, zdjem odborné
1 laické vetrejnosti o tuto problematiku pokracuje. N&kteti vyrobci podlahovych krytin na bazi
PVC v nedavné dobé ptesli k pouziti tzv. neftalatovych typi zmékcovadel. V soucasné dobé
se jedna spiSe o strategické rozhodnuti obchodni a marketingové povahy, smétujici
k vylepSeni environmentalniho profilu produktu jako celku.




Fatra a.s. pouzivala v poslednich letech k vyrobé podlahovych krytin DINP. Rozhodnuti, zda
toto zmé&kcovadlo nahradit za zmékcovadla tzv. neftalatového typu, ptedchézelo rozsahlé

testovani.
Experimentalni ¢ast

Zakladni pozadavky pii ndhrad¢ ftaldtovych zmékcovadel 1ze shrnout nasledovné:
— mnesmi zhorSovat fyzikdlné-mechanické ani jiné garantované vlastnosti konecného
produktu (napt. zhorSovat bilanci organickych tékavych latek)

— nesmi zplisobovat tézkosti pfi zpracovani

— nesmi vyznamn¢ zhorSovat ekonomiku vyroby i hotového produktu.

Prubéh testovani:

— Porovnani ,neftalatovych* zmékcovadel se standardem pfi stejném dévkovani.

— Ktestovani byli vybrani tito zastupci:
TRANSPARENT PK.

folie PODKLAD PK B201 a folie

1. Seznam laboratornich zkousek, laboratornich zafizeni a norem pro méreni

Tab. 3: Laboratorné zkouSené viastnosti na zkusebnich télesech

Niazev zkousky

Zarizeni

Metoda, norma

Tepelna stabilita — paskova
metoda

Laboratorni dvouvalcovy kalandr
T1=170°C, T2 =170 °C,
t =10 minut

Interni ptedpis

Dynamicka tepelna stabilita
(30 min.)

Laboratorni dvouvalcovy kalandr
T1=170°C, T2 =170 °C,
t=35,10, 15, 20, 25, 30 min.

Interni predpis

UV stabilita

QUV-B testr, 500 h, barevna zména
HunterLab

CSN EN ISO 4892,
Interni predpis

Vzhled, odstin, kvalita
povrchu, transparence

Meéfeni barev — Ultrascan PRO —
podlozka bila

CSN 64 6210 &l. 12, 13
CSN 01 1718, CSN EN
10 105- A0 2

Tvrdost ShD/23 °C

Tvrdomeér ShD

CSN EN ISO 1183-1
imerzni metoda

Hustota — imerzni metoda
(g/ cm’ )

CSN EN ISO 1183-1

Taznost (%)

CSN EN ISO 527-1, 3

Mrazuvzdornost (°C)

ISO 974

Tekavé latky (%, 125 °C/2h)

24 hodin kondicionace (23 °C),
zvazeni vzorku, suSarna — 2 hod,
125 °C, 0,5 hod. kondicionace
(23 °C), zvazeni vzorku

CSN 64 0311,
Interni predpis

CSN EN 14372,

FT-IR FT-IR spektrometr Nicolet 308 ARV
Interni predpis
Plastograf Haake - Rheodrive 16 +
Reologie Rheomix OS +Planetmix 500 OS  [Interni postup

T=150°C, 30 ot/min, 80 g




2. Hodnoceni samotnvch zmékcovadel — analyticka data

Tab. 4: Prehled zakladnich viastnosti testovanych zmékcovadel

VNaEzeV Hustota ‘I?;fiu ?I;;Z:n) i\(/)[‘(l);eku Vzorec Sorpce | Odparivost
zmékcéovadla | (g/cm3) °C) e |im do PVC | 160 °C/2h
DN9D 0,972-0,974 | >300 50 418,61 | C26H4204|25,02% | 0,09 %
DTSE 0,983-0,988 | 375 15 390,56 | C24H3804|24,62% | 0,13 %
DH9B 0,944-0,954 | 240-250 40 424,66 | C26H4804|23,39% | 0,18 %
DHIE 0,95 394 424,66 | C26H4804|22.97% | 0,17 %

3. PODKLAD PK B201

— Na laboratornim dvouvalci byla pfipravena standardni receptura pro Podkladni PK
B201, zelatinace probihala pti 170 °C po dobu 10 min, tloustka folie 0,40 mm.

— Jako standardni zmeékcCovadlo bylo pouzito ftalatové zmékcovadlo s laboratornim

s ,,neftalatovymi*

oznacenim DN9D,

které

bylo porovnavano
s laboratornim oznac¢enim DT8E, DH9B a DHOE.

zmékcovadly

Tab. 5: Prehled viastnosti testovanych zmekcovadel v recepturre Podkladni PK B201

PODKLAD PK B201 DN9D DTSE DHY9B DHY9E
phr zmékcovadlo 41,509 41,509 41,509 41,509
phr stabilizator 1,887 1,887 1,887 1,887
Tvrdost ShD (23 °C) 51,1 54,4 53,4 52,7
Hustota g/cm3 1,865 1,865 1,844 1,830
Dynamicka stabilita (45 min) Obr. 4 Obr. 4 Obr. 4 Obr. 4
Tékavé latky (125 °C/2h) -0,052 -0,266 -0,492 -0,501
;v r s . standard. | standard. | standard. | standard.
Lepeni ¢i vykvétani na valce - - - .
chovani chovani chovani chovani
Charakter zapachu ’bez ’bez ’bez ’bez
zépachu | zdpachu | zapachu | zdpachu
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Obr. 4. PODKLAD PK B201 — dynamicka tepelnd stabilita (2V kalandr 170°C, 5-45 min.)
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Obr. 6: PODKLAD PK B201 — tvrdost, tekavé latky

Tab. 6: PODKLAD PK B201 Reologie (Plastograf Haake) — zkuSebni receptura

PODKLAD PK B201 DNID | DTSE DHY9B DHY9E

SF (substitucni faktor) vuci DOP | 1,05 1,05 1,07 1,07

phr zmékcéovadla 41,509 | 41,509 42,586 42,586

Tvrdost ShD (23 °C) 43,8 47,7 46,9 46,9

Tab. 7: PODKLAD PK B201 — vysledky reologie
150°C, 80 g, 30 ot, Rychlost disipace
10 min Tvrdost 23 °C Plastifikacni cas energie
PODKLAD B201 F V-F
(ShD) (Min) | (N*m) | (°O) (Kj* min™)

DNI9D 43,8 0,683 | 12,660 132,7 1,506
DTSE 47,7 1,317 11,450 1424 1,630
DHI9B 46,9 1,600 9,540 | 145,6 1,358
DHYE 46,9 1,367 9,490| 141,3 1,236
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Obr. 7: PODKLAD PK B201 — graf reologickych krivek

4. TRANSPARENT PK

— Na laboratornim dvouvélci byla pfipravena standardni Transparentni PK receptura,
zelatinace probihala pfi 170 °C po dobu 10 min, tloustka folie 0,40 mm.
— Jako standardni zmékcovadlo bylo pouzito ftalatové zmeékéovadlo s laboratornim

oznacenim DNO9D, které bylo porovnavano

s laboratornim oznac¢enim DT8E, DH9B a DHOE.

s ,,neftalatovymi*

zmékcovadly

Tab. 8: Prehled viastnosti testovanych zmékcovadel v recepture Transparent PK

TRANSPARENT PK DNID | DTS8E | DH9B | DHI9E
phr zmékcéovadla 32,180| 32,180| 32,180| 32,180
phr stabilizatoru 20201 2,020] 2,020 2,020
Tvrdost ShD (23 °C) 53,0 55,2 53,9 53,3
Hustota g/cm3 1,281 1,284 1,271 1,271
Tepel. stabilita paskova (180 °C) stabilimetr | MIN| 40 40 40 40
Tékavé latky (125 °C/2h) -0,220 | -0,533 | -0,673 | -0,715
Chovani, zapach Bee 5z ez 52z

’ zapachu | zdpachu | zdpachu | zdpachu
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Obr. 10: TRANSPARENT PK — tvrdost, tekave latky

Tab. 9: TRANSPARENT PK — Reologie (Plastograf Haake) — zkuSebni receptura

TRANSPARENT PK DN9D DTSE DHY9B DHYE
SF (substitucni faktor) vuci DOP| 1,05 1,05 1,07 1,07
phr zm¢kcovadla 32,167 | 32,167 32,882 32,882
phr stabilizatoru 2,0188 | 2,0188 2,0298 2,0298
Tvrdost ShD 53,6 53,5 50,5 50,9

Tab. 10: TRANSPARENT PK — Vysledky reologie

150°C, 65 g, 50 ot, 10 min | Tvrdost 23 °C ‘ Plastifika¢ni ¢as | Rychlost disipace energie
TRANSPARENT PK F V-F
(ShD) (Min) |(N*m) | (°C) (Kj* min™)
DNI9D 53,6 1,031 10,39[147,1 4,8777
DTSE 53,5 1,433 | 14,82]151,7 4,478
DH9B 50,5 1,967 | 12,14|154,3 3,553
DHYE 50,9 1,881 | 12,17]153,9 3,525
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Obr. 12: FT-IR spektra zmékcovadel — M2L-DH9E-DN9D-DTSE

Zavér

Laboratorn¢ byla testovéana ,,neftalatova“ zmékcovadla ze skupiny cyklohexanoati (DH9B,
DHOIE) a tereftalati (DTS8E), jejich vlastnosti byly porovnany ke ftalatovému zmékcovadlu
DINP (DN9D). Srovnani bylo provedeno ve dvou zkusebnich smésich pro podlahové krytiny
v podkladni plnéné a v transparentni smési. Zmékcovadla byla pro porovnani v recepturach
davkovéana 1:1. Byly zkousSeny tékavé latky, tvrdost, hustota, FT-IR apod. Pro studium
reologického chovani smési byla provedena tprava davkovani zmékcovadel dle danych
substitucnich faktor. Analytickym rozborem byly sledovany vlastnosti zmeékcovadel jako
absorpce do PVC prasku a tekavé latky (odpativost) pii 160 °C.



DTSE:

Vsechny zkouSené parametry jsou vyhovujici. Hustota smési je vys§i nez s DNOD.
Zelatina¢ni ¢as je mirné vy3si nez s DN9D, tzn. DTSE je trochu pomalej§i, tomu odpovida i
analyticky rozbor. Z hlediska tékavosti je DT8E vi¢i DN9D mirné horsi, ale zcela nejhorsi je
DHO9B v ramci tékavosti. Davkovani neni zcela jednoznaéné, SF vici DOP = 1,03—-1,05 neni
ve vSech smésich konstantni.

DHOB — cyklohexanoat:

Zkousené parametry jako stabilita jsou vyhovujici.

Nevyhoda: Zelatinagni ¢as se opét potvrdil jako nejvyssi ze vech testovanych zmék&ovadel.
DHO9B a DHOE jsou pomalejsi nez DT8E. Rovnéz tékavosti dosahuje mnohem vyssich hodnot
nez ostatni zmé&kcovadla.

Vyhoda: Smési s DH9B a DHIOE maji niz$i hustotu nez smési s DN9D 1 DTSE.
Ostatni parametry, chovani smési apod., jsou vyhovujici. Davkovani vii¢i DN9D o DTSE je
vyssi (SF vici DOP = 1,07).

Tab. 11: Porovnani viastnosti testovanych zmekcovadel — shrnuti

Zmékcéovadlo DNID DTSE DH9B DHIE
Substituéni faktor (SF) 1,05 1,03-1,05 1,07 1,07

Davkovani 0 0

Pevnost

Taznost

Hustota

Tepelna stabilita (180 °C)

Mrazuvzdornost

Tekavé latky (125 °C/2h)
Migrace

QUV

Rychlost zelatinace, reometr

[=lNeolleolNeolNel Nl el el el N}

Zapach

Citace

[1] Zmékcovadla a meékéené¢ PVC,  http://www.plasticisers.org/en_GB/media-
publications/publications/factsheets/zmekcovadla-a-mekcenne-pve

[2] Plasticisers, Orthophthalates, 23.3.2016, http://www.plasticisers.org/en_GB/plasticisers/
Orthophtalates




3D tiskové materialy
Josef Dolecek
Parzlich s.r.o.

3D tiskové materialy pod obchodni znackou Fillamentum uvadi na svétovych trh
spolecnost PARZLICH s.r.o. z Hulina, patfici do holdingu NWT.

Additivni technologie zaznamenaly v uplynulych 10 let zna¢ny rozvoj, po uvolnéni
patentové ochrany na FDM technologii nastal ve svété doslova boom kategorie
dostupnych FDM 3D tiskéren, segment se nazyva "prosumer". Tato zatizeni pokrocila
do dnesnich dnt natolik, ze se dnes otevira jejich vyuzitelnost i v profesionalnim
pouziti. Typicky se tento zplisob pouziva pro prototypovani a designovou tvorbu, ale
¢im dal Castéji je mozné se setkat s tisky konstrukénich dilt - bud’ pro maloseriové
pouziti, ¢i do¢asné nahradni dily.

Pro tyto nové aplika¢ni moznosti je ovSem nutno pfipravit i odpovidajici materialy.
Proto krom béznych 3D tiskovych materiali, jako je PLA a ABS, se objevuji 1 mnohé
jiné doposud netradi¢ni polymerni materialy, tak aby pokryly Skélu pozadavkt
uzivatelli. Pro kvalitni tisk je nutné, aby tiskovy material ve form¢ monofilamentu
vykazoval vysokou rozmérovou piesnost a mél dobie nastavené tokové vlastnosti
umoziujici zpracovani na Sirokém spektru 3D tiskaren.

Stru¢ny ptehled pouzivanych materidlti pro 3D tisk metodou FDMa jejich typické
aplikace:

1. PLA (polylactid) - kyselina polymlécna
Jedna se o nejpouzivanéjsi polymer pro 3D tisk - zhruba 80% pouzivaného plastu v
tomto segmentu je pravé PLA

2. ABS
Rozsifen predev§im mezi hobby uzivateli, vyuzitelny pro modely s potiebou vyssi
pevnosti a rdzové houzevnatosti

3. ASA
Alternativa k ABS se zvySenou odolnosti viici UV zafeni. Fillamentum je jednou z mala
firem na svété, ktera tento material ma v nabidce

4. Nylon
Vhodny pro modely s potfebou vyssi pevnosti

5. Polyester
Snadny na tisk, poskytuje vysokou razovou houZevnatost a optické vlastnosti

6. TPU
Pro tisk semiflexibilnich a flexibilnich dila - material je dostupny v riznych tvrdostech,
Fillametum nabizi TPU Flexfill v tvrdostech: 98 ShA a 92ShA



Obr. ¢. 1 Rukojet’ cyklo fiditek z flexibilniho TPU materialu - Flexfill 98A



7. Funkéni polymery
o Elektricky vodivé
Pro tisk vodivych vrstev zakomponovanych v modelu
o Elektricky disipativni
pro tisk ptedméth pro oblasti pouziti, kde hrozi poskozeni vlivem statické elektiiny
e Termokonduktivni - na bazi keramickych plniv
Pro termomanagement - tisk teplosménnych ploch
e Rozpustné - at' na bazi PVA ¢i HIPS
Vyuzitelné na dvou- a vice- hlavych tiskarnach pro tisk odstranitelnych podpor pro
tisk komplikovanych model
e Tribomateridly
Pro tisk pfedméta s vysokou abrazivzdornosti ¢i pro tisk kluznych lozZisek (feSeni
od firmy Igus)

Obr. €. 2 Funkéni dily pro extruzni linku - pouzity material ABS Extrafill

8. Kompozitni materialy

e Dievokompozitni
vyuzitelné v designu, €i pro tisk interiérovych soucasti, ¢i nabytkovych prvki
Dtevény kompozit Timberfill od Fillamentum je hodnocen jako jeden z nejlepSich
materialii na bazi dieva na svéte.

o Kovové kompozity
Obvykle obsahuji vysoké procento kovovych praski, které po rozlesténi povrchu
modelu poskytuji vzhled bronzu, ¢i nerezové oceli - zejména pro designové ucely

o Uhlikové kompozity
Na bazi nejriznéjsich polymernich nosict (obvykle polyestert, ¢i polyamidu)
ptinaseji zlepSeni mechanickych vlastnosti



Obr. €. 3 Prvni dievény reproduktor na svété vytistény na 3D tiskarné Design: Akemake Ltd,
Material: Timberfill Light Woood Tone



Charakterizace vnitini struktury polymernich pén pomoci pocitacové tomografie

Vera Klofdéovd]’z, Tomds Sedldacek’!
'Centrum polymernich systémii, Univerzita Tomdse Bati ve ZIiné, Tr. T. Bati 5678, Zlin
760 01, Ceskd republika
’Fakulta technologicka, Univerzita Tomdse Bati ve Zliné, Vavreckova 275, Zlin 760 01,
Ceska republika

“Email: klofacova@uni.utb.cz

SOUHRN: Piedlozend studie popisuje moZnosti vyuZziti pocitacové tomografie pro
nedestruktivni charakterizaci vnitini struktury polymernich pén. Cilem povedenych
laboratornich Cinnosti byla analyza wvnitini struktury polymerni pény, charakterizace
porovitosti, piitomnost otevienych a uzavienych cel uvniti vzorku pii zachovani ptivodniho

vzorku pro moznosti dal§iho testovani.

Characterization of the internal structure of the polymeric foams using computer
tomography

Vera Klofdéovd]’z, Tomds Sedldacek’!
! Centrum of polymer system, Tomas Bata University in Zlin, Tr. T. Bati 5678, Zlin 760 01,
Czech Republic
Faculty of technology, Tomas Bata University in Zlin, Vavreckova 275, Zlin 760 01,
Czech Republic

“Email: klofacova@uni.utb.cz

ABSTRACT: The present study describes the possibility of employment of computer
tomography for nondestructive characterization of the internal structure of polymer foams.
The target of performed laboratory experiments was a description of the internal structure
polymer foams, porosity characterization, the presence of open and closed cell inside the

sample while maintaining the original sample for the possibility of further testing.



1. Uvod

Rentgenova tomografie, ozna¢ovana také jako pocitacova tomografie - pouzivana zkratka CT
(computed tomography), umoznuje analyzu vnitini struktury naptiklad plnénych systémi
nebo vice komponentnich produktii zkoumaného vzorku bez jeho nutné destrukce. CT tak
muize byt dilezitym nastrojem k charakterizaci polymernich pén. [1] Analyza spociva
v namétfeni nékolika set az nékolik malo tisic dvourozmérnych rentgenovych 2D snimki
(tvofenych pixely) vriznych definovanych polohach, znichz je poté pocitaCove
zrekonstruovan 3D model vzorku (tvofeny voxely). [2] Ziskany model vytvoii prostorovy
objekt, v némz tmavé voxely jsou oblasti s nizkou absorpci (plyn, vzduch) a naopak svétlé
voxely jsou mista s vysokou absorpci x-ray zafeni (kovy). [3] Pravé diky riizné hustoté
materidlu dokaze CT vytvofit histogram, kde jsou materialy s rozdilnou hustotou vyznaceny

jednotlivymi piky.

2. Experimentalni ¢ast

Pomoci rentgenového tomografu SkyScan 1174 byla charakterizovana vnitini struktura PLA
vzork.

Obrazek 1 - SkyScan 1174

Pro analyzu vnitini struktury byly pouzity vzorky z materialu PLA. Pény byly pfipraveny
fyzikélnim lehCenim v pribéhu vstfikovaciho procesu. Lehceni bylo dosazeno pomoci
nasyceni PLA taveniny plynnym dusikem. JelikoZ maji polymerni pény nizkou pohltivost,
doporucuje se pouzit kovovy filtr (v naSem ptipadé byl pouzit Imm hlinikovy filtr), ¢imz se
docili zretelnéjsiho obrazu. Dalsim dilezitym parametrem je expozi¢ni doba a intenzita

pouzitého rentgenového zaieni. Pro samotnou analyzu a vypocty jednotlivych hodnot vnitini



struktury je dtlezita kontrola a nasledna uprava naskenovanych snimku. Pii sniméani se mohou
objevit rizné artefakty, které¢ je nutno pred analyzou eliminovat. Mezi nezadouci artefakty
patii kruhové efekty, které mohou vzniknout z kovovych drzédku (rozdiln4 hustota materialu
drzak-vzorek), na které se analyzovany vzorek umistuje. DalSim ruSivym elementem muze
byt nizkéd ostrost snimku a v “rozmazaném® obrazu neni mozno oddélit jednotlivé pory od
okolniho prostoru vzorku. Tyto ruSivé elementy mohou byt odstranény aZz po nasnimani
celého vzorku. Pro samotnou analyzu je nutno také vytycit pfesnou oblast pro vypocet. Pro
tento tvar vzorku je nutné kazdy fez v ptidorysu piesné ohranicit, ¢imz dostaneme piesny 3D
tvar vzorku, ktery mize byt analyzovan bez nezddouciho vlivu okolniho prostfedi a mozného

zkresleni vysledki.

Obrazek 2 - Nahled vzorku polymerni peny pred skenovanim v pristroji SkyScan 1174
3. Diskuze

V nasem piipad¢ byly na zdklad¢ optimalizace zvoleny nésledujici podminky tj. 50 kV a
doba, beéhem které byl vzorek skenovan v jedné pozici, byla 8100 ms. Jednotlivd pootoceni
vzorku probihala po 0,5°. Obrazek 3. zobrazuje vnitini strukturu analyzovaného vzorku
v jednotlivych rovinach (x, y, z) z pohledu narys, piidorys a bokorys. Uvedené fezy umoznuji
nahlédnuti a pfiblizeni pozadované pozice vzorku, davaji moznost analyzovat jednotlivé pory,
jejich velikost a tvar. V tabulce 1. jsou uvedeny vypocitané hodnoty testovaného vzorku.
Vedle analyzy otevienych a uzavienych bun¢k uvnitf vzorku mizeme dostat také celkovy

objem a povrch vzorku.



Obrazek 4 - Piidorysovy nahled na rez a vnitini strukturu dolni ¢asti vzorku se zvétSenim

1,9x
Tabulka 1 - Vypocitaného hodnoty vnitini struktury polymerni pény pomoci softwaru
Objem materidlu PLA ve vzorku (mm’) 4008
Povrch tvofeni pevnou fazi vzorku (mm?) 35672
Pocet uzavienych porii 48953
Celkovy objem port ve vzorku (mm?) 6997,6
Objem uzavienych port (mm”) 19,921
Celkova porozita vzorku (%) 63,58
Oteviené pory (%) 63,4
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5. Zavér

Cilem této studie byla optimalizace podminek pfi nedestruktivni analyze polymernich pén
pomoci pocitacové tomografie. Nalezené podminky (intenzita 50kV, doba sniméni 8100ms,
pootoceni 0,5°C) garantovaly ziskani kvalitniho obrazu vnitini struktury jako je informace o

poctu otevienych a uzavienych bunék a celkové velikosti zkoumaného vzorku.

Podékovani

Tato védecka publikace vznikla v ramci projektu Technologické agentury CR (TACR)
"Centrum pokrocilych polymernich a kompozitnich materiald" (TE 01020216). Dale byla
prace podpofena Ministerstvem $kolstvi a télovychovy Ceské Republiky — Program NPU I
(LO1504).



Binarni polymerni systémy PLA/PEG pro imobilizaci bakteriocini
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SOUHRN:

Tato prace se zabyva piipravou a charakterizaci binarnich polymernich filmi na bazi
polylaktidu a polyetylenglykolu slouzicich pro imobilizaci bakteriocinu nisinu s potencialnim
vyuzitim v oblasti antibakterialniho baleni potravin ¢i ve zdravotnictvi. U pfipravenych filma
byl studovan vliv koncentrace (0-20 hm. %) a molekulové hmotnosti vybranych
polyetylenglykold (MW 400-6000 g/mol) na strukturni, mechanické a teplené vlastnosti,
stejné jako jejich degradacni chovani ve vodném prostfedi. Hodnoceni antibakteridlni aktivity

téchto biodegradabilnich systému bylo provadéno dle normy ISO 22196.

ABSTRACT:

The presented work deals with preparation and characterization of binary polymer films based
on polylactide/polyethylene glycol developed for immobilization of a bacteriocin nisin with
potential applicability in antimicrobial food packaging or medicine. The effect of
polyethylene glycol content in the system (0-20 wt. %) and its molecular weight (MW 400—
6000 g/mol) on structural, mechanical and thermal properties as well as degradation
behaviour in aqueous environment was studied. Antibacterial activity of these biodegradable

systems was evaluated according to ISO 22196.

1. Uvod

Polylaktid (PLA) je alifaticky polyester, ktery se v dnesSni dob¢ fadi mezi nejvice perspektivni
biorozlozitelné polymery. Nachéazi uplatnéni v nejraznéjSich odvétvich od obalovych
materiald s vyuzitim v domacnosti, potravinafstvi, zemedélstvi i biomedicinskych aplikacich,
a to predevS§im diky jeho biokompatibilité¢ s zivymi tkanémi a Setrnosti k Zivotnimu
prostiedi [1]. Jistd pfidand hodnota v oblasti pouzivanych materiali mtze spocivat ve
schopnosti imobilizace biologicky aktivni latky do polymerni matrice a jeji ndsledné pozvolné
¢i fizené uvolilovani do okolniho prostfedi. PLA, vzhledem ke svym vlastnostem, je vSak
Casto pro pfimou imobilizaci aktivnich latek (vétSinou hydrofilni povahy) nevhodny. Jednou

z moznosti je chemicka ¢i fyzikalni modifikace PLA pomoci vodorozpustného polymeru,



mezi které patii napiiklad polyethylenglykol (PEG) [2]. Jako zvlasté vyhodné se pak zda byt
kombinace téchto systému s bakteriociny, jakoZto pfirodnimi bioaktivnimi latkami. Jedna se o
antimikrobialni peptidy produkované bakteriemi, s riiznou urovni a spektrem Uc¢innosti. Mezi
nejznaméjsi, nejvice studovany a v potravinai'stvi nejvice pouzivany bakteriocin patii pravé
nisin. Tento antimikrobidlni peptid je produkovan bakteriemi Lactococcus lactis subsp. lactis
a krom¢ toho, ze je vyuzivan jako konzervant v potravinafstvi, nachazi uplatnéni také ve

farmacii, veterinafstvi a zdravotnictvi [3, 4].

2. Experimentalni ¢ast

2.1. Pouzity material a chemikalie

Pro ptfipravu filma byl pouzit komeréni polylaktid PLA INGEO 2002 D (Nature Works),
polyethylenglykol 400 (Merck), polyethylenglykol 1000 (Sigma-Aldrich) a polyethylen
glykol 6000 (IPL). Jako rozpoustédlo byl pouzit chloroform p.a. (IPL) a bioaktivni latkou pro
antimikrobialni modifikaci byl nisin from Lactococcus lactis 2,5 hm. %, stabilizovany NaCl
(97,5 hm. %) (Sigma Aldrich).

Zivné pudy plate count agar, nutrient agar a dal$i material pro antibakterialni testy, tj. nutrient
broth, soybean casein digest broth a tween 80 byly pofizeny od HiMedia Laboratories.
Chlorid sodny a dihydrogenfosfore¢nan draselny z IPL a s¢jovy granulovany lecitin od firmy
Mogador s.r.0.

Jako testovaci mikroorganismy byly pouzity Staphylococcus aureus CCM 4516, Listeria
monocytogenes CCM 4699 a Escherichia coli CCM 4517 ziskané z Ceské sbirky

mikroorganismu, Masarykova univerzita, Brno.

2.2. Priprava filmii

PLA/PEG filmy byly pfipraveny metodou odlévani z roztoku chloroformu. PLA s danymi
PEG o koncentraci 0-20 hm. % byly za stdlého michani pii 40 °C (460 rpm, 2-3 hod.)
rozpus$tény v chloroformu, odlity na Petriho misky a ponechany k odpafeni rozpoustédla po
dobu 24 h. Zbytkové rozpoustédlo bylo poté odstranéno za pomoci vakuové susarny.

Pro imobilizaci nisinu byl zvolen syst¢ém PLA obsahuyjici 20 hm. % PEG6000
(PLA/20%PEG6000) a byly pfipraveny PLA/PEG/NIS a PLA/NIS filmy o koncentraci nisinu
0,15 hm. %. V piipad€ systému s PEG byl pfipraven zvlast' roztoku PLA v chloroformu a

PEG v chloroformu, do kterého byl vmichan komeréni nisinovy prasek a poté tato smes



pridana k roztoku PLA. Pro tcely antibakterialniho testovani byly soucasné ptipraveny filmy

(blanky) v podobé PLA, PLA/PEG a PLA/NaCl.

2.3. Testovani mechanickych viastnosti

Mechanické vlastnosti byly hodnoceny pomoci statické zkouSky v tahu na trhacim stroji
Tensometric M350-5CT (Labor machine, s.r.o.). Z pfipravenych filma byla vyrazena
zkusebni t&lesa typu 1BA (dle CSN EN ISO 527-2 [5]) o délce 75 mm a §ifce 5 mm, ktera
byla kondicionovana po dobu 3 dni pii 23 °C a 50% RH. Poc¢ate¢ni délka vzorkl byla 40 mm,
Sitka 5 mm a tloustka 200-250 pm. Tahova zkouska byla provadéna konstantni rychlosti

jednoosé deformace 50 mm/min do pietrzeni télesa, 6x vedle sebe pro kazdy vzorek.

2.4. Degradacni zkouSka ve vodném prostiedi
VysuSené vzorky o rozmérech 2 x 2 cm byly ponofeny do 100 ml destilované vody a
ponechany tfepat pii 40 °C po dobu 7 dnt. Po této dobé byl stanoven tbytek hmotnosti a

pozorovany strukturni zmény pomoci skenovaci elektronové mikroskopie.

2.5. Skenovaci elektronova mikroskopie (SEM)
Struktura pfipravenych vzorki vlomu byla pozorovana skenovacim elektronovym

mikroskopem Phenom Pro (Phenom-World BV) za vakua pii urychlovacim napéti 5 kV.

2.6. Testovani tepelnych viastnosti

Termicka analyza PLA a PLA/PEG filmi (pfed i po rozpousténi) byla provadéna pomoci
diferen¢ni snimaci kalorimetrie (DSC) na pftistroji DSC 1 (Mettler Toledo, Inc.). Pro analyzu
bylo odvadzeno 5 — 10 mg ptedsuSené¢ho vzorku, ktery byl podroben nasledujicimu teplenému
rezimu: 1. ohfev z -35 °C na 200 °C (rychlost 10 °C/min), drzeni po dobu 1 min, chlazeni
na -35 °C (rychlosti 10 °C/min), na této teplot¢ po dobu 2 min, 2. ohiev z -35 °C na 200 °C
(rychlost 10 °C/min). Teplota tani (T,) byla urcena jako maximalni hodnota endotermy
z prvniho ohfevu. Teplota skelného prechodu (T,) byla stanovena z druhého ohfevu.

Vysledky byly vyhodnoceny pomoci softwaru STAR®.

2.7. Testovani antibakteridalnich viastnosti
PLA/PEG/NIS a PLA/NIS filmy byly testovany dle normy ISO 22196:2007 ,,Plastics —
Measurements of antibacterial activity on plastic surfaces” [6]. Na pfipravené vzorky

o rozmérech 2,5 x 2,5 cm byla nanesena bakterialni suspenze (o koncentraci cca 10’ CFU/ml),



kterd byla ptekryta sterilni kryci folii a vzorky inkubovany pii 35 °C a 90 % RH po dobu
24 hodin. Poté byl proveden oplach naneseného mnozstvi bakteridlni suspenze roztokem
SCDLP a kultivacné stanoven pocet kolonietvornych jednotek (CFU/ml) po inkubaci
pti 35 °C po dobu 48 hodin. Z vysledkti byl vypocten pocet kolonietvornych jednotek na
plochu (CFU/cm?) vzorku, hodnota antibakterialni aktivity (R) a antibakterialni u&innost

testovanych filmda.

3. Vysledky a diskuze

Ptipravené PLA/PEG filmy byly charakterizovany pomoci testovani mechanickych vlastnosti
a hodnoceni tepelnych a strukturnich vlastnosti pted i po degradacni zkouSce. Zaroven byl

zkouman vliv molekuldrni hmotnosti (MW) a koncentrace PEG na jiz zminéné vlastnosti.

Vliv modifikaci PEG na mechanické vlastnosti je znazornén na Obr. 1, prostfednictvim
zavislosti Youngova modulu pruznosti a pevnosti vtahu na koncentraci PEG. U obou
méfenych veli¢in doSlo nezavisle na MW pouzittho PEG pifidavkem 5 hm. % ke
zna¢nému narlstu pevnosti v tahu 1 Youngova modulu, nicméné s rostouci koncentraci PEG
poté dochazelo k jejich snizovéani. V ptipad¢ vzorkd s 20 hm. % PEG doslo ke sniZeni na
mechanické vlastnosti ptfipravenych filma pii porovnani MW pouzitych PEGU byly naméieny
u PEG6000 a naopak nejvyssi u PEG400. Lze tedy konstatovat, Ze s rostouci MW PEG

dochazelo ke sniZeni pevnosti v tahu 1 Youngova modulu.
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Obr. 1. Zavislost pevnosti v tahu (A) a Youngova modulu pruznosti (B) na koncentraci PEG.



Degradaéni zkouska filmd ve vodném prostiedi probihala pti 40 °C. Ubytek hmotnosti filmi
po 7 dnech v daném prostfedi je zndzornén na Obr. 2. Nejvétsi ubytky byly zaznamenany
u vzorkih modifikovanych pomoci PEG400, kdy konkrétné u systému PLA/20%PEG400
doslo k uvolnéni cca 17 % hmotnosti pfipraveného filmu. Obecné lze fici, ze s rostouci MW

dochézelo k niz§im hmotnostnim Ubytkiim piipravenych filma.
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Obr. 2. Ubytek hmotnosti PLA/PEG filmii po 7 dnech skladovani ve vodé pri 40 °C.

Strukturu PLA/PEG filma bylo mozno dobie hodnotit pravé u filmi po degradaéni zkousce,
kdy doslo k vyplaveni PEG z PLA matrice. Na Obr. 3 je porovnani Cist¢tho PLA se vzorkem
modifikovanym 20 hm. % PEG6000, u kterého je patrnd porovitd struktura, kterd vznikla

v disledku nekompatibility obou polymernich matric.
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Obr. 3. SEM analyza PLA (4) a PLA/20%PEG6000 (B) v lomu po degradacni zkousce.



Termickou analyzou vzorkd provadénou pomoci DSC byl hodnocen vliv koncentrace PEG
na teplotu skelného pfechodu (T,) a teplotu tani (T,) PLA/PEG film. Hodnoty T, a Ty
¢istych komponent jsou uvedeny v Tabulce 1, hodnoty Ty, smé&si PLA/PEG v Tabulce 2.

V ptipadé filmid modifikovanych PEG1000 a PEG6000 jsou zvlasté u vysSich koncentraci
PEG patrmé dvé teploty tani odpovidajici tomuto polymeru (T.;), zatimco u vzorkl
modifikovanych PEG400 byla na DSC kiivce pozorovana pouze endoterma tani PLA, Tyyp.
Bylo zjisténo, Ze s rostouci koncentraci PEG dochdazi ke snizovani T, danych smé&si (pii témet

nezménéné entalpii tani), coz ukazuje na ovlivnéni kvality krystalickych struktur PLA.

Tabulka 1. Teploty skleného prechodu a tani cistych komponent.

Material T, [°C] Twm [°C]
PEG400 - 6,1
PEG1000 : 40,2
PEG6000 . 62,6
PLA 58,9 151,5

Tabulka 2. Teploty tani a entalpie pripravenych PLA/PEG filmii.

Vzorek Tt [°C] AH [J.g™] Tm2 [°C] AH [J.g™]
PLA (0%PEG) - - 151,5 24,6
5%PEG400 - - 151,1 252
9%PEG400 - - 149,2 24,9
13%PEG400 - - 148,3 24,6
17%PEG400 - - 147.4 23,7
20%PEG400 - - 145,9 -18,7
5%PEG1000 - - 152,5 31,7
9%PEG1000 47,5 -1,2 151,1 242
13%PEG1000 36,5 -5,8 150,4 24,1
17%PEG1000 35,9 -8,1 150,2 23,9
20%PEG1000 32,4 -13.7 146,4 -16,7
5%PEG6000 - - 152,7 29,4
9%PEG6000 448 3,4 152,0 26,8
13%PEG6000 42,0 4,7 151,2 24,9
17%PEG6000 51,4 -10,5 152,8 23,9
20%PEG6000 42,9 12,4 146,4 -18,0

Hodnoty T, pfipravenych filmi a filmt po 7 dnech rozpousténi pii 40 °C ve vodném prostiedi
v zavislosti na koncentraci PEG jsou zobrazeny na Obr. 4. Bylo zji§téno, Ze s rostouci
koncentraci PEG dochazi u PLA/PEG filma ke snizeni teploty skelného prechodu. Celkovy
pokles T, u vSech typli PEG je primérné 75 % s ohledem na nejvySsi koncentraci PEG v

porovnani s ¢istym PLA. Vysledky u vzorkd po rozpousténi, kdy se T, posouvaji k vySSim



hodnotam charakteristickym pro PLA, dokazuji uvolnovani PEG ze systému a shoduji se tak

s vysledky stanoveni ibytku hmotnosti po rozpousténi.
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Obr. 4. Zavislost Ty na koncentraci PEG v PLA/PEG filmech pred (A) a po rozpousteni (B).
Hodnota Tg cistého PLA je 58,9 °C.

Vysledky testovani antibakteridlni aktivity pfipravenych vzorki dle normy ISO 22196:2007
jsou uvedeny v tabulkach 3, 4, 5 a 6. Bylo ovéteno, ze pfitomnost NaCl ani samotného PEG

ve vzorcich PLA antibakterialni aktivitu neovliviyji (viz Tabulka 3).

Tabulka 3. Vliv PEG a NaCl na antibakterialni aktivitu (R) vzorkii proti S. aureus.

Vzorek CFU/cm? R ucinnost [%]
PLA 3,5E+04 - -
PLA + NaCl 5,4E+05 <0 0
PLA + 20%PEG6000 5,9E+04 <0 0

Ze ziskanych vysledku 1ze konstatovat vynikajici antibakterialni vlastnosti ptipravenych filmu
proti ob&ma testovanym grampozitivnim bakteriim (Tabulka 4 a 5). Uginnost proti

gramnegativni E. coli (Tabulka 6) prokdzana nebyla, coz je v souladu s literaturou [7].

Tabulka 4. Vysledky antibakterialniho testovani proti S. aureus.

Vzorek CFU/em? R ucinnost [%]
PLA 2,2E+03 - -
PLA + 0,15 % NIS 2,8E+00 2.9 87.9

PLA + 20%PEG6000 + 0,15 %NIS 0 3,3 100




Tabulka 5. Vysledky antibakterialniho testovani proti L. monocytogenes.

Vzorek CFU/cm’ R ucinnost [%]
PLA 2,7E+01 - -
PLA + 0,15 % NIS 0 1,4 100
PLA +20%PEG6000 + 0,15 %NIS 5,0E-01 <14 <100

Tabulka 6. Vysledky antibakterialniho testovani proti E. coli.

Vzorek CFU/cm’ R ucinnost [%]
PLA 7,0E+04 - -
PLA + 0,15 % NIS 3,6E+05 <0 0
PLA + 20%PEG6000 + 0,15 %NIS 1,8E+04 0,6 12,5

4. Zavér

Prace se zabyvala ptipravou a charakterizaci binarnich polymernich smési PLA/PEG a
naslednou imobilizaci bakteriocinu nisinu do tohoto systému. U piipravenych filmi byl
studovan vliv koncentrace (0-20 hm. %) a molekulové hmotnosti PEG (MW
400-6000 g/mol) na strukturni, mechanické a teplené vlastnosti, stejné jako jejich degradacni
chovani ve vodném prosttedi. V neposledni fad¢ byla hodnocena také antibakterialni aktivita
filma.

Bylo zjisténo, Ze s rostouci MW a koncentraci PEG dochézelo ke sniZeni pevnosti v tahu,
Youngova modulu, teploty skelného prechodu i teploty tani. S rostouci koncentraci PEG
dochazelo ke zvySeni ubytku hmotnosti pfi rozpousténi ve vodném prostiedi a u vzorkt
modifikovanych 20 hm. % PEG byla po degradacni zkouSce dobie pozorovatelnd pdrovita
struktura, Zadouci pro imobilizaci biologicky aktivnich latek.

Pro imobilizaci nisinu byl pouzit systém s 20 % PEG 6000. Ptipravené filmy s koncentraci
nisinu 0,15 hm. % vykazovaly antibakteridlni vlastnosti proti obéma testovanym

grampozitivnim bakteriim. U¢innost proti gramnegativni E. coli prokazana nebyla.
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Abstrakt

V ramci tohoto piispévku je predstaven jednoduchy ptistup tpravy povrchové topografie
polystyrenovych substratii metodou fazové separace. Pro vyvolani zmén povrchového
zvrasnéni byla pouzita smés tetrahydrofuranu s 2- ethoxyethanolem a spincoater. Upravované
povrchy byly charakterizovany pomoci skenovaci elektronové mikroskopie a goniometrie. Ze
ziskanych vysledka vyplynulo, Ze vhodnym nastavenim poméru dobrého a Spatného
rozpoustédla a jeho teploty lze cilené nejen ovliviiovat povrchové zvrasnéni materiald, ale

rovnéz jeho vysledné smaceci charakteristiky.

Abstract

In this paper is presented a simple approach of polystyrene surface topography modification
by phase separation. To induce changes in surface wrinkling with a mixture of
tetrahydrofuran with 2- ethoxyethanol and spincoater. The modified surfaces were
characterized using scanning electron microscopy and goniometry. The results obtained
showed that by appropriately adjusting the ratio of good and bad solvent and its temperature
can be targeted not the change of materials surface wrinkling, but also the resulting wetting

characteristics.



Uvod

Vyvoj novych typt povrchovych upravy vyznacujicich se jednoduchosti a robustnosti je
pfedmétem neustalého z4jmu s ohledem na jejich vyuziti v celé fad¢ primyslovych odvétvi.
Cilen¢ mikro a nano texturované povrchy na bazi syntetickych polymert jsou napiiklad
vyuzivany v oblastech mikroelektroniky [1] nebo bioinzenyrstvi [2, 3]. Takovéto povrchy
mohou slouzit k zachytavani bunck [4], jako mista pro syntézu biosenzort [5], nebo pro
zvySovani adheze a zachytavani elektrickych kontaktt [6, 7], atd.

Jednim z celé fady postupt jak pfipravovat takto strukturované povrchy je technika ink-jet
leptani. Princip této techniky spocivé v nanaseni kapicky rozpoustédla na povrch substratu
skrz trysku. V tomto ptipad¢ dochazi k rozpusténi polymeru do rozpoustédla. Poté je kapka
rozpoustédla odpafena a na jejim misté vznikd prohluben, jejiz tvar je ovlivnén mnoha faktory
napiiklad povrchovym napétim [8].

Dalsi mozZnosti pfipravy takto strukturovanych povrchi je pouZzit smési rozpoustédel, z nichz
jedno je pro dany polymer dobrym a druhé $patnym rozpoustédlem [9]. V ramci tohoto
piispévku je feSena prave tato problematika na modelovém systému (polystyrenu -

PS) s ohledem na pomé&r dobrého a Spatného rozpoustédla a jejich teploty.

Experimentalni ¢ast

Veskeré pouzité chemické latky byly zakoupeny od spole€nosti Sigma Aldrich v p.a. €istoté.
Pouzité polystyrenové (PS) Petriho misky byly zakoupeny od spole¢nosti Gosselin, Francie.
Pro upravu povrchové topografie byla pouzivana smés tetrahydrofuranu s 2-
ethoxyethanolem. Pted upravou byl povrch PS Cistén pomoci ethanolu a ultracisté vody. Poté
nasledovalo suSeni v su§arné€ bez nucené cirkulace vzduchu pii 50°C po dobu 20 min.

Takto ocisténé misky byly pomoci spincoateru vystavovany u€inklim modifikacniho ¢inidla.
Cinidlo bylo do stfedu PS misek ddvkovano pomoci mikropipety. Po naneseni posledniho
podilu modifika¢niho roztoku rotovala PS miska dalSich 120 sekund, tak aby doslo k odpateni
vSech zbytkt modifika¢niho ¢inidla. Princip Gpravy povrchu, vzniku povrchového zvrasnéni,

je znazornén na Obrazku 1.
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Obrazek 1 - Princip upravy povrchu PS metodou fazové separace na spincoateru.




Upravené PS povrchy byly charakterizovany pomoci skenovaci elektronové miskroskopie
(SEM - Phenom Pro) za snizeného vakua v rezimu pro nevodivé vzorky, pii urychlovacim
nap¢ti do 10 kV.

Dale byl u takto pfipravenych povrchi méfen kontaktni thel smaceni vody pomoci
laboratorniho goniometru metodou sedici kapky. Na méfeny povrch byla nanaSena kapka
ultracisté vody o objemu 3ul vody pomoci mikropipety pii laboratorni teploté za konstantni

vlhkosti. Méfeni byla opakovana minimalné 5x.

Vysledky a diskuze

Modelovym systémem pro demonstraci moznosti vyuZziti metody fazové separace jako
nastroje cilené upravy povrchové topografie a smacecich charakteristik polymert byl PS. Na
Obréazku 2A) je vyobrazen povrch neupravované PS desticky. Tento povrch nevykazuje zadné
vyraznéjsi povrchové zvrasnéni a jeho kontaktni tthel sméceni byl (78+2)°. Stejného

vysledeku jako na Obrazku 2B) bychom doséhli, kdybychom povrch PS vystavili

kratkodobym (20 s) ucinkii dobrého rozpoustédla (tetrahydrofuranu). Zcela odlis$na situace

Obrazek 2 — Povrch A) vychoziho PS, B) PS vystaveného ucinkiim dobrého rozpoustédia,
C) PS vystaveného ucinkim smési dobrého a Spatného rozpoustédla. Obrazky porizeny

pomoci SEM za srovnatelnych podminek. Velikost zobrazené plochy je 134 x 134 um.

V ramci tohoto ptispévku budou diskutovany dvé proménné majici podobny efekt na zménu
povrchové topografie PS. Prvni proménou je pomér dobrého a Spatného rozpoustédla
pouzitého k vyvolani povrchového zvrasnéni. Na Obrazku 3 mizeme pozorovat, jak tento
faktor ovliviiuje kone¢nou topografii povrchu upravovaného pii konstantni teplote 25°C.

V piipad¢ minimalniho podilu dobrého rozpoustédla (1hm. dil tetrahydrofuranu ku 9hm.



dilim 2-ethoxyethanolu), viz. Obrazek 3A, miizeme pozorovat pouze mirné homogenni

povrchové zvrasnéni PS.
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Obrazek 3 — Zmeéna povrchu upravované PS misky v zavislosti na poméru dobrého a sSpatného
rozpoustédla tetrahydrofuran:2-ethoxyethanol: A) 1:9; B) 1,25:8,78, C) 1,5:8,5; D)1,75:8,25
hmotnostnich dilii. Velikost obrazkii porizenych pomoci SEM je 134x134 um. Vzorky

upravovani za konstantni teploty 25 °C.

Postupnym zvySovéanim podilu dobrého rozpoustédla na ukor Spatného dochazi k prechodu z
rovnomérného vzoru k nerovnomérnému s vyrazné vét§imi prohlubnémi, viz. Obrazek 3A az

D. Vznik tohoto zvrasnéni je taktéz fizen celou fadou fyzikalnich jevl spojenych s difuzi



dobrého rozpoustédla do polymerni matrice, separaci Spatného rozpoustédla v povrchové
vrstvé polymert, organizovanymi toky kapaliny generovanymi rychlymi zménami povrchové
teploty v dasledkt intenzivniho odpatovani t€kavych slozek rozpoustédel, rozdilnymi
rychlostmi odpafovani pouzitych rozpoustédel, zménami povrchovych napéti, atd. [10-12]
Zjednodusen¢ mizeme toto zvétSovani dér na povrchu popsat tak, ze relativné maly podil
dobrého (vysoce t€kavého) rozpoustédla (tetrhydrofuranu) miize v daném Case proniknout
pouze do minimalni hloubky polymerni matrice a s tim souvisi, Ze nemlizeme pozorovat diry
velkého priméru. Tento typ dér, viz. Obrazek 3D, mlze byt generovan pouze v dostate¢né
vysoké vrstvé nabotnalé povrchové vrstvy PS, kde dale vyvolany organizovany tok
zpusobeny vertikalnim teplotnim gradientem v pritbé¢hu rychlého odpatovani rozpoustédla
zpisobi rozSifovani hranic mezi jednotlivymi prohlubnémi. Spolu se zménou povrchové
topografie uzce souvisi zmény kontaktnich thli smaceni [13], viz. Obrazek 3A az D. Z téchto
srovnani lze konstatovat, ze volbou optimalniho poméru modifikujiciho rozpoustédla lze

sniZzovat povrchovou energii, aniz bychom museli zasahovat do slozeni materialu.

Dalsim ze studovanych parametrti byla teplota modifika¢niho ¢inidla. Byl zvolen konstantni
pomér smési dobrého a Spatného rozpoustédla, konkrétné 2 hmotnostni dily tetrahydrofuranu
ku 8 hmotnostnim dilim 2-ethoxyethanolu. Pouzitd modifikacni ¢inidla a upravované vzorky
PS byly vzdy 10 minut pfedem temperovany na pozadovanou teplotu pied vlastnim pouzitim.
Vysledky z tohoto experimentu jsou uvedeny na Obrazku 4, kde mizeme pozorovat, jak

s rostouci teplotou aplikace dochézi k zvétSovani velikosti porti a tvorbé agregati na povrchu
PS substratt. Tuto skute¢nost Ize zjednodusen¢ vysvétlit podobné, jak bylo naznaceno vyse.
Vyssi teplota systému umoziuje snadnéjsi pronikani dobrého rozpoustédla do upravovaného
materidlu a diky tomu miiZeme pozorovat tvorbu vétSich pori, viz. porovnani Obrazku 4A az
D. Z porovnani Obrazku 3 a 4 1ze konstatovat, ze zména teploty ma systematicky podobny
vliv na zménu povrchového reliéfu jako zména poméru dobrého a Spatného rozpoustéla.
Stejné jako v predeslém experimentu dochéazi ke zvySovani hodnoty kontaktniho thlu smaceni
vodou, jehoz minimélni hodnoty 1ze dosdhnout pouze pii urcité teploté za jinak neménnych

podminek, viz Obrazek 4A az D.
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Obrazek 4 — VIiv vychozi teploty modifikacniho cinidla na zmeénu povrchoveho reliéfu PS pro
A) 4°C; B) 15°C; C) 22,5°C; D) 30°C. Velikost obrazkui porizenych pomoci SEM je
134x134um. Pomér dobrého a spatného rozpoustédla byl 2 hmotnostni dily tetrahydrofuranu

ku 8 hmotnostnim dilum 2-ethoxyethanolu.

Zavér

Vysledky této studie ukazuji, jak 1ze jednoduchou variaci vstupnich faktort (pomér dobrého
a Spatného rozpoustédla, teploty) ovliviiovat povrchovou topografii materidli na bazi
polystyrenu. Je zde demonstrovano, ze metoda fazové separace miZe byt vyuzita jako
jednoduchy ndastroj upravy nejen povrchové drsnosti, ale rovnéz smacecich charakteristik

materiall na bazi syntetickych polymeri (napt. polystyrenu).
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Abstract

The understanding of the fatigue behavior of rubber in the dependence on the complex stress
loading conditions, which is the reason for crack initiations and its propagation, is a subject of
high scientific and application oriented interest to understand and improve durability and life
service of rubber products. In the present work, the pure rubbers; natural rubber (NR) and
butadiene rubber (BR) as well as binary rubber blend NR/BR at the blend ratio 50/50 filled
with varied content 10, 30 and 50 phr of carbon black (CB) with commonly encountered
rubber additives were subjected to fatigue loading conditions under sinusoidal waveform up
to 1.000.000 of loading cycles. The focus was to observe the fatigue behavior of each of the
rubber component as well as the rubber blend. This paper describes the fatigue behavior of
different rubber materials for describing the influence of strain crystallization as well as of
filler content on stress evaluation during increasing number of fatigue cycles.

KEYWORDS: Rubber, Fatigue, Natural rubber, Butadiene rubber

Introduction

Although elastomeric materials exhibit very high strains for relatively small stresses, making
them appropriate for many automotive applications, they still have behavior in common with
other materials. In particular they a limiting strength and tend to fatigue. Mechanical fatigue
of rubber materials is manifested in a progressive reduction of the physical properties as a
result of crack propagation during continuous dynamic excitation. Predictions of the fatigue
properties of rubber materials and components are currently partly of an empiric nature. There
are levels of stress or strain below which rubbers will not suffer fatigue damage. The fatigue
is caused due to crack initiation and its propagation to total failure of piece. The relationship
of crack nucleation/initiation and fatigue crack growth (FCG) was demonstrated in e.g. [1,2]
in the dependence of rubber type and thereby of chemical specification of uncured rubber
components regarding to the experimental fatigue analysis of NR and SBR. It has been
shown, that in strain crystallizing rubber such as NR the FCG is delayed somehow by strain-
induced crystallization. On the other hand, non-strain crystallizing rubber like SBR will
follow time-dependent FCG behavior. With the next increase of loading amplitude i.e.
increase in tearing energy, the FCG characteristics of both elastomers analyses show also a
difference of FCG increase as well. It was observed from the measurement, that the initiation
of cracks in SBR starts at higher tearing energy than in NR. Whereas the FCG following the



crack initiation shows a counter phenomenon of more rapidly propagation of crack in SBR in
comparison to the rubber specimen based on NR. The results show the hypothetic relationship
of crack initiation and propagation of rubber products based on nature or synthetic rubber.

The fatigue material data fundamentally are the base for derivation of a numerical material
model describing the fatigue behavior of rubber blend and thus are the base data which
contribute to evaluation of predicative fatigue models. Producing durable rubber automotive
components, despite the increasing use of Finite Element Analysis (FEA), remains a
challenge. The question of determining a sole criterion for predicting rubber fatigue is
unresolved. Arguments have been made that fatigue resistance is dependent mainly on stress,
strain and also dynamic strain energy density [3-5].

Thus the aim of this work was to describe the fatigue behavior of pure rubbers natural rubber
(NR) and butadiene rubber (BR) as well as binary rubber blend NR/BR at the blend ratio
50/50 filled with varied content 10, 30 and 50 phr of carbon black (CB) with commonly
encountered rubber additives with respect to fatigue loading conditions under sinusoidal
waveform up to 1.000.000 of loading cycles and observe the fatigue behavior of each of the
rubber component as well as the rubber blend. This paper investigates the fatigue behavior of
these rubber materials for describing the influence of strain crystallization as well as of filler
content on stress evaluation during increasing number of fatigue cycles to contribute for the
clarification of future crack growth and prediction of rubber failure at fatigue loading.

Experimental

In this study Natural Rubber (NR), Standard Malaysian SMR 20CV and Butadiene-Rubbers
(BR), Buna CB 24 (Co. Lanxess), were filled with carbon black of the type N339. Curing was
done by a typical sulfur-accelerator-system. The compound formulations are shown in Table
1. The rubber compounds were mixed in two stages. The first stage was done using an
internal mixer SYD-2L (Co. Everplast); for the second stage a two-roll mill was used.
Rheometric properties were determined by Moving Die Rheometer MDR 3000 Basic (Co.
Montech) according to ASTM 6204 at 160°C for 0.3 hr. and 0.50 arcs with 100 CPM
frequency. Vulcanization of specimens was performed in a heat press LaBEcon 300 (Co.
Fontune Presses) at 160°C and 10 MPa according to the rheometric properties. The standard
test specimens (ASTM D4712 Type C, dumbbell specimen) have been cutted out from the
vulcanized plates.



Table 1: Compound Formulations used for the analysis

NR 50 BR50 | NR/BR10 | NR/BR30 | NR/BR 50
Ingredients [phr] [phr] [phr] [phr] [phr]
NR 50
BR 50
Carbon black N339 50 50 10 30 50
Zinc Oxide 3
Stearic Acid
6PPD 1,5
CBS 2,5
Sulphur 1,7

Experimental analysis is based on using an electrically driven Tear and Fatigue Analyzer
(TFA) from Co. Coesfeld GmbH. The testing equipment consists of 3 individually powered
electrical dynamic drives and each of which is driving 3 test specimens simultaneously. In
total the system contains up to 9 measuring stations. Each station contains an individual load
cell and an additional electromechanical motor. This motor controls the stress-level
throughout the dynamic strain controlled measurement. Further the system is able to perform
classical fatigue test, e.g. with standard dumbbell test specimens by analysis of 9 specimens
simultaneously. The details of the testing equipment are given in the Fig. 1.

COESFELD

MATERIAL TEST

Figure 1: Visualization of the testing chamber of TFA: A - specimens; B — 3 traverses; C - 3
shafts of separate dynamic engines,; D - 9 separate pre-stress controlling units; E — isolated

chamber; F - CCD monochrome camera



The applied testing conditions are listed in Table 2.

Table 2. Applied testing conditions

Strain Pre-force Loading Frequency
[%] [N] function [Hz]
30 0 Sinusoidal 10

Three test specimens have been analyzed for each compound and the average values are
plotted as results.

Results and discussion

In Fig. 2, the evolutions of the maximal stresses under fatigue loading cycles for pure NR 50,
which undergo the strain crystallization and pure BR 50, which is non-strain crystalizing
material as well as binary blend NR/BR 50 have been plotted. Generally it is visible that the
BR 50 exhibits higher stress in comparison with NR 50 at the identical loading conditions.
We found that the maximal stress of the strain crystalizing natural rubber is more or less
constant or has a very slightly increasing tendency, whereas the non-strain crystalizing
butadiene rubber exhibit an significant increase in stress values over the complete fatigue
loading cycles. Thus the natural rubber behaves steady during the fatigue loading, whereas the
matrix of butadiene rubber enhances the mechanics behavior. Finally the binary blend NR/BR
50 shows the middle stress values between the values for NR 50 and BR 50, whereas the
material behaves more steadily with low increasing tendency. Because of the material based
on BR exhibit an increasing stress tendency in dependence on fatigue loading cycles it is
expected that the initiation of the failure will be delayed because of the increased toughness of
the matrix.

The Fig. 3 shows the evolutions of the stored energy density for pure NR 50, which undergo
the strain crystallization and pure BR 50, which is non-strain crystalizing material as well as
binary blend NR/BR 50. The data evaluation for each of analyzed material corresponds
qualitatively with the tendencies of stress values.
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Figure 2: Stress evaluation in accordance to no. of fatigue loading cycles based on pure
rubber NR, BR and binary blend NR/BR with 50 phr of carbon black.
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Figure 3: Evaluation of stored energy density in accordance to no. of fatigue loading cycles
based on pure rubber NR, BR and binary blend NR/BR with 50 phr of carbon black.

In Fig. 4, the evolutions of the maximal stresses under fatigue loading cycles for binary blends
NR/BR in dependence on content of carbon black have been visualized. Generally it is visible
that the increased content of carbon black has a stiffening effect of rubber matrix, which is a
well-known phenomenon. In the other hand it is visible that the stress evolves more or less
very steady for all of compounds. Thus it could be concluded that the content of carbon black
do not significantly influence to the fatigue behavior in the fact of stress evolution. The Fig. 5
shows the evolutions of the stored energy density for binary blends NR/BR in dependence on



content of carbon black. The data evaluations for each of analyzed material correspond
qualitatively with the tendencies of stress values.
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Figure 4: Stress evaluation in accordance to no. of fatigue loading cycles based on binary
blend NR/BR with varied content of carbon black.
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Figure 5: Evaluation of stored energy density in accordance to no. of fatigue loading cycles
based on binary blend NR/BR with varied content of carbon black.



Conclusion

The experimental results of this work show that the dynamic fatigue properties of filled
rubber under equal conditions of temperature and frequency (etc) depend on the rubber type
as well as content of filler. We demonstrated that the butadiene rubber, which is non-strain
crystalizing material exhibits higher stress in comparison with natural rubber, which is strain
crystalizing material. Moreover we found that the maximal stress of the strain crystalizing
natural rubber is more or less steady, whereas the non-strain crystalizing butadiene rubber
exhibit a significant increase in stress values over the complete fatigue loading cycles. This
was assumed to be reason for the delayed initiation of the failure of the butadiene rubber at
fatigue loading conditions. The results of NR/BR 50 have shown the middle stress values
between the values of NR 50 and BR 50. Finally from the observation of influence of carbon
black content it is visible that the stress evolves more or less very steady for all of
compounds. Thus it was concluded that the content of carbon black do not significantly
influence to the fatigue behavior in the fact of stress evolution.
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1. Introduction

Vibrational spectroscopy is an analytical method that is used abundantly in polymer research
as well as the polymer processing industry. Its principle, large spectral databases and ease of
use of infrared (IR) and Raman spectrometers enable a quick description or identification of
various samples. On the other hand, the identification of spectral bands can be in some cases
difficult especially in the fingerprint region where lot of functional groups have their
vibrational transitions corresponding not only to stretching but mostly to various deformation
modes.

In the last few years, calculation support of experimental measurements mostly through
Hartree-Fock and density functional theory (DFT) has become a part of common researchers
work, which is proved by abundant publications, e.g. 184 879 results of articles at Web of
Science with keyword DFT. Calculations serve as a useful tool for description of vibrational
modes and they can help with an interpretation of IR and Raman spectra of various
compounds, e. g. [1, 2]. However, it is not a fundamental task to obtain results with good
agreement with experimental data because quantum chemical models are inherently
approximations that originally arise from Schrodinger equation, which describes the real
particle behaviour but, on the contrary, cannot be solved for more than one electron system
[3]. B3LYP functional from DFT is popular for various calculations as it combines quite low
demands for computer hardware and provides good match with an experiment, even though a
scaling of calculated data is necessary in some cases including vibrational frequency
calculation [4, 5, 6]. Further, theories which provide a good -calculation-experiment
agreement, such as DFT, are limited in a number of atoms which are able to treat [7].
Therefore, large experimental systems containing hundreds of atoms are possible to model
only on the fragments of their molecules, i.e. calculation of properties is performed with
isolated molecules (e. g. crystal lattice arrangement is usually not considered), often in vacuo
etc. These are crucial reasons which lead to differences between the theory and an
experiment, which should be always expected, predominantly with an experimental data
comparison of polymer materials, whose properties can be calculated only on the basis of

oligomer-size molecules. Moreover, in case of oligomers it is always convenient to consider



their minimal length which gives a good agreement with an experiment because an increasing
number of atoms substantially prolongs the computational time.

The aim of this contribution is to provide an insight into computational modelling of
vibrational frequencies of poly[methyl(phenyl)]silane (PMPSi) and determine the minimum
length of analogous oligomers in order to obtain fine theoretical vibrational spectra, both IR
and Raman, comparable with experimental ones. PMPSi was chosen as a model polymer
because it contains both aryl and alkyl functional groups, which are clearly defined in
vibrational spectra and are thus proper for the purpose of this research. PMPSi backbone is
composed from silicon (Si) atoms, which gives to this polymer unique and often studied
electron properties based on c-conjugation [8, 9, 10], however its vibrational spectra are only

of marginal attention [11].

2. Experimental and computational part

2.1. Materials
PMPSi (with My=27 600 g/mol and M,=8 500 g/mol) was purchased from Flourochem Ltd.,

UK. Material was used in the form of sliced pellets.

2.2 Experimental methods

The IR spectrum was collected with Nicolet 6700 FTIR spectrometer in the ATR mode with
the diamond crystal in a range of 4000—400 cm™. A number of scans was set to 64 and
resolution to 4 cm’.

The Raman spectrum was recorded with Nicolet DXR Raman microscope in a Raman shift
range corresponding to 3500-50 cm™. The laser with 780 nm wavelength was used for

excitation. Spectral resolution was set to 4 cm™.

2.3 Computational methods

Calculations were performed using Gaussian 09 software [12]. Optimal geometry and
vibrational frequencies of oligo[methyl(phenyl)]silane (OMPSi,, n = 1-10 and 20) were
calculated by DFT with B3LYP functional and 6-31G* basis set. The optimization was done
for isolated oligomers containing 1 to 10 repeating units (i.e. from monomer to decamer) and
moreover for an icosamer (20 repeating units). The ends of oligomer chains were capped with

methyl groups and calculation was set in vacuo with no constrained geometry parameters.



All geometries were confirmed as global minima because no imaginary vibrational

frequencies were identified.

3. Results and discussion

3.1 Interpretation of spectra

Raman and IR spectra of OMPSi, (calculated — black and red) and PMPSi (experimental —
blue) are depicted in Fig. 1 and Fig. 2, respectively. Calculated vibrational frequencies and
intensities were used for a creation of spectral plots using Lorenzian convolution with full
width at half maximum equal 5 cm™. Since B3LYP frequencies are overestimated, they were
scaled with
a scaling factor 0.96, according to ref. [13]. In case of Raman spectra, the scaling was done
only in region 3500-1175 cm™ and the rest was left as a raw frequency calculation result
because it fits well to experimental bands. The scaling has assured a better agreement between
the theory and the experiment and easier identification of bands, which is necessary for a
correct interpretation of vibrational modes. Animation of calculated vibrational motions and

ref. [14] were used for a description of vibrational modes.
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Fig. 2. Calculated IR spectra of OMPSi, and comparison with experimental spectrum of

PMPSi (blue).

Spectra are displayed in a range 1700-400 cm™ that corresponds to the fingerprint region and
contain all important vibrational transitions. Beyond 1700 cm™, only bands at 3100-2850 cm™
!, of course, belonging to aromatic and aliphatic C-H stretching, were located, however they
are of low interpretational strength and therefore they were omitted in spectral plots.

Generally, in-plane bending modes of C-H located at phenyl rings dominate in Raman
experimental spectrum. These vibrations can be found in a region 1200-1000 cm™ and they
are composed of five clearly distinguished bands, which are used for identification of the
aromatic ring substitution. The band at 1000 cm™ confirms mono-substituted aromatic rings
in the PMPSi structure. Another intensive Raman scattering is represented by bands below
1600 cm™, which belong to aromatic C-C in phenyl ring vibrations. On the other hand, IR
experimental spectrum evinces the highest intensities in the region of out-of-plane C-H
bending vibrations at 750-700 cm™. These modes serve for aromatic ring substitution
characterisation and they are in accordance with mono-substitution in PMPSi similarly as in-
plane bending in the Raman spectrum. Further, other types of vibrations are observed in this

area. Methyl rocking vibration is found at 780 cm™ and Si-CH3 stretching and symmetric



deformation modes are located at 700-600 cm™. The last significant IR absorption is at 460
cm’ and is interpreted as Si-Si bending.

The main distinction between PMPSi and OMPSi, is the region 1450-1400 cm™ and
850-800 cm™ in Raman and IR spectra, respectively, which covers methyl asymmetric
deformation vibrations. In PMPSi spectra, these vibrations are probably of the lower intensity
in comparison with aromatic modes and therefore they are not clearly observed in

experimental Raman and IR records.

3.2 Evaluation of oligomer length

B3LYP spectra are depicted from OMPSi; to OMPSi;y and moreover OMPSiy is added to
show if any difference can be considered as significant between 10-mer and 20-mer.
Calculated bands in Raman spectra seem to be clearly distinguished from OMPSis, where all
important bands have sufficient intensity for their interpretation and comparison with
experimental Raman. OMPSig has all attributes, which have spectra of higher oligomers and
the difference is only in the intensity of particular bands and almost no improvement of
spectral resolution is seen between OMPSi;y and OMPSiy.

Similarly, calculated IR spectra differ the most obviously between OMPSil and OMPSis.
This is caused by the fact that OMPSIil is modelled as three methyl groups on one Si atom
with one phenyl ring. Therefore, C-H vibrations are expectedly of higher intensity. It can be
further said that OMPSig is in fact the same as OMPSi;o and OMPSi, because all main bands
are defined and intensity increase is not so important for vibrational modes interpretation.
B3LYP functional is thus reliable in prediction of vibrational spectra of OMPSi, which can be
interpreted and compared with experimental data obtained for PMPSi. From the above
discussed fact, it is clear that calculation on oligomers higher than decamer is pointless. If the
main reason of the computational research is to compare vibrational spectra mainly according

to wavenumber (frequency) position of bands, it is sufficient to use an octamer molecule.

4. Conclusion

Vibrational spectra of PMPSi and calculated OMPSi, analogues were investigated by DFT. In
accord with B3LYP spectra of 11 OMPSi,, it was found that 8—10-mer molecules are
sufficient for an investigation of Raman and IR frequencies when DFT/B3LYP with 6-31G*
level of theory is used and at the same time they are viable for comparison with experimental

measurements. Bands in spectra of these OMPSi, are shaped very similarly as in PMPSi and



therefore can be correctly correlated and there is no need to perform calculation with higher

OMPS;, that would produce longer computational time and no interpretational value added.
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Abstrakt

Tato prace popisuje pfipravu senzoru pro detekci organickych par na bazi matrice styren-
isopren-styren kopolymeru a uhlikovych nanotrubic jako elektricky vodivého plniva. Aktivni
snimaci vrstva je vytvoifena metodou méceni ptipravenych elektrod do polymerniho roztoku
s dispergovanym plnivem. Timto zpisobem je pfipravena homogenni vrstva, kterd zménou
své elektrické vodivosti citlivé reaguje na pfitomnost par organickych rozpoustédel. Tento
senzor byl takto testovan pro vybranou skupinu par organickych rozpoustédel. Byly zvoleny
takové rozpoustédla, které rizné intenzivné interaguji s matrici, tzn., bobtnaji ji, rozpoustéji
nebo jsou z tohoto pohledu inertni. Zde heptan, toluen a aceton bobtnaji/rozpousti polymerni
matrici, naopak etanol nereaguje/nerozpousti matrici. Méfeni ukazuji, ze takto pfipraveny
senzor ma selektivni odezvu pro nasycené¢ pary rozpoustédel, které s matrici interaguji
nejlépe.

Kli¢ova slova: detekce par, senzor, VOCs, uhlikové nanotrubice, styren-isopren-styren
kopolymer

Uvod:
Uhlikové nanotrubice piedstavuji strukturované atomy uhliku vypadajici jako ,,vCeli plastev®,
které jsou stoCeny do trubicek. CNTs byly objeveny v roce 1991 v Japonsku [1]. Diky svym
unikatnim elektrickym a mechanickym vlastnostem se staly velmi populdrnimi pro védeckou
¢innost na celém svété. Mnohosténné uhlikové nanotrubice (MWCNTSs) maji velky specificky
povrch a dobrou elektrickou vodivost [2]. Elektrickd vodivost shlukli a struktur z CNT je
velmi citliva na absorbovani molekul tékavych organickych rozpoustédel [3] a tyto struktury
maji dobré vlastnosti jako senzory pro detekci par a plynt. Pti takovéto interakci organickych
par s povrchem uhlikovych nanotrubic dochdzi k absorpci nebo desorpci plynnych molekul a
tim se méni jejich elektronické vlastnosti a také vodivost na kiizeni jednotlivych trubic.
Uhlikové nanotrubice jsou velmi dobry material pro detekci organickych rozpoustédel a v této
aplikaci Ize pouzit CNTs ve velkém méfitku.

Tato prace prezentuje piipravu, testovani a analyzu polymerniho kompozitu, ktery
slouZzi jako senzoricky ¢len pro detekci organickych rozpoustédel [4-9]. Senzor byl testovan s
nékolika rozpoustédly. Byly zvoleny takové rozpoustédla, které reaguji s SIS polymerni
matrici, tzn., bobtnaji, rozpoustéji nebo nereaguji.



Experimentalni ¢ast:

Pouzité mnohosténné uhlikové nanotrubice byly vyrobeny pomoci chemické depozice par
(CVD) z acetylenového prekurzoru. Byly dodany od spolec¢nosti Sun Nanotech Co. Ltd.,
China. Primér pouZzitych nanotrubic je 10 — 30 nm, délka 1 — 10 um, Cistota > 90% a mérny
elektricky odpor 0,12 S.cm™. Jako polymerni matrice byl pouzit kopolymer Kraton. Kraton D
SIS je termoplasticky elastomer s kombinaci vyhodnych vlastnosti, jako je vysoka pevnost,
nizkd tvrdost a nizkd viskozita pifi zpracovani v roztoku. Byla pfipravena CNT disperze
v roztoku Kratonu v toluenu. Sonikace probihala pomoci pfistroje UP 400 S po dobu 15
minut. Pfipravené médéné elektrody se namacéi do polymerni smési po dobu 10 sekund, kdy
se vytvoii na elektrodé aktivni snimaci vrstva, ktera se necha susit pii 25 °C po dobu 48
hodin.

25°C
Q Ny |- —
Ya'a
g Cu Datalogger
elektroda
4 I
) "\l S Aktivni vrstva
> 1 (na baz roztoku polymeru SIS a MWCNT)
Rozpouitédlo

Termostatickd komora

Obr. 1. Experimentalni sestava pro méreni zmény odporu.

M¢édéna elektroda je potazena vrstvou polymerniho kompozitu obsahujici uhlikové
nanotrubice. Mérny odpor byl méfen pomoci Multiplexniho dataloggeru 34980 ptipojeného
k PC (Obr. 1.), kde byl provadén pln¢ automatizovany sbér dat mérného odporu v intervalu 1
s. Elektroda s aktivni snimaci vrstvou se uzavie do Erlenmeyerovy banky, obsahujici dané
organické rozpoustédlo. Absorpéni cyklus trva 6 minut, kdy elektroda opatiend aktivni
vrstvou detekuje organické pary rozpoustédla zménou svého elektrického odporu. Po uplynuti
Casu se elektroda vytdhne z baiiky ven, kde v termostatické komote probihd 6 minut desorp¢ni
cyklus pii teploté 25 °C. Tyto cykly, absorpce/desorpce se opakuji celkem pétkrat. Méteni
probiha v termostatické komote pifi atmosférickém tlaku, pfi teploté 25 °C a relativni vlhkosti
vzduchu 40%.

Vysledky a diskuze:

Pomoci skenovaciho elektronového mikroskopu (SEM) Phenom G2 - Edlin byla
provedena analyza ukazujici povrch polymerniho kompozitu pouzitého pro detekci par
organickych rozpoustédel, viz Obr. 2.



Obr. 2. Horni pohled ukazuje pripravenou elektrodu a elektrodu pokrytou polymernim
kompozitem s CNT pro detekci par organickych rozpoustédel. Dolni pohledy pak demonstruji

SEM analyzu povrchu této vrstvy.

Snimek (Obr. 2.) ukazuje morfologii povrchu na elektrodé. Pomoci svétlych mist na obrazku
jsou znazornény uhlikové nanotrubice. CNTs jsou obsazeny/propleteny v celém objemu
vzorku a umoznuji tak vybornou vodivost. Uhlikové nanotrubice jsou v polymerni matrici
rovnomérné rozlozeny.

Médéna elektroda s aktivni vrstvou obsahujici kompozitni material SIS/CNTs byla
vystavena param ctyt organickych rozpoustédel, jako jsou toluen, aceton, etanol, heptan. Pti
vystaveni pardm dochazi k zvySovani elektrického odporu vrstvy. Pii odstranéni senzoru
z bailky s parami rozpoustédla se elektricky odpor opét snizuje. Tuto odezvu miZeme
znazornit pomoci citlivosti senzoru, S, dané nésledujici rovnici:

S = (Rg-R,)/R, x 100 = AR/R, x 100 [%] (1)

R, pocatecni odpor vrstvy a Ry je odpor vpribé¢hu casové zmény vlivem cykld
adsorpce/desorpce.
Typicky prubéh cykli absorpce/desorpce senzoru vystaveného organickym rozpoustédlam je
na obrazku €. 3. Graf ukazuje na rozdilnou citlivost senzoru pro rizné pary, kdy takto senzor
ziskava selektivitu.
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Obr. 2. Pribéh cyklit absorpce/desorpce senzoru vystaveného riiznym pardam organickych
rozpoustédel.

Etanol vyvolava jen malou zménu odporu a tato skute¢nost poukazuje na fakt, ze etanol jen
malo interaguje se SIS matrici. Pary acetonu maji vyraznéjsi vliv na odpor a jesté vétsi vliv
byl namétfen pro toluen, kdy toluen rozpousti styrenovy i isoprenovy blok kopolymeru.
Nejvyssi citlivost pak byla dosaZzena pro heptan.

Zavér

Vysledkem prace je polymerni kompozit SIS/CNTs slouzici jako senzor na detekci
organickych par. Rozpoustédla byly volena s ohledem na moZnou interakci s polymerni
matrici, kdy objemové zmény matrice vyvolané interakci s molekulami rozpoustédla vedou ke
zméné elektrické vodivosti kompozitu. Vysledky citlivosti jednotlivych rozpoustédel byly:
etanol 6-10 %, aceton 50-70 %, toluen 180-220 % a heptan 1000-1400 %. Takto byla
prokazana moznost selektivni odezvy senzoru volbou pouzité polymerni matrice.
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Vliv dikumyl peroxidu na pripravu a vlastnosti epoxid-silikonovych smési
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Uvod

Epoxidové pryskyfice fadime mezi termosety, které vynikaji vysokou tuhosti, pevnosti,
tvrdosti, nehoflavosti, velmi dobrou adhezi k substratiim, nizkou toxicitou a nizkym
koeficientem smrs§téni [1]. Z téchto duavodii jsou pouzivany jako matrice pii tvorbé
diglycidyl ether bisfenol A (DGEBA). Velkou nevyhodou epoxidové pryskyfice je nizka
houzevnatost. Mezi modifikatory pomoci, kterych zlepSime houZevnatost, patii elastomery
[2], termoplasty [3] a anorganickd plniva [4]. Mezi elastomery, které efektivné ptispivaji ke
snizeni kiehkosti EP tadime piirodni kaucuk [5], karboxylovany butadien-akrilonitrolovy
kaucuk [6]. Autor Raju [7] uvedl, ze kriticka koncentrace, pii které se dosdhne maximalniho
zlepSeni houzevnatosti je 15 hm. % elastomeru. Déle se jako perspektivni jevi silikonovy
elastomer [8], kterému nebyla doposud vénovana dostatecna pozornost. Z toho diivodu se mu
vénujeme v nas$i praci. Elastomer je v epoxidové pryskyfici nerozpustny a vytvori
separovanou fazi, ktera zlepsuje houzevnatost za predpokladu dobré distribuce a dispergace
¢astic. Dulezitou podminkou je dobra mezifazova adheze, ktera mize byt chemického nebo
fyzikélntho charakteru. ZlepSeni fyzikdlni adheze je mozno docilit pouzitim
kompatibilizatord. Peroxidy se obvykle vyuZzivaji jako aktivatory ¢i iniciatory reakce,
sitovadla nebo vulkaniza¢ni Cinidla [9].

Cilem naSi prace bylo vyuzit komeréniho produktu polydimethylsiloxanu (Sylgard S184) jako
modifikator pro zlepSeni houzevnatosti epoxidové pryskyftice. Polymerni smés byla studovana
samostatné a zaroven za piidavku kompatibilizatoru 2 hm.% dikumyl peroxidu. Pro studium
vlastnosti pfipravenych smési byly pouzity nasledujici metody: diferenéni snimaci
kalorimetrie (DSC), dynamicko-mechanickd analyza (DMA), rastrovaci elektronova
mikroskopie (SEM) a reologicka méteni.

Experimentalni ¢ast

Materialy

Pro experiment byla pouZita epoxidova pryskyfice diglycidyl ether bisfenol A (DGEBA, D-
3415, Sigma Aldrich, USA) sitovana diethylentriaminem (DETA, D93856, Sigma Aldrich,
USA). PouzZity elastomer byl polydimethylsiloxan (Sylgard (S184), USA) a jako
kompatibilizator slouzil dikumyl peroxid (DP, Sigma Aldrich, USA).

Priprava vzorku

Byly ptipraveny dvé polymerni smési. Vychozim materidlem byla epoxidova pryskyfice
DGEBA sitovana DETA v poméru 100:6,5 a 100:12,1. Ptiprava smési probihala pomoci
mechanického michadla (MM-1000, Biosan, Némecko) pfi teploté¢ 80 °C po dobu 1 hodiny.
Prvni série vzorkli polymerni smési byla pfipravena za ptitomnosti DGEBA a 15 hm.% S184.
Druhé série vzorkli obsahovala navic 2 hm.% DP. Po ochlazeni smési na pokojovou teplotu
bylo ptidano sitovadlo DETA a opét pfipravend smés michana po dobu 20 minut ve vakuu.
Pfipravena smés byla méfena nebo odlita do formy a v suSarné sitovana 6 hodin pii 120 °C.
Po vyjmuti vzorkti z formy probéhlo dotvrzeni pti 60 °C po dobu 2 hodin.



Metody mereni

Diferencni snimaci kalorimetrie (DSC)

Bylo pouzito DSC zatizeni (Mettler Toledo star E 164, USA). Prvni méfeni bylo provedeno v
teplotnim rezimu (25-200) °C pii rychlosti ohievu 10 °C/min. V dal$im méfeni byly vzorky
nejprve zahtaty na teplotu sitovani (60, 80, 100 a 120). Nasledovalo izotermni sitovani pfi
zvolené teploté¢ po dobu dostate¢nou pro vytvrzeni. Dale nasledovalo ochlazeni vzorku na
pokojovou teplotu. V teplotnim rezimu (25-200) °C pfi rychlosti ohfevu 10 °C/min byla
zjisténa teplota, pti které doslo k dotvrzeni.

Reologicke mereni

Reologické vlastnosti epoxid-silikonovych smési byly méfeny s pouzitim rotacniho reometru
(Bohlin Gemini, Malvern Instruments, UK) s pouzitim geometrie deska-deska (pramér 25
mm) v oscilaénim modu (frekvence 1 Hz a amplituda deformace 0,05). M¢feni bylo
provedeno pii (60, 80 a 100) °C. Reologické vlastnosti (komplexni viskozita n*, soufazovy a
ztratovy modul G' respektive G") byly méfeny aZ do okamzZiku protnuti kiivek soufdzového a
ztratového modulu, coz odpovidalo bodu gelace.

Dynamicko-mechanicka analyza (DMA)

Pro méteni DMA bylo pouzito zafizeni DMA Q800 (TA Instruments, USA) s vyuzitim
geometrie trojbodového ohybu. Testované vzorky o rozméru 35x10x3 mm byly méteny pfi
frekvenci 1 Hz a amplitudé¢ 20 um v teplotnim rezimu (0-120) °C pfi rychlosti ohievu 3
°C/min.

Rastrovaci elektronova mikroskopie (SEM)

K méfeni morfologie zesitovaného epoxid-silikonového systému bylo pouzito zatizeni
(Phenom Pro, BSED, USA). Povrch kiehkého lomu vzorki byl méfen pomoci proudu
elektronti urychlenych napétim 10 kV.

Vysledky a diskuze

DSC

Pomoci DSC byl hodnocen rozsah sitovani pro rizné koncentrace sitovadla. Ze zavislosti
vykonu na teploté (Graf ¢. 1) méfeného vzorku bylo zjisténo, Ze mnozstvi reakéniho tepla je
v ptipad¢ pouziti epoxidu k sitovadlu v poméru 100:12,1 (a) vyssi nez pii doporuceném
poméru 100:6,5 (b). To znamena, Ze vytvorfena sit’ je hustsi a zreagovalo vice epoxidovych
skupin. Reakce (a) probihala také po delsi dobu a do vyssich teplot pro (a) — do 160 °C versus
(b) — do 130 °C. To odpovida predpokladu, ze pii vyssim stupni konverze (a) roste viskozita
systému a pro zreagovani dvou reaktivnich skupin, je tieba dodat vice energie ve formé tepla
pro zvyseni pohyblivosti téchto skupin.

Dale bylo provedeno izotermni sitovani polymerniho systému DGEBA:DETA v
hmotnostnim poméru (100:12,1) pii teplotach (60, 80, 100 a 120) °C po dostatecné dlouhou
dobu pro nejvyssi mozné zesitovani systému pii dané teploté. Nasledoval ohfev z teploty 25
°C na 200 °C, coz je ukazano v zavislosti tepelné¢ho toku na teploté (Graf €. 2). Pfi teplotach
sitovani nizsich nez 120 °C nebylo zesit'ovani tiplné a proto byla vybrana teplota 120 °C jako
reak¢ni teplota pro piipravu polymernich smési. Z grafu ¢. 2 byl také patrny posun pika
dositovani. Pro teplotu sitovani pii 60 °C byl vrchol piku dositovani nalezen pii 85 °C a pro
teplotu sitovani (80 a 100) °C byl nalezen vrchol exotermniho piku pti (100 resp. 120) °C.
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Graf ¢. 1: Termogram epoxidové pryskyrice DGEBA sitované DETA v hmotnostnich
pomerech a) 100:12,1 a b) 100:6,5
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Graf ¢. 2: Termogram dositovani epoxidové pryskyrice DGEBA sitované DETA pii teplotach
a) 60 °C, b) 80 °C, c) 100 °C, d) 120 °C

Reologicke meéreni

Reologicka méteni byla provedena pii teplotach (60, 80, 100) °C. Vyssi teploty (nad 100 °C)
nemohlo byt pouZito, s ohledem na pfili§ kratké méfeni z dlivodu rychlého pribchu reakce.
Reologicka méteni slouzi k popisu vytvrzovani pryskyfic uréenim bodu gelace, ktery je urcen
prasecikem soufazového (G”) a viskozniho (G'') modulu. Jedna se o bod, ve kterém dojde
k vytvoteni prvni molekuly snekonecnou molarni hmotnosti a pryskyfice jiz neni
zpracovatelnd. Pritomnost silikonového elastomeru v epoxidové pryskyfici zplsobuje
zkraceni doby nutné pro tvorbu siti (viz. Tabulka ¢. 1) kvili menSimu podilu pryskyftice
v méfeném vzorku a tudiz menSimu mnozstvi potfebnych zreagovanych skupin.

Zavislost komplexni viskozity na Case (Graf €. 3) pro epoxid-silikonové systémy pfi riznych
teplotach ukazuje rychlejsi priibéh reakce pii vyssi teploté. Silikonovy elastomer mé nizkou
viskozitu a z toho divodu je nariist viskozity smési pomalejsi nez u Cisté pryskyfice.



Vzhledem k teploté rozkladu DP (120 °C) nedoslo k sitovani silikonové slozky, proto nebyl

pozorovan efekt DP.
Tabulka ¢. 1: Casy gelace epoxid-silikonovych smési v zavislosti na teploté

Cas gelace (s)
T (°C) |DGEBA| DGEBA/S184 15hm% | DGEBA/S184 15 hm%/DP 2 hm%
60 2642 1744 2009

80 913 667 774
100 280 243 375
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Graf ¢. 3:Zavislost komplexni viskozity na case pro vytvrzovani epoxid-silikonovych smési pri
teplotach (60, 80 a 100) °C. Pro DGEBA (m), DGEBA/15 hm. % S184 (VY ), DGEBA/15 hm.%
S184/2 hm.% DP (o)

DMA
K DMA byla vyuzita kvyhodnoceni viskoelastickych vlastnosti polymernich smési

zalozenych na DGEBA a S184 s ptidavkem dikumyl peroxidu. Cistd epoxidova pryskyfice
vykazuje pti 20 °C tuhost (E") 3520 MPa (Graf €. 4 a)) s teplotou skelného prechodu (Tg) 84
°C (Graf ¢. 4 b)). S ptidavkem DP nebyla zaznamenana vyraznd zména v tuhosti pryskyfice
ani Tg. Pokles Tg z 84 °C na 82 °C muze byt pficten zmekéujicimu ucéinku pridavku

nizkomolekulérni latky DP.

Jak bylo ptedpokladano, ptidavek silikonového kaucuku vyrazné€ sniZil tuhost (Graf €. 4 ¢))
smési v zavislosti na mnozstvi pfidaného silikonu zhruba o (15-50) % v porovnani s ¢istou
pryskyfici. To je spojeno s vyS$§i ohebnosti fetézcl za pritomnosti silikonu. RovnéZz Tg (Graf
¢. 4 d)) se u vyslednych smési lisi a to v rozmezi 71-89 °C. S rostouci koncentraci S184 klesa
Tg avSak s ptidavkem kompatibilizatoru DP se hodnota Tg opét vraci k hodnoté platné pro

Cisty systém.
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Graf ¢. 4: a) Zavislost soufazového modulu na teploté zesitované DGEBA a DGEBA
s pridavkem 2 hm.% DP, b) zavislost ztratového uhlu tg | na teploté zesitované DGEBA a

DGEBA s pridavkem 2 hm.% s pridavkem DP, c) zavislost soufdzového modulu na teploté
polymerni smési DGEBA/5 hm.% S184, DGEBA/15 hm.% S184 , DGEBA/15 hm.% S184/ 2

hm.% DP d) zavislost ztratoveho uhlu tg [ na teploté polymerni smesi DGEBA/5 hm.%
S184, DGEBA/15 hm.% S184 , DGEBA/15 hm.% S§184/ 2 hm.% DP

SEM
Plocha pro mikroskopii vzorku byla vytvoiena kiehkym lomem zmrazenim tekutym dusikem.

Na obrazku ¢. 1 je vidét lomova plocha modifikované epoxidové pryskyfice silikonovym
elastomerem, ktery predstavuje dvoufiazovou morfologii s pevnou fazi pryskyfice a
dispergovanou elastomerni fazi v podobé& izolovanych sférickych castic.



Obrazek ¢. 1: SEM polymerni smési a) DGEBA/15 hm% S184/2 hm.% DP, b) DGEBA/15
hm.% S184.

Byla provedena statistika velikosti ¢astic. Pro polymerni smés DGEBA/15 hm.% S184/2
hm.% DP byla ziskana primérnd velikost ¢astic (69+9) um. Z obrazku je patrné, Ze tento
systém vykazuje homogennéjsi strukturu nez polymerni smés bez ptidavku DP (Obrazek ¢. 1
b)). Z obrazku je ziejmy vyssi rozptyl distribuce velikosti ¢astic, coz je ve shod¢ s primérnou
velikosti ¢astic (170+£20) um. Toto vysvétluje vyznamnost ptidavku DP.

Zavér

Vysledky naSi prace ukazaly, Ze dikumyl peroxid muze byt vyuzit jako efektivni
kompatibilizator pro modifikaci epoxidové pryskyfice ve smési se silikonovym elastomerem.
Vliv dikumyl peroxidu na reologicka méfeni nebyl prokazatelny z divodu limitu pouZzitelné
teploty. Nicméné pouziti dikumyl peroxidu ptiznivé ovlivnilo morfologii polymerni smési
mensi velikosti i distribuci velikosti ¢astic. Z toho vyplyva posun mechanicky vlastnosti,
konkrétné vyssi flexibilita a posun teploty skelného pfechodu ve srovnani se smési bez
dikumyl peroxidu.
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Introduction

Nowadays, urge for the development of portable electronic devices has been increased as
well as demand for high-performance based energy-storage systems, which are lightweight,
ultra thin, flexible, and wearable [1]. Supercapacitors (SCs) are such an important energy
storage device that has attracted significant attention because of their higher power density,
cycle efficiency, and charge-discharge rates as against batteries [2]. However, conventional
SCs are too heavy, rigid, and bulky to meet the practical requirements due to the employment
of inactive components, including current collector, binder, and conductive additives [3].
Therefore, there is an urgent need to develop flexible SCs with high performance. However,
flexible SCs require an efficient electrode materials to possess good electrical, mechanical and
electrochemical properties, without dramatic degradation of performance during their
deformation.

Applying an active electrode materials like carbon nanotubes (CNTs), metal oxides as well
as conductive polymers, into various flexible substrates, such as plastics, textiles, and papers,
are able to fabricate flexible electrodes for SCs [4]. Bacterial cellulose that composed of
cellulose nanofibers exhibits different properties from conventional flexible substrates due to
its highly porous structure. A large amount of functional groups on the surface of cellulose
nanofibers is beneficial for capturing active electrode materials. Moreover, it has specifically
high tensile strength and Young’s modulus despite of high water-holding capacity [5].
Therefore, bacterial cellulose could be a good substrate on which to fabricate lightweight and
flexible composite flexible electrodes for supercapacitors.

Carbon nanotubes (CNTs) and its derivatives have been incorporated into textiles as the
electrode material of supercapacitors due to their large surface area, high conductivity, and
good mechanical strength [6]. It also could be attracted by cellulose nanofiber to create an
electric conductive network, supporting other active electrode materials. And manganese
dioxide (MnQ) is one of the most attractive candidates for electrode materials due to its high
theoretical specific capacitance of 1370 F-g ', low cost, natural abundance and environmental
benignity [7]. Hereby, we prepared well-dispersed CNTs and MnO; suspensions. By applying,
a simple immerging-pressing process and using BC as a substrate, finally a high flexible
composite electrode was accomplished. Thereafter, one SC was assembled by these electrodes
and investigated which are reported in this paper.

Experimental

Materials

Gluconacetobacter xylinus CCM 3611T, bacterial strain was purchased from CCM, Brno,
Czech Republic. MWCNTs (diameter <8 nm) was brought from Chengdu Organic Chemicals
Co. Ltd. of Chinese Academy of Sciences). Other chemicals were purchased from Sigma-
Aldrich.



Preparation of Bacterial Cellulose

The production of bacterial cellulose was carried out using basal synthetic H-S medium [8].
Initially 10 loops of bacterial culture were inoculated into 40ml of basal H-S medium for the
seed preparation. The seed culture were homogenized and incubated at 30 °C for 48 h. Finally
the cell suspensions obtained were used as inoculum. 10 ml of pre-prepared bacterial
suspensions (3 x 107 CFU/ml) were transferred into 250 ml flasks containing 100 ml of
sterilized H-S medium and incubated at 30 °C for 15 days under static conditions in a
temperature controlled incubator. After 15 days of incubation, BC membrane was collected
from each flask and immersed in demineralized water for 1 h. NaOH (0.5M) treatment was
given at 80° C for 15 min (2-3 times until it become transparent) to remove bacterial cells and
other residual components after fermentation. At last the BC membrane was washed with
demineralized water until it reached neutral pH.

Preparation of Carbon nanotube and Manganese oxide dispersion

Carbon nanotubes were treated as a mixture of concentrated H,SO4 and HNO; (3:1 v/v) at
60 ‘C for 6 h, associated with sonication to introduce carboxylic acid groups, achieving a
stable dispersion. The colloidal dispersion of manganese oxide (MnQO;) nanosheets was
prepared at room temperature following the previous methodology of K.Kai et.al (2008) [9].
Typical procedure was as follows: 12 mL 1 M tetramethylammonium hydroxide (TMAOH)
and 2 mL 30 wt% H,O, were mixed and diluted to 40 mL using deionized water. Then, the
mixed solution was poured into 10 mL 0.3 M Mn(NOs), under vigorous stirring and kept
stirring for 12 h. The resulting suspension was dialyzed in deionized water until the pH
reaches 6~7. Finally, the colloidal dispersion of MnO, was obtained by using a centrifuge to
separate the precipitate.

Preparation of BC/CNT/MnO, composite electrode

The flexible BC/CNT/MnO, composite electrode was prepared by immerging- pressing
method. The procedure was as follows: As-prepared BC membrane was immerged into mixed
CNT/MnO; dispersion for 24 h, associated with sonication. Then the membrane was taken out
and pressed. The extra water was squeezed out.

Characterization

The morphologies of freeze-dried BC/CNT and BC/CNT/MnO, composite electrode were
evaluated by scanning electron microscopy. Finally, a symmetric SC was assembled by two
electrodes and one piece of BC/PAA hydrogel electrolyte. The assembled cell was measured
by using two-electrode test configuration. The specific capacitance derived from galvanostatic
charge/discharge curves was calculated based on the following equation: C = 2(I At)/(mAv),
where [ is the discharge current, At is the time for a full discharge, m is the mass of one
electrode, and Av represents the potential change after a full discharge.

Results and discussion

Dispersity and miscibility of CNTs and MnO, nanosheets

In order to sufficiently utilize the porous structure of BC, capturing as many active
electrode materials as possible, well-dispersed CNTs and MnQO, nanosheets suspension was
essential. Fig.1 shows the dispersity and miscibility of CNTs and MnO; nanosheets. High-
concentrated CNT/MnO, was prepared by mixing 0.05 wt% CNT and 0.2 wt% MnO,
dispersion. The transparency of diluted MnO,, CNT and CNT/MnO, dispersion indicates that
they have a well individual dispersion and miscibility between MnO, and CNT. It is because



as-prepared MnQO, and treated CNT nanoparticles have negative charge, electrostaticly
repulsing each other. Dispersions maintain high stability with no agglomeration after 24 h.

Fig. 1 Stable dispersions of active electrode materials (1) diluted CNT/MnO, (2) diluted
MnO,, (3) diluted CNT (4) high-concentrated CNT/MnO,

BC/CNT/MnO, composite electrode

Fig. 2 demonstrates the process of preparing BC/CNT/MnO, composite electrode. Pure BC
is a transparent gel with huge water. After immerged in High-concentrated CNT/MnO,
dispersion, it turns to be black. Due the functional groups on the surface of BC nanofibers, the
active electrode materials were captured inside BC. As BC acting as the substrate of electrode,
this electrode has high flexibility.

5:* L
Fig. 2 Demonstration of the preparation of BC/CNT/MnO, composite electrode

The morphologies of composite electrodes

The morphologies of BC/CNT, BC/CNT/MnO; composite electrodes were measured by
SEM. The surface and cross-sectional SEM images are displayed in Fig. 3. From the images
of BC/CNT, the CNTs are hardly distinguished as they have a similar structure as BC
nanofibers. However, in case of BC/CNT/MnO,, it is found that MnO, nanosheets are not
only on the surface, but also inside of the electrode.

The electrochemical performance of assembled SCs

The assembled SC was tested using two-electrode configuration shown in Fig. 4 (a) and
Fig. 4 (b) represents the charge and discharge curves of symmetric supercapacitors cell
assembled by different electrodes at 0.1 A-g”'. The presence of CNT enhances the
conductivity of electrodes, which helps BC/CNT/MnO, provide a higher specific capacitance
(24.5 F-g™"), compared to BC/CNT. However, due to the non-conductivity of BC nano-fibers,
the charge rate and specific capacitance of this electrode are still low.
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Fig. 3 Surface and cross-sectional SEM images of BC/CNT (a), (c) and
BC/CNT/MnO, (b), (d) composite electrodes

08 ——BCMnO:
——BC/CNT
——BCMnO:/CNT
. osf
=
=
§ oat
[=]
o
02
n_D 1 ' L
[ 50 100 150 200
8 Time /s
(a) (b)

Fig. 4 Schematic diagram of two-electrode configuration for electrochemical measurement
(a), and charge and discharge curves of assembled SCs (b)

Conclusions

v A flexible BC/CNT/MnO; composite electrode was prepared.

v" CNT and MnO; particles are distributed both on the surface and inside of BC.

v' The presence of CNT enhances the conductivity of electrodes, which helps
BC/CNT/ MnO; provide a higher specific capacitance, compared to BC/CNT.

Finally, it can be concluded that SC composed with BC/CNT/ MnQO; has a low charge rate
(0.1 A-g™") and specific capacitance (24.5 F-g") because of the non-conductive nature of
BC nano-fibers. Further, more investigation is required to achieve an improved composite
material for the preparation of a flexible supercapacitor, which in progress.



Acknowlegements

The first author is thankful to Internal Grant Agency (IGA/CPS/2016/003) of Tomas Bata
University in Zlin and Open Project of East China University of Science and Technology for
providing financial support to carry out this research. This work is also supported by the
Ministry of Education, Youth, and Sports of the Czech Republic within the framework project
entitled “Structure and electrochemical properties of supercapacitors for highly efficient
energy storage” (project no. LH 14273 (KONTAKT II) and NPU Program I (LO1504)).

References

[11Y.G. Wang, Y.Y. Xia, Adv. Mater., 25 (2013), 5336.

[2] Y.Sun, Q.Wu, G.Shi, Energy Environ., 4 (2011), 1113.

[3] Y.L. Shao, M.F. El-Kady, L.J. Wang, Q.H. Zhang,Y.G. Li, H.Z. Wang. M.F. Mousavi,
R.B. Kaner, Chem.Soc.Rev., 44 (2015), 3639.

[4] K.Jost, C.R. Perez, J.LK. McDonough, V. Presser, M. Heon, G. Dion,Y. Gogotsi, Energy
Environ. Sci. 4 (2011), 5060 .

[5] A. Nakayama, A. Kakugo, J.P. Gong, Y. Osada, M. Takai, T. Erata and S. Kawano.
Adv.Funct.Mater.14 (2004), 1124.

[6] L.B. Hu, M. Pasta, F. La Mantia, L.F. Cui, S. Jeong, H. D. Deshazer

J.W. Choi, S.M. Han , Y. Cui, Nano Lett. 10 (2010), 708.

[7] J.H. Jiang, A. Kucernak, Electrochimica Acta 47 (2002), 2381.

[8] R. Vyroual, N. Saha, D. Vesela, R. Shah, and P. Saha. Current opinion in biotech. 24(1),
July 2013,Eur.Biotech..Congress 2013, Brastislava.

[9] K. Kai, Y. Yoshida, H. Kageyama, G. Saito, T. Ishigaki, Y. Furukawa, J. Kawamata, J.
Am. Chem. Soc., 130 (2008), 15938



POSTEROVA
SEKCE



ALBIS v roce 2016
Ing. Radek Zyka
ALBIS PLASTIC CR s.r.0., Dr. Stejskala 111/6, 370 01 Ceské Budéjovice

Zacatek roku ptinesl n€kolik velkych zmén, které by zdkaznici méli poznat v nasich lepSich
sluzbach. Prvni je pfesun skladu z Jihlavy do Humpolce, do zcela nového arealu firmy Schenker
v Prazské ulici. Druhou zménou je piestéhovani sidla spolecnosti a chystané posileni naSeho
tymu.

V clancich chceme prezentovat co nového a zajimavého naleznete v naSem portfoliu, tedy ,, lidé
Ctéte®. :

ALTECH ECO

ALTECH ECO je skupina materidli na bazi recyklat, kombinujici vysokou kvalitu naSich
kompoundi ALTECH s ekologickym aspektem udrzitelnosti a recyklace surovin. Jsme svédky
rostouci poptavky po recyklatech, fada OEM zakazniku jiz v pozadavcich definuje pouziti
urcitého procenta recyklovanych materiali. ALTECH ECO se svymi vlastnostmi blizi primarnim
materialim. To je mozné diky vybéru vstupnich recyklati, sofistikovanému vyrobnimu postupu a
uzké toleranci vystupnich parametrii materialu . Jako obvykle miizeme standardy ALTECH ECO
upravit dle potieb zdkaznika, tedy piipravit recepturu ,,na miru®.

ALTECH ECO

X pozitivni eko bilance vyrobku

X vysoka kvalita, blizk4 primarnimu materialu
X jednoduché zpracovani

X niz8i naklady na vyrobu

X tada moznych plniv a aditiv

X standardni sortiment ma 30 typt

X polymerni zaklad je: PA6, PA66, PP, PC, ABS, ABS + PC

ALBIS - materialy pro hygienicky naro¢né aplikace

Vyvoj a mutace virovych a bakteridlnich onemocnéni budi zvySenou péci a zamysleni nad
moznou obranou proti nim.
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Introduction

Nowadays, urge for the development of portable electronic devices has been increased as
well as demand for high-performance based energy-storage systems, which are lightweight,
ultra thin, flexible, and wearable [1]. Supercapacitors (SCs) are such an important energy
storage device that has attracted significant attention because of their higher power density,
cycle efficiency, and charge-discharge rates as against batteries [2]. However, conventional
SCs are too heavy, rigid, and bulky to meet the practical requirements due to the employment
of inactive components, including current collector, binder, and conductive additives [3].
Therefore, there is an urgent need to develop flexible SCs with high performance. However,
flexible SCs require an efficient electrode materials to possess good electrical, mechanical and
electrochemical properties, without dramatic degradation of performance during their
deformation.

Applying an active electrode materials like carbon nanotubes (CNTs), metal oxides as well
as conductive polymers, into various flexible substrates, such as plastics, textiles, and papers,
are able to fabricate flexible electrodes for SCs [4]. Bacterial cellulose that composed of
cellulose nanofibers exhibits different properties from conventional flexible substrates due to
its highly porous structure. A large amount of functional groups on the surface of cellulose
nanofibers is beneficial for capturing active electrode materials. Moreover, it has specifically
high tensile strength and Young’s modulus despite of high water-holding capacity [5].
Therefore, bacterial cellulose could be a good substrate on which to fabricate lightweight and
flexible composite flexible electrodes for supercapacitors.

Carbon nanotubes (CNTs) and its derivatives have been incorporated into textiles as the
electrode material of supercapacitors due to their large surface area, high conductivity, and
good mechanical strength [6]. It also could be attracted by cellulose nanofiber to create an
electric conductive network, supporting other active electrode materials. And manganese
dioxide (MnQ) is one of the most attractive candidates for electrode materials due to its high
theoretical specific capacitance of 1370 F-g ', low cost, natural abundance and environmental
benignity [7]. Hereby, we prepared well-dispersed CNTs and MnO; suspensions. By applying,
a simple immerging-pressing process and using BC as a substrate, finally a high flexible
composite electrode was accomplished. Thereafter, one SC was assembled by these electrodes
and investigated which are reported in this paper.

Experimental

Materials

Gluconacetobacter xylinus CCM 3611T, bacterial strain was purchased from CCM, Brno,
Czech Republic. MWCNTs (diameter <8 nm) was brought from Chengdu Organic Chemicals
Co. Ltd. of Chinese Academy of Sciences). Other chemicals were purchased from Sigma-
Aldrich.



Preparation of Bacterial Cellulose

The production of bacterial cellulose was carried out using basal synthetic H-S medium [8].
Initially 10 loops of bacterial culture were inoculated into 40ml of basal H-S medium for the
seed preparation. The seed culture were homogenized and incubated at 30 °C for 48 h. Finally
the cell suspensions obtained were used as inoculum. 10 ml of pre-prepared bacterial
suspensions (3 x 107 CFU/ml) were transferred into 250 ml flasks containing 100 ml of
sterilized H-S medium and incubated at 30 °C for 15 days under static conditions in a
temperature controlled incubator. After 15 days of incubation, BC membrane was collected
from each flask and immersed in demineralized water for 1 h. NaOH (0.5M) treatment was
given at 80° C for 15 min (2-3 times until it become transparent) to remove bacterial cells and
other residual components after fermentation. At last the BC membrane was washed with
demineralized water until it reached neutral pH.

Preparation of Carbon nanotube and Manganese oxide dispersion

Carbon nanotubes were treated as a mixture of concentrated H,SO4 and HNO; (3:1 v/v) at
60 ‘C for 6 h, associated with sonication to introduce carboxylic acid groups, achieving a
stable dispersion. The colloidal dispersion of manganese oxide (MnQO;) nanosheets was
prepared at room temperature following the previous methodology of K.Kai et.al (2008) [9].
Typical procedure was as follows: 12 mL 1 M tetramethylammonium hydroxide (TMAOH)
and 2 mL 30 wt% H,O, were mixed and diluted to 40 mL using deionized water. Then, the
mixed solution was poured into 10 mL 0.3 M Mn(NOs), under vigorous stirring and kept
stirring for 12 h. The resulting suspension was dialyzed in deionized water until the pH
reaches 6~7. Finally, the colloidal dispersion of MnO, was obtained by using a centrifuge to
separate the precipitate.

Preparation of BC/CNT/MnO, composite electrode

The flexible BC/CNT/MnO, composite electrode was prepared by immerging- pressing
method. The procedure was as follows: As-prepared BC membrane was immerged into mixed
CNT/MnO; dispersion for 24 h, associated with sonication. Then the membrane was taken out
and pressed. The extra water was squeezed out.

Characterization

The morphologies of freeze-dried BC/CNT and BC/CNT/MnO, composite electrode were
evaluated by scanning electron microscopy. Finally, a symmetric SC was assembled by two
electrodes and one piece of BC/PAA hydrogel electrolyte. The assembled cell was measured
by using two-electrode test configuration. The specific capacitance derived from galvanostatic
charge/discharge curves was calculated based on the following equation: C = 2(I At)/(mAv),
where [ is the discharge current, At is the time for a full discharge, m is the mass of one
electrode, and Av represents the potential change after a full discharge.

Results and discussion

Dispersity and miscibility of CNTs and MnO, nanosheets

In order to sufficiently utilize the porous structure of BC, capturing as many active
electrode materials as possible, well-dispersed CNTs and MnQO, nanosheets suspension was
essential. Fig.1 shows the dispersity and miscibility of CNTs and MnO; nanosheets. High-
concentrated CNT/MnO, was prepared by mixing 0.05 wt% CNT and 0.2 wt% MnO,
dispersion. The transparency of diluted MnO,, CNT and CNT/MnO, dispersion indicates that
they have a well individual dispersion and miscibility between MnO, and CNT. It is because



as-prepared MnQO, and treated CNT nanoparticles have negative charge, electrostaticly
repulsing each other. Dispersions maintain high stability with no agglomeration after 24 h.

Fig. 1 Stable dispersions of active electrode materials (1) diluted CNT/MnO, (2) diluted
MnO,, (3) diluted CNT (4) high-concentrated CNT/MnO,

BC/CNT/MnO, composite electrode

Fig. 2 demonstrates the process of preparing BC/CNT/MnO, composite electrode. Pure BC
is a transparent gel with huge water. After immerged in High-concentrated CNT/MnO,
dispersion, it turns to be black. Due the functional groups on the surface of BC nanofibers, the
active electrode materials were captured inside BC. As BC acting as the substrate of electrode,
this electrode has high flexibility.

5:* L
Fig. 2 Demonstration of the preparation of BC/CNT/MnO, composite electrode

The morphologies of composite electrodes

The morphologies of BC/CNT, BC/CNT/MnO; composite electrodes were measured by
SEM. The surface and cross-sectional SEM images are displayed in Fig. 3. From the images
of BC/CNT, the CNTs are hardly distinguished as they have a similar structure as BC
nanofibers. However, in case of BC/CNT/MnO,, it is found that MnO, nanosheets are not
only on the surface, but also inside of the electrode.

The electrochemical performance of assembled SCs

The assembled SC was tested using two-electrode configuration shown in Fig. 4 (a) and
Fig. 4 (b) represents the charge and discharge curves of symmetric supercapacitors cell
assembled by different electrodes at 0.1 A-g”'. The presence of CNT enhances the
conductivity of electrodes, which helps BC/CNT/MnO, provide a higher specific capacitance
(24.5 F-g™"), compared to BC/CNT. However, due to the non-conductivity of BC nano-fibers,
the charge rate and specific capacitance of this electrode are still low.



BC/CNT

(b)
BC/CNT/ MnO;
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Fig. 3 Surface and cross-sectional SEM images of BC/CNT (a), (c) and
BC/CNT/MnO, (b), (d) composite electrodes
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Fig. 4 Schematic diagram of two-electrode configuration for electrochemical measurement
(a), and charge and discharge curves of assembled SCs (b)

Conclusions

v A flexible BC/CNT/MnO; composite electrode was prepared.

v" CNT and MnO; particles are distributed both on the surface and inside of BC.

v' The presence of CNT enhances the conductivity of electrodes, which helps
BC/CNT/ MnO; provide a higher specific capacitance, compared to BC/CNT.

Finally, it can be concluded that SC composed with BC/CNT/ MnQO; has a low charge rate
(0.1 A-g™") and specific capacitance (24.5 F-g") because of the non-conductive nature of
BC nano-fibers. Further, more investigation is required to achieve an improved composite
material for the preparation of a flexible supercapacitor, which in progress.
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SOUHRN:

Tato prace se zabyva piipravou a charakterizaci binarnich polymernich filmi na bazi
polylaktidu a polyetylenglykolu slouzicich pro imobilizaci bakteriocinu nisinu s potencialnim
vyuzitim v oblasti antibakterialniho baleni potravin ¢i ve zdravotnictvi. U pfipravenych filma
byl studovan vliv koncentrace (0-20 hm. %) a molekulové hmotnosti vybranych
polyetylenglykold (MW 400-6000 g/mol) na strukturni, mechanické a teplené vlastnosti,
stejné jako jejich degradacni chovani ve vodném prostfedi. Hodnoceni antibakteridlni aktivity

téchto biodegradabilnich systému bylo provadéno dle normy ISO 22196.

ABSTRACT:

The presented work deals with preparation and characterization of binary polymer films based
on polylactide/polyethylene glycol developed for immobilization of a bacteriocin nisin with
potential applicability in antimicrobial food packaging or medicine. The effect of
polyethylene glycol content in the system (0-20 wt. %) and its molecular weight (MW 400—
6000 g/mol) on structural, mechanical and thermal properties as well as degradation
behaviour in aqueous environment was studied. Antibacterial activity of these biodegradable

systems was evaluated according to ISO 22196.

1. Uvod

Polylaktid (PLA) je alifaticky polyester, ktery se v dnesSni dob¢ fadi mezi nejvice perspektivni
biorozlozitelné polymery. Nachéazi uplatnéni v nejraznéjSich odvétvich od obalovych
materiald s vyuzitim v domacnosti, potravinafstvi, zemedélstvi i biomedicinskych aplikacich,
a to predevS§im diky jeho biokompatibilité¢ s zivymi tkanémi a Setrnosti k Zivotnimu
prostiedi [1]. Jistd pfidand hodnota v oblasti pouzivanych materiali mtze spocivat ve
schopnosti imobilizace biologicky aktivni latky do polymerni matrice a jeji ndsledné pozvolné
¢i fizené uvolilovani do okolniho prostfedi. PLA, vzhledem ke svym vlastnostem, je vSak
Casto pro pfimou imobilizaci aktivnich latek (vétSinou hydrofilni povahy) nevhodny. Jednou

z moznosti je chemicka ¢i fyzikalni modifikace PLA pomoci vodorozpustného polymeru,



mezi které patii napiiklad polyethylenglykol (PEG) [2]. Jako zvlasté vyhodné se pak zda byt
kombinace téchto systému s bakteriociny, jakoZto pfirodnimi bioaktivnimi latkami. Jedna se o
antimikrobialni peptidy produkované bakteriemi, s riiznou urovni a spektrem Uc¢innosti. Mezi
nejznaméjsi, nejvice studovany a v potravinai'stvi nejvice pouzivany bakteriocin patii pravé
nisin. Tento antimikrobidlni peptid je produkovan bakteriemi Lactococcus lactis subsp. lactis
a krom¢ toho, ze je vyuzivan jako konzervant v potravinafstvi, nachazi uplatnéni také ve

farmacii, veterinafstvi a zdravotnictvi [3, 4].

2. Experimentalni ¢ast

2.1. Pouzity material a chemikalie

Pro ptfipravu filma byl pouzit komeréni polylaktid PLA INGEO 2002 D (Nature Works),
polyethylenglykol 400 (Merck), polyethylenglykol 1000 (Sigma-Aldrich) a polyethylen
glykol 6000 (IPL). Jako rozpoustédlo byl pouzit chloroform p.a. (IPL) a bioaktivni latkou pro
antimikrobialni modifikaci byl nisin from Lactococcus lactis 2,5 hm. %, stabilizovany NaCl
(97,5 hm. %) (Sigma Aldrich).

Zivné pudy plate count agar, nutrient agar a dal$i material pro antibakterialni testy, tj. nutrient
broth, soybean casein digest broth a tween 80 byly pofizeny od HiMedia Laboratories.
Chlorid sodny a dihydrogenfosfore¢nan draselny z IPL a s¢jovy granulovany lecitin od firmy
Mogador s.r.0.

Jako testovaci mikroorganismy byly pouzity Staphylococcus aureus CCM 4516, Listeria
monocytogenes CCM 4699 a Escherichia coli CCM 4517 ziskané z Ceské sbirky

mikroorganismu, Masarykova univerzita, Brno.

2.2. Priprava filmii

PLA/PEG filmy byly pfipraveny metodou odlévani z roztoku chloroformu. PLA s danymi
PEG o koncentraci 0-20 hm. % byly za stdlého michani pii 40 °C (460 rpm, 2-3 hod.)
rozpus$tény v chloroformu, odlity na Petriho misky a ponechany k odpafeni rozpoustédla po
dobu 24 h. Zbytkové rozpoustédlo bylo poté odstranéno za pomoci vakuové susarny.

Pro imobilizaci nisinu byl zvolen syst¢ém PLA obsahuyjici 20 hm. % PEG6000
(PLA/20%PEG6000) a byly pfipraveny PLA/PEG/NIS a PLA/NIS filmy o koncentraci nisinu
0,15 hm. %. V piipad€ systému s PEG byl pfipraven zvlast' roztoku PLA v chloroformu a

PEG v chloroformu, do kterého byl vmichan komeréni nisinovy prasek a poté tato smes



pridana k roztoku PLA. Pro tcely antibakterialniho testovani byly soucasné ptipraveny filmy

(blanky) v podobé PLA, PLA/PEG a PLA/NaCl.

2.3. Testovani mechanickych viastnosti

Mechanické vlastnosti byly hodnoceny pomoci statické zkouSky v tahu na trhacim stroji
Tensometric M350-5CT (Labor machine, s.r.o.). Z pfipravenych filma byla vyrazena
zkusebni t&lesa typu 1BA (dle CSN EN ISO 527-2 [5]) o délce 75 mm a §ifce 5 mm, ktera
byla kondicionovana po dobu 3 dni pii 23 °C a 50% RH. Poc¢ate¢ni délka vzorkl byla 40 mm,
Sitka 5 mm a tloustka 200-250 pm. Tahova zkouska byla provadéna konstantni rychlosti

jednoosé deformace 50 mm/min do pietrzeni télesa, 6x vedle sebe pro kazdy vzorek.

2.4. Degradacni zkouSka ve vodném prostiedi
VysuSené vzorky o rozmérech 2 x 2 cm byly ponofeny do 100 ml destilované vody a
ponechany tfepat pii 40 °C po dobu 7 dnt. Po této dobé byl stanoven tbytek hmotnosti a

pozorovany strukturni zmény pomoci skenovaci elektronové mikroskopie.

2.5. Skenovaci elektronova mikroskopie (SEM)
Struktura pfipravenych vzorki vlomu byla pozorovana skenovacim elektronovym

mikroskopem Phenom Pro (Phenom-World BV) za vakua pii urychlovacim napéti 5 kV.

2.6. Testovani tepelnych viastnosti

Termicka analyza PLA a PLA/PEG filmi (pfed i po rozpousténi) byla provadéna pomoci
diferen¢ni snimaci kalorimetrie (DSC) na pftistroji DSC 1 (Mettler Toledo, Inc.). Pro analyzu
bylo odvadzeno 5 — 10 mg ptedsuSené¢ho vzorku, ktery byl podroben nasledujicimu teplenému
rezimu: 1. ohfev z -35 °C na 200 °C (rychlost 10 °C/min), drzeni po dobu 1 min, chlazeni
na -35 °C (rychlosti 10 °C/min), na této teplot¢ po dobu 2 min, 2. ohiev z -35 °C na 200 °C
(rychlost 10 °C/min). Teplota tani (T,) byla urcena jako maximalni hodnota endotermy
z prvniho ohfevu. Teplota skelného prechodu (T,) byla stanovena z druhého ohfevu.

Vysledky byly vyhodnoceny pomoci softwaru STAR®.

2.7. Testovani antibakteridalnich viastnosti
PLA/PEG/NIS a PLA/NIS filmy byly testovany dle normy ISO 22196:2007 ,,Plastics —
Measurements of antibacterial activity on plastic surfaces” [6]. Na pfipravené vzorky

o rozmérech 2,5 x 2,5 cm byla nanesena bakterialni suspenze (o koncentraci cca 10’ CFU/ml),



kterd byla ptekryta sterilni kryci folii a vzorky inkubovany pii 35 °C a 90 % RH po dobu
24 hodin. Poté¢ byl proveden oplach naneseného mnozstvi bakteridlni suspenze roztokem
SCDLP a kultivaéné stanoven pocet kolonietvornych jednotek (CFU/ml) po inkubaci
pti 35 °C po dobu 48 hodin. Z vysledkd byl vypocten pocet kolonietvornych jednotek na
plochu (CFU/cm?) vzorku, hodnota antibakterialni aktivity (R) a antibakterialni u&innost

testovanych filmu.

3. Vysledky a diskuze

Pripravené PLA/PEG filmy byly charakterizovany pomoci testovani mechanickych vlastnosti
a hodnoceni tepelnych a strukturnich vlastnosti pted i po degradacni zkousSce. Zaroven byl

zkouman vliv molekuldrni hmotnosti (MW) a koncentrace PEG na jiz zminéné vlastnosti.

Vliv modifikaci PEG na mechanické vlastnosti je znazornén na Obr. 1, prostfednictvim
zavislosti Youngova modulu pruznosti a pevnosti vtahu na koncentraci PEG. U obou
métenych veli¢in doslo nezavisle na MW pouzittho PEG piidavkem 5 hm. % ke
znac¢nému nartistu pevnosti v tahu i Youngova modulu, nicméné s rostouci koncentraci PEG
poté dochazelo k jejich snizovani. V ptipad€ vzorki s 20 hm. % PEG doSlo ke sniZeni na
hodnoty blizké samotnému PLA. Dale bylo zjiSténo, Ze nejniz$i hodnoty charakterizujici
mechanické vlastnosti pfipravenych filma pfi porovnani MW pouzitych PEGU byly naméieny
u PEG6000 a naopak nejvyssi u PEG400. Lze tedy konstatovat, ze s rostouci MW PEG

dochazelo ke snizeni pevnosti v tahu 1 Youngova modulu.
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Obr. 1. Zavislost pevnosti v tahu (A) a Youngova modulu pruznosti (B) na koncentraci PEG.
Degradaéni zkouska filma ve vodném prostiedi probihala p¥i 40 °C. Ubytek hmotnosti filmt
po 7 dnech v daném prostiedi je znazornén na Obr. 2. Nejvétsi tbytky byly zaznamenany
u vzorkit modifikovanych pomoci PEG400, kdy konkrétné u systému PLA/20%PEG400
doslo k uvolnéni cca 17 % hmotnosti ptipraveného filmu. Obecné lze fici, Ze s rostouci MW

cvwr

dochdzelo k niz§im hmotnostnim ubytktim pfipravenych filmu.
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Obr. 2. Ubytek hmotnosti PLA/PEG filmii po 7 dnech skladovani ve vodé pri 40 °C.

Strukturu PLA/PEG filma bylo mozno dobie hodnotit pravé u filmi po degradacni zkousce,
kdy doslo k vyplaveni PEG z PLA matrice. Na Obr. 3 je porovnani cistétho PLA se vzorkem
modifikovanym 20 hm. % PEG6000, u kterého je patrnd poérovita struktura, kterd vznikla

v dasledku nekompatibility obou polymernich matric.

—_ . \-’“ . 5 A, . e . — S Vo il 4
Obr. 3. SEM analyza PLA (4) a PLA/20%PEG6000 (B) v lomu po degradacni zkousce.

Termickou analyzou vzorkl provadénou pomoci DSC byl hodnocen vliv koncentrace PEG

na teplotu skelného ptechodu (T,) a teplotu tani (T,) PLA/PEG filmi. Hodnoty T, a Tn

¢istych komponent jsou uvedeny v Tabulce 1, hodnoty T,,, smési PLA/PEG v Tabulce 2.

V piipadé¢ filmt modifikovanych PEG1000 a PEG6000 jsou zvlasté u wysSich koncentraci

PEG patrné dvé teploty tani odpovidajici tomuto polymeru (Tmi), zatimco u vzorkl

modifikovanych PEG400 byla na DSC kiivce pozorovéana pouze endoterma tani PLA, Tpyp.



Bylo zjisténo, Ze s rostouci koncentraci PEG dochézi ke snizovani Ty, danych smési (pfi témét

nezménéné entalpii tani), coz ukazuje na ovlivnéni kvality krystalickych struktur PLA.

Tabulka 1. Teploty skleného prechodu a tani cistych komponent.

Material T, [°C] Tm [°C]
PEG400 - 6,1
PEG1000 - 40,2
PEG6000 - 62,6
PLA 58,9 151,5

Tabulka 2. Teploty tani a entalpie pripravenych PLA/PEG filmii.

Vzorek Tt [°C] AH [J.g] Tm2 [°C] AH [J.g]
PLA (0%PEG) - - 151,5 246
5%PEG400 - - 151,1 252
9%PEG400 - - 149,2 24,9
13%PEG400 - - 148,3 24,6
17%PEG400 - - 1474 23,7
20%PEG400 - - 145,9 -18,7
5%PEG1000 - - 152,5 31,7
9%PEG1000 475 -1,2 151,1 242
13%PEG1000 36,5 5.8 150,4 24,1
17%PEG1000 35,9 -8,1 150,2 23,9
20%PEG1000 32,4 -13,7 146,4 -16,7
5%PEG6000 - - 152,7 29,4
9%PEG6000 448 3,4 152,0 -26,8
13%PEG6000 42,0 4,7 151,2 24,9
17%PEG6000 51,4 -10,5 152,8 23,9
20%PEG6000 42,9 -12.4 146,4 -18,0

Hodnoty T, pfipravenych filmi a filmt po 7 dnech rozpousténi pii 40 °C ve vodném prostiedi
v zavislosti na koncentraci PEG jsou zobrazeny na Obr. 4. Bylo zjiSténo, ze s rostouci
koncentraci PEG dochazi u PLA/PEG filml ke sniZeni teploty skelného pfechodu. Celkovy
pokles T, u vSech typti PEG je primérné 75 % s ohledem na nejvyssi koncentraci PEG v
porovnani s ¢istym PLA. Vysledky u vzorkii po rozpousténi, kdy se T, posouvaji k vyS§im
hodnotam charakteristickym pro PLA, dokazuji uvoliiovani PEG ze systému a shoduji se tak

s vysledky stanoveni ibytku hmotnosti po rozpousténi.
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Obr. 4. Zavislost T na koncentraci PEG v PLA/PEG filmech pred (A) a po rozpousténi (B).
Hodnota Tg cistého PLA je 58,9 °C.

Vysledky testovani antibakterialni aktivity pfipravenych vzorka dle normy ISO 22196:2007
jsou uvedeny v tabulkach 3, 4, 5 a 6. Bylo ovéteno, ze ptitomnost NaCl ani samotného PEG

ve vzorcich PLA antibakterialni aktivitu neovliviuji (viz Tabulka 3).

Tabulka 3. Vliv PEG a NaCl na antibakterialni aktivitu (R) vzorkii proti S. aureus.

Vzorek CFU/cm? R ucinnost [%]
PLA 3,5E+04 - -
PLA + NaCl 5,4E+05 <0 0
PLA + 20%PEG6000 5,9E+04 <0 0

Ze ziskanych vysledkt 1ze konstatovat vynikajici antibakterialni vlastnosti ptipravenych filma
proti ob&ma testovanym grampozitivnim bakteriim (Tabulka 4 a 5). Uginnost proti

gramnegativni E. coli (Tabulka 6) prokdzana nebyla, coz je v souladu s literaturou [7].

Tabulka 4. Vysledky antibakterialniho testovani proti S. aureus.

Vzorek CFU/cm’ R ucinnost [%]
PLA 2,2E+03 - -
PLA + 0,15 % NIS 2,8E+00 2,9 87,9

PLA + 20%PEG6000 + 0,15 %NIS 0 3,3 100




Tabulka 5. Vysledky antibakterialniho testovani proti L. monocytogenes.

Vzorek CFU/cm? R ucinnost [%]
PLA 2,7E+01 - -
PLA + 0,15 % NIS 0 1,4 100
PLA + 20%PEG6000 + 0,15 %NIS 5,0E-01 <14 <100

Tabulka 6. Vysledky antibakterialniho testovani proti E. coli.

Vzorek CFU/cm? R ucinnost [%]
PLA 7,0E+04 - -
PLA + 0,15 % NIS 3,6E+05 <0 0
PLA + 20%PEG6000 + 0,15 %NIS 1,8E+04 0,6 12,5

4. Zavér

Prace se zabyvala piipravou a charakterizaci binarnich polymernich smési PLA/PEG a
naslednou imobilizaci bakteriocinu nisinu do tohoto systému. U pfipravenych filmi byl
studovan vliv koncentrace (0-20 hm. %) a molekulové hmotnosti PEG (MW
400-6000 g/mol) na strukturni, mechanické a teplené vlastnosti, stejné jako jejich degradacni
chovani ve vodném prostiedi. V neposledni fadé¢ byla hodnocena také antibakterialni aktivita
filmu.

Bylo zjisténo, ze s rostouci MW a koncentraci PEG dochézelo ke snizeni pevnosti v tahu,
Youngova modulu, teploty skelného ptechodu i teploty tani. S rostouci koncentraci PEG
dochéazelo ke zvySeni ubytku hmotnosti pfi rozpousténi ve vodném prostiedi a u vzorkil
modifikovanych 20 hm. % PEG byla po degradacni zkousce dobie pozorovatelnd porovita
struktura, Zadouci pro imobilizaci biologicky aktivnich latek.

Pro imobilizaci nisinu byl pouzit systém s 20 % PEG 6000. Pfipravené filmy s koncentraci
nisinu 0,15 hm. % vykazovaly antibakteridlni vlastnosti proti obéma testovanym

grampozitivnim bakteriim. U¢innost proti gramnegativni E. coli prokazana nebyla.
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stfiznych nastroja
Jan Konarik

NEXNET, a.s.

Uspéch a pieziti na globalnim trhu miiZze zaviset na jediné konkurenéni vyhodé nebo na
vysoce kvalifikovanych znalostech a zkuSenostech budovanych po dobu nékolika let. Vero
Software piinasi oboji, kombinuje specializované aplikace pro konstrukci a vyrobu se
zkuSenym tymem vyvojait, diky kterym se Vero Software drZi na prvni pfi€ce mezi
dodavateli CAD/CAM softwari v poctu prodanych licenci.

CAD/CAM systém VISI je dalsim z produktd spolecnosti Vero Software, pro jehoz prodej a
technickou podporu ziskala spole¢nost Nexnet, a.s vyhradni zastoupeni pro Ceskou a
Slovenskou republiku. VISI je specializovany software pro konstrukci a vyrobu vstfikovacich
forem, postupovych stfiznych nastroji a elektrod, jehoz zékladem je integrovany hybridni,
plosny a objemovy modelar pracujici na jadru Parasolid. Systém VISI je unikatni v tom, Ze
pokryva vSechny aspekty vyroby vstfikovacich forem — od tvorby modelu, modelové analyzy,
pies simulaci te€eni az po vyrobu.

Siroka nabidka moznosti nacitini 3D modelti umoziuje naéitini CAD souborti v témét
jakémkoliv formatu, jednoduse lze zpracovat také velmi objemné modely. VISI nativné nacita
CAD soubory formatu Parasolid, IGES, CATIA V4 a V5, Pro-E, UGX, STEP, SolidWorks,
SolidEdge, ACIS, DXF, DWG, STL a VDA. Pokud pfi importu takového souboru chybi ¢ast
modelu, VISI disponuje nastroji pro rychlou opravu poskozenych 3D modeli.

Vyroba forem

Konstrukce forem je ve VISI jednodussi diky pouziti parametrické struktury umoznujici
konstruktérovi rychlou tvorbu formy. Diky vyuziti knihovny normalii od piednich dodavatelt
jsou navic opakované tkony konstruktéra zna¢né redukovany. Princip sdileni dat, pii kterém
ma konstruktér pfistup jak ke globalnim datim formy, tak individudlnim parametrim
jednotlivych desek umoziuji rychlou modifikaci formy. Rizeni zmén probiha tak, Ze jakakoliv
zména desek automaticky provede vSechny zmény ndvazné geometrie — normalii. Kusovnik
se vytvari automaticky a lze jej exportovat jako externi dokument pro dalsi vyuziti, jako je
sestaveni objednavek dilli a normalii, tak jako soucast vykresové dokumentace.



Obr. 1 Navrh vstrikovaci formy

Pfed samotnym konstruovanim formy lze ve VISI spustit analyzu procesu vstiikovani
taveniny do formy. Vysledkem této analyzy je zhodnoceni plnéni a chlazeni formy a
upozornéni na ptipadné deformace, studené spoje ¢i vzduchové kapsy. Vystupem analyzy je
lokalizace vtokti a zobrazeni rozvodu taveniny ve formé, pritoku chladici kapaliny a
rozmisténi chladicich kanald. Po ukonceni analyzy Ize zacit s konstrukei formy.

Ptedvyrobni a povyrobni analyzy jsou zajist¢ velmi uzitecné, ale nejsou-li vztazeny k celému
procesu, nemohou zarucit kompletni optimalizaci dilu/vystiiku/formy a jim odpovidajicimu
formovacimu procesu. To Ize =zajistit pouze prostfednictvim integrované analyzy.
Neprerusovand vyména dat mezi konstrukénim prostfedim a prostfedim analyzy umoziuje
identifikovat mozné kritické situace, nastavovat nejucinnéjSi parametry formovani,
optimalizovat rozmisténi vstiikovani a chlazeni a pfedchazet problémim tykajicich se
jakékoliv ¢asti konstrukéniho procesu plastového komponentu.



vyrobce forem. V ramci konstrukéni Casti VISI naleznete modul VISI Electrode, tedy
automatizovany modul pro tvorbu a spravu elektrod a jejich drzakid pro razantni zrychleni
prace a zvyseni produktivity ndvrhu a vyroby elektrod. Zkuseni konstruktéti vitaji kombinaci
automatizace konstrukce elektrod s moznosti ru¢nich uprav, diky kterym maji volnou ruku pii
editaci navrhu elektrody.

Vyroba stfiZznych postupovych nastroji

VISI dale disponuje modulem Progress ur¢enym ke konstrukci lisovacich a postupovych
sttiznych ndastroji. Na rozdil od standardnich konstrukénich aplikaci je VISI Progress
ucinnéjsi a produktivnéjsi pii konstrukei téchto nastroji, nebot’ jiz béhem prace eliminuje
riziko vzniku konstrukénich chyb. Samoziejmosti je moznost rozvinu plo$nych i objemovych
modela do roviny, ktera je diky komplexni databazi materiala jesté piinosnéjsi. Konstruktér je
pak informovan o mife ztenceni, ptipadné trhani plechu. Z rozvinutého dilu Ize jednoduse ve
3D néhledu zobrazit stfizné pole, vypocitat materidlovy odpad, potiebné sily ohybu, atd.



Obr. 3 Konstrukce postupovych striznych ndstroju

CNC obrabéni

Vedle silného CAD nastroje disponuje VISI také CAM c¢asti pro 2D, 3D a Sosé plynulé
frézovani, dratové fezani a petiosé laserové fezani. 2D a 3D drdhy mohou byt tvofeny piimo z
3D modelu s automatickym rozpoznanim geometrie a technologie obrabéni téchto utvara
(diry, kapsy atd.). VSechny drahy néstroje jsou ptizpisobeny pro vysokorychlostni obrabéni s
konstantnim zatiZenim ndstroje, hladkymi NC drdhami bez kolizi a s automatickym
vygenerovanim NC kodu.

Obr. 4 CNC obrabeni



Do prostiedi VISI je integrovana Spickova technologie dratového tfezani PEPS, ktera byla
vyvinuta specidln¢ pro piesné strojirenstvi, vyrobu forem a lisovacich, stfiznych a
postupovych nastroji. Také u dratového ftezani VISI je samoziejmosti automatické
rozpoznavani utvarl. Strategie dratového fezani VISI nabizeji nékolik pfednastavenych
moznosti pro riizné zpisoby obrabéni, at’ uz se jedna o denni provoz s obsluhou, nebo no¢ni
provoz bez obsluhy.

O Nexnet, a.s.

Akciova spole¢nost Nexnet je jiz nékolik let strategickym partnerem a distributorem softwarti
od Vero Softwaru. Vero Software je spolecnost vyvijejici software Edgecam pro produktivni
kovoobrabéni, Alphacam pro obrabéni dieva, kovu a kamene, Radan pro efektivni tvafeni
plechu, Cabinet Vision pro navrh a vyrobu nabytku a jiz zminéné VISI pro konstrukci a
vyrobu vsttikovacich forem a stfiznych nastroja.

Nexnet disponuje vlastni nastrojarnou, kde jsou v konstrukci a technologii nasazeny softwary
VISI a Edgecam. Spojenim vyhradniho zastoupeni a nasazeni softwarti ve vlastni vyrobé¢ tak
vznikd jedinecné technologické centrum, které nasim zdkaznikim poskytuje moZznost
nahlédnuti do praxe, Skoleni pfimo ve vyrobé a ptredevsim Cerpani ze SpiCkovych znalosti a
dovednosti naSich specialistl ziskanych denni praxi.

Vedle softwarti od Vero Softwaru je Nexnet také dodavatelem intuitivniho 3D CAD softwaru
pro piimé modelovani — SpaceClaim. SpaceClaim je revolu¢nim nastrojem pro rychlou a
piimou tvorbu a Gpravu modelti, nacitd vSechny pfedni CAD formaty a jeho soucasti je také
specialni modul pro praci s plechy, véetné rozvinu plechovych dilt.

Nexnet je autorizovan nejen na prodej téchto softwart, ale také na jejich technickou podporu,
odborného skoleni, zakédzkové tvorby postprocesort atd.

Zavérem

Pouzitim komplexniho feSeni od Vero Softwaru minimalizujete ¢as nadvrhu forem a nastroja,
redukujete dobu konstrukce, programovani i strojni Casy obrabéni. Kdyz k tomu pfictete
komplexni simula¢ni a kontrolni néstroje, ziskdvate systém, ktery nejen ze zjednodusuje
kazdodenni praci, ale také snizuje riziko vzniku chyb, které vyrobu vyrazné prodrazuji a
prodluzuji. Tim v§im ziskavate zna¢nou konkuren¢ni vyhodu.
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Abstract

Diseases of the joints may be variously short-lived or exceedingly chronic, agonizingly
painful or merely nagging and uncomfortable. As joint disorders and/or skin diseases are very
inconvenient and unpleasent, whether it is painful or not. Moreover, it is a common problem
faced by people irrespective of age. On the other hand, it is known from ancient time about
the therapeutic effect of Mumio (MG) and Dead Sea Salt (DSS) as natural stimulators, which
are beneficial to the human body and very effective for the treatment of joints, skin and other
functional disabilities. As both MG and DSS have pharmacutical values, these are considered
as nature based medicine. Futher, to make them user friendly, medicated polymeric gels were
prepared with MG and DSS and designated as “MG Gel” and “GG-DSS Gel” respectively.
Both the gels are economically feasible, convenient for application and useful for a relatively
long term treatment of health issues associated with joint pain or skin diseases. The present
paper reports about the review of comparative evaluation of “MG Gel” and “GG-DSSGel”
(concerning its composition, optical view, structural image, rheological and antimicrobial
properties as well as their advantages and disadvantages) which will be benificial for

healthcare industry as well as mankind.
Introduction

Mumio, a valuable medicine actually created by nature,which has no side effects on human
body. It is a mixtureof organic and inorganic matters, with color varies frombrown to
black.The material issticky and tenacious, with a shiny and polished surface. It iseasily
soluble in water [1]. It contains a unique combination of organic acids, proteins and ferments,
which have many medical benefits including immunity enhancement, anti-infection and anti-
bacterial properties, blood cell regeneration etc. Generally, Mumio contains about 14-20%

moisture, 18-20% minerals; 13—17% proteins; 4-4.5% lipids; 3.3-6.5% steroids; 18-20%



nitrogen-free compounds; 1.5-2% carbohydrates; and 0.05-0.08% alkaloids, amino acids and

other compounds with nitrogen, essentials oils and vitamins etc. [1,2].

On the other hand, Dead Sea Salts (DSS) contain Magnesium Chloride 31-35%, Potassium
Chloride 20-28%, Sodium Chloride 3-8%, Calcium Chloride 0,1-0,5%, Bromide 0,3-0,6%,
Sulphates 0,05-0,2%, Water of Crystallization 32-40%, which help to detoxify and relax sore,
achy muscles [3,4]. Regular use of Dead Sea Bath Salts can effectively manage or improve
the following conditions: Psoriasis, Arthritis,Dry Skin, Eczema, Stress, Insomnia, Muscular
Aches and Pains, Muscles Aches and Pains from Intense Workouts, Skin Allergies [3].
Moreover, it is reported that Dead Sea Bathing provides effective relief from joint swelling,
soreness and stiffness. This relief feeling occurs due to their minerals, which improve blood
circulation, thereby reducing the inflammatory process. Therefore, present research team
members of “Biocomposites”, Centre of Polymer Systems, Tomas Bata University in Zlin
Czech Republic, has already been established the methodology for inexpensive mass scale
production of “MG Gel” and “GG-DSS Gel” for their application in health care industry/
medical applications as for examplecould be useful for a relatively long term treatment of

health problems associated with joint pain or skin diseases/skin treatment (as shown in Fig 1).

This paper reports about the review of comparative evaluation of “MG Gel” and “GG-DSS
Gel” (concerning about Gel preparation, composition, optical view, structural image,
rheological and antimicrobial properties as well as their advantages and disadvantages) which

will be benificial for healthcare industry as well as mankind.

Mumio Health Care Benefits Dead Sea Salt

Gel Experience the Nature's Health

Figure 1: Application of “MG Gel” and “GG-DSS Gel” in health care industry
to achieve various health care benefits

¥
L ~-Dead Sea Salt
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Preparation of MG and GG-DSS GELS

Mumio gel (MG) was prepared with Carbomer, a synthetic polymer of acrylic acid used as a
gelling agent;Thyme oil used as an antibactrial component Triethanolamine (TEA)as pH
balancerand water added during preparation of Mumio solution. In MG gel, Seabucktorn oil
and Glycerine can be used as optional [3]. The preparation of“MG Gel” was conducted (at

room temperature) in the following two steps:

Step 1: Mumio solutionpreparation: 4 % Mumio solution was prepared by dissolving 4 g

Mumio powder in 100 ml demineralised water.

Step 2: Gel Preparation: Sodium salicylate (2g) was added into 84 ml Mumio solution (4 %)
and continuously stirred until dissolved. Then, 10 g Carbomer powder was added into the
solution, and it was kept it at room temperature (20-22°C) for 30 min and soaked up by the
Mumio solution. Later, the mixture mass of Mumio and Carbomer was stirred at 1000 rpm for
30 minutes to obtain the desired gel. Then slowly, Thyme essential oil (an aroma containg oil)
was added to achieve aromatic flavour as well as to enhance the antibacterial property of
theMumio gel.The stirring speed was also gradually reduced to 600 rpm for the effective
preparation of the gel. After 20 minutes, TEA was added into to gel and again increased the

rpm to 1000 . After 15 minutes, the desired gel was formed [2, 3].

The “GG-DSS Gel”was prepared in one stepbutat room temperature (20-22°C) as well. Like
MG gel, the GG-DSS gelwas also prepared by applying stimuli responces (stirring at speed
700 rpm and 300 rpm) with ingredients, which are available in nature / natrual processes like:
Guar Gum (GG), natural polymer use as gelling agent; DSS,contains a complex of natural
active substances which exhibits a large range of pharmacological characteristics;beside these
two major ingradients (i.e. GG and DSS)of GG-DSS Gel, glycerol, ethanol, seabucktorn oil

(SB), thyme oil, citrus oil and waterare added to form the desired gel as mentioned in Table 2.

Composition of MG and GG-DSS GELS

The compositions of medicated polymeric gels (i.e. MG and GG-DSS) depicted in Table 1
and Table 2 respectively where it is clearly visible that eventhough these two gels are
recommended for long term treatment of health problems associated with joint pain or skin

diseases, their preparation condition and Compositions are different.



Table 1. Composition of Mumio Gel (MG)[2, 3]

Ingredients Mumio solution Sodium Carbomer Thyme Triethanolamine
(4%) salicylate (Essent. oil) (TEA)
WIV % 84.0 2.0 10.0 0.2 3.8
Table 2. Composition of DSS-GG gel[6,7]
Ingredient | GG | DS | Glycer | Thym | Ethan | SB | Thyme Citrus Wat
S S ol ol ol oil (Essent. (Essent. er
oil) oil)
(wt.%) 1.5 | 40| 10.0 0.1 2.5 0.5 0.05 0.05 81.3

Visual Images of MG and GG-DSS GELS

Visual images of MG and GG-DSS gelsare presented in Fig. 2.1t can be seen from Fig. 2 that

the colour of MG gel is brown as the colour of Mumio powder / solution is brown itself.

Even though, GG-DSS gel looks like yellow, it is basically looks like whitish gel, because

both DSS and GG are white and other components are more or less colourless. The visible

yellow colour GG-DSS gel is due to the presence of SB oil within it.

(a)

(b)

Figure 2. Visual images of medicated polymer gels: (a) Mumio Gel, (b)GG-DSS Gel




SEM Micrographs of MG and GG-DSS GELS

Development of crosslinking structure is the common behaviour of gels. The SEM images of

both gels are representing more or less same internal structure as depicted in Figure 3.

Figure 3. SEM images of freeze dried gels: (a) “MG Gel”, (b) “GG-DSS Gel”.

Rheological Properties of MG and GG-DSS GELS

Rheological property is deeply significant for gels because of applying to human body.
Knowledge of the rheological properties of gel is imprtant as the microstructural environment
of gel or mobility is responsible for drug diffusion and compatibility with skin, can indirectly

probed using this measurment.

The dynamic viscoelastic properties (G’, G” and n*) of Mumio gel and GG-DSS gel are
shown in Figure 4 and presented as a function of angular frequency (o) in double-logarithmic
coordinates at 1% strain. Both G’ and G” moduli increase gradually with the increase of o,
and G’ is higher than G” over whole range of ® region. This behaviour is a typical trend of
gel, however all valeus of Mumio gel are higher than DSS gels.The variation of complex
viscosity, " have been monitored at 1% strain. It can be seen from the figure 4 that n* are
almost constant in the low angular frequency region and then decrease linearly with the
increase of , that is, the flow of the gel change from Newtonian to non-Newtonian flow

behaviour with the increase of .
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Figure 4. Rheological properties of MG and GG-DSS gel at 1% strain

Antibacterial Properties of MG and GG-DSS GELS

Antibacterial property of both MG and GG-DSS gels was tested in presence of bacteria
Staphylococcus auras (gram positive bacterial) and Escherichia coli (gram negative bacteria).
It can be seen from the Table 3 that in all the cases, there is no appearance of bacterial colony
after 48 h whereas, up to 24 h incubation there are quite a good number of bacterial cell
reduction has been noticed. Both of medicated polymer gels exhibit quite a good antibacterial

property in presence of Escherichia coli and Staphylococcus auras.



Table 3: Effectivity of medicated polymeric gel in presence of skin infection causing bacteria.

Sample Test Inoculum Number CFU/ mL in TSA

index strains (CFU/ml) Incubation period

in gel Oh 24h 48h

GG-DSS | Escherichia
coli

(CCM
4517)
Staphylococ.
Aureus

(CCM
4516)
Mumio Escherichia
coli 42x 10°

(CCM
4517)
Staphylococ.
Aureus
(CCM
4516)

7% 10" 3x10] 2.5x10" Nil

2.5x107 5.8x10° 5x10° Nil

2,5.10° Nil Nil

12x10° | 63x10° 1.2x 10° Nil

Conclusion

In this overview, we focused on the properties of medicated gels (MG and GG-DSS) which
are (prepared by the research of TBU in Zlin, Czech Republic) related with joints and skin
regenerative medicine. Mumio and Dead Sea Salt both are nature product containing many
kind of mineral benefitial for the human body.The technological process of medicated gels are
not expensive and more efficient. Therefore,it is recommended to take initative for mass scale

production which will be benificial for healthcare industry as well as mankind.
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Abstrakt

Tato prace popisuje pfipravu senzoru pro detekci organickych par na bazi matrice styren-
isopren-styren kopolymeru a uhlikovych nanotrubic jako elektricky vodivého plniva. Aktivni
snimaci vrstva je vytvoifena metodou méceni ptipravenych elektrod do polymerniho roztoku
s dispergovanym plnivem. Timto zpisobem je pfipravena homogenni vrstva, kterd zménou
své elektrické vodivosti citlivé reaguje na pfitomnost par organickych rozpoustédel. Tento
senzor byl takto testovan pro vybranou skupinu par organickych rozpoustédel. Byly zvoleny
takové rozpoustédla, které rizné intenzivné interaguji s matrici, tzn., bobtnaji ji, rozpoustéji
nebo jsou z tohoto pohledu inertni. Zde heptan, toluen a aceton bobtnaji/rozpousti polymerni
matrici, naopak etanol nereaguje/nerozpousti matrici. Méfeni ukazuji, ze takto pfipraveny
senzor ma selektivni odezvu pro nasycené¢ pary rozpoustédel, které s matrici interaguji
nejlépe.

Kli¢ova slova: detekce par, senzor, VOCs, uhlikové nanotrubice, styren-isopren-styren
kopolymer

Uvod:
Uhlikové nanotrubice piedstavuji strukturované atomy uhliku vypadajici jako ,,vCeli plastev®,
které jsou stoCeny do trubicek. CNTs byly objeveny v roce 1991 v Japonsku [1]. Diky svym
unikatnim elektrickym a mechanickym vlastnostem se staly velmi populdrnimi pro védeckou
¢innost na celém svété. Mnohosténné uhlikové nanotrubice (MWCNTSs) maji velky specificky
povrch a dobrou elektrickou vodivost [2]. Elektrickd vodivost shlukli a struktur z CNT je
velmi citliva na absorbovani molekul tékavych organickych rozpoustédel [3] a tyto struktury
maji dobré vlastnosti jako senzory pro detekci par a plynt. Pti takovéto interakci organickych
par s povrchem uhlikovych nanotrubic dochdzi k absorpci nebo desorpci plynnych molekul a
tim se méni jejich elektronické vlastnosti a také vodivost na kiizeni jednotlivych trubic.
Uhlikové nanotrubice jsou velmi dobry material pro detekci organickych rozpoustédel a v této
aplikaci Ize pouzit CNTs ve velkém méfitku.

Tato prace prezentuje piipravu, testovani a analyzu polymerniho kompozitu, ktery
slouZzi jako senzoricky ¢len pro detekci organickych rozpoustédel [4-9]. Senzor byl testovan s
nékolika rozpoustédly. Byly zvoleny takové rozpoustédla, které reaguji s SIS polymerni
matrici, tzn., bobtnaji, rozpoustéji nebo nereaguji.



Experimentalni ¢ast:

Pouzité mnohosténné uhlikové nanotrubice byly vyrobeny pomoci chemické depozice par
(CVD) z acetylenového prekurzoru. Byly dodany od spolec¢nosti Sun Nanotech Co. Ltd.,
China. Primér pouZzitych nanotrubic je 10 — 30 nm, délka 1 — 10 um, Cistota > 90% a mérny
elektricky odpor 0,12 S.cm™. Jako polymerni matrice byl pouzit kopolymer Kraton. Kraton D
SIS je termoplasticky elastomer s kombinaci vyhodnych vlastnosti, jako je vysoka pevnost,
nizkd tvrdost a nizkd viskozita pifi zpracovani v roztoku. Byla pfipravena CNT disperze
v roztoku Kratonu v toluenu. Sonikace probihala pomoci pfistroje UP 400 S po dobu 15
minut. Pfipravené médéné elektrody se namacéi do polymerni smési po dobu 10 sekund, kdy
se vytvoii na elektrodé aktivni snimaci vrstva, ktera se necha susit pii 25 °C po dobu 48
hodin.

25°C
Q Ny |- —
Ya'a
g Cu Datalogger
elektroda
4 I
) "\l S Aktivni vrstva
> 1 (na baz roztoku polymeru SIS a MWCNT)
Rozpouitédlo

Termostatickd komora

Obr. 1. Experimentalni sestava pro méreni zmény odporu.

M¢édéna elektroda je potazena vrstvou polymerniho kompozitu obsahujici uhlikové
nanotrubice. Mérny odpor byl méfen pomoci Multiplexniho dataloggeru 34980 ptipojeného
k PC (Obr. 1.), kde byl provadén pln¢ automatizovany sbér dat mérného odporu v intervalu 1
s. Elektroda s aktivni snimaci vrstvou se uzavie do Erlenmeyerovy banky, obsahujici dané
organické rozpoustédlo. Absorpéni cyklus trva 6 minut, kdy elektroda opatiend aktivni
vrstvou detekuje organické pary rozpoustédla zménou svého elektrického odporu. Po uplynuti
Casu se elektroda vytdhne z baiiky ven, kde v termostatické komote probihd 6 minut desorp¢ni
cyklus pii teploté 25 °C. Tyto cykly, absorpce/desorpce se opakuji celkem pétkrat. Méteni
probiha v termostatické komote pifi atmosférickém tlaku, pfi teploté 25 °C a relativni vlhkosti
vzduchu 40%.

Vysledky a diskuze:

Pomoci skenovaciho elektronového mikroskopu (SEM) Phenom G2 - Edlin byla
provedena analyza ukazujici povrch polymerniho kompozitu pouzitého pro detekci par
organickych rozpoustédel, viz Obr. 2.



Obr. 2. Horni pohled ukazuje pripravenou elektrodu a elektrodu pokrytou polymernim
kompozitem s CNT pro detekci par organickych rozpoustédel. Dolni pohledy pak demonstruji

SEM analyzu povrchu této vrstvy.

Snimek (Obr. 2.) ukazuje morfologii povrchu na elektrodé. Pomoci svétlych mist na obrazku
jsou znazornény uhlikové nanotrubice. CNTs jsou obsazeny/propleteny v celém objemu
vzorku a umoznuji tak vybornou vodivost. Uhlikové nanotrubice jsou v polymerni matrici
rovnomérné rozlozeny.

Médéna elektroda s aktivni vrstvou obsahujici kompozitni material SIS/CNTs byla
vystavena param ctyt organickych rozpoustédel, jako jsou toluen, aceton, etanol, heptan. Pti
vystaveni pardm dochazi k zvySovani elektrického odporu vrstvy. Pii odstranéni senzoru
z bailky s parami rozpoustédla se elektricky odpor opét snizuje. Tuto odezvu miZeme
znazornit pomoci citlivosti senzoru, S, dané nésledujici rovnici:

S = (Rg-R,)/R, x 100 = AR/R, x 100 [%] (1)

R, pocatecni odpor vrstvy a Ry je odpor vpribé¢hu casové zmény vlivem cykld
adsorpce/desorpce.
Typicky prubéh cykli absorpce/desorpce senzoru vystaveného organickym rozpoustédlam je
na obrazku €. 3. Graf ukazuje na rozdilnou citlivost senzoru pro rizné pary, kdy takto senzor
ziskava selektivitu.
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Obr. 2. Pribéh cyklit absorpce/desorpce senzoru vystaveného riiznym pardam organickych
rozpoustédel.

Etanol vyvolava jen malou zménu odporu a tato skute¢nost poukazuje na fakt, ze etanol jen
malo interaguje se SIS matrici. Pary acetonu maji vyraznéjsi vliv na odpor a jesté vétsi vliv
byl namétfen pro toluen, kdy toluen rozpousti styrenovy i isoprenovy blok kopolymeru.
Nejvyssi citlivost pak byla dosaZzena pro heptan.

Zavér

Vysledkem prace je polymerni kompozit SIS/CNTs slouzici jako senzor na detekci
organickych par. Rozpoustédla byly volena s ohledem na moZnou interakci s polymerni
matrici, kdy objemové zmény matrice vyvolané interakci s molekulami rozpoustédla vedou ke
zméné elektrické vodivosti kompozitu. Vysledky citlivosti jednotlivych rozpoustédel byly:
etanol 6-10 %, aceton 50-70 %, toluen 180-220 % a heptan 1000-1400 %. Takto byla
prokazana moznost selektivni odezvy senzoru volbou pouzité polymerni matrice.
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Abstract

The present work deals with attenuated total reflection (ATR) Fourier Transform Infrared
(FT-IR) studies of binary blends of cured rubber based on natural rubber (NR) and styrene
butadiene rubber (SBR) at three different blend ratios compounded with commonly encountered
rubber additives. A simple general infrared blend parameter (P;z) exactly identifying the NR-
SBR blend from the obtained infrared IR spectra was calculated. To get the exact peak heights,
the dataset of each of the originally obtained spectra was modified with a newly developed
numerical algorithmic method of baseline creation on and subsequent subtraction from the
original spectrum.

Introduction

Often it is very important to understand the blend ratio of rubbers in a product like end of life
rubber e.g. end of life (EOL) tyre for smart reusing applications. It is accomplisehed by reverse
engineering [1,2]which uses the tools and analytical techniques to understand the materials and
processes that were used to produce a particular vulcanized rubber compound from a

combination of raw rubber and other chemicals.

Studies show that the most frequent means used for reverse engineering of rubber compounds are
differential thermo gravimetric analysis (DTGA) [3-5] and Fourier transform infrared
spectroscopy (FT-IR). [6,7] It is revealed that simultaneous use of DTGA and Py (pyrolysis)
FT-IR can quantitatively predict a binary blend composition of compounded and cured rubber
product. [6,7] Most of the commonly encountered rubber products are composites that not only
contain a blend of various rubbers but also such compounding ingredients as reinforcing and
non-reinforcing fillers, antioxidants, process oils, stabilisers, accelerators, curing process

activators and usually sulphur as the curing agent. [8,9]

FT-IR studies of filled reinforcing carbon black containing rubber compounds are best studied in
the attenuated total reflection (ATR) mode, [10] usually using a high-refractive-index prism such

as germanium (Ge). However, even in the ATR mode, absorbance spectra of carbon black



containing rubbers show a baseline sloping up while advancing from higher to lower
wavenumber. In such a case of a sloping baseline, the quantification of IR spectrum cannot be

accomplished.

Corrections of baseline are evidenced in the literature. Koch and Weber [11] devised baseline
correction of spectra in FT-IR using the method of Bezier. Ruckstuhl et. al., in their work [12]
created a method which used techniques of robust local regression to estimate baselines in
spectra that consisted of sharp features superimposed upon a continuous, slowly varying
baseline. In another work, Phillips and Hamilton [13] devised a new method for baseline
estimation and correction in gas phase FT-IR absorption spectra based on a maximum entropy

approach.

Only some rare works dealing with calibration of baseline corrected pyrolysis (Py) FT-IR spectra

designed to find unknown ratios of rubber blends e.g. [6,7] are supported in the literature.

Therefore, literature survey revealed that an enormous scope was open to quantify heavily
compounded carbon black filled binary rubber blends using non-pyrolytic, easy, effective and

very rapid ATR-FTIR method. Based on this fact, the present work was designed.

In the present work binary blends of NR and SBR at three different blend ratios with commonly
encountered rubber additives including 50 phr carbon black were compounded, cured and then
subjected to a series of FT-IR studies in ATR mode. The aim was to calculate infrared blend

parameter, Pz, a characteristic of the NR-SBR blend from the obtained IR spectra.

Theoretical background

The theoretical background of the work is divided into two sections. The first one (4) deals with
the new algorithm for the generation of a modified spectrum and the second (B) deals with the

calculation of the Pz parameter for NR-SBR blend.

A. Description of the numerical algorithm

Instead of a smooth baseline fitting over the entire range of data, as is the usual practice, the
algorithm was focused on finding a straight baseline separately for each peak. The algorithm
accepts some initial parameters and based on their values the original spectral dataset is modified

accordingly. These parameters are categorically as follows:



1. x1, x2 —range of wavenumber selected from the data
2. kI, k2 — cut off values for differentiation on the initial dataset and on the regenerated
dataset in the negative output respectively.

3. ky — cut off value for negative area in output
It is required to mention here that during an intermediate stage of running the algorithm a dataset
is generated in the negative output. So a cut off parameter was devised in the negative output
also.
The cut-off parameters k1, k2 and ky in the y-axis are required to discard small and unwanted
peaks. However, if a user is interested in small peaks then the values of the parameters are to be

selected accordingly.

The dataset, generated by the IR spectrophotometer is subjected to the created algorithm in
Wolfram Mathematica. The algorithm follows a series of mathematical steps to produce the final
modified dataset in (x, y), i.e., (Wavenumber, absorbance) from the initial source. Some of the
important stages obtained in the stepwise modification of the original spectrum to the final one is

shown in Figure 1.



Figure 1: Important stages in the modification of the spectrum of batch N:S::0.7:0.3 (a) using
the algorithm (I) The original ranged spectrum; (Il) spectrum fitted with minima, (IIl) straight
lines joining the set of minima and (IV) the final baseline subtracted spectrum

Wavenumber, cm™

Wavenumber, cm™

1 " L L 1 PR " 1 L L PR " " 1 M PR 1 L
it
0,15 NS 0,15 g
{ 1 J 1 Vi
. 5
L] L 1 ™ I...r .
g 010- g o010 | >
£ d e c 1 vt
-] o @ -
'E P e '_,-"-"
S o
@ @
L g o0 4
< 9,054 < 0,05+
0,00 L —————————— —— 0,00 11— . ————r . ———
1800 1600 1400 1200 1000 800 1800 1600 1400 1200 1000 800
Wavenumber, cm” Wavenumber, cm™
1 1 1 1 1 1 1 1 L 1 1 1 1
1 i Pl E
0154 = 0,015 -
e 1
. /."_.’" .
3 /A” 3
« - o E
g 0,10 J,--'\,.-” & 0,010
o ! o ]
c E ol £
3 J/- 3
£ L~ 2
S S
2 d 2 o005
< g5 < |
.
1 A 1 b A N Wl VL '
0,000 4/ ‘-\‘J.-ll_-"k'-b“kt"z.l;'.II.' TJ,-, YAVal VTR hal
0,00 L —————————— —— ——— e . ———
1800 1600 1400 1200 1000 800 1800 1600 1400 1200 1000 800

B. Theory on calculation of Pg

For each of the different blends, the calculation of P;z was done using the Beer Lambert Law. [6]
Here the use of the calculated peak height ratios was necessary. According to this law, the
absorbance A of a vibration in infrared spectroscopy is given by the equation

A =c-c-l (1)



where ¢ is the molar extinction coefficient, c is the concentration in an appropriate unit and 1 is
the thickness of the sample. If NR and SBR are represented by the subscripts 1 and 2

respectively, then

A =¢-¢-l (2)
and 4, =¢,-¢,-1, 3)
Therefore, 4 _ & A, “4)

4, &-c-l,
Since FT-IR is done on a binary blend of NR and SBR on the same moulded sample, the
thickness in this case remains the same for both the rubbers, i.e., I; = [, = [ (say). Also, in the
binary blend of NR and SBR, if the concentrations of the rubbers are expressed as ¢; and ¢, then

c; +c;=1. Then Equation 4 reduces to

- 5
A _p, 0o (5)
2 G
Where, P,=¢/¢, (6)

For each blend the values of 4; and 4, were directly obtained from the modified FT-IR spectrum
and putting the values of ¢, and 4,/4, in Equation 5, the value of Pz for the binary blend of NR
and SBR was calculated.

Experimental

Mixing and curing

Three different batches having NR and SBR in the weight ratios 0.3:0.7, 0.5:0.5 and 0.7:0.3
along with 50 phr of carbon black (HAF N 339) and other laboratory grade compounding
ingredients were mixed according to ASTM D 319209 in an internal mixer (Pomini Farrel) with
a total batch weight of 360 g each. Every mixing was accomplished at a rotor speed of 65 rpm
and the mixing temperature was adjusted to create a dump temperature between 110 and 125 °C.

Samples were cured to sheets of 1 mm thickness at 160 °C in a hydraulic press (IGTT) at



optimum curing time (OCT) for each of the samples. OCT at this temperature was determined

using a Monsanto Oscillating Disc Rheometer 100 S.

Spectroscopic characterization

FT-IR spectroscopic analyses of the samples were conducted in ATR FT-IR spectra in the
wavenumber range of 4000 to 650 cm™ using an infrared spectrophotometer (Thermo Scientific
Nicolet iS5, USA). The spectra were obtained at a resolution of 2 cm™ using a germanium
crystal. For each of the batches, three samples were subjected to the spectroscopic analysis

designated as (a), (b) and (c).

Results and discussion

For each of the formulations three spectra were taken. The three superimposed modified spectra
in all the three different batches as plotted in OriginPro 8 and that for the batch N:S::03:0.7 are
shown in Figures 2. The other cases generated very similar results and are not shown here.

It is seen from the figure that the three spectra are almost the same, and the heights of the two
distinct peaks in each spectrum are very similar to the other two spectra. The precise peak

heights were registered by using a screen reader and the peak height ratios were calculated.
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Figure 2: Three superimposed FT- IR spectra for the batch N:S::0,3:0,7 after running the
algorithm



The results obtained are shown in Table 1. It is seen from the table that the peak height ratios
obtained from three spectra in each of the three cases were very similar. This is the first instance
to prove the reliability of the algorithm.

Table 1: The median value of the intensity ratio A;/A; for the batch N:S::0,3:0,7 rounded off to
two places of decimal

NR:SBR A;for NR at 1375 A, for SBR at 699  Ay/A,, unitless Median value

0.3:0.7 cm'l, a.u. cm'l, a.u. of Aj/A,
a 0.0034 0.0339 0.1003 0.11
b 0.0037 0.0346 0.1069

C 0.0037 0.0346 0.1069

NR:SBR

0.5:0.5

a 0.0060 0.0253 0.2372 0.25
b 0.0060 0.0237 0.2532

c 0.0063 0.0242 0.2603

NR:SBR

0.7:0.3

a 0.0093 0.0148 0.6284 0.63
b 0.0092 0.0152 0.6052

c 0.0101 0.0144 0.7012

After obtaining the values of the peak height ratios in all the three cases, Pz was calculated using

Equation 5 as has been explained in the theoretical background section.

For each blend ratio, the median value of 4,/4; as obtained from Tables I were put in Equation 5
and the value of Py for the binary blend of NR and SBR was calculated. Table 2 shows the
median value of Py for the binary blend of NR and SBR at the three different blend ratios as was

calculated using Equation 5

Table 2: Median value of P for a binary blend of NR and SBR

Weight fraction of Weight fraction of AilA P (¢1/€2) Median value of

NR, C]=(1—Cg) SBR, C PIR
0.3 0.7 0.11 0.2567 0.26
0.5 0.5 0.26 0.2600

0.7 0.3 0.63 0.2700




It was found that within experimental limits this value was the same for all the three blends and
was a constant, characteristic only of the nature of the two rubbers comprising the blend and

independent of blend ratios.

Conclusions

A new numerical algorithm for baseline fitting and subtraction applicable to FT-IR spectrum
data for the calculation of peak heights was devised. This algorithm generates very quick results,
especially when working with many spectra and dealing with spectral peaks with very low peak
heights. Applying the new algorithm on obtained IR spectra of binary blends of NR and SBR at
three different blend ratios, characteristic peak height ratios of the rubbers were determined.
These ratios were used for determining Pz for the binary blend of NR and SBR using Beer
Lambert law. From the results obtained, it was concluded that it is a constant, characteristic only

of the nature of the two rubbers comprising the binary blend and is independent of blend ratios.
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Abstract

This study aimed at developing a glycosylated biodegradable polymer surface as a
potential medical device for tissue regeneration. Thus, poly(lactic acid) (PLA) was exposed
to DC plasma in air atmosphere followed by graft copolymerization with acrylic acid
(AAc). The introduced carboxyl groups were then coupled with D-glucosamine molecules
via the carbodiimide chemistry. The structural and morphological changes of the prepared
surfaces were confirmed by X-ray photoelectron spectroscopy (XPS) and atomic force
microscopy (AFM). Water contact angle measurements were conducted to investigate the
surface wettability for the prepared surfaces. The surface wettability for all treated PLA
samples was relatively higher than that for the untreated PLA. A preliminary study on the
cytotoxicity of the developed surfaces was performed using a mouse embryonic fibroblast
(NIH/3T3) cell line. Treated PLA surfaces are more suitable for fibroblasts attachment and
viability than the untreated PLA.

1. Introduction

Development of polymeric biointerfaces which can promote a desired biological
response is an innovative trend in tissue engineering and regenerative medicine [1, 2]. For
this purpose, well-defined properties of the material's surface are required. PLA is one of
the most promising biodegradable polymers due to the fact that the monomer “lactic acid”
is produced from non toxic renewable feedstock and it is naturally occurring organic acid as
well. The excellent biocompatibility, thermoplastic processability and mechanical
properties of PLA widened its use in a variety of potential applications [3]. However, as
any synthetic polymer, its surface has to be functionalized with some bioactive moieties in
order to promote adequate cellular adhesion and proliferation.

Several surface modification techniques have been developed to create new
functionalities on polymer surfaces as a precursor for the covalent attachment of bioactive
compounds [4]. Among them, plasma surface technology is an effective and economical
surface treatment technique for many materials and of growing interests in biomedical
engineering [S]. Exposure to plasma creates new functionalities on the polymeric surface
which can be utilized in the immobilization of a biomolecule.



In particular, carbohydrates are ideal biomolecules for material surface
functionalization due to their polyhydroxylated nature and their ability to convey biological
information [6, 7]. D-glucosamine (GA) is a naturally occurring amino-sugar and it is
considered a prominent precursor in the biochemical synthesis of glycosylated proteins and
lipids. According to the literature, much work has been done on chitosan based materials as
relevant candidates in the field of biomaterials, especially for tissue engineering [8].
However, the studies on D-glucosamine which represents a contributing monomeric unit in
the backbone of chitosan are limited. Recently, glucosamine has been used to develop
glycosylated polymeric surfaces for different biomedical applications. For example, Russo
et al grafted glucosamine onto poly(e-caprolactone) in a single step process of polymer
aminolysis for enhancing density and spreading of hMSCs [9]. Wang and Lan developed a
glycosylated surface on poly(3-hydroxybutyrate-co-4-hydroxybutyrate) membrane for the
selective adsorption of low-density lipoprotein[10].

In the present study, air plasma was employed to induce the grafting of AAc
monomer onto the PLA surface. Thereafter, D-glucosamine as a bioactive molecule was
chemically immobilized onto the functionalized PLA surfaces using a water soluble
carbodiimide. The surface chemistry, morphology and wettability of the developed PLA
films were characterized by the suitable techniques. Lastly, cytotoxicity of untreated and
treated PLA surfaces in live cultures of fibroblasts was investigated.

2. Materials and Methods
2.1. Materials

The commercial PLA 4032D, a semi-crystalline grade with the density of 1.24
g/em’ and containing around 2% D-LA, was purchased in pellets from Nature Works
(Blair, NE). Pellets were dried at 60 °C overnight and then hot-pressed at 180 °C into films
with a thickness of ~150 pum, followed by cooling in a press.

Acrylic acid (AAc, 99 %) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC, 98%) were obtained from Fluka. D(+)-Glusamine (GA, 99%, suitable
for cell culture), ethylene glycol (99.8%), diiodomethane (99%) and sodium metabisulfite
(99%) were supplied by Sigma-Aldrich. All reagents were used as received without further
purification.

2.2. Plasma treatment

Prior to the plasma surface modification, the PLA films were cut into rectangles of
“4 cm x 5 cm” and rinsed with a detergent solution, then with deionized water several
times, and finally dried at room temperature. PLA films were treated from the both sides
under a 0.6 mbar air atmosphere for 120 s by a plasma system (Diener “Pico”, Germany)
operating at 40 KHz. The power and the air flow rate were set to 50 W and 20 sccm in all
the experiments, respectively.

2.3. PAAc grafting

Immediately after the plasma treatment, the PLA films were immersed in an
aqueous solution containing 10 vol % of AAc and 0.1 wt % of sodium metabisulfite for 24
h at 30 °C. Following the grafting process, The AAc grafted PLA films were immersed in
deionized water for several hours at room temperature and then washed with a copious
amount of water several times to remove any unreacted acrylic acid monomer and PAAc
homopolymer. The graft density (pg/cm?) was determined from the following equation:



Graft density = (Wg — Wo)/S
where Wo and Wg are the weights of PLA film sample before and after grafting and S is
the surface area of the PLA sample.

2.3. GA immobilization

AAc grafted PLA films were immersed in 0.1 wt % aqueous solution of EDC at 4
°C for 6 h, for activation of carboxyl groups. Then the activated PLA samples were
immersed in 1 wt % GA aqueous solution for 24 h at room temperature. Finally, the
samples were removed, thoroughly washed with deionized water, and dried for 24 h at
ambient conditions.

2.4. X-ray photoelectron spectroscopy (XPS)

The Escalab 200A (VG Scientific, UK) with PISCES software for data acquisition
and analysis was used for X-ray photoelectron spectroscopy (XPS) to analyze chemical
composition of the surface structure. For the analysis, the monochromatic Al-Ka X-ray
source operating at 15 kV (300 W) was used, and the spectrometer, calibrated with the
reference to Ag 3ds, (368.27 eV), was operated in CAE mode with 20 eV pass energy. The
value of the ultra-vacuum was ca. 10™° Pa. Spectral analysis was performed using peak
fitting with Gaussian—Lorentzian peak shape and Shirley type background subtraction.

2.5. Contact angle measurements

Water contact measurements were performed using the Surface Energy Evaluation
System (SEE system) from Advex Instruments, s.r.o. (Czech Republic). The droplets
volume was set to 5 puL for all experiments to avoid errors connected with the gravity acting
to the sessile drop. Six separated contact angle readings were averaged to obtain one
representative value.

2.6. Atomic force microscopy (AFM)

Surface morphology and roughness of the pristine and treated PLA samples were
examined by the AFM technique using the PeakForce TUNA mode on Dimension ICON
(Bruker Corporation; US). A silicon tip on nitride lever (ScanAsyst-Air probe, Bruker
Corporation; US) with a spring constant of 0.4 N m™ was used. Measurements were
conducted at a scanning rate of 0.630 Hz and a resolution of 512 lines. Three different areas
of 5 um? were scanned and investigation. The surface roughness was determined using the
arithmetic average of the absolute values of surface height deviations measured from the
mean plane (R,).

3. Results and Discussion
Plasma-assisted preparation of a glycosylated PLA surface

In order to create reactive functional groups on the PLA surface suitable for
biomolecule immobilization, plasma technology was employed to induce the grafting
reaction of acrylic acid (AAc) monomer with PLA, following the typical “Plasma Post-
Irradiation Grafting” approach. Plasma irradiation of PLA films in air atmosphere results in
the formation of oxygen-containing functional groups on the surface, including some
radical species (peroxides and hydroperoxides). These radical species are able to initiate
grafting polymerization of AAc onto the PLA surface. The average degree of AAc grafting
onto the PLA surface was found to be ~ 20 pg/cm’. Afterwards, the introduced carboxyl



groups can be easily conjugated with D-glucosamine (GA) as a bioactive compound
through a coupling reaction, utilizing 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) as a condensing agent (scheme 1).
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Scheme 1. Schematic diagram for the plasma-assisted immobilization of GA onto PLA
surface

The structural changes upon the surface modifications were confirmed by the XPS
technique which is more sensitive to the very top surface layer of the material. As shown in
Table 1, the XPS surface quantitative analysis of the investigated PLA samples clearly
ascertains the existing functionalities in the surface region and show subsequent changes in
species introduced by each treatment. It can be observed that the measured oxygen-to-
carbon (O/C) ratio of the PLA surface increased from 0.41 to 0.62 after plasma irradiation
in air atmosphere as a result of the incorporation of oxygen-containing functional groups
such as C=0, -OH, COOH, COO-, and C-O-C into the surface. Following AAc graft
polymerization, the O/C ratio remained almost similar at 0.59. However, after GA
immobilization the O/C ratio decreased slightly to 0.49 and an N photoemission signal at
400 eV, characteristic of an amide bond, was detected. The atomic concentration of N5 was
found to be 1.8%. The appearance of N peak only for the GA modified sample indicates
the successful immobilization of this biomolecule onto the PLA surface.

Table 1. XPS surface quantitative analysis of the investigated PLA samples. Elemental
concentration is expressed as atomic percentage (atomic %)

Sample Cls O1s Nls o/C
Untreated PLA 70,8 29,2 / 0.41
Plasma treated PLA 61.6 38.4 / 0.62
AAc grafted PLA 62,8 37,2 / 0.59
GA modified PLA 65.9 323 1.8 0.49

Surface wettability is a useful indicator for surface modifications and an important
parameter that could affect the interactions at biointerfaces. Figure 1 shows the water



contact angles for the developed PLA films. Air plasma treatment of the PLA surface
decreased significantly the water contact angle. This reveals that plasma treatment
improved the hydrophilicity of the PLA surface as a result of the incorporation of
characteristic polar functional groups such as C=0, -OH, COOH, COO-, and C-O—C into
the surface. However, a change in the surface wettability can also be ascribed to many other
effects, such as the surface charge and the roughness, in addition to alterations in the
chemical structure of the film.

The AAc grafted and GA functionalized PLA surfaces showed almost similar water
contact angles which were slightly higher than those for the plasma treated PLA surface but
still remain lower than those for the pristine PLA sample. This might confirm the chemical
functionalization of the PLA surface following the plasma treatment. The polar character of
PAAc brushes and GA moieties is expected to decrease the water contact angle for the PLA
surface. However, this also depends on how the polar functional groups oriented
themselves on the surface as a result of some physical interactions such as hydrogen
bonding.
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Figure 1. Water contact angles for the untreated and treated PLA film surfaces

Atomic force microscopy (AFM) is a powerful tool to study the morphological
changes and the roughness of the polymer surfaces after plasma and chemical treatments.
Therefore, the effects of plasma treatment, AAc grafting, and GA immobilization on
surface morphology and roughness of PLA films were investigated using AFM. Figure 2
shows the topographic AFM images at 1.7 um scale for (a) untreated, (b) plasma treated,
(c) AAc grafted, and (d) GA modified PLA films. The surface of the untreated PLA was
relatively smooth structures randomly dispersed all over the surface (Figure 2a; R,= 0.98
nm). Plasma treatment for 120 s transformed the original smooth surface of PLA into a
rougher surface filled with nanoscale conical protuberances (Figure 2b; R,= 5.85 nm). This
would be most likely due to the etching effect of applied plasma. The bombardment of
energetic particles such as electrons, ions, radicals, neutrals and excited atoms/molecules
and UV—Vis radiations on the surface of polymer films resulted in etching of the surface
[11]. After AAc grafting, the PLA surface morphology appeared different (Figure 2¢). The
nanoscale conical protuberances mostly disappeared and it seems that PAAc brushes were
created on the PLA surface after the initiation of the grafting process by the radicals
generated at the film surface. In addition, the roughness (R,= 5.92 nm) did not significantly
change if compared with that of the plasma-treated PLA surface. On the final step of



modification with GA, no further significant changes were noticed in surface morphology
(Figure 2d). However, the roughness (R,= 8.87 nm) increased if compared with those of the
AAc grafted or the plasma treated PLA surfaces.

Figure 2. AFM topographic images for (a) untreated, (b) plasma treated, (c) AAc grafted,
and (d) GA modified PLA films. (Scan size: 1.7 um x 1.7 um)

4. Conclusions

The present work showed the effectiveness of plasma treatment to create new
functionalities on the PLA surface as a precursor for the covalent attachment of D-
glucosamine biomolecule. XPS measurements confirmed the success of the amino-sugar
immobilization onto the surface of PLA. The surface modifications of the PLA were
associated with noticeable changes in surface wettability and morphology. Preliminary
biological assays showed that the presence of D-glucosamine enhances mouse embryonic
fibroblast (NIH/3T3) cell line proliferation.
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SOUHRN: V této praci byla studovéna difize antimikrobniho peptidu nisinu skrze vrstvu
plazmového polymeru deponovaného za rtiznych podminek na dva rtizné substraty. Prostup
nisinu byl sledovan jednak po jeho uvolnéni do vody, stanovenim jeho koncentrace metodou
HPLC, jednak mikrobiologickou metodou za uc¢elem ovéteni Gi€innosti (tedy 1 jeho stability
po difuzi). Koncentrace nisinu na povrchu vrstvy byla stanovena pomoci XPS (pomoci
spekter N1s) a bobtnani bylo sledovano elipsometrickou metodou. Bylo zjisténo, Ze podminky
plazmové polymerace, které ovliviiji strukturu polymerni sité, maji vyrazny vliv i na difuzi
nisinu, zna¢ny podil na difiizi ma i zpusob naneseni nisinové vrstvy na substrat (¢i charakter

substratu). Prednostné vSak dochazelo k adhezi nisinu na plazmovy polymer.

Nisin diffusion through the PEO-like plasma polymer film

Zuzana Kolarova Raskoval*, Jaroslav Kousalz, Turii Melnichuk® , Vladimir Sedlarik'
'Centra of polymer systems, University institute, Tomas Bata University in Zlin, Trida
Tomase Bati 5678, 76001 Zlin

*Department of macromolecular physics, Faculty of mathematics and physics, Charles
University in Prague, V Holesovickach 2, 18200, Praha
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ABSTRACT: The diffusion of antibacterial peptide - nisin through plasma polymer thin
layers was studied in this paper. The plasma polymers were prepared at different plasma
discharge conditions (power), on two different substrates. The permeation of nisin was
observed by means of HPLC method during its release.Additionally, the nisin stability and
antimicrobial affectivity after its diffusion was verified microbiologically by diffusion agar
test. The nisin concentration on the surface was detected using XPS (N1s spektra), in-situ
elipsometry was performed for the evaluation of plasma polymer swelling. It was found that
plasma deposition conditions influence the polymer 3D structure and therefore nisin
diffusion,. Also the character of substrate and the way of coating the substrate with nisin plays

important role. The nisin was attached prefferentially to the plasma polymer.



1. Uvod

Nizkoteplotni plazmova technologie ptfedstavuje velmi efektivni upravu, pomoci které jsou
modifikovany povrchové vlastnosti materialt [1, 2] Technika PECVD ptedstavuje metodu,
pomoci které jsou deponovany tenké vrstvy z plynného stavu na pevny povrch

v nizkoteplotnim plazmatu. Tyto filmy mohou slouzit jako mezifaze k funkcionalizaci
substratu nebo jako ochranna ¢i bariérova vrstva [6-9]. Vyboj je iniciovan v atmosfére
obsahujici elektrony o energii jednotek eV, které slouzi jako iniciatory st€peni molekul na
radikaly. Organické latky (prekurzory polymerace) jsou prevedeny do plynné faze.

V poslednich letech je studovéna nova technika depozic, kterd byla vyvinuta za Gcelem
vytvofeni novych polymert, které nemaji nahodnou strukturu jako tomu je u klasickych
plazmovych polymerd, ale jejich strukturu je mozné cilené tidit pomoci zmény podminek
plazmové polymerace [3,5,9,14-16]. Jde o mezistupent mezi konven¢nimi a plazmovymi
polymery. V soucasné dob¢ je zkoumana moznost biofunkcionalizace polymert a jejich
interakce s biologicky aktivnimi latkami [6, 9]. Z biotechnologického hlediska i hlediska
medicinskych aplikaci zacaly byt zajimavé antimikrobni peptidy, ptedevsim ty ziskané
pomoci bakterii mlééného kvaSeni. Jednim z nich, zaroven nejdéle zkoumanym bakteriocinem
je nisin [10].

Nisin, bakteriocin (produkt kmene Lactococcus lactis) vykazuje antibakteridlni u¢inky
zejména proti Gramm-pozitivnim bakteralnim kmentim. Problémem je jeho stabilita a
stabilizace pfi pouZiti v polymernich matricich, kde se ukazuje jeho potencial vyuziti jako
antimikrobniho prostfedku pro obalové materialy [11-13]. Na zéklad¢ ptedchozich studii bylo
ovéteno, ze polyethylenglykol (PEG) pozitivné ovliviiuje stabilitu nisinu. Plazmové
polymerni vrstvy na bazi biokompatibilniho polyetylenoxidu (PEO) jsou pfedmétem novych
studii [3]. Tato prace se zabyva uvoliiovanim a stabilitou nisinu, jeho antimikrobnimi u¢inky

po difuzi skrz vrstvu plazmového polymeru odvozeného od PEG/PEO.

2. Material a metody
Jako substraty pro depozici PEO-like vrstev byly pouzity
1) Kiemikové desky (wafery). Na kiemik o rozmérech do 1x1cm bylo naneseno 20 pl

roztoku nisinu ve fosfatovém pufru o pH 3,5 a koncentraci 300 pg/ ml.



2) Film vytvofeny odlévanim 10% polyvinyl alkoholu (PVA), zesitén¢ho kyselinou
glutarovou (GA) (stupeni zesiténi 5%) [17]. Na PVA folii (1x0.5 cm) bylo naneseno

20ul roztoku nisinu ve fosfatovém pufru o pH 3,5 a koncentraci 300pg/ ml.

Tloustka vrstev nisinu uréend pomoci elipsometrie byla kolem 120 nm.

2.1. Plazmova polymerace

Po zaschnuti roztoku byla provedena vlastni depozice piekryvové PEO-like vrstvy za tfech
riznych podminek, kdy byly zvoleny vykony plazmatu 5, 10 a 30 W. Pro depozici byl pouzit
PEO s moléarni hmotnosti cca 2500 g/mol (Sigma —Aldrich). Molekulova hmotnost PEO ve
vrstvé se pohybovala okolo 1050 g/mol [14]. Depozice probihala pfi tlaku 10” Pa (zapojeni
rotacni a difuzni vyvévy), jako pomocny plyn byl pouzit argon, pfi tlaku 1 Pa, pritoku 5
sccm. Pro nabuzeni vyboje byl pouzit RF generator (Dessler Caesar, 13,56 MHz)

s automatickou ladici jednotkou (MFJ-962D) ptipojeny na planarni magnetronovou elektrodu
s uhlikovym ter¢em (Obr. 1). Vykon do elektrody byl od SW do 30W. Rychlost depozice byla
12-21 nm/min. Po provedeni depozice byly vzorky ponechény 30 minut ve vakuu za G¢elem
dokonceni rekombinace ptitomnych radikala a stabilizace filmu.

Tloustky vrstev byly stanoveni pomoci spektroskopického elipsometru Woollam M-2000DI.
XPS spektra byla potizena pomoci Phoibos 100, Specs, za ucelem ziskani prvkového slozeni

povrchu vrstev.

by [ I

-
4
4,

Obr.1 Schéma depozice plazmového polymeru. T — zahrivana cela se zdrojovym polymerem,

M — RF elektroda, Q — substraty a mereni depozicni rychlosti. Adaptovano podle [15].

2.2 Uvolnovani nisinu a jeho antimikrobni aktivita

Ke vzorkim byly pfidany 3 ml demi H,O a po 1 h bylo odebrano 500 pl na HPLC, 500ul na
testy antimikrobni aktivity. Soub&zné bylo provedeno stanoveni proteinu dle Bradfordové [7].

Odebirani probihalo ve zvolenych intervalech a voda (bez pfidavku konzervantu) byla po



odebrani vyménéna za Cerstvou, aby nedoslo k ovlivnéni vysledki mikrobiologickou
kontaminaci.

Antimikrobni aktivita byla vyhodnocena pomoci difuzni metody. Na Mueller-Hintonliv agar
byl naotkovan bakterialni kmen Staphylococcus aureus CCM 4516 (107 ~ 10® cfu/ml), po
zaschnuti suspenze byly do agaru vyfiznuty jamky o priméru 5mm, do kterych bylo
davkovano 50 pl vzorku. Misky byly ponechany inkubovat pii 35 °C, 24h, poté byly
odecitany inhibicni zony

Koncentrace nisinu byly vyhodnocovany pomoci RP-HPLC (Waters GmbH, Praha, CR) za
pouziti kolony C18 (5 um, 4.6 x 250 mm) s piedkolonou Reprosil 100 C18 (5 um, 50 x 4mm,
Watrex). Jako mobilni faze byly pouzity ACN (A) a voda s 0,05% kyselinou trifluoroctovou
(B). Byla pouzita gradientova elu¢ni metoda (0-5 minut 80% A, 6-20 minut 80% B).

3. Vysledky a diskuze
3.1 Elipsometricka méreni a XPS

Tabulka 1. Podminky depozice PEQO vrstev a jejich tloustka

Vykon | Doba Tloustka
depozice vIstvy
5W 2 min 125 nm
10W 6 min 65 nm
30W 5 min 25 nm

Métenim tloustky vrstvy plazmového polymeru PEO-like vrstvy byly ziskany vysledky
uvedené v Tabulce 1. Byla monitorovdana zména tloustky vrstvy u vzorkii louZzenych

v demineralizované vod¢ (Tabulka 2), nasledné byly u téchto vzorkl provedeny i XPS
analyzy (Obr.2).

Tabulka 2. Elipsometricka tloustka vrstvy béhem louzeni vzorkii ve vodé

Vzorek/ PEO | PEO+nisin |24 hPEO |24 h 72 h 72 h

vykon PEO+nisi | PEO PEO-+nisi
n n

10W 125 230 90 65 80 75

30W 65 170 50 120 75 75

SW 25 125 30 40 25 20




Pomoci povrchové koncentrace dusiku bylo odhadnuto mnozstvi nisinu difundujiciho na
povrch v zavislosti na dob¢ louzeni (viz Obr 2).
Z Tabulky 2 vyplyva, Ze nejrychleji bobtnala a rozpoustéla se vrstva nanesena pii vykonu 5

W pricemz vykony 10 a 30 W piinasely, co se tyCe tloustky, srovnatelné vysledky.

1.6 mo5W

1,44

30W
1,24 -

1,01 y .
0,8+
0,6-
0,4
0,2-
00-m

T T T T T T T T
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doba uchovani vzorku ve vodé [h]

mnozstvi dusiku (nisinu) na povrchu [%]

Obr. 2. Stanoveni mnozstvi nisinu pritomného na povrchu vzorku pomoci mereni dusiku
(XPS).

3.2. Uvolnovani nisinu:

.V}'/sledky ziskané elipsometrickym métenim byly korelovany s vysledky ziskanymi
stanovenim antimikrobni aktivity uvolnéného nisinu. Na Obr. 3 u samotného nisinu
nanesen¢ho na kfemik nedoslo k zadné adhezi na kiemikovy wafer, antimikrobni aktivita byla
tedy zaznamenéna pouze u prvniho odbéru. U vrstev deponovanych pfi 5 W doslo k rychlému
uvolnéni nisinu skrze vrstvu béhem prvnich 24h, poté uz difundoval zbytkovy nisin. U vrstvy
deponované pti 10 W byl narist inhibi¢ni aktivity srovnatelny jako v predchozim ptipadé, ale
pokles pomalejsi, tudiz by se dalo usuzovat, Ze uvolfiovani nisinu probiha téméf konstantni
rychlosti po dobu minimalné 160 h. Vrstvou deponovanou pii 30 W nastalo jeho uvolnéni
vrstvy, kde byl plazmovy polymer tenéi, dale pak byla difuze nisinu pomalejsi nez u
piedchozich vzorki, coz by odpovidalo vyS§imu stupni zesiténi [16]. Obdobné jsou vysledky
znazornéné na Obr. 4, kdy bylo stanoveno uvoliiovani nisinu pomoci RP-HPLC. Pro substrat

tvofeny kifemikem je koncentrace uvolnéného nisinu vztazena na plochu vzorku téméf o



polovinu nizsi nez u pii pouziti PVA substratu, u n¢hoz doslo béhem louzeni k bobtnani a

rozpousténi. Pokles koncentrace uvolnéného nisninu po 72h rychlejsi u PV A substratu, ale

poté se nisin uvoliiuje pomalu, pokles koncentrace je mirny. Ze stanoveni pro PVA substraty

je dale patrné, Ze k postupnému uvolnéni nisinu dochazi i po delsi dobé¢ a to i po Gplném

rozpusténi PVA vrstvy. U vrstev nanesenych na kfemik bylo detekovano 1 po 720h uvolnéni

necelych 3

ng/ml nisinu. U PV A substratu po poklesu koncentrace uvolnéného nisinu na

témét nulovou hodnotu byl po 720h zaznamendn jeji narist, coz nasvédcuje adhezi nisinu

k plazmovému PEO-like polymeru a jeho zpozdénému uvolnéni.
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Obr. 3. Antimikrobni aktivita nisinu postupné uvolitovaného a) z PEO vrstvy na kiemiku b)

3

koncentrace nisinu [pg/mm’]

z PVA povrchu po jeho rozpousteni a PEO vrstvy deponované na PVA

e e
m - Sifnisin — ® - PVAInisin/PEO 5W |
201 @ SinisinfPEQ 5W E e v A PVAnNisin/PEQ 10W
& SifnisinfPEO 10W = | —w— PVA/nisin/PEO 30W
- SinisinPED 30 W | & " =
= 40-
g
[ - .
] =
] @
E 20-
/ Ly - A .
= g v ,
v - ¥
04 L]  § i = 04 I L3
. - . e e . '
0 30 60 9 120 150 650 700 750 0 30 60 80 120 150 850 700 L
doba louZeni vzorku ve vodé [hod| doba louZeni vzorku ve vodé [hod]

Obr. 4. Koncentrace nisinu stanovend metodou RP-HPLC, postupnée uvoliiovaného a) z PEO

vrstvy na kiemiku b) z PVA povrchu po jeho rozpousteni a PEO vrstvy deponované na PVA;

vztazeno na plochu vzorku.



4. Zavér

Experiment provedeny za ti¢elem sledovani difize nisinu a jeho stability béhem difuze
plazmovym polymerem je pilotni studii pro nasledujici vyzkum vyuzitelnosti plazmovych
polymert k fizenému transportu proteint a peptidi. Bylo zjisténo, ze plazmové polymery
pfipravované pomoci definovanych podminek mohou mit fiditelnou strukturu, tudiz jejich
povrchové a materidlové vlastnosti mohou ovliviiovat adhezi ¢i interakce s antimikrobnimi
peptidy. PEO filmy pftipravené pii riznych vykonech rozdiln€ ovlivituji uvoliiovani nisinu po

pruchodu vrstvou, ptfi¢emz jeho antimikrobni aktivita ziistava zachovana.
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Abstract

A commercial formulation of styrene-acrylonitrile Copolymer (SAN) sheets were
surface-modified by using non-thermal radiofrequency and microwave plasma treatment. In
order to evaluate the possible improvement of SAN surface properties, the modification
was performed with oxygen and tetraflouromethane (CF,) as carrier gases. The untreated
and treated samples were chemically and morphologically characterised by X-ray
Photoelectron Spectroscopy (XPS) and Atomic Force Microscopy (AFM). The overall
outcome indicated drastic chemical and physical surface changes, which vary according to
the carrier gas. Hydrophilicity was noticeable increased after few seconds of oxygen
plasma; whereas, hydrophobicity arose after CF,4 treatment.

1. Introduction

SAN copolymers are a sort of plastic compounds produced by copolymerization
of styrene and acrylonitrile. The most common formulation is 70:30 weight styrene-
acrylonitrile, which is a rigid, optically transparent and thermoplastic material which in
several ways resembles polystyrene. SAN has a growing demand in diverse applications,
such as, food containers, kitchenware, computer products, high quality packaging, battery
cases, swimming pool components, shower screens, greenhouse glazing, autoclavable
devices, and optical fibres amongst others. Nonetheless, these copolymers have some
drawbacks, such as higher water absorption than polystyrene that depends on the
acrylonitrile content, higher processing temperature, low impact strength and are flammable
with smoke generation. One straightforward strategy to change certain surface properties is
by using plasma-based technologies. The aim of this contribution was to make a
comprehensive study of the effect of oxygen plasma treatment on SAN commercial sheets
and the possible improvement of hydrophobicity by using CF4 plasma. This study seeks to
explore a feasible method to enhance styrene-acrylonitrile copolymers surface properties.

2. Materials and Methods
2.1. Plasma Treatment of SAN

Both sides of the SAN specimens were exposed to oxygen and CF, employing two
reactors designed by the Jozef Stefan Institute in Ljubljana, Slovenia. The reactors were
pumped with a two-stage oil rotatory pump both. The discharge chambers were Pyrex
cylinders with a length of 600 mm and an inner diameter of 36 mm. The plasma was
generated under an inductive coupled radiofrequency generator, operated at a frequency of
13.56 MHz with the following output powers: 20, 30, 50, 80, 100 and 210 W. The
microwave plasma was sustained using a SAIREM microwave generator at a frequency of



2.45 GHz. The pressure was measured with an absolute gauge, adjusted during continuous
pumping by a precise leak valve, and the experimental pressure was fixed at 60 Pa.

2.2. Surface Chemistry Evaluation

X-ray photoelectron spectroscopy (XPS) was conducted on treated and untreated
samples in an XPS microprobe instrument PHI Versaprobe (Physical Electronics, USA).
The base pressure in the XPS analysis chamber was ~6 x 10~ Pa. The foils were irradiated
with X-rays over a 400 um spot area with a monochromatic Al Ky » radiation at 1.48 keV.
The emitted photoelectrons were detected by a hemispherical analyser positioned at a take-
off angle of 45°. Survey-scan spectra were acquired at a pass energy of 187.85 eV and
0.5 eV step resolution. The spectra were fitted using MultiPak v7.3.1 software from
Physical Electronics, USA; which was supplied with the spectrometer.

2.3. AFM Surface Morphology Analysis

The surface morphology was observed by using an atomic force microscope Solver PRO
(NT-MDT, Russia). The surfaces were analysed with standard Si cantilever with a constant
force of 10 N/m and at resonance frequency of 170 kHz. The images were taken on areas of
25 um” and 4 pm®. The average roughness (R,) was calculated from the images made on
4 ym’. In order to attain a reliable result, the average surface roughness was obtained from
five distinct spots of the specimens. The scanning rate was around 1.56 Hz.

3. Results and Discussion
3.1 Spectroscopic analysis

The surface atomic composition and elemental ratios of untreated and treated SAN are
given in Table 1. With respect to the oxygen plasma, there was a remarkable increase of
oxygen, where the O/C ratio was 10 times higher after three seconds of treatment, validates
the efficacy of the chosen method for surface modification.

Table 1. Concentration of the detected elements of untreated and treated SAN sheets by

XPS spectroscopy.
Sample Cl1s% NI1s% O1s% F1s% N/C O/C F/C
Untreated SAN 924 550 2.10 0.06 0.02 ---
3 s RF of O; plasma 73.7 4.70 20.2 -—- 006 027 --
3sRF of CFyplasma |44.6  2.20 1.90 513 0.05 0.04 1.15

There was no significant variation in the nitrogen content, in fact the N/C ratio persisted. It
may suggest that the nitrile groups on the molecule were not broken nor substituted after 3 s
of oxygen plasma. Conversely, a fast treatment under CF4; medium resulted in a
considerable surface fluorination. The fluorine content became even higher than carbon,
which is initially the most abundant element in the elemental composition of the material.
This may be a consequence of surface ablation and a severe molecular breakage. The
detailed high-resolution spectra of carbon Cls peak for untreated, oxygen and CF4 treated
SAN are presented in Figure 1. The primary components of the untreated SAN Cls
spectrum correspond to: a peak at a binding energy of 284.8 eV assigned to the C—C and C—
H bonding of the benzyl group (benzene ring attached to a CH,) along with the aliphatic



part of acrylonitrile. There is a small broad peak between 290-292 eV, which arises from

the m-m transitions and it is characteristic of conjugated electron-containing molecules.
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Figure 1. Comparison of high resolution XPS C1s spectra of untreated commercial styrene-
acrylonitrile copolymer and treated by oxygen and tetrafluoromethane plasmas. The XPS
experiments were carried out straightaway after the plasma treatments.

The deconvolution of the Cls peak for an untreated sample is given in Figure 2. Since the
sub-peak corresponding to the nitrile group at 285.8 eV heavily overlaps with the main C-C
peak at 284.8 eV the deconvolution is somehow arbitrary but justified taking into account
the SAN structure and XPS survey spectra (presence on N peak). The deconvoluted
spectrum shows that apart from the C-C and C=N peaks, there were other signals. There is
another peak at 287.1 eV which corresponds to carbonyl (CHO or C=0) and one at and
288.9 eV corresponding to carboxyl/ester (COOH, COOR) functional groups.
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Figure 2. C1s deconvolution XPS spectrum of surface oxidised SAN.



In case of CF4 plasma treatment, XPS spectra shows presence of fluorine, as CF4 molecules
may be dissociated in plasma into CF;, CF,, and CF molecules and fluorine atoms.
According to the deconvolution of Cls spectra for CF4 plasma treated SAN, the formation
of different fluorine containing species was observed. For instance, and as it may be seen
on Figure 3 the presence of CHF, CF, CF, and CF; groups on the surface. Those peaks’
intensities turned into a similar height than the main C—C and C-H bonding peak, which
remarks the extent of CF4 plasma treatment. CF4 plasma treatment implies numerous harsh
reactions; consequently, the surface fluorination encompasses both parts of the copolymer

molecule.
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Figure 3. Deconvolution of the core level C1s spectrum of surface fluorinated SAN

3.1 Surface Morphology

The atomic force microscopy (AFM) images of untreated and treated SAN sheets are
illustrated in Figure 4. The moderately smooth and uniform morphology of the untreated
samples undergoes notorious alterations especially when it was exposed to CF4 plasma. The
average surface roughness of untreated SAN measured over 4 um” was 1.3 nm, whilst the
surface roughness for oxygen and CF, treated specimens was 1.6 and 3.0 nm respectively.
Three seconds of oxygen plasma barely impinges on SAN surface morphology; whereas,
CF, manifests its particular feature as an etchant gas. It has been observed throughout the
experiments that neither the oxygen treated SAN sheets nor the CF4 ones have eye-visible
damages. It is of paramount importance since good optical properties and brightness are
outstanding assets of commercial styrene-acrylonitrile copolymer products.



Figure 4. 2D and 3D AFM images of: (A) Untreated, (B) O, plasma treated and (C) CF,4
plasma treated SAN sheets.

4. Conclusions

It is possible to conclude that non-thermal oxygen and tetrafluoromethane plasmas are
efficient tools for SAN surface modification. The SAN surface elemental composition
changes drastically after using the studied systems. An extensive surface oxidation with a
higher incorporation of -C-O- entities was accomplished by using oxygen plasma with a
minor variation on the nitrogen content; this suggests that the nitrile groups are not
detached from the molecule. Likewise, the extent of surface ablation is prominently higher
after CF4. AFM images illustrate the surface morphology and the etching effects of the
carrier gases. Surface topography is certainly altered after the treatments, however the
transparency and brightness of the sheets remain unaltered. Short duration plasmas are a
cost-efficient method to enhance either hydrophilicity or hydrophobicity of styrene-
acrylonitrile copolymers giving them unique and stable features over conventional clear
sheets. The present approach manifests itself as a feasible strategy to ameliorate adhesion,
printability, water resistance or oleophobicity of this growing demand material.
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Abstract

The understanding of the fatigue behavior of rubber in the dependence on the complex stress
loading conditions, which is the reason for crack initiations and its propagation, is a subject of
high scientific and application oriented interest to understand and improve durability and life
service of rubber products. In the present work, the pure rubbers; natural rubber (NR) and
butadiene rubber (BR) as well as binary rubber blend NR/BR at the blend ratio 50/50 filled
with varied content 10, 30 and 50 phr of carbon black (CB) with commonly encountered
rubber additives were subjected to fatigue loading conditions under sinusoidal waveform up
to 1.000.000 of loading cycles. The focus was to observe the fatigue behavior of each of the
rubber component as well as the rubber blend. This paper describes the fatigue behavior of
different rubber materials for describing the influence of strain crystallization as well as of
filler content on stress evaluation during increasing number of fatigue cycles.

KEYWORDS: Rubber, Fatigue, Natural rubber, Butadiene rubber

Introduction

Although elastomeric materials exhibit very high strains for relatively small stresses, making
them appropriate for many automotive applications, they still have behavior in common with
other materials. In particular they a limiting strength and tend to fatigue. Mechanical fatigue
of rubber materials is manifested in a progressive reduction of the physical properties as a
result of crack propagation during continuous dynamic excitation. Predictions of the fatigue
properties of rubber materials and components are currently partly of an empiric nature. There
are levels of stress or strain below which rubbers will not suffer fatigue damage. The fatigue
is caused due to crack initiation and its propagation to total failure of piece. The relationship
of crack nucleation/initiation and fatigue crack growth (FCG) was demonstrated in e.g. [1,2]
in the dependence of rubber type and thereby of chemical specification of uncured rubber
components regarding to the experimental fatigue analysis of NR and SBR. It has been
shown, that in strain crystallizing rubber such as NR the FCG is delayed somehow by strain-
induced crystallization. On the other hand, non-strain crystallizing rubber like SBR will
follow time-dependent FCG behavior. With the next increase of loading amplitude i.e.
increase in tearing energy, the FCG characteristics of both elastomers analyses show also a
difference of FCG increase as well. It was observed from the measurement, that the initiation
of cracks in SBR starts at higher tearing energy than in NR. Whereas the FCG following the
crack initiation shows a counter phenomenon of more rapidly propagation of crack in SBR in



comparison to the rubber specimen based on NR. The results show the hypothetic relationship
of crack initiation and propagation of rubber products based on nature or synthetic rubber.

The fatigue material data fundamentally are the base for derivation of a numerical material
model describing the fatigue behavior of rubber blend and thus are the base data which
contribute to evaluation of predicative fatigue models. Producing durable rubber automotive
components, despite the increasing use of Finite Element Analysis (FEA), remains a
challenge. The question of determining a sole criterion for predicting rubber fatigue is
unresolved. Arguments have been made that fatigue resistance is dependent mainly on stress,
strain and also dynamic strain energy density [3-5].

Thus the aim of this work was to describe the fatigue behavior of pure rubbers natural rubber
(NR) and butadiene rubber (BR) as well as binary rubber blend NR/BR at the blend ratio
50/50 filled with varied content 10, 30 and 50 phr of carbon black (CB) with commonly
encountered rubber additives with respect to fatigue loading conditions under sinusoidal
waveform up to 1.000.000 of loading cycles and observe the fatigue behavior of each of the
rubber component as well as the rubber blend. This paper investigates the fatigue behavior of
these rubber materials for describing the influence of strain crystallization as well as of filler
content on stress evaluation during increasing number of fatigue cycles to contribute for the
clarification of future crack growth and prediction of rubber failure at fatigue loading.

Experimental

In this study Natural Rubber (NR), Standard Malaysian SMR 20CV and Butadiene-Rubbers
(BR), Buna CB 24 (Co. Lanxess), were filled with carbon black of the type N339. Curing was
done by a typical sulfur-accelerator-system. The compound formulations are shown in Table
1. The rubber compounds were mixed in two stages. The first stage was done using an
internal mixer SYD-2L (Co. Everplast); for the second stage a two-roll mill was used.
Rheometric properties were determined by Moving Die Rheometer MDR 3000 Basic (Co.
Montech) according to ASTM 6204 at 160°C for 0.3 hr. and 0.50 arcs with 100 CPM
frequency. Vulcanization of specimens was performed in a heat press LaBEcon 300 (Co.
Fontune Presses) at 160°C and 10 MPa according to the rheometric properties. The standard
test specimens (ASTM D4712 Type C, dumbbell specimen) have been cutted out from the
vulcanized plates.

Table 1: Compound Formulations used for the analysis

NR 50 BR S0 | NR/BR10 | NR/BR 30| NR/BR 50
Ingredients [phr] [phr] [phr] [phr] [phr]
NR 50
BR 50
Carbon black N339 50 50 10 30 50
Zinc Oxide 3
Stearic Acid
6PPD 1,5
CBS 2,5
Sulphur 1,7




Experimental analysis is based on using an electrically driven Tear and Fatigue Analyzer
(TFA) from Co. Coesfeld GmbH. The testing equipment consists of 3 individually powered
electrical dynamic drives and each of which is driving 3 test specimens simultaneously. In
total the system contains up to 9 measuring stations. Each station contains an individual load
cell and an additional electromechanical motor. This motor controls the stress-level
throughout the dynamic strain controlled measurement. Further the system is able to perform
classical fatigue test, e.g. with standard dumbbell test specimens by analysis of 9 specimens
simultaneously. The details of the testing equipment are given in the Fig. 1.

i e CDESFELD

AND FATIGUE ANALYSER M A

Figure 1: Visualization of the testing chamber of TFA: A - specimens; B — 3 traverses; C - 3
shafts of separate dynamic engines; D - 9 separate pre-stress controlling units; E — isolated
chamber; F - CCD monochrome camera

The applied testing conditions are listed in Table 2.

Table 2. Applied testing conditions

Strain Pre-force Loading Frequency
[%] [N] function [Hz]
30 0 Sinusoidal 10

Three test specimens have been analyzed for each compound and the average values are
plotted as results.



Results and discussion

In Fig. 2, the evolutions of the maximal stresses under fatigue loading cycles for pure NR 50,
which undergo the strain crystallization and pure BR 50, which is non-strain crystalizing
material as well as binary blend NR/BR 50 have been plotted. Generally it is visible that the
BR 50 exhibits higher stress in comparison with NR 50 at the identical loading conditions.
We found that the maximal stress of the strain crystalizing natural rubber is more or less
constant or has a very slightly increasing tendency, whereas the non-strain crystalizing
butadiene rubber exhibit an significant increase in stress values over the complete fatigue
loading cycles. Thus the natural rubber behaves steady during the fatigue loading, whereas the
matrix of butadiene rubber enhances the mechanics behavior. Finally the binary blend NR/BR
50 shows the middle stress values between the values for NR 50 and BR 50, whereas the
material behaves more steadily with low increasing tendency. Because of the material based
on BR exhibit an increasing stress tendency in dependence on fatigue loading cycles it is
expected that the initiation of the failure will be delayed because of the increased toughness of
the matrix.

The Fig. 3 shows the evolutions of the stored energy density for pure NR 50, which undergo
the strain crystallization and pure BR 50, which is non-strain crystalizing material as well as
binary blend NR/BR 50. The data evaluation for each of analyzed material corresponds
qualitatively with the tendencies of stress values.
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Figure 2: Stress evaluation in accordance to no. of fatigue loading cycles based on pure
rubber NR, BR and binary blend NR/BR with 50 phr of carbon black.
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Figure 3: Evaluation of stored energy density in accordance to no. of fatigue loading cycles
based on pure rubber NR, BR and binary blend NR/BR with 50 phr of carbon black.

In Fig. 4, the evolutions of the maximal stresses under fatigue loading cycles for binary blends
NR/BR in dependence on content of carbon black have been visualized. Generally it is visible
that the increased content of carbon black has a stiffening effect of rubber matrix, which is a
well-known phenomenon. In the other hand it is visible that the stress ewolves more or less
very steady for all of compounds. Thus it could be concluded that the content of carbon black
do not significantly influence to the fatigue behavior in the fact of stress evolution. The Fig. 5
shows the evolutions of the stored energy density for binary blends NR/BR in dependence on
content of carbon black. The data evaluations for each of analyzed material correspond
qualitatively with the tendencies of stress values.
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Figure 4: Stress evaluation in accordance to no. of fatigue loading cycles based on binary
blend NR/BR with varied content of carbon black.
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Figure 5: Evaluation of stored energy density in accordance to no. of fatigue loading cycles
based on binary blend NR/BR with varied content of carbon black.

Conclusion

The experimental results of this work show that the dynamic fatigue properties of filled
rubber under equal conditions of temperature and frequency (etc) depend on the rubber type
as well as content of filler. We demonstrated that the butadiene rubber, which is non-strain
crystalizing material exhibits higher stress in comparison with natural rubber, which is strain
crystalizing material. Moreover we found that the maximal stress of the strain crystalizing



natural rubber is more or less steady, whereas the non-strain crystalizing butadiene rubber
exhibit a significant increase in stress values over the complete fatigue loading cycles. This
was assumed to be reason for the delayed initiation of the failure of the butadiene rubber at
fatigue loading conditions. The results of NR/BR 50 have shown the middle stress values
between the values of NR 50 and BR 50. Finally from the observation of influence of carbon
black content it is visible that the stress evolves more or less very steady for all of
compounds. Thus it was concluded that the content of carbon black do not significantly
influence to the fatigue behavior in the fact of stress evolution.
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Charakterizace vnitini struktury polymernich pén pomoci pocitacové tomografie
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SOUHRN: Piedlozend studie popisuje moZnosti vyuZziti pocitacové tomografie pro
nedestruktivni charakterizaci vnitini struktury polymernich pén. Cilem povedenych
laboratornich Cinnosti byla analyza wvnitini struktury polymerni pény, charakterizace
porovitosti, piitomnost otevienych a uzavienych cel uvniti vzorku pii zachovani ptivodniho

vzorku pro moznosti dal§iho testovani.

Characterization of the internal structure of the polymeric foams using computer
tomography
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ABSTRACT: The present study describes the possibility of employment of computer
tomography for nondestructive characterization of the internal structure of polymer foams.
The target of performed laboratory experiments was a description of the internal structure
polymer foams, porosity characterization, the presence of open and closed cell inside the

sample while maintaining the original sample for the possibility of further testing.



1. Uvod

Rentgenova tomografie, ozna¢ovana také jako pocitacova tomografie - pouzivana zkratka CT
(computed tomography), umoznuje analyzu vnitini struktury naptiklad plnénych systémi
nebo vice komponentnich produktii zkoumaného vzorku bez jeho nutné destrukce. CT tak
muize byt dilezitym nastrojem k charakterizaci polymernich pén. [1] Analyza spociva
v namétfeni nékolika set az nékolik malo tisic dvourozmérnych rentgenovych 2D snimki
(tvofenych pixely) vriznych definovanych polohach, znichz je poté pocitaCove
zrekonstruovan 3D model vzorku (tvofeny voxely). [2] Ziskany model vytvoii prostorovy
objekt, v némz tmavé voxely jsou oblasti s nizkou absorpci (plyn, vzduch) a naopak svétlé
voxely jsou mista s vysokou absorpci x-ray zafeni (kovy). [3] Pravé diky riizné hustoté
materidlu dokaze CT vytvofit histogram, kde jsou materialy s rozdilnou hustotou vyznaceny

jednotlivymi piky.

2. Experimentalni ¢ast

Pomoci rentgenového tomografu SkyScan 1174 byla charakterizovana vnitini struktura PLA
vzork.

Obrazek 1 - SkyScan 1174

Pro analyzu vnitini struktury byly pouzity vzorky z materialu PLA. Pény byly pfipraveny
fyzikélnim lehCenim v pribéhu vstfikovaciho procesu. Lehceni bylo dosazeno pomoci
nasyceni PLA taveniny plynnym dusikem. JelikoZ maji polymerni pény nizkou pohltivost,
doporucuje se pouzit kovovy filtr (v naSem ptipadé byl pouzit Imm hlinikovy filtr), ¢imz se
docili zretelnéjsiho obrazu. Dalsim dilezitym parametrem je expozi¢ni doba a intenzita

pouzitého rentgenového zaieni. Pro samotnou analyzu a vypocty jednotlivych hodnot vnitini



struktury je dtlezita kontrola a nasledna uprava naskenovanych snimku. Pii sniméani se mohou
objevit rizné artefakty, které¢ je nutno pred analyzou eliminovat. Mezi nezadouci artefakty
patii kruhové efekty, které mohou vzniknout z kovovych drzédku (rozdiln4 hustota materialu
drzak-vzorek), na které se analyzovany vzorek umistuje. DalSim ruSivym elementem muze
byt nizkéd ostrost snimku a v “rozmazaném® obrazu neni mozno oddélit jednotlivé pory od
okolniho prostoru vzorku. Tyto ruSivé elementy mohou byt odstranény aZz po nasnimani
celého vzorku. Pro samotnou analyzu je nutno také vytycit pfesnou oblast pro vypocet. Pro
tento tvar vzorku je nutné kazdy fez v ptidorysu piesné ohranicit, ¢imz dostaneme piesny 3D
tvar vzorku, ktery mize byt analyzovan bez nezddouciho vlivu okolniho prostfedi a mozného

zkresleni vysledki.

Obrazek 2 - Nahled vzorku polymerni peny pred skenovanim v pristroji SkyScan 1174
3. Diskuze

V nasem piipad¢ byly na zdklad¢ optimalizace zvoleny nésledujici podminky tj. 50 kV a
doba, beéhem které byl vzorek skenovan v jedné pozici, byla 8100 ms. Jednotlivd pootoceni
vzorku probihala po 0,5°. Obrazek 3. zobrazuje vnitini strukturu analyzovaného vzorku
v jednotlivych rovinach (x, y, z) z pohledu narys, piidorys a bokorys. Uvedené fezy umoznuji
nahlédnuti a pfiblizeni pozadované pozice vzorku, davaji moznost analyzovat jednotlivé pory,
jejich velikost a tvar. V tabulce 1. jsou uvedeny vypocitané hodnoty testovaného vzorku.
Vedle analyzy otevienych a uzavienych bun¢k uvnitf vzorku mizeme dostat také celkovy

objem a povrch vzorku.



Obrazek 4 - Piidorysovy nahled na rez a vnitini strukturu dolni ¢asti vzorku se zvétSenim

1,9x
Tabulka 1 - Vypocitaného hodnoty vnitini struktury polymerni pény pomoci softwaru
Objem materidlu PLA ve vzorku (mm’) 4008
Povrch tvofeni pevnou fazi vzorku (mm?) 35672
Pocet uzavienych porii 48953
Celkovy objem port ve vzorku (mm?) 6997,6
Objem uzavienych port (mm”) 19,921
Celkova porozita vzorku (%) 63,58
Oteviené pory (%) 63,4
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ABSTRACT: In this study, we demonstrate the manufacturing process of chemically blown
low density polyethylene (LDPE) foams filled with carbonyl iron (CI) particles with a view of
potential application as radio absorbing materials. The prepared foams are characterized in
terms of morphology and electromagnetic properties. It is found that the increase in carbonyl
iron concentration leads to the formation of fine microcellular morphology and to the
enhanced microwave absorption by the polymer-magnetic foam owing to various loss
mechanisms related to the magnetization and electric polarization processes. It is
demonstrated that the foam manufactured from the masterbatch with 40 vol. % of CI particles
content can be used in design of single-layer metal-backed radio absorber (RA) operating in

microwave frequency band.

1. Introduction

Nowadays, as the number of devices which radiate and/or are sensitive to electromagnetic
radiation increases massively, radio-absorbing materials and RAs based thereon gain huge
importance due to necessity to eliminate unwanted effects such as electromagnetic
interference. The frequency range 0.8—10 GHz is of particular importance here, since the
majority of communication and information transfer systems operate in this frequency region
[1-13]. All RAs can be classified according to physical principle, material properties, its
construction and operating bandwidth. Considering the physical principles of its operation,
absorbers of interference and absorptive type are distinguished. The former dissipate the
energy of the wave due its interference while the latter group converts energy into Joule heat
owing to various mechanisms connected with magnetic and dielectric losses. In order to
achieve absorption of electromagnetic wave, an absorber needs to fulfill several conditions
which have been well described analytically. The deciding factor is the property of the
material used for absorber design which should have desired electromagnetic properties i.e.
permittivity and magnetic permeability at the frequencies which the absorber works at. While

standard bulk materials can provide either desired dielectric or magnetic properties it is rather



difficult to find a material which would exactly match the requirements of an absorber
working in a given bandwidth. Therefore for design of absorber materials are often used
composite materials. An important advantage of the composite is that by its composition
(choice of appropriate matrix, filler and its concentration) as well as structural features
(distribution of filler in the matrix) it is possible to obtain a material with desired
electromagnetic properties. The manufacturing of polymer magnetic functional composite,
namely the highly filled one, requires that one should achieve a particular balance between the
processing ability and the properties of composites for a given range of applications.

The choice of filler depends on the operating frequency band of an absorber. Since the
magnetic-type RAs are characterized by broader operating frequency range ClI is frequently
used for the preparation of RA. Main advantage of CI is that depending on the grade used one
can tune the frequency dispersion of complex magnetic permeability and dielectric
permittivity and thereby control the operating frequency range of RA.

Since one of the most important requirements is low weight of RA, the polymer foams are
considered to be adequate candidates for RA design. Polymer foams, namely polyolefin ones,
are widely used in the different brunches of industry owing to their properties such as light
weight, chemical resistance, thermal and acoustic insolation, recyclability. There are several
literature reports regarding the application of foams filled with electrically conductive filler as
shielding materials [14-17]. However, the disadvantage of such absorbers is that these
materials provide shielding mainly by reflection and not by absorption of electromagnetic
radiation which does not completely solve the problems of electromagnetic compatibility.

In current work, we present the fabrication technology of CI filled LDPE foams with a view
of their application in a design of RAs where the electromagnetic shielding is realized through
the absorption of electromagnetic waves. To the best of our knowledge, the preparation of

such kind of foams is reported for the first time.

2. Experimental

2.1. Ingredients and Formulations

LDPE (Bralen FB 2-17) was supplied by Slovnaft, Slovak Republic. The foaming agent used
through this work was azodicarbonamide (ADC) while dicumyl peroxide (DCP) was used as
crosslinking agent. Zinc oxide (ZnO) was used in combination with ADC to reduce the
decomposition temperature of the blowing agent. All aforementioned chemicals were
obtained from Sigma—Aldrich (St Louis, USA). Carbonyl iron (ES grade, iron purity > 97.7%,
BASF, Germany) with spherical particles (2-3 um) was used as the magnetic filler.



2.2. Compounding

All formulations were prepared by melt-mixing using Brabender Measuring Mixer (model
W50 EHT) with gradual addition and homogenization of respective components. First, the
masterbatch without magnetic filler was formed. The constituents were added relative to 100
parts by weight of the LDPE matrix (phr). The concentration of components in the
masterbatch was as follows: ADC — 8 phr; ZnO — 2 phr; DCP — 1 phr. To avoid the
decomposition of ADC during the mixing process, the mixing temperature was set to 130 °C.
The granules of LDPE were first loaded to mixing chamber followed by zinc oxide and
blowing agent, which were added gradually to ensure thorough mix. Finally, the crosslinking
agent was added to the formulation to impart crosslinking to the foam. As prepared
masterbatch was then melt mixed with CI particles at the same processing conditions. Three
formulations differing in concentration of the magnetic filler were obtained (20 vol. % CI, 30

vol. % CI and 40 vol. % CI).

2.3. Foaming process

Polymer-magnetic foams were prepared by compression molding (hydraulic press LabEcon
300) via a single stage foaming process at the temperature 180 °C. A polymer compound was
filled into the preheated mold, which was then placed on the hot press platen and subjected to
2.5 MPa of pressure for 20 min. Pressure was then released to allow immediate expansion of

the foam.

2.4. Characterization

The morphology of the foams was investigated with the help of scanning electron microscopy
(SEM, VEGA\\LMU, Tescan). The complex magnetic permeability and dielectric permittivity
spectra of foams were studied in the frequency range from 1 MHz to 3 GHz by the impedance
method using an Agilent E4991A Impedance/Material Analyzer (Agilent Technologies,
USA).

3. Results and discussion

3.1. Morphology

Cell morphology of the prepared foams is shown in figure 1. As can be seen from Fig. 1 all
foams are characterized with closed-cell structure. It can be noticed that the increase in CI
content leads to the decrease of cell diameters. This fact can be attributed to the increased

viscosity of polymer melt with the increasing amount of CI particles. High melt viscosity



hinders the free expansion of cells during the foaming process resulting in formation of finer
cell morphology. Moreover, CI may also act as nucleating agent during the foaming process

resulting in increase of the cell density and decrease of the average cell diameter.

(a) (b) (c)

Fig. 1. SEM micrographs of foams with the different content of magnetic filler: (a) - 20 vol. %
CI; (b) - 30 vol. % CI; (c) - 40 vol. % CL

3.2. Estimation of radio absorbing properties of RAs based on prepared foams
Frequency dependences of complex magnetic permeability and dielectric permittivity of

prepared foams are depicted in Figs. 2 and 3, respectively.
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Fig. 2. Frequency dependence of complex magnetic permeability of polymer-magnetic foams.
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Fig. 3. Frequency dependence of complex permittivity of polymer-magnetic foams.

In order to estimate the absorbing properties of single-layer, metal-backed RAs based on
prepared foams, the frequency dependences of the reflection coefficient were calculated from
the experimentally obtained spectra of complex magnetic permeability and dielectric
permittivity. The reflection coefficient R is a parameter that characterizes the absorbing ability
of RAs in decibels (dB), and the level of R equal to —10 dB corresponds to 90 % absorption of
incident energy by RA (presuming the absence of transmitted energy).

Given that an electromagnetic wave is incident on the surface of RA along the normal, the
reflection coefficient from the surface of such an absorber can be calculated by the well-
known equation [18]

9 (1)
Z+Z, ,dB

R = 20log

where
Z=j\/gtan<?\/ﬁd) (2)

is the input impedance of the layer, Zy=1 is the wave impedance of free space, c is the velocity
of light, f'is frequency, i and ¢ are the complex permeability and permittivity of the material,
respectively, and d is the thickness of the sample.

The reflection from the RA is absent in case if Z=1. However, in real materials this can be
reached only approximately. The frequency f; and thickness dy for which the above condition
is satisfied with the highest degree of accuracy are called the matching frequency and the
matching thickness, respectively. In practical calculations, the minimum of R is obtained only

for complex values of d. Eq. 2 and the condition Z=1 imply
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By (3), the dependence of complex parameter d on frequency is calculated; after that the
minima satisfying the inequality |d 7d'| < 0.01 is taken and the thicknesses dy=d" is substituted
into Eq. 1 and Eq. 2.

Finally, given the experimental frequency dependences of x and e[ 1(Figs. 2 and 3) and the
numerically obtained value of dj, we calculate the frequency characteristics of R that have

deep minima R, at the matching frequencies f; (Fig. 4).

@
=
<
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220 ——40 vol. % CI
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Fig. 4. Frequency dependences of the reflection coefficients of the absorbers based on

polymer-magnetic foams.

As can be seen from Fig. 4, the matching frequency of all absorbers lies in GHz frequency
band; however, only absorber based on the foam prepared from the masterbatch with the
maximal amount of magnetic filler (40 vol. %) has the level of reflection coefficient dipper
than —10 dB and hence demonstrates the best absorption properties owing to various enhanced
dielectric and magnetic losses. With calculated matching frequency of 1.5 GHz and matching
thickness of 7 mm this absorber is capable of covering the frequency range from 1.2 GHz to 2
GHz in which many communication and information transmission systems operate. The
thickness of 7 mm is easier to realize with the foam-based absorber rather than with the
absorber based on solid material; moreover, from economical point of view it would be more

beneficial in terms of weight/cost reduction.



4. Conclusions

Based on the results of this study, the following conclusions can be drawn:

- Polymer-magnetic foams based on LDPE matrix and CI filler were successfully
manufactured via chemical blowing route.

- The morphology study revealed that the increasing amount of CI particles leads to the
formation of foams with finer cell structure.

- The radio absorbing properties of the prepared foams were numerically estimated from the
experimentally measured complex magnetic permeability and dielectric permittivity spectra.

- It was shown that the foam manufactured from a masterbatch containing 40 vol. % of CI can
be successfully utilized for the design of single-layer metal-backed RAs with the thickness

of 7 mm and operating frequency range 1.2—2 GHz.
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Abstract

Surface of low density polyethylene (LDPE) was functionalized by plasma treatment using air
as a carrier gas. Anticoagulant Fucoidan from Fucus vesiculosus was immobilized onto both
treated and untreated samples to reveal the effect of functional groups on immobilization.
Surface wettability analysis were carried out by water contact angle test as a measure of
hydrophilicity. X-ray photoelectron spectroscopy (XPS) was used for chemical
characterization and morphological changes of the surfaces were investigated by atomic force

microscope (AFM).

1. Introduction

Surface properties of the biomaterials play crucial role due to its direct contact with the living
tissue and blood. However, biocompatibility by means of surface properties can be enhanced
by coatings. Most of the polymers, included low density polyethylene (LDPE) has hydrophilic
surfaces and insufficient bonding interfaces which makes them challenging substrates for
further coatings [1,2]. Therefore, plasma treatment is a appropriate method to increase the
surface energy by increasing the hydrophilicity and introduce oxygen containing functional
groups (such as hydroxyl, carboxyl) homogeneously onto LDPE surface in seconds. Plasma
treatment is a fast, heat free process which is limited by the surface, thus does not affect its

bulk properties.

Biomaterials may cause inadequate body reaction when they introduced to a living biological
system owing to their inactive surface properties. In addition, blood contacting biomaterials
may cause surface induced thrombus formation by activating coagulation factors of intrinsic,
extrinsic and common coagulation pathways. To avoid this, coating of anticoagulant agents
onto the surface is essential. Among them, one of the well known sulfated polysaccharide is
Heparin (HEP) which was studied since few decates due to its anticoagulant properties [3,4].
Nevertheless, it cause hemorrhage and thrombocytopenia [5] and also risk of infections by

animal sourced HEP [3]. Due to these drawbacks, marine based anticoagulant Fucoidan (FU)



gained focus of interest on anticoagulation studies. FU is also sulfated polysaccharide found
in brown algae [3] (see Fig. 1). FU has anti-oxidant, anti-inflammatory, anti-anti-tumor, anti-
virus and anti-cancer activities beside its anticoagulant activity [6,7]. It has been reported that

anticoagulant activity of FU is better than that of HEP [8].

Fig. 1. Chemical structure of Fucoidan
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FU from Fucus vesiculosus coating onto raw LDPE surface and functionalized LDPE surface
by air plasma treatment studied in this paper. Surface energy characterization were carried out
by static water contact angle test and morphological changes revealed by atomic force
microscope (AFM). Chemical changes on the surface monitored by X-ray photoelectron
spectroscopy (XPS) and anticoagulation activity of the samples examined for prothrombin

time (PT), activated partial thromboplastin time (aPTT) and thrombin time (TT).

2. Experimental

2.1 Surface functionalization and Fucoidan coating

Low density polyethylene (LDPE) Vacuette venous blood collection tubes (hereafter PE)
purchased from Greiner Bio-One (Austria). Plasma treatment of the tubes were carried out by
direct current (DC) plasma treatment with a 40 kHz of frequency and 50 Watts of power using
a PICO (Diener, Germany) plasma reactor. Air used as a carrier gas with the flow rate of 20
sccm and 60 second of treatment duration was applied for each tubes to functionalize the

surface and hereafter referred to as PE Tre.
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Fig. 2. Surface modification steps

Fucoidan (FU) from Fucus vesiculosus was purchased from Sigma Aldrich (USA) and its
solution of 1% w/v in distilled water was prepared and both PE and PE_Tre tubes were filled
by the solution and placed to shaker for 24 hours at room temperature (hereafter referred to as

PE FU and PE Tre FU, respectively). After 24 hours FU solution poured out from the tubes



and washed by distilled water and left to dry for 2 hours at room temperature. The same
procedure was carried out for flat squire LDPE samples with a 50 x 50 mm dimensions an d

100 pm thickness, for further surface and chemical analysis.
2.2. Surface wettability test

Evaluation of the surface hydrophilicity was carried out by sessile drop method using so
called SEE system (Advex Intruments, Czech Republic) equipped with a CCD camera.
Distilled water was used as testing liquid at 22 °C and 60% relative humidity. Ten seperated

drops (5 ul) monitored for each samples to obtain average contact angle value.
2.3. Atomic force microscopy analysis

Morphological changes of the surfaces were monitored by Dimension Icon (Bruker,
Germany) atomic force microscope (AFM). 5 x 5 um of surface area scanned with peak force
tapping mode using a ScanAsyst-Air Si/Nitride probe (k : 0.4 N/m, Bruker, USA). Surface

roughness values obtained by NanoScope software.
2.4. X-ray photoelectron spectroscopy

Surface chemical composition analysis were carried out by X-ray photoelectron spectroscopy
(XPS) by TFA XPS (Physical Electronics, USA). X-rays over a 400 um spot size with a
monochromatic Al K, » radiation at 1486 eV. Chamber pressure was 6 x 10 Pa and emitted
photoelectrons were detedted with a hemispherical analyzer placed at a take-off angle of 45°.
Survay-scan spectra was obtained at 187.85 eV pass energy and 0.5 eV step resolution.

Elemental concentration analyzed using MultiPak software (Physical Electronics, USA).
2.5. Anticoagulation assay

Venous blood was collected from healthy donors by venipuncture using the vacuum blood
collection system into the SmL Vacuette blood collecting tubes after obtaining informed
consent. All tests were conducted in accordance with the Helsinki Declaration. Plasma was
prepared by centrifugation (15min, 3000xg). The following coagulation parameters in human
blood plasma treated with citric acid (0.109mol/L). The tests were performed using a
SYSMEXCA-1500 (Siemens, Germany) by means of prothrombin time (PT), thrombin time
(TT) and activated partial thromboplastin time (aPTT).



3. Results and discussion

3.1 Surface wettability results

Water contact angle measurement by sessile drop techique demonstrated the hydrophobicity
of PE surface as a result of 85.29° contact angle (see Table 1). After plasma treatment, water
contact angle drastically decreased to 56.96° which indicate surface became more hydrophilic
with a increased surface energy. One of the reason of increasing hydrophilicity is introduced
hydrophilic oxidative groups by plasma treatment, and another is increasing surface
roughness by etching the PE surface by plasma species. Therefore, further immobilization of
anticoagulant FU, due to the functional groups and increased surface area by roughness in
enhanced. Besides, blood plasma protein adhesion is more likely to adhere onto hydrophilic
surfaces, thus increasing its hydrophilicity is benefical to avoid surface induced blood
coagulation. As it can be seen on the Table 1, FU coating onto PE surface without plasma
treatment (sample PE_FU) slightly decreased the water contact angle to 79.38° which also
indicates that FU coating was not succesfull as desired. In the case of the plasma treated
sample, FU coating was more efficient and sharply decreased the water contact angle to
59.15°. Therefore, besides anticoagulant activity of FU, its hydrophilic feature is also

benefical to decrease blood plasma protein adhesion onto the surface.

Table 1. Surface water contact angle and average surface roughness values

PE PE_FU PE_Tre PE_Tre_FU
ow (°) 85.29 (+3.43) 79.38(¢8.28) 56.96 (+11.06) 59.15 (+9.01)
R, (nm) 242 203 46.7 24



3.2 Surface morphology analysis

Surface morphological analysis were carried out by atomic force microscope and resuls are
given in Fig. 3. Surface morphlogy of the PE is rather smooth with a 24.2 nm average surface
roughness value (see Table 1). After plasma treatment, roughness is sharply increased as
expected and its average roughness value is 46.7 nm. Therefore, surface area is increased for
further coating. In the case of PE_FU sample, average surface roughness decreased compared
to PE sample, which indicate FU particles partly covered the pores of the PE sample as shown
in Fig. 3. FU coating after plasma treatment (PE Tre FU) showed significant decrease
compated to its PE_Tre counterpart with a average surface roughness of 24 nm. Such change

in roughness is an evident of homogeneusly coated FU onto PE Tre surface, also clearly seen

in Fig. 3.
PF,_Refcrence aaui nm PF‘._TI‘e J::ui nm
Topm Topm
PF,_FU aaui nm PF,_TI‘C_FU abui nm

1.0 pm 1.0 pm

Fig. 3. Atomic force microscopy results

3.3 Surface chemistry analysis

Surface chemical compositions are listed in Table 2. Level of carbon, oxygen, nitrogen and
sulphur did not changed by FU coating onto PE surface without plasma treatment. This is
consistent with surface wettability and roughness results that FU coating was not successfully
immobilized. Another evidence of the insufficient coating of FU onto PE sample is lack of the
sulphur content. Due to the fact that plasma treatment introduce oxygen containing functional
groups, oxygen content of the PE Tre sample is increased from 1.3 to 11.7 % and carbon
content is decreased,compared to PE. Nitrogen is also appeared on PE_Tre sample as a result

of introduced amine groups by plasma. Finally, PE Tre FU sample was monitored 2.4 % of



sulphur content besides altering carbon, oxygen and nitrogen content which means

anticoagulant FU was sufficiently coated onto PE Tre sample.

Table 2. XPS Results

Cls% O01s5% N1s% S2p%  O1s/Cls NI1s/Cls S2p/Cls

PE 98.7 1.3 - - 0.013

PE_FU 98.7 1.3 - - 0.013

PE_Tre 87.2 11.7 1.1 - 0.134 0.013

PE_Tre FU 823 14.8 0.5 2.4 0.18 0.006 0.0292

3.4 Anticoagulation activity

The blood coagulation cascade is composed of surface mediated intrinsic pathway, tissue
mediated extrinsic pathway and common pathway with the factors of FXII, FXI, FIX, FVII,
FVIII, FX, FII and FI. Activation or inhibition of those coagulation factors determines the
final thrombus formation or inhibition. In this study, blood coagulation cascade were
examined by means of prothrombin time (PT), activated partial thromboplastin time (aPTT)
and thrombin time (TT). Normal ranges for a healthy person are : PT 11.0-13.5, aPTT 25-32,
TT>20 [9]. Results indicate that, untreated and plasma treated PE did not show anticoagulant
effect, moreover, PE_FU sample displayed the same results. Therefore, it is also clearly seen
that FU coating was not sufficient onto PE surface without treatment as stated previouslty. on
the other hand, in the case of PE Tre FU sample anticoagulation effect displayed by TT
which exceed 20 sec. This is mostly related to anticoagulant effect of FU than its surface
morphology since we obtained almost the same water contact angle and roughtness values by
means of PE Tre and PE Tre FU samples. Nevertheless, coated FU effect on TT was not as
high as expected. This can be attributed to molecular weight, charge density, pH of FU

solution and/or processing parameters of the plasma treatment and coating conditions.

Table 3. Anticoagulation test resullts.

Samples PT (Sec) aPTT (Sec) TT (Sec)
PE (Control) 11.5 24.8 15.9
PE Tre 11.4 25.9 16.8
PE FU 11.2 24.1 16.8

PE_Tre FU 10.9 27.3 20.9



4. Conclusion

The effect of plasma treatment on Fucoidan from Fucus vesiculosus coating onto

polyethylene surface and its effect on blood coagulation cascade have been studied by means

of surface properties and anticoagulation effect. Results indicate that plasma treatment

originated appropriate surface properties by means of hydrophilicity and functional groups for

Fucoidan coating. Anticoagulant activity observed only the sample PE Tre FU which

indicates successfully coated Fucoidan layer onto PE surface after plasma treatment.

Acknowledgements

Author K. Ozaltin would like to express his gratitude to the Ministry of Education, Youth and
Sports of the Czech Republic (Project no. LO1504)

References

[1]

[2]

[3]

[4]

[5]

[6]
[7]
[8]
[9]

M. Lehocky, L. Lapcik, M.C. Neves, T. Tridade, L. Szyk-Warszynska, P. Warszynski,
D. Hui. Materials Science Forum Vols. 426-432 (2003) 00 2533-2538

Z. Chen, Z. Wang, Q. Fu, Z. Ma, P. Fang, C. He. JJAP Conf. Proc. (2014) 011202
T.C.G. de Azevedo, M. E. B. Bezerra, M. da G. de L. Santos, L.A. Souza, C.T.
Marques, N.M. B. Benevides, E L. Leite. Biomedicine & Pharmacotherapy 63 (2009)
477-483

C.M.P.G. Dore, M.G. das C. F. Alves, L.S.E.P. Will, T. G. Costa, D.A. Sabry, L.A.R.
de S. Rego, C.M. Accardo, H.A.O. Rocha, L.G.A. Filgueira, E.L. Leite. Carbohydrate
Polymers 91 (2013) 467—475

Z. Zhu, Q. Zhang, L.Chen, S. Ren, P. Xu, Y. Tang, D. Luo. Thrombosis Research 125
(2010) 419-426

A.Vesel, M. Mozetic, S. Strnad. Vacuum 85 (2011) 1083-1086

W.Jin, Q. Zhanga, J. Wanga, W. Zhanga. Carbohydrate Polymers 91 (2013) 1— 6

J.H. Fitton. Mar. Drugs 2011, 9, 1731-1760

P. Humpolicek, Z. Kucekova, V. Kasparkova, J. Pelkova, M. Modic, 1. Junkar, M.
Trchova, P. Bober, J. Stejskal, M. Lehocky. Colloids and Surfaces B: Biointerfaces
133 (2015) 278-285



Konzervacni systém pro bioadhezivni polymerni matrice s obsahem nisinu
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SOUHRN: Cilem této prace bylo zhodnoceni mikrobiologické stability hydrogelu na bazi
kyseliny polyakrylové obsahujici bakteriocin nisin stabilizovany v polyethylenglykolu. Byla
ovétena antimikrobni u¢innost konzervacniho systému sestavajiciho se z nisinu a smési tii
esencidlnich oleju z citrust. Bylo ovéteno, ze produkt fermentace syrovatky po naockovani
kmene Lactococcus lactis je po piimé extrakci dostatecné stabilni a tudiz vhodny pro dalsi
aplikace (inkorporace do polymernich matric, v naSem ptipad¢ do gelového kosmetického
zakladu obsahujici vysoké mnozstvi vodné faze). Maximalni antimikrobni u¢inek byl
prokéazan u gelu obsahujici kromé nisinu i zminénou smés silic. Navic byl sledovan tbytek
nisinu béhem zatézového stabilitniho testu (za cyklovani teplot) a to pomoci metody HPLC.
Daéle byly zhodnoceny i reologické vlastnosti gelu pred a po zatézi. Zvolena receptura ma
potencidl pro vyuziti v kosmetické praxi a nisin, pokud je vhodné¢ stabilizovan je mozné

pouzit jako konzervant.

Preserving system for nisin containing bioadhesive polymer matrices
Lucie Nogolova, Zuzana Kolarova Raskova, Viadimir Sedlarik
Centre of polymer systems, University Institute, Tomas Bata University in Zlin, Trida Tomdse
Bati 5678, 76000 Zlin
*E-mail: zraskova@cps.utb.cz
ABSTRACT: The aim of this work was microbiological stability evaluation of carbopol based
hydrogel containing bacteriocin nisin that was stabilized in polyethylene glycol.
Antimicrobial susceptibility of preserving system was also tested. This system consisted only
of nisin and the mixture of three essentials oils from citrus plants. It was verified that the
product of whey fermentation process (after the strain Lactococcus lactis innoculation) is
enough stable after direct extraction and thus suitable for application (incorporation into
polymer matrices, in our case for cosmetic gel base which contains high amount of water-
phase). Antimicrobial effect was shown as maximal with using the essential oils. Moreover,
the nisin concentration decrease was monitored during the accelerated stability testing (at

cycling temperature) by means of HPLC method. The rheological properties of gel were aslo



evaluated, before and after stress test. Our selected recipe has potential in cosmetic practice.

Nisin if properly stabilized can be used as a preserving agent.

1. Uvod

Hydrogely na bazi kyseliny polyakrylové (v nasem ptipadé Carbopol Ultrez 30) jsou hojné
pouzivany jako zaklad (matrice) mnoha kosmetickych i zdravotnickych prostiedkii. Vyhodou
téchto gell je jejich kompatibilita s vétSinou u€innych latek (1é¢iv), vyborna teplotni stabilita,
bioadhezivita, mukoadhezivita 1 dobré reologické vlastnosti produkti [1-10].
V potravindiském, farmaceutickém, taktéz 1 v kosmetickém primyslu, jsou hledany
alternativy pro soucasn¢ pouzivané syntetické antimikrobni latky a konzervaéni prostiedky
[14,16]. Jednou z mozZnosti jak nahradit konzervanty je pouZiti pfirodnich bioaktivnich latek,
jejichz podstatnou skupinu tvofi lantibiotika [14, 20].

Nisin je polycyklicky antimikrobni peptid, pattici do skupiny lantibiotik (bakteriocint), ktery
vykazuje antimikrobni aktivitu proti Gram-pozitivnim bakteriim a vyskytuje se pfirozené
v nékterych druzich fermentovanych mlécnych vyrobkt [15, 20]. Nisin ucinkuje pii nizkém
pH a je jiz pouzivan jako konzervant nékterych vyrobkl v potravinafském primyslu (E234)
[20,22]. Jeho ucinek a v kosmetickych produktech nebyl dosud detailné studovan, stejné jako
jeho stabilita [18,23]. Vzhledem k ekonomické naro¢nosti produkce ¢istého nisinu byla v nasi
praci oveéifena moznost pouziti produktu fermentace piimo po extrakci bakteriocinu

z fermentaéniho média.

2. Material a metody:

Carbomer: Carbopol Ultrez 30 (homopolymer kyseliny akrylové polymerované
v cyklohexanu a ethyl acetatu Lubrizol [9]), hydroxid sodny (NaOH, 10% roztok, slouzici k
upravé pH, IPL), nisin (komeréni 2,25 % produkt, Sigma-Aldrich), polyetylenglykol PEG
2050, acetonitril, kyselina trifluoroctova (Sigma-Aldrich), siran amonny (AS, IPL), Tween
80, Laktoza (Penta), MRS bujon, M17 bujon, Tryptone soya agar (TSA, HiMedia).
Bakteridlni kmeny Lactococcus lactis sbsp.lactis 731 byly dodany ze sbirky Lactofora

(Milcom a.s.)

2.1. Priprava extraktu
Zakladem pro fermentaci a néaslednou piipravu extraktu byla sladka syrovétka s pfidavkem

laktézy o koncentraci 20g/l, kterd byla naoCkovana predem nakultivovanym kmenem



Lactococcus lactis lactis 731 v MRS bujonu. Po fermentaci média a odstiedéni byl ze
supernatantu  extrahovan nisin pomoci dvoufazové extrakce vsysttmu PEG
(15%hm.)/(NH4),SO4 (13%hm.). Extrakt byl lyofilizovan a pouzit jako antimikrobni (0¢innd i

konzervacni) slozka nasledné pfipraveného hydrogelu.

2.2. Priprava hydrogelu

Odpovidajici mnoZstvi carbomeru bylo vpraveno do vody, disperse byla jemné promichana a
ponechana bobtnat pii laboratorni teploté piiblizné 24h. Poté bylo pH disperze upraveno na
6,5 a poté byl pridan extrakt nisinu v PEG o riznych molekulovych hmotnostech, pticemz
vysledné pH bylo 4-7-5,4. Mnozstvi PEG-extraktu bylo voleno tak, aby pocatecni
koncentrace nisinu v hydrogelech pied za¢atkem zatéZového testu Cinila minimélné 125 pg/g.
Béhem piidavku jednotlivych slozek byl gel promichdavan michadlem (rychlosti cca 60 rpm)

az do dosazeni homogenniho systému.

Tabulka 1. Slozeni testovanych geli

Gel A Blank (zéaklad)

Gel B Zaklad + 0,015% hm. nisinu

Gel C Zaklad + 0,3% hm. silice

Gel D Zaklad + 0,0015% hm. nisinu + 0,3% hm. silice

2.3. Zatézovy test

Pti testu stability hydrogelt pii teplotni zatézi byly vyrobky uskladnény v klimatizacni
komote Climacell (BMT, CR), pii cyklujici teploté: 25 °C (12 hodin) a 40 °C (24 hodin),
délka jednoho cyklu byla 36h [11, 12]

2.4. Testy antimikrobniho ucinku

Zkusebni postup této zkousky byl provadén dle Ceského Iékopisu 2009. Podstatou zkousky je
naockovani pfipravku mikroorganismy zvolenych zkusebnich kmenti a to nejlépe do vyrobku
v jeho kone¢ném obale. Pozadavky na pokles mikroorganismu se 1isi podle typu piipravku a
miry zaddané ochrany [13, 14]. Mikrobiologicka stabilita byla vyhodnocovéana na zakladé
normovanych zkouSek protimikrobni G€innosti [6]. Pro testovani mikrobiologickeé stability byl
vybran zkuSebni kmen Staphylococcus aureus (CCM 4516), Pseudomonas aeruginosa CCM
1961, Candida albicans CCM 8215, Aspergillus niger CCM 8222. Inokulum tvofilo 1/2



klicky bakterii vpravenych do 10 ml fyziologického roztoku. Koncentrace inokula byla

stanovena metodou zalévani do agaru TSA a ¢&inila 1,4.107 cfu/ml.

Byla provedena inokulace vzorku: do 10 g vzorku bylo vmichano 0,1 ml bakteridlni suspenze
Staphylococcus aureus, vzorek se suspenzi byl skladovan ve tmé za laboratorni teploty.

Inkubace probihala 24 h pti 35 °C, kvasinky a plisn¢ pii 25°C, 5 dni.

Stanoveni koncentrace nisinu

Koncentrace nisinu byly vyhodnocovany pomoci RP-HPLC (Waters GmbH, Praha, CR) za
pouziti kolony C18 (5 um, 4.6 x 250 mm) s piedkolonou Reprosil 100 C18 (5 um, 50 x 4mm,
Watrex). Jako mobilni faze byly pouzity ACN (A) a voda s 0,05% kyselinou trifluoroctovou
(B). Byla pouzita gradientova elu¢ni metoda (0-5 minut 80% A, 6-20 minut 80% B).

Reologickad méreni
Zména reologickych vlastnosti gelu po zatézi byla métena pomoci Rotacniho reometru Anton
Paar, MCR 502, za nasledujicich podminek: 25°C, thlova frekvence 0,1-100 rad/s,

deformace 1%, vzdalenost desek 1,5 mm, byla pouzita Peltierova cela.

3. Vysledky a diskuze

Carbopol Ultrez vykazuje vysokou stabilitu v Sirokém rozsahu pH a odolnost viici
ptitomnosti elektrolytli, coz bylo ovétfeno pfi piipravé nasich geld, které obsahovaly az 8%
hm. produktu fermentace. V piedchozi studii vénované hydrogeliim na bazi Carbopolu bylo
zjisténo, ze gely byvaji tixotropni a pii vyssi teplotni nebo mechanické zatézi dochazi

k rozpadu 3D struktury a gely se chovaji jako kapalina [24]. Pfi zkoumani mikrobiologické
stability bylo zjiSténo, ze nisin je ve vodném prostiedi, tedy 1 v gelech nestabilni, i piesto, Ze
je zabezpeceno nizké pH [25]. V tomto piipad€ bylo ovéieno, ze u€inna stabilizace

fermentacniho produktu v PEG nabizi moznost pouzit gel bez dalsi konzervacni latky.

3.1. Stabilita gelu

V ramci vyhodnoceni stability hydrogelu béhem teplotni zatéze pti skladovani (zatézového
stabilitniho testu) byl monitorovan pokles koncentrace u¢inné slozky gelu- nisinu. Z Obr. 1 je
patrné, Ze nisin je nejstabilnéjsi v kompozici obsahujici silici. Pfi pouziti komeréniho nisinu je
jeho ubytek pfti teplotni zatézi vyraznéjsi a po 100 cyklech jeho obsah v gelu klesl téméf na
nulovou hodnotu, zatimco gel s nisinovym extraktem z fermenta¢niho média v PEG

obsahoval 1 po ukonceni testu nad 8 pg/g nisinu, coz zabezpecovalo ucinnost gelu proti kmeni



Staphylococcus aureus. Ostatni piirozené se vyskytujici bakteriociny a syrovatkové proteiny,
zbytky laktatu, kyseliny mlé¢né taktéZ mohou byt zodpovédné za antimikrobni aktivitu gelu

kteréd byla vyhodnocena pomoci testi antimikrobniho u¢inku konzervantu (viz Tabulky 3 a 4).
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Obr. 1. Pokles koncentrace nisinu v hydrogelu v zavislosti na poctu cyklu v klimatizacni

komore

Tabulka 2. Zkouska vicinnost konzervace hydrogelu dle CL pried teplotni zatézi v Climacellu

Pocet cfu/ml Pocet cfu/ml
Vzorek C.N. | Po24hod. | Po7dn. C.N. |[Po24hod.| Po7dn.
Staphylococcus aureus CCM 4516 | Pseudomonas aeruginosa CCM 1961
Hyd;f’gel 6,90 - 10* | 1,19-10* | 1,77-10° | 4,56-10° | 3,71 - 10* | 7,11 - 10°
Hyd];"gel 0 0 0 0 0 0
Hydéogel 4,00 - 10* 0 0 0 0 0
Hydrogel 0 0 0 0 0 0
D
Hydg’gel 0 0 0 0 0 0
Candida albicans CCM 8215 Aspergillus niger CCM 8222
Hyd;"gel 935-10° | 1,29-10* | 1,34-10* | 5,35-10° | 420 10° | 8,20 - 10°
Hyd];"gel 0 0 0 8,45 - 102 0 0
Hydéogel 8,35 - 10" 0 0 495-10° | 3,40-10° | 2,15 10°
Hydlr)ogel 0 0 0 9,70 - 10 0 0
Hydlgogel 0 0 0 225 10° 0 0




Tabulka 3. Zkouska ticinnost konzervace hydrogelu dle CL po teplotni zatézi v Climacellu

Pocet cfu/ml Pocdet cfu/ml
Vzorek C.N. [Po24hod.| Po7dn. C.N. [Po24hod.| Po7dn.
Staphylococcus aureus CCM 4516 | Pseudomonas aeruginosa CCM 1961
Hyd:’gel 545-10° | 8,55-10° <5 2,10 -10* | 2,86 - 10° | 3,34 - 10°
Hydg’gel 3.40 - 10* 0 0 <5 0 0
Hydg’gel 4,50 - 10° 0 0 1,70 - 10" 0 0
Hydlr)ogel <5 0 0 0 0 0
Hydéogel 1,55 - 10° 0 0 0 0 0
Candida albicans CCM 8215 Aspergillus niger CCM 8222
Hydg’gel 6,20 - 10* | 237-10° | 1,62-10° | 4,70 -10° | 3,90 - 10° | 435 - 10°
Hydg’gel 8,95 - 10° 0 0 3.80 - 10° 0 0
Hydg’gel 1,85-10* | 430-10° | 1,62-10° | 3,80-10° | 3,05-10° | 4,20 - 10°
Hydlr)"gel 8,10 - 10° 0 0 2,90 - 10° 0 0
Hydéogel 2.48 - 10* 0 0 4,10 - 10° 0 0

3.2. Reologicka méreni

Stabilita byla vyhodnocena i pomoci reologického méteni. Obr. 2 znazoriuje zavislost

komplexniho modulu a komplexni viskozity na uhlové frekvenci, pti¢emz je vidét, Ze pfi

vysokych uhlovych frekvencich gel za¢ind ménit charakter a viskozita tedy mirn€ roste (do

otacek 63 rad/s se chova gel tixotropn¢) a zaroveii se u gelu nachazi minimum (pokles a

opétovny nartist) u ztratového modulu (Obr. 3b), coz ukazuje na zménu charakteru 3D

mikrostruktury gelu.
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Obr. 2. Zavislost komplexniho modulu (a) a komplexni viskozity (b) gelu B pred a po

zatezovem testu v Climacellu.
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Obr. 3. Zavislost elastického (a) a ztratového (b) modulu na uhlové frekvenci gelu B pred a po

zatézovém testu v Climacellu.

4. Zavér

Bylo ovéteno, ze extrakt fermenta¢niho produktu v PEG 2050 Ize zakomponovat do gelové
matrice na bazi Carbopolu, aniz by pfi teplotni zatéZi dochazelo k vyraznym zméndm
kosmetického produktu. Obsah nisinu v produktu byl i po zatézi dostatecny pro zajisténi jeho
mikrobiologické stability a se silici vykazoval produkt nisin/PEG synergicky efekt. Lze fici,
Ze nisin ma vysoky potencial pro pouziti jako konzervac¢ni latka i pro ucely stabilizace

kosmetickych prostiedk.
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Lignin Sulfonic Acid crosslinked PVA leading to form PVA-LSA composites
Shrikant V. Bhagwat, I. Kuritka®
! Center of Polymer Systems, Tomas Bata University in Zlin, Zlin 76001, the Czech Republic
Introduction:

Polyvinyl alcohol (PVA) is linear polyhydroxy nonchloro polymer known for its good
oxygen barrier, mechanical, film forming and biocompatible properties. When it is cross
linked or addition of fillers, lead to formation of hydrogel which is useful in many
applications such as electrochemical cell membranes, membrane in water treatment, waste
water treatment because of its selective ion transport and in batteries, biomedical applications
and other application [1, 2]. Inorganic and polymeric materials for example, SWCNT,
MWCNT, clay, metal oxides, Polyacrylic acid, Chitosan, PLA and cellulose were reported to
be used to form hydrogel from PVA [2, 3-18]. Also cross linking is achieved through use of
materials like formaldehyde, glutaraldehyde, dicarboxylic acids, esters, anhydrides and many
more reagents [1, 17,19, 20]. However, many of these cross linking materials are hazardous
to environment. Therefore, there is need to use a filler or cross linking agent for PVA which

will eco-friendly as well as will help to form hydrogel.

Lignin sulfonic acid (LSA) is product formed during wood pulping process by sulphite
pulping process. It is polyelectrolytic in nature with good emulsifying, surface active and
dispersing properties. It is used in commercial applications as food stabilizer, plasticizer,
additive, dispersing agent and complexing agent. Formation of composite of PVA by the use
of LSA is reported in the present work. Composites were analysed for density, viscosity,
thermal behaviour and water uptake. Water uptake Studies showed that LSA acted as
crosslinking agent for PVA and also it was observed presence of LSA in composite affected
properties such as solution density, viscosity, glass transition temperature (Tg), temperature

of melting (Tm ) and crystallinity.

Materials and Methods:

All the chemicals Polyvinyl Alcohol (PVA, Fluka Chemicals, % hydrolysis- 98-99%, Mw-
67000 Dp- 1000), Lignin Sulfonic acid sodium salt (LSA, purity- 98%, Sigma Aldrich, Mw-

54000, Mn- 6000). Demineralized water was used throughout experiments.



Synthesis of Composite:

Composites between PVA and LSA were synthesized by simple wet chemical synthesis
protocol. Typically, in a series of experiments, to the hot clear aqueous solution of PVA (5.0
g in 70 ml water), 30 ml aqueous solution of LSA (weight varied from 0.025 g to 1.0 g) was
added under stirring. Solution mixture continued to heat and stir for three more hours, cooled
down to room temperature. Solutions then tested for density and viscosity. For comparison

purpose sample without LSA was prepared in the same method and labelled as pristine PVA.

Films were prepared by solution casting method by drying PVA-LSA solutions in an oven at
40° C. Density and Viscosity measurements were carried out by microviscometer Lovis 2000
ME and Densitymeter DMA 5000M (Anton Paar). Composites were analysed for FT-IR
spectroscopy by Themosceintific FT-IR spectrophotometer (Nicolet iS5) in ATR mode using
Ge crystal grating. Film samples were analyzed between 500 and 4000 cm™ with 2cm’™
resolution. Thermal properties of Composite film samples were investigated by Thermal
gravimetry analysis (TGA) and Differential scanning calorimetry DSC) studies. TGA studies
of the composite samples, were performed using TA Instruments (QP 5000 series USA)
under nitrogen atmosphere. Samples were heated at the heating rate 10°C/min between 25 to
500°C while DSC studies were performed using Mettler Toludo (DSC1 Star System)
Instrument with Star system software under nitrogen atmosphere at 10°C/min from 25 to
250°C. Water uptake and swelling studies were carried out by immersing the film samples in
known volume of demineralized water at room temperature and weighing sample after 10

min. time till nearly constant weight of sample was obtained.

Results and Discussion:

Weight Gain and Swelling Studies

Weight gain studies and swelling studies at room temperature showed composite film
samples were stable even after immersing for more than 72 hr than pristine PVA which was
swelled and dissolved in water in 40 min. Water uptake for composite samples was between
200-250% and samples with higher weight of LSA showed high water uptake. Water uptake

was calculated using equation
Q= W-Wo/W,*100 [1]
Density and Viscosity

Density and Viscosity measurements of pristine PVA and PVA-LSA solutions showed that

density increased while viscosity decreased as weight of LSA in composite was increased.



Because of polyelectrolytic nature of LSA, presence of LSA may leading to orientation PVA
chains resulting in decrease in density. At the same time, it may be acting as plasticizer in the
composite, which is increasing distance between PV A chains contributing to decrease in

viscosity.

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC)

TGA of PVA-LSA composite (Fig. 1) showed three steps, first step appeared between
temperature 100 to 225°C, second step found between 225 to 290 °C and third step at 300-
390 °C. Removal of surface water was happened in first step for pristine PVA and PVA-LSA
composite. Midpoint of the first step for PVA was found to be at 125 °C which shifted to
higher temperature to 141 °C for composite and % weight loss was around the same for all

samples.

Pure PVA

—— PVA 5025 LSA 540
—— PVA 5050 LSA 540 12
——— PVA 5075 LSA 540
—— PVA5100 LSA 540

Pure PVA
—— PVA500250 LSA 540
—— PVA 500500LSA 540
—— PVA 500750 LSA 540
—— PVAS50100LSA 540
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Fig. 1 a. TG curves for pristine PVA and PVA-LSA composites with LSA weight from 0.250 to
1.0 g and b. TG curves for pristine PVA and PVA-LSA composites with LSA weight 0.025 to
0.100¢g

It is important to note that for higher weight of LSA sample the peak in the first step was
divided in to two steps. Therefore, along with water removal, removal of some volatile
organic compound indicating involvement of some other mechanism [20]. Second step the
important step provided information about thermal stability of sample and thermal behaviour.
Peak in the second step was gradually shifted to lower temperature for PVA-LSA composites
upon increasing weight of LSA in composite. Shifting from 298 °C (pristine PVA) to 270 °C
(PVA-LSA composites), implied that thermal stability of composite sample was decreased as
weight of LSA was increased in the sample. Further, % weight loss was also found to

decrease from 81 to 55%, which was reflected in third step, where in the ash content was



increased from 11 to 23%. Thus increase in ash content pointed towards the presence of

crosslinking in the composite.

Heating cycle and cooling cycles in DSC of PVA and PVA-LSA composites showed two

peaks and one peak respectively. In heating cycle, first peak appeared at 73°C

Table 2 Details of DSC analysis of PVA and PVA-LSA composites

Sample | Tc Difference | Tg Tm Difference | %
Z\;i]thszt ) “C) “C) crystallinity
(2)

0.0 202.06 |0 7329 |0 2251310 52
0.025 197.56 | 4.5 71.86 | 1.43 221.71 | 3.42 43
0.050 19488 | 7.8 70.85 | 2.44 220.06 | 5.07 40
0.075 193.76 | 8.3 69.11 | 4.18 217.66 | 7.47 38
0.100 192.42 | 9.64 67.08 | 6.21 215.58 | 9.55 35
0.250 186.85 15.21 66.30 | 6.99 211.65| 13.48 31
0.500 17474 | 27.32 6549 | 7.8 204.20 | 20.93 20
0.750 168.21 33.85 82.04 |-8.75 201.66 | 23.47 16
1.00 162.12 | 39.94 83.17 |-9.88 195.13 | 30 13

for Pristine PVA which can be assigned to glass transition temperature and second peak was

appeared at 225 °C. It well known that pure PVA with 98-99% degree of hydrolysis showed

Tg at 81°C and melting temperature at 225°C [21]. Effect of introduction of LSA in

composite on Tg and Tm shown in Fig. 2 a and b. Glass transition temperature of composite

was found to shift to from 73 to 65°C till weight of LSA was reached 0 up to 0.500 g and then

shifted to higher to 83 “C (Fig. 2 a). Lowering of Tg is usual observation which is related to

increase in the free volume throughout amorphous region which resulted from the physical

crosslinking or crystallization process of PVA [22] However increase in Tg involved other

process such as breaking of the polymer long chains.
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Results of temperature of melting Tm (Fig. 2 b) from DSC for pristine PVA and composite
showed that Tm decreased gradually as per weight of LSA in composite from 225 °C to 195
°C. Theoretical calculations for crystallinity for PVA showed that for energy for melting of
100% crystalline PVA is 138 J/g[ 21]. Crystallinity calculations were calculated using
equation

Xc= A Hf (Tf)/ A Hf® (Tf") [12] [2]

Where Xc= weight fraction of extent of crystallinity, AHf" (Tf") enthalpy and melting
temperature of 100% crystalline PVA and A Hf (Tf) enthalpy and melting temperature of

sample.

Calculations showed that PVA used in these experiments, was 48-50% crystalline however,
as weight of LSA in the composite increased from 0 to 1.0 g crystallinity decreased from 48
to 13%. Exothermic peaks for melting in thermograms showed significant broadening.
Broadening of peaks also supported the crystallinity calculations. As amorphous nature of

composite rose, exothermic melting peak showed broadening.

FT-IR Spectroscopy

FT-IR spectrum of pristine PVA (Fig. 3) showed usual peaks. A broad Peak appearing
between 3600-3000 cm™ was assigned to hydroxyl group in PVA and surface water. Distinct
absorption bands appearing at 2960-2900 cm™ were assigned to antisymmetric (y as) and
symmetric (y s) stretching bands of CH, groups in PVA. While symmetric stretching of CH
group can be found at 2849 cm™'. Residual acetate groups were appeared at 1716 and 1598

cm” and important peak that can be used for crystallinity calculation was found at 1142 cm™.



When LSA was introduced in PVA, new peaks along with peaks for PVA were found to be

present in FT-IR spectra of composite (Fig. 3). Presence of LSA in the composite can be
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Fig. 2 FT-IR spectra of pristine PVA and composite.

confirmed from the peak at 1048 cm™ assigned to vibrations in SO3- group and shown in
inset of the fig. 3 [23]. Intensity of peak at 1142 cm™ used for calculations showed lowering
of intensity for composite confirming that crystallinity of composite sample was decreased

and supported crystallinity calculations from DSC.

Conclusion:

Composites of PVA and LSA were prepared by simple wet chemical protocol. Introduction
of LSA in PVA showed influence on density, viscosity, glass transition temperature Tg,
temperature of melting Tm and crystallinity of composite. It was also found that LSA acts as
crosslinking agent for the three dimensional network hydrogel formation in PVA-LSA
composite which was evident from weight gain and swelling studies. Weight gain was found
to be 200-250% in composite and stability of composite in water to be improved. Presence of
LSA was evident from appearance of peak at 1042 cm-1 in FT-IR spectra of PCA-LSA
composites. Thermal stability of composite was decreased due to introduction of LSA in
composite concluded from TGA studies while DSC studied showed trend of decrease in Tg
up to weight of 0.500 g of LSA and then increase in Tg. Temperature of melting found to
decrease gradually as weight of LSA in composite was increased and same is true for

crystallinity calculations.
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SOUHRN:

Predlozena studie se zabyva predikci vlivu tvaru $neku na teplotni profil zpracovavaného
materidlu s vyuzitim softwaru Ansys Academic Research Polyflow. Cilem modifikace tvaru
Sneku bylo zvysSeni pritocného mnozstvi materidlu zvySenim poctu otdcek pii dosazeni
stavajiciho teplotniho profilu jako v ptfipad¢ standardniho S$neku, coz vede ke zvySeni
produkce lehéenych vyrobkl. Modifikace tvaru S$neku je zalozena na definovaném uhlu
stoupani a definovaném tvaru, poCtu a umisténi otvori ve Sroubovici Sneku, tak jak je
popsano v odborné literatufe [Fogarthy J. US Patent 6,015,227, Jan. 18, 2000]. Tokova
doména byla modelovédna v rotujicim soufadném systému (rotujici valec a stacionarni Snek)
vyuzivajici metodu superpozice siti a uvazujici neizotermalni procesni podminky a
nenewtonskou polymerni taveninu popsanou Carreau-Yasuda modelem. Takto definovanou
FEM analyzou bylo uspéSn¢ dosazeno zvySeni hmotnostniho pritoku modifikovanou
doménou, coz na zéklad¢ téchto ziskanych poznatkd piindsi dal§i moznosti v budoucich

simulacich v této problematice.

Mathematical analysis of screw design modification increasing production rate during
foam extrusion

Roman Kolaik'*, Tomas Sedlagek’

'Centre of polymer systems, Tomas Bata University in Zlin, trida T. Bati 5678, 760 01 Zlin,
Czech Republic
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ABSTRACT:

In the presented study, the influence of screw design on temperature profile of processed
material has been predicted by using the ANSYS Academic Research Polyflow package. The
aim of the screw design modification has been to increase flow rate of the material by

increasing the screw speed while achieving the temperature profile as in the case of standard



screw, which leads to increase of the output of foam products. Modification of the screw
design is based on defined pitch angle and defined shape, number and location of holes in the
flight of the screw, as described in the literature [Fogarthy J. US Patent 6,015,227, Jan. 18,
2000]. Flow domain has been modeled in a rotating coordinate system (rotating cylinder and
stationary screw) using the Mesh Superposition Technique and considering non-isothermal
processing conditions and non-Newtonian behavior of the polymer melt described by the
Carreau-Yasuda model. The defined FEM analysis successfully contributed to increase of the
mass flow rate through the modified flow domain, which opens up the possibilities for future

simulations of this issue.

1. Introduction

Extrusion of foam products is mainly focused on change of recipe or processing parameters
with respect to porous structure of final products [1-6]. On the other hand, there is a lack of
knowledge about the modification of screw design to increase the output in contrast to the
standard screw designs [7-11]. Modification of screws is based on defined cross-flight holes
contributing to better heat transfer and strong elongation flow reflected in efficient mixing
and lower power consumption. Particular number, shape and location of these cross-flight
holes are critical for efficient usage of the screw design, usually proposed for polystyrene,
polyethylene or polypropylene foam extrusion. The most commonly used screw for foam
extrusion is called Turbo Screw with defined square cross-flight holes protected by U.S.
patents [8-10].

The main goal of this work is to investigate whether it is possible to mathematically propose a
screw design with cross-flight holes in order to increase the output of foam products having a

comparable temperature profile with standard screw design.

2. Mathematical Modeling
Non-Newtonian behavior of the polymer melt is taken into account through the constitutive

equation derived from the generalized Newtonian model [12]

T=2n(y,T)D (D

where 7 is the extra stress tensor, 77 is the viscosity dependence on shear rate, y, and

temperature, 7, and D represents the deformation rate tensor.



In order to describe shear dependence of viscosity, the Carreau-Yasuda model was applied in
the following form:

n-1
b

N = 1w + (o = Ne)[1 + (A9)°] (2)
where b is a generalized Newtonian model parameter, n is the power law index, A is
relaxation time and 7., represents viscosity of Newtonian fluid at high shear rates.

In order to describe temperature dependence of viscosity, Arrhenius law was applied in the

following form:

1 1
H(T) = exp [a (T—T0 - Ta—To)] ©)
where a is the material coefficient linked to the activation energy of the material, 7o is the
reference temperature and 7y is the scaling temperature (absolute temperature).

The assumption about the non-isothermal process is supported by taking into account the

equation of energy in the following form [13]:
d 1 S 1 - . S S
=P (U + Evz) =— [va (U + Evz)] —Vg+p@.q)—pv—V[t.v]+ @ 4)

where the expression %p (U +%v2) describes change in energy, term [Vpﬁ (U +%v2)]

represents change in energy through convection, V¢ expresses change in energy due to heat
conduction, p(¥.q) describes work from gravitational forces, pv describes work due to
pressure forces, V[t.7] describes work from viscous forces, and @ expresses change in

internal energy due to heat sources.

3. Experimental

In this work, mathematical simulation of extrusion process was carried out on a standard
screw design with 0.1m in diameter and 1m in length with screw revolutions equal to 10 rpm
producing mass flow rate equal to 0.04kg/h. Then, the screw design was modified by two
created flights around the screw, where one starts from the beginning of the screw and another
one is displaced by 0.07 m. Moreover, change in a screw pitch was performed (from 0.25m to

0.5m) as well as change in a flight design, where holes of elliptical shape were created along



the screw. Such holes are situated every 90° around the screw. Diameter of every hole is equal
to 0.0lm and length of every hole is equal to 0.022m. In the case of the modified screw,
revolutions of the screw were increased to 16 rpm leading to 0.06kg/h.

The investigated flow domain was modeled in a rotating coordinate system (rotating cylinder
and stationary screw) using the Mesh Superposition Technique (MST) and considering non-
isothermal processing conditions and non-Newtonian behavior of the polymer melt described
by the Carreau-Yasuda model. In this paper, the following parameters of this model were
used: 170 = 1000 Pa.s, 1, = 0 Pass, n = 0.5002, a = 0.94496, A = 75 s. Temperature
dependence of viscosity was determined using Arrhenius law, where material coefficient,q, is
equal to 6000K. Temperature of the polymer melt entering to the flow domain was set to
180°C. Heaters, surrounding the flow domain, were set to 150°C. During a simulation of
extrusion process, viscous heating and heat flux were taken into account. The polymer melt is
characterized by a density of 700 kg/m’, thermal conductivity of 0.45 W/mK and heat
capacity per unit mass of 2000 J/KgK. In the case of screw material characterization, density
of 7850 kg/m’, thermal conductivity of 50 W/mK and heat capacity per unit mass of 460
J/KgK were included. As it was mentioned above, the screw is stated to be stationary and the
cylinder, describing material movement, is taken into account as the rotating part of the flow
domain. During the simulation, a linear interpolation between elements of velocity,

temperature and pressure was applied.

4. Results and Discussion

At the beginning, mathematical simulation taking standard screw design into account was
performed (see Fig. 1a). Screw dimensions and flight shape are mentioned above. In order to
reach higher output during a foam extrusion, modification of this screw design has been
suggested according to above described changes and then calculated (see Fig. 1b). The results
of the mathematical simulations performed by ANSYS Academic Research Polyflow package
are summarized in Fig. 2. As can be seen, temperature profile of the modified screw design
reached lower values of temperature along the screw even the modified screw is working with

higher speed, which leads to a required higher output during a foam extrusion.



TEMPERATURE
(a) 1=l ANSYS (b) TEMPERATURE (=] ANSYS

150 155 150 164 16D 174 178 183

(] 0150 0300 {m} . [ o0 0.300 (m) .

TEMPERATUNRE I5l ANSYS TEMPERATURE (=]
Wl

=
=
&
=z
w

fi

150 155 150 184 160 174 178 183
150 155 158 164 168 174 7B 183

0400 {mj)

0300

Fig. 1. Temperature profile along (a) standard screw design, (b) modified screw design.
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Fig. 2. Comparison of temperature profiles along standard screw design working at 10 rpm

(upper curve) and modified screw design working at 16 rpm (lower curve).

5. Conclusion

In this work, comparison of a standard screw design and modified screw design with cross-
flight holes has been performed. It has been revealed that the temperature profiles of both
screws are similar even in case that the modified screw operates with higher speed in order to

reach required higher output. Thus, the modified screw design has been successfully

proposed.
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Abstrakt

Tento ¢lanek popisuje pouziti technologie inkoustového tisku ke zhotoveni antény na
polymernim substratu. Piispévek je zaméteny na pripravu inkoustu pro vytisténi homogenni,
elektricky vodivé vrstvy, vytiS§téné na bdzi nanocéstic stiibra. Velikost piipravenych
stiibrnych nanocéstic je v rozmezi od 50 do 200 nm v priméru. PouZiti technologie
inkoustového tisku na flexibilni polymerni substrat nabizi zajimavé uplatnéni u aplikaci s
vysokymi naroky na ohebnost. Mezi takové aplikace patfi, naptiklad nositelna elektronika. U
nositelné elektroniky jsou kladeny dirazy na funkénost spojenou s odolnosti jednotlivych
souCdsti. Nami vytvofena anténa mize byt soucasti velkého mnozstvi nositelnych
elektronickych zafizeni. Technologie inkoustového tisku v kombinaci s polymernim
substratem umoziuje vytvoreni slozitéjsich tvart substratl i kiivek pro zhotoveni antén, které
naleznou Siroké uplatnéni nejen v nositelné elektronice, ale také v plastovych krytech u
pfenosnych komunikacnich zatfizeni vyuZivajicich MIMO technologii, kde je nutné dodrZet
mezi jednotlivymi anténami pozadovanou vzdalenost A/2.

Klicova slova: anténa, nanocastice stfibra, PET, nositelna elektronika

1. Uvod

Elektronicka zafizeni pouZzivaji pasivni antény pro pienos informaci mezi uZivatelem a siti,
ptipadné si zafizeni vyméiuji informace mezi sebou a to bez zasahu uzivatele, naptiklad
M2M (Machine to Machine) komunikace. Tyto takzvané pasivni antény se pouzivaji u
velkého mnozstvi elektronickych zatizeni s diirazem na pfenosnd zatizeni. Nejcastéji se s nimi
muzeme setkat u mobilnich telefont, tabletli, vysilacek, notebook, navigaci a v neposledni
fad¢ i u nositelné elektroniky. Nositelnd elektronika klade vysoké naroky na flexibilitu
pouzitych materialt.

Pasivni anténu Ize vyrobit z velkého mnozstvi elektricky vodivych materialii. Nicméné ne
vSechny elektricky vodivé materialy, které se v elektrotechnice pouzivaji, jsou vhodné k
vyrobé antén o nizké hmotnosti a vysoké flexibilité [1]. V soucasné dobé se prevazné
pouzivaji takzvané mikropaskové antény vyuzivajici nejcastéji médéné materidly a jejich

nejriznéjsi tvarové modifikace, mezi které patii napiiklad médéné folie, médeéné plisky,



vrstvy na nejriznéjSich substratech napiiklad znamy substrat FR-4 a keramické substraty [2-
3]. U nékterych typti komunikacnich zafizeni je mozné se setkat i s jinymi anténami, které
vyuzivaji naptiklad meandrové nerezové konstrukce v kombinaci s krycimi plasty. Pouziti
zékladniho konstrukéniho materidlu ma velky a rozhodujici vliv na parametry antény [4]. V
soucasné dobé pouzivané materidly v anténni technice maji sice vyuzitelné parametry, ale
schopnost ukotvit tyto, jiz vyrabéné antény, do polymernich substratii je nizka. V tomto
¢lanku popisujeme feSeni antény ukotvené na PET (Polyethylentereftalat) substratu. Toto
feSeni je nové a unikatni v tom, Ze je mozné antény vyrobit pomoci vodivé vrstvy z ndmi
vyrobenych nanocastic stfibra a nasledné je mozné provadét dalsi reprodukce beze zmén
geometrie antény. Nanocastice stiibra jsou naneseny na PET substrat metodu inkoustového
tisku a to tak, aby bylo mozné je zakomponovat ptimo do plastovych pouzder pouzivanych k

ochrané nositelné elektroniky [5-9].

2. Experimentalni ¢ast

Anténa byla vytvofena za pouziti inkoustové tiskarny FUJIFILM Dimatix DMP-2800 (Obr.
1). Pro nandSeni materidlu, jenz tvofil tiSténou elektroniku, byl zvolen PET substrat
(Novacentrix novele 1J-220) o tloust’ce PET podkladu 150 um.

Pripraveny inkoust byl zaloZzen na koncentrované a stabilizované suspenzi nanocastice
stiibra; vysoce koncentrovana disperze téchto nanocastic (~ 25 hm%) byla pfipravena za
pouziti solvotermalni syntézy vysrdZzenim nanoCastic z roztoku dusi¢nanu stfibrného,
organického srazeciho ¢inidla a polymerniho aditiva, které poslouzilo jako stabiliza¢ni ¢inidlo
v reakéni smési. K odstranéni jakychkoliv organickych zbytkti z procesu syntézy byly
nanocastice stfibra promyty ethanolem a nadale uchovany ve stabilizované disperzi roztoku.
Ke snimkovéani takto pfipravenych materidlti bylo vyuzito skenovaci elektronové mikroskopie
(FEI Nova NanoSEM 450), kterd ukazala pfitomnost kulovitych nebo polyhedralnich ¢astic
s prumérem v rozmezi 20-200 nm (Obr. 2). Dal$im krokem byla pfiprava inkoustu.
Nanocastice byly dispergovany v deionizované vodé¢ za pouziti ultrazvukového
homogenizatoru UZ SONOPULS HD 2070. Pro dosaZeni dobré disperze nanocastic v roztoku
bylo pfiddno 0,1 ml disperzniho stabilizatoru k 10 ml disperzni kapaliny s naslednym
pridavkem 25 hm% nanocastic; viskozita konecného inkoustu se pohybovala v rozmezi od 8
do 12 c¢Ps, coz jsou hodnoty vhodné pro ink-jet printing. Cartridge typu DMP 2800 byla
naplnéna pfipravenym inkoustem a anténa byla GspéSné natiSténa na PET podklad. Tiskové
podminky procesu byly nastaveny nasledovné: teplota cartridge byla 35 °C, teplota substratu

45 °C k dosazeni dobrého spékani kapky na substratu. Po procesu tisknuti byla anténa susena



ve vakuové suSarné pii teploté 120 °C po dobu 20 minut pro sesintrovani nanocastic a tim k

vytvoreni kompaktni vrstvy [10-15].

1 Solvotermalni syntéza
Ag nanocastic
ve vodném prostredi

o

1) Priprava inkoustu
2) Tisk poZzadovaného tvaru HE
3) Suseni na 120°C

Obr. 1. Proces inkoustového tisku flexibilni antény na PET substrat.

Obr. 2. a) SEM mikroskopie struktury stFibrného inkoustu na PET substratu o rozliSeni 5 um
tisku b) detail nanocastic stribra, zde je videt jak jsou nanocdstice stribra vzajemné

propojeny, tento snimek dokazuje vysokou vodivost tisténé vrstvy, rozliseni snimku je 1 um.

3. Vysledky a diskuze
Anténa byla méfena v bezodrazové komoie pomoci spektralniho analyzatoru (N9912A

FieldFox Handheld RF Analyzer) s méficim rozsahem od 2MHz do 4 GHz. Pomoci tohoto
spektralniho analyzatoru byl zméfen parametr S;j;, ktery stanovuje pro jaké frekvence je
anténa impedancné nejlépe prizplisobena. Rozmér tisténé vrstvy antény je 9 x 26 mm (Obr.
4). Celkova hmotnost vytisténé antény je 0,208 g. Rozmér PET substratu je 18 x 36 mm.
Zemni rovina antény je vyrobena z médéného FR-4 substratu o rozméru 65 x 75 mm.

Vsechny naméfené hodnoty (Obr. 3) ukazuji, ze pouziti PET substratu a nanocastic stiibra v



kombinaci s technologii inkoustového tisku patfi mezi perspektivni materialy. Kombinaci

téchto materialt bylo docileno velmi efektivni konstrukce mikropaskové antény.
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Obr. 3. Tento graf reprezentuje cinitel odrazu Sy, (vyjadien v dB) v zavislosti na frekvenci s

prizpusobenimi na 2,02 GHz a 2,3 GHz.

TiSté€nd anténa je impedancné pifizplisobena pro kmitocty 2,02 GHz, (-16,02 dB) a 2,3 GHz, (-
19,33 dB). Z téchto naméfenych parametri mizeme fici, Ze se jednd o anténu pracujici ve
vice frekvencnich pasmech. Pfed samotnym tiskem celkové geometrie antény nejsme schopni
piesn¢ stanovit, jakych skute¢nych hodnot bude tiSténd anténa dosahovat pii redlnych
méfenich. Je mnoho parametrl, které mohou uCinnost antény velmi ovlivnit. Mezi tyto
parametry patii to, aby byla tiSt€na vrstva dostate¢né¢ homogenni. Homogenita tistény vrstvy
ma velky vliv na kvalitu vysledné mikropéaskové antény. Obecné plati, Ze u tenkych vrstev
tisténych pomoci inkoustového tisku je dosazeni velmi dobré homogenity problematické.
Toto lze eliminovat kvalitni pfipravou elektricky vodivého inkoustu. A to tak, aby pouzité
Castice vytvorily co mozna nejlepsi homogenni strukturu, tak jak je mozné vidét

z mikroskopickych snimktt SEM (Obr. 2).



Obr. 4. Fotografie vyrobené antény pomoci inkoustového tisku.

Hlavni tisténd cast antény je pomoci stiibrné elektricky vodivé pasty spojena pomoci
koaxialniho kabelu s impedanci 50 Ohm. Tento koaxidlni kabel je zakon€en zlacenym micro
SMA konektorem. Spoj mezi vrstvou ze stfibrnych nanocastic je spojen pomoci elektricky
vodivé stiibrné pasty. Hlavnim divodem pouZiti stiibrné pasty je predev§im minimalizace
pfechodovych ztrat pfi pfechodu mezi koaxialnim vedenim a samotnou mikropaskovou
anténou. PET substraty neumoziuji provadét spoje pomoci technologie pajeni cinem, proto
byla volena tato metoda, kterd se nam osvédcila jakozto velmi efektivni a rychld pfi
experimentalnich métenich naprosto postacujici.

Naméfené hodnoty na frekvencich 2,02 GHz, (-16,02 dB), 2,3 GHz, (-19,33 dB) umozni
vyuziti antény v nejriznéjsich aplikacich. Hlavni pfednosti je také to, ze PET substrat je velmi
tenky a celd anténa je velmi lehka. Hmotnost je taky jedno z dulezitych konstrukénich kritérii
pro vyuziti v nositelné elektronice. VSechna provedena méteni byla provedena v bezodrazové

komote, coZ potlacuje zkresleni vysledki.

5. Zavér

NasSim hlavnim cilem bylo provétit funkénost nami vyrobeného stiibrného inkoustu na bazi
nanocastic stfibra a tento inkoust pouzit ke konstrukci pasivni mikropaskové antény, ktera by
nasla uplatnéni zejména v aplikacich kladoucich diraz na nizkou hmotnost a flexibilitu. Mezi
dalsi vyhody této antény lze zminit moznost implementace do kryti zafizeni na bazi

polymerti, mezi které¢ PET také patii. Timto by se dal uSetfit prostor pii konstrukci zafizeni.



Timto by rovnéz dosSlo k dodrzeni podminek o zachovani potiebné vzdalenosti mezi
jednotlivymi anténami. Napfiklad u multi-antennich MIMO systémt, kdy u koncovych
uzivatelskych komunikaénich zafizenich musime respektovat vzdalenost A/2. DodrzZeni
parametru A/2, ktery ur€uje vzdéalenost mezi jednotlivymi anténami, klade vysoké naroky na
anténni konstrukce a jejich miniaturizaci z divoda lepsi optimalizace vyuziti omezeného
fyzického prostoru zatizeni, do n¢hoz maji byt antény implementovany. Z téchto davodi
povazujeme nami vyhotovenou anténu za ptinosnou a originalni. Nové zavadéné standardy
mobilnich siti, jako je naptiklad standard Long Term Evolution-Advanced (LTE-A), pocitaji s
moznosti vyuziti vice antén, a to i v poméru MIMO 4x4 antény, coz bude vyZzadovat
optimalizaci rozloZeni jednotlivych antén, tak aby nedochazelo mezi nimi k nezadoucim
interferencim.
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Abstract

Carbon nanotubes are exceptional nano-objects with respect to their remarkable properties,
holding great potential in new polymeric materials design with unique characteristics. To
illustrate it, the conventional glass reinforced epoxy composite is combined with a layer of
entangled network of carbon nanotubes deposited on polyurethane non-woven membrane.
The prepared nano-composite is studied for their diverse multi-functional applications
involving extension and compression strain sensing composite, remoulding by means of
resistance Joule heating and radiating as a planar micro strip antenna operating at frequencies

of 2MHz up to 4 GHz.
1. Introduction

Although the nano-materials and nano-composites are recently in the center of intense
attention of scientists around the world their obvious but still only supposed potential is not
yet expended. Surprisingly layered nano-composite materials exhibits simultaneous multi-
functionality beyond conventional properties followed usually by researchers as capability of
gas sensing, detection of applied strain or stress, thermoelectric phenomenon, selectivity for
vapor permeation, interaction with electromagnetic field or remoulding by Joule heating. The
electrical conductivity of entangled networks of carbon nanotubes may be changed by their
straining due to changes in a contact resistance of nanotube junctions [1-3]. The network
combine with polymers can be used for detection of deformation in elongation [4,5] or
compression [6] which was found to be sensitive and reversible with sufficient durability in
the dynamic loadings measured by a macroscopic electrical resistance change. The

electrically conductive materials composed of carbon nanotubes and polymeric



nanocomposites are capable to interact with electro-magnetic field in the course of so called
passive micro-strip antenna which receives or broadcasts data signal [7]. The resonance
frequency and the gain rise up from the nanostructured hierarchy of the composite and its
chemical nature. When electrical current is applied to the electrically conductive carbon based
mats or polymeric composites their temperature increases and materials are easy deformable.
The Joule heating depends on the composite morphology and can be also further stimulated
by proper carbon functionalization [8].

In this paper strain sensitive layer based on carbon nanotube network was incorporated into
conventional glass reinforced epoxy composite. The multi-functionality of this solution was
then tested as extension and compression strain sensing composite, remolding by means of
resistance Joule heating and radiating as a planar micro strip antenna operating at frequencies

of 2MHz up to 4 GHz.

2. Experimental

Materials

Strain sensitive layer based on carbon nanotubes/polyurethane semi-product further
incorporated into epoxy/glass fibres sheets was prepared as thermoplastic polyurethane (TPU)
based composite with layered network of entangled multi-walled carbon nanotubes.
Polyurethane, Desmopan 385S was used supplied by Bayer MaterialScience. Desmopan 385S
is a polyester based thermoplastic polyurethane elastomer. The limited information on TPU
properties provided by the manufacturer reveal mass density 1200 kg/m3, injection molding
temperature 210 - 230 °C, shore hardness 85 (method A), ultimate tensile strength 40 MPa
and strain at break 450 %.

The active sensory layer is a network formed by entangled multi-walled carbon nanotubes
(MWCNTs). The nanotubes were purchased from Sun Nanotech Co. Ltd., and are product of
chemical vapour deposition of acetylene. According to the supplier, the nanotube diameter is
10-30 nm, length 1-10 pm, the purity ~ 90% and the volume resistivity 0.12 Qcm. Further
information on the nanotubes were obtained by means of the transmission electron
microscopy (TEM) analysis presented in our previous paper [8]. From the corresponding
micrographs the diameter of individual nanotubes was determined to be between 10 and
60 nm, their length from tenths of micron up to 3 um. The multi-wall consists of about 15-35

rolled layers of graphene.



Electrospinning process

TPU non-woven filtering membranes were prepared by using solution of Desmopan 385S
and the multi-jet electrospinning machine (SPUR a.s., Czech Republic) [6]. The polyurethane
granules were dissolved in a mixture of dimethyl formamide/methyl isobutyl ketone with
volume ratio 3:1. The polymer weight concentration was 16 %. In order to optimize the
electrospinning process, NaCl was added to adjust electrical conductivity to 30 [Is/cm. The
distance of the steel multi-jet spinning electrode and the steel plate as the collecting electrode
of the electrospinning equipment (SPUR a.s., Czech Republic) was 180 mm. The total number
of nozzles was 18, the length of nozzles 30 mm, the distance between nozzles 20 mm, the
nozzle internal diameter 1.2 mm and the outer diameter 2.2 mm. The electric voltage was set
to 75 kV (Matsusada DC power supply), the flow rate of polyurethane solution in one nozzle
1.6 [J1/min. The final thickness of TPU non-woven filters was about 200 [/m.

Polyurethane/MWCNT semi-product composite

Aqueous dispersion of MWCNTSs was prepared by sonication in apparatus UZ Sonopuls
HD 2070 kit for 15 minutes at room temperature. The nanotube concentration in the
suspension was 0.3 wt.%. Dispersion contained also surfactans, namely sodium dodecyl
sulfate and 1-pentanol with concentration 0.1M and 0.14M, respectively. Moreover, NaOH
aqueous solution was added to adjust pH to 10. For making an entangled MWCNT network, a
porous polyurethane membrane and a vacuum filtration method was used. 30 ml of
homogenized dispersion was filtered through the funnel of diameter 90 mm. The prepared
MWCNT network was washed several times with deionized water (65 °C), afterwards by

methanol in situ and dried between two filtration papers for 24 hours.

Epoxy/glass fiber composite with MWCNT/PU layer

Composite sheets were manufactured with EPIKOTE™ resin, and EPIKURE™ RIMH
1366 as curing agent. Carbon nanotubes films were placed in between the layers of the
material, according to requirements of the tests. After placing the glass fibre according to the
requirements, a peel ply is applied to cover the sample in order to peel the laminate easily
after curing. On the top of the set-up, with the same dimensions of our sample, flow aid is
placed, and the spiral hoses, which are used for extraction or resin supply, mounted and fixed

with adhesive to both sides of the preform. Last step is cover whole system with the vacuum



foil, and final vacuum test is done in order to avoid any leak. Each laminate was cured during

24 hours at room temperature.

Analysis

MWCNTs were analyzed via TEM using the microscope JEOL JEM 2010 at the
accelerating voltage of 160 kV. The sample for TEM was fabricated on 300 mesh copper grid
with a carbon film (SPI, USA) from MWCNT dispersion in acetone, prepared by
ultrasonication, and dried. TPU filtering membrane and MWCNT/TPU composites were
analysed by scanning electron microscope (SEM) NOVA NanoSEM 450 (FEI). For the

observation, the regime of secondary electrons was chosen.

Measurement of electrical resistance
The change of electrical resistance of Epoxy/glass fibre composite with MWCNT/TPU
layer during mechanical extension/relaxation cycles were measured lengthwise by the two-

point with help of Multiplex datalogger 34980A.

3. Results
SEM and TEM analyses of used MWCNTs, TPU filtering membrane and of the upper
surface of prepared MWCNT layer are presented in Fig. 1

Fig. 1 A) SEM micrograph of polyurethane non-woven filtering membrane, B) TEM
micrograph of used nanotubes, C) SEM image of the surface of entangled MWCNT network,
D) SEM detailed view of the surface of entangled MWCNT network.



Layered composite structure based on MWCNT network deposited on TPU filtering
membrane was incorporated into epoxy/glass fiber composite, see Fig. 2 part a. Two Cu
electrodes were attached to monitor macroscopic resistance of MWCNT strip or for applying
of electrical voltage. Schematic illustration describing the typical positioning of MWCNT
strip through the thickness of epoxy/glass fiber composite is shown in Fig. 2 part b.

Fig. 2 a) An example of the test specimen which consist of MWCNT/TPU layer (black)
laminated into epoxy/glass fiber composite with attached Cu electrodes. Part b) Schematic
illustration of epoxy/glass fiber composite (8 layers glass fiber unidirectional) with

MWCNT/TPU strain sensing layer (black stripe) used for bending tests.

3.1. Resistance based detection of applied strain

The results of the measurements testing simultaneously resistance change of epoxy/glass
fiber composite with incorporate MWCNT strain sensitive layer are presented in Fig. 3.
MWCNT/TPU strain sensitive layer, placed to neutral strain axis of the composite and bended

to different sides, measures extension or compression of MWCNT/PU layer.
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Fig. 3 Dependence of resistance change on specimen displacement during three bending tests
of epoxy/glass fibre composite with MWCNT/TPU layer (specimen length 24.4 mm).



Extension of the sensitive layer leads to reversible resistance increase and the compression
leads to layer reversible resistance decrease. Resistance changes are defined as the relative
resistance change [IR/Ry = (R- Rg)/Ro, where Ry is the electrical resistance of the laminate
before the first elongation, and R is the resistance of elongated laminate. In the course of
strain cycles, some irreversible changes in displacement and the relative resistance are

observed due to possible irreversible damage of the electrically conductive MWCNT network.

3.2. Joule heating - resistive heating
Epoxy/glass fibre composites with MWCNT/TPU layer were tested also for their possible

use as inner resistive composite heating.

Fig. 4 Schematic illustration of epoxy/glass fiber composite (Four layers glass fiber
bidirectional (textile)) with MWCNT/TPU (black stripe) used for Joule heating tests.

Fig. 5 MWCNT/TPU layer (black) laminated into epoxy/glass fiber composite with attached
Cu electrodes used for Joule heating tests.

DC voltage was applied to specimen and the evolution of its surface temperature was
recorded by means of thermographic camera, Figs. 6,7. The data clearly demonstrate possible

use of that composite structure for self-heating by applied external voltage.
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Fig. 6 Visualization of temperature distribution in self-heated epoxy/glass fiber composite

with MWCNT/TPU layer by thermographic camera.
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Fig. 7 Time dependence of epoxy/ MWCNT layered composite surface temperature for

different electrical potential indicated.

3.3. Epoxy/glass fiber composite with MWCNT/TPU layer passive antenna

The radiation of the antenna was measured in the anechoic chamber using the N9912A
FieldFox Handheld RF Analyzer capable of measuring within the bandwidth range of 2MHz
up to 4 GHz. The graph in Fig. 8 represents the S11 parameter. The impedance of the printed
antenna is matched for frequencies of 1.64 GHz, (-11.69 dB), 2.2 GHz, (-13.54 dB), 2.9 GHz,
(-17.47 dB), and 3.6 GHz, (-18.29 dB). The measured parameters show that the antenna

operates in multiple frequency bands; thus it is called a multiband antenna. The size of the

antenna is 20 x 36 mm, the total weight of the antenna is 1.3 g.
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Fig. 8 Si; impedance of the proposed MWCNT/TPU composite antenna.

4. Conclusions

Possible multi-functions of epoxy-glass reinforced composite laminate with incorporated
multi-walled carbon nanotube layer were tested. It was found that this structure can reversibly
detect both compressive or elongation strain. Moreover, the incorporated MWCNT layer can
also be used for resistive heating of the structure or is capable to interact with electromagnetic

field in the course of its use as a passive micro-strip antenna.

Acknowledgement

This work was supported by the Ministry of Education, Youth and Sports of the Czech
Republic by project KONTAKT II Czech-Austrian mobility (7JAMBI6AT033) and by —
Program NPU I (LO1504).

References

1. Allaoui A, Hoa SV, Evesque P, Bai J. Electronic transport in carbon nanotube tangles
under compression: The role of contact resistance. Scripta Mater 2009;61(6):628-631.

2. Slobodian P., Riha P., Olejnik R., Cvelbar U., Saha P., Enhancing effect of KMnO4
oxidation of carbon nanotubes network embedded in elastic polyurethane on overall
electromechanical properties of composite, Composites Science and Technology 81, 2013,

pp. 54-60



. P. Slobodian, P. Riha, and P. Saha, A highly-deformable composite composed of an
entangled network of electrically-conductive carbon-nanotubes embedded in elastic
polyurethane, Carbon, vol. 50, pp. 3446-3453, 2012.

. Rein M.D., Breuer O., Wagner H.D., Sensors and sensitivity: Carbon nanotube
buckypaper films as strain sensing devices, Composites Science and Technology 71(3)
373-381, 2011.

. De la Vega A, Kinloch IA, Young RJ, Bauhofer W. Simultaneous global and local strain
sensing in SWCNT-epoxy composites by Raman and impedance spectroscopy.
Composites Science and Technology 2011;71:160-166.

Slobodian P., Riha P., Lengalova A., Saha P.. Compressive stress-electrical conductivity
characteristics of multiwall carbon nanotube networks. Journal of Materials Science 46(9),
3186-3190 (2011)

. Kamyshny A., Magdassi S., Conductive Nanomaterials for Printed Electronics. Small
10(17) 17, 3515-3535, 2014.

. Prolongo S.G., Del Rosario G., Urena A., Polymer Engineering and Science 54(9), 1976-
1982, 2014.



VYUZITI RENTGENOVE POCITACOVE MIKRO A NANOTOMOGRAFIE PRO
ANALYZU VNITRNI STRUKTURY MATERIALU VE 3D

USING OF X-RAY COMPUTED MICRO AND NANOTOMOGRAPHY FOR
ANALYSIS FOR INNER STRUCTURE OF MATERIALS IN 3D
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Technicka 10, 616 00 Brno
2Ustav fyzikalniho infenyrstvi, Fakulta strojniho inZenyrstvi, Vysoké uceni technické v Brné,
Technicka 2896/2, 616 69 Brno

Anotace:

V ¢lanku jsou prezentovany moznosti vyuZiti rentgenové pocitacové mikro a nanotomografie
(mikro a nano CT), které dosahuji vysokého prostorového rozliseni. Jako ndzorna ukazka pro
méreni a analyzu dat byl vybran vzorek polypropylenu se sklenénymi viakny s cilem urcit
orientaci vidken.

Annotation:

In this paper we present the utilization possibilities of X-ray computed micro and
nanotomography (micro and nano CT) with high spatial resolution. As a demonstration for
measurement and data analysis, a sample of polypropylene with glass fibers was chosen in
order to determine an orientation of fibers.

Kli¢ova slova: pocitacova tomografie, mikro CT, nano CT, metrologie, nedestruktivni
defektoskopie.
Keywords: Computed tomography, micro CT, nano CT, metrology, non-destructive
defectoscopy.

1. Uvod

Rentgenovéd pocitacova tomografie (computed tomography, CT) je moderni zobrazovaci
metoda, kterd slouzi k nedestruktivni vizualizaci a analyze predméti. Technika umoziuje s
vyuzitim rentgenového zafeni zobrazit vnitini strukturu ptedmétu v sérii fezill, aniz by doslo k
jeho poskozeni. Tato metoda je rozSifena predevsim v Iékatstvi, kde se zacala vyuzivat v
sedmdesatych letech minulého stoleti. Prvni tomograf pro primyslové aplikace s dostate¢nou
piesnosti byl vefejnosti predstaven az v roce 2005. [2]

Rentgenové zafeni je elektromagnetické zafeni o vysokych frekvencich (10'°— 10" Hz).
Vznika v rentgenové trubici a po jeho absorpci méfenym objektem dopadéd na detektor. Ze
vSech uhli natoceni pfedmétu od 0o do 180° je snimano nékolik set az n€kolik malo tisic
dvourozmérnych rentgenovych snimki. Ze ziskanych projekci jsou pomoci matematickych
metod rekonstruovany 16 bitové obrazy, které predstavuji virtudlni fezy vzorkem tzv.
tomografické fezy. Lze tak ziskat trojrozmérnou informaci o méfeném objektu. Na rozdil od
l1ékatskych aplikaci, je moZzné v industralni tomografii ozafovat objekty delsi dobu, fadovée
hodiny a dosahuje se lepsi presnosti a rozliSeni. RozliSeni se pohybuje kolem 1/1000 rozméru
skenované ¢asti vzorku a piedstavuje az o dva fady lepsi rozliSeni oproti 1¢katskému CT. Také
fyzické usporadani je také jiné. V I€karském tomografu pacient lezi na misté a zdroj s
detektorem se ota¢i kolem n¢j, ale v industridlnim se otaci objekt a rentgenova trubice s



detektorem je stacionarni.

Mikrotomografie je pocitacova tomografie, kterd umoziuje snimat vnitini strukturu
trojrozmérnych predméti s rozliSenim na Grovni jednotek az desitek mikrometrii. Vyuziva se
pro zjisténi tvaru vnéjSich a vnitinich struktur, nehomogenit, prasklin nebo porozity materialu.
Mikro CT nachazi kromé riznych védnych obort uplatnéni i v celé fadé¢ priamyslovych
odvétvi, veetné strojirenstvi, elektrotechniky a stavebniho priimyslu. V poslednich letech se
zaCind vyuzivat také nano CT, pomoci které je mozné ziskat informaci o vnitini strukture fadu
nekolika set nanometrti. Nanotomograf lze vyuzit predevsim pro biologické aplikace, dale
také pro presnéjSi analyzu orientace nanovlaken, topografii struktur rGznych hornin nebo
inicializaci a prib¢h trhlin v materidlech. [1] [2]

V tomto ¢lanku je popsano vybaveni laboratofe rentgenové mikro a nanotomografie, moznosti
analyz vyslednych dat a uvedeny ptiklady aplikaci.

2. Laborator rentgenové mikro a nano pocitacové tomografie

Prvotni impulz pro zapoéeti vyzkumu a uzivani mikro CT a podobnych technik na Ustavu
fyzikdlniho inzenyrstvi, FSI VUT v Brné vychazel z potfeby nedestruktivné identifikovat
vhodné roviny fezu pro prvkové mapovani riznych vzorkl, pfedevS§im technikou LIBS
(Laser-induced breakdown spectroscopy). Vyzkumna skupina laboratofe Laserové
spektroskopie se zacala zabyvat vyvojem mikro CT techniky v navaznosti na spolupraci se
Synchrotronem Elettra v Italii, ktera probiha od roku 2005. Také na zaklad¢ této, ale i dalSich
spolupraci a vyzkumnych projektt realizovanych na dalSich synchrotronech v Evropé bylo
pfistoupeno k vytvofeni nové laboratofe v ramci struktur veédeckého centra CEITEC.
Laboratot rentgenové mikro a nanotomografie je vybavena unikatni mikrotomografickou
stanici GE v|tome|x L 240, kterd je v plném provozu od zafi 2012. V fijnu 2014 probéhla
instalace nového CT pfistroje Rigaku nano3DX, ktery dosahuje rozliSeni urovné n€kolika set
nanometrt. Na podzim roku 2015 byl v ramci projektu AdMaS pofizen mikrotomograficky
ptistroj GE phoenix vijtomex m, ktery laboratoi také vyuziva. Tento mikrotomograf je
vybaven rentgenovou trubici s urychlovacim napétim 300 kV a umoziuje tak prozatit vzorky
vétsi nez pomoci trubice 240 kV GE v|tome|x L 240. [1] [3]

V ramci laboratofe se postupné rozrista vyzkumna skupina pro experimentalni vyzkum v
oblasti rentgenové mikro a nanotomografie, ktery zahrnuje vyvoj i aplikace tomografickych
metod v ruznych oblastech. Dulezitym uspéchem roku 2016 je otevieni prvni laboratoie
S piimym piesahem do primyslu ve mést¢ Kunstat. Tato nova laboratof vznikla pfimo v
provoznich prostorech vyrobni spolecnosti Best — Business, a.s., ktera vyzkumnikiim castecné
poskytla 1 své vybaveni. Vysledky védecké prace tak budou moci byt bezprostiedné uvedené
do praxe. [3]

Zakladni parametry pfistrojii tomografické laboratofe jsou nasledujici:

GE phoenix v|tome|x L240

* 7-osy manipula¢ni systém na masivnim zZulovém bloku

* Plochy digitalni detektor GE“DXR 250” s unikdtnim kontrastnim rozliSenim a dynamikou
1:10000 (zvyraznéni kontrastu)

* Klimatizovany ochranny kabinet



* Klastr slozeny ze 4 GPU — pro rychlejsi rekonstrukci 3D CT dat

* 240kV/320W mikrofokus RTG trubice

* 180kV/15W nanofokus RTG trubice

» Maximalni velikost vzorku — @500 x 800 mm (rozhodujici je velikost opsaného valce),
* hmotnost 50 kg,

* <2 pum (rozméru voxelu) pro 240kV tubici, do 1 um (180 kV trubici)

GE phoenix v|tome|x m

* 5-0sy manipulacni systém na masivnim zulovém bloku

* Plochy digitalni detektor GE“DXR” s unikatnim kontrastnim rozliSenim a dynamikou
1:10000 (zvyraznéni kontrastu)

» Klastr slozeny ze 4 GPU — pro rychlejsi rekonstrukci 3D CT dat

* 300kV/500W mikrofokus RTG trubice

» Maximalni velikost vzorku : 360 mm x 600 mm (rozhodujici je velikost opsaného valce)
* Hmotnost 50 kg,

* Minimalni rozmér voxelu 1 um

* Planovana modernizace na metrologicky pfistroj spliiujici smérnici VDI 2630, s piesnosti
4+L/100 pm

K analyze dat se vyuziva 3D visualizacni software-u Volume Graphics Studio Max 2.2, ktery
je vybaven metrologickym modulem pro:

* souradnicové meéfeni,

» méteni tlousték stén,

» analyzu defektli/porozit,

* porovnani nominalnich a skute¢nych dat,

* roz§ifenou analyzu porovitosti/inkluzi.

Rigaku nano3DX

* 5-osy automaticky manipulacni stolek na vzorky

* pfesnost osy rotace stolku <0,5 um

* detektor CCD kamera specidln€ upravena na rentgenové zareni
* dynamicky rozsah: 16 bitl

* pocet pixeli: 3300 x 2500

» velikost pixeld: 0,27 um nebo 2,2 pm

* zorné pole: 0,9 x 0,7 mm nebo 7,2 x 5,4 mm

* rotacni ter¢ Cr, Cu, Mo

* nap¢ti RTG trubice: 20 — 50 kV



* proud RTG trubice: az do 30 mA

3. Analyza tomografickych dat

3.1. Analyza péri/defekti

Pomoci této analyzy je mozné automaticky detekovat a vizualizovat pdry/inkluze, které
predstavuji defekty v materidlu soucastky. Pro jednotlivé poéry je uréen objem, pozice,
velikost a povrch. K vystupim je pfidana statistika velikosti defektl, celkové procento
porozity a histogram objemu defektli. Na zdklad¢ objemu je vygenerovano barevné kddovani.

[1]

Defect volume [mm?®
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Obrazek 1: 3D vizualizace transparentniho povrchu odlitku a distribuce detekovanych

3.3. Analyza poru/inkluzi dle priimyslovych standardi

P 201/VW 50097

Tento nastroj umoziuje analyzovat soucastky podle standard P201 definovanych asociaci
VDG (German Association of Foundry Specialists) na zéklad¢ vnitfnich norem Volkswagenu
VW/50097. Lze tak rychlym zptisobem analyzovat pory obsazené v materialu. [1]
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Obrazek 2: Tomograficky ez odlitku hlinikové slitiny. Zlutymi oblastmi jsou zobrazeny
detekované pory této oblasti. Porozita je D10/2.5 dle normy VW50097.

3.4. Méreni rozméri, geometrickych toleranci

S vyuzitim modulu soufadnicového méfeni Ize urcit povrch objektu na zédkladé prahovacich
hodnot podle lokalnich stupnd Sedi. Extrahovany povrch je mozné exportovat jako mnozinu
bodli nebo STL soubor a importovat do dalSich softwar. Pro méfeni rozmérii a
geometrickych toleranci jsou k dispozici nastroje prokladajici objemovymi daty geometrické
utvary viz obrazek 3. [1]

Obrazek 3: Urceni vnitrniho pruméru diry pomoci proloZeného valce.
3.5. Méreni tlousték

Pomoci této funkce lze zkoumat tloustku stény Vv definovaném intervalu mezi minimalni a
maximalni pfipustnou tloustkou. Vysledky jsou barevné koédovany a zobrazeny

N

v tomografickych fezech i1 ve 3D modelu. Metodu je moZné vyuZit i pro analyzu §ifky mezer.

[1]



ST

Obrdazek 4:Kovovy ram modelu Fabie vySetieny pomoci analyzy tloustky stén. (a) Originadlni
3D model, (b) analyza tloustky stén znazornéna ve 3D modelu, (c) analyza tloustky stén
V Fezu.

3.6. Srovnani nominalniho (CAD) a skute¢ného (povrch z CT dat) modelu

Funkce srovnavani modelti umoziuje piimé srovnani povrchu objektu tomografickych dat a
CAD. Modely jsou na sebe sesazeny bud’ pomoci referenc¢nich ploch specifikovanych
technickou dokumentaci, nebo napt. algoritmem best-fit. MenSi nebo vétsi rozméry jsou
ur¢ovany po celém extrahovaném povrchu. Rozdily jsou barevné kodovany podle velikosti.

[1]



(b)

Obrazek 5: Srovnani CAD modelu priruby s STL modelem. Sesazeni modelii je realizoviano
metodou best-fit. (@) Nesesazené modely, (b) sesazené modely.

3.7. Analyza vlakny zpevnénych kompoziti

S vyuzitim modulu analyzy vlakny zpevnénych kompozitl je mozné ziskat mnoho dulezitych
informaci o struktuie materidlu kompoziti. Mlze byt spocitana lokalni a globalni orientace a
koncentrace vlaken, odchylka od pfedem definované referen¢ni orientace, lokalni orientace
vldken do roviny projekce a fada dalSich statistickych parametra jako napf. distribuce vlaken.
Vysledky lze zobrazit a zaznamenat napiiklad pomoci barevného odliSeni zobrazeni vlaken ve
2D a ve 3D nebo histogramu znazoriujiciho distribuci vldken na zéklad€ orientace. [3]

Obrazek 6: Barevné znazornéna orientace viaken betonové vyztuze. Cervena barva
zndzornuje horizontalni a modra barva vertikalni orientaci.



4. Méreni polypropylenu se sklenénymi vlakny

V laboratofi rentgenové mikro a nanotomografie bylo realizovano méfeni polypropylenu se
sklenénymi vlakny na tomografické stanici Rigaku Nano3DX. Cilem analyzy na
kompozitnim materialu bylo urceni orientace sklenénych vléken, které mély v priméru cca 12
um. Pro dosazeni vysokého rozliSeni (v tomto pfipadé 0,53 um) bylo nutné vzorek minimalné
ve dvou rozmérech zmensit pod jeden milimetr. Ze vzorku byl vyfezan kvadr, ktery byl
brousenim zmenseny na rozméry 0,5 x 0,5 x 2 mm. Casovéa naroénost tomografického méfeni
byla 60 minut. Analyza orientace vlaken probéhla v software VG Studio MAX.

Jak je vidét z pohledu na 3D model v obrazku 7(a), vSechna vldkna lezi v rovnobéznych
rovinach kolmych na osu Y. Dale byla provedena analyza orientace vldken v rovinach
kolmych na osu Y. Barevna stupnice v obrazku 7(b) zndzortiuje thel odchylky od sméru v ose
X. Tyto hodnoty jsou vyneseny do grafu 7(c), ze kterého je patrné, ze vldkna orientovana ve
sméru v ose X jsou ve vzorku nejéastéji zastoupena.

Deviation angle [deg]

90.00

@ (@)

15000 4

(c)

Obrazek T: Polypropylen se sklenénymi viakny ve 3D s vyuzitim modulu analyzy orientace
vidken. () vidkna orientovana v rovnobéznych rovinach kolmych na osu Y, (b) analyza
orientace viaken v ose X, (c) graf hodnot analyzy orientace viaken v 0se X.



5. Zavér

Rentgenova pocitacova tomografie je moderni technika, kterd nachazi vyuziti v pramyslu pro
nedestruktivni inspekci vnitini struktury a metrologii.

V ¢lanku je predstaveno vybaveni CT laboratofe na CEITECu, mezi které patti dvé mikroCT
systémy od némeckého vyrobce GE a také nanoCT systém od japonského vyrobce Rigaku.
Daéle jsou ptfedstaveny moznosti analyzy tomografickych dat pomoci profesionalniho nastroje
VG studio MAX.

Diky této kombinaci pfistroji je laboratof schopna analyzovat Siroké spektrum vzorka z
ruznych primyslovych odvétvi, jako napt. mechanické, materidlové, elektronické a stavebni
inzenyrstvi, v ramci kterych fesi vyvoj, kvalitu produktt, kontrolu vnitini i vnéjsi struktury
objektu a pomaha fesit problémy s vyrobou. Uplatituje se vSak 1 ve védecky zamétenych
projektech z oboru potravinafstvi, lékafstvi, restauratorstvi, archeologie, antropologie,
forenznich véd, kriminologie, biologie.

Pro demonstraci moznosti nanoCT systému, ktery umozituje dosdhnout voxelového rozliseni
az 270 nm je uveden piiklad analyzy vnitini struktury polymeru tvrzeného skelnymi vlakny o
praméru 12 pm.

Podékovani

Vysledky tohoto vyzkumu byly ziskany v ramci projektu CEITEC 2020 (LQ1601) za
finan¢niho pfispéni Ministerstva Skolstvi, mladeze a télovychovy Ceské republiky v ramci
ucelové podpory z prosttedkt Narodniho programu udrzitelnosti II.
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New carbon reinforced polypropylene compounds
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Introduction

Today, each passenger car contains more than 60 kg of polypropylene based (PP) material.
This fact is mainly arising from a variety of PP modifications based on the molecular and
supermolecular design, use of high-performance fillers and additives or even on a blending
with other polymers — these factors all together make from iPP the material interesting not
only industrially but also scientifically. Particularly, PP based composites with mineral fillers
or fibres have moved PP from the originally considered (many years ago) field of commodity
polymeric materials into a full-value member of the engineering plastics pool next to
polyamides, polyesters and others.

Three new carbon reinforced polypropylene (PP) grades which have been added to the
leading-edge Borealis Fibremod technology portfolio are shifting the boundaries even further.
Carbon fibre reinforced plastics have the potential to revolutionize mass automobile
production because they enable lightweight construction while at the same time delivering
high performance in a cost-competitive way.

* Fibremod™ CB201SY: 20% carbon fibre reinforced engineering PP with maximized
performance strength-to-weight saving ratio (Density 990 kg/m3 / E-modulus 12 GPa)

* Fibremod™ CB301SY: 30% carbon fibre reinforced engineering PP with up to 40% weight
saving potential when compared to other light-weight materials currently in use (Density 1060
kg/m3 / E-modulus 15 GPa)

* Fibremod™ CB401SY: 40% carbon fibre reinforced engineering PP providing ultra-high
stiffness, thus enabling lighter weight, high performance plastics applications (Density 1130
kg/m3 / E-modulus 18,5 GPa)

Fibremod Carbon grades offer outstanding density to weight ratio, significant weight
reduction potential, and increased functionalization and modularization of components. They
are particularly suited for applications such as chain adjusters, pump housings, headlamp
housings, oil pans, seat frames, arm rests, gear shifting gates and sunroof frames. Borealis has
developed sophisticated application testing methods and standards, which, combined with its
own modelling and simulation methodologies, make it possible to offer comprehensive
support in development and implementation of applications — this will be in detail discussed
during the presentation. Such approach minimizes the need for expensive prototyping and
physical testing on the part of the customer.

Excellent combination of stiffness, strength and affordability

Fibremod Carbon compounds achieve a stiffness of up to 20,000 MPa, levels not previously
seen in PP. This is combined with extremely low density. Comparing density and stiffness of
various materials, the Figure 1 below depicts the Fibremod Carbon’s superior performance
versus lightweight metals like aluminium or magnesium. Compared to steel, it offers a
lightweighting potential of more than 60%. This means components can be developed with
similar or even higher stiffness and lower weight. For structural parts, the geometry can be
adapted to best utilize the gain in stiffness, resulting in further weight-saving potential.
Compared to other engineering polymers, high performance polymers, and conventional



lightweight materials, Fibremod Carbon grades are a cost-effective alternative and offer clear
benefits (e.g. no contact corrosion or moisture absorption, suitability for economic injection
processes) versus magnesium and carbon fibre reinforced polyamide. While the cost
advantage versus PA6-GF30 is negligible, Fibremod however offers additional weight
reduction potential of over 30%.

Comparison of lightweight construction materials
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Figure 1. Specific bending stiffness of Fibremod with glass fibre (GF) and carbon fibre (CF)
compared to conventional lightweight metals and polyamide (PA) solutions. © Borealis.

Conclusion

The polypropylene based materials (or more widely polyolefines) are still developing to cover
increasing human expectations following global megatrends. It this specific case the carbon
fibre filled polypropylene will contribute to the light weight design of the automotive parts
favourably reducing car weight and consequently the amount of their emissions; the use of the
Fibremod carbon fibre polypropylene composites in other technical areas for specific light
weight constructions is also straightforward.

About Borealis

Borealis is a leading provider of innovative solutions in the fields of polyolefins, base
chemicals and fertilizers. With headquarters in Vienna, Austria, Borealis currently
employsaround 6,500 and operates in over 120 countries. It generated EUR 8.3 billion in sales
revenue in 2014. The International Petroleum Investment Company (IPIC) of Abu Dhabi
owns 64% of the company, with the remaining 36% owned by OMV, an integrated,
international oil and gas company. Borealis provides services and products to customers
around the world in collaboration with Borouge, a joint venture with the Abu Dhabi National
Oil Company (ADNOC). Building on its proprietary Borstar® and Borlink™ technologies
and 50 years of experience in polyolefins, Borealis and Borouge support key industries
including infrastructure, automotive and advanced packaging. The Borouge 3 plant expansion
in Abu Dhabi will be fully operational in 2015. Borouge 3 will deliver an additional 2.5
million tonnes of capacity when fully ramped up, bringing the total Borouge capacity to 4.5
million tonnes. Borealis and Borouge will then have approximately 8 million tonnes of
polyolefin capacity. Borealis offers a wide range of base chemicals, including melamine,
phenol, acetone, ethylene, propylene, butadiene and pygas, servicing a wide range of
industries. Together with Borouge the two companies will produce approximately 6 million
tonnes of Base Chemicals in 2015. Borealis also creates real value for the agricultural industry
with a large portfolio of fertilizers and technical nitrogen products. The company distributes



approximately 5 million tonnes per year. Borealis and Borouge aim to proactively benefit
society by taking on real societal challenges and offering real solutions. Both companies are
committed to the principles of Responsible Care®, an initiative to improve safety
performance within the chemical industry, and contribute to solve the world’s water and
sanitation challenges through product innovation and their Water for the World™
programme. More information: www.borealisgroup.com, www.borouge.com,
www.waterfortheworld.net, www.borealisdrivingtomorrow.com
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Abstrakt

Byla vyvinuta nova metoda pro on-line méfeni fotokatalytické aktivity praskovych materialt s
pouzitim at uz pro materidly komer¢ni nebo v soucasnosti pfipravované na Centru
polymernich systému (CPS). Jeji vyhoda oproti stdvajicim zpisobim méfeni fotokatalytické
aktivity spociva ve spojeni procesu samotné fotodegradace s on-line vyhodnocenim
v komer¢nich spektrometrech, a tedy v eliminaci samplovani vzorkii. Fotokatalyticka reakce
je vyvoléna zafenim emitovanym LED diodou uchycenou v drzaku, kde vhodné konstrukéni
feSeni umoziuje vyménu LED diod a tedy pouziti riznych vinovych délek. Jako demonstrace
funk¢nosti metody jsou uvedena meéteni fotokatalytické aktivity praska s pouzitim osvétleni
LED diodami o vlnové délce A ~365 nm v UV oblasti a A ~ 425 nm v oblasti viditelného

spektra pro ZnO dopovany médi.

Abstract

A new method for on-line measurement of photocatalytic activity of powder materials, either
commercial or prepared at the Centre of Polymer systems was developed. The advantage of
presented innovation lies in the simultaneous photodegradation and evaluation of
photocatalytic reaction in commercial spectrometers thus avoiding sampling during the
photocatalytic reaction which is a necessary step for evaluation photocatalytic activity
otherwise. Photocatalytic reaction is driven by an LED diode mounted on homemade cuvette
holder housing. Diodes can be easily changed which enable photocatalytic reaction to be
performed under various wavelength irradiation. A pair of exemplary measurements of
photocatalytic activity of selected powder coper doped ZnO under the UV (A ~ 365 nm) and

visible light (A ~ 425 nm) irradiation is demonstrated.



1. Uvod

Polovodic¢ova fotokatalyza nachazi posledni dobou Siroké komercni uplatnéni se zna¢nym
potencidlem dalSich inovaci. Principem fotokatalyzy je absorpce fotonu elektromagnetického
zafeni o vlnové délce mensi nebo rovno ekvivalentu Sitky pasu zakdzanych energii
polovodicovym materidlem (nejcasteji TiO, a ZnO), kdy dojde ke vzniku paru dira/elektron.
Tyto se mohou aktivné tcastnit redoxnich reakci probihajicich na povrchu fotokatalyticky
aktivniho materidlti. Na tomto jevu jsou zaloZeny samocistici a antibakteridlni povrchy, dale
degradace polutantti ve vzduchu nebo vodgé, etc.

Dusledkem masivniho boomu komerénich aplikaci a inovaci, a tedy dynamicky rostouciho
trhu s fotokatalyticky aktivnimi materidly, je potfeba porovndvat uCinnost jednotlivych
materiald, a produkti na nich zalozenych, mezi sebou. Vznikly pozadavek na hodnoceni
aktivity fotokatalyticky aktivnich materiali vyustil s ohledem na riznost aplikaci ve vytvoreni
souboru osmi norem v letech 2007-2011. V soucasné dob¢ probihd revize norem ISO
tykajicich se pravé stanovovani fotokatalytické aktivity materialii (revize vzniklych norem
probiha po tfech letech a dalSich péti letech po prvni revizi). Piehled ISO norem popsanych v
[2] poskytuje velmi uceleny soubor pro vyrobce ivyzkumnd pracovisteé k charakterizaci
fotokatalytickych material, nicméné spousta parametrii je volnych. S ohledem na nékteré
nedostatky jsme na naSem pracovisti vyvinuli metodu vhodnou pro charakterizaci
fotokatalyticky aktivnich materiala. Jeji originalita spociva v inovaci konceptu samplovani
vzorkil v pribéhu fotokatalytické reakce, kde zjevny nedostatek spocivd ve zmenSovani
objemu degradovaného polutantu, a stejné tak i mnozstvi fotokatalyticky aktivni latky
v pribéhu reakce. V ndmi navrzeném schématu probiha samotna fotokatalytické reakce pfimo
v kyveté umisténé ve spektrometru, kdy je osvit disperse praSku v kapaliné zajistén LED
diodou uchycenou v drzaku. Sledovani rychlosti degradace pomoci UV-Vis pak probihé on-
line bez nutnosti samplovani. Vhodné konstrukéni feseni navic umoznuje vyménu LED diod,

a tedy snadné pouziti riznych vinovych délek.

2. Experimentalni ¢ast

2.1. Konstrukcni cast

Pro metodu méfeni fotokatalytické aktivity prasku byl navrzen a vyroben samostatny kryt,
ktery slouzi zarovenn jako drzdk LED diody pro osvécovani zkoumaného prasku (viz.
obrazek 1). Prasky mohou vykazovat riznou fotokatalytickou aktivitu v zdvislosti na rizné
vinové délce LED diody a ke studiim tohoto typu Ize vyuzit celou fadu diod s vinovou délkou

pres celou sitku viditelného svétla a na hran¢ UV oblasti (viz. obrazek 2).



Obrazek 1. Kryt s rozsvicenou UV diodou.

Vzhledem k jednoduché konstrukci a ptfenosnosti krytu jej lze pouzit ve vice zafizenich
umoznujicich méfeni absorp¢nich spekter v UV-VIS oblasti (viz. obrazek 3 a 4). Zapojeni
s vlaknovym spektrometrem Avantes bylo uzito k pilotni studii, vysledky a dalsi detaily jsou
k dohledani v [3]. Dalsi fotokatalytické studie byly provadény na UV-VIS spektrometru
Varian Cary 300 (AGILENT TECHNOLOGIES, USA), ktery umoZiluje online méteni bez
nutnosti odebirani vzorkd a jeho hlavni vyhodou je regulace teploty pomoci chlazeni

Peltierovymi ¢lanky.

Intensity [=]

Obrazek 2. Prehled dostupnych vinovych délek LED diod.



V’ -'/prsmﬂadﬂék

_

opticky kabel
(spektrometr)

Obrazek 3. Drzak kyvety s krytem pro LED Obrazek 4. Komora s kyvetami a drzdkem
diodu urceny ke studiu fotokatalytickych LED v UV-VIS spektrometru Varian Cary 3
procesu ve vlaknovém spektrometru Avantes

(umistény na magnetickém michadle).

2.2. Mereni fotokatalytické aktivity

Fotokatalyticka aktivita pfipravenych materialti se méti pomoci degradace methylové violeti
2B vroztoku s koncentraci 3.5 mg.L'. M&feni absorpénich spekter probihd s navrzenym
drzakem LED diod pfimo v komotfe UV-VIS spektrometru Varian Cary 300, coZ umoZiiuje
in-situ (online) snimani aktudlniho absorpéniho spektra bez nutnosti odbéru vzorku
spektrometrii jak je znamé z jinych publikaci. LED diody jsou lehce ménitelné a tim je
umoznéno uziti vlnovych délek od 365 do 645 nm (viz. obrazek 2). Vychozi nastaveni
experimentu: do kfemennych kyvet je navazeno 10 mg zkoumaného prasku a 3 mL barviva,
kyveta je umistény do komory UV-VIS spektrometru Varian Cary 300, nad ni je umistén
drzék s LED diodou a po dosazeni rovnovahy adsorpce/desorpce ve tmé je zapnuto osvétleni
a michani. Prasek je pred experimentem hodinu osvécovan diodou, na které probiha samotné
méteni, aby se materidl ocistil a aktivoval. Absorpéni spektrum je sniméano v 30- ti
minutovych intervalech, teplota vzorku je udrzovana na 25°C pomoci chlazeni Peltierovym
¢lankem.

Jako ukazka funk¢nosti metody byla provedena métfeni na prasku s pouzitym osvétlenim
LED diodami (Roithner LaserTechnik, Austria) o vinovych délkach A~ 365 nm (XSL-365-5E)
v UV oblasti a A~ 425 nm (VL425-5-15) ve viditelné oblasti.



Demonstrace méreni
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Obrazek 5. Vyhodnoceni fotokatalytického experimentu

Na obrazku 5 je vidét prubéh degradace metylové violeti pod UV a viditelnym svétlem pro
vzorek ZnO dopovanym médi. Zavislost zaporného logaritmu c/cy v zavislosti na Case
vykazuje linedrni trend a dé se tak z néj odecCist hodnota rychlostni konstanty odpovidajici
kinetice (pseudo)prvniho fadu. Pokud se jedna o degradaci polutantu zafenim emitovanym
diodou s vlnovou délkou 365 nm, je rychlostni konstanta rovna hodnoté 0,015 min™
(oznaceno plnym ¢tvercem). Pokud byla pouzita dioda s vinovou délkou 425 nm je rychlostni

konstanta n&kolikanasobné mensi 0,0008 min™' (ozna¢eno plnym kruhem).

Zavér

Byla vyvinuta novd metoda pro on-line méfeni fotokatalytické aktivity praSkovych vzork
v komer¢nich spektrometrech. Popsana metoda poskytuje fadu vyhod, kdy zkonstruovany
kryt s LED diodou umoziiuje spojeni procesu samotné degradace a vyhodnoceni
fotokatalytické aktivity on-line, coz eliminuje nutnost samplovani vzorkd a tedy zdroj
potencialnich nepfesnosti pifi stanoveni. Vhodné konstrukéni feSeni navic umoziuje vymeénu
LED diod a tedy pouziti riznych vlnovych délek. Funkénost metody je demonstrovana
na degradaci vzorku ZnO prasku modelového polutantu pod UV (A~ 365 nm) a Vis

(A~425 nm) osvétlenim.
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Polymerni nanokompozit na bazi polypropylénu a nanocastic stfibra imobilizovanych

na stearanu zineénatém
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SOUHRN: Ugelem této prace byla antimikrobialni modifikace polypropylénové matrice
pomoci Ag nanoCastic na stearanu zinecnatém (ZnSt/Ag) pfipravenych za pomoci
mikrovinné syntézy. Termoplasticky pfipravené polymerni kompozity obsahovaly 1 — 10 hm.
% antimikrobidlni pfisady a jeji vliv na morfologii a mechanické vlastnosti kompozitu byl
studovan pomoci elektronové mikroskopie a tahovych mechanickych zkousek.
Antimikrobidlni aktivita byla stanovena dle standardizované procedury ISO 22196 a vysledky
ukazaly vyrazné antimikrobidlni vlastnosti kompozitu vici Gram pozitivhim a Gram

negativnim a to zejména pii vysSich stupnich plnéni.

Polymer Nanocomposite Based on Polypropylene and Silver Nanoparticles Immobilized

on Zinc Stearate

Gabriela Jandikova', Pavel Kucharczyk' " Pavlina Holcapkova', Martina Hrabalikova',
Michal Machovskyl, Viadimir Sedlarik’
!Centre of Polymer Systems, University Institute, Tomas Bata University in Zlin, tr. Tomase

Bati 5678, 76001 Zlin, Czech Republic

*E-mail: kucharczyk@cps.utb.cz
ABSTRACT: Microwave synthesis of Ag nanoparticles on zinc stearate (ZnSt/Ag) was
performed to obtain an antimicrobial additive for polypropylene matrix. Thermoplastically
prepared polymer composites contained 1, 3, 5 and 10 wt. % of ZnSt/Ag. An effect of
presence of additives on morphology and mechanical properties of composites was studied by
scanning electron microscopy and stress-strain analysis. Antimicrobial activity of the
composites was studied according to ISO 22196 standard. Results showed that sufficient
antimicrobial activity of the composites against both Gram positive and Gram negative

bacterial strains was observed in case of composites with the highest filling studied.



Uvod

Antimikrobidlni tpravy polymerti se pouzivaji k prevenci nebo inhibici rastu mikroorganismu
na jejich povrchu. Takovéto modifikace nachazeji uplatnéni v oblasti baleni potravin,
medicindlnich aplikaci a zejména v hygienickych prostfedcich nebo textiliich. V soucasné
dobé je bézné pouzivanym zplisobem modifikace polymert pfidavek antimikrobidlni latky /
piisady pfimo do polymerni matrice. Antimikrobidlni pfisady na bazi sttibra (Ag) jsou dnes
nejbéznéjsi prisadou tohoto typu. Nizka toxicita Ag iontu pro lidské bunky, jakoz i vysoka
tepelna stabilita, nizkd volatilita a dlouho trvajici Gc€inek jsou nejvétsi benefity. [1, 2]
Mikrovlnna syntéza (MW) je zndmy a u¢inny zpuisob ptipravy nanocastic stiibra (Ag-NP).

[3, 4] Imobilizace Ag-NP, pomoci mikrovinné syntézy na rtiznych organickych substratech
byl podrobné¢ studovan v laboratotfich Centra Polymernich Systému [2, 5] a s ispéchem byly
mikrovlnou syntézou pfipraveny materidly na bazi nano strukturovanych ZnO a Ag/ZnO na
povrchu dievni moucky (WF). Nésledné se takto modifikovanad WF inkorporovala do matrice
PVC (5 hm. %) a byla studovana antimikrobialni aktivita.

V této praci byl zkoumdn vliv nanocastic stfibra imobilizovaného na casticich stearanu
zine€natého (ZnSt/Ag) v matrici polypropylenu. Pfipravené kompozity byly charakterizovany
pomoci rastrovaci elektronové mikroskopie, mechanickych zkouSek a testovani

antimikrobialnich vlastnosti podle normy ISO 22196.

Experimentalni ¢ast

Materialy

Polypropylen (PP) typ (C706-21 NA HP, hustota = 0.9 g.cm™, IT = 21 g.10 min™'; Braskem,
Brazilie). Stearan zinec¢naty (ZnSt, Sigma Aldrich). Dusi¢nan Stiibrny (AgNO;3),
Hexamethylentetramin (HMTA), etanol byly dodany firmou PENTA, Czech Republic.

Piiprava hybridnich ZnSt/Ag ¢astic a PP kompozitu

Hybridni ZnSt/Ag castice byly pfipraveny mikrovlnou syntézou v otevieném systému s
refluxem MWGIK-10 (RADAN, Ceskd republika; 1.5kW, 2.45 GHz) operujiciho v
kontinudlnim modu s externim chladi¢em. Nejprve, 200 mL vodného roztoku AgNO; (0.85 g)
a 450 mL disperse ZnSt (11.02 g) v ethanolu bylo pfivedeno do reak¢ni nadoby (1000ml).
Reakéni smés byla nésledné mikrovinné ohfivana po dobu 2min. Poté, bylo ptidano 100 ml
vodného roztoku HMTA (7.00 g) a ohiev pokrac¢oval dalSich 10min. Produkt reakce byl ¢istén

mikro filtraci a vysusen v susarn¢ (50°C). Pripraveny systém ZnSt/Ag obsahoval 2,4 hm.%



Ag (méfeno pomoci atomové absorpcni spektroskopie, Agilent DUO 240FS/240Z/UltrAA).
Takto ptipravené hybridni nanocastice byly termoplasticky zamichdny do matrice PP pomoci
mikro extrudéru DSM Xplore. Teplota ve vSech zénach bylas 200 °C, rychlost 100 rpm a
doba michani 10 min. Kompozity byly pfipraveny v koncentracich 1 — 10 hm.% ZnSt/Ag.

Charakterizace

Struktura ptipravenych vzorkd byla studovdna pomoci elektronového mikroskopu (SEM)
(VEGA IILMU, TESCAN). Vzorky byly potazeny vrstvou Au/Pd pfed samotnou analyzou
kvili zvySeni vodivosti. Urychlovaci napéti bylo nastaveno na 10 kV,

Mechanické vlastnosti kompoziti byla stanoveny v tahu na trhacim stroji M350-5 CT
(Materials Testing Machine). Rychlost pohybu &elisti byla 100 mm.min™'. Antimikrobialni
vlastnosti byly testovany dle normy ISO 22196:2007 proti bakteriim typu Escherichia coli a

Staphylococcus aureus.

Vysledky a diskuze

Vysledky elektronové mikroskopie vybranych ¢astic a kompozitu jsou zobrazeny na Obrazku
1. Z vysledkl je patrné, ze velikost Castic byla <100nm coz koresponduje s piedchozimi
vysledky ziskanymi v laboratofich CPS [2]. Ze SEM obrazové analyzy je taktéz patrna dobra

koheze ZnSt substratu k nanoc¢asticim 1 po termoplastickém zpracovani.

Obrazek 1 — Elektronova mikroskopie castic ZnSt/Ag (a) a kompozitu PP 10 hm. % ZnSt/Ag

(b). Ag nanocastice tvori bilé body.

Mechanické vlastnosti kompozitti (Tabulka 1) byly znacné negativné ovlivnény ptitomnosti

nanoplniva a to zejména pii koncentracich >5 hm. %. Nicméné pfi koncentraci 1 hm. % bylo



dosazeno zlepSeni taznosti o cca 16% ve srovnani s ¢istym PP. Vzorek s obsahem ZnSt/Ag
nanocastic 10hm. % vykazoval sniZzeni vSech sledovanych vlastnosti o pfiblizné 35%
(Youngliv modul), 20% (pevnost v tahu) a 81% (prodlouzeni pfi ptetrzeni). Tyto zmény
koresponduji s vysledky pozorovanymi u bézného PP/ZnSt kompozitu bez Ag cCastic [6] a
tudiz mize byt konstatovano, ze ptitomnost stiibra nezplisobuje vétsi pokles mechanickych

hmotnosti, nez jaky by PP vykazoval s béznym ZnSt.

Tabulka 1 — Mechanicke viastnosti pripravenych kompozitii (v tahu).

Prodlouzeni pii pretrzeni
Youngliv modul [MPa] | Pevnost v tahu [MPa] [%]
PP 217 (£27) 22 (£1.7) 187 (= 47)
PP 1 % ZnSt/Ag 179 (£ 25) 22 (£ 0.5) 217 (£23)
PP 3 % ZnSt/Ag 172 (£ 12) 22 (£1.1) 68 (£ 12)
PP 5 % ZnSt/Ag 155 (£29) 21 (£1.2) 54 (£17)
PP 10 % ZnSt/Ag 143 (£ 10) 18 (£ 0.8) 35(x3)

Vysledky antimikrobidlni aktivity kompozitd jsou sumarizovany v Tabulce 2. V ptipadé
kompozitu s 5 hm. % nanoplniva (odpovida 0,08 hm. % Ag) byl pozorovan maly narust
inhibicni aktivity. V pfipadé kompozitu s 10 hm. % byly zaznamenany podstatné¢ lepsi
inhibi¢ni vlastnosti oproti obéma studovanym bakteriim. Vysledky jsou srovnatelné
s ptedchozi praci zabyvajici se inkorporaci Ag-NP plniv do hydrofobnich polymernich
systémd [2].

Tabulka 2 — Antimikrobialni aktivita pripravenych kompozitu stanovena dle ISO 22196.

S. aureus E. coli
Vzorek

CFU/em’ |R CFU/cm’ |R
PP 24E+05 |- 7,2E+05 |-
PP + 5 % ZnSt 1,1E+05 10,4 1,9E+05 10,6
PP + 10 % ZnSt 9,6E+04 10,4 5,0E+04 1,2
PP + 5 % ZnSt/Ag 1,6E+05 10,2 5,5E+04 |1,1
PP + 10 % ZnSt/Ag 9,5E+02 |2,4 0,0E+00 |7,0




Zavér

Hybridni nanocasticové systém na bdzi Zn a Ag nanocastic byly pfipraveny mikrovinou
syntézou a inkorporovany do matrice polypropylenu. Pfipravené kompozity ukézaly slibné
antimikrobialni vlastnosti pfi koncentraci Castic vy$si nez 5 hm. %. Mechanické vlastnosti
byly vyrazn¢ ovlivnény piitomnosti plniva a to zejména pii vysSich koncentracich
(>5 hm. %). Nizké koncentrace (1%) zplisobovaly znatelné zlepSeni pevnosti v tahu
kompoziti.

Navrzend antimikrobidlni Gprava bézn€ dostupného aditiva stearanu zine¢natého se zda byt

perspektivni pro dalsi aplikace.
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Prediction of vibrational spectra of poly[methyl(phenyl)silane]:
A preliminary DFT study
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1. Introduction

Vibrational spectroscopy is an analytical method that is used abundantly in polymer research
as well as the polymer processing industry. Its principle, large spectral databases and ease of
use of infrared (IR) and Raman spectrometers enable a quick description or identification of
various samples. On the other hand, the identification of spectral bands can be in some cases
difficult especially in the fingerprint region where lot of functional groups have their
vibrational transitions corresponding not only to stretching but mostly to various deformation
modes.

In the last few years, calculation support of experimental measurements mostly through
Hartree-Fock and density functional theory (DFT) has become a part of common researchers
work, which is proved by abundant publications, e.g. 184 879 results of articles at Web of
Science with keyword DFT. Calculations serve as a useful tool for description of vibrational
modes and they can help with an interpretation of IR and Raman spectra of various
compounds, e. g. [1, 2]. However, it is not a fundamental task to obtain results with good
agreement with experimental data because quantum chemical models are inherently
approximations that originally arise from Schrodinger equation, which describes the real
particle behaviour but, on the contrary, cannot be solved for more than one electron system
[3]. B3LYP functional from DFT is popular for various calculations as it combines quite low
demands for computer hardware and provides good match with an experiment, even though a
scaling of calculated data is necessary in some cases including vibrational frequency
calculation [4, 5, 6]. Further, theories which provide a good -calculation-experiment
agreement, such as DFT, are limited in a number of atoms which are able to treat [7].
Therefore, large experimental systems containing hundreds of atoms are possible to model
only on the fragments of their molecules, i.e. calculation of properties is performed with
isolated molecules (e. g. crystal lattice arrangement is usually not considered), often in vacuo
etc. These are crucial reasons which lead to differences between the theory and an
experiment, which should be always expected, predominantly with an experimental data
comparison of polymer materials, whose properties can be calculated only on the basis of

oligomer-size molecules. Moreover, in case of oligomers it is always convenient to consider



their minimal length which gives a good agreement with an experiment because an increasing
number of atoms substantially prolongs the computational time.

The aim of this contribution is to provide an insight into computational modelling of
vibrational frequencies of poly[methyl(phenyl)]silane (PMPSi) and determine the minimum
length of analogous oligomers in order to obtain fine theoretical vibrational spectra, both IR
and Raman, comparable with experimental ones. PMPSi was chosen as a model polymer
because it contains both aryl and alkyl functional groups, which are clearly defined in
vibrational spectra and are thus proper for the purpose of this research. PMPSi backbone is
composed from silicon (Si) atoms, which gives to this polymer unique and often studied
electron properties based on

o-conjugation [8, 9, 10], however its vibrational spectra are only of marginal attention [11].

2. Experimental and computational part

2.1. Materials
PMPSi (with My=27 600 g/mol and M,=8 500 g/mol) was purchased from Flourochem Ltd.,

UK. Material was used in the form of sliced pellets.

2.2 Experimental methods

The IR spectrum was collected with Nicolet 6700 FTIR spectrometer in the ATR mode with
the diamond crystal in a range of 4000—400 cm™. A number of scans was set to 64 and
resolution to 4 cm’.

The Raman spectrum was recorded with Nicolet DXR Raman microscope in a Raman shift
range corresponding to 3500-50 cm™. The laser with 780 nm wavelength was used for

excitation. Spectral resolution was set to 4 cm™.

2.3 Computational methods

Calculations were performed using Gaussian 09 software [12]. Optimal geometry and
vibrational frequencies of oligo[methyl(phenyl)]silane (OMPSi,, n = 1-10 and 20) were
calculated by DFT with B3LYP functional and 6-31G* basis set. The optimization was done
for isolated oligomers containing 1 to 10 repeating units (i.e. from monomer to decamer) and
moreover for an icosamer (20 repeating units). The ends of oligomer chains were capped with

methyl groups and calculation was set in vacuo with no constrained geometry parameters.



All geometries were confirmed as global minima because no imaginary vibrational

frequencies were identified.

3. Results and discussion

3.1 Interpretation of spectra

Raman and IR spectra of OMPSi, (calculated — black and red) and PMPSi (experimental —
blue) are depicted in Fig. 1 and Fig. 2, respectively. Calculated vibrational frequencies and
intensities were used for a creation of spectral plots using Lorenzian convolution with full
width at half maximum equal 5 cm™. Since B3LYP frequencies are overestimated, they were
scaled with
a scaling factor 0.96, according to ref. [13]. In case of Raman spectra, the scaling was done
only in region 3500-1175 cm™ and the rest was left as a raw frequency calculation result
because it fits well to experimental bands. The scaling has assured a better agreement between
the theory and the experiment and easier identification of bands, which is necessary for a
correct interpretation of vibrational modes. Animation of calculated vibrational motions and

ref. [14] were used for a description of vibrational modes.
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Fig. 1. Calculated Raman spectra of OMPSI,, and comparison with experimental spectrum of

PMPSi (blue).
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Fig. 2. Calculated IR spectra of OMPSi, and comparison with experimental spectrum of

PMPSi (blue).

Spectra are displayed in a range 1700-400 cm™ that corresponds to the fingerprint region and
contain all important vibrational transitions. Beyond 1700 cm™, only bands at 3100-2850 cm™
!, of course, belonging to aromatic and aliphatic C-H stretching, were located, however they
are of low interpretational strength and therefore they were omitted in spectral plots.

Generally, in-plane bending modes of C-H located at phenyl rings dominate in Raman
experimental spectrum. These vibrations can be found in a region 1200-1000 cm™ and they
are composed of five clearly distinguished bands, which are used for identification of the
aromatic ring substitution. The band at 1000 cm™ confirms mono-substituted aromatic rings
in the PMPSi structure. Another intensive Raman scattering is represented by bands below
1600 cm™, which belong to aromatic C-C in phenyl ring vibrations. On the other hand, IR
experimental spectrum evinces the highest intensities in the region of out-of-plane C-H
bending vibrations at 750-700 cm™. These modes serve for aromatic ring substitution
characterisation and they are in accordance with mono-substitution in PMPSi similarly as in-
plane bending in the Raman spectrum. Further, other types of vibrations are observed in this

area. Methyl rocking vibration is found at 780 cm™ and Si-CH3 stretching and symmetric



deformation modes are located at 700-600 cm™. The last significant IR absorption is at 460
cm’ and is interpreted as Si-Si bending.

The main distinction between PMPSi and OMPSi, is the region 1450-1400 cm™ and
850-800 cm™ in Raman and IR spectra, respectively, which covers methyl asymmetric
deformation vibrations. In PMPSi spectra, these vibrations are probably of the lower intensity
in comparison with aromatic modes and therefore they are not clearly observed in

experimental Raman and IR records.

3.2 Evaluation of oligomer length

B3LYP spectra are depicted from OMPSi; to OMPSi;y and moreover OMPSiy is added to
show if any difference can be considered as significant between 10-mer and 20-mer.
Calculated bands in Raman spectra seem to be clearly distinguished from OMPSis, where all
important bands have sufficient intensity for their interpretation and comparison with
experimental Raman. OMPSig has all attributes, which have spectra of higher oligomers and
the difference is only in the intensity of particular bands and almost no improvement of
spectral resolution is seen between OMPSi;y and OMPSiy.

Similarly, calculated IR spectra differ the most obviously between OMPSil and OMPSis.
This is caused by the fact that OMPSIil is modelled as three methyl groups on one Si atom
with one phenyl ring. Therefore, C-H vibrations are expectedly of higher intensity. It can be
further said that OMPSig is in fact the same as OMPSi;o and OMPSi, because all main bands
are defined and intensity increase is not so important for vibrational modes interpretation.
B3LYP functional is thus reliable in prediction of vibrational spectra of OMPSi, which can be
interpreted and compared with experimental data obtained for PMPSi. From the above
discussed fact, it is clear that calculation on oligomers higher than decamer is pointless. If the
main reason of the computational research is to compare vibrational spectra mainly according

to wavenumber (frequency) position of bands, it is sufficient to use an octamer molecule.

4. Conclusion

Vibrational spectra of PMPSi and calculated OMPSi, analogues were investigated by DFT. In
accord with B3LYP spectra of 11 OMPSi,, it was found that 8—10-mer molecules are
sufficient for an investigation of Raman and IR frequencies when DFT/B3LYP with 6-31G*
level of theory is used and at the same time they are viable for comparison with experimental

measurements. Bands in spectra of these OMPSi, are shaped very similarly as in PMPSi and



therefore can be correctly correlated and there is no need to perform calculation with higher

OMPS;, that would produce longer computational time and no interpretational value added.
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Abstrakt:

S ohledem na mozné ekologické dopady masové vyuzivaného mékceného polyvinylchloridu
v oblasti stavebnictvi byly pfipraveny a charakterizovany elastomerni kompoundy na bézi
polyolefinti. U polymerni smési bylo pomoci modifikace pouzitych vstupnich materiald,
optimalizovany mechanické vlastnosti, zejména modul elasticity, taznost, pevnost. Mezi
vstupni suroviny byly pouzity zejména termoplastické elastomery na polypropylenové bazi.
Byly vybrany mineralni retardéry hoteni a typ plniva Setrné k zivotnimu prostiedi.

Uvod

Hydroizola¢ni folie, podlahoviny, stfeSni membrany a dalS$i produkty vyuzivané ve
stavebnictvi obsahuji mékéeny polyvinylchlorid (PVC-P) spolu s nezanedbatelnym obsahem
plastifikatorti, které snizuji vazebné sily mezi molekulami, coz mé za nasledek zvySeni
pruznost a vyssi stupenl plnéni polymeru, tim se dosahuje lepSich mechanickych vlastnosti a
redukuje cena vyrobku [1-3]. Védecké studie ovSem ukazuji, ze pouzité plastifikdtory maji
tendenci k migraci z produktti z PVC-P a mohou se tak stat zdrojem tékavych a nestalych
organickych sloucenin (volatile organic compounds, VOCs), které vedou ke zhorSeni kvality
ovzdusi a ovlivnéni zivotniho prostiedi [4].

Za jednu z moznych nahrad PVC-P jsou povazovany polyolefinové kopolymery, které diky
modernim postupim pii jejich syntéze zaloZzené na vyuziti metallocenovych katalyzatora
mohou poskytnout podobné mechanické vlastnosti jako ma PVC-P. Smési na bazi polyolefinti
mayji oproti PVC-P n¢kolik dalezitych vyhod. I kdyz termoplastické polyolefinové elastomery
(TPO) neposkytuji ekonomickou vyhodu pfi jejich vyuziti, absence zmékcovadel zajistuje
celou fadu technologickych vyhod, napt. piedchdzeni problémtim s emisi VOC, ¢i jednodussi
zpusob recyklace [5].

Vna$i studii prezentujeme piedbézné vysledky vyvoje kompoundu termoplastického
elastomeru na bazi polypropylenu. U téchto kompoundii byly charakterizovany fyzikalné-
mechanické vlastnosti jako je pevnost, taznost a rozmérova stabilita. Tyto vlastnosti byly
porovnany s komeréné dostupnym vyrobkem folie z PVC-P.

Experimentalni ¢ast

Byly termoplasticky zamichany smési. Kompoundy obsahovaly termoplasticky elastomer
polypropylenového typu, polypropylen, mineralni retardéry hoteni Mg(OH); a plnivo CaCOs.
Ptesné slozeni kompoundt je zobrazeno v tabulce 1. Ze zamichanych smési byly extrudovany
folie a nasledné byla provedena charakterizace jejich mechanickych vlastnosti.



Tabulka 1 SlozZeni kompoundii

SloZzeni smési kompoundii
TPO PP  |retardér hofeni| plnivo
Mg(OH), | CaCOs

hmot. % |hmot. % hmot. % hmot. %

vzorek 1 25 35 20 20
vzorek 2 15 30 25 30
vzorek 3 5 35 30 30

Charakterizacni techniky

Mechanické vlastnosti materialtl v tahu byly charakterizovany dle normy CSN EN ISO 527-1:
a CSN EN ISO 527-2 na méficim piistroji Testometric M350-5CT. Vysledna data byla
vyhodnocena programem winTest Analysis.

Zkouska tvrdosti materiald byla provedena dle normy CSN ISO 7619-1. K uréeni tvrdosti
jednotlivych vzorki folie byla pouzita stupnice Shore D.

Rozmérova stalost vzorkt folie se provedla podle normy CSN EN 434. Trval4 deformace byla
provedena podle normy CSN EN 433,

Vysledky a diskuze

Mechanické vlastnosti vzorki folie byly méfeny pomoci tahové zkousky na zkusebnich
téliskadch typu 1 BA. Rychlost zkousky ¢inila 200 mm/min, s pocate¢ni vzdalenosti celisti
32 mm. M¢feni bylo provedeno 5x u kazdého vzorku folie jak ve sméru podélném, tak ve
sméru pficném. V Tabulce 2 jsou zobrazeny vysledky testdi, uvedené¢ hodnoty odpovidaji
pramérnym hodnotam z péti mefenti.

Jak je vidét z tabulky 2. pevnost a taznost v podélném i pficném sméru klesa se stoupajicim
obsahem plniva a naristem propylenové slozky, ale i ptes klesajici trend, vzorky vykazuji
zadouci vyS$si hodnoty pevnosti nez testovana PVC-P folie. Navic s vy$§im obsahem plniva
roste tvrdost materidlu a youngtiv modul a opét dosahuje zadanych vyssich hodnot nez vzorek
PVC-P.

Tabulka 2 Mechanické viastnost PVC-free podlahoviny

Pevnost | Pevnost | Taznost | Taznost | Youngiv | Youngiv

v podélném|v pticném|v podélném|v pficném| modul modul Tvrdost
sméru sméru sméru sméru |v podélném| v pficném
sméru sméru
[MPa] | [MPa] [70] [“o]
[MPa] [MPa Shore D
PVC-P 12,1 9,4 90 91 114 104 57
vzorek 1 15,6 16,9 230 103 120 94 55
vzorek 2 13,4 12,8 204 95 147 136 60
vzorek 3 12,6 8,0 120 75 175 168 65

Dalsimi kli¢ovymi parametry pro folie vyuzivané ve stavebnictvi jsou vlastnosti trvalé
deformace a rozmérové stalosti. Jak je vidét na vysledcich v tabulce 3 nejlepSich vysledka
rozmérové stalosti i trvalé deformace dosahuje vzorek 3. Tyto vlastnosti jsou zapti¢inény
vy$§im obsahem plniva ve smési a niz§im obsahem plastomeru. V piipad¢ vzorku 1 a vzorku
2 je obsah plastomeru vysoky a proto dochazi k nizs§i rozmérové stabilité vzorku a v piipadé
vzorku 1 je hodnota rozmérové stalosti 1 vyssi nez u folie z PVC-P.



Tabulka 3 Trvala deformace a rozmérova stalost PVC-free podlahoviny

Trvala Rozmérova
deformace stalost
[mm] [%]
PVC 0,016 <04
vzorek 1 0,022 0,46
vzorek 2 0,013 0,38
vzorek 3 0,005 0,23

Zavér

Byly pfipraveny prvni prelimindrni kompoundy na bazi vysoce plnéného TPO materidlu. Na
téchto smésich byly provedeny zakladni testy mechanickych vlastnosti a srovnany s komeréni
PVC-P folii. Z téchto testt vyplyva, ze dané kompoundy dosahuji dobrych mechanickych a
jsou v daném slozeni srovnatelné s PVC-P b&zné¢ pouzivanym ve stavebnictvi. Vyvoj bude
nadale pokracovat testovanim dal$ich uzitnych vlastnosti pfipravenych kompoundii.
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Pristroje pro slune¢ni simulace a UV testery firmy Q-LAB Corp.
Ing. Jan Kolecny, LABIMEX CZ s.r.o.
Na Zameckeé 11, 140 00 Praha 4
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Slunecni svit, teplo a vlhkost zptsobuji t€Zko vycislitelné kazdoro¢ni Skody

na vyrobcich, stavbach, natérovych systémech a vétSiné materiall, které nas

obklopuji. Dochazi ke zméndm barevného odstinu, praskani, delaminaci,

zloutnuti, odlupovani barev, ztrat¢ mechanickych vlastnosti natérovych

systémil, plastli a mnoha dalSich material. K poSkozeni dochézi pfedevsim v

exteriéru ale i1 v interiérovych podminkéch s priinikem svétla pfes okna nebo Q-L AB
za pusobeni umelého osvétleni. —
Pristroje firmy Q-LAB Corporation pro slune¢ni simulace s celym spektrem slune¢niho zateni
nam tak ve vyzkumu i bézné technické praxi pomdhaji stanovit odolnost materialt a stanovit
nové receptury natérovych systéma, plasti a dalSich materialti s vyssi odolnosti vici vyse
zminénym degradacnim faktoriim. Zakladnim motem vyvoje stroji firmy Q-LAB je jejich
jednoduché uziti pro obsluhu, snadné programovani, cenové dostupny servis a levny provoz.

1. Pristroje pro komplexni sluneéni simulaci fady Q-SUN

Kompletni svételné spektrum slunecniho zareni dopadajici na zemsky povrch lze nejlépe
simulovat xenonovou vybojkou. Tento svételny zdroj vSak vyzatuje i UV zafeni o nizSich
vlnovych délkach nez jsou pritomny na zemském povrchu, proto se vzdy svétlo filtruje filtry o
riznych pocateénich propoustécich délkach (cut on délkach), aby bylo mozno nastavit
parametry svétla exteriéru ¢i interiéru budov, pifipadné pak svételné charakteristiky
pozadované skalou zkusSebnich norem.

K dispozici jsou 3 zakladni modely xenonovych strojli, stolni maly Q-SUN XEI a
vysokokapacitni i pro rozmérné 3D vzorky model Q-SUN XE3, oba s pevnou plochou pro
umisténi vzorki a dale pak pfistroj s oto¢nym drzdkem vzorki model Q-SUN XE2. VSechny
stroje jsou plnohodnotné vybaveny fizenim intenzity osvitu a moznosti filtrace svétla na
pozadovana spektra a mohou byt pouzity pro testy fotostability, barevné stability a weathering
testovani. Vyhodou vSech strojii je chlazeni vzduchem, které nevyzaduje manipulaci s
chladici vodou, stroj zjednodusuje a zleviiuje. Chlazeni vzduchem taktéZ odstraniuje nebezpeci
kontaminace svételnych filtrti isadami z vody.

Pristroje Q-SUN XE1 a XE3 (obr. 1) mohou byt vybaveny externim chladicim zatizenim
pro praci s teplocitlivymi vzorky a pracovat pii osvitu s niz§imi teplotami.

Obr. 1: O-SUNXEI a O-SUN XE3



Pristroj Q-SUN XE2 (obr. 2) s otoénym karuselem na vzorky je pfedevs§im urcen pro ploché
vzorky do tloustky max. cca 3 centimetri. K dispozici jsou i specialni drzaky na vzorky s
nastavitelnym uchycenim vzorku tak, aby i riizn€ silné vzorky byly umistény ve stroji vzdy ve
stejné vzdalenosti od svételného zdroje.

Tento model jako plnohodnotny stroj pro testovdni v xenonovém zaieni véetné regulace
relativni vlhkosti vynikd malym zastavbovym prostorem, lze stéhovat i dvermi 70cm !!!
Sirokymi, napéjen je ze sit¢ 230V/IN a tudiz lze bez dalSich investic provozovat v kazdé
laboratofi.

Stroj XE2 pouziva jednu vertikdln€ umisténou vzduchem chlazenou lampu, kolem které se
toci karusel se vzorky. Lampu od vzorkii oddéluje soustava filtrdi, pouziva se vzdy soustava
dvou filtrd, vnitinich 14 plochych filtri uspotfadanych do dvoupatrového heptagonu a vnéjsi
cylindr odd€lujici prostor vzorkl od prostoru lampy.

Obr: 2. Rotacni Q-SUN XE2, detail ulozeni vzorkii kolem lampy obklopené filtracnim
systémem

Model XE2 a XE3 je vybaven fizenim relativni vlhkosti vzduchu ve zkusebnim prostoru v
rozsahu 20-98% RH. VSechny modifikace stroje (Xel, XE2, XE3) Ize doplnit postfikovym
systémem pro programovatelné sprchovani vzorkii demineralizovanou vodou. Sprchovani -
ostiik I1ze doplnit i ze spodni neozafované strany (na tzv. dual spray), ptipadné lze vzorky
ostfikovat pouze ze spodni strany (back spray). Ostiik lze realizovat i kyselymi roztoky jako
simulaci kyselého desté.

Zakladni vyhodou strojii je jednoduse ménitelnd lampa (provadi obsluha) a svételné filtry s
neomezenou zivotnosti (kromé IR filtrii s omezenou Zivotnosti).



Obr. 3: svetelné filtry a Xe lampa pro Q SUN XE1
a XE3 modely

Doporucena Zivotnost lamp je 1500 hodin. Po této dobé dochazi u lamp k postupnému
mirnému navySovani dlouhoviného zafeni na tkor kratkoviného a test se tak stdva pro vzorky
méné naro¢ny v oblasti UV zafeni.

Filtraci svétla 1ze provadét na jiz zminéné podminky exteriéru a interiéru v riznych definicich
celkem deviti systémy filtrace svétla, néktera spektra uvadi graf na obrazku 4. Filtry
vyméiluje obsluha stroje bez nutnosti servisniho zasahu. Kontrola svételné intenzity se
provadi svételnymi sensory samostatnymi pro kazdou lampu. Sensory se pouzivaji s citlivosti
na vlnové délce 340nm nebo 420nm nebo sensory snimajici celou oblast UV zafeni, tzv. TUV
sensory (300-400nm).

Sunlight
CIE 85 table 4
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Obr.4: porovnani pravého slunecniho spektra (Cerné) se spektry pristroje Q-SUN pri pouZiti
vyznacenych filtru: Daylight Filter - optimalni simulace exteriérovych podminek
Window Glass Filter - optimalni simulace interiérovych podminek
O/B Filter - simulace s mirné zvysenym podilem nizkovinného
UV zdreni
IR filter - filtr snizujici na pocatku UV slozku a predevsim pak IR



slozku za ucelem snizeni tepelného zatizeni vzorkii

Tab.1: zakladni parametry stroji Q-SUN

zkuSebni teplota teplota Intenzita zafeni méfena
model plocha izolovaného komory pfi 340 nm pfi 420 nm pfi 300-
v mm ¢ern¢ho za osvitu | 400nm
panelu W/m2 W/m?2 W/m?2
QSUN XEI | 250x 460 50 -100°C nemc¢ti se
QSUNXEIC | 250 x 460 25 -100°C 15-50°C
Q SUN XE3 | 450 x 720 50 -120°C 35-65°C | 0,25- 0,45- 20-75
(az 70°C) | 0,68 1,50 (20-45 pro
QSUNXE3C | 450 x 720 36 - 120°C 25-65°C IR filtraci)
QSUN XE2 | (31x)46x122 | 55-105°C 35-65°C

2. UV testery - pristroje QUV pro simulaci UV slozky slune¢niho zareni

Tato druha

kategorie pfistroji pod oznacenim QUV dala svétu nejrozsitenéjsi stroj pro

weathering a testy odolnosti UV zafeni viibec. Dnes se bézné tika, ze "testujeme na Q-panelu”
a je tim mysleno testovani odolnosti UV zareni.

Obr. 5: Stroj QUV/spray tester

Stroje QUV naleznou uplatnéni v mnoha odvétvich primyslu, jejich nejvétsi rozsifeni je pak
v prumyslu vyroby barev a plastli. Zakladni stroj QUV byl vyvinut ve firmé Q-Panel pted 43




lety a po mnoha modifikacich je stale zakladnim nastrojem pro posouzeni material z pohledu
odolnosti viici UV zafeni ve spojeni s namahanim kondenzaci vodou.

Vyhodou je moznost pouzivat fluorescencni trubice se specidlnim luminoforem pro vytvoreni
zafeni simulujiciho velmi dobie nabéh intenzit skute€ného slune¢niho zafeni v UV oblasti,
ktera je pro odolnost materidlti kritickd. Tento svételny zdroj vynikd extrémni stabilitou
spektra, proto je mozno lampy pouze vykonové regulovat a pouzivat po dobu az 10 000 hodin
svitu bez nebezpeci posunu spektra.

Za Ucelem optimdlni simulace pocasi stroj kromé svétla programové vytvaii kondenzacni
prostiedi jako simulaci rosy v no¢nich hodinach. Je znamo, ze doba ovlh¢eni povrchti byva
velmi vysoka, Casto vyznamné pies 50% jednotlivych dni a kondenzace vody mé na dobu
ovlhéeni tedy vyssi vliv nez dést. Zvlastnosti stroju QUV je moznost osvitu za soucasné
kondenzace.

Modely QUV/spray navic umoziuji postiik vzorkid demineralizovanou vodou za Ucelem
simulace desté. Timto namahanim pak dochazi k odplavovani produktti degradace, teplotnim
Soklim a mirnému mechanickému namahéni vzork.

Stroje QUV pouzivaji rizné druhy lamp. Jedna se o lampy UV A340 simulujici nejlépe prubéh
UV zéfeni slune¢niho zafeni v exteriéru, dale pak lampy UVA351 simulujici pribéh
slune¢niho zafeni v UV oblasti filtrovaného svétla pies okenni sklo - interiér.

Dalsim casto pouzivanym druhem lamp jsou lampy UVB313, které vykazuji vysokou
intenzitu osvitu v UV oblasti nizkych vlnovych délek, které se na zemském povrchu
nevyskytuji. Na vétSinu materidlti tak ptsobi rychlejsi degradaci, avSak porovnatelnost se
skutecnou expozici slune¢nimu zéfeni byva pro nékteré materialy problematicka.

Pro specialni pouziti jsou pak CW (cool white ) lampy simulujici osvétleni skladd, vyrobnich
hal, supermarkett a pod.
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Obr. 6: svételné spektrum fluorescencnich lamp UVA340 (a) a UVB313 (b)

Vsechny stroje QUV maji stejné rozméry a moznosti osvitu. Expoziéni plocha stroju je 4x cca
300 x cca 500 mm rozdélena vétSinou pouZzitim nosicli vzorkl na zkusebni pole 150 x 75 mm
pro 48 vzorkl. Je mozno pouzit i nosice pro vzorky rozmért 150 x 100 mm nebo ramy pro
zakryti vzdy 1/4 stroje (tedy pro vzorek cca 250 x 450 mm).

Vzorky jsou exponovany svétlu ze 2/3, 1/3 zastava kryta plechem a tedy bez osvitu.
Ptichyceni je snadné kruhovymi pruZinkami. Stroj musi byt vzdy zcela zaplnén vzorky nebo
prazdnymi maskami, aby bylo mozno dosahovat potiebnych teplot a parametri pro
kondenzacniho prostfedi, protoZe drzaky se vzorky vlastné tvofi stény zkuSebni komory.

Zakladni technickd data QUV testerti uvadi tabulka 2.



Tab.2: technicka data strojii QUV

model teplota pii | teplota postiik | recirkulace a kontrola
osvitu kondenzace | vzorkli | pfeciStovani svételné

demineralizované intenzity,
vody kalibrace ISO

QUV/se 45-80°C 45-60°C Ne Ne Ano

QUV/spray 45-80°C 45-60°C Ano Ne Ano

QUV/spray 45-80°C 45-60°C Ano Ano Ano

RP

QUV/CW 35-80°C - Ne Ne Ano

QUV/basic 45-80°C 45-60°C Ne Ne Ne

U vsech modelit kromé modelu QUV/basic se provadi kontinualni méteni a regulace intenzity
osvitu pomoci 4 radiometri zodpovédnych vzdy za svételny vykon 2 sousednich lamp.
Lampy, u kterych nedochazi k posunu spektra, tak mohou byt pouzivany tak dlouho, dokud
stroj je schopen vygenerovat pozadovanou svételnou intenzitu. Podle pouzivané intenzity
osvitu je zivotnost lamp 5000 - 10 000 hodin.

U modelu QUV/basic se lampy ve stroji postupné premist'uji a definitivné méni pifi nasviceni
1600 hodin.

Model QUV/spray RP je vybaven navic nadrzi na demineralizovanou vodu potiebnou pro
postiik a Cerpadlem s filtry pro recirkulaci této vody za ucelem omezeni jeji spotieby.
Demineralizovana voda je pted dalSim pouzitim kontinudlné znovu ciSténa na smésném
ionexu a kontrolovana jeji vodivost. Pouziti modelu QUV/spray RP je tedy velice vyhodné
pro testy s del§imi programovymi kroky postfiku, kde pritok pies trysky je 7litri/minutu.

Obr. 7: vkladani vzorkii na drzacich do stroje QUV




Kalibrace svételné intenzity

Stroje Q SUN 1 stroje QUV maji velmi podobny systém kalibrace svételné intenzity. Tento

systém umoznuje predevsim:
- kalibraci pfi bézné préci stroje, kdy stroj nadale pokracuje v testu za
zadanych podminek zkousky a pouziva sva pracovni Cidla k bézné
regulaci.
-stroj je ke kalibraci pfipraven bez jakéhokoliv zmény nastaveni,
pouze obsluha pfipoji do zasuvky na fidicim ¢elnim panelu kalibra¢ni
radiometr (viz obrazek 8)

- kalibrace probiha bez zaddvani jakychkoliv dat do pfistroje a vylucuje

tak lidskou chybu pii manipulaci s ¢isly

Samotna kalibrace prob&hne pouze stisknutim odpovidajiciho tlacitka na radiometru.

CALIBRATION
RADICMITER

Obr. 8: kalibracni radiometr CR20

Pristroje QUV se kalibruji jednim modelem radiometru, ktery kalibruje jak stroje s lampami
UVA 340 ¢i 351, tak s lampami UVB313.

Pristroje Q-SUN musi byt vybaveny radiometrem podle druhu pouzivanych sensort a
odpovidajicich svételnym filtrim a vétSinou i podle predpisu dané zkuSebni normy.

Sprévnou kalibraci stroji po 400h (QUV), resp. 500h (Q-SUN) provozu je zaruceno, Ze stroje
namahaji svétlem vzorky stale stejn¢ a namétenych vysledki je mozno kontinudlné pouzit k
porovnani testd po mnoho let.

K pftistrojim firmy Q- Lab Corporation je k dispozici zaznamovy software spole¢ny pro
vSechny modely. Pfipojeni komor je realizovano pfes sitové rozhrani na pocita¢ uzivatele.

Prezentace firmy

Firma Q-LAB Corporation se pravideln¢ zcastiiuje veletrhti pfislusSnych pro jejich oblast
zamé&feni, zasadni akci je pak v periodé 2 rokt European Coating Show konané na jafe
v némeckém Norimberku a podzimni veletrh ,,K* konany kazdé 3 roky v Diisseldorfu. Je
jisté potésitelné, ze v hale vyrobct laboratorni techniky pro kontrolu plastli a povrchovych
uprav tato firma jiz tradi¢né stavi stanek s nejvetsi vystavni plochou a vystavuje minimalné 5
zkusebnich komor.




Obr. 9 : stanek firmy Q- LAB Corporation na Coating Show, Norimberk

Prodejni a servisni zdzemi firmy Q- LAB Corp.

Komory Q-SUN a QUV jsou provozovany po celém svété, ¢asto daleko od dosahu firmy ¢i
jejiho zastupce. Stroj a dokumentace k nému, stejné jako systém vymény ndhradnich dila je
vytvoien tak, aby kazdy uzivatel mohl udrzovat stroj sdm, pokud je to nezbytné. Ve firme je
ale kladen velky duraz na firemni instalaci stroje, zaskoleni obsluhy, periodické prohlidky a
kalibrace. Jen spravné nainstalovany stroj, dostatecné zaskolena obsluha a pfitomnost servisu
muze zarucit plnohodnotné vyuziti komory.

Soucasti servisnich praci jsou kalibracni sluzby teploty a relativni vlhkosti dle ISO 17 025
laboratoii servisni firmy akreditované CIA véetné zabezpeeni rekalibrace radiometrti pro
meéfeni intenzity zafeni.

Zavérem

Tento piispévek je jen struénym nahlédnutim na pfistrojovou techniku firmy Q-Lab pro testy
odolnosti vii¢i svétlu a bylo v ném pouzito mnohych zjednoduseni. Skala zkuSebnich
moznosti a modifikaci stroji je ve skutecnosti $irsi a uspokoji jisté vétsinu pozadavkil na testy
v této oblasti, kdy stroje svymi moznostmi nastaveni, ptivetivosti k obsluze, precisni funkci a
sluSnou cenou jisté pomohou jak ve vyvoji novych receptur, tak pii kontrole kvality vyroby.

Vzhledem k nizké pofizovaci cen¢ i k nizkym provoznim ndkladim se tak stdvd xenonova
simulace 1 UV simulace fluorescen¢nimi lampami dostupna Siroké skale uzivatelt.

Je optimélnim strojem pro automobilovy pramysl, plastikaisky, textilni pramysl, vyrobu
natérovych hmot a pigmenti, stavebni chemii a mnoha dalsi odvétvi pramyslu.



Resistive crude oil sensor on the base of SIS copolymer/carbon allotropes
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ABSTRACT: Styrene-isoprene-styrene (SIS) block copolymer/carbon nanotubes composite
was prepared by deep casting method. The specimen was prepared by dipping of the copper
interdigitated electrode into the SIS/carbon nanotubes or graphene dispersion in toluene. The
Kraton D SIS is thermoplastic elastomers with a combination of high strength, low hardness
and low viscosity for easy thermoplastic processing in solution state. Presented work is
motivated by the fact that carbon nanotubes and graphene have high surface area. Due to this
fact carbon nanotubes or graphene can easily adsorbed or desorbed gaseous/vapors molecules.
Carbon nanotubes/graphene also play important role in the electrical path creation because of
their electrical conductivity. Another motivation for presentation this results is the fact that
volatile organic compound in the form of vapors, solvent, or gases are widely used in the
industry and could be potentially danger for human. We report the preparation and testing the
sensing element for volatile organic compound on the base of Styrene-isoprene-styrene (SIS)
block copolymer/carbon nanotubes or (SIS) block copolymer/graphene. The sensing element
is made by easy dipping method. By this way was reached very thin, sensitive and
homogenous layer.

The sensor was testing for crude oil vapors delivered from Slovnaft. The crude oil was
chosen according to their ability to swelling the (Styrene-isoprene-styrene (SIS) block
copolymer matrix. This type of crude oil contains a lot of volatile residue. The testing crude
oil is in the form of saturated vapors. Also the influence of graphene sheets size for sensitivity

response was measured.

1. Indroduction



Detection of gas molecules is extremely important in environmental monitoring, industrial
chemical processing, public safety, agriculture, medicine and indoor air quality control. For a
long time, metal oxide semiconductor gas sensors have played an inevitable role in
environmental contaminant detection and industrial process control [1]. Metal oxide
semiconductors are the most widely used gas sensing materials due to their numerous
advantages such as high sensitivity towards various gases with ease of fabrication, high
compatibility with other processes, low cost, simplicity in measurements along with minimal
power consumption [2—4]. The high operating temperatures (200 °C to 500 °C) [5], long
recovery periods, limited maximum sensitivity (in the range of parts-per-million), low
specificity, and limited measurement accuracy [6] basically limited their applications in
rapidly changing environment. The increasing demand for highly sensitive, selective, cost-
effective, low power consuming, stable and portable sensors has stimulated extensive research
on new sensing materials. One of the most important features of a material to be used for gas
sensing is its high surface-to-volume ratio. Nanostructures possess high surface-to-volume
ratio which provides large active surface area for the interactions of gas molecules. This
strongly favors the adsorption of gases on nanostructures and ultimately leads to highly
sensitive sensor performance [7]. One-dimensional (1D) nanostructures are particularly suited
for gas detection applications because of their large surface-to-volume ratio, good thermal and
chemical stabilities, and sensitivity of electrical properties to changes in the surroundings [8].
Gas sensors using 1D nanostructures such as carbon nanotubes (CNTs) [9-12] and nanowires
(NWs) [4,13—15] have demonstrated excellent performance for gas sensing [16,17] with high
sensitivity down to parts-per-billion (ppb) levels [18], fast response (time scale in the order of

seconds) [19], good selectivity along with low power consumption and miniaturization.

2. Experimental

The Kraton D SIS is thermoplastic elastomers with a combination of high strength, low
hardness and low viscosity for easy thermoplastic processing in solution state. The SIS
copolymer was dissolved in toluene. Carbon nanotubes describe above was treated by
sonication in toluene by using sonication horn UZ Sonopuls HD 2070 kit for 15 minutes to
disperse carbon nanotubes. Obtained dispersion was mixed together with SIS copolymer and
stirred for two hours. Copper interdigitated electrode was dipped in the carbon
nanotubes/styrene copolymer dispersion in toluene for 10 s to reach the resulting composite
structure. The composite was kept at room temperature for 48 hours.

3. Results



First observation of nanocomposite surface was made by SEM microscopy. The pictures

shows the morphology of surface. Surface seems to be homogenous with uniform

dispergation of carbon nanotubes Fig.1 (a) graphene and carbon nanotubes Fig.2 (b).

Fig. I SEM analysis of CNT/SIS copolymer composite on interdigitated electrode Styrene-
isoprene-styrene (SIS) block copolymer/graphene (a). Styrene-isoprene-styrene (SIS) block

copolymer/carbon nanotubes (b).

The resistivity was measured by the two-point technique using datalogger 34980 with USB
interface connected to the PC. The sampling interval was adjusted for 1 s. The electrode was
quickly transferred into the conical flask with solution of analyte. The flask was well close
and let to reach saturated vapors inside. The sample was quickly inserted inside. After 6
minutes adsorption cycle the electrode was promptly removed from the flask and for the next
6 min the sample was measured in the mode of desorption. The adsorption/desorption cycles
was repeated for three times to get relevant and valuable resulting curve suitable for future
evaluation. The measurements were performed in saturated vapors at atmospheric pressure, at
25 °C and 40 % relative humidity. The measurement environment was controlled by using

thermostatic cabinet Fig. 2.



" active layer on the base of
SIS/CNT or GR

crude oil

Themostatic cabinet

Fig.2 Set up for resistive vapours measurement.

The copper electrode with SIS/carbon nanotubes or graphene layers were periodically
exposed to saturated vapors of crude oil at 25 ‘C. The adsorption of organic molecules by
copolymer causes increase of the electrical resistance of the structure. The response can be

represent by the sensor response (S) in Eq. (1) sometimes called sensitivity.

S = (Rg-Ra)/Ra x 100 = AR/Ra x 100 [%] (1)

Where Ra represents the sample resistance in the air, Rg the resistance when the sample is
exposed to a vapor and AR represents the resistance change. The adsorption/desorption can be
describe in first phase as a rapid increase in S (sensitivity) and followed by a slower decrease
to the original value. The typical adsorption/desorption cycles for copolymer composite
exposed to the swelling/solvent agent is visible in Fig. 3. The graphs show different
sensitivity response depends on the character of swelling/solvent agent in relation to

composite.
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Fig. 3 shows five typical adsorption/desorption cycles for polyester SIS graphene or carbon
nanotubes /polymer composite exposed to the crude oil A) CNT, B) EG 5 graphene sheet size

S5 um, C) EG 50 graphene sheet size 50 um, D) EG 500 graphene sheet size 500 um

Fig. 3 shows five typical adsorption and desorption cycles. The used analyte was crude oil
supplied from Slovnaft Slovak republic. There are compared two types of carbon allotropes
namely carbon nanotubes a graphene. Results shows that the carbon nanotubes has lower
response caused by lower surface area compare with EG 5 (graphene with 5 um sheet size)

Fig. 3 shows the sheet size influence to the sensitivity of the sensing element.

4. Conclusions

The interdigitated electrode coated by graphene or carbon nanotubes SIS copolymer was used
as a sensing element for volatile organic compound (VOC) detection. The solvent was chosen
with respect to their ability to swollen/dissolve matrix of composite. The sensitivity responses

are following for carbon nanotubes around 30 %, for graphene with sheet size 5 pum 100 %,



for graphene with sheet size 50 pm 40 % and for graphene with sheet size 500 um 15 %.The
experimental results show good sensing properties. The sensing element is well reversible in
the case of carbon nanotubes and graphene with 5 um sheet size. In the rest of sample there is
some slope, but the sensitivity response in absolute numbers is stable and reversible. The
sensory units made from this material can be easily use, cheap, small in size and simply signal

processing. It can be used as an alert tools in the save technology in industry.

Acknowledgement
The work was supported by Ministry of Education, Youth and Sports of the Czech
RepublicProgram NPU I (LO1504)and by project VEGA 2/0119/12.

References

[1] Endres, H.E.; Gottler, W.; Hartinger, R.; Drost, S.; Hellmich, W.; Miiller, G.; Braunmiihl,
C.B.-V.;Krenkow, A.; Perego, C.; Sberveglieri, G. A thin-film SnO2 sensor system for
simultaneous detection of CO and NO2 with neural signal evaluation. Sens. Actuators B
1996, 36, 353-357.

[2] Siyama, T.; Kato, A. A new detector for gaseous components using semiconductor thin
film.Anal. Chem. 1962, 34, 1502—1503.

[3] Tomchenko, A.A.; Harmer, G.P.; Marquis, B.T.; Allen, J.W. Semiconducting metal oxide
sensor array for the selective detection of combustion gases. Sens. Actuators B 2003, 93, 126—
134.

[4] Arafat, M.; Dinan, B.; Akbar, S.A.; Haseeb, A. Gas sensors based on one dimensional
nanostructured metal-oxides: A review. Sensors 2012, 12, 7207-7258.

[5] Barsan, N.; Weimar, U. Conduction model of metal oxide gas sensors. J. Electroceramics
2001,7, 143-167.

[6] Capone, S.; Forleo, A.; Francioso, L.; Rella, R.; Siciliano, P.; Spadavecchia, J.; Presicce,
D.;Taurino, A. Solid state gas sensors: State of the art and future activities. J. Optoelectron.
Adv. Mater. 2003, 5, 1335-1348.

[7] Jimenez-Cadena, G.; Riu, J.; Rius, F.X. Gas sensors based on nanostructured materials.

Analyst 2007, 132, 1083—1099.

[8] Hanna Varghese, S.; Nair, R.; G. Nair, Baiju; Hanajiri, T.; Maekawa, T.; Yoshida, Y.;
Sakthi Kumar, D. Sensors based on carbon nanotubes and their applications: A review. Curr.

Nanosci. 2010, 6, 331-346.



[9] Kong, J.; Franklin, N.R.; Zhou, C.; Chapline, M.G.; Peng, S.; Cho, K.; Dai, H. Nanotube
molecular wires as chemical sensors. Science 2000, 287, 622—-625.

[10] Tabib-Azar, M.; Yan, X. Sensitive NH30H and HCI gas sensors using self-aligned and
self-welded multiwalled carbon nanotubes. IEEE Sens. J. 2007, 7, 1435-1439.

[11] Li, J.; Lu, Y.; Ye, Q.; Cinke, M.; Han, J.; Meyyappan, M. Carbon nanotube sensors for
gas and organic vapor detection. Nano Lett. 2003, 3, 929-933.

[12] Varghese, O.K.; Kichambre, P.D.; Gong, D.; Ong, K.G.; Dickey, E.C.; Grimes, C.A. Gas
sensing characteristics of multi-wall carbon nanotubes. Sens. Actuators B 2001, 81, 32—41.
[13] Comini, E.; Sberveglieri, G. Metal oxide nanowires as chemical sensors. Mater. Today
2010, 13, 36-44.

[14] Cui, Y.; Wei, Q.; Park, H.; Lieber, C.M. Nanowire nanosensors for highly sensitive and
selective detection of biological and chemical species. Science 2001, 293, 1289-1292.

[15] Chen, X.; Wong, C.K.Y.; Yuan, C.A.; Zhang, G. Nanowire-based gas sensors. Sens.
Actuators B 2013, 177, 178-195.

[16] Liu, X.; Cheng, S.; Liu, H.; Hu, S.; Zhang, D.; Ning, H. A survey on gas sensing
technology. Sensors 2012, 12, 9635-9665.

[17] Dan, Y.; Evoy, S.; Johnson, A. Chemical gas sensors based on nanowires. In Nanowire
Research Progress; Nova Science Publisher: Hauppauge, NY, USA, 2008; pp. 95-128.

[18] Huang, X.-J.; Choi, Y.-K. Chemical sensors based on nanostructured materials. Sens.
Actuators B 2007, 122, 659-671.

[19] Comini, E. Metal oxide nano-crystals for gas sensing. Anal. Chim. Acta 2006, 568, 28—
40.



Sezonnost jakosti kau¢ukovych smési
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SOUHRN: Castym problémem v gumarenské vyrobé jsou vady, které vznikaji pti vyrobs v
urcitych ro¢nich obdobich, nebo v souvislosti s meteorologickymi poruchami. Projevuji se
vznikem vnitinich vad ve formé napt. bublin, konfekénimi poruchami, nedolisky, uzavienym
vzduchem apod. Obecné jsou nazyvany sezonni vady. Ukolem prace bylo pokusit se vysvétlit
a objasnit vznik vad u konkrétni technologie a navrhnout technickd opatieni k odstranéni

vady.

Seasonal quality of rubber compounds
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ABSTRACT: A common problem in the rubber processing are defects that result from the
production in the certain seasons, or in connection with meteorological disturbances. The
problem contains the formation of internal defects in the form of e.g. bubbles, unmolded part,
enclosed air, etc. Generally, they are called seasonal defects. The aim of this work is to
explain the formation of defects in specific technology and propose the technical precaution

for their elimination.



1. Uvod

Mnoho filozofickych tivah zaina slovy, voda je Zivot. Jsou vSak oblasti zivota, kde voda
muze byt 1 smrt, nebo nepiijemné vstoupit do déje. K takovym oblastem patii i zpracovani
polymerti. Z technické praxe je znamo, ze zpracovatelské procesy polymerd se s vlivem
vlhkosti obsazené v surovinach, nebo vstupujici do zpracovatelské technologie vyrovnavaji
dosud. Velice sofistikované je tato oblast zvladnuta v procesech zpracovani termoplasti,
castecné reaktoplastl a dosud neni na potfebné Grovni feSena pifi vyrobé vyrobkil pryzovych.
Jednim z provoznich pojml tohoto charakteru je pojmenovan ptfiznacné jako sezonni
problémy, jelikoz se vyskytuji v podzimnich a jarnich mésicich, Casto nesystematicky. Byly
proto provedeny préace, které dokazuji, Ze tzv. sezonnich problémy jsou spojené s pocasim,
teplotou a tlakem vzduchu. Pfi pochopeni této procesni teorie, je mozné zavést takova

opatieni, jejichz vysledkem bude odstranéni problému sezonnosti gumarenskych vyrob.

Vlhkost v procesu gumarenskych vyrob

Vyznamnym pocinem pii systematickém badani vniku vlhkosti do procesu gumadrenské
vyroby je mozno rozdélit vyroby do technologickych sledl a prace se zdkladnimi surovinami
a praci s polotovary pted vulkanizaci. Z hlediska vstupu vlhkosti do surovin je nutno suroviny
rozdé¢lit na ty, které maji nizkou afinitu ke vstupu zadrzovani vlhkosti, obvykle povrchovou a
ty, které maji schopnost pohlcovat vlhkost vysokou. Ve vét§iné ptipadi a bez hlubokého
zamysleni lze konstatovat, Ze suroviny, které maji zejména maly objem a velky povrch, jsou
ty, které tento problém maji nejvétsi. Navice se problém zvysSuje také z toho divodu, ze se
velikosti povrchu zvysuje kvalita a pribeh chemické reakce [1,2].

Kaucukovd smés je obvykle tvofena kaucukem, nebo systémem kaucukli, vzijemné
rozpustnych dokonale, ¢astecné ¢i nerozpustné. Kaucuky, pokud jsou dodavany jako bloky,
obsahuji mensi podil vlhkosti. Problém byva u kaucuku granulovanych a tekutych. Plnici
systém a zejména aktivni a poloaktivni plniva jsou hlavnim nositelem vlhkosti. Dodavatelé
téchto surovin piisné dbaji na omezeni vlhkosti v plnivech. Mén€ pozornosti se vénuje
surovindm pii navazovani jejich hmotnosti na michaci davky. Zde je mozné se setkat s
otevienymi systémy dennich zasobnikd, pfi navazovani a pii dopravé. Zpracovatelské
systémy a zmé&kcovadla jsou obvykle dopravovany potrubnimi systémy piimo do michaciho
zafizeni a lze ptedpokladat malou pravdépodobnost vniku vlhkosti. Horsi je jiz stav pryskyfic,
asfaltd apod., které se dodavaji do zpracovatelského zafizeni v rtizném stavu ¢astic, vlocek,
granuli, kusti apod. Ochranny systém pokud je ve form¢ kapaliny se dopravuje v uzavieném

systému. Rada ¢inidel na béazi voskil je moznym nositelem vlhkosti. Vulkanizaéni systém



tvofi prevazné suroviny ve formé praskl, aby bylo dosazeno kvalitni homogenizace v
kaucukové smési. Velikost jejich povrchu, jako ucastnikii chemického procesu je nejvétsi.
Nastesti se dodavaji do kaucukové smési v malych podilech dsk a tak vlhkost v nich obsazena
neni hlavnim problémem vlhkosti kau¢ukové smési [3,4,5].

Kde lze také ocekavat dalsi vstup vlhkosti do procesu je pfiprava kaucukovych smési ve
stupnich a chlazeni kau¢ukovych smési a polotovarli ve vodni lazni. Zde je prokazany vstup
vlhkosti, zejména zplsobeny uzavienim chladici vody ve tvarovych ¢astech a zdhybech a v
zabalovém systému. V letnich mésicich, kdy je zaznamendna sledovanim vzdusné vlhkosti
nejvetsi objem vody v ovzdu$i, je také zaznamenan zvyseny vyskyt vad u vyrobki,
vyrabénych z kaucukovych smési na vyrobu vnitini gumy, jednéd se predevsim o kaucukové

smési plnéné kaolinem jak je vidét na Obr. 1 [6].

Obr. 1. Vizualizace vad projevujici se zvySenou vlhkosti surovin

Zjistény trend vyskytu vady separace vnitini gumy je znazomény na Obr. 2, kde ¢ernymi
carami je oznacen interval obdobi, kdy kaucukova smés byla plnéna kaolinem. V dalSim
obdobi byl typ plniva zménén na kiidu. Na zakladé zjiSténého neuspokojivého stavu bylo
ptikroceno ke zkoumani tohoto problému a odhaleni vzniku vad s cilem 1épe definovat pfic¢inu
a navrhnout nezbytnd opatieni k napraveni stavu a minimalizaci téchto tzv. sezonnich vad ve

vyrobé. Ke zkoumani a laboratornim pracim byly vybrany vyrobni kau¢ukové smési.

2. Experimentalni ¢ast

Mrwe

Zkoumani a poznani pficin problému a byly rozdéleny na jednotlivé etapy. Prvni z nich bylo

zjistovani stavu a organizace skladovani, surovin, dale jejich transport ke zpracovatelskému



zafizeni, nasledné navazovani hmotnosti pro danou michaci davku, pak na pfipravu

kaucukové smési michanim, dale skladovani kaucukové smési a nakonec na vyrobu vyrobki.
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Obr. 2. Vady projevujici se u vyrobkii v jednotlivych mésicich sledovaného roku
2.1 Slozeni kaucukové smési

Ke zkoumani byly vybrany 4 rtizné kaucukové smési s riiznym typem sazi a typem svétlych

plniv. Hmotnostni podil zakladnich slozek kaucuku a plniv je uveden v Tab. 1.

Tab. 1 Obecna skladba kaucukoveé smési dle dsk

| smMBS | A | B | C_| D
35 35 35

HALOBUTYL 20

NR 5 - 5 5
A 20 - - 15
SAZE
B - 20 15 -
KAOLIN - 15 - 25
KRIDA 20 - 15 -
TALEK - - 10 -

Jelikoz vyznamnymi hodnotami spojenymi s navlhavosti surovin je jejich celkova a
povrchova velikost, byly stanoveny zakladni vlastnosti plniv a jejich fyzikalni a geometricky

stav, jak uvadi Tab. 2 a Tab. 3.



Tab. 2 Zakladni viastnosti sazi

SAZE

Hustota (kg/m?) 440 520
Mé&rny povreh (m?/g) 34 19
Jodova adsorpce (mg/g) 36 19
Olejova adsorpce (ml/100g9) 90 75

Tab. 3 Zdkladni viastnosti plniv

SAZE

Hustota (kg/m?) 440 520
Mérny povrch (m?/g) 34 19
Jodova adsorpce (mg/g) 36 19
Olejova adsorpce (ml/100g9) 90 75

Velikost a distribuce castic svétlych plniv (Obr. 3) byla stanovena metodou laserové difrakce

pomoci piistroje Malvern Mastersizer 3000.
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Obr. 3. Velikost a distribuce velikosti castic zkoumanych vzorkii plniv

Dy,

2.2 Méreni navlhavosti plniv

Dalsi experimentalni prace byly zaméfeny na méfeni navlhavosti surovin, které probihalo
piimo ve skladu surovin. Svétla plniva byla umisténa do otevienych nadob a okolni podminky
byly sledovany v pribéhu bfezna a dubna, tedy na pocatku jarniho obdobi pomoci

termohygrografu, kde se zaznamenavala teplota a relativni vlhkost. Z grafii zmén teploty a



relativni vlhkosti prostiedi (Obr. 4) je videt, ze obé méfené veliCiny kolisaji, ale findlni trend

je mirnég stoupajici.
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Obr. 4 Zaznam zmeny teploty a relativni vlhkosti v case experimentu

Béhem testovaciho obdobi se kazdy den odebiraly vzorky svétlych plniv, u kterych byl méten
obsah vody metodou ztraty hmotnosti suSenim. Vysledky jsou zobrazeny na Obr. 5. Nejdiive
se zvazila hmotnost vzorku a poté se plniva umistila do suSarny, kde se susilo pti 100 °C do
ustaleni hmotnosti. Obsah absorbované vody byl vypocitin z rozdili hmotnosti pifed a po

suSeni.
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Obr. 5 Variabilita obsahu vody u vybranych plniv



V grafu obr. 6 jsou zaznamenany zméeiené hodnoty obsahu vodz a z pribéht kiivek je vidét,
ze trend zmény vlhkosti je u vSech plniv podobny. Zasadni rozdil je ovSem u variability

vlhkosti jednotlivych plniv.
2.3 Stanoveni susici krivky

Spole¢né s vySe uvedenym experimentem probehlo kontrolni méfeni obsahu vody pomoci
analyzatoru vlhkosti KERN. Pfi experimentu byla umisténa plniva na 24 hodin v prostiedi s
témet 100 % vlhkosti pii teploté 40 °C. Po té probéhlo suseni pii teploté 65 °C. Z prubéhu
grafu je ziejmé, ze nejvice vody absorboval kaolin, téméf 2 %, zatimco kiida pouhé 0,2 %, jak

uvadi Obr. 6.
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Obr. 6 Susici krivka plniv

Experiment provedeny se sazemi typu A a B prokazal pfimou shodu nasdkavosti a odpatovani

absorbované vody, jak je vidét na Obr. 7.
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Obr. 7 Experiment suSeni vybranych sazi

2.4 Hodnoceni vihkosti v kaucukove smési

Aby byl zjistén vliv absorbované vody ptimo v kaucukové smési, byl proveden experiment,
kdy byla méfena jeji hustota a z rozdild hustot byla vypoctena porozita. Hustota se méfila
pomoci analytického pfistroje, ktery pracuje na principu Archimédova zédkona, metodou tzv.
dvojiho vaZeni. Vzorek se nejdiive zvaZzil, poté se umistil do nddobky s kapalinou, kde se
zm¢étil jeho objem, a z téchto hodnot se vypocitala hustota. Aby bylo mozno stanovit porozitu
smési, musela byt zméfena hustota jak u vzorkd nezvulkanizovanych, tak u vzorkii po
vulkanizaci téchto zjisténych hodnot byla stanovena porozita ndsledujicim postupem.

Porozita kaucukovych smési je definovana jako podil rozdilti hustot zvulkanizovaného a
nezvulkanizovaného vzorku k hustoté zvulkanizovaného vzorku, jak popisuje rovnice (1). U
smési po michani se porozita pohybovala kolem 3 az 4 %, coz lze povazovat za standardni
hodnotu. Zajimavéjsi pak byl vysledek u smési po vytlacovani, kde je hodnota porozity
ptirozené niz8i, ovSem u smési B plnéné kaolinem byla tato hodnota znacné vysoka 2,5 % 1
ostatni hodnoty korelovaly s hodnotami navlhavosti plniv pouzitych u téchto smési. Vztah pro

vypocet porozity:
P =B 100 (%) (1)

Jak uvadi grafické znazornéni na Obr. 8, u standardnich smési se neprojevil rozdil v porozité,
u smési po vytlacovani byly naméfeny hodnoty, které korelovaly s hodnotami navlhavosti

plniv pouzitych u téchto smési.
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Obr. 8 Vliv obsahu vody v kaucukovych smési na porozitu
V dal$im experimentu se zjistoval vliv vlhkosti na hustotu kauc¢ukovych smési, které byly 24
hod skladovany za standardnich podminek 23 °C a relativni vlhkosti 30 % a smési, které byly

kondicionovany prostiedi s téméef 100 % relativni vlhkosti a 40 °C.
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Obr. 9 Hustota kaucukovych smési

Pouze u smési D plnéné kaolinem byla hodnota hustoty zna¢né vyssi u vzorku, ktery byl v
prostiedi s vysokou vlhkosti. U ostatnich smési byla naopak stejnd nebo vyssi hustota u
vzorku skladovaného za standardnich podminek v protinajicim se rozptylu méfeni. Z tohoto
vysledku vyplyva, ze kaolinova smés nasala vétsi mnozstvi vlhkosti, tim padem byl vzorek
téz81, coz se projevilo ve vysledné hustoté. Hustota u smési plnéné kaolinem byla podstatné

vysSi, nez u ostatnich plniv po 24 hod pii RH 100 %.



Experimenty bylo dokazéno, ze na vlhkosti, které obsahujici kaucukové smési, ma vliv
piirodni podminky a to zejména stav relativni vlhkosti v ovzdusi v daném ro¢nim obdobi. Na
obsahu se nejvice podili, plnici systémy, obsahujici bild plniva vysoce zavislé na stavu, tvaru,
povrchu atd., ptipravé, skladovani, zplisobu navazovani. Bylo prokazano, ze obsah vlhkosti v
kaucukové smési pfimo nekoreluje s velikosti ¢astic, ani s hodnotami navlhavosti. Potvrdila
se praktickd zkuSenost, ze jsou veliké rozdily mezi jednotlivymi bilymi plnivy, pfi pfiblizné
stejné distribuci velikosti castecek. Nebyl sledovan tvar casteCky plniva s distribuci a
navlhavosti, coz by mohl byt dalsi krok vedouci ke zkouméni. Zajimavé zjisténi je, ze
schopnost k ptijimani vlhkosti sazi u sledovanych vzorkl byla obdobna. Sledovanim chovani
kaucukové smési v pribehu ptipravy konfekénich polotovarii byl dokazan negativni vliv tzv.
mokrého chlazeni na obsah vlhkosti v kaucukové smési diky porozité, ktera pii procesu

vytlacovani vznika, jak uvadi Obr. 8.

4. Zavér

Tato prace si nebrala za cil odhalit vSechny aspekty problému vlhkosti obsazené v
kaucukovych smésich projevujicich se v gumarenské vyrobé. Obecna zkusenost vyrobct dava
za pravdu, ze Cast vlhkosti obsazené v kaucukové smési je odpafena v pribéhu vulkanizace.
Tento problém vSak nariistd s nékterymi typy kaucukl a zejména se negativné projevuje u
kompozitnich vyrobkil s pryZovou matrici, jako jsou hadice, dopravni pasy, plasté pneumatik
apod. Velmi ¢asto se mizeme setkat i pojmy jako je nizka konfekéni lepivost. I tento problém
je Casto spojovan s vlhkosti, zejména s jejim projevem pii piipravé a chlazeni polotovart,

zejména téch, které ve svém slozeni obsahuji vice plniv typu kaolin.
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Skumanie mechanickych, povrchovych a adhéznych vlastnosti mikrokompozitov
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SUHRN: Bol studovany vplyv plniva na bdze datlového dreva (DWF) na viastnosti
kompozitov s polyetyléenom. Nizkohustotny polyetylén sa v tavenine zmiesal s datlovym
drevom ako plnivom a pripravili sa mikrokompozity s koncentrdciou plniva v rozmedzi od 10
do 70 hmotn. %. Youngov modul kompozitov LDPE/DWF vyrazne vzrdstol so zvySenim
obsahu plniva v polymérnej matrici v celom koncentracnom rozsahu, pricom pre kompozity
LDPE plnené 70% hmotn. DWF dosiahol najvyssiu hodnotu 1933 MPa. Tato hodnota je
priblizne 13-krat vyssia ako v pripade neplneného LDPE. Primiesanie plniva na bdze
datlového dreva viedlo sucasne k vyraznému rastu polarity kompozitov s LDPE ako aj

k zvyseniu ich adhézie k polarnym substratom.

Investigation of mechanical, surface and ahesive properties of date palm wood polyolefin

micro composites
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ABSTRACT: Low density polyethylene (LDPE) was blended with date palm wood powder
(DPW) to prepare composites with concentrations of filler ranging from 10 to 70 wt.%. The

Young' s modulus of the composites significantly increased with an increase in the filler



content in the entire concentration range. The maximum value of 1933 MPa for the composite
filled with 70 wt.% of the filler is approximately 13 times higher than that for the neat LDPE.
The incorporation of DPW into the LDPE matrix led to a significant increase in the polarity

of composites and to an increase in their adhesion to polar substrates.

Introduction
The date palm plant consists of six different potential sources of natural fibres, namely
bunches, mesh, petiole, fruit (pits), leaves and palm trunk [1]. Both date palm fibres and wood
themselves and their composites have been recently investigated. Alsewailem et al. [2]
studied HDPE and PS matrices reinforced with powder from date palm pits and their
mechanical and thermal properties. Alsaced, T et al. [3] investigated epoxy resins reinforced
with long date palm fibres. The authors searched for the optimum length of embedded fibres
that have controlled interfacial adhesion properties and determined that 10 mm was the
optimum length. Similar research focused on the effect of diameters and alkali treatments on
the tensile properties of date palm fibre reinforced epoxy composites was performed by
Abdal-Hay, A. et al. [4]. The authors determined that the ultimate tensile strength and
percentage elongation of a single fibre after alkali treatment increased by 57% and 24.7%,
respectively. Because the alkali treatment of date palm fibres was able to provide good
adhesion within the matrix, the tensile strength, elastic modulus and the fibre-matrix
interaction of the composite were improved. Date palm wood powder/glass fibres reinforced
hybrid composites of recycled polypropylene were investigated by many researchers [5 - 7].
The influence of date palm fibres from different parts of the date palm plant (the trunk, rachis,
and the petiole) on the mechanical properties of HDPE-based composites was studied by
Mahdavi et al [8]. The highest strengths were achieved in composites with 30 and 40% fibre
content, and these gains were dependent on what parts of the original tree were used.

In this contribution the results from a study on the mechanical properties (static and
dynamic) of composites based on low-density polyethylene and date palm wood powder are

presented. The polarity and adhesive properties of the prepared composites were also studied.

Experimental
Linear low density polyethylene was used as the matrix (melting point = 110.6 = 0.1 °C and
specific enthalpy of melting = 118 = 5 J/g) and ground date palm wood powder (DPW) was

used as the filler.



Large pieces of date palm wood were ground using a high energy mill. The obtained filler had
a fibrous shape. The average length and the standard deviation were calculated from at least
20 measurements. The majority of the filler particles had sizes ranging from 0.25 to 1 mm.
The composites were prepared by mixing both components in the 30 ml mixing chamber of a
Brabender Plasticorder PLE 331 (Germany) at 140 °C for 10 minutes at a mixing speed of 35
rpm. 1-mm-thick slabs were prepared by compression moulding of the mixed composites
using a Fontijne SRA 100 laboratory press (The Netherlands) at 140 °C for 1 minute. Dog-
bone shaped specimens with a working area of 30x4x1 mm were cut from the slabs. The
mechanical properties were measured at room temperature using an Instron 3365 (England)

universal testing machine at a deformation rate of 50 mm.min"".

For adhesive tests Epoxy resin ChS Epoxy 531, polyamine hardener Telalit 410 (Spolchemie,
Czech Republic), mixing ratio of epoxy resin to hardener = 4 : 1 weight parts,

dichloromethane (Merck, Germany) have been used.

The surface properties of the PET were determined by measuring the contact angles of re-
distilled water using a SEE (Surface Energy Evaluation) system coupled with a web camera
(Advex, Czech Republic) and PC software. The drops of water, which was used as a testing
liquid (V = 3 pl), were placed on the polymeric surface with a micropipette (0 - 5 ul, Biohit,

Finland), and the contact angle of the testing liquid was measured.

The shear strengths of the adhesive joint (Pshear) Were measured by tensile testing of the single
overlapped adhesive joints. The adhesive joints were prepared using PE/wood filler slabs with
dimensions of 60x10%2 mm. The thickness of the epoxy/based adhesive layer between slabs
was 0.1 mm, the length of the overlap was 15 mm, and the bonded area was 1.5 cm®. The
PE/wood filler slabs were bonded together at laboratory temperature in a hand press using an
epoxy/based adhesive. The adhesive joints were tested using an Instron 4301 universal testing

machine at a constant crosshead speed of 10 mm.min™

Results and discussion

Surface and adhesive properties

The surface and adhesive properties of the LDPE/DPW composites were investigated and are
reported here. The dependence of the water contact angle on composites’ surface vs. the filler
content in PE is shown in Figure 1. The increase in the filler content results in a more polar

nature of the composite material. The dependence of the water contact angle vs. the wood



content decreases nonlinearly. The water contact angle on the LDPE/DPW composite surface
significantly decreases with the DPW concentration from 93.2 deg (unfilled polyethylene) to
87.8 deg (30 wt. % of wood in composite), and to 78.9 deg (70 wt. %. of the filler). For the
surface properties, it can be concluded that the water contact angles on the surface of the
LDPE/DPW composites decreased from 93.2 deg (unfilled polyethylene) to 78.9 deg
(LDPE/DPW composite filled with 70 wt. % of the filler).

The results of the shear strengths in the adhesive joint LDPE/DPW composite — epoxy vs.
filler content are shown in Figure 2. Figure 2 reveals an increase in the shear strengths of the
adhesive joint between the LDPE/DPW composite and the epoxy substrate with an increase of
the filler content. As shown in Figure 2, the shear strength of the adhesive joint significantly
increased from 0.62 MPa (unfilled PE) to 1.37 MPa if filled with 70 wt. % of DPW. The shear
strength of the adhesive joint between the LDPE/DPW composite and the epoxy resin
significantly increased from 0.62 MPa (unfilled PE) to 1.37 MPa (LDPE/DPW composite
with 70 wt.% of the filler).
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Fig. 1. The dependence of the water contact angle on the LDPE/DPW surface vs. filler

content
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Mechanical properties

In this part, we characterised the mechanical properties of the composites tested in the tensile
mode at room temperature (25 °C). The static mechanical properties evaluated from the
stress-strain curves included the yield point, stress and elongation at break and Young’s

modulus. The stress-strain curve of LDPE is shown in Figure 3.
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Fig. 3. The stress-strain curve of neat LDPE.



The LDPE behaviour is common for polyolefins. Fig. 3 reveals significant cold drawing and
good deformability up 650%. The materials also undergo strain (orientation) hardening, which
results in a high strength at break. There are also two distinguished yield points in the curve,
which is a common behaviour for polyolefins that have a broad size distribution of
crystallites. A yield point in polymers is conventionally accepted as being the point where the
stress-strain curve exhibits a local maximum. For samples that initially deform
homogeneously, this maximum occurs as a result of the internal plastic strain rate of the
material increasing to a point where it becomes equal to the applied strain rate. In some cases,
a maximum in the force also relates to the onset of necking, where the strain hardening of the
necked materials is not sufficient to counteract the reduction of the cross-sectional area, which
leads to a reduction in load. This maximum may become less defined as the testing
temperature is increased or as the strain rate is decreased, until it disappears. The temperature
where the local maximum disappears is lowest for the most branched material and highest for
the unbranched, high-density material. The yielding phenomenon of semi-crystalline
polymers has been associated with a change in the morphology of the material, where a
spherulitic structure transforms into a fibrillar one. During stretching, this change occurs
through shearing and fragmentation of the crystalline lamellae into blocks that rearrange into

the form of parallel microfibrils.

The stress-strain curve of composite consisting of 10 wt.% of PWP is shown in Figure 4.
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Fig. 4. The stress-strain curve of LDPEV/DPW=90/10 w/w



A dramatic decrease in drawability is observed, even at this very low filler content. The filler
particles represent defects and stress concentrators and significantly reduce the drawability of
the matrix. The orientation hardening is completely suppressed; however, the material
exhibits some extent of plastic deformation. In this case, the rupture is not brittle. The
behaviours of the composites filled with 20 and 30 wt.% of wood are similar. However, if the
matrix is filled with 40 wt.% of the filler and greater, the material becomes brittle. The plastic
deformation is fully suppressed, and the material is broken after the yield point. This

behaviour is shown in Figure 5.
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Fig. 5. The stress-strain curve of LDPE/wood=60/40 w/w

The mechanical properties of the composites are summarised in Table 1.



Table 1. Mechanical properties of the composites at 25°C. The x/y notation represents the

LDPE/DPW w/w ratio
Sample ® & * Sey|o, £ Soy/|en£Se,/% |op + Sou/ | E+Sg/MPa
1% MPa Pa
LDPE 0 [155°03)] 8.0(0.2) 633 (20) 18.5 (0.7) 150 (7)
96.0° (0.4) | 9.4 (0.1)
90/10 0.069 | 152(0.3) | 9.2(0.2) 22 (19) 9.0 (0.3) 285(22)
80/20 0.142 br br 8.8 (0.6) 9.2 (0.4) 376 (22)
70/30 0.221 br br 4.8 (0.6) 9.4 (0.2) 562 (71)
60/40 0.306 br br 3.2(0.3) 9.3 (0.5) 800 (42)
50/50 0.398 br br 2.1(0.1) 9.7 (0.5) 1064 (83)
40/60 0.498 br br 1.4 (0.1) 102 (0.4) | 1457 (122)
30/70 0.608 br br 1.1(0.1) 11.1 (0.6) | 1933 (124)

gy, Oy, €, Ob, E - elongation at yield, yield stress, elongation at break, stress at break, and

Young’s modulus of elasticity; Sey, Scy, Sep, Sop, Sg are the standard deviations.
¢ is the volume portion of the filler,

br refers to the brittle rupture,

b _ two yield points are observed, as shown in Figure 5.

The stiffness and hardness of the composites, which are characterised by the Young's
modulus, significantly increase with an increase in the filler content in the entire
concentration region. The maximum value of 1933 MPa for the specimen filled with 70 wt.%
of the filler is approximately 13 times greater than the one of the LDPE. This result indicates

that the filler has a very strong reinforcing effect.

The stress at the break of the composites and the dependence on the filler fraction varies
nonlinearly. We have considered two influences of the filler on the stress at the break. On the
one hand, we have to consider that the reinforcing effect of the filler leads to an increase in
the tensile stress values with an increase of the filler fraction and, on the other hand, that the

orientation strengthening occurs for semi-crystalline polymers at high deformation. The latter




effect is indirectly negatively influenced by the filler presence and by a steep decrease in the
deformation such that orientation of the matrix cannot occur. At low filler fractions, the
deformation is sufficiently low to prevent the orientation, but the reinforcing effect of the
filler presence is marginal. The particles of the filler represent defects and stress
concentrators. The behaviour of the stress-strain curve is changed; orientation hardening and
cold flow are suppressed. The samples break close to the yield point. Therefore, an initial
dramatic decrease of tensile strength has been observed. The initial stress at the break of
LDPE (18.5 + 0.7 MPa) decreased to a value of 9.0 £ 0.3 when it was filled with 10 wt. % of
the filler. However, in this case, only the orientation hardening was suppressed. The cold flow
occurs only up to 10 wt.% of the filler. After this level, if the filler content increases, material
becomes brittle. The slight increase in the stress at break at higher filler contents is caused by

the reinforcing effect of the filler.

The Young’s modulus is often a property of particular interest. The improvement in the
Young’s modulus is an expected outcome because of the reinforcement effect of the filler
particles. It is generally known that the improvement of the tensile modulus is caused by the
good dispersion of particles and good interfacial adhesion between the particles and the

matrix; therefore, the mobility of polymer chains is restricted under loading.

Conclusion

A fine powder with a fibrous shape was prepared from date palm wood (DPW) by grinding in
a high energy mill. The prepared fibres have a broad size distribution; the majority of the
fibres have a length between 1 and 3 mm. Low density polyethylene was used as the matrix
for preparing LDPE/DPW composites. The filler concentration ranged from 10 to 70 wt.%.
The stiffness and hardness of the composites, which were characterised by the Young's
modulus, significantly increased with an increase in the filler content in the entire
concentration range. The maximum value of 1933 MPa for the composite filled with 70 wt.%
of the filler is approximately 13 times greater than that for the LDPE. This result indicates that
the filler has a strong reinforcing effect and that there is a good distribution of the filler.
Furthermore, the stress at the break of the composites and its dependence on the filler fraction

varies nonlinearly. The material becomes brittle if filled with more than 10 wt. % of the filler.



The incorporation of DPW into the LDPE matrix led to a significant increase in the polarity of

composites and to an increase in their adhesion to polar substrates.
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Abstract

The present work deals with attenuated total reflection (ATR) Fourier Transform Infrared (FT-
IR) studies of binary blends of cured rubber based on natural rubber (NR) and styrene butadiene
rubber (SBR) at three different blend ratios compounded with commonly encountered rubber
additives. A simple general infrared blend parameter (P;z) exactly identifying the NR-SBR blend
from the obtained infrared IR spectra was calculated. The calculation required the finding of
exact IR peak heights for NR and SBR at 1375 and 699 cm™ respectively. To get the exact peak
heights, the dataset of each of the originally obtained spectra was modified with a newly
developed numerical algorithmic method of baseline creation on and subsequent subtraction
from the original spectrum. As a consequence the numerical calculation of Pj; for the NR-SBR
blend was possible.

Introduction

Often it is very important to understand the blend ratio of rubbers in a product like end of life
rubber e.g. end of life (EOL) tyre for smart reusing applications. It is accomplisehed by reverse
engineering [1,2]which uses the tools and analytical techniques to understand the materials and
processes that were used to produce a particular vulcanized rubber compound from a

combination of raw rubber and other chemicals.

Studies show that the most frequent means used for reverse engineering of rubber compounds are
differential thermo gravimetric analysis (DTGA) [3-5] and Fourier transform infrared
spectroscopy (FT-IR). [6,7] It is revealed that simultaneous use of DTGA and Py (pyrolysis)
FT-IR can quantitatively predict a binary blend composition of compounded and cured rubber
product. [6,7] However, if it is a ternary or higher order blend where the maximum
decomposition temperatures of any two components overlap in DTGA, then the discernment of

the partial components is subjected to advanced numerical data study. [6]

Most of the commonly encountered rubber products are composites that not only contain a blend

of various rubbers but also such compounding ingredients as reinforcing and non-reinforcing



fillers, antioxidants, process oils, stabilisers, accelerators, curing process activators and usually

sulphur as the curing agent. [8,9]

FT-IR studies of filled reinforcing carbon black containing rubber compounds are best studied in
the attenuated total reflection (ATR) mode, [10] usually using a high-refractive-index prism such
as germanium (Ge) It is lower depth of penetration for Ge compared to that of zinc selenide
(ZnSe) that makes it ideal for carbon black rubbers. [11,12] However, even in the ATR mode,
absorbance spectra of carbon black containing rubbers show a baseline sloping up while
advancing from higher to lower wavenumber. This is because carbon black displays absorption
over the entire region of wavenumber from 4000 to 400 cm™the effect becoming greater with
deeper light penetration at the long wavelength (low wavenumber) end. [13] In such a case of a

sloping baseline, the quantification of IR spectrum cannot be accomplished.

Corrections of baseline are evidenced in the literature. Koch and Weber [14] devised baseline
correction of spectra in FT-IR using the method of Bezier. Ruckstuhl et. al., in their work [15]
created a method which used techniques of robust local regression to estimate baselines in
spectra that consisted of sharp features superimposed upon a continuous, slowly varying
baseline. In another work, Phillips and Hamilton [16] devised a new method for baseline
estimation and correction in gas phase FT-IR absorption spectra based on a maximum entropy

approach.

In a rare work dealing with calibration of baseline corrected Py FT-IR spectra designed to find
unknown ratios of rubber blends, Lee et al. [6] plotted absorbance ratio versus percent SBR,
percent BR and percent SBR in binary blends of NR-SBR, NR-BR and SBR-BR respectively, by
preparing various blend ratios of the two rubbers in each case. This yielded exponential curves
that were further used to determine the amount of SBR, BR and SBR using generalized equations
which best fitted the curves. However, there was no mention of the nature of the previously

chosen baseline meant to eliminate the matrix effect.

Fernandez-Berridi et al. [7] implemented a method to quantify the results obtained from Py FT-
IR on different blend ratios of NR and SBR by using “Turbo Quant” software The program used
an algorithm that examined specific composition dependent absorption regions for each
component, viz., styrene for SBR, butadiene for BR and isoprene for NR, meant for calibration

after normalizing the selected spectral regions. However, it is difficult to pyrolyze unknown



blends in a reproducible manner which is very important to obtain quantitative results using the

calibrated plots.

Literature survey revealed that an enormous scope was open to quantify heavily compounded
carbon black filled binary rubber blends using non-pyrolytic, easy, effective and very rapid
ATR-FTIR method. Based on this fact, the present work was designed.

In the present work binary blends of NR and SBR at three different blend ratios with commonly
encountered rubber additives including 50 phr carbon black were compounded, cured and then
subjected to a series of FT-IR studies in ATR mode. The aim was to calculate infrared blend
parameter, Py, a characteristic of the NR-SBR blend from the obtained IR spectra. In each of the
dataset generated by the IR spectrophotometer, study was centered on locating two required
peak-heights at wavenumber 1375 cm™ for NR and 699 cm” for SBR and subsequently
calculating the peak height ratios. The magnitudes of the peaks were precisely read from a
modified spectrum which was generated only after each of the initially obtained spectra was
fitted with a created baseline which was subtracted from the concerned spectrum. The dataset
obtained from the IR spectrophotometer was treated with a completely new algorithm to create
and subtract the baseline. It was rigorously applied to find the correct characteristic peak heights
of NR and SBR from where the peak height ratios were easily calculated. These calculated peak
height ratios of three different blends of NR-SBR were used to determine Pz for NR- SBR blend
using Beer-Lambert law [6]. In effect, this parameter may be confidently used for understanding

of the exact composition of various unknown blends of the named rubbers.

Theoretical background

The theoretical background of the work is divided into two sections. The first one (4) deals with
the new algorithm for the generation of a modified spectrum and the second (B) deals with the

calculation of the Pz parameter for NR-SBR blend.

A. Description of the numerical algorithm

Instead of a smooth baseline fitting over the entire range of data, as is the usual practice, the

algorithm was focused on finding a straight baseline separately for each peak. The algorithm



accepts some initial parameters and based on their values the original spectral dataset is modified

accordingly. These parameters are categorically as follows:

1. x1, x2 —range of wavenumber selected from the data
2. kI, k2 — cut off values for differentiation on the initial dataset and on the regenerated
dataset in the negative output respectively.

3. ky — cut off value for negative area in output
It is required to mention here that during an intermediate stage of running the algorithm a dataset
is generated in the negative output. So a cut off parameter was devised in the negative output
also.
The cut-off parameters k1, k2 and ky in the y-axis are required to discard small and unwanted
peaks. However, if a user is interested in small peaks then the values of the parameters are to be

selected accordingly.

The dataset, generated by the IR spectrophotometer is subjected to the created algorithm in
Wolfram Mathematica. The algorithm follows a series of mathematical steps to produce the final
modified dataset in (X, y), i.e., (wWavenumber, absorbance) from the initial source. The steps are

outlined as follows:

1. Creates sign vectors of derivatives according to the set parameter k1
Converts sign vector to string.

Searches regular expression “NO*P” resulting in substrings within the string.
Determines regular expressions from the positions of the minima.

Calculates equations of lines from each of two consecutive minima.

Assigns the basepoint y co-ordinates corresponding to x co-ordinate values in each line.

Nk w D

Calculates the output as {outy, outy}:= {dry, dry - bP}, where out, is x value of output data,

outy is y value of output data, dry is data ranged and bP is basepoint.

o]

. Generates some data in negative output also.
9. Calculates other minima in the negative output using k; as the cutoff value of differentiation
and ky as the cutoff value for the negative area output.
10. Adds the minima in the negative output to the previous set of minima and calculates new
equations of lines.

11. Calculates new set of basepoints based on new equations of lines.



12. Subtracts new basepoints to generate new output dataset as the result.

Some of the important stages obtained in the stepwise modification of the original spectrum to

the final one is shown in Figure 1.

Figure I: Important stages in the modification of the spectrum of batch N:S::0.7:0.3 (a) using
the algorithm (I) The original ranged spectrum; (II) spectrum fitted with minima, (IIl) straight
lines joining the set of minima and (IV) the final baseline subtracted spectrum
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B. Theory on calculation of Pg

For each of the different blends, the calculation of P;z was done using the Beer Lambert Law. [6]
Here the use of the calculated peak height ratios was necessary. According to this law, the
absorbance A of a vibration in infrared spectroscopy is given by the equation

A=¢-c-l (1)
where ¢ is the molar extinction coefficient, ¢ is the concentration in an appropriate unit and 1 is
the thickness of the sample. If NR and SBR are represented by the subscripts 1 and 2

respectively, then



A=e ¢l )

and 4=, ¢, 3)

Therefore, i 3 M 4
A, & ¢l

Since FT-IR is done on a binary blend of NR and SBR on the same moulded sample, the

thickness in this case remains the same for both the rubbers, i.e., [; = [, = [ (say). Also, in the

binary blend of NR and SBR, if the concentrations of the rubbers are expressed as ¢; and ¢, then

c; +c¢;=1. Then Equation 4 reduces to

— 5
A _p, 0o 5)
) C
Where, P,=¢/¢, (6)

For each blend the values of 4; and 4, were directly obtained from the modified FT-IR spectrum
and putting the values of ¢, and 4,/4; in Equation 5, the value of Pj; for the binary blend of NR
and SBR was calculated.

Experimental

Mixing and curing

Three different batches having NR and SBR in the weight ratios 0.3:0.7, 0.5:0.5 and 0.7:0.3
along with 50 phr of carbon black (HAF N 339) and other laboratory grade compounding
ingredients were mixed according to ASTM D 319209 in an internal mixer (Pomini Farrel) with
a total batch weight of 360 g each. Every mixing was accomplished at a rotor speed of 65 rpm
and the mixing temperature was adjusted to create a dump temperature between 110 and 125 °C.
Samples were cured to sheets of 1 mm thickness at 160 °C in a hydraulic press (IGTT) at
optimum curing time (OCT) for each of the samples. OCT at this temperature was determined

using a Monsanto Oscillating Disc Rheometer 100 S.



Spectroscopic characterization

FT-IR spectroscopic analyses of the samples were conducted in ATR FT-IR spectra in the
wavenumber range of 4000 to 650 cm™ using an infrared spectrophotometer (Thermo Scientific
Nicolet iS5, USA). The spectra were obtained at a resolution of 2 cm™ using a germanium
crystal. For each of the batches, three samples were subjected to the spectroscopic analysis

designated as (a), (b) and (c).

Plotting of the new data
The dataset for the subtracted spectra obtained by applying the new algorithm on the dataset of
the initial spectra were plotted in OriginPro 8 where a screen reader was used to directly read the

peak heights.

Results and discussion

The characteristic IR peaks for NR and SBR chosen for the study were 1375 cm™ and 699 cm’™
respectively[17]

To modify each of the spectral dataset, the precise range chosen in the algorithm was (x1 = 679
cm” to x2 =2000 cm™). The values of the differentiation cut off parameters were k1 = 0.00015
and k2 = 0.0001. Finally, ky the cut off value for negative area in output was assigned the value

0f 0.0005.

For each of the formulations three spectra were taken. The three superimposed modified spectra
in all the three different batches as plotted in OriginPro 8 and that for the batch N:S::03:0.7 are
shown in Figures 2. The other cases generated very similar results and are not shown here.

It is seen from the figure that the three spectra are almost the same, and the heights of the two
distinct peaks in each spectrum are very similar to the other two spectra. The precise peak

heights were registered by using a screen reader and the peak height ratios were calculated.
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The results obtained are shown in Table 1. It is seen from the table that the peak height ratios

obtained from three spectra in each of the three cases were very similar. This is the first instance

to prove the reliability of the algorithm.
Table 1: The median value of the intensity ratio A;/A; for the batch N:S::0,3:0,7 rounded off to

two places of decimal

NR:SBR Ajfor NR at 1375 A, for SBR at 699 A /A,, unitless Median value
0.3:0.7 cm'l, a.u. cm'l, a.u. of A{/A,
a 0.0034 0.0339 0.1003 0.11
b 0.0037 0.0346 0.1069

c 0.0037 0.0346 0.1069

NR:SBR

0.5:0.5

a 0.0060 0.0253 0.2372 0.25
b 0.0060 0.0237 0.2532

c 0.0063 0.0242 0.2603

NR:SBR

0.7:0.3

a 0.0093 0.0148 0.6284 0.63
b 0.0092 0.0152 0.6052

c 0.0101 0.0144 0.7012




After obtaining the values of the peak height ratios in all the three cases, Pz was calculated using
Equation 5 as has been explained in the theoretical background section.

For each blend ratio, the median value of A4,/4, as obtained from Tables I were put in
Equation 5 and the value of P for the binary blend of NR and SBR was calculated. Table 2
shows the median value of Py for the binary blend of NR and SBR at the three different blend

ratios as was calculated using Equation 5 obtained from the theoretical background section.

Table 2: Median value of Pig for a binary blend of NR and SBR

Weight fraction of Weight fraction of AilA Pir (¢1/€2) Median value of

NR, Cc] = (1 - Cg) SBR, C2 PIR
0.3 0.7 0.11 0.2567 0.26
0.5 0.5 0.26 0.2600
0.7 0.3 0.63 0.2700

It was found that within experimental limits this value was the same for all the three blends and
was a constant, characteristic only of the nature of the two rubbers comprising the blend and

independent of blend ratios.

Conclusions

A new numerical algorithm for baseline fitting and subtraction applicable to FT-IR spectrum
data for the calculation of peak heights was devised. This algorithm generates very quick results,
especially when working with many spectra and dealing with spectral peaks with very low peak
heights. Applying the new algorithm on obtained IR spectra of binary blends of NR and SBR at
three different blend ratios, characteristic peak height ratios of the rubbers were determined.
These ratios were used for determining Pz for the binary blend of NR and SBR using Beer
Lambert law. From the results obtained, it was concluded that it is a constant, characteristic only

of the nature of the two rubbers comprising the binary blend and is independent of blend ratios.
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SuSeni polymernich materiali s ohledem na kvalitu pohledovych vstfikovanych dila
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SOUHRN: Cilem prace byla charakterizace a optimalizace suSiciho procesu polykarbonati
ur¢enych pro vstfikovani tvarové naro¢nych pohledovych dilti pro automobilovy primysl.
Tyto dily mohou vykazovat fadu pohledovych vad (napft. krupice, Sliry, mlziny) viditelnych
jiz po ukonceni procesu vstiikovani. Naslednym proces pokoveni zplisobuje jeste¢ vyraznéjsi
vysoké ekonomické ndklady. Jednou z moznych pficin tohoto problému je nespravné
nastaveni zpracovatelskych parametri. Z tohoto diivodu je nutné tyto parametry nastavit tak,

aby doslo k prevenci ¢i eliminaci téchto vad a tim se docililo snizeni zmetkovitosti.

Polymeric Materials Drying with respect to Visual Molded Parts Quality
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ABSTRACT: The aim of this work was to characterize and optimize the drying process of
polycarbonates intended for injecting molding of complicated shapes visual parts for the
automotive industry. Injection molded polycarbonate-based products show different types of
visual defects, such as silver and splay marks or moisture streaks, just after being ejected from
the mold and with subsequent metallization, these shortcomings will be enhanced. This can
result in a high scrap rate, which brings the high economic costs. One of the possible causes
of this problem is incorrect settings of the processing parameters, which shall be adjusted in

order to prevent - eliminate these defects and thereby reduce scrap rate.



1. Uvod

Spravné vysuSeny polymerni materidl pfed zpracovanim je dulezitym parametrem zejména u
polymernich materialt, které jsou velmi navlhavé anebo u téch, kde miize i mensi obsah vody
zpusobit degradacni proces. Vysledkem mitize byt jednak snizeni mechanickych vlastnosti, ale
také vyskyt optickych vad ve struktufe nebo na povrchu vyrobkii. Takova vada na pohledové
¢asti vyrobki je pro automobilovy prumysl, ktery vyrabi napi. svétlomety, neptipustnd. Dily
mohou byt vlhké z diivodu nedostatecné vysuseného granulatu nebo pfi jejich prechodném
uskladnéni pred pokovenim. Vysledkem pak obvykle byvé vyssi zmetkovitost, ktera 