PLASTK® 2018

Sbornik prispévku z konference

18.-19.dubna 2018



PLASTKO 2018
Sbornik prispévkl z konference

18.—-19. 4. 2018, Zlin

L ]
.
EVROPSKA UNIE ) :"’""13
i Univerzita Tomase Bati ve Zliné EVROPSKY FOND PRO REGIONALNI ROZVOJ OP Vyzkum a vyvoj
INVESTICE DO VASI BUDOUCNOSTI pro inovace

Konference je poradana v ramci udrzitelnosti projektu
,R0ozvoj CTT na UTB ve Zliné“, reg. ¢. CZ.1.05/3.1.00/10.0205



EDITORI

Ivana Bartonikova
Eva Hnatkova

Katerina Vaculikova

Upozornéni: VSechna prava vyhrazena. RozmnoZovani a Sifeni této publikace je jakymkoli
zpUsobem bez vyslovného pisemného svoleni vydavatele trestné. Prispévky neprosly
redakéni ani jazykovou uUpravou. Za jazykovou Upravu odpovidaji autofi textl jednotlivych
prispévkd.

© Univerzita Tomase Bati ve Zliné, 2018

ISBN 978-80-7454-727-0



VEDECKY VYBOR

Petr Sdha (UTB ve Zliné)

David Hausner (Plastikarsky klastr z.s.)
Vladimir Sedlatik (UTB ve Zliné)
Tomas Sedlacek (UTB ve Zliné)

Petr Slobodian (UTB ve Zliné)

Ivo Kufitka (UTB ve Zliné)

Jaroslav Toufar (Plastikafsky klastr z.s.)

ORGANIZACNI VYBOR

Dana Kreizlova (UTB ve Zlin&, UNI)

Eva Hnatkova (UTB ve Zliné, UNI)

Ivana Bartonikova (UTB ve Zliné, UNI)
Jifi Jaros (UTB ve Zliné, CPS)

Katerina Vaculikova (UTB ve Zliné, UNI)
Petra Svérakova (UTB ve Zliné, CPS)
Premysl Strdznicky (UTB ve Zliné, UNI)
Zdenék Hlozek (UTB ve Zliné, UNI)

Jan Gorig (UTB ve Zling, UNI)



PREAMBULE

Konference PLASTKO je nejstarSi mezinarodni konferenci pofadanou na pudé
Univerzity Tomase Bati ve Zliné. Je zalozena na principech spoluprace a diskuze
mezi akademickou i primyslovou praxi. Cilem konference je predstavit novinky

a trendy plastikarského sektoru.

Hlavnim tématem letoSniho rocCniku bylo ukazat praktické vystupy spoluprace
mezi védeckou a komercni sférou v oblasti plniv a modifikdtort, bioplastd,

recyklace, testovacich a vyrobnich zafizeni.

Konference PLASTKO 2018 byla realizovana v ramci udrzitelnosti a naplnovani
cili projektu OP VaVpl ,Rozvoj CTT na UTB ve Zliné“, reg.cC.
CZ.1.05/3.1.00/10.0205.

Za organizacni a védecky vybor konference Plastko 2018 jsme radi, Ze tato
konference se tési stdlému zajmu firem i akademik( a velmi dékujeme vsem

navstévnikim za ucast na konferenci.

Ing. lvana Bartonikovad

feditelka Centra transferu technologii

ve Zliné 19. 4. 2018
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PRIAMA ADICIA POVRCHOVO UPRAVENEHO MIKROMLETEHO
UHLICITANU VAPENATEHO DO PVC NAPENOVANYCH RUR A PROFILOV

Dionyz Nagy

1.PLASTCOMPANY, spol. s r.o.
Bohunicka 728/24a, 619 00 Brno, Ceska republika

Korespondenény e-mail: d.nagy@ 1plastcompany.cz

ABSTRAKT
Silnd konkurencia vo vyrobe PVC ruar a technickych profilov nati vyrobcov neustale hl'adat
Sposoby zniZovania vyrobnych, hlavne materidlovych nakladov.
Zmesi na vyrobu PVC rar a profilov sa mézu v detailoch lisit’, ale vzdy obsahuju okrem
samotného polyvinylchloridu stabilizatory, aditiva, pripadne farbiva a d’alsie zlozky — plnidla.
Tie v pripade spravnej Struktiry neovplyviiuju nijak vyrazne negativne vlastnosti vyrobkov,
ale vdaka svojej nizkej cene su schopné ciastoéne nahradit’ drahé suroviny. Pozitivne
ovplyvnenie niektorych fyzikalno-mechanickych vlastnosti pridavkom plnidiel, napriklad
kruhovej tuhosti u PVC rur, je vyslovene ziaduce.
Inou moznost'ou je pridavanie napenovadiel, ktoré nahradia ¢ast’ suroviny bublinami plynu,
a tym zniZuju celkovii hmotnost’ vyrobku.
Jednym z najbeznejSich lacnych plnidiel je uhli¢itan véapenaty najCastejSie vo forme
mikromletého vapenca. Klasické sposoby primieSavania do PVC, pri pouZziti kombinacie
horticej a studenej mieSacky, ktoré zarucuji dobru spracovatelnost zmesi na beznych
extriznych linkdch, umoznuju pridat maximalne 20 hmotnostnych dielov mikromletého
vapenca na 100 dielov PVC.
Dalgie zvySenie podielu mikromletého vapenca je uZ sprevadzané neziadtcimi efektmi,
ktorymi st najmé separdcia mikromletéhe vapenca od PVC v dosledku rozdielnych hustot,
a tym vznik nehomogénnej zmesi, ale tiez zniZzovanie ucinku stabilizatorov a d’alSich aditiv
v dosledku ich viazania na podstatne vacsi povrch Castic mikromletého vapenca s rozmermi
v rade jednotiek mikronov v porovnani s Casticami polyvinylchloridu s rozmermi az stoviek
mikronov.
RieSenim je priama adicia povrchovo upraveného mikromletého véapenca, pozostavajuca

z pripravy klasickej zmesi PVC s nizkym obsahom mikromletého vapenca na kombinacii
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horucej a studenej mieSacky ajej nasledné kontinualne premieSanie s Cistym povrchovo
upravenym mikromletym vapencom pred privedenim do ndsypky extradera, ktora zabezpeci
vznik homogénnej zmesi bez separacie jednotlivych zloziek. Vyhodou je, Zze mikromlety
vapenec posobi Ciasto¢ne aj ako nukleacné Cinidlo pri napenovani, o umoznuje dosahovat
lepsiu Struktaru peny a v konecnom dosledku aj nizsiu hustotu vyrobku.

Zlozita manipuldcia s povrchovo upravenym mikromletym vapencom si vyzaduje pouzitie
Specialnych zariadeni, na ktoré je zamerand pozornost v prezenticii. Ide predovsetkym o
Specidlne nasypky a dopravniky Transitube® a davkovace GraviCon. K rovnomernému
kontinudlnemu zamieSaniu do PVC je nevyhnutné pouzit’ Specidlne dvojkomorové dynamické
mixéry MixCon. VSetky zariadenia su konstruované tak, aby umoziiovali minimalizovat’
prasnost’ pri manipulécii s povrchovo upravenym mikromletym vapencom a pri samotnej
vyrobe PVC rur a profilov.

Viacrotné prevadzkové vysledky potvrdzuji, ze metéda priamej adicie povrchovo
upraveného mikromletého vépenca je pre vyrobu urcitych typov vyrobkov, akymi su
viacvrstvové napeniované kanalizacné alebo kompaktné studni¢né rury a technické profily
mimoriadne vhodna a efektivna, umoziuje zvysit obsah vapenca az do 50 dielov na 100
dielov PVC v zmesi, t.j. asi 30% vapenca vo vyrobkoch pri zachovani dobrej spracovatel'nosti

na extruznych linkach a vhodnej kvality vyrobkov.



NFR ZMESI PRE EXTRUZIU A VSTREKOVANIE STAVEBNYCH PROFILOV

Katarina Vrablova, Juraj Plachy

ENERGOCHEMICA TRADING a. s.
Pribinova 25, 811 09 Bratislava, Slovenska republika

Kore$pondenény e-mail: katarina.vrablova@energochemica.eu,

juraj.plachy@energochemica.eu

ABSTRAKT
Prispevok je venovany vplyvom roznych prirodnych plniv na fyzikélno-mechanické vlastnosti
drevoplastovych kompozitov na baze polyvinylchloridu (NFR, natural fibre reinforced
polymer composite).
Vlastnosti drevoplastovych kompozitov su ovplyviiované typom plniva, ktoré by malo byt’
vhodne zvolené podla pouZzitia dané¢ho materialu, pretoze ovplyvituje predovsetkym pevnost’
a pruznost’ kompozitu.
Ako plnivd porovndvanych drevoplastovych kompozitov boli pouZité ryzové Supky
S topol'ovou koérou alebo s ligninom, samotna topolovad kora a bukové piliny s topol'ovou
korou. Suché zmesi s obsahom prirodnych plniv boli extrudované do testovacich profilov
alebo vstrekované do dielu pouzivaného v novom systéme zdvizno posuvnych dveri HST.
Vplyv plniv v NFR kompozitoch bol postdeny testovanim pevnosti v ohybe, modulu
elasticity, tepelnej stability, tokovych kriviek, tvrdosti a snimok zo skenovacej elektronovej

mikroskopie SEM.



NOVA GENERACE MINERALNICH MASTERBATCHU DO POLYOLEFINOVYCH
FOLIi

Eva Koléfovél, Michal Mihalik®

WALPLAST CZ, spol. s r.0., Bohunicka 728/24a, 619 00 Brno, Ceska republika
21 PLASTCOMPANY, spol. s r.o., Bohunicka 728/24a, 619 00 Brno, Ceska republika

Koresponden¢ni e-mail: e.kolarova@valplast.cz; m.mihalik@ 1plastcompany.cz

ABSTRAKT

Od svého prvniho pouziti proSly mineralni masterbatche vyznamnym vyvojem. V dnes$ni dobé
se tyto materialy vyznacuji vysokou kvalitou a pouZzivaji se nejen ve funkci plniva, ale
predevsim jako funk¢ni aditiva. Toto jsou specifika nejvétsiho svétového vyrobee mineralnich
masterbatchi, Spanélské firmy GCR GROUP a jejich produktové fady Granic®.

Materidly Granic® maji vice nez 20 riiznych typu, které se liSi predev§im typem pouzitého
mineralu (CaCOg, silika, talek), riznym obsahem mineralu a polymernim nosicem. Mezi
nosici jsou prémiové materidly jako Vistamaxx™, LLDPE C8 Dowlex®, autoklavovy LDPE,
PP, bimodalni HDPE, PS a jiné.

Hlavnim specifikem je 100% povrchova Uprava CaCOs, ktera zabezpecuje rovnomeérnou
disperzi ¢astic CaCOgs V taveniné, ovlivituje zpracovani (homogenitu findlni smési) a
opotiebeni vyrobni technologie.

Nejveétsi oblast vyuzivani minerdlnich masterbatchti tvoti foliovy (obalovy) primysl.
Materidly Granic® jsou zde vyuZzivany hlavné jako funkéni aditiva pro ovlivnéni mechanicko-
fyzikalnich vlastnosti produkt. Granic® 422 (masterbatch uhli¢itanu vépenatého s nosi¢em
LLDPE C8 Dowlex®) zvySuje pevnost a odolnost proti protrZeni ve stretch hood aplikacich a
napt. v HDPE f6liich zabranuje zipovému efektu. Dal$i material na bazi extra jemné siliky
(Granic® 282) pfi koncentraci 15 % a vice zvySuje bariérové vlastnosti folii. V nizkém
davkovani piisobi také jako nemigracni kluzné ¢inidlo. Firma GCR GROUP ma jako jediny
vyrobce mineralnich masterbatchi v portfoliu materidl, ktery je specidlné¢ vyvinut do
extruzniho nanéaseni. Granic® 626 je stabilni pii teplotach 350°C, které jsou charakteristické
pro tuto aplikaci. Pfidavkem tohoto materidlu se vyznamné zvySuje pevnost taveniny, snizuje

se tzv. ,,necking’ a napomaha lepsi adhezi ndnosu a podkladu.



Velmi dulezitym faktorem pifi pouzivani minerdlnich masterbatchli je zptisob davkovani.
Mineralni masterbatche se vyznacuji vysSi hustotou (az dvojndsobnou) v porovnani
s polyolefiny a pii nespravném zpusobu dopravy a davkovani mize dojit k separaci granulatu
a nevhodnému procentu davkovani. S ohledem na tento faktor vzdy doporucujeme pouzit
piimé davkovani. Pro tyto ucely spolupracujeme s holandskou spole¢nosti MOVACOLOR,
ktera se jiz ptes 30 let specializuje na vyrobu gravimetrickych a volumetrickych davkovacich
zatizeni. Jedna se o jedno nebo vice komponentni systémy, které jsou aplikovatelné v oblasti
extruze, vyfukovani, extruzniho vyfukovani i vstfikovani. Jedna se o in-line ddvkovani vSech
typt materidlti — granulatl, praskd, recyklath ¢i kapalnych aditiv.

Davkovani masterbatchi a aditiv pomoci gravimetrickych davkovacht MOVACOLOR
umoznuje velmi presné davkovani a to uz pii nizkych davkach materidlu. Vymeéna
masterbatche, barvy pifipadné jinych aditiv je jednoduchd, rychla (vyména trva cca 1 minutu)
a to bez pouziti jakéhokoli naradi. Systtmy MOVACOLOR jsou modularni, coz zajistuje
precizni davkovani az 15 komponentti soucasné (prostifednictvim jednoho ovladaciho panelu).
Kombinace ddvkovacich valcii a patentované navazovaci technologie poskytuje absolutni
kontrolu nad déavkovacim procesem. Davkovaci syst¢tmy MOVACOLOR jsou vzdy
pfizpiisobeny na miru kazdému zpracovateli a s vytypovanim spravného zafizeni vam
pomohou odbornici z 1.PLASTCOMPANY.

Nase bohaté zkuSenosti se zavadénim minerdlnich masterbatchi nejen do folii ndm jasné
ukazuji, jaky vliv na zpracovani a vysledné mechanické vlastnosti ma povrchova tprava
mineralu, zvoleny typ nosice a zpsob davkovani. Jako i pfi vybéru primarniho materialu pro
novy projekt (produkt) je vzdy nutné se zamyslet nad pozadovanymi vlastnostmi finalniho
produktu (napft. pevnost, transparentnost a dal$i) a nad vhodnosti pouZzitého materialu (aditiv)
pro vyrobni linku. Vhodnou volbou kvalitniho materialu (s povrchovou tpravou) je mozné
eliminovat opotiebeni Sneku a také vyznamné zlepSit vlastnosti produktl. Nestaci se
odvoldvat pouze na cenu materiald, je potrebné zvazit disledky jejich dlouhodobéjsiho
pouzivani. S vybérem vhodného materidlu a technickou podporou pro strojné-technologické
zafizeni vam radi pomohou specialisté z VALPLASTU, 1.PLASTCOMPANY a také z GCR
GROUP.
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PLNIVA PRO PLASTY Z OBNOVITELNYCH ZDROJU
Miroslav Cernaé
VELOX CMS, s.r.0., B&lohorska 39, Praha 6, 16900, Ceska republika
Korespondenéni e-mail: cernac@velox.com

ABSTRAKT
Modifikaci polymerti pomoci plniv je cileno jak na dosazeni pozadovanych materidlovych
charakteristik vysledného kompaundu, tak na dosazeni vyhodné kombinace ceny a vlastnosti.
Vedle tradi¢nich materiald dochazi k rozvoji pouziti recyklovanych surovin. Piikladem je
vyroba sklenénych kulicek plnych i1 dutych z recyklovaného skla. Sklenéné kulicky ptispivaji
V plastovém kompaundu k dosazeni rovnomérného smrsSténi vyrobku, omezuji krouceni
vystiikl a zlepSuji reologického chovani taveniny (tzv. loziskovy efekt). Pouziti sklenénych
kulicek je vyhodné zjejich chemické inertnosti a nenasakavosti. Kompaundy obsahujici
sklenéné kulicky maji vybornou odolnost proti poskrabani a abrazi.
Vychozi surovinou pro vyrobu uhlikovych vicevrstvych nanotrubicek (MWCNT - multiwall
carbon nanotubes) je bioethanol. Uhlikové nanotrubi¢ky vykazuji mimofadnou ucinnost,
takze se pouZzivaji v ptidavku uz od 0,5%. Stfedni délka nanotrubicky je 1 um pfi priméru
trubicky 10 — 15 nm. Kompaund s nanotrubicky vykazuje kromé zlepSeni mechanickych
vlastnosti 1 antistatické chovani, pfi vy$§im davkovani lze dosdhnout vodivosti polymeru.
MWCNT nachazi pouziti zejména u soucastek s extrémnim poZadavkem na odolnost vici
abrazi, kombinace nizké hmotnosti dil pii vysoké pevnosti a tuhosti. Leteckd doprava,
specidlni auta a sportovni pomiicky jsou typické dne$ni aplikaéni oblasti. Diky materidlové
struktufe poskytuji MWCNT nejlepsi cerny pigment pro pouziti v plastech — pfiblizné¢ 10x
ucinnéjsi nez saze. DalSim typem uhlikovych vldken jsou mleta a sekand uhlikova vlakna.
Primyslové vyuzivand uhlikova vldkna v plastovych kompaundech zlepSuji mechanické
vlastnosti, 1ze dosdhnout teplotni a elektrické vodivosti, materidly vykazuji pii nizké hustoté
dobrou odolnost vuci abrazi. Kompaundy s uhlikovym vlaknem postupné nahrazuji kovy
v fad¢ aplikaci napt. v doprave.
Novinkou je pouziti rostlinnych extraktii jako ptisady do plasti. Pro pouziti do béznych
polymerti se osvédCil peprmintovy olej — ktery se v nizSich davkach pouziva jako
potravinaiské aditivum napt. do zvykacek a produktt ustni hygieny. Komeréné dostupné jsou

masterbatche na bazi polyolefind a polystyrenu.

11



IMPROVED STABILIZATION CONCEPTS FOR SPECIAL MARKET
REQUIREMENTS OF POLYOLEFINS

Marek Toufar

Pigmentum s.r.o., Pernerova 168, CZ 531 54 Pardubice, Czech Republic

Corresponding e-mail: marek.toufar@pigmentum.cz

ABSTRACT
Processing stabilization of polyolefin plastics seems to be well known story and most of the
processing needs is covered by traditional additive concepts. But market is driven by many
new factors, starting from recycling properties and ending by increasing demands for plastic
processing speed. Suppliers of plastic additives invested big resources to the new
developments looking for unique chemical structures, but within last couple of years such
effort did not bring really new processing additive to the market. BASF specialists predicate
their recent developments on searching synergic effects of various existing additives. Results
of this research come into the market with concept of “boosters”. Such products in
combination with traditional and well known additives brings much better results and open
new possibilities in plastic processing. This presentation is showing few examples of this new

and novel additive concept.
AKCNOWLEDGEMENT
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MATERIALY PRO BEZPECNE DOPRAVNI PROSTREDKY

Michal Sedlaéikl*, Miroslav Mrlikl, Tomas Plachyl, Vladimir Pavlinek?

'Centrum polymernich systému, Univerzita Tomase Bati ve Zliné, tiida Tomase Bati 5678,
760 01 Zlin, Ceské republika
?5M s.r.0., Na Zahonech 1177, 686 04 Kunovice, Ceska republika

* Korespondenéni e-mail: msedlacik@utb.cz

ABSTRAKT

Toto téma je rozdéleno do dvou casti, které odpovidaji feSenym projektim Centra
polymernich systémt s komerénim partnerem reprezentovanym spole¢nosti 5SM  s.r.o.
Spole¢nost 5SM s.r.o., jakozto ptfedni Cesky vyrobce kompozitnich systémii pro dopravni
prostredky, si klade za cil dodavat na trh systémy na bazi nejnovéjsich materialti spliujicich
Cilem prvniho projektu byl vyvoj nového typu polyurethanové (PUR) matrice pro pultruzni
vyrobu kompozitnich profilt s vy$§i UV odolnosti. Prezentované vysledky se budou vénovat
Casti projektu zabyvajici se vlivu UV zafeni na sklenéné vyztuze pouzivané pro kompozity
uzivané v dopravnich prostiedcich. Povrch sklenéné vyztuze, ktera obsahuje polymerni pojivo
zajistyjici lepsi kompatibilitu vyztuze s matrici, totiz také podléha degradaci. Vliv UV zafeni
byl zkouman pomoci indexu Zlutosti, FTIR spektroskopie a optické mikroskopie. Vysledkem
je doporuceni vhodnosti ur¢itych typi polymert jakozto pojiva u sklenénych vyztuzi,
pfipadné jejich koncentrace, pro kompozitni profily pouzivané pro interiéry i exteriéry u
dopravnich prostredkd.

Ve druhé ¢asti bude predstaven projekt, jehoz hlavnim cilem bylo zlepSeni odolnosti vici
hoteni u PUR systémil pomoci riznych retardérti hoteni. Byl sledovéan vliv mnozstvi ptidavku
retardéru na zpracovatelské vlastnosti, kinetiku vytvrzovani, a nakonec i na samotnou
hoflavost. Materidly byly pfipravovany za ucelem splnéni limith nové upravené normy
EN45545, kdy jednim ze zékladnich kritérii je hodnota MARHE (Maximum Average Rate of

Heat Emission), ktera je ziskana za pomoci vyuziti konického kalorimetru.
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EASTMAN TREVA™ ENGINEERING BIOPLASTIC

Artur Blachnio

EASTMAN Chemical B.V. Spolka z 0.0., Przedstawicielstwo w Polsce, Pl. Pilsudskiego, PL
00-078 Warszawa, Poland

Corresponding e-mail: ablachnio@eastman.com

ABSTRACT
Eastman TREVA™ engineering bioplastic is a next generation cellulose-based material that
offers high performance and sustainability.
Key raw material sourced from sustainably managed forests, not from food sources. Product
durability allows for engineering resin performance from a bioplastic. Cellulosic plastics are

high molecular weight polymers that are manufactured from cellulose.

Bio content

OR'
O

'
OR OR'

1
Cellulose Cellulose Ester

R'=COR or H

Fig. 1. Chemical structures of cellulose and cellulose ester

Softwood Trees Wood Pulp Eastman™ Cellulose Esters

74 -1 -eeg

Additives Colorants

Eastman TREVA™

engineering bioplastic

Compounding Processing

Fig. 2. Schema of the process from trees to plastics
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Key properties:

-Dimensional stability vastly improved over other bioplastics

-Chemical resistance to many agents including skin oils, popular sunscreens and cleaners
-Excellent flow enabling filling of thin walls and complex parts

-Low birefringence for superior optical performance

-Excellent haptics and aesthetics traditionally associated with cellulosics

Potential Applications:
-Products that touch the skin (Eyeglass frames, wearable electronics, headphones)

-Complex and intricate designs (Electronics, housings, cosmetic cases)
-Objects that you see through (Electronic display applications such as lenses and covers)
-Other demanding applications with high sustainability requirements like:
e BPA-to-Z free, REACH and Proposition 65 compliant for safety assurance,
e Vastly improved dimensional stability and temperature resistance versus other
bioplastics including other cellulosics,

e Ease of decoration and secondary processing
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MODIFIKACIA PLA ZA UCELOM OCHRANY ORIGINALITY VLAKIEN A
TEXTILII

Zita Toméikovél*, Anna Ujhelyiovéz*, Peter Michlikl, Stefan Krivos! a Marcela Hricova?

Vyskumny ustav chemickych vlakien, a. s., Starova 2, 05921 Svit, Slovensk4 Republika,
2Slovenska technicka univerzita v Bratislave, Fakulta chemickej a potravinarskej technologie,
Ustav prirodnych a syntetickych polymérov, Radlinského 9, 81237 Bratislava, Slovenska
Republika

* Korespondenény e-mail: tomcikova@vuchv.sk, anna.ujhelyiova@stuba.sk

ABSTRAKT
Cielom tejto stidie bolo zistit' vplyv organického a anorganického fotoluminiscenc¢ného
ochranného pigmentu na pripravu, Struktiru a vlastnosti modifikovanych vlakien na baze
kyseliny polymlieénej (PLA). Modifikované PLA vlakna sa pripravili diskontinualnym
technologickym postupom ktory pozostiva zo zvlakiiovania a nasledného dizenia. Spolu s
vplyvom typu a obsahu pigmentov sa §tudoval aj vplyv jednosmernej deformacie (diZenia) na
nadmolekulovt Struktaru (dvojlom, rychlost’ zvuku a krystalicky podiel), jemnost’ a zakladné
mechanické vlastnosti (Youngov modul pruZnosti, pevnost’ a taznost’ vlakien pri pretrhnuti)
modifikovanych PLA vlékien, ako aj ich farebny prejav pod dennym svetlom D65 a pod UV
lampou. Ziskané experimentalne vysledky nediZenych a diZenych modifikovanych PLA
vlakien sa u obidvoch typov pigmentu porovnavali s nemodifikovanym PLA vldknom

pripravenym za rovnakych technologickych podmienok ako modifikované PLA vldkna.

UVOD
Rastace obavy z vyvoja ndsho ekologického systému priniesli vela vyskumnych aktivit v
oblasti bioplastov [1-3]. Predpoklada sa, ze trh s globalnymi biologicky rozlozitelnymi
polymérmi exponencidlne porastie na urovni CAGR okolo 21% do roku 2021, pricom ro¢né
tempo rastu PLA sa odhaduje na 10 az 15 % do roku 2025. Jednym z kl'icovych faktorov
rastu tohto trhu je narast zvySeného zaujmu spotrebitel'ov o ekoldgiu a dopyt po prirodzenom,

udrzatelnom a ekologickom produkte [4, 5]. V sucasnosti je jednym z najsl'ubnejsich plne
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biologicky odburatenych polymérov kyselina polymlie¢na (PLA), ktora sa zacala pouzivat
ako ekologicka alternativa k tradi¢cnym komoditnym polymérom na béaze ropy [6-8].

Svetové spolo¢nosti vo vSetkych priemyselnych oblastiach sa pokusaju uc¢inne chranit’ svoje
vyrobky pred falSovanim [9]. Jednym z cenovo prijatelnych rieSeni ochrany originality
vyrobkov je aplikacia fotoluminiscencnych pigmentov, ktoré okrem zmeny farby vyzaruju aj
svetlo [10]. Javy, ktoré zahfnaju absorpciu energie a nasledné vyZzarovanie svetla su
vSeobecne klasifikované pod ndzvom luminiscencia. V zavislosti od spdsobu excitacie
existuje niekol’ko druhov Iluminiscencie [10, 11]. Pre vldkna si zaujimavé najma
fotoluminiscenéné pigmenty, ktoré existuji v organickej i1 anorganickej forme [12].
V sucasnosti su k dispozicii pigmenty s fotonickym u¢inkom vyzarujice svetlo v presne
definovanom vzore o ktorom fal'Sovatelia nemaji ziadne informadcie. Preto pouzitie tychto
pigmentov moze byt sofistikovanym spésobom, ako ochranit’ povodny vyrobok.

Cielom tejto Stadie bolo pripravit PLA vldkna s dvoma typmi fotoluminiscencnych
pigmentov (organickym a anorganickym), porovnat’ ich Struktiru, vlastnosti a farebny prejav
pod UV lampou. Sledoval sa vplyv obsahu pigmentov a procesu jednosmernej deformacie
(diZenia) na nadmolekulovii §truktiiru a zakladné mechanické vlastnosti modifikovanych PLA
vlakien. Nasledne sa sledoval farebny prejav fotoluminiscenénych ochrannych pigmentov vo
vlaknach pod dennym svetlom D65 a pod UV lampou. Ziskané vysledky oboch typov
modifikovanych PLA vlakien sa porovnavali s PLA vldknom bez obsahu pigmentu

pripravenym za rovnakych technologickych podmienok.

EXPERIMENTALNA CAST

Material

Kyselina polymlie¢na (PLA) od firmy NatureWorks®LLC s IT = 22,8 g/10 min (210°C/2,16
kg). Organicky fotoluminiscenény ochranny pigment (A) od firmy Radiant Color Company a
anorganicky fotoluminiscenny ochranny ochranny pigment (B) od firmy Tailorlux GmbH.
Vo Vyskumnom ustave chemickych vlékien, a.s. Svit sa pripravili koncentraty pigmentov
(koncentrat PLA-A s obsahom 2 hm.% pigmentu A, s IT = 33,6 g/10 min (210°C/2,16 kg);
koncentrdt PLA-B s obsahom 2 hm.% pigmentu B, s IT = 30,7 g/10 min (210°C/2,16 kg)

ktoré sa pouzili v procese pripravy vlakien.

19



Priprava vlakien

Modifikované PLA vlakna s obsahom organického pigmentu A - 0,01; 0,05; 0,1; 0,15; 0,2 a
0,3 hm.% a s obsahom anorganického pigmentu B — 0,01; 0,05; 0,1; 0,2; 0,3 a 0,5 hm.% vo
vlakne sa pripravili z mechanickych zmesi PLA polyméru a koncentratu PLA-A, resp. PLA-B
pouzitim klasického diskontinualneho procesu zvlakiiovania a diZenia. Laboratérna linka
pozostava z extrudera s priemerom zavitovky D = 32,0 mm a diskontinudlneho
jednostuptiového diziaceho procesu. Modifikované PLA vlakna sa pripravili za konitantnych
procesnych podmienok: teplota zvldknovania 210°C, zvldknovacia hubica 2x25 otvorov s
priemerom otvoru 0,3 mm, odt’ahové rychlost’ 1500 m.min™. Nasledne sa vlakna vydizili na

diZiaci pomer A=2,0 pri teplote dizenia 80°C a rychlosti dizenia 100 m.min™.

Metédy merania

Dvojlom — celkova orientdcia vidkien

Dvojlom je mierou anizotropie, resp. celkovej orientacie polymérneho systému. VIdkno ako
anizotropny, polymorfny polymérny systém vykazuje rézne optické vlastnosti podla svojho
vnutorného usporiadania. Celkova orientdcia segmentov makromolekulovych retazcov
pripravenych modifikovanych PLA vlakien sa hodnotila na polarizaénom mikroskope DNP
714BI, kde sa stanovili indexy lomu svetla v smere osi vldkna (n)) a v smere kolmom na os

vlakna (n;). Dvojlom vlakien (An) sa vypocital z nameranych indexov lomu podl'a rovnice 1:

An=n-n; (1)

Rychlost zvuku vo vidknach

Rychlost zvuku vo vldknach je dani pomerom dizky meraného useku vlakna a asu
potrebného na prenos akustickych pulzov touto drahou (vyjadruje sa v km.s'l). Je zavisla od
vnutorného Struktirneho usporiadania vlakien a preto slizi ako miera anizotropie vladkien.

Rychlost’ zvuku vo vlaknach sa merala na pristroji PPMSR Dynamic Modulus Tester (USA).

Krystalinita viakien
Krystalinita B predstavuje krystalicky podiel vo vlaknach a bola hodnotena neizotermickou
analyzou na zariadeni Perkin Elmer DSC 4 v teplotnom intervale 60 - 200°C pri rychlosti

ohrevu 10 °C min™ pod pradom dusika. Z termogramu tavenia po&as prvého ohrevu PLA
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vlakien sa stanovila entalpia tavenia (AH). Tato hodnota sa pouZzila na vypocet krystalinity 3 v

PLA vlaknach podrla rovnice 2 [13]:

L= % .100% (2)

m

kde AHp, je entalpia tavenia PLA vlakien, AH. je entalpia studenej krystalizacie PLA vlakien
ziskana pocas ohrevu a AHy” je entalpia tavenia 100% krystalickej PLA (93,6 kJ.kg™) [14].

Mechanické viastnosti vidkien
Mechanické vlastnosti (pevnost’ pri pretrhnuti, taznost' pri pretrhnuti a Youngov modul
pruznosti Ev) nemodifikovanych a modifikovanych PLA vldkien sa merali na pristroji Instron

3343 podl'a normy STN EN ISO 2062:2010.

Jemnost viakien

Jemnost' (dizkovd hmotnost’ vlakien) vyjadruje hmotnost’ vlakna uréitej dizky. Z kazdej
vzorky vldkna sa navinula presne stanovena dizka. Na analytickych vahach sa zistila
hmotnost’ vlikna kazdej vzorky. Prepo¢itanim na 10000 m sa ziskala dizkova hmotnost

Vv decitexoch (dtex). Merania sa robili podl'a normy STN EN ISO 2060:1998.

VYSLEDKY A DISKUSIA
Zo sledovania zvlakiiovania a diZzenia (A = 2,0) modifikovanych systémov PLA vyplyva, Ze
systémy PLA/organicky fotoluminiscen¢ny pigment A a PLA/anorganicky fotoluminiscenény
pigment B st vldknotvorné a procesne stabilné v celom hodnotenom rozsahu ich koncentracii
vo vlaknach. Stabilita zvlakiiovacieho a diZiaceho procesu je porovnatelna so zvldkiiovanim a
dizenim nemodifikovaného PLA vlakna.
Parametre nadmolekulovej $truktiry nediZenych a dizenych PLA vlékien modifikovanych

organickym pigmentom A a anorganickym pigmentom B st uvedené na Obr. 1., 2. a 3..
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Obr. 1. Zavislost dvojlomu An nedlZenych a dizenych PLA vidkien od obsahu organického (a)
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Obr. 2. Zavislost rychlosti zvuku ¢ nedizenych a dizenych PLA vidkien od obsahu organického

(a) a anorganického (b) fotoluminiscencného pigmentu
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Obr. 3. Zavislost krystalinity B nedlzenych a dizenych PLA vidkien od obsahu organického

(a) a anorganického (b) fotoluminiscencného pigmentu
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Z priebehu zavislosti je zrejmé, ze rastuci obsah fotoluminiscencnych pigmentov A a B v
hmote nedizenych modifikovanych PLA vlékien prakticky neovplyviiuje celkovi orientaciu
segmentov makromolekulovych retazcov (Obr. 1.), orientaciu povrchovych vrstiev vladkna
(Obr. 2.) a krystalinitu 3 (Obr. 3.) v porovnani s nemodifikovanym PLA vlaknom.

Obsah fotoluminiscenénych pigmentov A a B v hmote dizenych modifikovanych PLA vlakien
taktiez prakticky neovplyvituje parametre ich nadmolekulovej Struktary (Obr. 2. a 3.), aZz na
celkovu orientaciu segmentov makromolekulovych retazcov u organického pigmentu A (Obr.
l.a), ktora mierne rastie Srasticim obsahom pigmentu. Mobze to byt dosledkom
plastifikaéného uginku organického pigmentu A pri diZeni vlakien.

Na rozdiel od prakticky zanedbate'ného vplyvu obsahu hodnotenych fotoluminiscencnych
pigmentov ma proces jednosmernej deforméacie nedizenych vlakien vyznamny vplyv na narast
orientacie nadmolekulovej $truktiry a krystalinity v diZzenych PLA vldknach (Obr. 1.-3.).

V korelacii so stanovenymi parametrami nadmolekulovej Struktury pridavok pigmentov A a B
v hodnotenych koncentraciach v PLA vlaknach prakticky neovplyviiuje jemnost’ (Obr. 4.) ani
zakladné mechanické vlastnosti modifikovanych nedizenych a dizenych PLA vlakien v

porovnani s nemodifikovanym PLA vlaknom (Obr. 5.-7.).

enedizené vidkno  mdizené viakno enedizené vidkno  mdizené viakno
700 700
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a Obsah pigmentu A [hm. %] b Obsah pigmentu B [hm. %]

Obr. 4. Zavislost jemnosti nedlzenych a dlzenych PLA vidkien od obsahu organického

(a) a anorganického (b) fotoluminiscencného pigmentu
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Obr. 5. Zavislost taznosti nedlzenych a dizenych PLA vidkien od obsahu organického

(a) a anorganického (b) fotoluminiscencného pigmentu

Na rozdiel od prakticky zanedbate'ného vplyvu obsahu hodnotenych fotoluminiscen¢nych

pigmentov ma proces jednosmernej deformécie nediZenych vlakien vyznamny vplyv na

znizenie jemnosti a taznosti (Obr. 4. a 5.) ako aj na vyrazné zvySenie pevnosti a Youngovho

modulu pruznosti (Obr. 6. a7.) dizenych PLA vlakien. Uvedeny vplyv je v dobrej korelacii

s vplyvom jednosmernej deformécie na zvysSenie parametrov nadmolekulovej Struktury

dizenych PLA vlakien (Obr. 1.-3.).
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Obr. 6. Zavislost pevnosti nedizenych a dizenych PLA vidkien od obsahu organického

(a) a anorganického (b) fotoluminiscencného pigmentu
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Obr. 7. Zavislost Youngovho modulu pruznosti Ey nedlzenych a dizenych PLA vidkien od

obsahu organického (a) a anorganického (b) fotoluminiscencného pigmentu

Stanovené variacné koeficienty StruktGrnych parametrov a mechanickych vlastnosti
nediZenych a dizenych modifikovanych PLA vlakien boli porovnatelné s nemodifikovanym

PLA vlaknom.

Poslednym sledovanym parametrom bol farebny prejav fotoluminiscenénych pigmentov A a
B v PLA vlaknach pod dennym svetlom D65 a pod UV lampou (Obr. 8. a9.). ZObr. 8.a
a 9.a vyplyva, Ze pod dennym svetlom D65 st vSetky pripravené PLA vldkna (modifikované
aj nemodifikované) biele. Pod UV lampou nemodifikované PLA vldkna neZiaria zatial' ¢o
PLA vlakna modifikované organickym pigmentom A Zziaria do modra (Obr. 8.b) a PLA
vlakna modifikované anorganickym pigmentom B Ziaria do Cervena (Obr. 9.b). Intenzita
farebného prejavu modifikovanych PLA vldkien pod UV lampou rastie so zvySujucim sa

obsahom fotoluminiscenénych pigmentov A resp. B v hmote vlakien.

Obr. 8. Vplyv obsahu 0,01; 0,05; 0,10 a 0,30 hm.% organického fotoluminiscencného

pigmentu A na farebny prejav PLA vidkien v porovnani s nemodifikovanym PLA vidknom
(prvé zlava) pod dennym svetlom D65 (a) a pod UV lampou (b)
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Obr. 9. Vplyv obsahu 0,10; 0,20; 0,30 a 0,50 hm.% anorganického fotoluminiscencného

pigmentu B na farebny prejav PLA vidkien v porovnani s nemodifikovanym PLA vidknom
(prvé zlava) pod dennym svetlom D65 (a) a pod UV lampou (b)

ZAVER

Zo sledovania zvlakiiovania (rychlost odtfahu vlakna 1500 m.min™) a diZenia (diZiaci pomer
A = 2,0) pripravenych modifikovanych systémov PLA organickym A a anorganickym B
fotoluminiscenénym pigmentom vyplyva, ze oba systémy st vlaknotvorné a procesne stabilné
v celom hodnotenom rozsahu koncentracii pigmentov vo vlaknach, porovnatelné so
zvlakiovanim a diZzenim nemodifikovaného PLA vlakna.

Vyhodnotili sa zakladné zavislosti vplyvu obsahu fotoluminiscenénych pigmentov a
jednosmernej deformacie (diZenia) na nadmolekulovil §truktaru a zikladné mechanické
vlastnosti vlakien. Stcasne sa sledoval farebny prejav organického fotoluminiscenéného
pigmentu A a anorganického fotoluminiscenéného pigmentu B v modifikovanych PLA
vlaknach pod dennym svetlom D65 a pod UV lampou.

Z hodnotenia modifikovanych PLA vlakien vyplyva, Ze parametre nadmolekulovej Struktary
nedizenych aj dizenych modifikovanych PLA vlakien su v dobrej korelécii s ich zakladnymi
mechanickymi vlastnostami. Vyznamné je zistenie, Ze organicky fotoluminiscen¢ny pigment
A ako aj anorganicky fotoluminiscenény pigment B nemaji v hodnotenom rozsahu
koncentécii vyznamny vplyv na nadmolekulovl Struktiru a tym aj na mechanické vlastnosti
PLA vlakien, zatial &o proces diZenia ich ovplyviluje vyznamne. Dizenim sa dosiahlo
vyznamné zvysenie celkovej orientacie segmentov makromolekulovych retazcov do smeru
osi vlakien, zvy3enie orienticie povrchovych vrstiev vlakien a tiez krystalinity dizenych PLA
vlékien. To mé za nésledok vyznamné zvySenie pevnosti a Youngovho modulu pruznosti a
zaroveil vyrazné zniZenie taznosti a jemnosti dizenych vlakien v porovnani s nedizenymi

vlaknami.
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Sledovanim farebného prejavu organického fotoluminiscenéného ochranného pigmentu A
v modifikovanych PLA vlédknach sa zistilo, Ze intenzita ziarenia vlékien rastie so zvySujucim
hm.% poskytuje vizudlne zreteln1 zmenu farby pod UV lampou.

Anorganicky fotoluminiscenény ochranny pigment B je pod UV svetlom vizualne
koloristicky ucinny uz pri obsahu 0,1 hm.% v hmote PLA a preto pigment B je tiez
perspektivny pre PLA vldknité systémy. NizSie obsahy pigmentu B (<0,1 hm%) sa mo6zu
merat’ pomocou zariadeni s UV detekciou, napr. ruéné lasery, Lab-Spectrometer, kde opticka
excitacia vytvara individudlny spektradlny vzor, ktory umoziuje ich jednoznacni
autentifikaciu. Vysledné spektralne informéacie moézu byt digitalizované a porovnavané so
zaznamenanymi referenénymi idajmi.

Z vyssie uvedeného vyplyva, ze oba fotoluminiscencné ochranné pigmenty (organicky A aj
anorganicky B) mdzu byt pouzité ako nastroj na ochranu originality vlaknitych materidlov a
textilnych vyrobkov na baze PLA bez vyraznej zmeny ich Struktarnych a mechanickych

vlastnosti.

PODAKOVANIE
Tato praca bola podporovand Agentirou na podporu vyskumu a vyvoja na zédklade Zmluvy

¢. APVV-14-0175.
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ANTIMIKROBNI MODIFIKACE PLASTU: CENTRUM ALTERNATIVNICH
EKOLOGICKY SETRNYCH VYSOCE UCINNYCH ANTIMIKROBIALNICH
PROSTREDKU PRO PRUMYSLOVE APLIKACE

Martina Pummerovél*, Vladimir Sedlafik®

'Centrum polymernich systémi, Univerzita Tomése Bati ve Zling, tiida Tomase Bati 5678,

760 01 Zlin, Ceska republika

* Korespondenc¢ni e-mail: pummerova@utb.cz

ABSTRAKT

Pfredmétem projektu je vyzkum, vyvoj a ndvrhy komercionalizace inovativnich
antimikrobialnich systémi pro plasty, natérové hmoty, kosmetiku a textil. Antimikrobidlni
slozky je mozno navazat na polymerni systémy tak, aby chranily pouze povrch materidlu
anemély dopad na Zivotni prostiedi. Timto zplGsobem lze dosahnout dlouhodobé
antimikrobialni ochrany oSetfenych materiali bez nezadoucich zdravotnich a ekologickych
dopad.

Diky spojeni subjektii zriznych odvétvi, kterymi jsou firmy a organizace Synpo a.s.,
Centrum organické chemie s.r.0., Biomedica, spol. s r.0., Fatra, a.s., Inotex spol. s r.o., Statni
zdravotni ustav a dale Univerzita Tomase Bati ve Zlin¢ a Univerzita Palackého v Olomouci,
je mozno v ramci jednoho projektu fesit nékolik riznych okruht.

Prvni casti je pfiprava antimikrobialnich latek na bazi fotoaktivnich ftalocyanint ¢i stiibra,
vnémz je prace zaméefena na syntézu vhodnych materidl, které lze kovalentné vazat
V polymerni struktute. Typickym piikladem jsou ftalocyaninové derivaty majici schopnost
zmeénit zakladni stav tripletového kysliku do excitovaného stavu. Singletova forma kysliku je
velmi reaktivni a proto mize zabranit ristu vétSiny mikroorganismu. Bylo zjiSténo, Ze je tato
forma kysliku schopna znicit také nékteré znecist'ujici latky. Nanocastice stiibra jsou Siroce
akceptovany jako jedny z nejucinnéjSich anorganickych antimikrobidlnich ¢inidel s unikétnim
aplika¢nim potencidlem. Nejvétsi vyhodou tohoto typu kompozitniho materidlu je to, ze se
antimikrobialni €inidla vdzand z vyslednych materiali neuvoliluji, a proto tento material
nepredstavuje nebezpeci pro okoli. Na tyto studie navazuje zabudovani pfipravenych
antimikrobialnich latek do polymernich struktur ve form¢ masterbatchi a nasledna

charakterizace jejich chovani a vlastnosti. Podrobnd testovani materidlovych i
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zpracovatelskych vlastnosti nové vyvijenych slozek jsou nedilnou soucasti vyzkumnych
aktivit, které jsou cileny na zlepSeni ekonomickych a ekologickych aspektii vyrob.

Druhy okruh projektu zkouma antimikrobialni povlaky ¢i laky, které 1ze definovat jako vrstvu
branici mikrobialni kolonizaci substratu. V praxi je volba vhodného typu povlaku rozhodujici
pro specifické aplikace, zvlasté s ohledem na vztah mezi pozadovanymi vlastnostmi a cenou.
V ramci téchto aktivit se vyviji antimikrobidlni slozky pro upravu matric na bazi termoplasta,
a to zejména PET f6liim pro baleni potravin a riznym typtim polyolefinti.

Témeétr vSechny produkty, které se pouzivaji v kosmetice, mohou podlehnout mikrobialni
kontaminaci. Mikroorganismy mohou poskodit relativné drahé vyrobky, ale i lidské zdravi.
Kmeny nékterych bakterii v kosmetickych prostiedcich mohou zptsobit tvorbu riznych
toxind, které predstavuji vysoké riziko pro lidské zdravi pii dlouhodobé expozici. Proto si tieti
okruh klade za cil zapracovani vybranych antibakteridlni latek vyvinutych béhem projektu
do kosmetickych ptipravkd.

Poslednim okruhem zajmu je uprava textilii. Cilem této ¢asti projektu je zavedeni nové
syntetizovanych antimikrobidlnich funk¢nich systémt do funk¢niho zuslechtovani textilii.
Hlavnimi vyhodami vyuziti nového konceptu navazéani antimikrobidlnich aktivnich slozek
na polymerni fetézec pro funkcionalizaci textilii je dlouhodoby ochranny efekt, odolnost viici
drsnym klimatickym podminkdm u technickych textilii a odolnost v udrZzbé opakovanym
pramyslovym pranim véetné vyvoje odpovidajicich procest tdrzby.

Vystupy projektu jsou zaméteny na transfer vysledkli laboratorniho vyzkumu do provozniho
méfitka. Tento prevod a odladéni vyroby je Uzce spjat optimalizaci technologie vyroby
S dlouhodobym testovanim materialovych vlastnosti vyrobku tak, aby veSkery vyvoj sméfoval

k odladéni téchto aktivit a prevedeni do pramyslu.
PODEKOVANI

Tato prace byla podpofena Technologickou agenturou Ceské republiky v ramci programu

Centra kompetence (projekt TE02000006).

30
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ABSTRAKT
K vyrobé bioplasti se zuréité casti pouzivaji znovu obnovitelné suroviny. Mechanické
vlastnosti téchto plastli na biologické bazi naprosto snesou srovnani s jiz zavedenymi typy.
Mezi materialy na biologické bazi se fadi mimo jiné bio kopolyestery pod oznaenim Ecozen
(bio-PETG). Ecozen je vysoce transparentni material obsahujici bio monomer. Bioslozka
tvoti 5% az 30% z celkové hmoty podle dané¢ho typu Ecozenu. Bio kopolyestery Ecozen
neobsahuji Bisfenol-A (BPA) ani ftalaty, proto tento material ¢asto nahrazuje PC, naptiklad
pro aplikace v potravinaiské oblasti a pti vyrob¢é hracek. Spliiuje natizeni (EU) 2015/174 o
materidlech z plastu uréenych pro styk s potravinami a je mozné jej pouzit i pro aplikace
dle FDA (US Food and Drug Adminstration). Materialy se vyznacuji vysokou mechanickou a
chemickou odolnosti, jsou vhodné i pro potisk a etiketovani. Také je lze dle pozadavki
probarvovat pomoci masterbatchi. Hodnota HDT (heat distortion temperature) je u
nejodolngjsiho typu Ecozenu 110°C, materidly lze tedy vyuZit i pro vysokoteplotni aplikace.
Bio kopolyestery Ecozen spliuji klasifikaci hotlavosti V-2 dle normy UL 94 a jsou ve formé
granulatu. Materidly je moZné zpracovavat vstiikovanim, extruzi a jsou vhodné i pro
termoforming. Jak jiZ bylo vySe uvedeno bio kopolyestery Ecozen se pouZivaji zejména pro
potravinaiské aplikace (obaly, pitné lahve), své uplatnéni vSak najdou i1 v elektronickém
prumyslu, 1 ve vyrobé¢ kosmetickych oballi, v automobilovém priimyslu a pro aplikace dalsi.
Zavérem lze konstatovat, ze podstatnou pirednosti vyroby z materidlu Ecozen je moznost

nasledné recyklace a Setrnost k Zivotnimu prostredi.

31



Sekce / Session: ,,Kam s nimi /
Recycling*

32



WIRE & CABLE POSTCONSUMER WASTE ADVANCED RECYCLING

David Hausner
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ABSTRACT

The lecture aim is to introduce the project that was involved in a development, pilot work
testing and successive commercialization of a DESINTEGRATION technology production
that is going to be intended for the effective processing the mixed plastic waste coming both
from the municipal waste sorting plants and from the manufacturing companies.
Processing and utilization the mixed wastes coming from the old/used cables recycling — it is
about the mixed rough rubbles containing the several polymer types (PP, PVC, PE, silicon,
rubbers, etc.) and the other non-polymeric material (Aluminium, Copper, paper, adhesives
etc.) as well. At the present these post-recycling mixtures are dumped, rarely incinerated in
the best case. There are about 5000 tons of these — so far non-processed — mixtures rising only
in the Czech Republic in a year.
The project of desintegration has been interested in a given issue for a long time with Tomas
Bata University in Zlin and with the other researching workplaces both on the Czech Republic
and in the foreign countries. Continuity to the presented project consists in a final construction
solution and in the prototype equipment manufacturing for the processed materials
desintegration with utilization of the following physical aspects:

- Accelerating the movement of the particles of the material to be processed at such speeds
as to DESINTEGRATION (particle shrinkage) due to its own kinetic energy.

- Development and application of surfaces on working parts of technology that are under
the influence of abrasive effects from accelerated material.
Desintegration technology is based on the physical processes universally known.
Heterogeneous particles (plastics, minerals, natural fibers, paper etc.) are simply accelerated
to very high speed and then they are ,,desintegrated*(crushed down) by mean of their mutual
collisions. Otherwise, the kinetic energy of particles obtained by their acceleration is used and

spent for particles decomposition. It is happening without adverse effect of heat creation.
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ABSTRACT

V soucasné dob¢ jsou k vyrobé ekologickych polymernich smési vyuzivany dvé zéakladni
cesty: 1) pouziti pfirodnich zdroji k vyrobé polymerni matrice,

2) vyuziti aditiv (plniv) z pfirodnich zdroji.
Jednim z takovych aditiv polymernich smési z piirodnich zdroji je i bfidlice. Desky a
dlazdice Stipané bridlice pifimo pouzitelné napt. na obklady ¢asto predstavuji pouze desitky
procent z celkové vytéZeného objemu. Zbytek je tvofen tzv. odpadni bfidlici. Odpadni btidlice
je nejcastéji, jakozto piirodni produkt, v podobé odvalli vystavéna povétrnostnim a
geologickym vlivim na povrchu dolu, nebo zlstava uvnitf $tol a tvoii tzv. zékladky. Jak
zazity nazev napovida - jedné se o produkt, ktery si t€Zko hleda uplatnéni v primyslové nebo
spotiebni sféte.
Urcitou moznost skytd vyuziti bfidlicového odpadu v podobé drti jako ptisady polymernich
smési. V tomto sméru jsou ale doposud znamy predevSim systémy s polymerni matrici na bazi
reaktoplastii, na jiZ na toto téma byla vypracovano n¢kolik patentovych prihlasek:

CZ 277647 — vyuziti konglomerované bfidlicné drti v 8 mm frakei,

GB 2041959 — technologicky postup vyroby stfesnich taSek smichdnim ¢astic bfidlice

s termosetickou matrici s naslednym vytvrzenim ve formé,
DE 4122441 — lisovani polyesterové pryskyfice s ¢asticemi bfidlice za ucelem vyroby
tasek pro venkovni aplikace.

Nedostatkem téchto polymernich systémil je ale procesni i Casova ndroCnost postupil
zpracovani reaktoplasti a nemoznost vyuzit progresivngj$i technologie zpracovani

termoplastti, jakou je tfeba vstfikovani.
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VYUZITi RECYKLOVANEHO PVB Z AUTOSKEL DO MEKCENYCH PVC SMESI
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ABSTRAKT

Za poslednich desetileti aktivniho automobilového prumyslu se spolu s recyklaci béznych
komoditnich plasti zacal objevovat i jiny globalni problémem — jak recyklovat a zpétné
vyuzit mékceny polyvinylbutyral z ¢elnich autoskel vozd [1]. Ptfi soucasné produkci
automobild, ktera je pfes 70 mil. kust za rok a s ohledem na vyuziti PVB i ve stavebnictvi je
jeho celosvétoveé odhadovana produkce kolem 150 mil tun. [1,2]. Tento polymer nemuze byt
diky zbytkovému sklu z autoskel vyuzit pro vyrobu nového bezpe¢nostniho skla a je nutno jej
prevazné skladkovat [3]. Protoze vSak ma polyvinylbutyral podobné fyzikalni vlastnosti jako
mekcené PVC, nabizi se moznost spoleéného vyuziti v podobé polymerniho blendu [4,5]. Ve
Fatra, a.s. byla provedena studie zpracovatelskych i tepelnych vlastnosti mékéeného PVC
spolu s PVB recyklovanym z ¢elnich autoskel, dodanym od firmy SKLOPAN, a.s.

Cilem prace bylo charakterizovat moznost vyuziti recyklovaného PVB v mé&k¢enych PVC
smésich. Studie zjistila, Ze oba polymery maji podobné vlastnosti 1 zpracovatelské
charakteristiky, mohou byt proto zpracovany spolecné jako polymerni smés a to za
podobnych podminek zpracovani — jen s niz§imi zpracovatelskymi teplotami a to az o 40 °C
Vv ptipad¢ vyssiho podilu PVB. Byly porovnany mechanické vlastnosti kazdé polymerni smési
a bylo zjisténo, ze se zvysujicim podilem PVB dochazi ke zvyseni pevnosti v tahu. Zavislost
v8ak neni linearni, chova se znacn€ nerovnomérnég, coz je dano nemisitelnosti dané polymerni
smési, zvlasté mezi 20-70 % PVB ve smési. V tomto misté¢ dochazi k poklesu mechanickych
vlastnosti, coz dle Gibbsova zakona vysvétluje zvysena entropie blendu.

Dale byly srovnany termické vlastnosti obou mékcéenych polymerd a byla hledana tepelna
stabilita jak v atmosféte dusiku i kysliku. Studie porovnava i rozdily mezi recyklovanym PVB
a stejnou folii z prvovyroby. Bylo zjisténo, Ze pouziti recyklované folie z autoskel je
prakticky moZné. Polymerni smési s recyklovanym PVB vSak vykazuji mechanické vlastnosti
blendu o cca 10 %, Vv porovnani s pouzitim PVB z prvovyroby. To mize byt dano niz$im

obsahem zmékcovadla v recyklatu ¢i obsahem cizorodych ¢astic (sklo, pisek, apod.).
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Dle souhrnného vysledku analyz byl pro poloprovozni zkousku véalcovani ve Fatra, a.s. pouzit
blend s obsahem 10 % PVB. Ten mél stale vlastnosti blizké mékéenému PVC a stabilita
blendu nebyla vyrazné€ ovlivnéna. Pfi zkousce byla vyrdbéna spodni folie pro laminované
podlahoviny. Tento vyrobek byl zvolen zdmérné, protoze podlahovina mé nizké naroky na
své aplikacni vlastnosti a neni vystavena skodlivému UV zafeni od slunce. Pravé PVB je pii
fotooxidaci vice degradabilni [6]. Vyrobeny prototyp podlahoviny s obsahem PVB
nevykazoval vyrazné zmény fyzikélnich vlastnosti ¢i nestability smesi, coz potvrzuje moznost

vyuziti PVB do podlahovin ¢i jinych vyrobki na bazi mékceného PVC.

PODEKOVANI
Vyzkum byl podpofen pomoci projektu ¢. TH01030054, realizovaném v programu EPSILON
Technologické agentury CR.
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ABSTRACT
The environment is very important to us, the TER Plastics POLYMER GROUP. That is why
we try to contribute to the big picture with our TEREZ ECO types.
In the early past, recycled polyamides were all about saving money. Meanwhile, a change in
the minds of people and thus also in their companies was completed. Due to new state
regulations, especially towards the automotive industry, the importance of recycled goods is
increasing. This resulted in higher requirements for sorting and processing. Recycling goods
are differentiated by improved separation into groups, leading to higher qualities and
increased demand.
This gives us the opportunity to implement recycled goods specifically in our production and
to offer you exactly the right product. Mechanical properties can be reproduced and are not
variating too much, what in the past has made these products inferior. New additives enable
better processing and thus an improvement in the properties of the polyamide compound from
recycled goods. In a direct comparison, it becomes clear that many properties are similar or
very close to those of non-recycled goods.
We are sure that recycled polyamides will gain more and more importance and quality.

TEREZ ECO types are thus an important step for us all in a more sustainable future.
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SELECTED ANALYTICAL METHODS FOR PROVING OF RECYCLED
POLYMER IN PLASTIC SAMPLES

Jiri Samsonek®”, Franky Puype’, David Grebenicek®

YInstitut pro testovani a certifikaci, a.s. trida Tomase Bati 299, 764 21, Zlin Louky, Czech
Republic

* Corresponding e-mail: testing@itczlin.cz

ABSTRACT
The presentation describes approach of laboratories of Institut pro testovani a certifikaci, a.s.
to detect recycled polymers in final plastic samples. Used analytical methods are discussed -
thermal desorption gas chromatography with mass spectrometry, X-RAY fluorescence
spectrometry, infrared spectrometry and also methods for testing of material properties of the
polymers, like melt flow index, viscosimetry etc. The presentation gives overview on basic

rules for concluding if polymer sample contains recycled plastics or not.

PRESENTATION CONTENT

First part of presentation describes three categories of recycled polymers that can be found in

plastic samples

Primary recyclates - Defined as same material (thermoplastic), obtained by in-house
recycling, usually sprues and runners from injection mouldings and/or bad products (wrong
geometry or products, selected in production for re-using for the same or similar products.
Usually the primary recyclates are mixed with virgin polymer. This type of recyclation is
done either in-house, or by sub-delivery by another company.

Secondary recyclates - sorted type of plastic, but usually from more than one source.
Typically product of specialised companies for buying, sorting and re-granulating of
polymers. The reprocessing companies usually can guarantee few basic properties of each
batch

Tertiary recyclates - Usually unknown source of polymers, obtained from e-waste or mix of
various polymers, not very well sorted. Tertiary recyclates contains in many cases metal
contaminants, having poor mechanical properties, relatively high fragility, smell and black
colour (to unify colour variability of source polymers).
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The second part of presentation describes ways how to detect and evaluate presence of each

type of recyclates in plastic samples. Mainly thermal desorption-gas chromatography [1,2], X-
ray fluorescence spectrometry [3] and infrared spectrometry [4] are described with the
examples from real contracts, solved in Institut pro testovani a certifikaci, a.s. within regular

contracts.

In the conclusion of the presentation summarisation of each analytical method/approach is

discussed with the highlighting of advantage of combination of various analytical techniques
for proving of recyclates in plastic samples. Also limitations of each approach is discussed as
well as legislative aspects of certain applications, mainly presence of recycled polymers on

food-contact articles.

REFERENCES
[1] Puype, F.; Samsonek, J., Evaluation of the quantitative analysis of PBDESs in plastics by
thermal desorption GC-MS for soluble plastics, Organohalogen Compounds, 2008, vol.70, p.
1522-1525
[2] Samsonek, J.; Puype, F., Occurrence of brominated flame retardants in black thermo cups
and selected kitchen utensils purchased on the European market. Food Additives &
Contaminants: Part A, 2013, vol. 30, p. 1976-1986
[3] Samsonek, J. Puype, F., ROHS and Spectroscopy, Encyclopedia of Spectroscopy and
Spectrometry, 3" Edition, Elsevier 2016, Chapter: 12100
[4] Puype, F.; Samsonek, J.; Knoop, J.; Egelkraut-Holtus, M.; Ortlieb, M., Evidence of waste
electrical and electronic equipment (WEEE) relevant substances in polymeric food-contact
articles sold on the European market, Food Additives & Contaminants: Part A, 2015, vol. 32,
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FUNKCNI A DEKORACNI FOLIE PRO POKROCILE DEKORACE POVRCHU Z
PLASTU

Martin Sedlacek
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ABSTRAKT
Firma KURZ je svétovy lidr zabyvajici se horkou razbou a souvisejicimi technologiemi.
Vyviji a vyrabi dekora¢ni a funkéni folie pro riizné produkty, jako jsou automobilové dily,
mobilni telefony, televize, pracky, nabytek, obalovy material, knihy, textilie, etikety, platebni
karty a mnoho dalsich. Prezentace firmy KURZ Vas seznami se zakladnimi typy folii, jejich
sloZzenim a pouzitim, soucasnymi trendy a novymi feSenimi pro dekoraci plastti véetn¢ ukazky
realnych projekti, které dnes bézi v sériové produkci. Probereme zakladni dekoracni
technologie, jako jsou horka razba, IML (In Mold Labelling), IMD (In Mold Decoration) a
Insert Molding. Ve druhé ¢asti prezentace vam predstavime nékolik novych technologii, které
jsme vyvinuli s naSimi partnery pro vyrobu nastroju Hinderer & Miihlich, vyrobu stroju Baier
a tiSténé elektroniky PolyIC. Bude se jednat napt. o patentovanou technologii horké razby tzv.
dotykového displeje v ramci stiedové konzoly s ovladacimi prvky a zakazkovou tupravou
povrchu, ktery byl vyroben kombinaci technologie IML a IMD v ramci jednoho vstfikovaciho
cyklu. Vétfime, Ze Vam tyto informace pomiliZou nastartovat budouci projekty s Vasimi

obchodnimi partnery.
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SELF-CLEANING MELT FILTRATION SYSTEMS FOR HETEROGENOUS
PLASTIC WASTE

Canaia Erica

FIMIC SRL, Via Ospitale 54, 35010 Carmignano Di Brenta, (PD) Italy

Corresponding e-mail: sales@fimic.it

ABSTRACT
In April, Italy-based Fimic, is going to present its latest innovations for the plastics recycling
industry during the Plasko meeting in Zlin.
As a leader in the production of continuous melt filter for the recycling of post-consumer and
post-industrial plastics, Fimic is a standing member of the European plastic recyclers
association.
At the event, Fimic’s Sales Director, Erica Canaia, will talk about one of the company’s latest
innovations, introduced in last 5 years: laser screens for the filtration of LDPE and HDPE
contaminated material. FIMIC automatic melt filter is well known in recycling world, but up
to recently, only for application with punched-type screens in which filtration is in the range
of 300-2.000 microns.
Since last 5 years, by taking advantage of laser drilling technology, Fimic is now able to
supply laser-drilled screens that can filter down to 100 microns/140 mesh.
Ms. Erica is going to introduce the new Era Fimic filter, to be installed for the first time in
Canada, this spring. The installation will enable screening of material twice, with two
different levels of filtration.
On this project, the filter’s first chamber will be dedicated to a rough filtration, using cheap,
punched screens, while the second chamber will use laser-drilled screens.
This method will guarantee that the most expensive screens will get material already pre-
filtered so that the most aggressive contaminants have been taken out. The two filtering
chambers are separated and have independent discharging valves so that recyclers can
calibrate differently the discharge of each chamber through independent, temporized opening
of each valve.
FIMIC will talk also about several other, specific case studies.
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In particular, one in which a company incorporated a Fimic filter in their application
processing post-consumer, washed LDPE, extremely contaminated with paper, PET and
aluminum. With the Fimic system, their material is now filtered down to 100 microns, with
pellets produced used for film blowing applications. Another case presented will be about a
line processing pipe-grade HDPE, now filtered at 150 microns.

With the installations of the Fimic filter, because of the machine’s larger filtering arca
(compared to those offered by other competitors) both of these recent customers have
experienced an increase in their throughput and a huge saving in spares.

If we compare the Fimic to a sliding filter, where an operator is forced to face very frequent
changing of the mesh because of contamination, this causes a high cost in screens, both for
the changing of the mesh and for their disposal. It also leads to an overall reduced quality of
output, because it remains subject to human error.

The presentation also addressed the overall flexibility of the Fimic filter, which can adapt to a
number of materials, even when extremely contaminated, as in the case of post-consumer
materials.

Fimic’s filter uses a proven scraping system, well known for its simplicity and flexibility, and
for its ability to deal with various types of contaminants, including sand, metal, paper,

paperboard and wood.

Fig. 1. FIMIC automatic melt filter
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NAVRH VYTLACOVACICH HLAV POMOCI NEMODERNEJSICH NASTROJU
Jan Kral
COMPUPLAST s.r.0., Tfida Tomase Bati 299, 76302 Zlin, Ceska republika
Korespondenéni e-mail: info@compuplast.cz
ABSTRAKT
Spole¢nost COMPUPLAST s.r.o. byla zalozena roku 1991. Jiz od svého vzniku se zabyva
navrhem a dodavkou vytlaéovacich nastroji. V pruméru je ro¢né realizovano kolem cCtyficeti

zakazek vytlacovacich hlav. V roce 2001 bylo nahrazeno 2D grafické CAD prostiedi pro

navrh a kresleni nastrojii 3D CAD softwarem, ktery je pravideln¢ aktualizovan.

Obr. 1. 3D model vytlacovaci hlavy

Koncept vytlatovaci hlavy vychazi zejména ze zkuSenosti a znalosti konstruktéra, ktery musi

navrhnout pfechod mezi kruhovym koncem vytlacovaciho stroje a vystupni ¢asti vytlacovaci
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hlavy. Tvar dutiny ndastroje ovliviiuji materialové vlastnosti, procesni podminky, design
tokového kandlu, podoba vysledného produktu a v neposledni fadé i vyrobitelnost.

V zavislosti na pozadovaném tvaru vyrobku a materidlovych charakteristikadch je vystupni
tvar dutiny zvétSen o piedpokladané procento smrsténi. Vnitini Cast tokového kandlu je
navrhovéna jako co nejvice proudnicova, aby byly minimalizovany mrtva mista, ve kterych
by hrozilo riziko vzniku degradace vytlaovaného materidlu. VytlaCovaci néstroj se sklada
Z n¢kolika na sebe navazujicich dila, pificemz konstruktér musi zohlediiovat jejich

vyrobitelnost.

Obr. 2. Podélny rez modelem vytlacovaci hlavy

Po hrubém rozvrzeni tvaru vytlacovaciho nastroje je dutina vymodelovana v 3D CAD
grafickém prostiedi odkud je importovana do programu Rhinoceros pro generovani miizky.
Samotna mifizka je definovana v jednotlivych castech modelu s ohledem na jeho tvar.
Nejpresnéjsi vysledky je nutné znat ve vystupni Casti, a proto je hustota miizky smérem
k vystupu vétsi. Nadefinovanou miizku je nutné zkontrolovat a upravit tak, aby byla spojena
ve vSech uzlovych bodech a nevznikaly nasledné komplikace pifi vypoctu. Propracovanéjsi a

spravné navrzena miizka zajiStuje pfesnéjsi a rychlejsi vypocet.
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Obr. 3. 3D mrizka simulované dutiny

Teprve ve chvili, kdy je konstruktér spokojen s nadefinovanou miizkou je mozné piistoupit
k vlastni simulaci toku taveniny v dutiné vytlacovaci hlavy. Spole¢nost COMPUPLAST s.r.0.
pouzivda pro vypodet toku taveniny sofistikovany software VEL® od spole¢nosti
COMPUPLAST International a.s.

Program VEL® obsahuje n&kolik modulii pro vypocet vytlatovacich hlav véetnd databaze
materiald. V pfipad€, Ze zadany materidl neni v databazi, je nutné provést jeho méfeni na
kapilarnim reometru a ziskana data vlozit do databaze. Pro importovanou miizku je
nadefinovan material a okrajové podminky jako vstup, vystup, mnozstvi materidlu a jiné
charakteristické hodnoty. Opét plati, ¢im piesnéjsi zadani, tim presnéjsi vysledky. Reologicky
vypocet probihd v nékolika iteracich a jeho priibéh je mozné sledovat v redlném case. Cilem
vypoctu je navrhnout co moZna nejrovnomérnéjsi rychlostni profil v celém prifezu
vytlacovaci hlavy. Diky simulaci toku je konstruktér schopen vidét mozné problémy jesté

pied samotnou vyrobou, coz eliminuje nasledné Gpravy pii zavadéni nastroje do provozu.
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Obr. 4. Rychlostni profil vystupni geometrie

Obr. 5. Osovy rez rychlostnim profilem
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Obr. 6. Rychlostni graf podél trajektorie vybrané castice v taveniné

Obr. 7. Rozdéleni tlakového pole v celé dutiné vytlacovaci hlavy

ZAVEREM
V soucasnosti je pro navrh vytlacovacich hlav kli¢ova nejen praxe konstruktéra, ale i aplikace
nejmodernéjsich softwarovych nastroji. Vystupni data ziskana ze simula¢nich programt musi
byt vyhodnocena z hlediska realnosti. Aplikace téchto poznatki do navrhu vytlacovaci hlavy

eliminuje pocet nutnych prav a snizuje Cas potiebny pro zavedeni nastroje do vyroby.
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VYUZITi MERICICH METOD POCITACOVE TOMOGRAFIE PRO VLAKNY
TVRZENE KOMPOZITY

Erik Figar

Vysoké uceni technické v Brné, Stfedoevropsky technologicky institut, Purkynova 123,
612 00 Brno, Ceské republika

Koresponden¢ni e-mail: erik.figar@ceitec.vutbr.cz

UVOD
Rentgenova pocitacova tomografie (CT) je dnes béZné vyuzivanou nedestruktivni metodou
pro analyzu vnitini struktury materiali. Informace o struktufe materialu jsou ziskavany
meéfenim intenzity rentgenového zateni pii prichodu materidlem. Na rozdil od l€kaiskych
tomografii se ty industrialni lisi v pozadavcich na vystupni data. Tato skute¢nost sebou piinasi

mnohé pozadavky na riznd nastaveni piistroje, konstrukcni feSeni a ¢asovou naro¢nost.

MOZNOSTI MERENT
V soudasné dobé mame k dispozici 3 laboratofe v Ceské republice a jednu laboratof na
Slovensku.
Pristroje

Méfeni je mozné provést na celkem 3 riznych typech zafizeni. OdliSnost jednotlivych
tomografii umoznuje méfeni riznych vzorkl, at uz se jednd o rozmeéry, rozliSeni vystupli
nebo material, ktery je potieba prozafit. Diky rliznym pfistrojim je proto mozné zajistit ty

nejvhodnéjsi parametry tomografického méteni.
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Obr. 1. GE phoenix v[tome|x L240

Akreditace

Meg¢feni je mozné provést na celkem 3 rdznych typech zafizeni. OdliSnost jednotlivych
tomografii umoznuje méfeni riznych vzorkl, at uz se jednd o rozméry, rozliSeni vystupli
nebo material, ktery je potfeba prozafit. Diky rliznym pfistrojim je proto mozné zajistit ty

nejvhodnéjsi parametry tomografického méfenti.

FAZOVY KONTRAST

V roce 2014 bylo do na$i laboratofe nainstalovano unikétni zafizeni RIGAKU Nano3DX,
diky kterému jsme schopni dosdhnout velikosti voxelu az 0,27 pm. Jeho geometrické
uspotradani a mala velikost stopy také umoziiuje méteni ve fazovém kontrastu.

Fazovy kontrast se vyuziva pro zvyseni kontrastu u materialii s mensimi rozdily absorp¢nich
schopnosti. Vyuzit Ize naptiklad u polymerii tvrzenych uhlikovymi vldkny. Na rozdil od
skelnych vlaken, které jsou v tomografickych datech obvykle dobfe rozpoznatelné, jsou
uhlikova vlakna absorpéné pfiliS podobna okolnimu materidlu a nelze je tak spravné
detekovat. Fazovy kontrast vyuziva algoritmus zaloZzeny na rozpoznéavani jednotlivych fazi

zafeni, coZ umoziuje zvysSeni kontrastu a rozpoznani 1 absorpéné podobnych materiala.
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MOZNOSTI ANALYZY TOMOGRAFICKYCH DAT
Tomograficka data jsou analyzovdna pomoci softwaru VGStudio MAX. Tento software
umoziuje nékolik moznych druhti analyz.
Analyza poru
Tato analyza automaticky detekuje a vizualizuje pory/inkluze (defekty) v materialu soucastky.
Pro kazdy individualni detekovany defekt je uréen objem, pozice, velikost a povrch. Podle
objemu jsou objekty barevné kodovany. K vystupiim lze ptidat statistika velikosti defekta,
celkové procento porozity nebo histogram objemu defektt.
Analyza pori/inkluzi dle primyslovych standarda P 201/VW 50097
Tento nastroj dovoluje analyzovat soucastky podle standardi P201 definovanych asociaci
VDG (German Association of Foundry Specialists) na zakladé vnitinich norem Volkswagenu
VW/50097. S pomoci tohoto néstroje se rentgenova tomografie stava rychlou nedestruktivni
metodou nahrazujici tradi€ni, destruktivni a casové naro¢né procedury analyzovani
porovitosti.
Méreni rozméra a geometrickych toleranci
Modul soufadnicového méfeni nabizi algoritmus umozitujici ur¢it povrch objektu na zékladé
prahovacich hodnot adaptujicich se dle lokalnich stupni Sedi. Je tedy schopen zabyvat se
spolehlivé 1 skeny s multi-materidlovym slozenim vzorku. Extrahovany povrch lze exportovat
jako mnozinu bodi (point cloud) nebo STL (STereoLithography) soubor, které 1ze nasledné
importovat do dalSich softwarti. STL format 3D modelu je pouZivan i 3D printery, coz
umoznuje vytvofit zpétné realny objekt.
Pro méfeni rozmérti a geometrickych toleranci jsou k dispozici fitovaci nastroje prokladajici
objemovymi daty geometrické Utvary jako naptiklad kruznice, roviny, valce, kuzele and
koule. Vyhodou méfeni rozmérli na tomografickych datech oproti tradicnim metodam jako
soufadnicovy méfici stroj (CMM), mechanické 3D skenery, nebo optické 3D skenery je
moznost méfit i rozmery €1 tvary neptistupnych mist soucastky, napt. vyska a primér osazeni
v dife.
Tloust’ka stén
Analyza tloustky stény dokaZe zkoumat objekty v oblastech, v nichZ je tlouStka stény v
definovaném intervalu mezi minimalni a maximalni pfipustnou tloustkou. Vysledky
analyzovanych komponent jsou barevné kodovany dle naméfenych vzdalenosti mezi sténami
a zobrazeny v tomografickych fezech 1 3D modelu. Tuto metodu Ize vyuZit i pro analyzu §itky

mezer.
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Srovnani s CAD modelem

Funkce srovnavani modell poskytuje unikéatni nastroj pro ptimé srovnani skute¢nych rozmért
objektu (vygenerovanych pomoci tomografickych dat) a navrzenych rozmérti (CAD model).
Povrch objektu tomografickych dat a CAD model jsou na sebe sesazeny bud pomoci
referen¢nich ploch specifikovanych technickou dokumentaci, nebo napi. algoritmem best-fit.
Mensi nebo véEtsi rozméry jsou urovany po celém extrahovaném povrchu. Rozdily jsou

barevné kddovany dle velikosti.

ANALYZA VLAKEN
Jedna se o dals$i moznou analyzu tomografickych dat. Analyza je uréena pro ziskani informaci
o vlaknech tvortici strukturu vzorku. Data ziskana analyzou lze prezentovat v riznych
formach, jako je: barevné rozliSena vlakna v zavislosti na jejich orientaci, koncentrace vlaken,

nebo grafické zobrazeni tenzort.

b)

Deviation angle [deg]

€)

Frequency [a.u]

Deviation angle [deg]

Obr. 2. MicroCT data polymeru se skelnymi vidkny, a) 3D vizualizace; b) Orientace vidken;

¢) Histogram cetnosti

Orientace vlaken

Jedna se o barevné rozliseni distribuce vldken v zavislosti na jejich thlu nato¢eni. Uhel
natoceni vldken mlze byt vztazen k libovolné referen¢ni roving, nebo urcen bez referencni
roviny ve 3D prostoru dle soufadnicového systému. Dal§im moZnym vystupem této analyzy je

¢etnost jednotlivych orientaci zaznamenand v histogramu.
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Koncentrace vliken

Koncentraci vldken je mozné urcit za pomoci uméle vytvofené miizky. Tato mfizka rozdeli
vzorek do jednotlivych bun¢k v podobé krychli. Pro kazdou buriku je vypocitano procentudlni
zastoupeni vlaken, kde jsou jednotlivé buiiky zbarveny v zavislosti na vypocteném
procentualnim zastoupeni vlaken. Koncentraci vldken je mozné urcit pro cely vzorek nebo
pouze v lokalnich mistech.

Tenzory

Pro jednotlivé buniky uméle vytvorené miizKky lze taktéz vypocist jejich tenzor. Tato data je
pak mozné prezentovat vykreslenim graficky zndzornéného tenzoru. Tento tenzor je
znazornén jak barevné, tak tvaroveé. DalSim moznym vystupem jsou ¢iselné hodnoty

jednotlivych tenzorti nebo globalniho tenzoru v podob¢ maticového zapisu
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NEDESTRUKTIVNI TESTOVANI A PRESNA ROZMEROVA KONTROLA PLASTU
METROLOGICKYMI TOMOGRAFY WERTH TOMOSCOPE®

Jakub Hruby
PRIMA BILAVCIK s.r.0., 9. kvétna 1182, 688 01 Uhersky Brod, Ceska republika

E-mail: info@primab.cz

ABSTRAKT

Prednéaska se zabyva aktudlni otdzkou presné kvalitativni kontroly zejména plastovych dila
pomoci vypocetni tomografie. Stale vy$$i pozadavky preciznosti vyroby ptedurcuji tuto
technologii jako idealniho adepta v boji s dokonalosti tvaru definovanou nominalnimi 3D
CAD modely. Tato technika trvale expanduje také ve svém primarnim oboru tedy v oblasti
nedestruktivniho testovani. Problematika je posouzena v nékolika praktickych ptipadech.
Nastinéna je také vize do budoucna, aktualni pokroky technologie jak v oblasti skenovani, tak
Vv oblasti vyhodnoceni. Rychly vyvoj je tlaCen zejména pozadavky ,,metrologie 4.0 & priimysl
4.0%.

—u

Obr. 1. CT laboratoi PRIMA Bilavcik s.r.o.
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ADITIVUM PRO HYGIENIZACI ZPRACOVATELSKYCH PROCESU
POLYMERNICH RECYKLATU

Anna Huraj ové*, Miroslava Dusankova, Vladimir Sedlafik

Centrum polymernich systémii, Univerzita Tomase Bati ve Zlin¢, tfida Tomase Bati 5678,

760 01 Zlin, Ceské republika

* Koresponden¢ni e-mail: hurajova@utb.cz

ABSTRAKT
Vysoka produkce polyolefinl vede k nutnosti hledat nejvhodnéjsi formu zpracovani polymeri
jako odpadu. V ramci recyklace, kdy je zpracovavan napt. odpad vytiidény do sbérnych
nadob, dochazi k uvolilovani nezadoucich zapachajicich latek. Je vytvafeno nehygienické
prostfedi pro pracovniky zpracovatelské linky. Pouzitim senzoricky aktivnich aditiv muze
dojit k vyraznému zkvalitnéni procesu recyklace plastti a naslednému zvyseni uplatnitelnosti
plastovych recyklatli na trhu. V ramci uvedené studie byla optimalizovana piiprava a sloZeni
aromatického aditiva, které pii davkovani b&hem zpracovatelského procesu odpadnich
polymerti vykazuje pozitivni senzorické Uc¢inky a pfispivad tak k hygienizaci pracovniho
prostiedi. Aditivum bylo analyticky charakterizovano a byly stanoveny jeho vyznamné

fyzikalné-chemické vlastnosti.

UVOD
Syntetické polymery jsou relativné nové materialy, jejichZ pouZiti se v soucasné dob& promita
do vSech obort lidské Cinnosti. Od pocatku 20. stoleti dochazi k explozivnimu rozvoji
polymert, z nichz nejvétsi skupinu tvoii polyolefiny. Vyznamnym zastupcem této skupiny je
polyetylen (PE), jehoZz primyslové vyuziti se datuje od roku 1942 [1]. PE se déli na dva
zékladnimi typy, linedrni, vysokohustotni polyetylen (HDPE) a rozvétveny, nizkohustotni
polyetylen (LDPE). LDPE nachazi Siroké vyuziti naptiklad v potravinarském primyslu ve
formé obalového materidlu (igelitové tasky, folie, kose atd.), HDPE je soucasti potrubnich
systéml, plynovych rozvodd apod. PE se obecné vyznacuje vysokou odolnosti proti
dlouhodobému ptisobeni agresivnich chemikalii a rozpoustédel, ale také tvarovou stalosti pti
vysokych i nizkych teplotich. Diky témto vlastnostem je PE pouzivan v Sirokém okruhu

nejriiznéjsich primyslovych odvétvi. Vysokou produkei PE je ovSem nutné zohlednit v rdmci
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odpadového hospodaistvi [2]. Z ekologického hlediska je nejpfijatelnéjsi formou nakladani
s odpady jejich recyklace. Jednou z moznosti je tzv. sekundarni recyklace, pii které se
Z polymerniho odpadu ziskdva materidl ¢i vyrobek, jehoz vlastnosti jsou zna¢né odlisné od
materialu ¢i vyrobku piavodniho [1]. V pribéhu zpracovani znecisténého odpadniho
polymerniho materidlu ov§em muze dochazet k uvolnovani senzoricky nezadoucich latek,
které maji negativni vliv na pracovni prostiedi obsluhy zpracovatelské linky. Reseni tohoto
problému by mohla piedstavovat odorizace prostfedi pouzitim aromatického aditiva
piidavaného do zpracovavaného materialu za Ucelem potlaceni nepfijemného zapachu
polymerniho odpadu [3].

V ramci této studie bylo optimalizovano slozeni aromatického aditiva, které je mozné pridavat
do zpracovatelského procesu recyklace odpadového PE. Aromatické aditivum bylo
charakterizovdano metodou pyrolyzni plynové chromatografie s hmotnostni detekci
(Py/GC/MS), kdy byl popsan vliv podminek skladovani na obsah aromatické slozky, dale byl
stanoven hmotnostni index toku taveniny (MFR), byla provedena diferenéni skenovaci

kalorimetricka analyza (DSC) a testovany antibakterialni ¢inky aditiva.

EXPERIMENTALNI CAST

Materialy a metody

Chemikalie. 4-allylanisol (> 98%, Sigma-Aldrich), etylenvinylacetatovy kopolymer Elvax
220W (DuPont™), talek (IMI Fabi SpA).

Technologicky postup. Allylanisol byl sorbovan na nosi¢ (plnivo) a nasledné¢ homogenizovan
s etylenvinylacetatovym kopolymerem (EVA). Pro granulaci materialu pii teploté¢ 70 °C byl
pouzit dvousnekovy extrudér (Brabender KETSE 20/40) s granulatorem.

Metody méteni. Py/GC/MS. Vzorky byly analyzovany pomoci systému Multi-Shot Pyrolyzér
EGA/PY-3030D, Shimadzu GCMS-QP2010 Ultra za nasledujicich podminek. Ptiblizné 3 mg
vzorku byly navazeny do pyrolyzniho kelimku a obsah allylanisolu byl sledovan pii
parametrech méfeni: teplota pyrolyzy 300 °C, 2 minuty, teplota rozhrani 300 °C, injektor —
300 °C, split 1:100, nosny plyn He s prutokem 1,01 mL/min, kolona — Ultra alloy-PY?2
kapilarni kolona (30 m, 250 um, tloustka stacionarni faze 0,5um), teplotni program kolony —
60 °C (3 min), 6 °C/min — 200 °C (10 min), detektor — jednoduchy kvadrupdlovy hmotnostni
analyzator, teplota iontového zdroje 250 °C, elektronova ionizace 70 eV, skenované m/z 33 —

450. Obsah allylanisolu byl stanoven metodou kalibra¢ni kiivky.
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MFR. Hmotnostni index toku taveniny byl stanoven pomoci vytlacovaciho plastometru
(Tinius Olsen MP600) dle metody A normy ISO 1133. MFR je veli¢ina charakterizovana jako
mnozstvi taveniny (v gramech), které protece tryskou piedepsané geometrie (2,095 x 8 mm)
za 10 minut a to pii dané teploté (v tomto ptipad¢é 90°C) a velikosti zatiZeni (2,16 kg). MFR
1ze vypocitat dle vztahu (1).

MFR(T,m, ) = t'eft' m 1)
T......... zkuSebni teplota taveniny (°C)

Mpom -.... nomindlni zatizeni (kg)

m........ primérnd hmotnost odiezku (g)

tref oonn... 600 s, faktor pro ptevod g/s na g/10min

toreennnn. interval odfezavani (s)

DSC analyza. DSC analyza byla provedena dle normy CSN EN ISO 11357. Pro DSC méfeni
(DSC1 Stare, Mettler Toledo) bylo navazeno cca 5 mg vzorku, analyza probihala v teplotnim
rozsahu 0 — 220 °C pfi rychlosti zahtivani 10 °C/hod.

Antimikrobialni aktivita. Antimikrobidlni vlastnosti aromatické smési, granulatu a PE
recykléatu se zapracovanym aditivem byly orienta¢né stanoveny pomoci EUCAST (verze 5.0,
leden 2015) diskové difuzni metody. Byly testovany antibakterialni vlastnosti u tii typl
vzorkl, tj. plnivo talek obsahujici allylanisol, granulat (talek, Elvax® 220W, allylanisol),
recyklovany PE obsahujici 1% granulatu (talek, Elvax® 220W, allylanisol). Pro zkousku byly
ptfipraveny vzorky nasledujicim zptsobem: z materidlu ve formé prasku byly pfipraveny
hromadky o piiblizném @ 8 mm, u granulovaného materialu byly odebrany vzorky o velikosti
5x15 mm. Byla pouzita piida Mueller - Hinton agar, inkubace prob&hla pii 35 °C, 18 az 24

hodin dnem doli, koncentrace bakterialnich suspenzi odpovidala 106 - 107 cfu/ml.

VYSLEDKY A DISKUZE
V ramci studie bylo optimalizovano sloZeni a postup ptipravy aromatického aditiva vhodného
pro hygienizaci zpracovatelskych procesit polymernich recyklati. Pro aromatizaci byly
testovany razné latky, z hlediska pfijemnosti viin€¢ a antibakteridlnich u¢inka byl vybran

4-allylanisol (Obr. 1) charakteristicky anyzovym aroma.
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Obr. 1. Chemicka struktura 4-allylanisolu

Podminky skladovani granulatu

V ramci charakterizace aromatického aditiva byl sledovan vliv podminek skladovani na miru
vytékani allylanisolu. Skladovani probihalo bud” v nepropustnych obalech (s bariérovou
vrstvou) v lednici (4 - 8°C) nebo v propustnych obalech pfi laboratorni teploté (25 °C) po
dobu 25 dnil. Béhem skladovani byly odebirdny vzorky k analyze a obsah aromatické latky
byl stanoven metodou Py/GC/MS. Z vysledkt vyplyva (Obr. 2), ze skladovanim aromatické
smési (talek/allylanisol) v obalech s bariérovou vrstvou pfi teplotach 4 - 6 °C dochazi pouze k
6 — 13 % ubytku v obsahu allylanisolu. Pfi skladovani granulatu (talek/allylanisol/EVA) za
stejnych podminek dochazi ke sniZzeni obsahu aromatické slozky o 19 — 25 %. ,,Volnym*
skladovanim masterbatchd, tj. v obalu bez bariérové vrstvy, za laboratorni teploty, dochazi k
velmi vyznamnému ubytku allylanisolu. Béhem 10 dnti skladovani se obsah aromatické latky

snizi o vice nez 90%.

18
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s —o— talek/aly
Z‘ 8 _\.
= 6 O — —e—talek/aly/EVA (4-6 °C)
=
3 4 talek/aly/EVA (25 °C)
o
2
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0 5 10 15 20 25
doba skladovani (dny)

Obr. 2. Pribeh uvoliovani allylanisolu z aromatické smési a z granulatit behem skladovani v
obalu s bariérovou vrstvou v lednici (4 — 6 °C) a béhem ,,volného* skladovani granuldtu pri

laboratorni teplote (aly — allylanisol, EVA — Elvax 220W)
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Z uvedenych vysledki vyplyva, ze zptisob skladovani, tj. teplota uchovavani a druh
obalového materidlu, mé velmi vyrazny vliv na obsah aromatické latky v aditivu (granulatu).

Aromatické aditivum je nutné uchovévat pii nizsi teploté v obalech s bariérovou vrstvou.

Hmotnostni index toku taveniny

Hmotnostni index toku taveniny byl stanoven dle metody A normy ISO 1133. MFR byl
zméfen u granulatu (talek/allylanisol/EVA) s vyslednou hodnotou MFR (90 °C, 2,16 kg) =
4,2 +0,2 (g/10min).

DSC analyza

Z vysledktt DSC méteni (Obr. 3) vyplyva, ze bod tani granulatu je charakterizovan dvéma
endotermnimi piky tani pfi teplotaich 45 a 70 °C, pticemz ke kompletnimu tani materialu
dochazi pii teploté 75 °C. Material nejevi znamky degradace aZ do teploty 220 °C, granulat se
tedy homogenn¢ zapracuje do PE recyklatu.

g -1 ]

0,1+

0,1 /fﬁfj_/_—#_-’
1 e

0,2

Integral -16,93 ml
normalized -2,88 Jg~-1
Onset 55,18 °C
Paak 64,30 °C
Intagral -78,00 ml Encleet 75,05 =C
rormalized  -13,25 Jg~-1
| Onsat 33,97 °C
0,4 Peak 40,80 *C
u Endset 53,95 *C

-0,3H

-0,5H
-o,6H
-0,7
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Obr. 3. Zdaznam DSC kifivky analyzy granulatu (talek/allylanisol/EVA).
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Antimikrobialni vlastnosti

Antimikrobidlni vlastnosti vzorkil z jednotlivych fazi piipravy aditiva, tj. aromatické smési,
granulatu a finalné PE recyklatu se zapracovanym aditivem byly orienta¢né stanoveny pomoci
EUCAST (verze 5.0, leden 2015) diskové difuzni metody, coz je kvalitativni test, kterym se

urdi citlivost nebo rezistence bakterie k danému antibiotiku. Vysledky jsou shrnuty v Tab. 1.

Tab 1. Vysledky EUCAST diskové difuzni metody pro stanoveni antibakteridlnich vlastnosti
aromatické smeési, granuldatu a PE recykldtu se zapracovanym aditivem (aly — allylanisol, rec

— polymerni recyklat).

Sifka inhibi¢ni z6ny (mm)

Vzorek S. aureus (CCM 4516) E. coli (CCM 4517)

1. 2. (4] 1. 2. (4]
Talek/aly 0,5-1;

2,2 1-2,2 2 1,1 0.5-1 1
Talek/aly/ EVA

0,0 0,0 0 0,0 0,0 0

1 % talek/aly/EVA,
99 % Rec 0,0 0,0 0 0,0 0,0 0

Z uvedenych vysledkil vyplyva, ze pouze samostatnd smés plniva a allylanisolu vykazuje
nepatrny antibakteridlni Gc¢inek proti testovanym bakteriim S. Aureus a E. Coli, dalSim
zpracovanim této smeési dochazi k eliminaci antibakteridlnich vlastnosti, coz je zplisobeno
také zfedénim antibakterialné u€inné aromatické slozky. Pro dalsi testovani antibakterialniho
uc¢inku aditiva bude zvolena metoda ISO 22196 (Méfeni antibakterialni aktivity na povrchu

plastl - modifikovany postup), kterd se jevi jako vhodnéjsi pro testovany material.

ZAVER
V ramci studie byl optimalizovan postup piipravy a slozeni aromatického aditiva, vykazujici
anyzové aroma, které je vhodné pro hygienizaci pracovniho prostiedi zpracovani odpadnich
polymerti. Byly popsany fyzikalné-chemické vlastnosti daného materidlu a stanoveny

podminky skladovani s ohledem na minimalizaci ztraty aromatické slozky.
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BIODEGRADOVATEDLNE VLAKNA Z KYSELINY POLYMLIECNEJ

Veronika Hrabovska*, Jozef Ryba, Anna Ujhelyiova, Marcela Hricova

Ustav prirodnych a syntetickych polymérov, Oddelenie plastov kauduku a vlakien, Fakulta
chemickej a potravinarskej technologie, Slovenska technicka univerzita v Bratislave,

Radlinského 9, 81237 Bratislava, Slovenska republika

* Korespondenéni e-mail: veronika.hrabovska@stuba.sk

UVOD
Globalna zavislost’ na vyrobe a aplikacii polymérov je obrovskd. Ich vyuZzitie je nielen
v takmer kazdom odvetvi priemyslu, ale aj v domdacnostiach a predmetoch kazdodennej
spotreby. Velkua ¢ast’ tohto odpadu aj napriek pokrokovym technoldgiam zatial’ nedokazeme
recyklovat’ a ani d’alej uzitocne spracovavat. Na rozdiel od organickych materialov a odpadu
zo syntetickych polymérnych materidlov, trva vel'mi dlhy cas, pokial’ sa rozloZi na netoxické
zlozky. Rovnako velkym problémom sa javi aj neustdle vyCerpavanie zasob ropy, ktoré st
neobnovitel'né a z ktorych sa vyraba vicsia cast’ dnes pouZivanych syntetickych polymérov
[1,2].
RieSenim by boli nové typy polymérnych materidlov, ktorych ekologicka recyklacia bude
mozna a tym sa zniZi miera zatazenia zivotného prostredia a ich vyroba bude z inych zdrojov
ako zropy. Hovorime o tzv. ekologicky biodegradovateInych materialoch a materialoch
Z obnovitel'nych zdrojov. Neplati vSak pravidlo, Ze polymérne materidly z obnovitenych
zdrojov st v zasade biodegradovatel'né [3].
Biodegradovatel'né polyméry mozno definovat’ ako polyméry, ktoré sa vplyvom pdsobenia
mikroorganizmov a ich enzymov rozkladaji na nizkomolekulové produkty. Mézu pochadzat
bud’ z obnovitelnych zdrojov surovin (rastlinného, ale aj zZivociSneho pdvodu), alebo su
vyrobené z fosilnych zdrojov surovin, beZzne oznacované ako syntetické polyméry. Napriek
tomu, ze ich vyroba vychadza z petrochemickych syntéz, st biologicky uplne rozloziteI'né [4].
Kyselina polymliecna (PLA) je vysoko univerzalny, biologicky odburatelny, alifaticky
polyester ziskany zo 100% obnoviteI'nych zdrojov [5, 6]
V kone¢nom dosledku to moze byt polymér s najsirSou Skalou aplikacii, pretoZe je mozné ho

spracovavat’ vo vacsine polymérnych zariadeni. PLA mdze byt formovana do priehl'adnych
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folii, vlakien, alebo vstrekovanim do predliskov pre flaSe atd. PLA ma tiez vyborné
organoleptické vlastnosti a je vynikajlca pre styk s potravinami a pre baliace aplikacie [7].

Cielom prace bolo pripravit' biodegradovatel'né vlakna z PLA s vyhovujicimi mechanicko-
fyzikdlnymi vlastnostami pri roznych podmienkach pripravy, ktoré by mohli konkurovat

vlaknam vyrobenym zo syntetickych polymérov.

EXPERIMENTALNA CAST
Pouzité materialy
Na pripravu biodegradovatel'nych vlakien bol pouzity polymér:
— kyselina polymlie¢na 6202D PLA (Ingeo'™ biopolymer), granulat od vyrobcu
Nature Works LLC, (PLA 6202).

Priprava vlakien

Pred zvlédknovanim bola PLA vo forme granuldtu susend v laboratdrnej suSiarni po dobu 3
hodin pri teplote 80°C za ob¢asného miesania.

Biodegradovatelné vlakna z PLA boli pripravené na pilotnom zvldkinovacom zariadeni
s kontantnym teplotnym rezimom T=190°C, davkovanie 10 ot.min™, pocet otvorov hubice
35, rovnako pre vietky vzorky. Odtfahové rychlosti boli 250 a 500 m.min™ a vldkna boli

priamo diZené na maximélny diZiaci pomer Amax pri teplotach dizenia 60°C, 70°C a 80°C.

Metody hodnotenia

Hodnotenie mechanicko-fyzikdlnych vlastnosti: Na meranie bol pouzity pristroj INSTRON
3343. Mechanické vlastnosti pripravenych vlakien sa stanovili podla ISO 2062:1993, a to
pevnost’ a taznost’ vlakien pri pretrhnuti a Youngov modul. Meranie sa hodnotilo z 10 merani
a upinacia dizka vlakien bola 125 mm.

Hodnotenie orientdcie vldkien: Na meranie rychlosti Sirenia zvuku vo vldknach bol pouzity
pristroj Dynamic Modulus Tester PPM-SR podl’a normy PND 129-126-06.

Faktor priemernej orientdcie nie je mozné vypocitat, nakolko rychlost’ S§irenia zvuku

vV kompletne neorientovanom PLA vlékne zatial’ nie je znama.
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VYSLEDKY A DISKUSIA

Mechanicko-fyzikalne vlastnosti PLA vlakien

Préaca bola zamerand na pripravu PLA vlakien s akceptovateInymi mechanicko-fyzikalnymi
vlastnostami pri r6znych podmienkach pripravy. A to konkrétne pri réznych rychlostiach
odtahu vlédkien a néasledne pri roznych teplotich dizenia, pri ktorych sme ich diZili na
maximalny diZiaci pomer Amax. Hodnotil sa vplyv réznej odtahovej rychlosti a teploty diZenia.

Namerané hodnoty st v Tab. 1 av Tab.2.

Tab. 1. Mechanicko-fjzikdlne viastnosti PLA vidkien pii odtahovej rychlosti 250 m.min™

Nazov Otacky Tp Amax jemnost’ o© CV, ¢ CV:. E CVe

[m.min'] [°C] [tex] [cN/tex] [%] [%] [%] [N/tex] [%0]
PLA 6202D 250 60 20 26.1 10.3 9.1 374 124 33 6.2
PLA 6202D 250 70 2.0 482 13.1 16.4 35.0 19.6 35 13.3
PLA 6202D 250 80 20 547 13.1 55 36.3 119 3.1 54

Vlékna pripravené pri odtahovej rychlosti 250 m.min ™ mali pri vietkych teplotach dizenia
maximélny diZiaci pomer rovnaky (Ama=2). Pevnost’ vlakien rastie so zvysujiicou teplotou
diZenia rovnako ako aj Youngov modul, ktory av§ak pri najvyssej teplote dizenia vykazuje
pokles a je nizsi ako pri najnizsej teplote dizenia. Taznost’ pri pretrhnuti je najvysia pri

najniz$ej teplote a najniZsiu hodnotu vykazuje pri 70°C.

Tab.2. Mechanicko-fyzikdlne viastnosti PLA vidkien pii odtahovej rychlosti 500 m.min™

Nazov Otacky Tp Amax jemnost’ o© CV, ¢ CV. E CVe

[mmin'] [°C] [tex] [cN/tex] [%0] [%] [%] [N/tex] [%0]
PLA 6202D 500 60 15 36.9 9.8 108 287 76 28 5.6
PLA 6202D 500 70 15 36.5 9.9 11.7 256 132 3.1 5.4
PLA 6202D 500 80 15 36.1 10.6 59 30.0 124 3.1 6.1

Vlékna pripravené pri odtahovej rychlosti 500 m.min™ mali pri vietkych teplotach dizenia
maximalny diZiaci pomer rovnaky (Amax=1.5). Pevnost’ vlakien rastie so zvySujicou teplotou
diZenia rovnako ako aj Youngov modul. Taznost pri pretrhnuti rastie so zvy$ujicou teplotou

diZenia aviak pri 70°C vykazuje pokles a jej hodnota je nizia ako pri 60°C.
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Zo ziskanych vysledkov mézeme konstatovat, Ze najlepSie podmienky na pripravu Cistych

PLA 6202 vlakien st odtahova rychlost 250 m.min™ a teplota dizenia 70°C.

Orientacia PLA vlakien

Rychlost’ Sirenia zvuku v polymérnych systémoch je mierou ich anizotropie. So zvySovanim
orientacie vlakien stipa aj rychlost’ Sirenia zvuku v nich. Nadmolekulova §truktura vldkna je
urcujuce pre rychlost’ Sirenia zvuku resp. impulzov vo vladkne. Priemerna orientcia vlékien sa
hodnoti metédou merania rychlosti zvuku a pocitanim faktora priemernej orientacie. Pre PLA
vlakna nie je mozné vypocitat’ faktor priemernej orientacie, nakol’ko hodnota Sirenia zvuku

v kompletne neorientovanom PLA vlakne zatial’ nie je zndma. MoZeme iba navzajom

porovnavat’ hodnoty §irenia zvuku v jednotlivych vldknach (Tab.3, Tab.4).

Tab. 3. Rychlost §irenia zvuku v PLA vidknach pri odtahovej rychlosti 250 m.min™

Nazov Otacky [m.m™] Tp[°C] Rychlost’ zvuku [m.s”]
PLA 6202D 250 60 2254.6
PLA 6202D 250 70 2313.3
PLA 6202D 250 80 2290.0

Z vysledkov v Tab.3 mézeme vidiet, Ze pre vlikna s odtahovou rychlostou 250 m.min™ so
zvysujiicou teplotou diZenia narasta rychlost §irenia zvuku v tychto vldknach. Najvyssiu

hodnotu vykazuju vldkna pri teplote diZenia 70°C.

Tab. 4. Rychlost §irenia zvuku v PLA vidknach pri odtahovej rychlosti 500 m.min™

Nazov Ota¢ky [m.m™] Tp[°C] Rychlost’ zvuku [m.s™]
PLA 6202D 500 60 2292.5
PLA 6202D 500 70 2305.0
PLA 6202D 500 80 2306.8

Z vysledkov v Tab.4 m6zeme vidiet, Ze pre vlakna s odtahovou rychlost’ou 500 m.min™ so
zvysujucou teplotou diZenia narasta aj rychlost’ $irenia zvuku v tychto vlaknach rovnako ako

aj pre vlakna pripravené pri odtahovej rychlosti 250 m.min™.

Najvyssiu hodnotu rychlosti §irenia zvuku maja vlakna s odtahovou rychlostou 250 m.min™
pri teplote diZenia 70°C . Tieto vysledky nam opit potvrdzujd, e najlepsie podmienky na
pripravu d’alSich PLA vlakien budu: odt’ahovéa rychlost’ 250 m.min”a teplota diZenia 70°C.
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ZAVER
Cielom tejto prace bolo pripravit’ Cisté PLA vldkna pri réznych podmienkach pripravy a
porovnat’ ich mechanicko-fyzikalne vlastnosti a rychlost’ Sirenia zvuku v tychto vldknach, a
tak zistit' najvhodnejSie podmienky na pripravu PLA vldkien. Z nameranych vysledkov
mdzeme konstatovat, Ze najlepSie podmienky na pripravu su pri odtahovej rychlosti 250

m.min a teplote diZenia 70°C.
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* Korespondenéni e-mail: obchod@nexnet.cz

ABSTRAKT

Uspéch a pieziti na globalnim trhu miZe zaviset na jediné konkurenéni vyhodé nebo na
vysoce kvalifikovanych znalostech a zkuSenostech budovanych po dobu nékolika let. Vero
Software pifinasi oboji, kombinuje specializované aplikace pro konstrukci a vyrobu se
zkusenym tymem vyvojart, diky kterym se Vero Software drzi na prvni pfi¢ce mezi
dodavateli CAD/CAM softwarl v poctu prodanych licenci.

CAD/CAM systém VISI je dal$im z produkti spolecnosti Vero Software, pro jehoZ prodej a
technickou podporu ziskala spolenost Nexnet, a.s vyhradni zastoupeni pro Ceskou a
Slovenskou republiku. VISI je specializovany software pro konstrukci a vyrobu vstiikovacich
forem, postupovych stfiznych nastroji a elektrod, jehoz zékladem je integrovany hybridni,
plo$ny a objemovy modelat pracujici na jadru Parasolid. Systém VISI je unikatni v tom, Ze
pokryva vSechny aspekty vyroby vstiikovacich forem — od tvorby modelu, modelové analyzy,
pies simulaci te€eni az po vyrobu.

Siroka nabidka moZnosti naditani 3D modeld umoZiiuje naéitani CAD souborti v téméf
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 pii importu takového souboru chybi Cast

modelu, VISI disponuje néstroji pro rychlou opravu poskozenych 3D modela.

Vyroba forem

Konstrukce forem je ve VISI jednodussi diky pouziti parametrické struktury umoziujici
konstruktérovi rychlou tvorbu formy. Diky vyuZiti knihovny normalii od pfednich dodavatelti
jsou navic opakované ukony konstruktéra zna¢né redukovany. Princip sdileni dat, pfi kterém
ma konstruktér piistup jak ke globalnim datim formy, tak individudlnim parametrim

jednotlivych desek umoziiuji rychlou modifikaci formy. Rizeni zmén probiha tak, Ze jakékoliv
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zména desek automaticky provede vSechny zmény ndvazné geometrie — normalii. Kusovnik

J 24

se vytvari automaticky a lze jej exportovat jako externi dokument pro dalsi vyuziti, jako je

sestaveni objednavek dilti 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 vtokii a zobrazeni rozvodu taveniny ve form¢, pritoku chladici kapaliny a
rozmisténi chladicich kanald. Po ukonéeni analyzy lze zacit s konstrukei formy.

Ptedvyrobni a povyrobni analyzy jsou zajisté velmi uzitecné, ale nejsou-li vztaZzeny k celému
procesu, nemohou zarucit kompletni optimalizaci dilu/vysttiku/formy a jim odpovidajicimu
formovacimu procesu. To Ize =zajistit pouze prostfednictvim integrované analyzy.
NeptreruSovand vymeéna dat mezi konstrukénim prostiedim a prostfedim analyzy umozinuje
identifikovat mozné kritické situace, nastavovat nejuc¢inngj§i parametry formovani,
optimalizovat rozmisténi vstfikovani a chlazeni a predchazet problémim tykajicich se

jakékoliv ¢asti konstrukéniho procesu plastového komponentu.
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Obr. 2. Vstrikovaci analyza
Tvorba elektrod mize byt jednou z nejslozitéjSich a ¢asové nejnaroénéjsich ¢innosti kazdého
vyrobce forem. V ramci konstrukéni casti VISI naleznete modul VISI Electrode, tedy
automatizovany modul pro tvorbu a spravu elektrod a jejich drzakl pro razantni zrychleni
prace a zvySeni produktivity ndvrhu a vyroby elektrod. ZkuSeni konstruktéfi vitaji kombinaci
automatizace konstrukce elektrod s moznosti ru¢nich tiprav, diky kterym maji volnou ruku pti

editaci navrhu elektrody.

Vyroba stfiZznych postupovych nastroju

VISI dale disponuje modulem Progress ur¢enym ke konstrukci lisovacich a postupovych
sttiznych nastroji. Na rozdil od standardnich konstrukénich aplikaci je VISI Progress
ucinnéjsi a produktivnéjsi pii konstrukci téchto nastroji, nebot’ jiz béhem prace eliminuje
riziko vzniku konstrukénich chyb. Samoziejmosti je moznost rozvinu plosnych i objemovych
modelil do roviny, kterd je diky komplexni databazi materidll jesté ptinosnéjsi. Konstruktér je
pak informovén o mife ztenceni, piipadné trhani plechu. Z rozvinutého dilu lze jednoduse ve

3D néhledu zobrazit stfizné pole, vypocitat materialovy odpad, pottebné sily ohybt, atd.
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Obr. 3. Konstrukce postupovych striznych ndastrojii

CNC obrabéni

Vedle silného CAD nastroje disponuje VISI také CAM ¢&asti pro 2D, 3D a Sosé plynulé
frézovani, dratové fezdni a pétiosé laserové fezani. 2D a 3D drahy mohou byt tvofeny piimo z
3D modelu s automatickym rozpoznanim geometrie a technologie obrabéni téchto ttvari
(diry, kapsy atd.). VSechny drahy néstroje jsou ptizpisobeny pro vysokorychlostni obrabéni s
konstantnim zatizenim nastroje, hladkymi NC drdhami bez kolizi a s automatickym

vygenerovanim NC kodu.
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Do prostiedi VISI je integrovana Spickova technologie dratového fezani PEPS, kterd byla
vyvinuta speciadln€¢ pro piesné strojirenstvi, vyrobu forem a lisovacich, stfiznych a
postupovych ndstroji. Také u dratového ftezdni VISI je samoziejmosti automatické
rozpoznavani utvarl.. Strategie dratového fezadni VISI nabizeji né€kolik prednastavenych
moznosti pro riizné zptisoby obrabéni, at’ uz se jedna o denni provoz s obsluhou, nebo no¢ni

provoz bez obsluhy.

O Nexnet, a.s.

Akciova spolecnost Nexnet je jiz nékolik let strategickym partnerem a distributorem softwart
od Vero Softwaru. Vero Software je spolecnost vyvijejici software Edgecam pro produktivni
kovoobrabéni, Alphacam pro obrdbéni dieva, kovu a kamene, Radan pro efektivni tvafeni
plechu, Cabinet Vision pro navrh a vyrobu nabytku a jiz zminéné VISI pro konstrukci a
vyrobu vstiikovacich 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 jedine¢né technologické centrum, které nasim zakaznikim poskytuje moznost
nahlédnuti do praxe, $koleni pfimo ve vyrobé a predev$im Cerpani ze Spickovych znalosti a

dovednosti nasich specialistl ziskanych denni praxi.
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Vedle softwaru od Vero Softwaru je Nexnet také dodavatelem intuitivniho 3D CAD softwaru
pro ptimé modelovani — SpaceClaim. SpaceClaim je revolu¢nim néstrojem pro rychlou a
pfimou tvorbu a upravu modelil, nacitd vSechny pfedni CAD formaty a jeho soucasti je také
specialni modul pro praci s plechy, véetné rozvinu plechovych dili.

Nexnet je autorizovan nejen na prodej téchto softward, ale také na jejich technickou podporu,

odborného skoleni, zakdzkové tvorby postprocesort atd.

Zavérem

Pouzitim komplexniho feSeni od Vero Softwaru minimalizujete ¢as ndvrhu forem a nastroju,
redukujete dobu konstrukce, programovani i strojni ¢asy obrabéni. Kdyz k tomu pfictete
komplexni simula¢ni a kontrolni nastroje, ziskavate systém, ktery nejen Ze zjednodusSuje
kazdodenni praci, ale také snizuje riziko vzniku chyb, které vyrobu vyrazn€ prodrazuji a

prodluzuji. Tim v§im ziskdvate znacnou konkurenéni vyhodu.
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CISTICI GRANULATY ASACLEAN PRO VSTRIKOVACI STROJE A EXTRUDERY

Petr Vanthara

VELOX CMS s.r.o0., B&lohorska 39, 169 00, Praha 6, Ceska republika

Korespondenéni e-mail: vanhara@velox.com

ABSTRAKT
V disledku stale se zvysujicich pozadavki na kvalitu plastovych vyliskl a vytlacovanych dili
roste uplatnéni pfipravki urcenych pro €isténi vytlacovacich linek a vstiikovacich stroji. Toto
¢isténi je nutné k odstranéni degradovanych plastl, vrstev barevnych pigmentt se stén valce a
Sneku, horkych vtoki, poptfipadé extruznich hlav a to predevS§sim z ekonomickych aspekti.
Vhodné kvalitni Cistici materialy slouzi k rychlému odstranéni rezidui plastd pii zméné
materialu a k snadnéj§imu piejezdu z barvy na barvu. Vysledkem je uspora ¢asu ur¢eného k
vyrobé, snizeni zmetkovitosti a ispora materialu uréeného ke zpracovéani. Cistici materialy
jsou jak kapalné, tak pevné a to ve formé praSku nebo granulatu. Pro jednoduchost pouziti a
velkou podobnost se zpracovavanym plastem nalezly své uplatnéni v praxi Cistici granulaty.
Lisi se kvalitou a zplsobem pouziti. Mezi vysoce uinné Cistici materidly s dominantnim
postavenim na trhu patii Cistici granulat ASACLEAN, vyrabény japonskou firmou ASAHI
KASEI Pomoci uvedeného cisticiho granulatu Ize €istit jak komoru a $nek, tak i horké vtoky
vstiikovacich stroji a dale extruzni stroje véetné hlav extruznich linek. ASACLEAN je Cistici
granulat, kde do vhodného plastového nosi¢e jsou zapracovana aditiva typu tenzidu,
detergentil, Gi¢innych antioxidantii a tepelnych stabilizatori. Cisticiho efektu je dosazeno
trojim G¢inkem. Z divodi rozdilného reologického chovani zpracovavaného plastu dochazi k
mechanickému ¢iSténi, pasobenim chemickych reaktivnich latek obsazenych v cisticim
granuldtu dochézi k naruSeni tisad na kovovych ¢astech zatizeni a diky vysoké Grovni tepelné
stabilizace Cistictho granulatu zabrani degradaci polymernich zbytki. ASACLEAN
neobsahuje Zadné abrazivni aditiva a v doporuc¢eném teplotnim intervalu (podle konkrétniho
typu) nezpisobi poSkozeni kovového povrchu, nebo ucpani horkych vtokii. ASACLEAN je
jako jeden z mala cisticich granulati vhodny pro odstavky stroji, tzv. ,,SEALING®, coz je
jedna z nejucinngjSich forem cCisténi valce a Sneku. Zavérem lze konstatovat, ze ekonomicky
efekt aplikace Cisticich granulath ASACLEAN znamend vyrazny piispévek pro snizeni

nakladi na zpracovéani nejen u transparentnich a citlivych materialti, stejné tak v piipadé
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Castych zmén barev ¢i materidli predstavuje zasadni piispévek pro dosazeni maximalni

kvality a produktivity zpracovani plastii ve v§ech oblastech zpracovani polymert.
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DYNISCO - AZURR TECHNOLOGY

Jan Simurda

Azurr-Technology, s.r.o., Dolni Begva 579, 756 55, Ceska republika

* Korespondenéni e-mail: azurr-tech@email.cz

ABSTRAKT

Dynisco se ptes 50 let vénuje méticim piistrojim, které otviraji ,,okno do procesu* a poskytuji

zpracovatelim plasti skuteéné informace o prub&hu procesu. Diky tomu mohou zakaznici

skute¢né porozumét priubéhu zpracovani ¢i vyroby, a pfizptsobit potiebné parametry tak, aby

byla zajisténa vysoka kvalita a konzistence vyroby.

Typy vyrobki a zatizeni:

Snimace tlaku — Sirokd paleta snimaci do extruze 1 vstfikovani, jejich regulace a
vyhodnoceni

Laboratorni technika — analyza polymert

piistroj pro méteni indexu toku

Sledovani teplotni stability polymert

Viskosity — laboratorné u celé fady polymert jsme schopni méfit viskositu pfimo
ve strojich kontinualng, tyto veli€iny jsou velice cenény napf. u Polaymidi ale i jinych
Materiall, kde je dilezité znat viskositu ev. index toku

Zatizeni pro ¢isténi kovovych souc¢éstek od polymerti, jednoduchym a ekologickym
zpusobem

Riiznd periferni zatizeni jako je laboratorni miniextruder

Mini granulator do laboratofi

Kapilarni rheometr a dalsi

Filtraéni zatizeni

Vypalovaci pece pro ¢isténi

Davkovaci zubova Cerpadla pro polymery i gumu
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ABSTRAKT
V této praci byl charakterizovan pfipraveny plazmovy polymer na bazi polyetylen oxidu
(PEO) a také studovana jeho permeabilita pomoci difuze antimikrobniho peptidu nisinu skrze
vrstvu tohoto plazmového polymeru deponovaného na kiemikové wafery. Polymer byl
deponovan za riznych podminek, a to metodou vakuového napafovani bez pouziti vykonu
plazmatu a poté s vykonem plazmatu o velikosti SW. Permeabilita byla sledovana pomoci
peptidu nisinu, po jeho uvolnéni do vodného roztoku kyseliny mravenci, stanovenim jeho
koncentrace metodou LC-MS. Bylo ovéfeno, ze podminky plazmové polymerace vyrazné

ovliviiuji vlastnosti a molekulovou hmotnost vysledného polymeru.

UVOoD
Nizkoteplotni plazmovéa technologie predstavuje velmi efektivni tipravu, pomoci které jsou
modifikovany povrchové vlastnosti materialt [1, 2, 6] Klasické plazmové polymery ovsem
vykazuji nékteré nedostatky, jako je napiiklad ndhodna molekularni struktura. Z toho diivodu
je v poslednich letech studovana nova technika depozic, ktera byla vyvinuta za ucelem
vytvofeni novych polymert, jejichz strukturu je mozné cilené fidit pomoci zmény podminek
plazmové polymerace [3,5,9]. Jde tedy v podstaté o mezistupenn mezi konvencnimi a
plazmovymi polymery. Technika plazmochemické depozice z plynné faze (plasma enhanced
chemical vapour deposition, PECVD) piedstavuje metodu, pomoci které jsou deponovany

tenké vrstvy z plynného stavu na pevny povrch. Vyboj je iniciovan v atmosféfe obsahujici
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elektrony o energii jednotek eV, které slouzi jako iniciatory Stépeni molekul na radikaly.
Vysledné filmy mohou slouzit jako mezifaze k funkcionalizaci substratu nebo jako ochranna
¢i bariérova vrstva [7, 9,10].

V soucasné¢ dob¢ je zkoumana moznost biofunkcionalizace polymert a jejich interakce s
biologicky  aktivnimi  latkami  [7-9]. Velmi  perspektivni  latky  pfedstavuji
z biotechnologického hlediska i hlediska medicinskych aplikaci antimikrobialni peptidy.
Jednim ze zastupct je zarovei nejdéle zkoumany bakteriocin nisin [13].

Polyetylen oxid patii mezi biodegradabilni a biokompatibilni polymery s Sirokym vyuzitim v
potravinafstvi a mediciné. Z tohoto diivodu se jevi jako vhodny kandidat pro ptipravu
plazmovych polymernich vrstev [3]. Na zaklad¢ predchozich studii bylo navic ovéteno, ze
polyethylenglykol pozitivné ovliviiuje stabilitu nisinu [13,14].

V této praci byl sledovan vliv riiznych podminek plazmové polymerace PECVD na fyzikalni
vlastnosti polymeru piipraveného z prekurzoru PEO o Mw 6000 g/mol. Podminky

permeability byly testovany s vyuzitim molekuly nisninu.

EXPERIMENTALNI CAST
Piiprava vzorki
Jako substraty pro depozici PEO-like vrstev byly pouzity
1) Kiemikové desky (wafery). Na kiemik o rozmérech do 1xlcm bylo naneseno spin-
coating metodou 100pl roztoku nisinu v roztoku 5% PVA (vzorek A) a 10% PVA
(vzorek B) o pH 3,5 a koncentraci 125ug/ ml. Tloustka vrstev u vzorku A byla 17 nm
a uvzorku B 740 nm.
2) Na vzorky byla nanesena vrstva PEO-like polymeru o tloustce 125 nm, byl pouzit

vykon plazmatu SW.

Plazmova polymerace

Po zaschnuti roztoku byla provedena vlastni depozice piekryvové PEO-like vrstvy, a to bud’
procesem bez ptitomnosti plazmového vyboje (tzn. 0 W), nebo s vykonem plazmatu 5 W. Pro
depozici byl pouzit PEO o molekulové hmotnosti cca 6000 g/mol (Sigma —Aldrich).
Depozice probihala pii tlaku 10 Pa (zapojeni rota¢ni 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). Rychlost
depozice byla 60 Hz/min. Po provedeni depozice byly vzorky ponechédny 30 minut ve vakuu

za ucelem dokonceni rekombinace pfitomnych radikalt a stabilizace filmu.
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Nasledné byla provedana elipsometrickd méfeni a to pomoci Elipsometru Woolma M-

2000Dl.

Obr. 1. T- zahrivana cela se zdrojovym polymerem, M — RF elektroda, Q — substraty a meéreni

depozicni rychlosti. Adaptovano podle [3].

Charakterizace PEO-like vrstev

Pro charakterizaci polymernich vrstev byla vyuzita metoda GPC se syst¢émem HT-GPC220
systém (Agilent). Vzorky byly rozpustény v tetrahydrofuranu (2 mg/ml, Sigma Aldrich),
analyzy byly provedeny pii 40°C, jako mobilni faze byl pouzit tetrahydrofuran, pritok ¢inil 1
ml/min. Vzorky byly davkovany na kolonu (1xB, 1xD, 1xE) (300x7.8 mm, Polymer
Laboratories).

Strukturni zmény vzorkt byly analyzovany pomoci metody ATR-FTIR (spektrometr Nicolet
1S5).XPS spektra byla pofizena pomoci Phoibos 100, Specs, za Gfelem ziskani prvkového

slozeni povrchu vrstev.

Stanoveni nisinu

Vzorky byly umistény do Petriho misek, bylo pfidano 3 ml 0,1% roztoku kyseliny mravenc¢i a
ve stanovenych intervalech byly odebirany vzorky na LC-MS analyzu.
Identifikace/kvantifikace nisinu byla provedena metodou vysokouc¢inné kapalinové
chromatografie s quadrupdl - Time of flight hmotnostni detekci (HPLC-QTOFMS). Analyt
byl kvantifikovdn metodou kalibra¢ni kiivky. Byla pouZita kolona Aeris Widepore XB-
C8(150 mm x 4,6 mm i.d., 3,6 um), Phenomenex. Jako mobilni faze byla pouzita 0,1%
kyselina mravenci a acetonitril (Sigma Aldrich). Pritok €inil 1 ml/min, objem nastiiku byl 5
ul. Pro stanoveni byla pouzita gradientova eluce. [M+5H]** (671.3163), [M+4H]*" (
838.8936)
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VYSLEDKY A DISKUZE
Z ATR-FTIR spekter je zfejmé, Ze pti pouziti vykonu plazmatu roste i podil OH, C-O-C a
také C=0 vazeb, zatimco podil C-H vazeb klesa. V obou pripadech se objevuje na 2876 cm™
C-H stretching a také na 1466 a 1344 cm™ vibrace CH, (scissoring), C-O-O stretching jsou
patrné na 1104 — 1200 cm™ Na 1730-1650 cm™ jsou charakteristické vibrace C=0
karboxylovych skupin.
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Obr. 2 ATR-FTIR spektra PEO-like polymerii pripravenych bez pouziti vykonu plazmatu a

S plazmatem o vykonu 5W.

Vysledky GPC analyzy potvrzuji rozdilnost vlastnosti deponovanych polymert. Polymer
pfipraveny bez vykonu plazmatu (pifi OW) vykazoval Mw 5500 — 7500 g/mol, pificemz
polydisperzita byla velmi vysoka (4.89) a objevovalo se i véts§i mnozstvi fragmentd s nizsi
molekulovou hmotnosti. Polymer pfipraveny pii vykonu plazmatu o velikosti 5 W m¢l
molekulovou hmotnost 11600 g/mol, pficemZ polydisperzita byla 4.11, a vyrazny byl i podil
frakci o hmotnosti pod 5000 g/mol.
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Obr. 3 Distribuce Mw (stanoveno metodou GPC) PEO-like vrstev pripravenych bez pouziti

vwkonu plazmatu a s plazmatem o vykonu 5W.
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Tab. 1. Podminky depozice PEO vrstev a jejich tloustka

Vykon Doba expozice Tloust’ka vrstvy
ow 2 min 25 nm
5w 6 min 125 nm

Métenim tloustky vrstvy plazmového polymeru PEO-like vrstvy byly ziskany vysledky
uvedené v Tab. 1, pfi¢emz bylo pfed depozici zméfeno, Ze vrstva nisinu ma piiblizné 17 a 750
nm. In-situ byla monitorovana zména tloustky vrstvy u vzorkl louzenych ve vodném roztoku,
nasledné byly u téchto vzork provedeny i XPS analyzy. Z méteni vyplyva, ze béhem 24
hodin dochézi k vyraznému nabotnani vrstvy PEO do 24h, pficemz se uvolni nejvyssi
mnozstvi nisinu do roztoku. Vysledky zméfené pomoci metody LC-MS byly korelovany
s XPS povrchovymi analyzami (Obr. 4 a 5). Vysledky ukazuji, ze nisin je skrze vrstvy do

roztoku uvoliiovan nejdiive az po 4h a to nezavisle na tloust'ce této vrstvy, viz Obr. 4.

Tab. 2. Louzeni PEO vrstev/vzorkii a jejich tloustka

Cas louZeni vzorku Tloust’ka vrstvy Tloust’ka vrstvy blanku
v roztoku (h) PEO/PVA+nisin (nm) PEO (nm)
0 125 25
24 40 30
72 30 25
28
o8 e °
24
22
£20
E 18
o 19
= 14
E12 ¢/ F N
s 19 o vzorek A
5 2 e vzorek B
S 4¢
2 0
Omm
0 20 40 60 80 100 120 140 160 180

Doba louzeni vzorku ve vodném roztoku (h)

Obr. 4. Mnozstvi nisinu uvolnéného skrz vrstvu plazmového PEO polymeru.
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Pomoci meétfeni obsahu dusiku na povrchu vzorku bylo zjisténo, Ze po 72h mnozstvi
pfitomného dusiku jesté stdle nartistd. Nisin v roztoku zacind byt vSak po této dobé uz
nestabilni, tudiz jeho méfeny obsah uz nenartistd nebo naopak klesd [14]. Mnozstvi

uvolnéného nisinu dobfe koresponduje s vysledky boptnani vrstvy.
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Obr. 5 Vysledky méreni obsahu dusiku pochadzejiciho z nisinu na povrchu vzorkii metodou

XPS behem louzeni vzorku ve vodném roztoku. Vrstvy byly pripraveny pri vvkonu 5 W.

ZAVER
Experiment provedeny za ucelem sledovani vlastnosti a prostupnosti PEO-like vrstev pomoci
difize nisinu je dil¢i studii vyzkumu aplikovatelnosti plazmovych polymert k piipravé
biodegradabilnich vrstev se strukturou, ktera bude laditelnd pomoci zmény podminek
plazmové polymerace a pomoci zmény Mw pouzitych prekurzorti. Tyto polymery mohou byt
vyuzity za icelem ftizeného transportu molekul, ptedev§im proteint a peptidi nebo antibiotik.
Bylo zjisténo, ze plazmové polymery pfipravované pomoci definovanych podminek mohou
mit regulovatelnou strukturu, tudiz jejich povrchové a materidlové vlastnosti mohou

ovliviiovat adhezi ¢i interakce s antimikrobnimi peptidy.

PODEKOVANI
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ABSTRAKT
Polylaktid (PLA), biologicky rozlozitelny alifaticky polyester ziskavany z obnovitelnych
zdrojl, ktery slouzi jako jedna z ekologickych alternativ pro obalové materidly. Vyhodami
PLA jsou v biologické kompatibilité, ekologické Setrnosti a jeho vyrobé z obnovitelnych
zdroji avSak nevyhodou zustava jeho vysoka kichkost, coz omezuje vyrobu flexibilnich folii
pro baleni potravin. Tato studie se zamétfuje na studium efektu pouziti plastifikitora
ptirodniho (kokosovy olej) i syntetického ptivodu (polyetylenglykol) na tepelné a reologické
vlastnosti PLA. Tepelné vlastnosti nanokompoziti byly méfeny diferencialni skenovaci
kalorimetrii v rozsahu 0 — 220 °C. Reologické vlastnosti byly méfeny pomoci rota¢niho
reometru s geometrii deska-deska pii 190 °C. Ob¢€ méfeni byla provadéna v inertni atmosféte.
Vysledky ukazuji pokles teplot skelného ptechodu a komplexni viskozity taveniny u obou
studovanych systémi pii koncentraci do 10 hm. %, coz indikuje zvySeni uZivatelskych

vlastnosti PLA.
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ABSTRAKT
Fibrilarne proteiny koze, hlavne kolagén a keratin, su vyznamné a perspektivne biopolyméry
pre biomedicinske, farmaceutické, kozmetické a vybrané technické aplikacie, napr. lepenie.
Experimenty boli zamerané na povrchové a adhézne vlastnosti EVAc folii s kolagénom, ¢o
predstavuje potencidlne nové moznosti aplikacie biopolyméru kolagén. Vzorky boli
modifikované plazmou, pricom bol Studovany vplyv atmosférickej nizko teplotnej plazmy na
zmenu ich povrchovych vlastnosti. Porovnanie hodnot hydrofilnosti, resp. polarity vzoriek
upravenych plazmou v réznych procesnych plynoch ukazalo, Ze najicinnejSia uprava bola
dosiahnuta s pouzitim CO; procesného plynu. Meranie adhéznych vlastnosti folii s kolagénom
a stanovenie kvality lepenia preglejovanych dosiek lepenych kolagénovou termoplastickou
foliou potvrdilo, Ze poziadavky normy na hodnotu $mykovej pevnosti spiiaju vzorky — EVAC

folie s obsahom 20% a 30 % modifikovaného kolagénu.

UVOoD

Problematika zhodnotenia druhotnych surovin je rieSena na roznych pracoviskach. Kolagén sa
pouziva napr. ako modifikdtor aminoplastov za ucelom pripravy ekologickych adheziv
urenych na lepenie dreva [1]. Pouziva sa taktiez ako modifikdtor PVA urCeného pre
termoplastické vyfukované folie [2-3].

Langmaier a kol. [4-5]. neizotermickou gravimetriou S$tudovali kinetiku kondenzacie
dimetylolmocoviny S mocovinou a S enzymaticky pripravenym hydrolyzatom kolagénu.
Zistili, ze pridavok kolagénu zniZzuje rychlost tvorby nestabilnych dimetylénéterovych
prie¢nych vizieb v prospech stabilnejsich metylénovych vizieb. Dalsou z moznosti ako
modifikovat’ vlastnosti a spracovatelnost’ kolagénu je jeho plastifikdcia a kompaundacia
S vhodnymi typmi polymérov. Technologiou vyfukovania boli z pripravenych granulatov

vyrobené folie, testami boli stanovené ich parametre a optimalne koncentracie modifika¢nych
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latok [6]. Folie kopolymérov EVAc a kolagénu boli podl'a [7] modifikované plazmou, pri¢om
bol Studovany vyboj atmosférickej nizkoteplotnej plazmy na zmenu ich povrchovych a

adhéznych vlastnosti a kvality lepenia preglejovanych dosiek.

EXPERIMENTALNA CAST
Pre experimenty pripravy kombinovanych polymérnych kompozitov boli vySpecifi-
kované suroviny:
EVAC — etylén vinyl acetat, (Evatane 1080 a Evatane 24 03),
Kolagén — Vipocol hydrolyzat.
Modifikacia polyméru kolagén
Modifikator I — na baze viacsytnych alkoholov,
Modifikator II — na baze viacsytnych aminov.
Oznacenie folii No:
No. 77 — (80% EV Ac kopolymér + 20% modifikovany kolagén) — hribka 0,10 mm
No. 84 — (70% EV Ac kopolymér + 30% modifikovany kolagén) — hrabka 0,13 mm
No. 98 — (50% EV Ac kopolymér + 50% modifikovany kolagén) — hriibka 0,09 mm
SkisSobné metédy
Meranie kontaktného uhla
Pristroj: — goniometer (Advex, Czech Republic) sweb kamerou asoftvérom na meranie
kontaktnych uhlov kvapalin na tuhych i polymérnych latkach.
Pevnost’ adhéznych spojov v ahu pri namahani v Smyku podl’a STN 66 85 10.
Pevnost’ adhéznych spojov bola testovand na dynamometri (Instron 4301, USA) s pouzitim
prekryvajacich sa hlinikovych dosti¢iek s rozmermi prekrytia 20 x 10 mm
Modifikacia plazmou
Atmosféricka Diffusive Coplanar Surface Barrier Discharge (DCSBD) plazma bola
aplikovana v laboratornom plazmovom systéme pracujucom pri znizenom tlaku 80 Pa. Povrch
vzoriek folie bol upraveny pod atmosférou vzduchu, N,/H; a CO, ako spracovatel'ské plyny.
ATR-FTIR spektroskopia
Infracervené spektra vzoriek boli namerané na pristroji NICOLET 8700 fy Thermo Scientific
(Madison, WI, USA) v strednej infradervenej oblasti (4000 cm™ ~ 650 cm™) v ATR rezime s
pouzitim Ge ako optického materidlu
Metodika pripravy laboratornej preglejky:
Fagus Sylvatica L.— (Preglejka), hrubka dyhy — 1.7 mm, vlhkost'— 4-6 %

88



Skusobna preglejka bola pripravena lepenim bukovych dyh, nanos lepidlovej zmesi bol 160
g.m. Podmienky lisovania (laboratorny hydraulicky lis FONTIINE): lisovacia teplota 125 ©,

Specificky lisovaci tlak 1,8 MPa, lisovaci ¢as 5 min.

—

Obr. 1. Skusobné teleso podla STN EN 314-1

Pouzité normy:
1.STN EN 314-1: 2005 Preglejované dosky. Kvalita lepenia. Cast’ 1: Skiisobné metody.
2. STN EN 314-2: 1998 Preglejované dosky. Kvalita lepenia. Cast’ 2: Poziadavky

VYSLEDKY A DISKUSIA
Povrchové a adhézne vlastnosti vzoriek s kolagénom
Experimenty boli ststredené na povrchové vlastnosti nemodifikovanych a plazmou
modifikovanych folii kolagénu, kolagénu s keratinom a vzoriek EVAc folii s kolagénom.
Statické kontaktné uhly pouZitim redestilovanej vody boli merané na réznych miestach

povrchu dodanych vzoriek (folii) s kolagénom a st uvedené v Tab. 1.

Tab. 1. Kontaktné uhly vody na povrchu nemodifikovanych a modifikovanych vzoriek folii

S kolagénom plazmou

Vzorka Typ folie Nemodifikovana | DCSBD plazma Plazma
¢. No/H> CO;
Uhol zmég&ania (°)
1 kolagénova folia 88.2+3.5 76.2+£2.1 58.1+£2.2
2 kolagénova folia + keratin | 97.4 + 4.6 80.2 £2.6 64.2+1.6
84 EVAc folia +30% kolagén | 94.0 £2.3 64.4+1.9 56.1+2.0
98 EVAc folia +50% kolagén | 87.8 £2.1 61.1+1.7 522423

Vzorka 1 — kolagénova folia je podla kontaktnych uhlov vody hydrofilnejsia ako vzorka 2
kolagénova folia s keratinom. Podobny rozdiel sa ukazal uvzoriek 84 a 98, z ktorych je
hydrofilnejSou vzorkou je vzorka 98 s obsahom 50% kolagénu, jej hodnota hydrofilnosti v je

Z hl'adiska zmacania povrchu podobné hydrofilnosti kolagénu.

89



Porovnanim hodnét hydrofilnosti, resp. polarity vzoriek upravenych plazmou v réznych
procesnych plynoch ukdzalo, Ze najucinnejSia uprava bola dosiahnutd s pouzitim CO;
procesného plynu, dosiahnuté bolo najvyssie roztekanie vody na povrchu vzoriek folii.
RieSenie bolo d’alej zamerané na moznost’ aplikacii termoplastickych EVAc f6lii s kolagénom
na zabezpecenie pozadovaném kvality lepenych spojov.

Pre vzorky 84 a 98 boli odsktisané adhézne spoje s hlinikom. Vzorky boli pri teplote 120°C
fixované v hydraulickom lise pri tlaku 50 N/cm? Parametre adhéznych vlastnosti spojov

lepenych s termoplastickymi kolagénovymi foliami st uvedené v Tab. 2.

Tab. 2. Vysledky smykovych pevnosti adhéznych spojov s hlinikom.

Vzorka Typ folie Nemodifikovana DCSBD Plazma
¢. plazma N,/H, CO;
Pevnost adhézneho spoja — N/cm?
84 EVAc folia +30% kolagén | 0.8 0.1 2.2+0.1 3.5+0.2
98 EVAc folia + 50% kolagén 0.0 0.0 0.0

Pevnost’ adhéznych spojov v tahu pri namahani v Smyku podl'a STN 66 85 10.

Vzorka 84 — zvysila sa pevnost’ adhézneho spoja hlinika po modifikacii plazmou.

Vzorka 98 — adhézny spoj sa destruoval a nepodarilo sa zmerat’ pevnost’ spoja.

Parametre adhéznych vlastnosti spojov preglejovanych dosiek lepenych s termoplastickymi
kolagénovymi foliami st uvedené v Tab. 3 a 4.

Testované folie:

Vzorka 77 — (80% EVAC kopolymér + 20% modifikovany kolagén) — hrabka 0,10 mm
Vzorka 84 — (70% EVAc kopolymér + 30% modifikovany kolagén) — hribka 0,13 mm
Vzorka 98 — (50% EVAc kopolymér + 50% modifikovany kolagén) — hribka 0,09 mm

Tab. 3. Smykova pevnost preglejky za sucha

Smykova pevnost’ a Statistické vyhodnotenie
Vzorka | Folia | priemer | smerodch | var koeficient | hodnota | hodnota | pocet
¢. X S Vi min. max. telies
(MPa) (MPa) (%) (MPa) (MPa) n
1 77 2,88 0,20 7,1 2,66 3,08 5
2 84 2,27 0,59 25,9 1,63 2,73 5
3 98 1,77 0,11 5,98 1,64 1,86 5
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Tab. 4. Smykova pevnost preglejky po macani 24 h vo vode pri 20 °C

Smykova pevnost’ a statistické vyhodnotenie
C. Folia | priemer | smerodch | var koeficient | hodnota | hodnota | pocet
VZ. X S Vi min. max. telies
(MPa) (MPa) (%) (MPa) (MPa) n
1 77 1,64 0,22 13,1 1,26 1,95 15
2 84 1,47 0,13 9,1 1,19 1,68 15
3 98 0,35 0,04 10,8 0,25 0,39 15

Eurdpska norma EN 314-2 pozaduje hodnotu Smykovej pevnosti lepeného spoja 1,0 MPa.

Testovanim adhéznych vlastnosti a kvality preglejky lepenej termoplastickou foliou s
kolagénom bolo potvrdené, ze su splnené poziadavky normy pre adhezivne pevnost spoja
v Smyku u vzoriek ¢. 77 (film s 20% modifikovaného kolagénu) a €. 84 (film s 30%
modifikovaného kolagénu). V pripade vzorky 98 (film dyhy s 50% modifikovaného

kolagénu) nebola splnena pozadovana Smykova pevnost’ lepeného spoja.

ZAVER
Povrchové vlastnosti vzoriek folii s kolagénom boli merané statickymi kontaktnymi uhlami.
Vzorka 1 — kolagénova folia je podla kontaktnych uhlov vody hydrofilnejsia ako vzorka 2
kolagénova folia s keratinom. Podobny rozdiel sa ukazal u vzoriek 84 a 98, z ktorych je
hydrofilnejSou vzorkou je vzorka 98 s obsahom 50% kolagénu, jej hodnota hydrofilnosti je z
hladiska zmacania povrchu podobna hydrofilnosti kolagénu. Porovnanie hodnét hydrofilnosti,
resp. polarity vzoriek upravenych plazmou v roznych procesnych plynoch ukézalo, Ze
najucinnejSia uprava bola dosiahnuta s pouzitim CO;, procesného plynu. Meranie adhéznych
vlastnosti spojov folii s kolagénom a stanovenie kvality lepenia preglejovanych dosiek
lepenych kolagénovou termoplastickou féliou potvrdilo, Ze poziadavky normy na hodnotu
$mykovej pevnosti adhéznych spojov splfiaju vzorky oznagené ako ¢&. 77 — folia — 20%

modifikovany kolagén a ¢. 84 — folia — 30% modifikovany kolagén.
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ABSTRAKT

Vize nositelnych pocitacovych technologii pfedpokladd, Ze budouci elektronické systémy
budou nedilnou soucésti naSeho kazdodenniho obleceni. Takové elektronickd zafizeni musi
spliiovat velmi specifické pozadavky na zatizeni, jako je pruznost a roztazitelnost, schopné
m¢éfit napiiklad napnuti v Sirokém rozsahu nebo by mély byt odolné vici prani. Nositelna
zafizeni budou charakterizovdna schopnosti automaticky rozpoznat cinnost a chovani
uzivateli a tyto informace pouzit k upravé konfigurace a funkcnosti systému. Nositelna
elektronika je nepochybné fenomén dnes$ni doby. Je pfipravena na lehkych a flexibilnich
podkladech, ma Siroky ptfedpoklad a velky potencial pro pfenosnd zafizeni v nositelné
technologii. V poslednim desetileti jsou vlastnosti a aplikace uhlikovych nanotrubic (CNT) a
jejich polymernich nanokompozitii velmi aktivni oblasti tohoto druhu vyzkumu [1,2].

V naSem piispévku demonstrujeme aplikaci flexibilniho snimace napéti z polyuretanu a
uhlikovych nanotrubic. Tento kompozit byl pfipraven novym postupem za pouZiti
termoplastické filtracni membrany piipravené elektrospinovaci technologii. Vodni disperze
MWCNT byla filtrovana pfes membranu, vysuSena a poté svafena na povrchu
polyuretanového prouzku a zapouzdiena tenkou polyuretanovou vrstvou. Citlivost k
aplikovanému dychani byla déale zvySena pomoci oxidovanych trubek s manganistanem

draselnym (KMnQy) [3,4].

Tento postup vede ke kompozitnimu senzoru napéti, ktery je pruzny a velmi citlivy na
aplikované napéti, reverzibilni a odolny v mnoha aplikovanych cyklech. Pro vizualizaci
praktické pouzitelnosti byl zvolen monitoring lidského dychani. Snima¢ byl umistén na

zkuSebni tricko v ¢asti hrudniku (Obr. 1). Tricko bylo oble¢eno na dobrovolnika a sledovalo
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se jeho dychani. Bylo méfeno a analyzovano n€kolik dychacich charakteristik (jako ptiklad
na Obr. 2 a 3). Jsou piedstaveny vlnové charakteristiky hlubokého dychani (plné
vydechovéni) a dychani s trvalym dechem. Monitorovani dychani je reakci na zménu

elektrického odporu senzoru polyurethanu / CNT upevnéného na tricku jeho deformaci.

Obr. 1: A) Pozice senzoru na zkusebnim tricku v casti hrudniku, B) SEM analyza vrstvy
MWCNT vyrobené oxidaci nanotrubic s KMnO4, C) Snimac upevnény na pasu na bazi
elastického kaucuku D) Podrobny pohled na snimac upevnény na tricku a systém

elektrod pro dvoubodové meéreni jeho elektrického odporu.
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Obr. 2. Experimentdlni udaje byly méreny pomoci senzoru polyurethan / MWCNT na
dobrovolnikovi jako hluboky ndadech — vydech. Ro je pocatecni elektricky odpor snimace

a AR je zména elektrického odporu.
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Obr. 3. Experimentalni udaje byly méreny pomoci senzoru polyurethan / MWCNT na
dobrovolnikovi jako hluboky nadech — zadrzeni dechu - vydech dobrovolnika. RO je

pocatecni elektricky odpor snimace a AR je zména elektrického odporu.
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ABSTRAKT

Specialne typy pigmentov (fluorescenéné, luminiscenéné, fotochromne) sa v sidasnosti
pouzivaji hlavne pre povrchové aplikacie na textil (napr. formou potlace). Uinnost takejto
aplikacie, v zavislosti od pouzitych textilnych materidlov ako i nanasacej techniky rychlo
klesa az sa uplne straca.

Cielom tejto prace bolo zabudovat’ Castice pigmentu do hmoty polymérneho materidlu bud’
priamo alebo cez modifikaciu halloyzitu, s nanortirkovou $truktirou, Casticami $pecialneho
pigmentu. U takto modifikovanych vlakien sa hodnotili mechanicko-fyzikalne vlastnosti,

priemerna orientacia a termomechanické vlastnosti.

UVOD

Fluorescencia je fyzikalny jav aje to vlastne schopnost’ urcitych zlG¢eninin absorbovat
nahodné elektromagnetické Ziarenie, ¢im dokéazu previest’ elektrony do vysSej energeticke;j
hladiny, ¢ize excitovaného stavu. Elektrony v excitovanom stave sa snaZia znovu dostat’ do
zakladného stavu, ¢im uvolfiuju nabitl energiu, ktord nazyvame tzv. stratend energia.
Stratena energia sa vylutuje pomocou svetla o dlhiej vlnovej dizke ako svetlo, ktoré
sposobilo excitany stav. Tymto sposobom sa prevadza neviditelne UV svetlo do viditelne;j
oblasti o dlhej vinovej dizke [1].

Zakladnym stavebnym prvkom pre vSetky fluorescenéné materidly st fluorescencné
pigmenty. Fluorescenciu jednotlivych vzorieck modzeme sledovat pomocou fluoroforov.
Fluorofor je latka, ktora je schopna absorbovat svetlo uritej vlnovej dizky a nasledne

emitovat’ svetlo o dlhiej vlnovej dizke [2].

97



Pozname dva druhy fluoroforov - vonkajsie a vnttorné. Vnutorné fluorofory sa nachadzaju v
prirode. Materidly, ktoré ich obsahujua, st autofluorescencné. Najzndmejsi vnutorny fluorofor
je chlorofyl.

Pozname niekol’ko typov fluorescenénych pigmentov, ktoré sa od seba odliSuju predovsetkym
chemickou Struktrou. Vdaka chemickym a optickym vlastnostiam maja rozdielne
aplikacie [3]:

a) Anorganické fluorescenéné materidly s mozno najmenej vyuzivané pre priemyselné
aplikacie. Tieto materialy su velmi stabilné, ale vzhl'adom na pritomnost’ tazkych kovov v
zmesiach st mierne jedovaté. Typické aplikécie anorganickych fluoroforov st bezpecnostné
dokumenty (neviditelné oznacenia na znamkach, bankovkach) ziarivky.

b) Optické bielidla su urcité triedy organickych zlicenin, ktoré maju vel'mi Specifické
fluorescen¢né vlastnosti. Pouzivajii sa na vybielenie materidlov v textilnom, papierovom a
plastovom priemysle.

c¢) Fluorescenty pre denné svetlo je pomerne nova, ale najviac pouzivana trieda z organickych
zlicenin. Tieto materidly maju vyzarovanie a emisné maxima vo viditeI'nej oblasti spektra.
Farbivd fluoreskujiice za denného svetla (daylight fluorescent colorants) boli prvykrat
uvedené v polovici minulého storo€ia pre aplikacie vyZzadujiice vysoku viditeI'nost’ ako napr.
znacky na vozovke, bezpe€nostné prvky na obleCeni alebo vystrazné zariadenia. V sti¢asnosti
su pouzivané najmd pre Specidlne atramenty, zvyrazinovace, do hraciek a ako optické
(svetelné) leskotvorné prisady [4]. Dalej sa fluorescenéné farbiva pouzivaju na autentifikaciu
bezpecnostnych dokumentov [5], alebo na vytvorenie obrazkov s bezpecnostnymi
informaciami, ktoré su neviditeI'né za denného svetla a odhalia sa iba pod UV osvetlenim [6].
Bezpecnostné prvky zalozené na neviditenych fluoreskujtcich farbivach su Siroko pouzivané
Vv pasoch, bankovych cennych papieroch a kreditnych kartach.

Vhodnou volbou polymérnej matrice, ktord je dobrym rozpuStadlom pre fluorescencéné
farbiva mozu byt pomocou polymerizacie pripravené vysoko fluoreskujuce pigmentové
castice. Fluoreskujica oranzova farba mdze byt’ az 3x jasnejSia nez konven¢na oranzova farba
v dennom svetle. Pouzitie takychto farieb ma Siroké uplatnenie napr. v umeleckej grafike,
Vv textilnej potlaci, v tlaci, alebo vo zvyraziiovacich atramentoch.

Praca je zamerana na pripravu PP vlakien s obsahom fluorescencného pigmentu RED v Cistej
forme, ako aj vo forme modifikovaného halloyzitu (s 20% obsahom pigmentu RED).
U aditivovanych vlakien sa hodnotili zakladné mechanicko-fyzikalne vlastnosti — pevnost,
taznost pri pretrhnuti a Youngov modul. Dalej sa hodnotila priemernd orienticia a tieZ

rozmerova stabilita vldkien.
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EXPERIMENTALNA CAST
Pouzité materialy
- izotakticky polypropylén TATREN 2511 (PP), MFI=25 g/10 min, Slovnaft Petrochemicals
s.r.o., SK

- fluorescenény pigment EA-15 (RED), RADGLO" EA, BG,

- halloyzit (HNT), diZka &astic 1-3 pum, priemer &astic 30-70 nm, $pecificky povrch 64 m%/g,
Applied Minerals, Inc. USA v zastipeni Aldrich Chemistry,

- modifikovany halloyzit (HNTP) s20% obsahom fluorescenéného pigmentu RED,
A1SYNTH Ltd., SK.

- disperzant Tegopren 6875 (TEG), organomodifikovany siloxan, Evonik Industries AG., GE.

Priprava vzoriek

Vzorky polyméru s aditivami boli mechanicky premiesané a pretavené spolu s ¢istym PP na
dvojzavitovkovom extruderi (Labtech Scientific, Thajsko), s priemerom D=16 mm a L/D=40
pri T=220°C.

Takto pripravené vzorky boli nasledne zvldknené na pilotnom zvlakiiovacom zariadeni TS
32/16 (1-vretenovy extruder) s konstantnym teplotnym rezimom T=220°C. VSetky vzorky
vlakien boli vydizené na maximalny diZiaci pomer lna pri T=120°C. Zoznam a zloZenie

vzoriek je uvedené v Tab. 1.

Tab. 1 zoznam a zlozenie vzoriek PP a PP modifikovanych vidkien

¢. Vzorka Obsah aditiv

1 PP nepr. -

2 PP pret. -

3 PP/RED 0,5% RED+0,5% TEG

5 PP/HNT 2% HNT+0,5% TEG

4 PP/HNT/RED 0,5% RED + 2% HNT+0,5% TEG
Metody

Mechanicko — fyzikalne viastnosti vidkien (pevnost, taznost pri pretrhnuti a Youngov modul)

boli hodnotené na pristroji Instron 3343 podl'a ISO 2062:1993. Podmienky merania: upinacia

dizka vzorky 12,5 cm, rychlost’ posuvu svoriek 200 m/min, poéet merani 10.
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Termomechanické viastnosti sa merali na pristroji TMA-50 (Shimadzu) v teplotnom rozmedzi

30-100°C, rychlost’ ohrevu 5°C/min, dizka vlakna 9,8 mm. Termomechanické vlastnosti —
teplota deformacie arozmerova stabilita vlakna (relativne skratenie resp. prediZenie)
boli vyhodnotené zo zavislosti teploty od deformacie programom ta60.

Na meranie priemernej orientdacie vidkien metédou rychlosti zvuku bol pouZzity pristroj

DynamicModulusTester PPM-5 (H.M.MorganCo., INC, Cambridge, Mass., U.S.A). Pomocou

nameranych hodnét rychlosti zvuku sa v experimentalnej Casti prace hodnotil priemerny

faktor orientacie vlakien podla nasledujuceho vztahu:

C2
f, :1—C—g 1)

kde f,- priemerna orientacia vlakien, C - rychlost irenia zvuku skimaného vlakna [km.s™],
Cy - rychlost’ &irenia zvuku uplne neorientovaného vlakna [km.s™]. Pre polypropylén ma

konstanta C,, hodnotu 1,6 km.s™.

VYSLEDKY A DISKUSIA
Proces mieSania (dispergéacie) pigmentu v polyméri ovplyviluju pritazlivé interakcie
pigmentovych Castic a tvorba aglomeratov v pripade rozdielnej velkosti a nerovnomerného
rozloZenia v matrici polyméru. Zlozita dispergacia pigmentu v polyméri a moZnost' tvorby
zhlukov (aglomeratov) pigmentu pocas mieSania mdézu viest' k celkovej nerovnomernosti
Struktiry vlakien. Takato Struktirna nerovnomernost’ vlakien pigmentovanych v hmote moze
byt indikovana na zéklade mechanickych vlastnosti (pevnost, taZnost' pri pretrhnuti,
Youngov modul) a ich variaénych koeficientov.
Ked’Zze nevieme s istotou povedat, ze castice fluorescencného pigmentu RED sa pocas
zvlakiovania rozpustaju v hmote polyméru, je tam vysokd pravdepodobnost’ tvorby zhlukov
(aglomeratov) pigmentu, ¢o bude v kone¢nom désledku vplyvat na mechanické vlastnosti
a rovnomernost’ takto pripravenych PP vlakien pigmentovanych v hmote.
Cielom tejto prace bolo pripravit PP vlakna s obsahom fluorescenéného pigmentu
S uspokojivymi mechanicko-fyzikalnymi vlastnostami. Hodnotil sa vplyv aplikacie pigmentu
do matrice polyméru: bud v Cistej forme (PP/RED), alebo zabudovany do Struktiry
modifikovaného halloyzitu (PP/HNT/RED).
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Pevnost’ vzoriek cistych PP vlakien sa liSi v zavislosti od spdsobu pripravy. Vldkno
z nepretaveného PP vykazuje niz§i diZiaci pomer a nasledne aj niz§iu hodnotu pevnosti ako
vlakno z pretaveného polyméru (Tab. 2).

Najvyssia hodnota pevnosti bola zaznamenana pri vlakne s 0,5% obsahom pigmentu RED.
Moze to byt sposobené tym, ze Castice pigmentu posobia ako nukleacné centra, ¢o zvysuje

krystalinitu vladkna a vplyva na kone¢né mechanicko-fyzikalne vlastnosti.

Tab. 2. Pevnost o, taznost pri pretrhnuti & Youngov modul E a ich variacné koeficienty

T c CVs € CV, E CVe
Vzorka A

[tex] [cN/tex] [%]  [%] [%]  [N/tex] [%]
PP nepr. 5,6 18,63 27,64 12,7 33,7 22,3 3,01 10,9
PP pret. 5,8 18,27 30,80 9,6 40,4 28,7 3,40 6,1
PP/RED 6,0 14,90 31,87 6,2 35,8 7,9 3,82 7.4
PP/HNT 5,8 14,57 29,50 18,8 25,3 15,9 3,42 15,3
PP/HNT/RED 4,8 17,53 19,80 16,2 38,1 32,8 2,99 20,8

Zvyseny obsah aditiva (2% HNT) nemal za nasledok zhorSenie mechanicko-fyzikalnych
vlastnosti takto modifikovanych vlakien v porovnani s €istym PP vlaknom. Doslo tu vSak
k vyraznejSiemu poklesu t'aznosti pri pretrhnuti oproti ostatnym vlaknam (Tab. 2).

U vlakien s obsahom pigmentu v modifikovanej forme (PP/HNT/RED) bol zaznamenany
vyrazny pokles pevnosti 1 Youngovho modulu oproti ostatnym vlaknam. Méze to byt
dosledok jednak vysSieho celkového obsahu aditiva (2,5%) ako aj tym, Ze modifikaciou HNT
pigmentom mohlo dojst k zmene velkosti Castic a tym aj k ich horSej distribucii v hmote
polyméru.

Termické metody sa vyuzivaji pri Stadiu fyzikalnych, chemickych a fyzikélno-chemickych
zmien polymérov a vlakien v zavislosti od teploty. Pri spracovani polymérov a priprave
vlakien nastdva ich tepelné =zatazenie, ¢im nastavaju rozne zmeny molekulovej
a nadmolekulovej Struktary. Takéto zmeny sa mdzu dotykat’ Struktirnych modifikacii, napr.
prechodu nekrystalickych oblasti do kryStalickych, oxida¢no-desStrukénych alebo termicko-
destrukénych procesov.

Deformécia vlakien zatazenych neoscilujiicou silou v zavislosti od teploty pre dizené PP

a modifikované PP vlakna bola hodnotena metodou TMA. Vysledky su uvedené v Tab. 3.
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Ziskan¢é zavislosti boli pouzité na stanovenie rozmerovej stability a teploty, pri ktorej
dochadza k deformacii pigmentovanych vldkien v porovnani s ¢istymi PP vlaknami.

Rozmerova stabilita vSetkych vldkien sa prejavila ich skratenim (Tab. 3). Najnizsie hodnoty
deformacie atym aj najlepSiu rozmerovu stabilitu sme zaznamenali u ¢istétho PP nepret.
vlakna a u vlakna s 2% obsahom HNT. O nie¢o vysSie hodnoty deformacie vykazovali vlakna
s obsahom 2,5% aditiva (HNT/RED) a Cisté PP pret. vldkna. NajhorSia rozmerova stabilita
bola namerana u vlakien s 0,5% obsahom pigmentu RED, ktoré bolo vydizené na najvyssi
diZiaci pomer (A6). Zhor$ena rozmerové stabilita utohto vlakna méze byt dosledkom
posobenia vnutornych napiti vytvorenych pocas jednostrannej orientdcie vldkien pri
zvlakiovani a diZeni. Naopak u vlakien sniz§im percentudlnym skratenim (PP/HNT
a PP/HNT/RED), pritomnost’ vysSej koncentracie aditiv vo vldkne moze sposobit’ zvySenu

odolnost’ PP voci teplotnému namahaniu znizovanim pohyblivosti retazca.

Tab. 3 Teplota deformdcie T, percentudlne skrdtenie viakien vplyvom teploty [ a faktor

priemernej orientacie fo

vzorka A | [%0] fou

PP nepret. 5,6 -3,84 0,74
PP pret. 5,8 -4,97 0,73
PP/RED 6,0 -5,89 0,75
PP/HNT 5,8 -3,75 0,74
PP/HNT/RED 4,8 -4,21 0,74

Rychlost’ zvuku vldkien, resp. polymérnych systémov, moze byt mierou ich anizotropie
a zaroven aj fyzikalnou veli¢inou na vypocet mechanickych vlastnosti ako je napr. modul
pruznosti. So zvySovanim orientacie vldkien stipa aj ich rychlost zvuku. Parametre
nadmolekulovej Struktary vldkien podmienuju ich mechanické vlastnosti a su urCujuce pre
rychlost’, ktorou sa $iria mechanické impulzy. Z tohto merania sa hodnotil faktor priemernej
orientécie vlakien.

Z vysledkov v Tab. 3 mdézeme vidiet, ze pridavok pigmentu v Cistej i modifikovanej forme
nijako vyrazne neovplyviiuje orientdciu pigmentovanych vldkien v porovnani s Cistym PP
vlaknom. Rozdiely v hodnotach faktora priemernej orientacie vlakien st minimalne.

Najvyssiu hodnotu priemernej orientacie vykazuje vldkno s 0,5% obsahom pigmentu RED ¢o
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zodpoveda aj najvysiemu diziacemu pomeru A6 a kore$ponduje aj s mechanickymi

vlastnost’ami PP vlakien.

ZAVER
Tato praca bola zamerana na pripravu modifikovanych PP vldkien s obsahom fluorescencného
pigmentu RED. Vldkna obsahovali Castice pigmentu v Cistej forme alebo vo forme halloyzitu
modifikovaného Casticami Specidlneho pigmentu. Na zdklade ziskanych vysledkov mozeme
konStatovat, ze najlepSie mechanicko-fyzikalne vlastnosti i1 najvyssie hodnoty priemernej
orientacie boli najdené pre PP vldkna s obsahom 0,5% pigmentu RED. ZvySeny obsah aditiva
tvoreny pridavkom halloyzitu vedie k zhorSeniu mechanicko-fyzikalnych vlastnosti
I priemernej orientacie vlakien. Na druhej strane mal pozitivny vplyv na rozmerovu stabilitu

tychto vldkien.
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PRISTROJE PRO SLUNECNI SIMULACE A UV TESTERY FIRMY Q-LAB CORP.

Milan Prazak

LABIMEX CZ s.r.0.,Na Zamecké 11, 140 00 Praha, Ceska republika

prazak@labimex.cz

ABSTRAKT
Slunecni svit, teplo a vlhkost zptisobuji t€zko vycislitelné kazdoro¢ni skody na vyrobcich,
stavbach, natérovych systémech a vétSin€ materidlt, které nas obklopuji. Dochazi ke zménam
barevného odstinu, praskani, delaminaci, Zloutnuti, odlupovéani barev, ztrat¢ mechanickych
vlastnosti natérovych systémi, plastl a mnoha dalSich materidld. K poskozeni dochazi
predevsim v exteriéru ale i v interiérovych podminkéch s prinikem svétla pies okna nebo za

pusobeni umélého osvétlent.

UVOoD
Ptistroje firmy Q-LAB Corporation pro slune¢ni simulace s celym spektrem slune¢niho zareni
nam tak ve vyzkumu i bézné technické praxi pomahaji stanovit odolnost materialti a stanovit
nové receptury natérovych systémd, plastll a dalSich materialti s vyS$i odolnosti vii¢i vyse
zminénym degrada¢nim faktorim. Zakladnim motem vyvoje stroju firmy Q-LAB je jejich

jednoduché uziti pro obsluhu, snadné programovani, cenové dostupny servis a levny provoz.

PREDSTAVENI{ PRiISTROJU

1. Pristroje pro komplexni slune¢ni 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
vinovych délkach nez jsou pfitomny na zemském povrchu, proto se vzdy svétlo filtruje filtry o
riznych pocateCnich propoustécich délkach (cut on délkach), aby bylo mozno nastavit
parametry svétla exteriéru ¢i interiéru budov, pfipadné¢ pak svételné charakteristiky
pozadované Skéalou zkuSebnich norem.

K dispozici jsou 3 zékladni modely xenonovych stroji, stolni maly Q-SUN Xe-1 a
vysokokapacitni i pro rozmérné 3D vzorky model Q-SUN Xe-3, oba s pevnou plochou pro

umisténi vzorkl a dale pak pfistroj s otoénym drzdkem vzorki model Q-SUN Xe-2. VSechny
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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 a stroj zjednodusuje i zleviiuje. Chlazeni vzduchem taktéz odstranuje

nebezpeci kontaminace svételnych filtrti isadami z vody.

Pristroje Q-SUN Xe-1 a Xe-3 (Obr. 1) mohou byt vybaveny externim chladicim zatizenim

pro praci s teplocitlivymi vzorky a mohou tak pracovat pfi osvitu s nizS§imi teplotami.

Obr. 1: Q-SUN Xe-1 a Q-SUN Xe-3

Pristroj Q-SUN Xe-2 (Obr. 2) s oto¢nym karuselem na vzorky je pfedevsim uréen pro ploché
vzorky do tloustky max. cca 3 centimetri. K dispozici jsou 1 specialni drzédky na vzorky s
nastavitelnym uchycenim vzorku tak, aby i riizné silné vzorky byly umistény ve stroji vzdy ve
stejné vzdalenosti od svételného zdroje.

Tento model jako plnohodnotny stroj pro testovani v xenonovém zafeni vcetné regulace
relativni vlhkosti vynikd malym zastavbovym prostorem, lze stéhovat i dvermi 70cm !!!
Sirokymi, napajen je ze sit€¢ 230V/IN a tudiz lze bez dalSich investic provozovat v kazdé

laboratofi.

Stroj Xe-2 pouziva jednu vertikalné umisténou vzduchem chlazenou lampu, kolem které se
to¢i karusel se vzorky. Lampu od vzorkli oddéluje soustava filtri, pouziva se vzdy soustava
dvou filtri, vnitinich 14 plochych filtrGi uspotadanych do dvoupatrového heptagonu a vnéjsi

cylindr odd€lujici prostor vzorka od prostoru lampy.
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Obr: 2. Rotacni Q-SUN Xe-2, detail ulozeni vzorkii kolem lampy obklopené filtracnim

systéemem

Model Xe-2 a Xe-3 je vybaven fizenim relativni vlhkosti vzduchu ve zkuSebnim prostoru v
rozsahu 20-95% RH. Vsechny modifikace stroje (Xe-1, Xe-2, Xe-3) lze doplnit postiikovym
systémem pro programovatelné sprchovani vzorkii demineralizovanou vodou. Sprchovani -
ostiik lze doplnit i ze spodni neozafované strany (na tzv. dual spray), pfipadné lze vzorky
ostiikovat pouze ze spodni strany (back spray). Ostiik l1ze realizovat i kyselymi roztoky jako
simulaci kyselého desté. Dale je mozno vzorky zaplavovat vodou

Zakladni vyhodou strojii je jednoduSe ménitelnd lampa (provadi obsluha) a svételné filtry s

neomezenou zivotnosti (kromé IR filtri s omezenou Zivotnosti).

Obr. 3: Svetelné filtry a xenonovd lampa pro Q SUN Xe-1 a Xe-3 modely
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Doporucend zivotnost lamp je 1500 hodin. Po této dobé dochazi u lamp k postupnému
mirnému navySovani dlouhovinného zafeni na tkor kratkovinného a test se tak stavd pro
vzorky méné€ naroc¢ny v oblasti UV zéfeni.

Filtraci svétla l1ze provadét na jiz zminéné podminky exteriéru a interiéru v raznych definicich
celkem deviti systémy filtrace svétla, néktera spektra uvadi graf na Obr. 4. Filtry vyménuje
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 zareni, tzv. TUV

sensory (300-400nm).
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Obr. 4. Porovnani pravého slunecniho spektra (Cerné) se spektry pristroje Q-SUN pri pouziti
vyznacenych filtri:
e Daylight Filter - optimalni simulace exteriérovych podminek
e Window Glass Filter - optimdlni simulace interiérovych podminek
e Q/B Filter - simulace s mirné zvysenym podilem nizkovinného UV zdreni

o IR filter - filtr snizujici na pocatku UV slozku a predevsim pak IR slozku za ucelem

snizeni tepelného zatizeni vzorkii
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Tab. 1. Zakladni parametry strojit Q-SUN.

Teplota Vo
Zku$ebni Teplota Intenzita zafeni méfena pii
Model / izolovaného
plocha o komory
Parametr ¢erncho . 340 nm 420 nm | 300-400nm
v mm za osVitu
panelu W/m? W/m? w/m?
Q-SUN Xe-1 250 x 460 50 - 100°C neméii se
Q-SUN Xe-1C 250 x 460 25-100°C 15-50°C
35-65°C
Q-SUN Xe-3 450 x 720 50 - 120°C 20-75
(az 70°C) | 0,25-0,68 | 0,45-1,50
(20-45 pro
Q-SUN Xe-3C 450 x 720 36 - 120°C 25-65°C IR filtraci)
Q-SUN Xe-2 | (31x)46x122 | 55-105°C 35-65°C

2. UV testery - pristroje QUV pro simulaci UV slozky slunecniho zafeni

Tato druha kategorie pfistroji pod oznacenim QUV dala svétu nejrozsifenéjsi 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 rozsiteni je pak

v prumyslu vyroby barev a plast. Zakladni stroj QUV byl vyvinut ve firm¢ Q-Panel pted 45
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lety a po mnoha modifikacich je stale zdkladnim nastrojem pro posouzeni materiala z pohledu
odolnosti viici UV zareni ve spojeni s namahanim kondenzaci vodou.

Vyhodou je moznost pouzivat fluorescencni trubice se specidlnim luminoforem pro vytvoteni
zéatreni simulujiciho velmi dobfe nab¢h intenzit skute¢ného slunecniho zafeni v UV oblasti,
ktera je pro odolnost materiali kriticka. Tento svételny zdroj vynikd extrémni stabilitou
spektra, proto je mozno lampy pouze vykonové regulovat a pouzivat po dobu az 8 000 hodin
svitu bez nebezpeci posunu spektra.

Za ucelem optimalni simulace pocasi stroj krom¢ svétla programové vytvaii kondenzacni
prostfedi jako simulaci rosy v no¢nich hodinéach. Je zndmo, ze doba ovlh¢eni povrchii byva
velmi vysokd, ¢asto vyznamné ptes 50% jednotlivych dnti a kondenzace vody ma na dobu
ovlhceni tedy vyssi vliv nez dést. Zvlastnosti stroju QUV je moznost osvitu za soucasné
kondenzace.

Modely QUV/Spray navic umoziuji postiik vzorkt demineralizovanou vodou za ucelem
simulace desté. Timto namdhanim pak dochazi k odplavovani produkt degradace, teplotnim
Soktim a mirnému mechanickému namahéni vzork.

Stroje QUV pouzivaji rizné druhy lamp. Jedna se o lampy UV A340 simulujici nejlépe pribéh
UV zéfeni slunecniho zafeni v exteriéru, dale pak lampy UVA351 simulujici pribéh

slune¢niho zatreni v UV oblasti filtrovaného svétla ptes okenni sklo - interiér.
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Obr. 6. Svetelné spektrum fluorescencnich lamp UVA340 (a) a UVB313 (b)

Dalsim c¢asto 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 materialdi tak pisobi rychlej$i degradaci, avSak porovnatelnost se

skute¢nou expozici slune¢nimu zareni byva pro nékteré¢ materialy problematicka.
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Pro speciélni pouziti jsou pak CW (cool white ) lampy simulujici osvétleni skladii, vyrobnich
hal, supermarkett apod.

Vsechny stroje QUV maji stejné rozméry a moznosti osvitu. Expozi¢ni plocha strojl je 4x cca
300 x cca 500 mm rozdé€lena vétSinou pouzitim nosicu vzorkl na zkusebni pole 150 x 75 mm
pro 48 vzorkl. Je mozno pouzit i nosi¢e pro vzorky rozméra 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 zustavd kryta plechem a tedy bez osvitu.
Ptichyceni je snadné kruhovymi pruzinkami. Stroj musi byt vzdy zcela zaplnén vzorky nebo
prazdnymi maskami, aby bylo moZzno dosahovat potiebnych teplot a parametri pro

kondenzac¢niho prostiedi, protoze drzaky se vzorky vlastné tvoti stény zkusebni komory.

Zakladni technicka data QUV testert uvadi Tab. 2.

Tab. 2. Technicka data strojii QUV

Recirkulace a
Teplota Kontrola svételné
Teplota | Postiik precistovani ) ) )
Model/Parametr pii intenzity, kalibrace
_ kondenzace | vzorki | demineralizované
osvitu ISO
vody

QUV/Se 45-80°C | 45-60°C Ne Ne Ano
QUV/Spray 45-80°C | 45-60°C Ano Ne Ano
QUV/Spray RP | 45-80°C | 45-60°C Ano Ano Ano
QuUV/CW 35-80°C - Ne Ne Ano
QUV/basic 45-80°C | 45-60°C Ne Ne Ne

U v8ech modelii 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 nedochéazi 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 - 8 000 hodin.

U modelu QUV/basic se lampy ve stroji postupné piemistuji a definitivné méni pii nasviceni
1600 hodin.

Model QUV/spray RP je vybaven navic nadrzi na demineralizovanou vodu potifebnou pro

postiik a Cerpadlem s filtry pro recirkulaci této vody za ucfelem omezeni jeji spotieby.
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Demineralizovana voda je pfed dal§im pouZzitim kontinuiln€ znovu c¢iSténa na smésném
ionexu a kontrolovana jeji vodivost. Pouziti modelu QUV/spray RP je tedy velice vyhodné

pro testy s del§imi programovymi kroky postiiku, kde pritok ptes trysky je 7litrii/minutu.

Obr. 7. Vkladani vzorkii na drZacich do stroje QUV

Kalibrace svételné intenzity
Stroje Q SUN i stroje QUV maji velmi podobny systém kalibrace svételné intenzity. Tento
systém umoziuje predevs§im:
e Kalibraci pfi béZné praci stroje, kdy stroj nadale pokracuje v testu za zadanych
podminek zkousky a pouzivé sva pracovni ¢idla k bézné regulaci.
e Stroj je ke kalibraci pfipraven bez jakéhokoliv zmény nastaveni, pouze obsluha ptipoji
do zasuvky na fidicim ¢elnim panelu kalibra¢ni radiometr (viz Obr. 8)
e Kalibrace probiha bez zadavani jakychkoliv dat do pfistroje a vylucuje tak lidskou

chybu pii manipulaci s ¢isly

Samotna kalibrace probéhne pomoci kalibra¢niho radiometru (Obr. 8).
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Obr. 8: Kalibracni radiometr UCI.

Ptistroje QUV se kalibruji jednim modelem radiometru, ktery kalibruje jak stroje s lampami
UVA 340 ¢i 351, tak s lampami UVB313.

Ptistroje Q-SUN musi byt vybaveny radiometrem osazenym senzory podle druhu
pouzivanych sensori V pfistroji a odpovidajici svételnym filtriim a vétSinou i predpisim dané
zkuSebni normy.

Spravnou kalibraci stroji po 400h (QUV), resp. 500h (Q-SUN) provozu je zaruc¢eno, ze stroje
namahaji svétlem vzorky stile stejné a naméfenych vysledkl je moZno kontinudlné pouzit k
porovnani testii po mnoho let.

K pftistrojim firmy Q- Lab Corporation je k dispozici zaznamovy software spolec¢ny pro

vSechny modely. Ptipojeni komor je realizovano pftes sitové rozhrani na pocitac uzivatele.

Prezentace firmy

Firma Q-LAB Corporation se pravideln¢ zucastnuje veletrhi ptisluSnych pro jejich oblast
zaméteni, zasadni akci je pak v periodé 2 rokd European Coating Show konané na jate
Vv némeckém Norimberku a podzimni veletrh , K* konany kazdé 3 roky v Diisseldorfu. Je
jisté potésitelné, ze v hale vyrobcl laboratorni techniky pro kontrolu plasti a povrchovych
uprav tato firma jiz tradicné stavi stdnek s nejveétsi vystavni plochou a vystavuje minimalné 5

zkuSebnich komor.
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Obr. 9. Stanek firmy Q- LAB Corporation na Coating Show, Norimberk

ZAVER

Tento ptispévek je jen struénym nahlédnutim na pfiistrojovou techniku firmy Q-Lab pro testy
odolnosti vii¢i svétlu a bylo v ném pouzito mnohych zjednoduseni. Skala zkusebnich
moznosti a modifikaci strojii je ve skute¢nosti Sirsi a uspokoji jisté¢ vétsSinu pozadavkil na testy
v této oblasti, kdy stroje svymi moznostmi nastaveni, privetivosti k obsluze, precisni funkci a
sluSnou cenou jist¢ pomohou jak ve vyvoji novych receptur, tak pii kontrole kvality vyroby.
Vzhledem k nizké pofizovaci cené i k nizkym provoznim ndkladim se tak stava xenonova
simulace 1 UV simulace fluorescenénimi lampami dostupna Siroké Skale uzivatela.

Je optimalnim strojem pro automobilovy primysl, plastikarsky, textilni primysl, vyrobu

natérovych hmot a pigmentd, stavebni chemii a mnohé dalsi odvétvi primyslu.
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REOLOGICKE CHOVANIE PLA A PP KONCENTRATOV
Anna Ujhelyiova®'", Leona Omanikova', Stefan Krivos?, Zita Tom&ikova®

YWstav prirodnych a syntetickych polymérov, Fakulta chemickej a potravinarskej technologie,
STU v Bratislave, Radlinského 9, 812 37 Bratislava, Slovensko

2V}'Iskumn}'/ ustav chemickych vlakien, a.s., Starova 2, 059 21 Svit, Slovensko
* Kore$pondenény e-mail: anna.ujhelyiova@stuba.sk

ABSTRAKT
Ulohou modifikacie tradi¢nych inovopouzivanych polymérov je pripravit materidly so
zlepSenymi resp. novymi vlastnostami pre potencidlne Specidlne aplikacie. K takymto
modifikacidm patri aj modifikacia polypropylénu (PP) resp. kyseliny polymlie¢nej (PLA) pre
pripravu vlékien s multifunkénymi vlastnostami. Cielom prace bolo stadium reologického
chovania sa PP resp. PLA koncentratov aditivovanych pigmentami, halloyzitom,
modifikovanym halloyzitom s réznymi typmi iobsahom dispergatorov. Pri vyhodnoteni
reologického chovania sa pripravenych PP 1 PLA koncentratov bol pouzity Ostwald de
Waelov zékon 1 Rabinowitschova korekcia. Zaroven bola u koncentratov hodnotena
filtrovatel'nost’  charakterizujica schopnost’ zvlaknitelnosti pripravenych PP 1PLA
koncentratov. Akceptovatel'né reologické chovanie sa koncentratov zavisi od typu a obsahu

aditiv a od typu a obsahu dispergatorov.

UVOD
Materialy z obnovitelnych zdrojov a navySe eSte aj biodegradovatelné su v poslednom
obdobi vel'mi atraktivne a zaujimavé vo vedeckej praxi, pretoZe si environmentalne prijatel'né
a potencialne znizuju riziko tvorby neodburatel'nych odpadov [1]. K tymto materidlom patria
najmé kyselina polymliecna (PLA), polykaprolakton (PCL), polyhydroxybutyrat (PHB) a
pod. NajzaujimavejSim materidlom z nich je PLA, ktord ma excelentné mechanické vlastnosti
a je lahko tvarovatel'na [2]. M4 tieZ potencidlne Siroké uplatnenie v medicinskej oblasti pre jej
dobru biokompatibilitu, v obaloch 1 textilnych vlaknach [3, 4]. Na druhej strane jej vyuZitie
komplikuji jej negativne vlastnosti, ako napr. vysokd krehkost, ktord suvisi s nizkou
deforméciou a taznost'ou, slaba schopnost’ kryStalizacie a nizke bariérové vlastnosti voci

plynom. Modifikdcia PLA inymi polymérmi, plastifikitormi alebo anorganickymi
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nanoaditivami by mohla zlepsit’ jej niektoré negativne vlastnosti [5, 6] pripadne zabezpecit’
nové, napr. koloristické, s potencidlnym vyuzitim v ochrane vyrobkov [7]. Plastifikatory st
aditiva, ktoré sa c¢asto pouzivaji na zvySenie pohyblivosti polymérnych retazcov,
spracovatelnosti a redukciu viskozity. Na druhej strane st aditiva, ktoré po pridani do PLA
zlepsuju jej krystalizaénu schopnost’ s vySSou moznostou tvorby orientovanych produktov,
napr. vlakien [8] alebo zlepSuju dispergaciu Castic aditiva v hmote polyméru.

Proces pripravy PLA vldkien modifikovanych roéznymi aditivami s cielom zlepSenia
vlastnosti je mozné rozdelit do dvoch stupiiov. Prvym je priprava koncentratov PLA
modifikovanych aditivami a nasledne priprava vlakien [9, 10]. Vlastnosti pripravenych
koncentratov, ktoré obsahujii okrem polymérneho nosica aj funkéné aditiva a dispergatory,
ovplyviiuji nasledne spracovatelnost PLA pri priprave vldkien. Plastifikatory, napr.
polyetylénglykol, polypryplénglykol, glycerol, triacetin, tributylcitrdt a pod., ktoré sa
pouzivaju pre zlepSenie flexibility retazcov PLA a redukcii viskozity [6], ovplyviiuju
reologické chovanie sa PLA koncentratov.

Cielom tejto prace je Studium vplyvu pouzitych dispergatorov a funkénych aditiv na zmenu
reologického chovania sa PLA a PP koncentratov. Boli stanovené zavislosti $mykového
napitia od Smykovej rychlosti, zktorych boli vyhodnotené koeficienty z Ostwald de
Waelovho zdkona a viskozita pri viacerych Smykovych rychlostiach s pouZitim

Rabinowitschovej korekcie.

EXPERIMENTALNA CAST

Materialy

V praci na pripravu koncentratov boli pouzité polypropylén Tatren HT2511 (PP) od firmy
Slovnaft, a.s., kyselina polymlie¢na PLA Ingeo 6202D (16202D) od firmy NatureWorks LLC
a PLA Luminy L105, Luminy L130 a Luminy L175 (L105, L130 a L175) od firmy Total
Corbion PLA B.V. ako zdkladné polymérne matrice pri priprave koncentratov. Ako aditiva
boli pouzité Halloysite nanoclay 685445 - Al,Si,05(OH)4.2H,0 (HNT) od firmy Applied
Minerals Inc., ktory bol modifikovany 20% fluorescenéného pigmentu E (E) a 20 % repelentu
D (D) vo vnutri nanorarok v spolupraci s firmou A1SYNTH, s.r.0., luminiscenc¢né pigmenty
B (B) aA (A) a fluorescencny pigment C (C). Zaroven pre lepsiu dispergaciu pigmentov
a modifikovaného HNT boli pouzité dispergatory polyamid/polyeterovy blokovy amid A22
(A22), silikonovy olej B350 (B350), polyoxyetylén-polyoxypropylénovy kopolymér G10
(G10), polypropylénovy vosk E230 (E230), polyetylénovy vosk D520 (D520). Koncentraty

Sroznym obsahom zdkladnych polymérov, aditiv a dispergatorov boli pripravené na
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laboratornom dvojzavitovkovom extruderi Werner-Pfleiderer ZDSK D=28 s priemerom
zavitoviek D=28 mm (Tab. 1).

Tab. 1. Charakteristika PP a PLA koncentratov a PP a PLA polymérov

Koncentrat Polymér, Dispregator 1, Dispergator 2, Aditivam,

hm. % hm. % hm. % hm. %
PP1 97 1-D520 - 2-B
PP2 88 2-G10 - 10-C
PP3 84 4 - A22 2 - D520 10-E
PP4 88 2—-D520 - 10-D
PPS 98 1-E230 - 1-A
PP6 100 - - -
PLA1 88 — 16202D 2—-A22 - 10-C
PLAZ2 97,5-16202D 0,5-B350 - 2-B
PLA3 100 — L175 - - -
PLA4 100 - L130 - - -
PLAS 100 — L105 - - -
PLAG 100 - 16202D - - -
Metody hodnotenia

Reologické vilastnosti

Reologické vlastnosti boli merané pomocou kapilarneho viskozimetra Gottfert RG20 pri
220°C pre PP a210°C pre PLA koncentraty. Pri merani bola pouZzita kapilara s kruhovym
priemerom s L/D = 30/1 v oblasi §mykovych rychlosti od 360 do 9000 s™ s predohrevom
koncentratov pocas 5 min. Princip merania spoc¢iva v merani prietokovej, resp. vytokovej
objemovej rychlosti a v snimani tlakového spadu pozdiz kapilary definovanej dizky a prierezu
[11]. Na zaklade geometrickych parametrov kapilary (priemer a dizka kapilary) a snimanych
veli¢in boli vypocitané Smykové napétia a Smykové rychlosti a zostrojené zdanlivé tokové
krivky, z ktorych boli vyhodnotené indexy Ka n, ktory charakterizuje odklon od

Newtonského toku z Ostwald de Waelovho zakona:

T=K.y" (1)

kde 7 je Smykové napitie a )& je Smykova rychlost’.
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Vsetky koncentraty st polymérne systémy s Nenewtonskym chovanim, preto pre urcenie
reologickych parametrov bola pouzitd Rabinowitschova korekcia zohl'adfiujuca nenewtonsky

charakter toku pri stene kapilary.

Filtrovatelnost’
Filtrovatel'nost’ taveniny (F) je vyjadrena ako pomer zmeny tlaku pred filtrom (Ap)

a hmotnosti filtratu (m) stanoveného pomocou klasického zariadenia na filtrovanie:

F=Ap/m (2)

VYSLEDKY A DISKUSIA

V préci boli Studované reologické vlastnosti PP a PLA koncentrdtov s roznym obsahom a
typom dispergatorov a rédznym obsahom a typom aditiva. Zlozenie sledovanych koncetnratov
je uvedené v Tab. 1. Namerané vysledky boli spracované do zavislosti Smykového napitia a
viskozity od $mykovej rychlosti (Obr. 1) PP a PLA koncentratov.

Zavislosti Smykového napitia od Smykovej rychlosti PP koncentratu s dispergatorom G10 (2
%) a 10% C pigmentu a koncentratu so zmesou dispergatora zlozenou zo 4 % A22 a 2 %
D520 a 10% E pigmentu s v porovnani so zavislostami ostatnych PP koncentratov posunuté
k vy$§im Smykovym napdtiam (Obr. l1a). Zavedenim Rabinowitschovej korekcie pri
spracovani reologického sa chovania sledovanych PP koncentratov je moZné konStatovat, ze
zavislosti viskozity od Smykovej rychlosti su porovnatel'né so zavislostou pre ¢isty PP okrem
koncentratu s dispergatorom D520 (2 %) a pigmentom D (10%) (Obr. 1b).

Na Obr. 1c a 1d st prezentované zavislosti Smykového napétia od $mykovej rychlosti pre dva
koncentraty PLA a rozne typy PLA. Reologické chovanie sa roznych typov PLA je rozdielne.
Na tok PLA taveniny pri rovnakych Smykovych rychlostiach je potrebné rozdielne napétie pre
rozne typy PLA. Smykové napitie pri rovnakej $mykovej rychlosti sa zvysuje v rade L105,
L130, L175 a 16202. Zavislosti Smykového napitia od Smykovej rychlosti PLA koncentratu
s dipergatorom A22 (2 %) a 10% pigmentu C a PLA koncentratu s dispergatorom B350 (0,5)
a pigmentom B (2 %) st porovnateI'né so zavislostou pre PLA L175. Zavislosti viskozity od
Smykovej rychlosti su porovnatel'né okrem zavislosti odpovedajtcej PLA 16202 a L130 (Obr.

1d), pricom rozdiely st najma pri vyssich Smykovych rychlostiach.
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Obr. 1 Zavislost Smykového napdtia od smykovej rychlosti (a, ¢) a viskozity od Smykovej
rychlosti (b, d) PLA (c, d) a PP (a, b) PP a PLA koncentratov a polymérov

1-—
3_
5_
7_
9_

Stanovené viskozity pri roznych Smykovych rychlostiach pre PP i PLA koncentraty a PP a

97% PP/1% D520/2%B; 2 — 88%PP/2%G10/10%C;
84%PP/4%A22+2%D520/10%E; 4 — 88%PP/2%D520/10%D;
98%PP/1%E230/1%A,; 6 — PP;
88%16202D/2%A22/10%C,; 8 — 97,5%16202D/0,5%B350/2%B;
L175; 10 — L130; 11 - L105; 12 —16202D

rozne typy PLA potvrdili predchadzajuce zavery (Obr. 2).

Zo zavislosti Smykového napétia od Smykovej rychlosti boli stanovena koeficienty Ostwald
de Waelovho zdkona (n a K) a u vSetkych koncentratov bol hodnoteny aj parameter
filtrovatel'nosti — F (Tab. 2). Odchylka od Newtonskeho toku n u vSetkych PP koncentratov
ako 1 PP je porovnatena. Odklon od Newtonskeho toku je porovnatelny pre oba PLA
koncentraty a L175 a L130. Nenewtonské chovanie je najvyraznejSie u 16202D a najmensi
odklon od Newtonskeho chovania ma PLA L105. Trend v nenewtonskom chovani je

zachovany aj pre parameter K pre vSetky sledované PP a PLA koncentraty a PP a PLA

polyméry.
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Obr. 2 Viskozita PP (a) a PLA (b)koncentratov a PP (a) a PLA (b) polymérov pri réznych
Smykovych rychlostiach (I — 10000 s, 2 —5000 s, 3—1000 s, 4 —500 s™)

1-97% PP/1% D520/2%B,;
3 — 84%PP/4%A22+2%D520/10%E;
5 — 98%PP/1%E230/1%A;

7 — 88%16202D/2%A22/10%C;
9 - L175;

10 - L130;

2 — 88%PP/296G10/10%C;
4 — 88%PP/2%D520/10%D;
6 PP;

8 — 97,5%16202D/0,5%B350/2%B;
12 - 16202D

11 - L105;

Parameter filtrovatel'nosti hovori o spracovatelnosti koncentratov pocas zvldknovania. Cim je

parameter filtrovatelnosti nizsi, tym je lepSia spracovatel'nost’ koncentratov a tym aj lepsia

dispergacia castic pouzitych aditiv v hmote vldkna. Zo ziskanych vysledkov je mozné

konStatovat,, ze spracovatelnost’ PP 1 PLA koncentratov je na dostatocnej Uirovni a mierne

problémy by mohli nastat’ pri spracovani PP koncentratu 3 (so zloZenim 84% PP, zmesou

dispergatorov 4% A22 a 2 % D 520 a 10 % pigmentu E) a koncentratu s 88 % PP, 2 %

dispergatora D520 a 10 % pigmentu D.

Tab. 2. Reologické parametre (n, K) a filtrovatelnost (F) PP a PLA koncentratov a PP a PLA

Vzorka n K F, MPa/kg Vzorka n K F, MPa/kg
1 0,30 9213 217 7 0,41 7791 249

2 0,29 11901 227 8 0,45 5518 <50

3 0,34 7580 778 9 0,44 5936 -

4 0,32 4641 1667 10 0,40 4203 -

5 0,30 9078 <50 11 0,61 955 -

6 0,30 9831 - 12 0,22 57160 -
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ZAVER
Praca prezentuje vysledky s$tadia reologického chovania sa sledovanych PP a PLA
koncentratov ako aj PP a PLA polymérov. Zo ziskanych vysledkov je mozné konstatovat’, ze
pripravené koncentraty st vhodné na pripravu PP 1 PLA vlakien modifikovanych Specialnymi

aditivami.
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ABSTRAKT
Textilni materidly obsahujici vrstvu polymernich nanovldken se ¢im dal tim vice stdvaji
zddanymi  materidly v riznych primyslovych odvétvich spojenych s katalyzou,
bioinzenyrstvim, elektronikou (separatory ¢lankd, elektrodové materialy) a ekologickymi
aplikacemi (€iSténi vzduchu, zpracovani odpadnich vod, absorpce zvuku), tedy oblastmi, kde
zvySeni uZitnych vlastnosti je docileno zvétSenim aktivniho povrchu materidlu. V nasem
piispévku jsme se zaméfili na filtrace vzduchu a kapalin vyuZzivajici textilni materidly
S nanovlaknitymi strukturami upravenymi organickymi aditivy, scilem omezit tvorbu
biofilmu a tim dale zlepsit filtracni vlastnosti nanostruktur.
Pro charakterizaci vlastnosti filtraénich materialti byla sestavena specialni zatizeni jak pro
filtraci vzduchu, tak i vody. Nanovlakna byla pfipravovana z polyurethani a
polyvinylidenfluoridu vldknotvornym procesem v elektrostatickém poli na kordovych 1
tryskovych elektrodach.
Aplikaci nanovldken do filtra¢nich material pro filtraci vzduchu dochazi ve srovnani
s mikrovldknovymi filtry ke zvySeni filtraéni ucCinnosti pifi stejné tlakové ztraté
porovnavanych materialii. Pii filtraci kapalin nanostruktury zvySuji pritok filtrem, predevs§im
na zacatku filtra¢niho procesu.
Retardace tvorby biofilmu byla vyhodnocovana s vyuZiti elektronové rastrovaci mikroskopie,
fluorescen¢ni mikroskopie, pritokové cytometrie, také pomoci normovanych standartnich
postupt pro kultivace bakterii a analyzou Real-time PCR. Antibakteridlni ucinky byly
stanovovany na gramnegativnich (Escherichia coli) a grampozitivnich (Staphylococcus

aureus) modelovych organismech.
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ABSTRAKT
Prace se zabyva studiem vlivu ucinkii gama zafeni na tepelné a reologické vlastnosti
polylaktidi (PLA) s amorfni a semikrystalickou strukturou s inkorporovanou modelovou
bioaktivni latkou s cilem modifikovat kinetiku jejiho uvoliiovani z PLA matrice. Vzorky byly
pfipraveny metodou roztokového odlévani s naslednym odpafenim rozpoustédla. Termicka
analyza byla provedena na zatizeni DSC v teplotnim rozsahu od 25 °C do 180 °C v inertni
atmosféfe N2 (50 ml/min). Reologickd analyza byla provedena na rotaCnim reometru s
geometrii uspofadani deska — deska pfi teploté¢ 170°C. Vysledky ukazaly vyznamné zmény
sledovanych parametrii testovanych vzorkd po vystaveni gama zafeni, coZ vyznamné ovlivni
transportni procesy bioaktivni latky skrze PLA matrice. To je dilezité z hlediska ptipravy a
kontroly kvality zdravotnickych prostfedkii na bazi PLA s ohledem na jejich funkcnost a

bezpecnost.
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ABSTRAKT
Polypropylén (PP) je vd’aka svojim dobre vyvazenym fyzikdlno-mechanickym vlastnostiam,
dobrej spracovatelnosti a nizkej cene, jednym z komeréne najpouzivanejSich polymérov pri
vyrobe technickych atextilnych kompozitnych vldkien. Aplikdcie PP v roznych
priemyselnych oblastiach sa odvijaji od jeho zlepSujucich sa vlastnosti prave vdaka
modifikacidm. PP je preto vel'mi Casto pouZivanou matricou v spojeni s réznymi druhmi
mikro a nanoplniv, akymi st uhlikové nanorurky (CNTs), vrstevnaté silikaty (skupina hlinito-
kremicitanov: montmorilonity, halloyzity atd’.), silika, grafit a uhli¢itan vapenaty. Velkou
vyzvou Vv pripade pouzitia nanoplniv je dobra dispergacia takychto castic v matrici PP.
Halloyzitové nanorurky (HNTSs) sa stali z vyskumného hl'adiska vel'mi zaujimavym aditivom
na zlepSenie mechanickych a termickych vlastnosti polymérov. Patria do skupiny hlinito-
kremicitanov (s chemickym zlozenim Aly(OH)4Si,O5(2H,0)) s prevazne dutou tubularnou
struktarou. Tieto mineralne ¢astice maju dizku od 300-1500nm a ich vnutorny resp. vonkajsi

priemer sa pohybuje v intervale od 15-100nm resp. 40-120 nm.

UVOD
Polymérne kompozitné materidly su novou triedou materidlov. Su plnené nanoplnivami
a zvy€ajne maju niektoré vlastnosti (napr. termické a mechanické) vyrazne lepsie v porovnani
s konvenénymi kompozitnymi materidlmi a to pri vyrazne mensom obsahu plniva v matrici

[1-4]. Zvy€ajne dochadza k zlepSeniu mechanickych vlastnosti akymi st tvrdost,
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huzevnatost, rozmerova stabilita, bariérové a termické vlastnosti, ¢i odolnost’ voci horeniu [1-
4]. Klu€ovymi problémami pri priprave pokrocilych nanokompozitov si: stupen dispergacie
aditiv v polymérnej matrici a medzifdzové interakcie medzi nanoplnivom a polymérnou
matricou [5-8]. Polypropylén (PP) je dolezity komerény polymér, ktory sa pouziva na vyrobu
produktov pre domaécnosti, stCasti automobilov, elektroniku, obaly, atd. Je Tahko
spracovatelny, recyklovatelny ama vyvazené fyzikdlno mechanické vlastnosti a nizku
obstaravaciu cenu. PP je vel'mi populdrnou matricou pre pouzitie v kombinécii s mnohymi
nanoaditivami, akymi st napr. uhlikové nanorurky (CNTs) [9], vrstevnaté silikaty (skupina
hlinito-kremi¢itanov: montmorilonity, halloyzity atd’.)[10], silika, grafit a uhli¢itan
vapenaty[11].

Halloyzitové nanorurky (HNTSs) sa stali z vyskumného hladiska vel'mi zaujimavym aditivom
na zlepSenie mechanickych a termickych vlastnosti polymérov [12-13]. Su to cCastice hlinito-
kremiditanov tubularneho charakteru a zloZzenim Aly(OH);Si,05(2H,0).
Z chemického hl'adiska je halloyzit podobny dobre zndmym a bezne pouzivanym kaolinom
vrstevnatého typu, avSak jeho vrstvy su zrolované do tvaru rarok[14]. Vdaka tomuto
rarkovitému tvaru a menSiemu vyskytu povrchovych hydroxylovych skupin je halloyzit dobre
dispergovate'nym plnivom v polyméroch, bez potreby exfoliacie, na rozdiel od vrstevnatych
ilov - kaolinu a montmorilonitu. HNTs st ovela lacnejSie ako iné nanoplniva a su
biokompatibilné. [15] Tubularny halloyzit je "zeleny" material, ktory nie je nebezpecny pre

zivotné prostredie a je dostupny v tisicoch ton z prirodnych lozisk [16].

EXPERIMENTALNA CAST
Materialy
Izotakticky Ziegler-Natta polypropylén TATREN HT 2511 (PP), Slovnaft Petrochemicals a.s.
SR, MFI=25 g/10min; Halloyzitové nanortrky (HNTs) Al;Si,O5(OH)4.2H,0, velkost porov
1,26-1,34 ml/g, velkost' povrchu &astic 64m?/g, Applied Minerals, Inc., USA — dodané
spolo¢nostou Aldrich Chemistry; Tegopren 5885 (TEG) — nereaktivny neidnovy hydrofobny
dispergator na baze polyétersiloxanu, EVONIK Industries AG., SRN.
Priprava zmesi
Zmesi PP s HNTs a PP s HNTs a TEG boli pripravené na dvojzavitovkovom vytlacovacom
zariadeni so suhlasnou roticiou zavitoviek od firmy Labtech Scientifig (Thajsko)
s parametrami L/D=40 a D=16mm. Teplotny profil od nasypky po hlavu extriidera bol 190°C

do 220°C arychlost’ otacania zavitoviek bola 120 ot/min. Pre porovnanie vplyvu HNTS
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a HNTs + TEG na zmenu vlastnosti bol Cisty PP pretaveny za rovnakych podmienok ako
referencnd vzorka.

Priprava vlakien

NediZené kompozitné vlakna boli pripravené obvyklou metdédou zvlakiiovania z taveniny za
pouzitia laboratdrnej zvldkiovacej linky s priemerom zavitovky ¢ = 16 mm pri teplote 240°C.
Zvlékiovacia hubica mala 13 otvorov (¢ = 0.5 mm), davkovanie taveniny bolo 13g/min a
rychlost odtahu multifilamentu bola 2/5 m/s. Pripravené nediZené vldkna boli v d’aliom
kroku diZené na vertikalnom diZiacom laboratornom zariadeni na $tyri rozne diZiace pomery
pri teplote 120°C sciefom sledovat zmeny mechanickych vlastnosti pocas diZenia.

Maximalny diZziaci bol pre kazdi vzorku iny.

Pouzité metody

Stanovenie mechanickych vilastnosti

Na hodnotenie mechanickych vlastnosti bolo pouzité trhacie zariadenie Instron 3343. Celé
meranie bolo zaloZené na zatazeni vlakna, uchyteného medzi dvomi vertikalnymi ¢el'ustami s
upinacou dizkou 125 mm, pri¢om rychlost’ deformacie bola 200 mm/min, az do pretrhnutia
vlakna. Tymto spdsobom bola stanovena pevnost’ vlakna pri pretrhnuti o, prediZenie vlakna
pri pretrhnuti a Youngov modul v sulade s normami STN EN 1SO 139, STN EN ISO 2060
aSTN EN ISO 2062. Kazdy typ vlakna bol hodnoteny 10-krat, vSetky veli¢iny boli

vyhodnocované spolu s ich variaénymi koeficientmi.

Stanovenie faktoru priemernej orientdcie f

Faktor priemernej orienticie f vo vSeobecnosti uddva mieru pravidelného usporiadania
makromolekul vo vldkne. Této veli¢ina bola merana pomocou pristroja Dynamic Modulus
Tester PPM — 5R, ktory snimal rychlost’ zvuku C, $iriaceho sa v smere osi vlakna.

Kazdy typ vldkna bol hodnoteny 10-krdt a priemernd hodnota nameranej veli¢iny bola

dosadena do vzorca na vypocet faktora priemernej orientéacie f:

C2
f=1-2% &)

kde: Cn - rychlost’ zvuku v absolatne neorientovanom (PP) vlakne [m/s] ; (CPP = 1600 m/s)

C — namerana rychlost’ Sirenia zvuku vo vldkne [m/s]
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VYSLEDKY A DISKUSIA

Bola vyhodnotend jemnost, mechanické vlastnosti a faktor priemernej orientacie
kompozitnych vlakien PP/HNTS bez/s obsahom nereaktivneho neidénového dispergatora
TEG. Pripravené vldkna boli vydiZené na $tyri diZiace pomery. Jemnost kompozitnych
vlakien je ovplyvnend predovietkym rasticim diZiacim pomerom. Obsah HNT a
dispergacného cinidla bol na nizkej rovni a nebol pozorovany vyrazny narast tohto
parametra. Jemnost’ je tiez ovplyvnena privadzanim granulatu do zvlakinovacieho extradera,
ktory je automaticky regulovany snimacom tlaku v ddvkovacom cerpadle a zvldknovacej
hubici. Podl'a vysledkov (Obr. 1.) sa jemnost kompozitnych vlakien zniZuje s rastiicim
diZiacim pomerom pre vietky vzorky.

Pevnost’ pri pretrhnuti kompozitnych vldkien PP/HNTs je ovplyvnenad najmi morfologickou
Struktirou prvkov tvorenych nanoaditivami a zmenami, ku ktorym dochédza pocas procesu
dizenia [17]. Obsah tuhych &astic v mikro alebo nano rozmeroch dispergovanych do
polymérnej matrice vedie k znizovaniu orientdcie anizotropného systému vlakien [18].
Z hladiska pevnosti pri pretrhnuti je zrejmé, ze optimalne mnozstvo HNTs v kompozitnom
vlakne je 1 hmotn. % pri maximéalnom diZiacom pomere, pretoze pri tejto hodnote dosahuje
pevnost’ pri pretrhnuti maximum na rovni nemodifikovanych PP vlakien a d’alSie pridanie
nanoadditiva do orientované¢ho systému vlakna vedie k zniZzovaniu jeho pevnosti pri pretrhnuti
huzevnatosti (Obr.2). Pridanie nereaktivneho neidnového dispergacného cinidla TEG
spOsobuje zvySenie pevnosti pri pretrhnuti pre vldkna s obsahom 3 hmotn. % HNTs v
porovnani s modifikovanymi vladknami s rovnakym obsahom HNTs bez pridania
dispergacného Cinidla TEG. Zjavne pritomnost dispergaéného ¢inidla TEG vedie k lepSej
dispergécii Castic HNTs v matrici PP a nizSej nepravidelnosti v morfologickej Struktire
modifikovanych vlakien PP/HNTS pocas diziaceho procesu.

PrediZenie pri pretrhnuti nedizenych kompozitnych vlakien PP/HNTS je ovplyvnené pridanim
nanoaditiva a nereaktivneho neidnového dispergacného Cinidla TEG do jednotlivych zmesi.
S rastGicim diZiacim pomerom klesa predizenie pri pretrhnuti z dévodu rasticej orientacie

kompozitnych vlakien (Obr. 3).
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Obr. 1. Jemnost kompozitnych PP/HNTs vidkien s/bez obsahu dispergacného cinidla TEG
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Obr. 2. Pevnost kompozitnych PP/HNTs vldkien s/bez obsahu dispergacného cinidla TEG
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Obr. 3. Predizenie kompozitnych PP/HNTs vidkien s/bez obsahu dispergacného cinidla TEG
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Obr. 4. Youngov modul kompozitnych PP/HNTs vidkien s/bez obsahu dispergacného cinidla

TEG
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Vystuzujuci ucinok nanoaditiva na termoplastickl matricu je dobre zndmy z literatury pre
"nizko" orientovany systém pripraveny beznymi postupmi extriizie, alebo vstrekovania. Vo
vysoko orientovanych systémoch, akymi st vlakna, je situdcia odli$na. Castice nanoaditiva
podas diziaceho procesu spdsobujii nepravidelnost a nerovnomernost nadmolekulove;
Struktury vldkna. Tento jav je mozné sledovat’ na hodnotach pevnosti pri pretrhnuti vldkna
(Obr. 2.) a Youngovho modulu (Obr. 4.). DiZenim doslo k narastu hodndt Youngovho
modulu pre vsetky pripravené nemodifikované a modifikované vldkna PP/HNTs. Pri obsahu 1
hmotn. % HNTs s obsahom 3 hmotn. % nereaktivneho disperga¢ného ¢inidla TEG v
kompozitnych vldknach PP/HNTs je Youngov modul najviacsi pre maximalny diZiaci pomer.
Ako bolo spomenuté pri diskusii o pevnosti pri pretrhnuti, pridanie nereaktivneho neiéonového
disperga¢ného ¢inidla TEG do zmesi, ma pozitivny vplyv na hodnoty Youngovho modulu pri
maximalnom diZiacom pomere na modifikované vlakna PP/HNTs s vy$§im obsahom
nanoaditiva (3 hmotn. %) v porovnani s modifikovanymi PP/HNTs vlékien bez pridania tohto
dispergacného ¢inidla.

Faktor priemernej orientacie modifikovanych PP/HNTs vlakien bol stanoveny metodou
rychlosti Sirenia zvuku v anizotropnom systéme. Z vysledkov na Obr. 5. vyplyva, ze

orientdcia pripravenych vlakien rastie s dlZiacim pomerom.

0,80
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0,70 m PP 100%
o
i W 1% HNT
Y—, 0,65 1 = 3% HNT
B 3%TEG+1%HNT
0,60 B 3%TEG+3%HNT
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0,50 -
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A

Obr. 5. Faktor priemernej orientdcie kompozitnych PP/HNTs viakien s/bez obsahu
dispergacného cinidla TEG
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Pri najnizSom spoloénom diZiacom pomere (A=3) sa negativne prejavuje pritomnost
nanoaditiva v kompozitnych vlaknach. Faktor priemernej orientacie (f) je dosahuje najvyssiu
hodnotu pri vldknach z &istého PP. S rasticim diZiacim pomerom, viak klesa tento negativny
dopad pritomnosti nanoaditiva na nadmolekulova Struktaru pripravenych kompozitnych
vlakien. Pritomnost’ dispergacného ¢inidla TEG ma najmé pri vySSom obsahu nanoaditiva
pozitivny vplyv na hodnoty faktora priemernej orientacie. Toto konStatovanie koreluje aj

s hodnotami pevnosti pri pretrhnuti kompozitnych PP/HNTSs vlakien (Obr. 2.)

ZAVER
Polypropylénové kompozity a modifikované vlakna vzhl’'adom na ich jedinecné vlastnosti st
stdle zaujimavym cielom vedeckého vyskumu. HNTs maju jedinecné vlastnosti (nulova
cytotoxicita, dutd nanorirkova Struktira atd’.). Tieto vlastnosti predurcuju tomuto typu
nanoaditivnych latok Siroké pouzitie (s/bez modifikacie). V tejto praci sa Studoval vplyv
obsahu HNTs a nereaktivneho neionového dispergatného TEG na mechanické vlastnosti
pripravenych kompozitnych vlakien.

1. Obsah nanoaditiva a nereaktivneho neidnového dispergacného cinidla TEG nema
ziadny negativny vplyv na zvldknovaci proces pripravenych zmesi. Jemnost pripravenych
dizenych vlakien klesa s rastiicim diziacim pomerom pripravenych vlakien.

2. Predizenie pri pretrhnuti sa zniZilo s diZziacim pomerom. Hlavné rozdiely v predizeni
pri pretrhnuti nastali pri vlaknach dizenych na nizke diZiace pomery (A = 3), kde mozeme
pozorovat’ vplyv nanoadditiva na tuhost polymérnej matrice. Zvy3enie diZiaceho pomeru
sposobilo, Ze rozdiely v prediZzeni pri pretrhnuti poklesli.

3. Kompozitné vldkna PP/HNTs s obsahom 1 hmotn.% HNTs a 3 hmotn. %
nereaktivneho neidonového dispergaéného cinidla TEG dosahuji vyssSie hodnoty pevnosti pri
pretrhnuti v porovnani s nemodifikovanymi PP vldknami a modifikovanymi PP/HNTs
vldknami bez obsahu nereaktivneho neidnového disperga¢ného ¢inidla TEG pri maximalnom
diziacom pomere. Je zrejmé, Ze tento obsah HNTs je vhodny na modifikaciu tohto typu PP
matrice. VySsi obsah nanoaditiva spdsobuje nepravidelnost’ a nerovnomernost’ kompozitnych
vlakien pocas diZiaceho procesu. To ma negativny vplyv na hodnoty pevnosti pri pretrhnuti
modifikovanych PP/HNTs. Podla ocakdvani pritomnost’ nereaktivneho neiénového
dispergacného c¢inidla TEG ma pozitivny vplyv na dispergaciu cCastic nanoaditiva v PP
matrici. Tieto oakavania boli nepriamo potvrdené prostrednictvom vysSich hodndt pevnosti
pri pretrhnuti modifikovanych vlakien PP/HNTs s obsahom 3 hmotn. % nanoaditiva a

dispergacného ¢inidla TEG v porovnani s hodnotami pevnosti pri pretrhnuti vlakien PP/HNTs
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bez obsahu tohto disperga¢ného Cinidla. Podobné vysledky boli pozorované pri hodnoteni
Youngovho modulu.

4. Hodnoty faktora priemernej orienticie s rastiicim diZiacim pomerom narastaji.
S narastajucou orientaciou tohto anizotropného systému dochadza k poklesu rozdielov
V orientacii medzi vldknami z Cistého PP a vldknami s 1 hmot. % nanoaditiva. Pri vysSej
koncentracii nanoaditiva (3 hmot. %) sa prejavil pozitivny vplyv pritomnosti dispergaéného

¢inidla na faktor priemernej orientacie pripravenych kompozitnych vldkien.

PODAKOVANIE
Tato praca vznikla za podpory Agentiry pre podporu vedy a vyskumu, v ramci

projektu APVV-14-0175 a projektu APVV-14-0301.

REFERENCIE

[1] Alexandre, M., Dubois, P. (2000). Polymer-layered silicate nanocomposites: preparation,
properties and uses of a new class of materials. Material Science and Engineering: Reports,
Vol.28, pp. 1-63, ISSN 0927-796X.

[2] Prashantha, K., Soulestin, J., Lacrampe, M. F., Krawczak,P. (2009). Present status and
key challenges of carbon nanotubes reinforced polyolefins: a review on nano- composites
manufacturing and performance issues. Polymers and Polymer Composites, VVol.17, pp. 205—
245, ISSN 1478-2391.

[3] Prashantha, K., Lacrampe, M.F., Krawczak, P. (2011). Processing and characterization of
halloysite nanotubes filled polypropylene nanocomposites based on a masterbatch route:
effect of halloysites treatment on structural and mechanical properties, eXPRESS Polymer
Letters, Vol.5, No.4., pp. 295-307, ISSN 1788-618X.

[4] Shi, Z., Gao, X., Song, D., Zhou, Y., Yan, D. (2007). Preparation of poly(caprolactone)
grafted titanate nanotubes. Polymer, Vol. 48, pp. 7516-7522, ISSN 0032-3861.

[5] Auras, R., Harte, B., Selke, S. (2004). An overview of polylactides as packaging
materials. Macromolecular Bioscience, Vol. 4, pp. 835-864, ISSN: 1616-5195.

[6] Kale, G., Auras, R., Singh, S. P., Narayan, R. (2007). Biodegradability of polylactide
bottles in real and simulated composting conditions. Polymer Testing, VVol. 26, pp.1049-1061,
ISSN0142-9418.

[7] Bao, S. P., Tjong, S. C. (2008). Mechanical behaviors o fpolypropylene/carbon nanotube
nanocomposites: the effects of loading rate and temperature. Material Science and
Engineering: A, Vol. 485, pp. 508-516, ISSN 0921-5093.

133



[8] Hari, J., Dominkovics, Z., Fekete, E., Pukanszky, B. (2009). Kinetics of structure
formation in PP/layered silicate nanocomposites. Express Polymer Letters, Vol.3, pp. 692—
702, ISSN 1788-618X.

[9] Papageorgiou, G. Z., Achilias, D. S., Bikiaris, D. N., Karayannidis, G. P. (2005).
Crystallization kinetics and nucleation activity of filler in polypropylene/surface-treated SiO,
nanocomposites. Thermochimica Acta, Vol. 427, pp.117-128, ISSN 0040-6031.

[10]Marney, D. C. O., Russell, L. J., Wu, D. Y., Nguyen, T., Cramm, D., Rigopoulos, N.,
Wright, N., Greaves,M. (2008). The suitability of halloysite nanotubes as a fire retardant for
nylon 6. Polymer Degradation and Stability, VVol. 93, pp. 1971-1978, ISSN 0141-3910.
[11]Hedicke-Hochstotter, K., Lim G. T., Altstadt, V. (2009). Novel polyamide
nanocomposites based on silicate nanotubes of the mineral halloysite. Composites Science
and Technology, Vol. 69, pp. 330-334 ISSN 0266-3538.

[12] Du, M., Guo, B., Lei Y., Jia,D. (2007). Thermal decomposition and oxidation ageing
behaviour of polypropylene/halloysite nanotube nanocomposites. Polymers and Polymer
Composites, Vol.15, pp. 321-328, ISSN 1478-2391.

[13]Du, M., Guo, B., Jia,D. (2010). Newly emerging applications of halloysite nanotubes: A
review. Polymer International, VVol. 59, pp. 574-582, ISSN 1097-0126.

[14]Liu, M. X., Guo, B. C., Du, M. L, Cai, X. J., Jia, D. M. (2007). Properties of halloysite
nanotube-epoxy resin hybrids and the interfacial reactions in the systems. Nanotechnology,
Vol. 18, pp. 455703, ISSN 1361-6528.

[15] Abdullayev, E, Price, R, Shchukin, D, Lvov, Y. (2009). Halloysite tubes as
nanocontainers for anticorrosion coating with benzotriazole. Applied Materials and
Interfaces,Vol.2, pp. 1437-42, ISSN 1944-8252.

[16] Abdullayev, E, Lvov,Y. (2013). Halloysite clay nanotubes as a ceramic “skeleton” for
functional biopolymer composites with sustained drug release. Journal of Materials
Chemistry B, Vol.1, pp.2894-90, ISSN 2050-7518.

[17]Kristofic, M.,Vassova, I.,Ujhelyiova, A., Ryba, J. (2011). Functionalisation of
polypropylene. Part I. Mechanical, electric and sorptive properties of PP fibres modified with
concentrates consisting of copolyamides and nanoclay. Fibres & Textiles in Eastern Europe,
Vol. 19, pp. 18-22, ISSN 1230-3666.

[18] Ujhelyiova, A.,Slobodova, M.,Ryba, J.,Borsig E.,Vencelova, P. (2012). The effect of
inorganic nanoadditives on the thermal, mechanical and UV radiation barrier properties of
polypropylene fibres. Open Journal of Organic Polymer Material, Vol. 2, pp. 29-37, ISSN
2164-5736.

134



VPLYV ZLOZENIA A KONCENTRACIE TERMOPLASTICKEHO SKROBU NA
FYZIKALNE VLASTNOSTI ZMESI S POLYBUTYLEN-ADIPAT-TEREFTALATOM

FrantiSek Ivaniél*, Ivan Chodak!

Ustav polymérov, Slovenska akadémia vied, Dubravska cesta 9, 845 41 Bratislava,

Slovenska republika
* Korespondenény e-mail: frantisek.ivanic@savba.sk

ABSTRAKT
Biodegradovatelné plasty predstavuju perspektivne materidly schopné podliehat’
biologickému rozkladu na oxid uhli¢ity, vodu a biomasu. Navyse je ich produkcia zaloZena na
obnovitelnych zdrojoch. Napriek nespornym prednostiam s ohladom na Zivotné prostredie
velkotonazne aplikacie st zatial’ len ojedinelé, a to aj v dosledku vysSej ceny v porovnani
s plastami z fosilnych surovin. Jednou z moznosti dosiahnut’ ekonomicky prijatel'nejSie
parametre je priprava zmesi s cenovo dostupnejsich surovin, pricom najcastejSim aditivom je
termoplasticky Skrob.
Skrob pozostava z linearnych molekal amylézy a vysokovetveného amylopektinu. Medzi
tymito molekulami sa uplatiiuju silné vodikové vizby, ktoré zapricinuja, Ze hodnota teploty
sklovitého prechodu je vysSia ako teplota pri ktorej dochadza k degradacii molekul Skrobu.
Ztoho dovodu je nevyhnutné pouzit zmikcovadlo, ktoré pocas termomechanického
spracovania rozruSuje poévodné vodikové vizby, nasledkom ¢oho skrob prechadza do tzv.
termoplastického stavu[1].
V tejto praci sme s vyuzitim statickej mechanickej skuSky a DMTA preskimali vplyv dvoch
roznych zmékcovadiel na vysledné vlastnosti polymérnych zmesi s réznym podielom
PBAT/TPS.
Na pripravu termoplastického Skrobu sme pouzili kukuri¢ény Skrob Merizet 100 (Brentag) a
polybutylén adipat tereftalat — PBAT (Tianan). Ako zmékcovadla boli pouzité¢ glycerin a
mocovina (CentralChem). Obsah zmékcovadla bol 0,6 diela na 1 diel skrobu. Plastifikovany
Skrob sme pripravili v styroch po sebe nasledujucich krokoch zo zmesi kukuriéného $krobu,
vody a glycerinu resp. mocoviny. Jednotlivé zlozky sme mieSali v kadicke pri sucasnom
zohrievani kym nedoslo k Zelatinacii — ndhlemu narastu viskozity. Takto pripraveny material

sme vlozili do suSiarne na 5 hodin pri teplote 100 °C a potom pri 60 °C do d’alSicho dia aby
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sa zabranilo absorpcii vzdusnej vlhkosti. V d’alSom kroku bola z vysuSeného plastifikovaného
Skrobu a PBAT pripravend zmes hnetanim v plastografe Brabender 331 pocas 10 minut pri
130 °C a testované vzorky nasledne vylisované pri rovnakej teplote 130 °C. Mechanické
vlastnosti boli merané na pristroji Instron 3365 pri rychlosti deformacie 50 mm/min a DMTA
na zariadeni DMA Q800 v tahovom modde v rozsahu od -50 °C do 180 °C s rychlost'ou
ohrevu 2 °C/min

Pripravené zmesi obsahovali 10%, 20%, 30%, 40% TPS. Ukazalo sa, Ze s narastajicim
mnozstvom TPS mék¢eného glycerinom dochadza k poklesu medze pevnosti z hodnoty 19,1
MPa az na hodnotu 4,1 MPa, ktord zodpoveda zmesi s maximalnou koncentraciou TPS.
V pripade mocoviny dosiahla medza pevnosti minimum 9,9 MPa pri 20% TPS, pricCom
s d’al§im narastom obsahu TPS v zmesi hodnoty medze pevnosti opit’ zacali narastat’ az na 13
MPa. Na rozdiel od predchadzajuceho pripadu, hodnoty pomerného prediZenia s narastajucim
obsahom TPS v zmesi klesali v celom rozsahu pre obidva typy zmékcovadla z hodnoty 985%
az na 55% resp. 38%. Tieto vysledky mozno vysvetlit na zdklade DMTA merani, ktoré¢
preukazali mozné interakcie medzi PBAT a TPS. Ukézalo sa Zze velkost interakcii medzi
PBAT a TPS znacne zavisi od pouzZitého zmékcovadla. Interakcie prislichajuce glycerinu sa
na zazname DMTA prejavili pri niZsej teplote (14,7 °C) v porovnani s mocovinou (67,6 °C)
Z ¢coho mozno usudzovat’, Ze v pripade mocoviny ide o vyrazne silnejSie interakcie. Povod
tychto interakcii nie je zatial jasny, ale je zreymé ze spOsobuju vyrazné stuhnutie materidlu.
Navyse, samotny TPS zmikcéeny mocovinou vykazuje vysSiu medzu pevnosti v porovnani
s glycerinom, ako sme zistili v predchadzajtcej Stadii [2].

Uvedené vysledky ukazuju vplyv TPS na polymérne zmesi s PBAT. Ukézalo sa, ze
mechanické vlastnosti sa vyrazne menia v zavislosti od koncentracie TPS ako aj od typu
pouzitého zmikcovadla. Vplyv TPS na zmeny mechanickych vlastnosti bol ciastocne
vysvetleny vysledkami DMTA. Subor tychto informacii méze poskytnat’ uzitocnti informéaciu

pri navrhovani biodegradovatel'nych zmesi na baze termoplastického Skrobu.
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ABSTRACT
For application of plastic veneers, which are frequently used for furniture production for
hospital and medical centers interiors, the anti-bacterial pre-treatment is necessary. This work
has examined the impact of selected antibacterial substances immobilized on low- density

polyethylene (PE) by barrier discharge plasma.

INTRODUCTION
Cold plasma can be suggested as the appropriate procedure for the hydrophilization of the
surface. Due to the cold plasma treatment surface the free energy is increased as a result of
introduction of polar functional groups on the treated surface, thus making the surface of PE
veneers more hydrophilic [1-3]. Antibacterial surface modification has several advantages,
because it does not influence the bulk properties of the polymer, antibacterial agents are not
released from the polymer volume, and the technique is relative simple and effective.
Antibacterial compounds are immobilized on plasma treated surface PE veneers, carboxyl

groups of acrylic acid are activated and they are ready to provide the immobilization sites.

EXPERIMENTAL
Chemicals
PE veneers made from low-density PE BRALEN (Slovnaft-Mol, Slovakia), acrylic acid (AA,
prop-2-enoic acid): C3H4O, (Acros Organics, Belgium), EDAC (N-(3-dimethylaminopropyl)-
N'-ethylcarbodiimide hydrochloride) (Fluka, USA).
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Plasma treatment

The PE veneers were first cleaned with dichloromethane to remove impurities. Then the PE
veneers activation was carried out under dynamic conditions at atmospheric pressure and
room temperature with the DCSBD equipment developed at Comenius University, Faculty of

Mathematics, Physics and Informatics in Bratislava.

Grafting by PAA

Immediately after plasma treatment the PE veneers were immersed into 10 vol. % aqueous
solution of AA for 24 h at 30 °C in order to initiate of radical graft polymerization of AA onto
activated surface of PE foil. This solution contained also 0.1 wt.% sodium metabisulfite as a
relevant reductant to inhibit AA homopolymerization.

Antibacterial Immobilization

The PE veneer pre-prepared by such way was then immersed into solution of triclosan and
chlorhexidine. The first solution was prepared as 2 w/v% solution of triclosan in absolute
ethanol and the latter as 2 w/v% solution of chlorhexidine in 70 v/v% isopropanol aqueous
solution for 24 h at 30 °C in an oven. The antibacterial treated sample was washed and dried

for 24 h at RT to constant weight.

RESULTS AND DISCUSSION

Surface properties

The changes of contact angles of testing liquids caused by antibacterial treatment are shown in
Figure 1. The water contact angle (6y,) of untreated PE veneers (sample 1) achieves the highest
values from the all samples because it is polymer with hydrophobic and chemical inert
surface. 0, significantly decreased after plasma effect of the sample 2 when different
functional groups were introduced on to the surface formed from plasma species and therefore
the treated surface acquired more polar or hydrophilic character. The highest decrease of the
contact angle was observed in case of surface covered by polyacrylic acid (PAA, sample 3)
which corresponds to its hydrophilic character. Also triclosan (sample 4) and chlorhexidine
(sample 5) immobilization led to 6, decrease. For investigation of other physicochemical
parameters of the treated surface Lifshitz-Van der Waals/acid-base (LW/AB) theory was
used, which allows to obtain y* and its components such as non-polar LW (y-) and polar
AB (y*®) components. LW indicates the total dispersive Lifhitz-Van der Walls interaction and

AB refers to the acid-base or electron-acceptor/electron donor interaction [1]. PE belongs to
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group of low-energy polymeric materials and therefore y* of sample 1 achieves very low
values which correspond with difficulties during processing, such as dyeing, printing and
bonding (low adhesion). This can be removed by plasma treatment of PE veneers, when y™
can significantly increases as in the case of sample 2. The largest increase of y'* and v*B was
observed for Sample 3 due to highest polarity in comparison with other samples as a result of
polar oxygen group’s presence. Sample 4 and 5 showed similar increases of surface free

energy values, thereby confirming the increase in wettability.

100

Contact angle (deg)

Sample

Testing liquid

Fig. 1. Contact angle vs. surface treatment and vs. testing liquid of PE veneers:
1 — untreated, 2 - plasma-treated, 3 - AA grafted 4 — triclosan-coated; 5 —
chlorhexidin- coated.

Antibacterial Activity Assessment

Table 1 shows inhibition zone area results. The inhibition zone area was calculated as the
sample surface area deducted from the total area of the inhibition zone. The results show that
untreated PE veneer (sample 1), plasma-treated PE veneer (sample 2) as well as acrylic-acid
grafted PE veneer (sample 3) do not display any antibacterial activity against both E. coli and
S. aureus strains. The PE veneer coated with triclosan (sample 4) does meet the expected
antibacterial requirements. The average inhibition zone for the Gram-negative E. coli strain is

of 178 mm? and for the Gram-positive S. aureus 286 mm? These values prove the
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antibacterial activity of the prepared layers as well as confirm XPS measurements. Similar
results were obtained for chlorhexidine coated PE veneer (sample 5). The average inhibition
zone value of 86 mm? was calculated for E. coli and 188 mm? for S. aureus strain. Both
antibacterial agents are more active against Gram-positive bacteria. Finally, triclosan coated

PE veneer show better results among the two antibacterial substances used.

Tab. 1. Inhibition zone area for modified PE veneers.

PE veneers Inhibition zone (mm?) Average value (mm?)
(sample No.) 1 2 3
E. coli
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 180 162 192 178
5 88 84 86 86
S. aureus
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 275 297 286 286
5 188 178 198 188

*sample 1: untreated PE, sample 2: plasma-treated, sample 3: AA grafted, sample 4: triclosan

coated; sample 5: chlorhexidine coated.

CONCLUSION
This contribution was aimed at examining the impact of selected antibacterial agents bound to
the surface of PE veneers. DCSBD plasma treatment leads to increased surface energy and
surface wettability of PE veneers by introducing characteristic oxygen groups. The
antibacterial effect of plasma-treated and acrylic acid grafted PE veneers was proven by in
vitro bacterial tests against E. coli and S. aureus. Triclosan coated PE veneer show better

antibacterial effect among the two antibacterial substances used.
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ABSTRACT
Hydrophobic carbon quantum dots (hCQDs) and newly prepared polyurethane
nanocomposites with hCQDs work on the principle of photodynamic therapy. This material is
able to produce reactive oxygen species, in this case singlet oxygen, after irradiation with
light of appropriate wavelength. Polymer nanocomposites were prepared by simple swell-
encapsulation-shrink method from a hydrophobic carbon quantum dots solution with the size
of hCQDs of approximately 5 nm. Their antibacterial effect was tested on two bacteria,
namely Escherichia coli and Staphylococcus aureus, which are widely spread, for example in
hospital facilities. Cytotoxicity of prepared nanocomposites was tested on mouse embryonic
fibroblast cell line and on adenocarcinomic human epithelial cell line. Electron paramagnetic
resonance and near infrared fluorescence were used for determination of singlet oxygen
production. The structure and other properties of the polymer composites were characterized
by atomic force microscopy, transmission electron microscopy, X-photoelectron
spectroscopy, photoluminescence spectroscopy, Raman spectroscopy, Fourier-transform
infrared spectroscopy and others. The polyurethane / hCQDs composite is a financially and
time-saving material and it has a wide range of applications. This material can be used as an
antibacterial surface with high effectiveness, for example as flooring material, coatings,

coated products, wall and window covering, catheters and other applications where
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antibacterial effect is required, particularly in medical, biomedical applications and in many

other types of industrial production.
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ABSTRACT
Three monomers (allylamine, N-allylmethylamine and N,N-dimethylallylamine) were used
for grafting onto air plasma activated LDPE surface. Antibacterial agent triclosan was
anchored on such substrates. Influence of graft type on the antibacterial properties was
determined. Increase of antibacterial activity and amount of deposited antibacterial agent for
N-allylmethylamine and N,N-dimethylallylamine monomers were examined. Surface
characteristics were measured by means of static contact angle measurement with surface
energy evaluation, ATR-FTIR spectroscopy, XPS and SEM characterization analysis.
Antibacterial properties were tested in vitro by inhibition zone method on agar plates

for Staphylococcus aureus and Escherichia coli strains.
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Fig. 1. Preparation of active antibacterial surfaces with different grafts.
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ABSTRACT
Thermoplastic elastomers are widely used synthetic plastics. Their modification with metals
like silver or aluminium are well known. Caraway (Carum carvi L.) is aromatic plant
included in the Apiaceae family and is widely used to flavour foods, added to fragrances, and
for medical preparations. This work reviews the current research on properties and utilization

of the thermoplastic elastomers as well as the caraway essential oils.

INTRODUCTION

Thermoplastic elastomers (TPE) are widely used to produce devices with soft touch features.
Bacterial contamination in TPE surfaces represents a health problem mainly in nosocomial
settings. Despite TPE’s is being used in a broad range of applications, there is a lack of
information about the processes involved in microbial colonization of this type of surface. In
addition, the different sorts of substances used in the processing of these polymers, e.g.
plasticizers, can be a carbon source, with an influence on microbial proliferation by providing
nutritional sources for the microorganisms’ consumption. [1]

Polyolefin elastomer is a resin with a medium melt flow rate suitable for a wide variety of
applications and fabrication processes, including cast film, extrusion and injection moulding.
It is an excellent resin for stretch films and soft films, and is an excellent choice for PP
modification, giving consistent performance in hot and cold conditions. [2] In previous
studies, the TPE was modified by silver and aluminium in different forms, respectively. [1, 3-
5]

Caraway is a very popular spice and herb, which is widely applied in the food and
pharmaceutical industry. Caraway (Carum carvi L.) fruits contain from 1 to 6% of essential
oils that give caraway its characteristic aroma. [6] According to the European Pharmacopoeia,
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caraway fruit is a whole, dry mericarp of C. carvi, with a minimum essential oil content of 30
mL/kg (~3%). Caraway oil should contain 50.0-65.0% carvone, 30.0-45.0% limonene, 0.1
1.0% B-myrcene, maximum 2.5% trans-dihydrocarvone and maximum 2.5% trans-carveol.
[7] The compounds present in C. carvi were found to possess very good antioxidant and
moderate antibacterial activities. [8] In particular, caraway essential oil is used in liqueurs,
mouthwashes, toothpastes, soaps, and perfumes. In addition, it is used as antispasmodic,
carminative, and appetite stimulant agents. [7, 9] The essential oil content and composition is
usually determined using hydrodistillation and capillary GC techniques. [6]

According prior publications, the main components of the oils in caraway seeds are carvone
and limonene. Substances such as B-myrcene, trans-dihydrocarvone, and trans-carveole, as
well as a-pinene, sabinene, n-octanal, trans-p-ocimene, y-terpinene, linalool, cis- and trans-
limonene oxide, cis-dihydrocarvone, cis-carveol, perillaldehyde, trans-anethole, and trans-p-
caryophyllene are present in small proportions. [6, 7, 10] Carvone can be used as sprouting
inhibitor of potatoes, bacteriostatic, as well as a fungistatic agent. This component also
possesses repellent and insecticidal properties. Limonene was found to possess antifungal,
antibacterial, antioxidant and anticancer properties. Limonene is used as insecticide to control
ectoparasites in pet animals, but it has effect on many insects. [6] The caraway essential oil
was used for alteration of chitosan only in an attempt to design natural, biodegradable,
bioactive packaging film. Hromis et al. founded that caraway essential oil promotes chitosan
film elasticity and antioxidant property and also reduces chitosan film strength. [11]
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ABSTRACT

A study on the influence of the electronic structure of ZnO nanoparticles incorporated in the
active polymer MEH-PPV layer in polymer LEDs on their luminance performance is
presented. Embedding of Since ZnO is an n-type semiconductor, the nanoparticles made from
this material extremely increase the electroluminescence intensity of polymer LEDs due to
their contribution to the charge carrier balance in the active layer. On the other hand, addition
of p-doped ZnO nanoparticles has less pronounced effect on the electroluminescence, but it
reduces opening bias of the diode and decreases thus the power to reach required luminance
of the device.
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ABSTRACT
The plants containing biologically active compounds esp. antioxidants have been used in
natural medicine for ages. These compounds are also utilized in increasing amount in the food
industry. The application of natural antioxidants for the protection of polymers is in the
beginning but increasing trends can be found in this area of research. Beetroot (Beta
vulgaris L.) as a commodity containing a high quantity of compounds which exhibit
antioxidant effects, represents a relevant source of these compounds for purposes of polymer
industry. Antioxidants in beetroot belong to the group of phenolics, betalains, carotenoids etc.
Various analytical methods can be applied for the evaluation of antioxidants effects, most
often spectrometric techniques are used but also electrochemical or chromatographic methods

can be employed.

INTRODUCTION
Beetroot (or red beet) is a cultivated form of Beta vulgaris subsp. vulgaris (conditiva) and
includes a number of varieties of edible root vegetable that are grown in all temperate
climates [1]. Beetroot is a highly nutritious plant which has been used for its beneficial health
effects for thousand years. Today it is classified as a valuable source of phytochemical
compounds (Fig. 1) such as phenolic acids, flavonoids, carotenoids and ascorbic acid.
Beetroot is also characterised by high content of highly bioactive pigments called
betalains [2]. This vegetable is ordinarily used in manufacturing as a food colourant known as
E162 [3]. Research of red beet has increased in recent years due to the present of above
mentioned water-soluble pigments characterised by its richness of antioxidants,
neurostimulators and strong antihypertensive and anti-cancer effects [4]. On the basis of

described effects, beetroot can be classified as a health promoting functional food.
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Beetroot

P

Phenolics Betalains Carotenoids  Ascorbic acid Nitrate
— Flavonoids > Betacyanins
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— Phenolic acids Isobetanin
— Phenolic amides —> Betaxanthins
Vulgaxanthin [
Vulgaxanthin II
Indicaxanthin

Figure 1. Summary of potentially biologically active compounds of beetroot [2].

Antioxidants of Beetroot

Antioxidant can be defined as any substance that delays, prevents or removes oxidative
damage to a target molecule. Physiological role of these compounds is to prevent damage to
cellular components arising as a result of chemical reactions involving free radicals [5]. The
oxygen-centered free radicals, which are known as reactive oxygen species (ROS), include
superoxide (O2:-), peroxyl (ROO-), alkoxyl (RO-), hydroxyl (HO-) and nitric oxide
(NO-) [6]. Antioxidants delay or inhibit oxidation process by scavenging free radicals,
chelating prooxidative metals, quenching singlet oxygen and photosensitizers, and
inactivating lipoxygenase [7]. Antioxidants are used for the stabilization of polymeric
products of petrochemicals, foodstuffs, cosmetics and pharmaceuticals. Besides of synthentic
antioxidants, there are numerous antioxidants in dietary plants such as carotenoids, phenolic
compounds, benzoic acid derivatives, flavonoids, proanthocyanidins, stilbenes, coumarins,
lignans and lignins [8]. This study will be focused on the potential of application of natural
antioxidants of red beetroot for the protection of polymers.

Phenolic acids

Red beet is a source of phenolic acids, which are known as powerful antioxidants that have
been reported to demonstrate also antibacterial, antiviral, anticarcinogenic, anti-inflammatory
actions. Phenolic composition and antioxidant activity of red beetroot have been also studied
and high positive correlations between antioxidant capacity and phenolic acids were found.
The major representative of this group of compounds is 4-hydroxybenzoic acid followed by

cinnamic acid, vanillic, chlorogenic, ferulic, syringic, gallic and caffeic acid [1, 9].
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Flavonoids

Flavonoids are phenolic substances isolated from a wide range of plants. These secondary
metabolites are best known as red, blue and purple antocyanin pigments of plant tissues [5].
Flavonoids act in plants as antimicrobials, photoreceptors, visual attractors etc., but the most
interest has been devoted to their antioxidant activity [6]. Beetroot is a rich source of
flavonoid glycosides derived from apigenin, namely vitexin, vitexin-2-O-rhamnoside, vitexin-
2-O-xyloside or catechin, myricetin, quercetin, kaempferol, catechin-hydrate, epicatechin and
rutin as well [10].

Betalains

Betalains belong to a group of phenolic secondary plant metabolites, which are synthetised
from the amino acid tyrosine into two structural groups: the red-violet betacyanins and the
yellow-orange betaxanthins [11]. These substances represent a class of nitrogen-containing
water-soluble plant pigments, which possess high antioxidant potential in-vitro [1].

The main representatives of these compounds found in polar extracts of beetroot are
following: betacyanins - betanin, prebetanin, isobetanin, neobetanin and three betaxanthins -
vulgaxanthin I, vulgaxanthin Il and indicaxanthin [12]. Both betacyanins and betaxanthins are

used as natural additives for food and are powerful radical scavengers.

Methods for antioxidant activity determination

The evaluation of the total antioxidant capacity (TAC) represents an appropriate tool to
determine the additive antioxidant properties of plant foods [8]. Different analytical methods
for the evaluation of antioxidant capacity can be divided into several categories, basically
spectrometric techniques (Tab. 1), electrochemical or chromatographic methods can be used.

The DPPH method

DPPH- (2,2-diphenyl-1- picrylhydrazyl) is a stable free radical, which has a strong purple
color that can be measured spectrophotometrically with an absorption band with a maximum
around 520 nm. In the presence of compounds that are capable of either transferring an
electron or donating hydrogen, the DPPH will become discolored. Therefore, the absorbance
diminution depends linearly on the antioxidant concentration. Trolox (hydrosoluble analogue
of a-tocopherol) is used as standard antioxidant. The spectrophotometric method with DPPH

was applied to determination of antioxidant capacity in fruit juices and fruit extracts [8].
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Tab. 1. Example of selected spectrometric methods for the determination of antioxidant

capacity [8].

Antioxidant capacity assay  Principle of the method Determination of the
product
DPPH Antioxidant reaction with Colorimetry
an organic radical
ABTS Antioxidant reaction with Colorimetry
an organic cation radical
FRAP Antioxidant reaction with Colorimetry
a Fe(l1l) complex
CUPRAC Cu(Il) reduction to Cu(l) by  Colorimetry

antioxidants

ORAC Antioxidant reaction with Loss of fluorescence of
peroxyl radicals, induced by  fluorescein
2,2-azobis-2-aminido-propane

The ABTS method

Within the ABTS assay, also known as Trolox equivalent antioxidant capacity (TEAC) assay,
the pre-formed radical monocation of 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS-") is generated by oxidation of ABTS with potassium persulfate and is reduced in the
presence of hydrogen-donating antioxidants. Trolox is used as standard antioxidant [13].

The FRAP method

FRAP (ferric reducing antioxidant power) method is based on the reduction of the complex
ferric ion-TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-triazine). The binding of Fe** to the ligand leads to
navy blue colour. The amount of reduced iron can be correlated with the amount

of antioxidants, Trolox or ascorbic acid can be used as references [8].

The ORAC method
ORAC (oxygen radical absorption capacity) assay is based on the measurement of the
antioxidant scavenging activity against the peroxyl radical induced by APPH (2,2-azobis-(2-
amidino-propane) dihydrochloride). Fluorescein is used as the fluorescent probe and the loss
of fluorescence is an indicator of the extent of the decomposition (from its reaction with the
peroxyl radical) [8].
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CONCLUSIONS
The attention to the possible health and environmental hazard represented by traditional
phenolic antioxidants used as stabilizers for polymers resulted to the increasing interest of
application of natural antioxidants. Plants such as beetroot may constitute a valuable source of
these bioactive compounds. The evaluation of the total antioxidant capacity represents a
suitable tool for determination of the additive antioxidant properties of plant foods. For this
purpose, different analytical methods such as spectrometric, electrochemical or

chromatographic can be employed.
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ABSTRACT
An interesting approach for facing healthcare-associated infections has been developed in the
last decades. In this matter, a system based on poly (vinyl alcohol) (PVA), and chitosan (CHI)
blended with an antibiotic (sodium ampicillin) (AMP) has been proposed as a new bio-
artificial polymeric system (BAPS) with remarkable behavior due to the mechanical, physical,
and biological properties. Despite of several studies of the antibacterial activity itself of the
CHlI, this property should be reinforced with an antibacterial substance. For this case, aqueous
solutions of PVA at 1 % wt. were mixed with acid solution of CHI at 1 % wt. followed by
adding AMP running from 0.3 % to 1.5 % wit. related to the total amount of the polymer. The
obtained films were tested with common infectious strains associated with healthcare-
associated infections; among them Staphylococcus aureus was included. The prepared BAPS
revealed moderate antibacterial activity against the tested bacteria without adding a high
antibiotic concentration. The findings of this study suggest the PVA-CHI systems under the
presence of a widely used antibiotic as AMP may render effectiveness against bacterial
strains and biofilm formation, being a promising view in the design of novel antimicrobial

biomaterials potentially suitable for tissue engineering applications.

INTRODUCTION
Polymers have extensively been used in medical fields [1-3]. Nevertheless, natural polymers
do not possess suitable mechanical properties whereas the synthetics counterparts are
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insufficient in terms of biocompatibility. For facing this issue, the bio-artificial polymeric
system (BAPS) has emerged as a valuable strategy, where the natural polymer imparts its
biological properties, and the synthetic one provides its mechanical features. Despite of the
remarkable potential that the BAPS has shown, the lack of inherent attributes such as
bactericidal or bacteriostatic properties are still presented. As an approach for facing the
bacteria colonization, the controlled released drug systems from polymeric matrixes is an
interesting solution. One of the methods for reducing or preventing infections is the
development of polymer-antibiotic system [4-5]. In this matter, the combination of CHI and
PVA along with the antibiotic such as ampicillin (AMP) has potential uses as a reinforced
material with antibacterial properties simultaneously with appropriate behavior as polymeric
matrix. For all the reasons, the aim of the work is the preparation of a BAPS blended with
AMP with potential uses in against bacteria colonization as well as reducing health-care

medical costs.

EXPERIMENTAL

Materials and Methods

Poly(vinyl alcohol) (PVA, M, 130,000 g mol™) with a 99 % hydrolysis, chitosan (low
molecular weight) (CHI), and a 25 % solution of glutaraldehyde (GLU) were provided by
Sigma Aldrich, Colombia. Lactic acid (LA) was purchased at Fermont (Colombia),
hydrochloric acid (HA) at Scharlau (Colombia), and sodium ampicillin (AMP) was produced
by Farmalogica, S.A. (Colombia) and donated to this research by Hospital Cardiovascular del
Nifio de Cundinamarca (Soacha, Colombia). All the reagents were used as they were

received.

Sample preparation

An aqueous solution of PVA at 5 wt. % was prepared by dissolving the polymer in distilled
water for 6 h at 80 °C under continuous magnetic stirring (ThermoScientific - SP131325Q,
Colombia). CHI was dissolved in acetic acid (0.5 M) at room temperature by the slow
addition of the polymer to the solvent under mild magnetic stirring and a blend of both
polymers were obtained and AMP was added to the blend in ratios from 0 to 1.5 wt. %. The
samples were crosslinked and plasticized using GLU and LA. All the films were obtained by
casting method pouring 0.5 mL per cm? on plastic Petri dishes and allowed to dry at 37 °C for

a week in a no-air circulating oven.
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Microbiological tests

The antibacterial properties of the films were assessed by using the agar diffusion test. Round
specimens (8 mm in diameter) were placed on the surface of an individual nutrient agar plate,
where bacterial solution of chosen microorganisms had been swabbed uniformly
(Staphylococcus aureus). After 24 h incubation at 37°C, the dimensions of the inhibitions
zones were measured in four directions, and the average values were used to calculate the

circle zone inhibition area.

Fourier transform infrared (FTIR)

FITR spectroscopy analysis was carried out on NICOLET 6700 FTIR spectrometer device
(Thermo scientific, United States) equipped with attenuated total reflectance (ATR) accessory
utilizing the Zn-Se crystal and software package OMNIC over the range of wave lengths
from 4,000 to 600 cm™ at room temperature under resolution 4 cm™. Each spectrum

represents 64 co-added scans referenced against an empty ATR cell spectrum.

Differential scanning calorimetry (DSC)

Calorimetric measurements were carried out in a DSC 1 calorimeter, Mettler Toledo
(Greifensee, Zurich, Switzerland), under nitrogen flowing at a rate 30 mL min™. The
specimens were pressed in sealed aluminum pans. In order to acquire glass transition
temperature (Ty) and melting temperature (Tr), a heating cycle was performed. The samples
were cooled down by nitrogen at an exponentially decreasing rate. The heating of the cycle
was performed from 25 to 250 °C at a rate of 20 °C/min. The Ty was determined as the
midpoint temperature by standard extrapolation of the linear part of DSC curves using

Mettler-Toledo Stare software and the T, as the maximum value of the melting peak.

RESULTS AND DISCUSION
Antibacterial activity
The method for evaluating the antibacterial activity was agar diffusion test. In this matter,
fig. 1 depicted the obtained results for the studied bacteria. As can be expected, films without
AMP did not present antibacterial activity for the tested microorganism. Nonetheless, the
combination of the polymers as well as the ADD increase the positive charges which are
responsible of bactericidal features in CHI. By comparing the presence of AMP in CHI and

PVA, it is remarkable that at the same concentration of the antibiotic, the antibacterial activity

157



of CHI is higher than PVA which might indicate that the bactericidal or bacteriostatic

properties of CHI are reinforced by the presence of AMP for Staphylococcus aureus.

Fig. 1. Inhibition ratio for Staphylococcus aureus tested in PVA/CH/ADD/AMP 0.5%

The results suggested that cross-linking of chitosan films did not alter significantly their
antibacterial capability. This may be due to the fact that the cross-linking degrees of
glutaraldehyde cross-linked chitosan films was relatively low. It has been demonstrated that
lower molecular weight chitosan have greater antimicrobial activity than native chitosans.
Furthermore, a degree of polymerization of at least seven is required; lower molecular weight
fractions have little or no activity [6]. Highly deacetylated CHI are more antimicrobial than
those with a higher proportion of acetylated amino groups, due to increased solubility and
higher charge density [7].

FTIR for prepared material

The FTIR for PVA has been elucidated in several studies [8-10]. The FTIR spectra for
PVA/LA showed carbonyl peak at 1730 cm™. Moreover, a band in the region 3,150-3,550
cm™ indicates the presence of a broad range of associated hydroxyl groups. The chemical
reaction between PVA and LA can be expressed in rising peaks at 1,204 cm™ and 1,712 cm™

region.
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The FTIR for CHI exhibits a band at 3,450 cm™ which correspond to OH hydroxyl group,
whereas at 3,360 is the NH group stretching vibration. Different signals corresponding to CH
stretching vibration attributed to pyranose ring are located at 2,920, 2,880, 1,430, 1,320, 1,275
and 1,245 cm™. At 1,730 cm™ is the carbonyl group vibration and at 1,660 cm™ the amide
group (amide | band). In the region of 1,590-1,560 cm™ there are the vibration for amino
group, at 1,415 and 1,320 cm™ the vibrations for OH and CH in the ring whereas at 1380 cm™
the CHs in amide group. Finally, at 1,255 cm™ the C-O group and in the region between 1,150
and 1,040 cm™ the glycosidic linkage [11].

The blend PVA/CHI exhibits around 1,640 and 1,560 cm™ two bands which are attributed to
asymmetric stretching and bending of acetamido groups, respectively. The change in the
characteristic shape of the CHI spectra as well as shifting of peak to a lower frequency range
due to hydrogen bonding between —OH of PVA and —OH or NH, of chitosan were observed
in the blend films. It was observed that the absorption peak at about 3,441 cm™' concerned
with —OH and —NH stretching vibrations shifted to a lower wave number with the increase of
PVA content in the blends. These results suggested the formation of hydrogen bond between

CS and PVA molecule [12].

CHI

—PVA
PVA/CHI/ADD/AMP 0.3% (1:2)

Absorbance

N
g

' | ! I ! I
4000 3000 2000 1000

Wavenumber (cm’)

Fig. 2. ATR-FTIR spectra of: CHI (black); PVA (red) and PVA/CHI/ADD/AMP 0,3% (1:2)
(blue)
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DSC analysis

The thermogram for the blend is depicted in Figure 3. The characteristic melting
temperature (Ty) for PVA at 211°C is shifted to lower temperature as a consequence of
the plasticizing effect of the ADD as well as the influence of CHI in the sample. and the
glass transition temperature (Tg) at 80°C were clearly manifested in the thermogram.

In the same manner, the number of lattices is affected, causing a decrease in the
endothermic peak in comparison with pristine PVA. The features for CHI are hidden in
the thermogram because the expected transitions are less relevant that the evidenced for
PVA. Moreover, studies on the glass transition temperature (Ty) of CHI are difficult to
pursue and several data have been reported, within a broad range of values from 140° to

200°C.
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Fig. 3. Thermogram for PVA/CHI/ADD/AMP 0,3% (1:2) and pure CHI
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CONCLUSION
This contribution delved into the incorporation of sodium ampicillin to PVA-CHI systems.
The studied-referred to herein as BAPS sample is uniform and stable with interesting
results against bacterial strains In addition, succinct spectroscopic and thermal assessments
have been made. Polymer science and material innovation is undeniably a path towards
creativity with eminent progress in the last years and with great challenges to overcome and
bio-artificial polymeric systems are indeed a promising approach for tissue engineering

applications.
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ABSTRACT

In last decades the accent on energy storage technology increase constantly due to
diversification of electrical energy sources and replacing of fuel vehicles with new electrical
cars. This study follow to reduce the costs, improve environmental features of rechargeable
Li-ion battery and also to enhance electrochemical properties of electrode. Using a technology
based on lithium manganese oxide spinel as active material, multiwall carbon nanotubes as
support network and an aqueous electrolyte bring a series of advantages such as low cost,
non-polluting material which exhibits good specific capacity and nonflammable battery due to
aqueous electrolyte. Technology of fabrication consist in fragmentation of LiMn,QO, particles
in order to obtain nanoparticles, their dispersion in aqueous solution, followed by a vacuum
filtration method and thermal treatment to remove water.

The effect of ball milling was diminution of particle size from 60 to 15 pm Dx90 and 2 pm to
200 nm Dx10. Structural modifications and stability of the surface obtained by mechanical
mixing of LiMn,O4/CNT are revealed using X-ray diffraction (XRD). Distribution and size of
particles, long conductive networks formed by multiwall CNT, as well dispersion of elements
in materials are revealed by field emission scanning electron microscopy (FE-SEM) endowed
with a EDX detector. Electrochemical properties of binder free cathode base on LMO/CNT
have been revealed grace to a potentiostat galvanostat device (electrochemical impedance
spectroscopy and cyclic voltammetry). Multiwall CNT were mechanically mixed with
LiMn,O,, sonicated and filtrated to form a self-supported free standing film. Likewise, cyclic
voltammetry shows the presence of two oxidation/reduction peaks and Raman spectra the
stability of material during grinding process. The electrode exhibit high electrical conductivity

(2.5x10° S/m), homogenous dispersion of materials and good specific capacity (78 mAh/g).
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ABSTRACT
Metallocene polyolefin-based adhesives have been prepared and tested. The amount of
grafted metallocene polyolefin increases with increasing of the acrylic acid concentration in
the feedstock. Efficacy was relatively low and reached the value 0.25 - 0.5. FTIR
measurements showed the proliferation of poly (acrylic acid) graft quantity depending on the

amount of acrylic acid in the feedstock.

INTRODUCTION

Metallocene polyolefins can be used for preparation of hot-melt adhesives having excellent
surface and adhesive properties [1,2]. For this aim the modification of metallocene polymers
is necessary. The targeted modifications of basic components are performed aimed to enhance
certain parameters of the adhesive. The metallocene polyolefin-based adhesives needed
modification to increase its polarity and adhesive properties by more polar compounds
grafting. Efficient way of grafting used to initiate of modification peroxides and
hydroperoxides molecules accumulated on polyolefin after activation controlled by thermal
oxidation [3,4]. The initiation to form peroxide and hydroperoxide the high temperature is
used or oxidation initiated by peroxides as well as various types of radiation. Such approach
to grafting of polymers is mainly used for surface modification of foils and fibers.

In this contribution the grafting of the polar functional groups to the selected metallocene

polyolefin has been investigated.
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EXPERIMENTAL

Activation of RXP by peroxy groups

An accumulation of peroxide group with O, + Oz was performed. (RXP = metallocene
etylene-octene copolymer Resinex PE RXP 1502) powder was modified in a flow of reaction
gas creating placed in an Oz source. Activation time was 3, 2 and 1 hour. The determined
concentration of peroxidic oxygen determined by iodometric method after 3 hours of
modification was 0.0098, and 0.0084 mol/kg is sufficient for the initiation of acrylic acid
(AA) grafting. The advantage of ozone activation is the possibility to create peroxide
functional groups on the macromolecules RXP already at RT in sufficient concentrations to
start the grafting by radical polymerization of vinyl monomers, e.g. AA. The oxidation with
ozone accumulation of peroxide was friendlier to the degradation of macromolecules as it
proceeds with sufficient speed at nearly two orders of magnitude lower as compared to the

oxidation of the oxygen itself.

RESULTS AND DISCUSSION
In Tab. 1 the conditions of RXP grafting with the determination of poly(acrylic acid) (PAA)
concentration of samples 4, 5 and 6 are summarized. The amount of grafted RXP polymer and
the efficacy of grafting increase with increasing of the AA concentration in the feedstock.
Efficacy is relatively low an reaches the value 0.25 - 0.5.

Tab. 1. Grafting of RX, oxygen plasma, 3 hours, source power =300 W, gas flow = 5I/min.

Preparation in toluene (150 ml)

sample 4 sample 5 sample 6
Activated RXP [g] 7.5 7.5 7.5
AA [ml] 16 8 4
grafted PAA[% in sample] 33.6 15.6 8.6
Grafting Efficacy 0.49 0.32 0.25

The presence of PAA in grafted RXP-g-AA was measured by FTIR analysis. (Fig. 1 FTIR
spectra were measured on a Nicolet 8700TM. For samples 4, 5 and 6, other than a valence
bands pertaining CH deformation vibration (region of 2800-3000 cm™), typical of PE
appeared bands of the C-O and COC bonds (1715 and 1170 cm™) to suggests the presence of
PAA chains. Figure 2 shows the FTIR spectra of the prepared graft polymers and a variety of
polyacrylic acid PAA. The values of the FTIR absorbance for acid carbonyl compounds at
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about 1715 cm™ and the reference band at 1464 cm™ show the proliferation of PAA graft
quantity depending on the amount of AA in the feedstock.
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Fig. 1. FTIR spectra, samples: 4 —red, 5 - violet, 6 - cyclamin, 7 — blue.

CONCLUSION
The amount of grafted RXP polymer and the efficacy of grafting increase with increasing of
the AA concentration in the feedstock. Efficacy was relatively low and reached the value 0.25
- 0.5. FTIR absorbance for acid carbonyl compounds at about 1715 cm™ and the reference
band at 1464 cm™ show the proliferation of PAA graft quantity depending on the amount of
AA in the feedstock.
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ABSTRACT
Ink-jet printing represents an important technology for deposition of functional materials in
precise shape and resolution flat patterns. The most important step of this process is formation
of a single drop. The drop formation can be characterized by dimensionless numbers. These
criteria correlate physical parameters including material (viscosity, density and surface
tension), process (velocity), and tool (nozzle geometry) parameters. Several approaches using
plots in coordinate systems given by two dimensionless numbers have been already
developed. These diagrams are most suitable for description printing inks showing Newtonian
flow behaviour. In our work, we re-examined older approaches in order to analyse the

mechanism governing “good printability”.
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ABSTRACT
A new device has been recently realized, though it was postulated years ago as one of the
fundamental passive circuit elements. This new device alters its conductivity based on its
electronic history and is referred to as a memory resistor or “memristor”. The memristor is a
passive circuit element which can be used in applications such as modelling synaptic response
and new computing concepts. Traditionally, polymeric memristors such as Poly(2-(9H-
carbazol-9-yl)ethyl methacrylate) (PMAK) have been dominated by bi-stable devices that
only show a high conductivity 'on' state and a low conductivity 'off' state (Fig. 1). However, in
the PMAK, the carbazole groups are constrained. Therefore, this work focuses on altering the
flexibility of the carbazole groups allowing the polymer to achieve more conductivity states.
This is achieved by the lengthening of the alkyl chains (n) connecting the pendant carbazole

moieties with the polymer backbone, which allows control over the electrical properties of the

b

device.

(l) 0
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O

Fig. 1. Structure of polymers studied where n =4, 5, 6.
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Carbazole polymers were prepared by two different polymerizations - free radical and
reversible addition-fragmentation chain transfer (RAFT), while varying the length of the side
chain attaching the carbazole group. These polymers were characterized using NMR for
structure, GPC for molecular weight (Tab.1l). Dielectric spectroscopy was use for
determination of relaxation processes in temperature and frequency dependence through
activation energy. These polymers were thermally and optically characterized before the
polymers where used in the fabrication of two-terminal devices. The voltage-current
characteristics of these devices were then studied. It was shown that the optoelectrical
properties are independent of polymer molecular weight and that the band-gap can be slightly
modified by altering the functional side groups leadings to conformation changes and thus all
these polymers exhibit memristive behaviour of varying degrees.

Tab. 1. Basic characteristics of carbazole derivatized methacrylate polymers.

type My PDI T, (°C) HOMO (eV) LUMO (eV)
n=4  FR 106,000 59 91 55 19
n=4  RAFT 16,000 2.1 90 -5.4 -1.9
n=5  FR 75,000 5.1 75 5.5 -2.0
n=5  RAFT 13,000 1.9 70 -5.4 1.9
n=6  FR 21,000 2.9 66 5.5 -2.0
n=6  RAFT 11,000 17 65 55 -2.0
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ABSTRACT

The study presents the results of polymethyl methacrylate (PMMA) surface modification
induced by highly etching atmospheric pressure plasma. For plasma modification of flexible
PMMA sheets, a technology capable to meet the industrial production requirements based on
diffuse coplanar surface barrier discharge (DCSBD) was used. Change of wetting phenomena
of PMMA surface with plasma treatment time and gas mixtures was demonstrated. To
observe the etching of the polymer surface, a scanning electron microscopy (SEM) was used.

As observed, plasma etching in hydrogen gas led to the formation of nanoscale pillar-like
structures on modified PMMA surface. We have achieved full range change of wetting
(reference water contact angle value of 78°) from the hydrophobic surface for plasma
containing pure hydrogen ~120° to hydrophilic PMMA surface for plasma treatment in

nitrogen-containing plasma ~10°.

INTRODUCTION

Plasma technologies are used for decades in wide range of industrial applications like
cleaning, functionalization, adhesion improvement, deposition or in sputtering and etching of
the surface. Plasma generated in reduction gases possess strong reductive and etching abilities
for plasma surface modification of numerous materials like metals, polymers, silicon or
carbon [1-3].

Dielectric barrier discharges provide solution for inline atmospheric pressure plasma
modifications. In this paper, a hydrogen atmospheric pressure plasma generated by diffuse
coplanar surface barrier discharge (DCSBD) with planar electrode geometry [4] was used for
etching and plasma modification of thin polymethyl methacrylate (PMMA) foil [1,5,6]. We
combined unique high-power density plasma (up to ~100 W/cm®) of DCSBD with etching

172



and reductive properties. Moreover, because of the possibility of concave roll-to-roll DCSBD
electrode system we predict quick and accessible integration of industrial in-line reductive
plasma modification in hydrogen containing atmosphere for numerous polymers or other
flexible substrates.

In this work, surface plasma etching of PMMA was done in pure hydrogen and pure nitrogen,
as well as in a save gas mixture of 95% nitrogen and 5% hydrogen (forming gas). The effect
of all three gas mixtures was compared on the wetting properties of plasma-modified PMMA
surface by standard water contact angle (WCA) measurement. The changes in surface

morphology of PMMA was studied using scanning electron microscopy.

EXPERIMENTAL SETUP

This study was conducted on 50-pm thin pure PMMA foil from company DENZ BIO-
Medical GmbH (Germany). DCSBD plasma source from spin-off company of Masaryk
University, ROPLASS s.r.o. (Czech Republic) was used for the surface modification
experiment. The plasma was in all gas mixtures ignited using the frequency of 15 kHz and
input power of 400 W. The samples were treated in dynamic regime in height of 0.2 mm
above the DCSBD ceramics. The schematics of DCSBD as well as a picture of plasma
generated in hydrogen DCSBD can be seen in Fig. 1.

Pure hydrogen and nitrogen (99.998 %, Messer) were used in the experiment. The forming
gas mixture concentration was 5 % hydrogen in nitrogen. The DCSBD electrode system was
embedded in the reactor chamber of volume approx. 2 L. The gas flow during the plasma

treatment was kept at 1 L/min for hydrogen and at 5 L/min for forming gas and nitrogen.

0.30 mm PLASMA ELECTRODES
L. N\ ;
T — Y
: | ' X
|
HV . : |
KHz— a) : DIELECTRIC

Fig. 1: a) Schematics of DCSBD plasma device and b) picture of DCSBD plasma in pure
hydrogen

To measure the change of WCA we used See System (Surface energy evaluation System)
apparatus from Advex Instruments (Czech Republic). Evaluation of average WCA value was

done by dropping 10-15 water droplets with volume of 1 pl.
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To observe the morphological changes and formation of pillar-like structures after the plasma
modification process we used Scanning Electron Microscope Mira3 (Tescan, Czech Republic)
with accelerating voltage of 5 kV. To prevent charging of the PMMA foil surface, the samples

were coated with 10 nm of Au/Pd composite layer.

RESULTS AND DISCUSION
The DCSBD plasma treatment of PMMA foil surface significantly changed wetting properties
of the material. We observed different behavior for pure hydrogen atmosphere and for 5%
hydrogen mixture with nitrogen as well as for pure nitrogen atmosphere. The contact angle
values for treatment time of 5, 10 and 30 min can be seen on Fig. 2. Our study shows
significant increase of contact angle and hydrophobic properties of the polymer surface after
the plasma modification in pure hydrogen atmosphere. For treatment time of 10 minutes we
saw increase in WCA from reference value ~78° to ~114°. On the other hand, we observed
significant decrease of contact angle after PMMA surface exposure to plasma generated in
atmospheres containing nitrogen. For the same treatment time discussed above we achieved

decrease of WCA from the reference value to 22°.

- /-
100
sl . —m—H, 100%
E | —e—H, 5%
S w0 N, 100%

Treatment Time [min]

Fig. 2: Water contact angle depending on time of plasma treatment in different gas mixtures

To achieve significant topological change, we used prolonged treatment time such as 30 min.
As the SEM images in Fig. 3 taken at the 20 000 x magnification demonstrate, the surface

morphology was significantly changed from the reference smooth like surface (Fig. 3a). After
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the 10 min of plasma treatment we can clearly see a formation of pillar structures on the
surface of samples modified in atmospheres containing hydrogen atoms. In comparison of
SEM image for pure hydrogen plasma (Fig. 3b) to plasma ignited in forming gas (Fig. 3c) we
can see clear indications of etching phenomena with a difference in average size of pillar like
structures. In case of forming gas plasma, we can see matrix of porous structure similar to the
one formed in pure hydrogen plasma but larger in scale. In case of pure nitrogen (Fig. 3d), we
can see traces of etching but without formation of pillar structure.

Fig.3: SEM images of PMMA surface of a) reference sample and samples plasma treated

for 10 min in b) pure hydrogen, c) forming gas and d) pure nitrogen (scale bar 1 zm).

Major results of presented study are discovery of formation of pillar like structures caused by
etching in the plasma generated in hydrogen containing atmosphere and the relation of this
effect to wetting phenomena. To conclude the results of this paper we will further analyze
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possible explanation of difference in WCA measurement for pure hydrogen atmosphere and
forming gas atmosphere in relation to formation of similar nanostructure on treated PMMA
surface. Further investigation by means of X-ray photoelectron spectroscopy (XPS) is in order
since we need better understanding of chemical bounds and active chemical agents (such as
C-N and NH-C=0 bond) on the surface that can promote significant WCA decrease even for
pillar like structures displayed on SEM images. The methods such as Fourier-transform
infrared spectroscopy (FTIR), ellipsometry, transmissivity and reflectivity are advised too.

CONLUSION
We studied plasma etching of PMMA surface in reducing DCSBD plasma. Atmospheric
pressure plasma was generated in pure hydrogen, pure nitrogen and a mixture of 5% H2 in a
nitrogen. We observed an increase of wettability of PMMA surface after the treatment by
nitrogen-containing plasma. On the other hand, using pure hydrogen plasma led to significant
increase of contact angle resulting in hydrophobic PMMA surface. SEM analysis showed
significant changes in surface morphology on modified PMMA samples and revealed strong
plasma etching process in pure hydrogen plasma. Pillar-like structures observed on hydrogen
plasma-etched PMMA are probably a reason for hydrophobic properties of plasma modified
PMMA surface. The presented results show that DCSBD plasma provides a simple method
for targeted modification of PMMA surface properties.
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ABSTRACT

Polyesters are polymers which are mostly used in laminating resins, molding compositions,
films, surface coatings, rubbers, composites etc. [1]. The most well-known man-made
polyester is polyethylene terephthalate (PET), which is used in the form of synthetic fibers.
This polymer is generally non-biodegradable [2].

The resulting environmental impact of high global production of plastic materials has
encouraged efforts from the polymer industry to develop biodegradable materials. Polylactic
acid (PLA) is an aliphatic polyester derived from renewable sources, mainly starch and sugar.
PLA polymers and their derivatives stand at the forefront of practical use [3]. This polymer
has very low toxicity and high mechanical performance comparable to other commercial
polymers such as PET and polystyrene (PS). Itis highly transparent and has good barrier
properties to aromas.

A continuing challenge for the polymer industry is to deliver new effects or enhanced
properties from a range of materials that is often increasingly restricted [4]. A wide variety
of compounds have been added to polymers to improve their stability. The main factors
determining degradation during processing are elevated temperature, shear forces and
the amount of oxygen present. The oxidation processes were traditionally inhibited using
synthetic phenolic antioxidants but the possible health and environmental hazard represented
by these compounds appeared. The attention turned towards the possible use of natural
antioxiodants as a potential stabilizers for polymers. The main natural antioxidants are
carotenoids (contained in carrot, tomato, spinach, corn), flavonoids (found in red grapes,
citruses, onion, leaves of green tea), phenolic acids (contained in various seeds), lignin and
tannins (found in leaves and barks of woods). Flavonoids are the most effective processing

stabilizers. Carotenoids act as antioxidants at small concentrations, but as pro-oxidants when
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their amount is large. Natural antioxidants can be used in certain applications, but further

research is needed to utilize their advantages in the full extent [5].
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ABSTRACT
A new type of SDBD generating thin layers of plasma which propagate along the treated
polymer surfaces was developed. This technique was aimed to achieve uniform atmospheric
pressure plasma treatment of inner and/or outer surfaces of polymeric tubes and other hollow
bodies. The results presented in this work show the possibility of such system to treat outer
and inner surfaces of polyethylene (PE) tubes in a continuous mode.

INTRODUCTION
The surface treatment using electric plasmas is not just a green alternative to wet chemistry,
but offers a large number of advantages for this kind of applications. Plasma treatment can
result in a physical and/or chemical modification of the first few molecular layers of the
surface. Therefore, unlike conventional wet processes, which may penetrate deeply into the
treated material, plasma reacts only with the surface while maintaining the properties of the
bulk.

In comparison with low-pressure plasmas industrial applications of non-thermal
atmospheric pressure plasmas usually appear to be cheaper and more convenient alternative.
That is why this type of plasma, nowadays, is used in variety of applications such as
generation of ozone, plasma medicine, and pollution control [1]. The most significant area of
such plasma applications is surface activations [2] of various materials. Surface properties as

wetting, adhesion, and printability [3] may be significantly influenced by the plasma.
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A new type of SDBD generating thin layers of plasma which propagate along the treated
polymer surfaces [4—6] was developed. This technique was aimed to achieve uniform
atmospheric pressure plasma treatment of inner and/or outer surfaces of polymeric tubes and
other hollow bodies. The barrier discharge is generated from the contact line between liquid
electrode, plasma working gas and dielectric material on the side where it is allowed by the
mutual positions of liquid electrode levels.

The liquid-based SDBD arrangement presented in this work combines advantages of standard
SDBD and discharges in liquids as well as eliminates disadvantage of standard SDBD. This
method suggests the cost effective process of uniform and easy treatment with reduced or
totally absent damaging of electrodes and/or dielectric body. Such configuration could be
used for continual treatment of polymers without wariness about the metal contamination. It
could be used, for example, in such processes as activation and coating of biomedical devices,
sterilization, cleaning, surface modification, etc. [4]. Generating the plasma and executing the
plasma surface treatment at atmospheric and near-atmospheric gas pressures have an
additional advantage in that faster surface treatment due to higher active species densities,
which can lead to higher productivity.

Though, it have been proved already that this kind of discharge could be used for treatment
of different polymer materials [4,6], the challenge of continual treatment of long objects was
still present. The results presented in this work will show the possibility of such system to
treat outer surface of polymer materials in a continuous mode. The technical details of
experimental setup would be discussed as well as results of treatment of polyethylene (PE)

tubes would be shown.

EXPERIMENTAL SETUP

As the tested material, PE tubes were used. For the outer surface treatment PE tubes with
outer diameter 6 mm and the 5 mm inner diameter were used. For the inner surface treatment
PE tubes with outer diameter 4 mm and the 2 mm inner diameter were used. The liquid
electrode was prepared as a 5%wt. of oxalic acid dihydrate solution (approx. 7.5 g of
(COOH),-2H,0 per 100 mL), then diluted by deionized water to the appropriate conductivity.
The choice of oxalic acid instead of some inorganic solutions was made to prevent formation
of inorganic salt crystals. In all experiments the conductivity of solution was 50 mS/cm.

The power to liquid electrodes was supplied by the high voltage resonance generator Lifetech-
300W coupled with function generator GW-Instek SFG-2104. The total power input was
measured by power meter Orbit Merret OM 402 PWR.
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This device for continual treatment of outer surfaces is unusual because of its configuration
and physical principle. It consists of two chambers (0.3 L each) and each of them is
connected with power supply unit with only one electrode (Fig. 1 (a,c)). The electrical
connection between these two chambers is done by capacitive coupling. That means that
electrically conductive liquid inside the dielectric tube is responsible for charge transfer and
substitute the metal wires. Length of tube between chambers was 16 cm. Results of plasma
treatment that are presented further in the text were obtained using 40 W of applied power

and the speed of treatment 2.5 cm/s that roughly corresponds to 0.8s treatment time (0.2s*4).

(€ (d)
\Fig. 1. General view of the discharge reactor used for outer (a) and inner (b) surface

treatment and the plasma discharge itself (c,d).
Static contact angle measurements were performed on untreated and plasma-treated surfaces

of the PE tubes by KRUSS DSA30. The water contact angle was determined by sessile drop

technique (1 uL volume). Deionised water was chosen as a testing liquid.
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RESULTS AND DISCUSSIONS

The water contact angle (WCA) of untreated material depending from the side of the tube
were 94° and 107° for outer and inner surfaces, respectively. These values are usual for such
kind of material. After the plasma treatment the WCA decreased depending on the power
input and the treatment speed. The standard deviation of contact angle was 5 degrees
maximum. The aging effect of plasma treatment was also tested. The values of WCA
increased with time, but even after 30 days the surface remains still hydrophilic.

In order to reveal the chemical changes on the surface of the treated material a XPS
measurements were held. Elemental composition in atomic percentage of untreated and

plasma treated samples is shown in Tab. 1.

Tab 1. The water contact angle and XPS atomic percentage of elements on the surface of

polyethylene tube depending on the treatment conditions.

Inner Outer
Ref. 2cm/s 3cm/s Ref. 2,5cm/s
40W 60W 80W 80w 40W
WCA [°] 106,9 54,6 335 27,5 68 93,6 59,7
C [at. %] 94,7 88,4 80 76,1 85,6 90,5 78,5
O [at. %] 2,84 10,6 15,8 19,6 12,3 8,6 18,9

In this sense, this plasma technique not only allows obtaining PE tubes with low contact
angles but also treated samples which keep their properties throughout time. These are very
positive results from an industrial point of view because it allows obtaining low WCA

material avoiding at the same time using vacuum and thus, expensive equipments.

CONCLUSION
The above described technique is viable and technically simple alternative to other plasma
surface treatments of dielectric hollow bodies. It is flexible, employs simple high-voltage
power supply operated at low frequencies, and can be easily modified for continuous and
economical large-scale applications. The low energy consumption of this technique is
suitable for industrial usage together with the absence of any expensive gases or electrode

solutions. Particularly, the continual treatment has a big industry potential in applications
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which requires high speed of surface treatment of specific bodies such as tubes with small

diameter, but is not restricted to the mentioned one.
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ABSTRACT

The present study deals with the preparation and characterization of ethylene vinyl acetate
materials containing fillers enriched with commercially available essential oils obtained by
hydrodistillation extraction process from Carum carvi L. Two blends based on ethylene vinyl
acetate, talc or bentonite with two type of extracts were prepared. The composition of
essential oils extracted from fruits of caraway and the influence of two types of mineral fillers
on the incorporation of caraway extracts was studied by gas chromatography mass
spectrometry and gas chromatography mass spectrometry equipped with pyrolysis unit,
respectively. The measurement of antibacterial activity of incorporated extracts after
thermoplastic processing was determined by standard ISO 22196:2007 - Plastics:
Measurement of antibacterial activity on plastics and other non-porous surfaces.

The materials prepared on twin-screw micro-extruder exhibit good homogeneity throughout
the all sample volume and smooth surfaces. Results of essential oil compositions dissolved
into acetone show that one extract contains only carvone. On the other hand, the second one
includes carvone, limonene and trace amount of beta-myrcene. Gas chromatography spectra
of pyrolysed composites confirm successful incorporation of both types of the essential oils
and their stability in the mineral fillers after thermal incorporation into the polymer matrix.
All types of prepared antibacterial materials exhibit a high effect on Staphylococcus aureus

grown reduction.
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ABSTRACT

In recent years, magnetic nanocomposites have gained a considerable amount of attention for
the removal of dyes from wastewater through chemical oxidation, biodegradation, membrane
separation, electrochemical processes, etc. The classical adsorption method is widely used for
the removal of dye. Silica-based magnetic nanocomposites have attracted much attention in
the removal of dyes from aqueous solution among the extensive range of natural and synthetic
adsorbents. Magnetic separation including adsorption method is a promising and cost-
effective method in wastewater treatment due to its efficiency in the removal of dyes.
Magnetite-silica (Mag-Si) and Magnetite-Silica-Chitosan nanocomposites (Mag-Si-Cs) were
successfully synthesized by co-precipitation synthesis and coated with TEOS to prevent
particles aggregation. The Mag-Si composites were successfully impregnated with chitosan to
form Mag-Si-Cs nanocomposites. Structural analysis of the nanocomposites was performed
using scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
Whereas, X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR)
revealed magnetite phase and compositional analysis (organic-inorganic). Magnetic properties
of the nanocomposites were investigated using vibrating sample magnetometer (VSM). An
impact of time, pH and concentration of the dye on the removal efficiency were analysed
precisely to understand the reaction mechanism. The removal efficiencies depend on the
thickness of the coating. In conclusion, Mag-Si and Mag-Si-Cs adsorbents act as a potential
claimant for environmental applications, i.e., water recovery from MethB, by precise pH
management.
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ABSTRACT
Due to non-bioactive nature of polymeric materials, their usage in a body as a biomaterial
may cause foreign body reaction and their surface is open to bio film formation, which may
cause infections [1,2]. Surface modification of polymeric materials to create a bioactive
surface has paramount importance to decrease the bacterial adhesion, hence avoid bacterial
contamination. Such modification can be obtained by plasma modification followed by
bioactive agent immobilization. In this study, surface of low density polyethylene (LDPE)
was functionalized by plasma treatment using air as a carrier gas. Fluoroquinolones of
Sparfloxacin (SpF), Enrofloxacin (EnF) and Lomefloxacin (LmF) were chosen to immobilize

to avoid bacterial contamination.

INTRODUCTION
Bacterial contamination by endogenous and/or exogenous sources, which may cause
nosocomial infections and failure of the implants, is one of the biggest drawbacks for the
implanted bio- materials. Therefore, it threatens patient’s comfort, prolongs hospitalization or
healing time, leading to morbidity, results in reoperations to remove the implant and leads to
excessive cost [3]. Bacterial adhesion is mediated by physicochemical interactions between
bacterial strain and polymer surface and it depends on bacterial strain type, chemical
composition of the polymer, surface chemistry, roughness, wettability, surface charge, and
density. Such surfaces are open for bacterial interaction, followed by its adhesion and
colonization onto the biomaterial surface and finally leads to bacterial biofilm formation [3].
After that, bacterial release occurs from the biofilm to the surrounding tissue, which may
cause infections. Removing the biofilm from the surface is problematic; hence, initial
bacterial adhesion onto the surface has to be inhibited in advance to avoid such medical
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problems. In the polymeric biomaterials case, blending the polymer with antibacterial agents
or copolymerization of antibacterial agents with monomer may bring in antibacterial
properties [4]. However, large amount of antibacterial agents needs to be used and it may
cause side effects when released from implant to human body [5]. Surface modification of
biomaterials in order to create specific antibacterial layers to avoid bacterial adhesion is a
promising method how to keep the desired bulk properties intact while the surface becomes
more resistant to bacterial adhesion. In this way, the content of antibacterial agents is
minimized, and due to their covalent immobilization, their release into the human body can be
controlled. There are numerous antibacterial agents preventing bacterial infections. Among
them, one of the most commonly used ones are fluoroquinolones (FQs), which are effective
against both gram-positive and gram-negative bacteria by penetrating their cell walls to
inhibit DNA gyrase with tolerable side effects [6].

Low-density polyethylene (LDPE) was selected as a polymeric substrate in this study and
exposed to microwave (MW) plasma for surface treatment to functionalize the surface for
further chemi- cal interactions. Immediately after plasma treatment, N-allylme- thylamine
(MAAM) vapor atmosphere was applied to the functionalized surface to amine functional
group including graft polymer brush. After that, three selected FQs were immobilized onto the
MAAM polymer brush in order to prepare active anti- bacterial layer with prospective
utilization against nosocomial infections. Surface wettability of the samples was evaluated by
water contact angle test, chemical analyses were carried out by X-ray photoelectron
spectroscopy (XPS) and Fourier transform infrared spectroscopy (FTIR). Surface morphology
was analyzed by means of scanning electron microscope (SEM). Finally, antibacterial activity
has been tested for both gram-positive and gram-negative bacterial strains of Staphylococcus
aureus and Escherichia coli, respectively. Antibacterial activity test revealed that prepared
antibacterial surfaces were effective against E. coli but did not show the same effect against S.
aureus. In general, surfaces prepared at pH6 were more efficient compare to pH3

counterparts.

EXPERIMENTAL
LDPE substrates were treated by 2.45 GHz MW plasma, generated by using PICO (Diener,
Germany) with an input power of 20 W. Air was used as a discharge gas with 20 sccm flow
rate under the chamber pressure of 50 Pa. Process time was set to 60 s to apply each side of
LDPE substrate and samples, hereafter referred to as PE_Tre. After plasma treatment, samples
were immediately exposed to MAAM vapor atmosphere for 20 s to graft polymer brush.
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Finally, samples were placed in solution vials of FQs in pH 3 and pH 6 separately for 24 h for
immobilization. The final pre- pared samples were labelled as SpF3, EnF3, and LmF3 for pH
3 and SpF6, EnF6, and LmF6 for pH 6. Finally, the samples were taken out of the solution

vials, thoroughly washed with distilled water, and dried at laboratory conditions.

RESULTS AND DISCUSION
Water contact angle recorded for LDPE surface is 85.3°, which is highly hydrophobic due to
the typical characteristic of all polyolefins. After applied oxygen plasma treatment,
hydrophilicity is significantly increased by decreasing Q. to 55.8°. Such increase in
wettability due to the incorporation of oxidative functional groups and tailoring the surface
morphology by plasma particles. Therefore, LDPE surface after plasma treatment becomes
more convenient for further immobilization.
XPS results relieved that carbon level is sharply decreased and oxygen level is increased after
MW plasma treatment (Tab. 1). Fluorine is detected for each FQs immobilized samples
except Sparfloxacin at pH3 due to unsufficient immobilization.
As it seen from SEM results (Fig.1), LDPE surface (a) is displayed as relatively smooth
morphology and after MW treatment, surface became rougher due to the etching by plasma
particles (b). According to the insufficient immobilization, SpF3 sample (c) monitored small
fraction of SpF as marked. However, for SpF6, fraction is homogenously distributed (f). EnF
and LmF immobilizations were successful and homogenously distributed to the surface for
samples of EnF3 (d), EnF6 (g), LmF3 (e) and LmF6 (h).

Tab. 1. XPS Results

Samples C1s% 01s% N1s% F15%
PE 99.3 0.7 - -
PE_Tre 77.2 18.6 4.2 -
SpF3 77.1 18.6 4.3 -
EnF3 76.5 15.2 7.4 0.9
LmF3 76.2 16.2 6.9 0.7
SpF6 74.7 15.9 8.2 1.2
EnF6 76.7 15.0 7.3 1.0
LmF6 76.6 15.5 6.8 1.1

As it listed in Tab. 2, non of the samples were effective against S. aureus but by means of E.
coli each FQs coated samples were effective except SpF due to unsufficient immobilization.

Among them, EnF at pH 3 and 6 showed the best effect against E. coli.
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Fig. 1. SEM results

Tab. 2. Antibacterial results

Samples S. aureus, N (CFU/cm?) E. coli, N (CFU/cm?)
PE 3.0 x 10° 4.3 x 10°

SpF3 5.6 % 10° 24 10°

EnF3 3.2 % 10° <1

LmF3 5.8 x 10° 4.9 x 10°

SpF6 2.0 x 10° 4.4

EnF6 9.5 x 10* <1

LmF6 3.6 x 10° 2.5

CONCLUSION

Results indicate that plasma treatment originated appropriate surface properties by means of
hydrophilicity and functional groups for further chemical immobilization. FQs chemicals
were successfully immobilized except SpF at pH3. FQs immobilized samples were not

effective against S. aureus, however effective against gram negative strains of E. coli.
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ABSTRACT
The use of bacteriocins as natural compounds to generate active plastic materials has received
considerable attention in the last decade. The most well-known bacteriocin, nisin has been
used for the modification of many different polymers. However, only few studies have
investigated formulating nisin-incorporated biodegradable films by means of thermoplastic
processing relating to the sensitivity of nisin as a protein to high temperatures and the loss of
its efficacy against pathogenic microorganisms. The presented work investigates the thermal
stability of bacteriocin nisin in polylactide (PLA) and polylactide/polyethylene glycol
(PLA/PEG) films at temperatures approaching the processing temperature of PLA. The
samples were prepared by solvent cast technique and characterized according to their thermal,
structural and antibacterial properties. Research on the thermal stability of nisin in the PLA
and PLA/PEG systems was carried out by exposing the given films to high temperatures
(160°C and 180°C) for a duration of up to 4 h. Assessment of the antibacterial activity of the
samples was carried out by the agar diffusion method against Micrococcus luteus, while the
structural changes in the polymer matrix were evaluated by gel permeation chromatography.
The results showed that nisin retained almost 70% of its antimicrobial activity in the PLA
matrix, even after treatment at 160°C for 15 min. The presence of PEG significantly increased

the degradation of nisin as well as it enhanced the degradation of the PLA matrix.

ACKNOWLEDGEMENTS
This work was co-financed by the Ministry of Agriculture of the Czech Republic (project no.
QJ1310254), and the Ministry of Education, Youth and Sports of the Czech Republic (project
no. LO1504). P. Holcapkova is grateful for the support lent by the Internal Grant Agency of
Tomas Bata University in Zlin (project no. IGA/CPS/2018/003).

192



THERMOELECTRICAL BEHAVIOUR OF SURFACE-TREATED MULTIWALL
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ABSTRACT
Recently, due to their extraordinary properties, multi-wall carbon nanotube (MWCNT) based
stretchable and flexible polymer composite materials have been used in various applications
such as energy harvesting. In this research, we report the different treated carbon nanotubes
with an ethylene-octene (EOC) copolymer matrix for efficient thermoelectric power
capability. Samples were examined by high-resolution transmission electron microscopy
(HRTEM), scanning electron microscopy (SEM). CNTs showed that treatment with HNO3
enhanced composites p-type electrical conductivity, thermoelectric power (Seebeck
coefficient) increased accordingly. The results revealed a dramatic increase of the Seebeck
voltage differences up to 18.19 pV/K for the MWCNT(HNO3)/EOC composites, while the
MWCNT (pristine)/EOC composite provided only 7.06 uV/K. These p-type thermoelectric
materials can provide important development in energy harvesting application with good

conversion efficiency.

INTRODUCTION

A thermoelectric material possesses the ability to convert thermal energy into electrical
energy through a process known as the Seebeck effect, which is based on electron transfer
within different metallic semiconductors. A thermoelectric module is a device that is
specifically used for the conversion of thermal energy to electrical energy. In general,
thermoelectric materials combine with fillers such as polymeric substrate which is named
polymer thermoelectric composites [1].

Fabrication of polymer thermoelectric composites, two classes of nanofillers are applied
generally. One class of fillers are inorganic particles including Te nanorods [2,3,4],
SnSe [5,6] and Bi,Tes [7,8], exhibiting high Seebeck coefficient. Another mostly used class of
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filling materials are carbon particles such as carbon nanotubes [9,10] and graphene [11,12],
possessing high electrical conductivity. In this study, we mainly introduce the thermoelectric
properties of polymer/carbon nanotube composites and compare the features of their
functionalized forms.

The conversion efficiency of thermoelectric is closely related to a dimensionless figure of
merit, which is defined as ZT = SZGT/K, where S is the Seebeck coefficient, ¢ is the electrical
conductivity, k is the thermal conductivity and T is the absolute temperature, respectively.

A major objective with thermoelectric technology is to maximize efficiency in order to
advantage of the abundance of waste heat. With this in mind, the effectiveness and

performance of a thermoelectric is defined by Equation 1:

752
7 = — (1)
K

where Z is the Figure of Merit (FOM), o is the electrical conductivity, S is the Seebeck

coefficient, and « is the thermal conductivity.

As a principle of determining the Seebeck coefficient, heat moves through a solid material by
means of conduction, the transfer of heat energy by microscopic diffusion and collisions or
particles or quasi-particles within a body due to a temperature gradient. The rate of heat
transfer per unit area through a material is the heat flux. Heat flux is directly proportional to
the temperature gradient. The rate of heat transfer per unit area through a material is the heat
flux. Seebeck coefficients have units of voltage per unit temperature, usually expressed in

microvolts per Kelvin, and can be calculated using Equation 2:

§=—— (2)

where AV is the voltage difference between the hot and cold sides of a thermoelectric material
and AT is the change in temperature between the sides. Thermocouples are often used to
measure the temperatures AT and a voltmeter can be used to measure the voltages AV. The
AV can have a positive or negative value, depending on whether the mobile charges are holes

or electrons, thus giving the Seebeck coefficient a positive or negative value [13].
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EXPERIMENTAL
The purified multi-walled carbon nanotubes manufactured by acetylene chemical vapour
deposition method were purchased from Sun Nanotech Co. Ltd., China with purity >90% and
electrical resistivity 0.12 Q cm (diameter 10-30 nm, length 1-10 um). The ethylene-octane
copolymer (EOC) with 45 wt% of octane content (ENGAGE 8842) was purchased from Dow
Chemicals. The density of EOC was 0.8595 gecm™.
The nanotubes were prepared in four different forms: treated with potassium permanganate
(KMnQy), nitric acid (HNO3) were compared with pristine.
Surface oxidation: 3 g of MWCNTs was added to 300 ml of concentrated HNO3 and then
heated at 130 °C for 4 h. After that, the solution was cooled and filtered by vacuum pump.
The sediment washed several times by deionized water until the neutralization and dried at
60°C overnight. The oxidized nanotubes were denoted MWCNT(HNO3).
Hummer's oxidation: 2 g pristine MWCNTs was added to 250 ml of 0.5M H,SO,4 with a
reflux condenser, then 5 g of KMnO, added into solution as an oxidization agent. The
dispersion was sonicated at 85 °C for 15 h using thermostatic ultrasonic bath (Bandelin
Electronic DT 103H). Then, the filtration was filtered and washed with hydrochloric acid
(HCI) to remove MnO, and washed with water until the neutralization. These oxidized
nanotubes were denoted MWCNT(KMnOy,) [14].
The structure of MWCNT/EOC composite was observed with the help of scanning electron
microscope (SEM) NOVA Nano SEM 450 (FEI). In addition, Pristine MWCNTSs were
analysed via transmission electron microscopy (TEM) using microscope JEOL JEM 2010
with 160 kV. The sample was prepared on 300 mesh copper grid with a carbon film (SPI,
USA) from MWCNT dispersion in acetone prepared by ultrasonication, which was deposited
on the carbon grid and dried. On the other hand, MWCNT/EOC composites were prepared in
EOC/Toluene (%5 solution of EOC in toluene) by ultrasonication. The sonication process was
carried out in ultrasonic bath for 3 hr at 60 °C. Then the dispersion was poured into acetone
and forms a precipitate. Then the composites have been prepared by compression molding at
90 °C.
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Fig. 2. Thermoelectric measurements of MWCNT/EOC composites with temperature
difference.

The thermoelectric power measurement was carried out for all samples (diameter 20 mm,
thickness 2 mm). Circular composites were placed between two copper electrodes. The end of
one electrode immersed into ethanol bath, while other electrode immersed into silicon oil. The
temperature at the copper/composite surfaces were measured by a digital thermometer. The

thermoelectric current was determined with a Multiplex data logger 34980A.

RESULTS AND DISCUSSION

We have synthesized MWCNT/EOC composites by using HNO3;, KMnO, treatments. We also
prepared MWCNT (pristine)/EOC to contribute comparable datas. Fig. 3(a) displays a
HRTEM image of the individual MWCNT. This reveals the wall structure which is relatively
well aligned with several outer walls.

Fig. 3(b) demonstrates a typical cross-section SEM image of the MWCNT (pristine)/EOC
composite. The composite is dense and mainly composed of nanostructures with a diameter
30-100 nm and randomly dispersed in EOC copolymer matrix. As can also be seen in this
figure, outstanding individual tubes contribute certain electrically percolating network in
composite fracture. Fig. 3(c) displays the composite sample image.
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Fig. 3. a) High-resource transmission electron microscopy (HRTEM) detailed view of the
structure of individual MWCNT; b) Scanning electron microscope (SEM) micrographs of

the surface of entangled MWCNT (Pristine)/EOC networks; ¢) Composite sample
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CNT(KMnO4)/EOC
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100
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0 5 10 15 20
AT (°C)

Fig. 4. Temperature difference dependence of generated electric voltage by
MWCNT(HNO3)/EOC, MWCNT(KMnO4)/EOC, MWCNT (Pristine)/EOC
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As illustrated in Fig. 4, as p-type treatment with HNO3 and KMnOj, significantly increase the
thermoelectric seebeck effect. The maximum Seebeck coefficienct of MWCNT(HNO3)/EOC
composite is 18.19 pV/K when with 30% MWCNT, which 2.58 times as high as that of the

pristine.

Tab. 1. Seebeck Coefficients of treated composite samples.

Ingredients S (Seebeck Coefficienct) Units
MWCNT(HNOs)/EOC +18.19 nV/K
MWCNT(KMnQ,4)/EOC +13.86 uV/K
MWCNT (pristine)/EOC +7.06 uV/K

As can be seen in Tab.l, HNO3;, KMnQO, treatments exhibit +18.19, +13.86 uV/K
respectively, while pristine demonstrates +7.06 uV/K. The use of MWCNT(HNO3)/EOC
composite with a high power factor is the important factor for efficient performance of a
thermoelectric generator. The power factor is important value since it is directly related to the

usable power attainable from the thermoelectric material [13].

CONCLUSIONS
In this work, the aim was to oxidize MWCNTSs due to increase the thermoelectric power of
polymer composites made of EOC composites due to their p-type and n-type electrical
conductivity performance. A relatively high thermoelectric power of 18.19 uV/K was
obtained in MWCNT(HNO3)/EOC. Therefore, the specimens showed a p-type semiconductor
behaviour with the CNTs and copolymer content. This result shows that p-type conductive
MWCNT(HNO3)/EOC composites can be a promising new type thermoelectric composites

which demonstrate energy harvesting application.
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ABSTRACT
Polymeric hydrogel scaffolds are interesting as they are considered as potential materials for
medicinal usage. “PVP-CMC based hydrogel” or hydrogel scaffolds are one of them. To
enhance their bioactivity and preserve biodegradability, B-chitin was incorporated into the
PVP-CMC hydrogel. B-chitin is natural polymer isolated from the cuttlebone of common
cuttlefish (Sepia officinalis, L.). Both “PVP-CMC” and “PVP-CMC-B-chitin” hydrogels were
then mineralized with calcium carbonate (CaCO3) following biomimetic mineralization
technique and termed as “PVP-CMC-CaCO3” and “PVP-CMC-B-chitin-CaCO3” to improve
bioactivity as well as reinforcement. Rheological data show that incorporation of [-chitin
(0.5%) increase the elasticity of all the PVP-CMC based hydrogel scaffolds, while resistance
to compression is preserved. The swelling study, conducted in Ringer's solution at 37°C,
indicated that non-mineralized (PVP-CMC and PVP-CMC-B-chitin) hydrogel scaffolds have
good water absorption and retention properties in comparison with mineralized (PVP-CMC-
CaCOg3 and PVP-CMC-B-chitin-CaCO3) hydrogel scaffolds. The rheological study confirmed
that B-chitin increase the elasticity of PVP-CMC hydrogel scaffold, resulting in an interesting

bioinspired biomaterial that has a decent biomedical potential.

INTRODUCTION
The ideal biomaterial for biomedical applications should be biocompatible, reasonably
porous, highly adjustable, biodegradable and bioactive. Example of such promising
biomaterial can be polyvinylpyrrolidone — carboxymethylcellulose (PVP-CMC) hydrogel
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scaffold that has a potential of use as a wound dressing material, biomaterial for cancellous
bone regeneration and simultaneous drug delivery system [1,2]. These scaffolds exhibit good
properties as wound dressing [1, 3] and, when mineralized have potential for use as a bone
tissue regeneration material [2, 4]. Their further enhancement was provided with the
integration of chitin, a natural biopolymer which increased the elasticity and provided a
bioactive structure that mimics natural extracellular matrix [5]. This work will in more detail
characterize the properties of PVP-CMC hydrogel scaffolds with and without 0.5% of B-chitin
integrated into their matrices. These scaffolds will be compared in two forms: non-
mineralized (PVP-CMC) and calcium carbonate (CaCO3) mineralized (PVP-CMC-CaCQO3).

EXPERIMENTAL
B-chitin was isolated from the cuttlebone of the common cuttlefish (Sepia officinalis, L.).
Hydrogels were prepared and mineralized using previously described protocol [5] especially
following the biomimetic biomineralized technique and analysed by Fourier transforms
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), rheology, simple

compression and swelling study.

RESULTS AND DISCUSSION

Prepared PVP-CMC-B-chitin scaffolds are translucent, can easily adhere to surfaces and be
moulded into different shapes. In comparison, non-mineralized (PVP-CMC and PVP-CMC-p-
chitin) hydrogel scaffolds have similar FTIR spectra, with most prominent FTIR intensities
being C-O-C stretching around 1045 cm™ (Fig 1). Since chitin is chemically similar to other
polysaccharides used for hydrogel preparation, this result is expected. After mineralization,
only spectra characteristic for calcium carbonate are noticeable with the most intensive peaks
at 1400 and 874 cm™ corresponding to the vibration of calcite.

Mineralization is most noticeable on the outer side of hydrogel scaffolds, but spherical
carbonate crystals are also present in porous inner part of the scaffolds (Fig 2).

Rheology measurements (Fig 3) confirms that elasticity is superior in all samples containing
chitin, including mineralized and non-mineralized samples. All are “true gels” with prominent
elastic behaviour, except for the non-mineralized PVP-CMC-B-chitin scaffold, which has
viscoelastic behaviour, characterized by the increase of the storage (G”) and a decrease of loss
(G”) modulus, proportional to angular frequency (Fig 3). This behaviour is not evident after

the mineralization of the same scaffold.
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Swelling behaviour was highly dependent on the mineralization, while the composition of
scaffolds itself had a much smaller influence on the degree of swelling. After mineralization,
it significantly drops, while the difference in the compositions remains in the standard
deviation error (Fig 4).

Simple compression tests showed that moist hydrogel scaffolds have similar mechanical
properties (Tab 1). As expected, mineralized samples had better mechanical properties than
non-mineralized. A compression test has also been confirmed that the integration of B-chitin

onto PVP-CMC hydrogel scaffold does not daunt its mechanical properties.

Tab 1. Comparison of mechanical properties of non-mineralized and CaCO3; mineralized
hydrogel scaffolds. (The diameter of all scaffolds was 10.4 mm)

Hydrogel scaffold Stress @ Force @ Young’s
Peak (MPa) Peak (N) Modulus
(N/mm?)
Non-mineralized
PVP-CMC 0.038 3.25 0.241
PVP-CMC- B-chitin 0.030 2.90 0.240
Mineralized
PVP-CMC- CaCO3 0.040 3.44 0.291
PVP-CMC- B-chitin-CaCOj3 0.035 3.00 0.271
1400 874
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Fig 1. FTIR spectra of non-mineralized and CaCOj3 mineralized PVP-CMC &
PVP-CMC-p chitin scaffolds.
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Fig 2. SEM microphotograph of a cross section mineralized hydrogel scaffold: PVP-CMC-4-
chitin-CaCOs.

5
10°3 = o pvPcMC —=— —0— PVP-CMC - CaCO,
—v——v— PVP-CMC- B-chitin —w——v— PVP-CMC - p—chitin - CaCO,

log G" (Pa)

log G' (Pa)

10° 10* 10?
log o (rad.s™)

Fig 3. Effect of angular frequency (w) at 1% strain on storage modulus (G, filled symbol)
and loss modulus (G, non-filled symbol) for of non-mineralized and CaCO3 mineralized
PVP-CMC and PVP-CMC g-chitin hydrogel scaffolds.
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Fig 4. Effect of swelling in PVP-CMC and PVP-CMC p-chitin hydrogel scaffolds
conducted in Ringer's solution at 37°C. [non-mineralized (empty symbols) and CaCO;
mineralized (filled symbols)].

CONCLUSION
B-chitin can be successfully integrated into biocompatible and biodegradable PVP-CMC
hydrogel scaffold. This reinforcement improves the elasticity of the scaffolds and results with
highly mouldable biomaterials with good swelling properties and preserved tensile strength.
Mineralization (CaCO3) of such scaffolds further helps in making these as bioinspired
biomaterials and more suitable for biomedical applications as diverse implant biomaterials.

The biological study of these biomaterials is in progress.
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