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PREAMBULE

Konference PLASTKO je nejstar§i, mezinarodni, konferenci pofadanou na puadé
Univerzity Toméase Bati ve Zlin€. Je zalozena na principech spoluprace mezi akademickou

1 primyslovou praxi.

Cilem konference je ukéazat svétu a okoli, Ze sektor vyroby a zpracovani plast neni jen
zavrzenihodnym oborem, jak prezentuji mnohd masmédia, ale naopak, Ze dlouhodobé¢ ptispiva
k ochran¢ prostfedi, ve kterém Zzijeme. A samoziejm¢é také napovédét vyrobciim, jakou

spravnou argumentaci volit pfi prosazovani vyrobkll na koneénych trzich.
Za organiza¢ni a védecky vybor konference Plastko 2022 jsme radi, ze tato konference

se t&8i stalému zdjmu firem i akademik a velmi dékujeme vSem navstévnikim za wcast

na konferenci.

Organizacni vybor konference Plastko 2022

ve Zlin€ 21. 9. 2022
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CLUSTERING ACTIVITIES IN EUROPE: THE ROLE OF ECP4

Jan Diemert!

! Fraunhofer Institute for Chemical Technology ICT, 76327 Pfinztal, Germany

* Corresponding e-mail: jan.diemert@ict.fraunhofer.de

ABSTRACT
ECP4, The European Composites, Plastics and Polymer Processing Platform is an industry-
driven collaboration that unites members from 13 countries amongst the top-level European
research institutions, regional plastic clusters, and EU-level industrial organisations of plastics
and composites converters.
ECP4 brings innovation partners together to identify opportunities for collaborative Research

and Development efforts which yield industrial innovation in the polymer industry.

The key objectives of the platform are:
e To provide networking and collaboration among research institutions and the industry.
e To facilitate the access of the European plastics industry to EU research programs, thus
enabling SME’s to innovate, gain competitiveness and fulfil sustainable goals.
e Tocommunicate on new technologies and their relevance for the plastics converters and

the composites industry.

The presentation gives an overview about the ECP4 organisation, it’s activities and an outlook

on the most relevant polymer topics expected in the new funding program Horizon Europe.

www.ecp4.eu



CIRCULAR PLASTIC ALLIANCE AND STRATEGIC RESEARCH
& INNOVATION AGENDA

Guillaume Zietek?!

YIPC Innovation Plasturgie Composites, Centre Technique Industriel de la Plasturgie et des
Composites, 2 rue Pierre et Marie Curie, 01100 Bellignat, France

* Corresponding e-mail: Guillaume.ZIETEK@ct-ipc.com

ABSTRACT
The Circular Plastics Alliance (CPA) is an initiative under the European Strategy for Plastics
(2018), in particular under Annex 11 related to voluntary pledges by industry. The European
Commission launched the Circular Plastics Alliance in December 2018 to help plastic value
chains boost the EU market for recycled plastics to 10 million tonnes by 2025. Between
September 2019 and March 2020, the CPA signatories have met in market oriented working
groups to identify and confirm the R&D Needs and collectively build the CPA R&D Agenda.
The positive outcome is the strong cohesion of R&D needs across the five main CPA value
chains or plastics-using sectors, namely: packaging, automotive, construction, agriculture and
electronic and electrical equipment (“EEE”). These STRATEGIC R&D NEEDS (common to
at least 3 plastics-using sectors) are described in the first section of the document. The market
SPECIFIC R&D NEEDS (common to only 1 or 2 plastics-using sectors) are described in the

second section of the document.



VTT PLASTIC VISION AND SOME PRACTICAL EXAMPLES

Jarmo Ropponent!

WTT Technical Research Center of Finland, Tietotie 4E, 02150 Espoo, Finland

* Corresponding e-mail: Jarmo.Ropponen@uvtt.fi

ABSTRACT
Plastics are a versatile material for many applications in different fields and a key material in
both developed and developing societies. But how can we tackle plastic pollution, greenhouse
gas emissions and at the same time preserve the social benefits offered by plastic? A general
plastic ban is obviously not a realistic solution. The short answer is through a circular economy
of plastics. Plastic recycling offers tools to keep the carbon in the loop and thus reduces the
need for fossil raw materials in the plastic value chain.
The main development targets for plastic recycling are increasing the share of recyclable plastic
waste, increasing the quality and value of recycled materials, and developing and
commercializing industrially implemented recycling processes. Due to lower energy
consumption, mechanical recycling is the preferred route to new plastic products, but it often
leads to the downgrading of the plastic properties, preventing valuable applications.
Chemical recycling of plastics and advanced waste sorting methods are increasingly being
adopted in the industry, providing tools to achieve quantitative and qualitative recycling targets.
Today, chemical recycling mainly uses thermal and catalytic pyrolysis techniques to liquefy
plastics, with the ultimate goal of producing to produce a feed for steam crackers for light olefin
production or directly by depolymerisation to monomers.
The complexity of the plastics value chain with many processes and applications means that
there is no one-fits-for-all technology or solution for the circular plastics economy. Here are
presented some examples of some technological developments and research topics in plastic

recycling.



SOLUTIONS FOR A MORE SILENT WORLD - IMPROVED ACOUSTICS WITH
INNOVATIVE POLYMER MATERIALS AND SYSTEMS

Jan Diemert!, Jens Rohlfing?, Susanne. Liissenheide?, Joerg Hohe*, Jan Troge®

! Fraunhofer Institute for Chemical Technology ICT, 76327 Pfinztal, Germany
2Fraunhofer Institute for Building Physics IBP, 70569 Stuttgart, Germany
4 Fraunhofer Institute for Mechanics of Materials IWM, 79108 Freiburg, Germany
® Fraunhofer Institute for Machine Tools and Forming Technology IWU, 01187 Dresden, Germany

* Corresponding e-mail: jan.diemert@ict.fraunhofer.de

ABSTRACT
Polymer materials are relatively inexpensive, lightweight and easily in 3D shapes formable.
Therefore, many articles are made out of polymers today. Among these are various electrical
devices, tools and automotive components which housings are made of polymer materials.
However due to their low mass density and often relatively low structural damping, polymer
materials pose challenges from an acoustic design point of view. Machines, tools or components

with polymer housings are often loud.

The Fraunhofer project »PolymerAkustik« — Polymer Acoustics has developed several
solutions to reduce sound emissions of devices, tools our household-equipment with housings
made of polymers. Tailored polymer materials with improved internal damping and material
structures with optimised acoustics offer great potential for noise reduction and sound design.
New ventilation slit geometries allow a reduction of tonal components generated for example
by the gear or the power electronics without hindering the heat exchange via air flow. For the
optimisation the project developed a manageable and efficient vibroacoustic characterisation

method. In this paper a summary of the important achievements of the project is given.



REDESIGN WITH REDUCE-REUSE-RECYCLE IN MIND

John Vlachopoulos! and Nickolas D. Polychronopoulos?

McMaster University, Chemical Engineering, Hamilton, ON, Canada
2Polydynamics Inc, Dundas, ON, Canada

*Corresponding author’s email: vlachopj@mcmaster.ca

ABSTRACT
Plastics have been getting a lot of bad press in recent years. Some of it is totally unjustified.
However, all the stakeholders in the plastics industry must address the issues raised in the mass
media and try to find technically feasible and economically viable solutions. Plastics pollution
must be reduced. Processes and products must be reconfigured. As an example, PET water
bottle production and microplastics in bottled water is discussed. It is argued that PP caps should
be discontinued, simply because they destroy the excellent quality of HDPE cap post-consumer
recycling stream. Microplastics in bottled water have been detected in most brands, in large
quantities. Microplastics generation can be traced to injection molding of bottle preforms and
caps. Injection mold cavity gate marks, flash and surface porosity are the main sources, due to
break off and shedding during subsequent transportation, handling, blow molding of the
preforms and during bottling and filling operations. There is no definite information on the
impact of microplastics ingestion to human health, but awareness in the general public is
increasing and consumers are concerned. There is ongoing research on detection in various
laboratories around the world, but hardly any attempts to relate microplastics generation to
material properties or processing conditions. To reduce the quantity of microplastics in bottled
water, research must be carried out to identify HDPE grades which are less prone to break off

and shedding. Production processes and handling of the bottles must be redesigned.



IRGACYCLE ADDITIVATION CONCEPT, AN INDUSTRY FOCUSED
CONTRIBUTION TO CIRCULARITY OF PLASTICS

Andreas Thiirmer!

1 BASF Schweiz AG, Klybeckstrasse 141, 4057 Basel, Switzerland

* Corresponding e-mail: Andreas.Thuermer@basf.com

ABSTRACT
Launched in 2021, BASF IrgaCycle consists of a series of plastic additive formulations, which
enable recycled plastics to be reused for the production of high-value plastics in combination
with virgin materials. The additive solution addresses specific quality issues associated with
recycled resins, such as limited processability, poor long-term thermal stability and insufficient
protection from outdoor weathering. Irgacycle concept is also focused on deactivation and
compatibilization of various impurities. Compatibilization of various polymer mixtures(PE/PP,
PET or PA and PO) is also part of BASF additive solutions. Besides Irgacycle aditives, BASF
offers also Irgatec CR 76 IC solution for films and fibers recycling, Tinuvin NOR 356 and
Irgastab FS products as part of BASF Valeras complex concept for recycling processes and

polymers circularity.
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| Watch the video
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SIROKE PORTFOLIO SENSORU

I NEAR-INFRARED

SPECTROMETRY (NIR)

I LED SPECTOMETRY (LED)

INFRARED

TRANSMISSION (IRT)

R

X-RAY TRANSMISSION (XRT)

IR CAMERA (IR)

COLOR CAMERA (COLOR)

ELECTROMAGNETIC
SENSOR (EM)
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SPECTROMETRY (VIS)

LASER REFLECTION/
FLUORESCENCE (LASER)

3D LASER HEIGHT

LASER INDUCED
BREAKDOWN
SPECTROSCOPY (LIBS)

MID INFRARED (MIR)

Siroka skala sortovacich zafizeni pro recyklaci

Recyklace plastd, papiru,
textilu, dfeva, ...

AUTOSORT

FLYING BEAM®: continuous signal
correction, integrated light source,
enhanced light distribution
flexible sensor configuration
(NIR/VIS/EM)

optimized sensor system

Cisténi flakd PET, PVC,PO, ...

AUTOSORT FLAKE

* Simultaneous material, metal and
color detection

FLYING BEAM®: continuous signal
correction, integrated light source,
enhanced light distribution
highest available sensor resolution

optimized sensor system

Recyklace skla, ...

AUTOSORT LASER

* Independent background system

* Simultaneous single-point detection

* Glass vs. transparent polymer recognition

* Fully flexible sensor configuration

* Unique mechanical design built for highest
safety standards

Recyklace kovd, elektroodpadu,
barevnych, nezeleznych kovd...

COMBISENSE

+ FLUID COOL*

* dual processing technology

* auto-adjustable ejection module

COMBISENSE CHUTE

= FLUID COOL*

dual processing technology
simultaneous single-point detection
double-sided detection

Recyklace kovd, dreva,
elektroodpadu,...

FINDER

+ SUPPIXX® technology
* Z-TECT technology
* IOR technology

i

X-TRACT

* Dual processing technology
Highest quality of secondary
material in metal applications
largest installed base worldwide

AUTOSORT/FINDER with LOD Feature
« Equipmentupgrade with

minimal initial investment
* Independent background system

K TOMRA
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SYSTEM S AKCELERACNIM PASEM PRO FRAKCE 40-350 MM

- Spickové senzory k identifikaci objektd na akceleraénim pasu

= Vlysoka rychlost zpracovani informaci (material, velikost,
barva, tvar a poloha objektt)

* Precisni sortovani prostfednictvim vzduchovych trysek

+ Navrh zafizeni pro konkrétni produkt ¢asto zahrnuje vice

technologii pro maximalizaci efektivity tfidéni.

SRDCE AUTOMATICKYCH TRIDICICH LINEK ODPADU : AUTOSORT®

THE TECHNOLOGY

auToSORT® featuras

“Flovible and future-proof
n eFulyupgradable
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SYSTEM SE SKLUZEM PRO FRAKCE 4-20 MM

- Spickové senzory k identifikaci objekt( na akceleraénim pasu

= Vysoka rychlost zpracovani informaci (material, velikost,
barva, tvar a poloha objektu)

* Precisni sortovani prostrednictvim vzduchovych trysek

* Navrh zafizeni pro konkrétni produkt ¢asto zahrnuje vice
technologii pro maximalizaci efektivity tFidéni.

OPTICKE TRIDICE DROBNE FRAKCE: AUTOSORT® FLAKE, INNOSORT FLAKE

INNOS 0/?}
FLAKE
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Sortovani PET

Spravca zalohového systému n.o., Slovensko
Post consumer PET, 24/7, PET: 40 % ¢ira + 30% modra + 15% zelena + 5% mix color svétly + 10% rest
Technologie (1 linka): 2x Autosort 2800 mm
Celkovy vykon : Utinnost: > 93% / track
Cistota PET (4-5 rznych barev): 93-96%  Prichodnost linky: < 4,5 t/h

K TOMRA

Sortovani PE félie

ATF, Polsko
Linka separovaného odpadu, 24/7, Post consumer PE félie, 70-80% PE ¢ird + 20-30% PE barevna
Technologie (1 linka): Autosort Speedair 2000 mm + Autosort 2000 mm (¢ira folie) + Kabina (barevna folie)

Celkovy vykon : Uéinnost 1 stroje: 80-85% Velikost vstupnich félii: 50-300mm
Cistota PE ¢ird: >98 % Prichodnost 1 linky: 2,5 t/h pfi pouZiti 2000 mm
stroja

K TOMRA
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TEXTILE SORTING PILOT FACILITY — MALMO, Svédsko

SYSAV, SWEDEN * PRE-SORTING
- vlhky textil
B Dosing - vSe co neni textil ( boty, tasky, textil zdomacnosti, ...)
{ 13
: bunkss - vicevrstvé textilni odévy (pldsté, technické odévy,...)
E +ve
i * Vystupni produkty
+ve - Bavlna, Polyester, Elastan, Poly-bavina, Vina, Akryl,
: Polyamid,...
: '
E +ve
é +ve /-ve

AUTOSORT [NIR1-VIS1B][T3][HR][X-L][SVB-TS400/12.5] 2800mm = ~4.5t/h

FLAKE SORTING

Druhy uplatnéni:

Sortovéani PET Rozvijejici se trhy: dominantni PET
Sortovani PO: separace PP/PE EU: 50% PET / 50% PO
Sortovani dle barev US: dominantné PO projekty
Bulk material:
Post Industrial
Post consumer shredding/washing/flaking Optical sorting
-
® ® ) ) o i
Pre-sorting Metal i’
detection
separation
Extrusion IV grading
Ty ) ]
Optical sorting Granulation
[

— — — | Production serap | — —
1

Thermoforming / reto

molding

Virgin
granules R
()
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REPORTY KE STAZENi NA WWW.TOMRA.COM

HOLISTIC RESOURCE SYSTEMS

EVID D SOLUTIONS TO INCREASE RECYCLING RATES AND REDUCE

GREENHO!

eunomia &&é

THE ULTIMATE GUIDE TO MIXED WASTE SORTING

AS EMISSIONS PRIORITIZE PLASTICRECOVERY AND RECYCLABILITY

RESOURCE RECOVERY PLAYBOOK

LEARN MORE ABOUT THE CIRCULAR ECONOMY: THE CHALLENGES,

OPPORTUNITIES, AND OUR PROJECTIONS FOR 2030.

Polska Rozszerzona
Odpowiedzialno$¢ Producenta

Opracowanie Systemu ROP dla Polski

K TOMRA

Dékuji za pozornost

5 TOMRA

fin}l v ..

www.tomra.com
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CERTIFICATIONS OF RECYCLED CONTENT IN EUROPE

Marjan Ranogaject

'EuPC

* Corresponding e-mail: marjan.ranogajec@eupc.org

ABSTRACT

Certifications of recycled content in Europe - Partnerships and tools to achieve the EU
objectives

Agenda:

The Circular Plastics Alliance (CPA)
Monitoring Recyclates for Europe (MORE)
PolyCert Europe

The lecture will focus on the existing partnerships and tools that will help Europe to reach the
goal of 10 million tons of recycled plastics in new products annually. The lecture will introduce
in more details the Circular Plastics Alliance, Monitoring Recyclates for Europe and PolyCert
Europe.

16



KLICOVE ASPEKTY K DOSAZENI RECYKLACNICH CIiLU

Petr Havelka

Ceska asociace odpadového hospodaistvi, Pod Pekarnami 157/3, 190 00 Praha 9

Korespondenéni e-mail: havelka@caoh.cz

ABSTRAKT
Evropska legislativa obéhového hospodaistvi definovala jasné strategické nastaveni ve vztahu
k nakladéani s odpady na dalSich minimalné 15 let. Strategie byla stvrzena konkrétnimi cili pro
recyklaci komunalnich odpadi a také cili pro vybrané obalové materialy a jejich recyklaci.
Nezbytnou podminkou k moznému dosazeni vysokych recyklaénich cill je efektivni tfidéni,
pouzivani spektra dobie recyklovatelnych materialt, ale také ekonomickd smysluplnost
recyklace jako takové. Ekonomicka smysluplnost souvisi s velikosti trhu druhotnych surovin a
s velikosti poptavky po produktech recyklace. CAOH, jakozto svaz sdruzujici nejvétsi kapacity
recykla¢nich technologii v Ceské republice aktivné hleda cesty k feSeni jmenovanych aspekt,
tedy k podpofte recyklace. V prezentaci se dozvite vhodné efektivni formy tfidéni, dozvite se
podrobnosti o roli primarniho a sekundarniho tfidéni, fekneme si jakd mnozstvi odpadti budou
muset prochdzet tfidicimi procesy, aby bylo moZzné splnit zdvazné legislativni cile. Sdélime si
vhodné aktivity, na které by se méli zaméfit vyrobci oballi a uvedeme si informace k tomu,
jakou miize mit v budoucnu roli chemicka recyklace odpadi. Kratce bude komentovana i

aktualni krize na trhu energii a jeji dopady na systémy sbéru a recyklace.
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ABSTRACT

Laminated safety glass (LSG) is commonly used for a wide variety of building projects.
Additional benefits such as post-glass breakage, structural safety, security from natural and
man-made threats, acoustic and energy performance have led to the expanded use of LSG.

A typical laminated glass construction consists of two or more glass panes bonded together by
an interlayer such as Standard PVB (polyvinylbutyral), Ionoplast Inter layer (SentryGlas®),
Stiff PVB or EVA (Ethylene-vinyl acetate) [1] Laminated glass has become a major interest in
structural applications after the adoption of “Effective Thickness Method” by ASTM E 1300 in
2009. In recent years, more structural engineers are becoming aware of the viscoelastic behavior
of the interlayers [1,2-4] SentryGlas® Ionoplast Inter layer, from Kuraray (originally invented
by DuPont), was developed with the aim of achieving higher stiffness, temperature resistance,
and resistance to tearing applications, briefly superior post breakage strength. The glass
fragments adhere to the interlayers so that a certain remaining structural capacity is obtained as
the glass fragments arch or lock in place and it depends on the fragmentation of the glass. Stiff
PVB process is similar to standard PVB while standard ionoplast interlayers require some
special processing [2] But recent improvements in ionoplast interlayer technology enable
ionoplast to be laminated more similar to PVB [2] To evaluate the impact resistance we have
used mainly ball-drop tests but also pendulum impact tests according to EN 12600 & ANSI can
be conducted on laminated safety glass in order to measure the effects of dynamic loads and to
analyze the post-breakage performance. Stiff PVB and lonoplast behave differently at higher
temperatures, which can affect the post breakage strength of the laminate. The post-glass
breakage behavior of laminated glass is defined as the state when one or more glass sheets are

cracked and the broken pieces of glass remain bonded to the interlayer.

The aim of tests in Kuraray was to evaluate the post breakage behaviour when the load was up
to 400 Kg, with weight increments of 100 Kg, with a 15 minute time interval between each load
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increment [3] Laminates with SentryGlas® Ionoplast and Stiff PVB inter layers sustained this
load of 400 Kg without collapse at -20°C and + 21°C temperatures, while Standard PVB
laminate could not sustain the 100 Kg imposed load at +21°C as it collapsed in few seconds
[3,4] At room temperature, PVB is soft with an elongation at break of more than 250 per cent.
For higher temperatures and durations, the shear transfer is strongly affected. Low stiffness of
the PVB interlayer results in blanket effect as soon as the glass breaks even for vertical
applications because of the self-weight of the panel, especially with large panel sizes and
minimal supports [4] The laminate construction made with 0.89 mm SentryGlas® Ionoplast
inter layer sustained a weight of 100 Kg for more than 30 minutes and collapsed when load was
ramped up to 200 Kg. Similarly, 1.52 mm lonomer laminate could sustain a load of 200 Kg for
more than 30 minutes after breakage and collapsed when load was ramped up to 300 Kg.

As a conclusion, we can say, that lonoplast should be used in cases of higher temperature and
longer load durations. While Stiff PVB are perfectly suitable when lower design temperatures
are specified [4,5] In general, the experiments demonstrate that the post-breakage performance

of laminates with SentryGlas® ionoplast interlayer are superior to those with PVB.
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ABSTRAKT
Spole¢nost JSP, vyrobce materidlu ARPRO, je svétovou jedni¢kou na trhu expandovaného
polypropylénu (EPP). ARPRO je péna s jedinecnou kombinaci vlastnosti — vyborn¢ absorbuje
energii v kombinaci s vysokou strukturdlni pevnosti, ma velmi nizkou hmotnost, vysokou
chemickou odolnost a mimotfadné tepelné a zvukové izolacni vlastnosti. Tento material je
vyuzivan predev§im v automobilovém pramyslu a oboru HVAC, je vhodny také pro rtizna
pouziti ve stavebnictvi, strojirenstvi a obalovém pramyslu.
ARPRO je 100% recyklovatelny. Na podporu ob&hového hospodafstvi vyvinula spole¢nost JSP
materidl s 25% obsahem recyklované¢ho EPP z dilii na konci Zivotniho cyklu. Tyto dily jsou
mechanicky recyklovany podle pfisnych pozadavki na kvalitu, diky kterym jsme pak schopni
vyrabét ARPRO RE se stejnymi vlastnostmi jako ARPRO z primarnich surovin. ARPRO RE
je tedy materialem vhodnym pro vyrobu bezpecnostné kritickych a funkénich dila
v automobilovém primyslu.
Na zaklad¢ studie LCA jsme vyhodnotili environmentalni dopady vyroby ARPRO RE
s obsahem 25 % recyklovaného obsahu a porovnali je s ARPRO vyrobenym z primarnich
zdroju. Vysledkem je 12% snizeni uhlikové stopy u recyklovanych typtt ARPRO. Do studie
nejsou zapocitany zadné environmentélni kredity, jak poZaduje automobilovy primysl.
Letos jsme uvedli na trh ARPRO REvolution s témét 100% recyklovanym obsahem. Tento
materidl je urCen pro netechnické aplikace, jako jsou obaly, vyrobky pro volny ¢as, nabytek
apod. Je to expandovany polypropylén s nejnizsi uhlikovou stopou na soucasném trhu, emise
CO2 ma o0 43% niz8i nez ARPRO vyrobené z primarnich zdroja.
Mechanicka recyklace je stale nejekonomictéjsi a nejekologictéjsi metoda pro feSeni odpadu
z EPP. Diky obsahu piisad zajiStujicim tepelnou stabilitu a dobfe kontrolovanému
recykla¢nimu cyklu jsme schopni zabranit degradaci materialu. Otestovali jsme tfi po sobé
jdouci recyklacni cykly a vysledky ukazuji, Ze konecné mechanické vlastnosti recyklovaného

ARPRO jsou stejné jako ARPRO vyrobené z panenskych surovin.
21



Soucasné linearni hospodareni s plasty je uz dale neudrzitelné. ARPRO Recycled reaguje na
soucasnou poptavku po obehovém hospodarstvi. Nabizime feseni, jak zachovat ptirodni
zdroje a zmirnit klimatické zmény. Je as jednat - primysl musi zménit svoji pifedpojatost

spojenou s pouzivanim recyklata.
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ABSTRACT
The packaging sector, including flexible films and rigid containers, represents the largest single
market for plastic consumption. In Europe, about 62 million tons of plastic are produced each
year. Of these, 23 million tons are used to produce packaging (92 million tons expected in
2050), representing more than 40% of the total weight of all plastic inserted in the market and
more than 60% of the fraction of post-consumer plastics, with a significant environmental
impact [1-3]. In order to stop the environmental pollution caused by this sector all over the
world, the value chain of plastic packaging needs a deep transformation in the perspective of
sustainability and the Circular Economy principles.
The main challenges in developing sustainable food packaging involve the realization of
effective systems, with satisfactory functional properties, easy-to-produce by conventional
technologies and, last but not least, that are safe and suitable for food contact.
In this context, scientific and industrial research is focused on the development of innovative
solutions in terms of materials and processes, with a multidisciplinary approach where
technological innovation, sustainability, and food safety become an inseparable threesome. On
one hand, the realization of new eco-sustainable packaging promotes the use of raw materials
from renewable and/or recycled sources, the reduction of thickness and weights, the
development of 100% monomaterial packaging, and the transition from plastic packaging to
mostly paper/plastic packaging. On the other, it also makes use of innovative technologies, such
as nanotechnologies, active packaging, coatings, the optimisation of orientation techniques,
which are capable to give the packaging all the functional properties it needs. At the same time,
the respect of food suitability implies the use of FDA and EFSA-approved materials and the
verification of compliance with the requirements of the European regulation [4].
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These considerations constituted the starting point for three case studies carried out by the
Polymer Science and Technology group at the University of Salerno.

The first one involved the realization of PLA-based 3-layer nanocomposite films, having
different positions and relative thicknesses of the layers, through a blown film coextrusion
plant. The nanocomposite PLA layer was inserted between two pure PLA layers for safe food
contact; the structures, 100% biodegradable and/or recyclable, showed a marked improvement
in processability, mechanical performance and barrier properties, allowing to extend the shelf
life of packaged products. The nanocomposite films were also easily sealable and did not show
significant alterations in transparency, color and overall migration compared to the pure PLA
matrix [5].

The second case study concerned the functionalization of PBAT/PLA-based films by spreading
(PVOH)/(PLA+Wax) double coating layers, to produce high performance biodegradable films.
The careful design of the films allowed to combine the ductility of the substrate with the
excellent barrier properties of PVOH and with the sealability and hydrophobicity provided by
the PLA layer with natural wax. The strategy employed also demonstrated to be promising for
the use of the films for the packaging of sensitive foods with high gas barrier requirements and
extended shelf life [6].

The last case study involved the realization of monomaterial active films based on PET and a
food-approved oxygen scavenger, with prolonged effectiveness over time. Three-layer
structures were realized by cast co-extrusion, inserting the active layer, at an optimized
concentration (10% wi/w) of the scavenger, between two PET inert barrier layers. Four different
configurations were designed, and the scavenging properties were extensively investigated; the
films demonstrated their effectiveness in extending the durability of the oxygen scavenger over
the time, avoiding its premature exhaustion. Finally, the possibility of modulating the
films’layout allowed to adapt and optimize the scavenging performance according to the

specific preservation requirements of the food to be packaged [7, 8].
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ABSTRAKT

Udrzitelnost je neoddélitelnou soucasti DNA spole¢nosti BASF. Uz vice nez 150 let ptfispivame
k tomu, aby se svét stal lepSim mistem pro zivot. Proto je i nadéale jednim z kli¢ovych témat,
které formuje a spoluutvaii nejen soucasné postoje firmy, ale zdsadné ovliviiuje jeji smétovani
do budoucna.

PfinaSet na trh feSeni, kterd jenz ptispivaji ke sniZzeni uhlikové stopy, pfedstavuji usporu ve
vyuzivéani fosilnich zdroji nebo umoziuji recyklovani pouzitych vyrobkl po skonceni jejich
Zivotnosti, je dilezité nejenom pro nas, ale i pro naSe zédkazniky napti¢ vSemi primyslovymi
odvétvimi.

Mame nejenom vizi, ale 1 konkrétni projekty smérujici ke snizovani uhlikové stopy v ramci
naSich vyrobnich procest. Zefektivilujeme naSi vyrobu a spotifebu energie, investujeme do
obnovitelnych zdrojl a urychlujeme vyvoj, abychom mohli splnit ndmi stanoveny cil uhlikové
neutrality do roku 2050.

Ku piikladu, nas§ projekt ChemCycling, ktery je zaloZeny na chemické recyklaci, otevira
moznosti transformace smésného plastového odpadu nebo pouzitych pneumatik na surovinu
nahrazujici klasické fosilni zdroje. DalSim ptikladem je metoda Mass Balance, ktera umoznuje
vyrobu technickych plastli s obsahem recyklované slozky v primarni kvalité. Stejnd metoda se
vyuziva i pfi pouziti surovin z obnovitelnych zdroji. V BASF tvofime svét chemie pro
udrzitelnou budoucnost.
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ABSTRACT
The Technology Agency of the Czech Republic is an organizational unit of the state that was
founded in 2009 by Act No. 130/2002 Coll. on the support of research, experimental
development, and innovation. The creation of TA CR is one of the cornerstones of the
fundamental reforms in research and development (R&D) in the Czech Republic. The key
feature of the reform is the redistribution of financial support from the national budget. The
Technology Agency of the Czech Republic simplifies the state support of applied research
and experimental development. TA CR prepares and manages state funding programs whose
purpose is to stimulate the interconnection of organizations working on applied research with
innovative activities in business and the state administration. TA CR develops new tools to
support closer collaboration between research organizations, the business sector, and the state
administration. TA CR's objective is to offer our support in research, development, and
innovation to as many partners as possible so that they can help us change the world for the
better. TA CR supports international cooperation in the area of applied research, development
and innovation and collaboration with similar agencies abroad. TA CR is interested in
cooperation with agencies and institutions developing international collaboration around the
world to connect, identify mutual priorities, exchange know-how, and support joint applied
research projects to ensure the development of innovation and competitiveness of partners.
TA CR also establishes cooperation with embassies of foreign countries in the Czech
Republic in collaboration with the Ministry of Foreign Affairs, with Czech embassies abroad,
and with other ministries and organizations to increase the awareness of TA CR activities and
programmes, and of the situation in applied research, development and innovation in the
Czech Republic. TA CR is a member of the TAFTIE European network of innovation
agencies, which allows us to share experience and information with partner organizations that

also support research, development, and innovation in various parts of the world.
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ABSTRAKT
Zvyseni efektivity vyroby, snizeni zmetkovitosti a odhaleni vad co nejdiive ve vyrobnim
procesu. To jsou hlavni body, které dnes musi fesit kazdy vyrobce. Ponoite se s ndmi do taja
vizualni inspekci a strojovém vidéni s vyuzitim pramyslovych kamer svétovych vyrobci.
Vyroba a recyklace plastti jde ruku v ruce a je nutné ob¢ oblasti co nejvice automatizovat,
abyste doséhli sniZzeni nakladu a vysoké rentability.
Kamerové technologie, které je vhodné pro tyto ucely pouZit, umi pracovat nejen ve
viditelném spektru. Nékteré vady ¢i materidly je totiz vyhodné&jsi kontrolovat napf.
Vv infra¢ervenych vinovych délkach. Samoziejmosti je kontrola rozméra a celistvosti vyrobku.
Vyhody kamerového systému jsou predevSim nepietrzity provoz 24/7, objektivni zhodnoceni
problému a moznost jej umistit i do stisnénych prostor, a tim odhalit pfipadny problém jiz
v zarodku a ne az pii vystupni kontrole. Diky tomu lze velmi vyrazné sniZit ndklady na
vyrobu a ptipadnou recyklaci jiZ hotového vyrobku k opétovnému vyuziti materialu.
Dnesni nejmoderngj$i kamerové technologie umoziuji dokonce rozlisit i druh materialu, napf.
jako vstupni suroviny, a vytfidit tak kontaminanty jesté dive, neZ za¢ne proces vyroby. Diky
tomu je konecny vyrobek homogenngjsi a méné nachylny na vady, které se mohou projevit
Vv prubéhu casu.
Moznosti, jak automatizovat vyrobu, je celd fada. Proto jednotliva feSeni, ktera nabizime, jsou

vzdy §itd na miru zdkaznikovi podle jeho potieb a technickych moZnosti.
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ABSTRACT
The companies SYNPO, akciova spole¢nost, and SPA 2000 s.r.o. in cooperation with scientists
from the University of the Azores, Portugal, and from the Nanomaterials and Nanotechnology
Research Center (CINN CSIC), Spain, are involved in the development of a new type of
biodegradable polymer composite usable as a packaging material, especially in the food
industry. This composite consists of a biodegradable polymer based on polylactic acid
reinforced with plant fibers with the addition of antibacterial glass. The plant fibers used,
provided by the University of the Azores, were obtained from a Hedychium gardnerarium plant.
This highly invasive plant represents a significant problem for the environment of the Azores
and must therefore be eradicated. The commercial use of the fibers from this plant would thus
reduce the financial cost of this eradication. The development of new packaging material will
make it possible to replace packaging materials produced from petroleum derivatives and to use
waste material from the disposal of invasive plants and antibacterial glass from recycled
materials. The developed material is compostable, and thus represents a lower burden on the
environment than packaging materials used so far. During the solution of the project, the
process of incorporating plant fibers into the polymer matrix was successfully mastered.
Packaging materials of a new type, aimed at their use in the food industry, were prepared from
the thus obtained composite. In cooperation with Toma§ Bata University in Zlin, a procedure

for composting of these packaging materials was also developed. The research was carried out
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within the European project M-Era.Net "Vegetal fibers-reinforced PLA antimicrobial
composites for packaging applications™ with the financial support of the Technology Agency
of the Czech Republic (project no. TH06020002).
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ABSTRACT
In this contribution, polyurethane (PU) and polycarbonate (PC) scraps from end-of-life vehicles
are chemical recycled by means of a renewable bio-reagent. The bio-reagent, synthesized from
a waste fraction of vegetable oils, is able to convert the PU and PC scrap into liquid recycled
polyols. The prepared recycled polyols can be reused for fabrication of low-density rigid PU
foams designed as thermal insulation panels. It was found that up to 50 wt % of the virgin
petrochemical polyol can be replaced by the recycled polyols without any negative effect on
the foaming process. The prepared PU foams exhibit the apparent density around 40 kg-m™,
the homogeneous cellular structure with a high content of closed cells (>91 vol %), the
beneficially low value of lambda coefficient (~23 mW-m*-K1) and water absorption (~0.35
vol %) compared to the reference PU foam without recycled polyol. Surprisingly, the highest
content of recycled polyol derived from PC scrap causes the exceptionally high compressive
strength (>350 kPa in parallel to foam rise direction) of the produced PU foams, due to the
unique polyol structure combining rigid aromatic segments with flexible oil glyceride units. All

the prepared PUR foams were thermally stable up to 220 °C.

31



OPERACNI PROGRAM ZIVOTNI PROSTREDI 2021 - 2027
PODPORA PRECHODU NA OBEHOVE HOSPODARSTVI
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Cilem Operaéniho programu Zivotni prostiedi 2021-2027 (OPZP) je ochrana a zajisténi
kvalitniho prostfedi pro Zivot obyvatel, pfechod k ob&hovému hospodaistvi a podpora
efektivniho vyuzivani zdrojii, omezeni negativnich dopadt lidské ¢innosti na zivotni prostiedi
a klima, zmirfiovani dopadi zmény klimatu a piispévek k feseni problému zivotniho prostiedi

a klimatu na evropské a globalni urovni.

V ramci specifického cile 1.5 Podpora prechodu na obéhové hospodarstvi wGcinné
vyuzivajici zdroje budou podporovana zejména opatieni vedouci k prechodu na principy
ob¢hového hospodafstvi a zlepSeni uplatiiovani hierarchie nakladdni s odpady, a to

prostiednictvim investic zejména do prevence vzniku, znovuvyuZiti a recyklace odpadu.

V oblasti prevence vzniku odpadi budou podporovany zejména:

- kompostéry pro piedchazeni vzniku komunalnich odpadt,

- RE-USE centra pro opétovné pouziti vyrobki vcéetné aktivit pro opravy a prodluZzovani
zivotnosti vyrobkt, podpora prevence vzniku odpadu,

- budovani infrastruktury potravinovych bank,

- podpora prevence vzniku odpadii z jednorazového nddobi nebo jednordzovych obali.

V oblasti sbéru, zpracovani a vyuziti odpadii bude podporovana zejména:
- vystavba a modernizace sbérnych dvorl, doplnéni a zefektivnéni systému oddéleného
sbéru/svozu zejména komunalnich odpadi, v¢etné podpory door-to-door systémul a zavadéni

systémi PAYT ("Pay-as-You-Throw"),
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- podpora tfidicich a dotfidovacich systémt, vcetné¢ Upravy, pro separaci odpadii kategorie
ostatni,

- budovani zafizeni pro upravu a zpracovani Cistirenskych odpadnich kali z dCistiren
odpadnich vod, véetné Gpravy vycisténych odpadnich vod pro jejich opétovné vyuzivani

- vystavba a modernizace zafizeni pro materialové a jiné vyuZiti odpadi, vcetné
bioplynovych stanic pro zpracovani odpadd,

- budovani a modernizace zatizeni pro chemickou recyklaci odpadu,

- budovani a modernizace zafizeni pro sbér a nakladani s nebezpeénymi odpady.

Ocekavanym prispévkem uvedenych opatieni ke specifickému cili je z hlediska dal$iho
sméfovani odpadového hospodaistvi napliiovani strategickych cili Planu odpadového
hospodaistvi Ceské republiky, a to:

1) ptfedchazet vzniku odpadt a snizovat mérnou produkci odpadi,

2) minimalizovat nepfiznivé t€inky vzniku odpadt a nakladani s nimi na lidské zdravi a zivotni
prostiedi,

3) zajistit udrzitelny rozvoj spolecnosti a ptibliZzeni se k evropské ,,recyklacni spole¢nosti®, a
4) maximalné vyuzivat odpady jako ndhradu primérnich zdrojii a pfechod na ob&hové

hospodafstvi.

Cilem je dosahnout intenzivniho pfechodu odpadového hospodarstvi na principy obéhového
hospodarstvi tak, aby byla splnéna nové€ stanovena pravidla pro nakladéani s odpady — zavazné
cile pro recyklaci komunalnich odpadt, zavazné cile pro omezeni skladkovani odpadii, nové
povinnosti pro tfidéni komundalnich odpadd, zavazné cile pro recyklaci obalovych odpadi,
zavazné cile v oblasti tfidéni jednordzovych plastovych vyrobkil vyplyvajici z evropskeé

legislativy, a byla dodrZzovéana evropska hierarchie nakladani s odpady.

Vybrané podminky podpory:

- projekt plné respektuje hierarchii nakladani s odpady,

- projekt musi byt v souladu se zavaznou ¢asti Planu odpadového hospodatstvi Ceské republiky
1 krajskych pléand,

- u projekti materialového vyuziti odpadi musi byt vyuzito miniméaln¢ 50 % odpadia

vstupujicich do zafizeni,

33



- nebudou podporovana zatizeni spadajici do systému obchodovani s emisnimi povolenkami
(EU ETS), zafizeni vedouci ke zvySovani mnozstvi zbytkovych odpadii a zafizeni na
energetické vyuziti smésného komunalniho odpadu (ZEVO),

- u projektti na mechanicko-biologické tipravy odpadu bude podpora poskytovana v zavislosti

na pomeéru vyttidéného odpadu.

Tab. Predbézny odhad alokace financnich prostredkii ve specifickém cili 1.5 (2022, srpen)

SC 1.5 Podpora pirechodu na obéhové hospodaistvi Celkem cca. 6,51 mid. K¢
Kompostéry pro predchazeni vzniku komunalnich odpadii 580 mil. K¢
RE-USE centra pro opétovné pouziti vyrobkil 290 mil. K¢
Infrastruktura potravinovych bank 189 mil. K¢
Prevence vzniku odpadi z jednordzového nddobi nebo obalt 392 mil. K¢
Sbérné dvory a systémy oddéleného sbéru a svozu odpadi 1,45 mld. K¢
Ttidici a dotfid'ovaci linky 452 mil. K¢
Uprava a zpracovani kali z COV 632 mil. K¢
Zatizeni pro materidlové vyuziti odpadiu 903 mil. K¢
Zatizeni pro energetické vyuziti odpadii véetné BPS 1,08 mld. K¢
Zatizeni pro chemickou recyklaci odpada 226 mil. K¢
Zatizeni pro sbér a nakladani s nebezpe¢nymi odpady 316 mil. K¢

Zdroj: SFZP, 2022, zaii https://opzp.cz/dokumenty/ ; https://opzp.cz/nabidka-dotaci/ ; https://opzp.cz/

Hlavnimi cilovymi skupinami jsou:

- obce jako ptvodci komunalniho odpadu, pfi¢emz se miZe jednat o samotné obce, jejich
svazky nebo obchodni korporace vlastnéné vefejnymi subjekty;

- subjekty podnikajici v oblasti nakladani s odpady nebo nakladani s potravinami bez ohledu na
jejich pravni formu;

- subjekty podnikajici v oblasti vyroby a primyslu bez ohledu na pravni formu.

V ramci specifického cile nejsou podporovany zadné aktivity piimo cilici na zajisténi rovnosti,
inkluze a nediskriminace. Nastaveni podminek podpory i proces vybéru projektti bude nicméné
respektovat obecné principy vcetné rovnosti muzii a zen tak, aby poskytovanou podporou

nedochdzelo k vytvéareni nerovného a diskriminaéniho prostiedi.
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ZKUSENOSTI SE ZPRACOVANIM PLASTOVYCH ODPADU NA VSTE

. *
Josef Marousek®

Vysoka $kola technicka a ekonomickéa v Ceskych Bud&jovicich, Okruzni 517,

370 01 Ceské Budgjovice

* Korespondenéni e-mail: josef.marousek@gmail.com

ABSTRAKT
Prispévek pojedndva o dosavadnich zkusSenostech se zpracovanim plastovych odpada (a
souvisejicim vyzkumu v oboru environmentélnich technologii) na VSTE. Je poukizino na
technické obtize spojené se zpracovanim netfidéného plastového odpadu. V piispévku je
zminéna zejména (1) vyroba tvarovek z netfidéného plastového odpadu; (2) rafinace procesni
kapaliny z pyrolyzy plastt; (3) vyuziti pevného pyrolyzniho rezidua jako nahrady cementu; (4)
rafinace polyuretanu, ¢i (5) zkusenosti s biologicky rozlozitelnymi plasty. Jsou diskutovany
aspekty pyrolyzy a plazmového zplynovani. Je deklarovana ochota vstoupit do spole¢nych

védecko-vyzkumnych projekti.
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EKO MATERIALY - SUROVINY A DOSTUPNOST

Ing. Radek Zyka

Albis Plastic CR s.r.o., Dr. Stejskala 111/6, CZ 370 01 Ceské Budgjovice

Koresponden¢ni e-mail: radek.zyka@albis.com

ABSTRAKT
Eco polymerni materidly — nazyvam tak souhrnné materialy s ur¢itym pozitivnim pfinosem pro
ekologii.
Spadaji sem klasické recyklaty polymert i nové zavedené primarni (Virgin) polymery vyrobené

bez ropného zakladu.

Eco polymerni materialy se na evropském trhu pohybuji dlouho, napt. PBAT (polybutylene
adipate terephthalate) jiz od roku 1998.
Snahy o opakované pouzivani plastovych materidlii jsou viditelné asi poslednich 10 let.

Zhruba 5 let bézi silna kampan na podporu ekologizace plastovych vyrobkii.

Prvni polymerem, recyklovanym ve vétSim métitku byl PET — dano masou jeho pouziti a dobie
dostupnym, organizovanym a relativné ¢istym zpétnym sbérem obald.

Recyklaéni firmy pracovaly na velmi podobném technologickém postupu: diky kontaktim na,
pokud mozno, staly zdroj odpadu (= suroviny) byly schopny nastavit tfidéni, Cisténi a dalsi
upravu materialu tak, Ze na konci byl dobfe pouZitelny materidl. Kolem roku 2010 jiz byly
k dispozici velmi sofistikované “black boxy*, které na zaklad¢ vétsinou fyzikalnich vlastnosti
byly schopny roztfidit a zpracovat smés polymerniho odpadu. Stale v§ak méjme na paméti, ze
materidl vstupujici do procesu byl jiz pomérné dobte vyttidén!

Logicky nejvétsi podil mély PS a ABS, kde zdrojem byla bila technika, pozdé¢ji i PC/ABS.
Kde byla zdrojem stara auta, tam je k dispozici, PP, PE a ABS, PC/ABS.

Miuzeme napt. vysledovat vyrobce, kde je hlavnim zdrojem suroviny PP(copo) télo klasickych

autobaterii, jiny je specializovan na zpracovani naraznikl (rizné varianty PP + EPDM)

VétSina recyklacnich firem méla vznik jako malé startupy, Casto s podporou lokalnich prav,

dotaci z EU apod. (Rakousko)
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V poslednich péti letech odchazi k akvizicim mensSich firem velkymi vyrobci z oblasti chemie,

podobn¢ jako jsme to vidéli pfedtim v oblasti energetiky a jako to nyni vidime v pivovarnictvi.

Kratky piehled aktualné znamych recykla¢nich a eko technologii, alesponi na velikosti pilotnich
projektii (poloprovoz) :

Mechanické ptepracovani - post consumer odpad a post industrial odpad

Depolymerace — rozklad na vychozi monomer

Pyrolyza — rozklad na smés chemikalii, pfevod na vychozi monomer

Technologie polymerace bez ropného zakladu surovin:

Biologické suroviny — piepracovani organickych odpadu, dievnich odpadi

Obnovitelné suroviny — titina, kukufice, atd.

U této technologie se pouziva k deklaraci ekologického pfinosu tzv. hmotnostni bilance — Mass

balance approach

Pohyb cen

Trh byl posledni roky navykly na mési¢ni pohyb cen u komoditnich materiali (PS, ABS,
polyolefiny)

Existovala zde jista navaznost na pohyb cen vychozich surovin, nutnych pro vyrobu dané¢ho
polymeru.

Cena RECY materidli se fidi ale jinymi pravidly. S rostoucim z4jmem trhu, je stéle
problemati¢téjsi pristup k surovindm, ze kterych se pak vyrabi vysledny produkt. Faktorem
urcujicim cenu je zde nabidka — poptavka. Faktorem urcujicim existenci RECY materiald je

energie — jeji dostupnost a cena...

Dostupnost, disponibilita materiala

Jednoduse teceno, dostupnost surovin je aktudln€ rozhodujicim faktorem o uspéchu na trhu.
S rostoucim zajmem trhu o EKO materialy (opét s podporou legislativy, reklamy a politikou
firem uzivajicich EKO materialy ve svych vyrobcich) se vyznamné zhorsila dostupnost EKO
materialii a vyznamné narostla jejich cena. Pivodni ocekévani zdkaznikl,, ze EKO materialy
budou levnéjsi vzala velmi rychle za své. Dnes lze fici, Ze se nabidka materialti pohybuje cenové
pod primarnim materidlem (napf. mechanicky pfepracovany PP + minerdl) 1 vysoko nad

primarnim materialem (napi. PP vyrobeny ne z ropy, nebo R PET).
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Zavérem

Dostalo se nam témét fyzického pouceni, ze jistého neni nic a predpovéd zittka je
komplikovana. Pfesto nas obor funguje zatim vcelku dobfe a véime, ze to bude tak i nadale.
Ve vyvoji recyklace polymert, myslim, bude dalsim krokem vystavba vétSich vyrobnich
jednotek, spise s technologii na bazi depolymerace (napt. u PS) ¢i termického rozkladu.

Vyvoj polymera vyrabénych ze surovin mimo ropu je technologicky zvladnuty, izkym hrdlem
je zde dostupnost surovin pro polymeraci.

Samoziejmé, veskeré technologické kroky jsou energeticky nadro¢né. A jsme na pocatku avahy
— mame energii na tyto ucely a mame penize na tuto energii?

Nase snahy a tvahy se odehravaji na relativné malém uzemi EU, populacni explozi postizena

Asie a Afrika nema naSe ambice.
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PROCES ZPRACOVANI PLASTU — UDRZITELNOST A UHLIKOVA STOPA

Daniel Orel

ARBURG spol. s r.0., Cernovické 40, Brno 634 00, Ceska republika

Korespondenc¢ni e-mail: daniel_orel@arburg.com

ABSTRAKT

Udrzitelnost je pojem, ktery se hluboce dotyka také plastikatského prumyslu. Evropska unie si
vytycila ekologické cile a ty jsou postupné zapracovavany i do legislativy. Jak zpracovatelé
plastii, tak dodavatelé technologii do zpracovatelského primyslu musi tyto cile nejen
respektovat, ale také svymi feSenimi byt konkurence schopni. Do dnesni doby se témét veskeré
usili primyslové vyroby soustfedilo na ekonomickou efektivitu, tzn. vyrabét co nejvice s co
nejmensimi ndklady. Nyni se k tomuto pridava dal$i zasadni a ekonomicky protichiidny
parametr - vyrabét Setrné k zivotnimu prostiedi.

Ptispévek piinasi ptiklady obecného pfistupu vyrobce vstfikovacich stroji ARBURG
k tématice udrzitelnosti a také vysledky méfeni dopadi primyslové vyroby pomoci parametru
uhlikové stopy. Firmy zapadni Evropy prokazuji svou vyrobni uhlikovou stopu pomoci
metodiky CDP (mezinarodni neziskovéa organizace), ktera zohlediiuje 14 environmentélnich
kategorii v€etné vyuZzivaného energetického mixu. Tyto firmy zaroven hodnoti své produkty
Z pohledu environmentalni naro¢nosti pii jejich vzniku (Cradle to Gate) a nasledného pouZzivani
(Gate to Grave). Metodikou technické normy ISO 14067:2018 spolecnost ARBURG deklaruje
uhlikovou stopu svych vsttikovacich strojid ALLROUNDER 370 H az 570 H v rozmezi 6 530
— 16 430 kg ekvivalentu COs..

Mgfteni a deklarovani environmentalniho dopadu svych produktd bude pro firmy zavazné. Je
zivotni nutnosti pro Ceské podnikatelské subjekty tento standard co nejdiive zavézt a svou
vyrobu v pfipadé negativnich vysledkil optimalizovat. Stejné tak spotiebitelské produkty —
zbozi pro koncové spotiebitele — musi v pomérne kratké dobé odpovidat pozadavkim
legislativy. S tim se poji pristup ,,Reduce-Reuse-Recycle. Velkym tkolem pro zpracovatele
plastii bude zvladnout proces s vysokym pomérem recyklatu. Spolecnost ARBURG 1 dalsi

vvvvv

diky vyuziti inteligentnich sw asistentli integrovanych do fizeni stroje.
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Prispévek se vénuje vSem vyse uvedenym tématiim s ukazkou ptikladii feSeni. Jeho cilem je
ukdzat ucastnikiim konference jakozto odborné plastikaiské verejnosti trendy
v zapadoevropskych firmach, na které jsou ceské podniky Zivotné navazany a jejichz pravidla

hry musi dodrzovat.
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LIBS TECHNOLOGY ROLE IN RECYCLING PROCESSES

Pavel Poiizkal?, Daniel Holub?!, and Jozef Kaiser!

1CEITEC Brno University of Technology, Brno, Czech Republic
?ightigo s.r.o., Brno, Czech Republic

Coresponding e-mail: pavel.porizka@ceitec.vutbr.cz

ABSTRACT

Amount of plastic materials used in modern society is increasing rapidly for several decades.
Plastic waste, however, is a huge concern nowadays with increasing level of pollution of even
the most remote environments. To reduce the dangers of pollution by plastics of all kinds,
modern society started to recycle bigger and bigger amounts of plastic waste. To efficiently
reuse or recycle plastic waste, its plastic type must be recognized with high accuracy.
Furthermore, to reduce dangers to environment, producers of polymers must control levels of
dangerous or toxic additives efficiently in reused or newly produced articles. For control of
toxicity levels, samples are sent to techniques with long sample preparation times such as
Inductively Coupled Plasma Mass Spectrometry (ICP-MS). However, this technique uses acids
and other chemicals and its direct implementation in industrial processes is impossible.

Laser Induced Breakdown Spectroscopy (LIBS) allows effortless qualitative and
quantitative elemental analysis. Due to its instrumental robustness and simplicity, it can be
deployed in off-line and even on-line system. LIBS has already demonstrated its benefits and
potential in recycling and sorting metal waste [1] Its popularity is also rising in several industrial
fields. The biggest advantages of LIBS are: none or minimal sample preparation, in-situ
measurements possibilities, little to none damage to sample and immediate results of
measurements. In respect to plastic samples, apart from possibility to classify plastic samples,
LIBS can be used as reliable indicator of dangerous elements like lead (Pb), cadmium (Cd),
chromium (Cr), or even mercury (Hg) in samples. These measurements can be done quickly on
large scale maps with additional information of element distribution in the sample.

In this work we introduce a way to utilize LIBS correctly to control levels of potentially
dangerous elements like lead (Pb). By acquiring a large sample set of plastic pre-processed
samples from industrial field, we possess a high quality and high variety data set to construct a

highly accurate model for Pb content identification. By referencing the Pb content by
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Inductively coupled plasma mass spectrometry (ICP-MS), we are able to predict Pb content in

new samples measured by LIBS alone with minimal error.

[1] Chamradova, P. Pofizka, and J. Kaiser, “Laser-Induced Breakdown Spectroscopy analysis

of polymers in three different atmospheres”, Polymer Testing, vol. 96, 2021.
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HANDSHAKE — DESIGNOVY NAVRH VOLEJBALOVEHO MICE

Martina Cernekova'®, Zuzana Oharek Bahulova?, Filip Mogi¢ka®, Tomas Saha?

Fakulta technologicka, Univerzita Tomase Bati ve Zling, Vavreckova 275, 760 01 Zlin,
Ceska republika
2Centrum vyzkumu obouvani, Univerzitni institut, Univerzita Tomase Bati ve Zlin&, Nad
Ov¢irnou 3685, 760 01 Zlin, Ceska republika
3Fakulta multimedialnich komunikaci, Univerzita Tomase Bati ve Zling, Univerzitni, 760 01

Zlin, Ceska republika

* Korespondenéni e-mail: cernekova@utb.cz

ABSTRAKT
V ramci projektu TP01010006 Komercializace na Univerzit¢ TomdaSe Bati ve Zling II
podpofeného  TACR bylo navrzeno nové konstrukéni a vzhledové feSeni lepeného
volejbalového mice. Cilem bylo navrhnout novou konstrukci mi¢ovych dili pro lepenou
vyrobni technologii tak, aby vysledny produkt splioval podminky dané FIVB (Mezinarodni
volejbalovou federaci). Mezi tyto podminky mimo jiné patii také velikost mice (obvod 66.0 +
1.0 cm), pocet micovych poli (8 -18), pocet barev (dveé nebo tii). BEhem projektu byla nejprve
3D tiskem vytvotena pozitivni poloviéni maketa mice s konstrukéni siti pro moznost snimani
povrchu micovych poli. Néasledné byly vytvofeny ideové névrhy ve 3D zobrazeni pro lepsi
zhodnoceni konstruk¢nich a vzhledovych vlastnosti. Z pfipravenych schématickych 3D navrhi
byl vybran jeden jako zaklad pro konstrukci mice. S vyuzitim zhotovené makety a
konstrukéniho softwaru byl sejmut navrZzeny tvar mi¢ovych poli. Nasledovalo pfevedeni
segmentl koule do rovinné podoby a korekce o technologické a materialové pridavky. S pomoci
takto ziskanych Sablon byly vytvofeny ovéfovaci modely a nasledné byly znovu korigovany
Sablony. Upravené $ablony byly vyuzity pro piipravu micovych poli pfi vyrobé funkéniho
vzorku. Vzniklé feseni je dvanactidilné, pficemz vSechna micova pole maji stejny tvar. To je
dobré jednak pro sniZeni rizika deformace mice pfi jeho pouZzivani, jednak je to velmi vyhodné
pro vyrobu, protoZze staci jeden tvarovy vysekavaci ntiz. Tvar dilce navic umoziuje rovnomerné
rozlozeni spojii po povrchu mice, a to zarucuje stejnomérné letové vlastnosti pii rtiznych
natocenich mice po jeho odehrani. Néazev designového néavrhu ,,Handshake®, ptimo

koresponduje se vzhledem micem, kde si ¢ervend a modré pole ,,podavaji ruce®, a odkazuje na
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fair play ve sportu. Tento mi¢ byl na soutézi German Innovation Awards 2021 v piislusné

kategorii ocenén titulem ,,Winner*.

Obr. 1. Digitdlni zpracovani konecného navrhu mice ze dvou thlii pohledu.

DSHAKE

Obr. 2. Vytvoreny funkcni vzorek lepeného volejbalového mice..

Podékovani: Autofi dékuji Technologické agentute CR a Centru vyzkumu obouvani UTB ve
Zling za finan¢ni podporu v ramci TP01010006 Komercializace na Univerzité Tomase Bati ve

Zliné 11.
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KOMPOZITY KYSELINY POLYMLECNE S ROSTLINNYMI VLAKNY PRO
APLIKACE V BALICIM PRUMYSLU
Vitézslav Zima,* Katefina Zetkova,! David Hausner,? Marek Toufar,?> Radmila Horakova,?

Helena Cristina Vasconselos,® Telmo Eleutério,® Belén Cabal®

L SYNPO, akciova spolecnost
2 SPA2000, s.1.0.
% University of the Azores, Portugal

4 Nanomaterials and Nanotechnology Research Center, University of Oviedo, Spain

Correspondence e-mail: vitezslav.zima@synpo.cz

ABSTRAKT
Ceské firmy SYNPO, akciové spole¢nost, a SPA 2000 s.r.o. ve spolupréci s védci z Univerzity
Azory, Portugalsko, a z Univerzity Oviedo, Spanélsko, se podileji na vyvoji nového typu
biologicky rozlozitelného polymerniho kompozitu vyuZitelného jako obalovy materidl,
predev§im v potravinaiském prumyslu. Tento kompozit se sklada z biodegradabilniho
polymeru vyztuzeného rostlinnymi vlakny a obsahujiciho antibakterialni sklo. Pouzita rostlinna
vlakna, poskytnuta pracovistém Azorské Univerzity, jsou ziskavana z rostlin druhu Hedychium
gardnerarium. Tato vysoce invazivni rostlina ptedstavuje znaény problém pro Zivotni prostiedi
Azorskych ostrovil, a proto musi byt likvidovana. Komeréni vyuziti vldken z této rostliny by
tak snizilo finan¢ni narocnost této likvidace. Vyvoj nového obalového materidlu tak umozni
nahradit obalové materialy vyrabéné z ropnych derivata a vyuzit odpadni material z likvidace
invaznich rostlin a antibakteridlniho skla zrecyklované suroviny. Vyvijeny materidl je
kompostovatelny, a tak ma niz§i vliv na Zivotni prostfedi neZ dosud pouzivané obalové

materialy.
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SUSTAINABLE BIO-BASED PLA/LIGNOCELLULOSE WASTE COMPOSITE
MATERIAL FOR IMPROVING WATER RETENTION CAPACITY OF SOIL

Silvie Duipekova”, Dalila Rubicela Cruz Fabian, Vladimir Sedlafik

Centre of Polymer Systems, University Institute, Tomas Bata University in Zlin,
tr. T. Bati 5678, 760 01 Zlin, Czech Republic

* Corresponding e-mail: durpekova@utb.cz

ABSTRACT

One of the most promising strategies for conserving water in agriculture is the use of water
biopolymeric absorbent polymers. This work reports the preparation and characterization of
absorbent material based on low molecular weight poly(lactic acid) (PLA) and residual biomass
from the agriculture and wood industry (wheat straw and wood sawdust) cross-linked with
carboxylic citric acid for improvement of the water retention capacity of the soil (Fig. 1). The
mechanical and structural properties of the material was characterized using differential
scanning calorimetry, thermo-gravimetric analysis, Fourier-transform infrared spectroscopy
(FTIR) and scanning electron microscopy techniques (SEM). The swelling properties of the
absorption material as well as its efficiency to retain water in the soil was also investigated
using water retention study. The rate of biodegradation in the soil and the changes in chemical
and morphological properties of the crosslinked material during biodegradation was monitored
by gas chromatography, gel permeation chromatography, FTIR and SEM techniques. The
results of this study show that water retention capacity of the soil may be increased by almost
20% after application of 1% w/w PLA/lignocellulose waste material to the soil. The crosslinked
structure of the material is capable to swell/de-swell water many times indicating its good
reusability.
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Fig. 1. Preparation of the samples. 1a) wood sawdust, 1b) milled wheat straw,
2) dissolution of PLA in acetone, 3) addition of the relevant amount of the residual
biomass to 10% w/v PLA/citric acid solution, 4) PLA/lignocellulose waste samples

obtained after curing at 90°C.
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ABSTRACT
Plastic waste accumulation is the world-wide issue and despite of that PET is the only polymer
material which is now feasibly recycled. Polyethylene (PE) and polypropylene (PP) dominate
plastic and waste production since they constitute half of the world production of synthetic
polymers but also half of the world plastic waste. Despite of PE and PP fraction in polymer
waste we can mark PE and PP as environmentally friendly materials considering their chemical
composition. Unfortunately, they contain number of additives causing difficulties in recycling,
such as pigments and additives with sulfur, halogens, nitrogen and certain organic chemicals.
The removal of additives is the aim of this contribution where we focus on solvent-based
purification and refining of PE and PP.
Our first experiments were conducted to probe possibilities of creating polymer solutions and
handling them with extraction apparatus. Assembled stirred pilot apparatus is designed to set
various experimental conditions (pressure up to 30 bar and temperature up to 150 °C).
Apparatus is equipped with three glass windows for visual control, instrumental check of
polymer-solvent dissolution or determining its cloud point.
Pilot experiments were conducted with commercial plastic waste of PP ice cream box. We have
followed experiment from literature [1] for system glycerin-cyclohexane-PP or glycerin-
limonene-PP and we have also successfully cleared the batch to visually pure PP.
To conduct systematic study of additives removal from polymer matrix we employed the
colored nascent PE and PP. The removal of colorant by solvent-based processes was analyzed

by Raman spectroscopy.

[1] Ferreira A. M., Sucena I., Otero V., Angelin E., Mariasole M., Maria J., Coutinho J. A. P.
Pretreatment of PlasticWaste: Removal of Colorants from HDPE Using Biosolvents,
Molecules, 2022, 27, 98-116.
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ABSTRACT
The separation of plastic materials is crucial for their material or energy-content recycling, i.e.,
for making a positive economic value from useless waste. None of the separation methods for
plastics can be used universally. We are focusing on efficiency improvement of triboelectric
separation of plastics because this method is low cost and can be automated, utilizes no
chemicals, and can separate even black-pigmented plastics.
Triboelectric separation is based on the phenomenon that each plastic material obtains
a different electrostatic charge by friction contact with a proper counter-material. The selection
of a counter-material is the most challenging task of designing a triboelectric separator, as it
plays a crucial role in controlling the charge obtained by individual plastic pieces. The
tribocharging of insulators is not well understood yet, although some theoretical or empirical
concepts correspond well with experimental results.
Our self-constructed charging apparatus enables the following contacting approaches: contact
during rotational or vibrational motion and charging via corona discharge. The average charge
in a sample is measured by a Faraday pail connected to the electrometer. The charge distribution
in the heterogeneous sample is characterized using the self-constructed free-fall separator in
which pieces are separated according to their charge/mass ratio.
We apply the results of our systematic investigation of counter-materials to the separation of
3-component mixtures, aiming for the successful separation of halogenated material — PVC
from the mixture. In three simple separation steps, we managed to sort out the PVC with purity
up to 91 % at 88% recovery; we obtained a fraction of PET of 77% purity and 64% recovery
and completely PVC-free, and PP of 75% purity and 80% recovery with approx. 3 % of PVC.
In the newest experiments, we focus on the effect of an external electric field on fine-tuning

and speeding up the charging of plastic particles during tribocharging.
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ABSTRACT
Polylactic acid (PLA) has gained significant interest because of its biodegradable properties.
However, a relatively high glass transition temperature of 58 °C makes the material brittle
and thus limits its application. Furthermore, PLA polymers have very low crystallinity, as PLA
crystallization proceeds extremely slowly. To overcome these weaknesses the modification
of PLA needs to be considered. This paper is focused on an approach to improve the mechanical
properties of PLA by melt-blending with natural rubber (NR). As a part of this study, a series
of PLA/NR samples at various compositions were prepared. Subsequently, the effect of natural
rubber on polylactic acid was evaluated in terms of mechanical properties. The thermal
properties of the sample were measured by the differential scanning calorimetry method.
The tensile test investigated properties such as tensile stress, elongation at break, and tensile
modulus. The amount of energy absorbed by a material during fracture was measured
by the Charpy impact test, and the resistance of a material to the penetration of a needle

was examined by the Shore D hardness test.
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ABSTRACT
Metallocene ethylene—octene random copolymer Resinex PE RXP 1502 (RXP), was grafted
with acrylic acid to increase the RXP’s polarity and adhesion to cellulose-based substrates.
The most effective procedure was to graft RXP with acrylic acid in the melt. The heat-fail
temperature resistance of adhesive joint in peel of RXP grafted with acrylic acid increased by
more than 10 °C, while the heat-fail temperature resistance the same adhesive joints in shear

were similar.

INTRODUCTION
Hot-melt adhesives (HMAS) are a tacky when hot, and solidify in a few seconds to one minute.
HMASs can also be applied by dipping or spraying. HMASs provide several advantages over
solvent-based adhesives [1] Volatile organic compounds as well as, and the drying or curing

procedures are eliminated. HMASs having a long shelf life usually can be disposed of without
special precautions. Some of HMASs disadvantages involve thermal load of the substrate, and
loss of bond strength at higher temperatures, up to complete melting of the adhesive.
Metallocene polyolefin (MePO) was selected as a basis for hot-melt adhesives with improved
performance [2] The non-polar chains of MePO interact well with non-polar surfaces [3]
Nevertheless efforts to adjusting the HMAs application parameters, especially regarding
increased adhesion to polar surfaces, focus either to basic polyolefin chains polarity increase,
or polar polymers addition to the adhesive compositions. The reason is that more polar
compositions owing to the higher surface energy lead to higher adhesive peel and shear strength
[4, 5] An increase of HMAs polarity has been frequently achieved by addition of polar

components to an adhesive polymer composition [6, 7]

52


https://en.wikipedia.org/wiki/Volatile_organic_compound

In the contribution paper we report on the experiments consisting in the modification of MePO
with the aim to increase of polarity of the polymer. Acrylic acid (AA) was grafted on polymer
activated with mixture of oxygen and ozone. The created graft copolymer was used as an

additive to formulate HMAs with increased adhesive properties.

EXPERIMENTAL
Metallocene ethylene-octene random copolymer Resinex PE RXP 1502 (RXP) (Tm =70 °C, p
= 0.874 g/cm?®) was used for HMAs preparation as a basic component as well as the adhesive
additive after modification by grafting. Acrylic acid (AA, Aldrich) monomer, 99 % purity).
RXP powder was treated in the flow of Oz + O3z gas produced in an atmospheric plasma
generator, power = 300 W (Masaryk University, Czech Republic), input O2 flow 5L/min. The
modification of the activated RXP powder proceeded in Brabender Plasticorder in 30 mL
chamber at 110 °C for 30 minutes. Filling the chamber with polymer and homogenization
polymer melt with sodium dodecyl sulphate (wetting agent) starts the grafting procedure and
takes 5 minutes at 80 °C.
The presence of grafted poly (acrylic acid) (PAA) in grafted RXP copolymer (RXP-g-AA) was
proved by FTIR analysis. The spectrometer Nicolet 8700TM in the attenuated total reflectance
spectroscopy mood was used. Based on contact angle measurements the hydrophilicity changes
of RXP-g-AA surfaces were evaluated. The Surface Energy Evaluation (SEE) system with
CCD camera (Advex Instruments, Czech Republic) was used for experiments and a sessile drop
technique was applied. The temperature resistance of the adhesive joints was evaluated by
measuring the strength of the adhesive joints in peeling (shear) on the laminated paper with
biaxially oriented polypropylene (BOPP) foil used in the packaging industry. The adhesion was
evaluated by testing the adhesive joints in peel by ASTM-D-4498 (Peel Adhesion Failure
Temperature (PAFT)) and in shear by ASTM D-4498 (Shear Adhesion Failure Temperature
(SAFT)).

RESULTS AND DISCUSSION
The presence of grafted PAA in RXP-g-AA was proved by FTIR analysis. For all samples
prepared in this study the valence bands have been observed pertaining to CH deformation
vibration (region of 2800 - 3000 cm™), typical for PE. The bands for C-O and C-O-C (1715 and
1170 cm?, respectively) indicate the presence of PAA chains. The ratio of the FTIR absorbance
intensities for acid carbonyl compounds at 1715 cm* and the reference band at 1464 cm™ serves

for the PAA concentration determination in grafted copolymer. Changes in FTIR absorbance
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of these bands in samples 1, 2 and 3 (Table 1) prepared in polymer melt and with a various
amounts of AA are shown in Figure 1.

Tab. 1. Batch components concentration and grafting efficiency for RXP grafted in melt.

Polymer activated 3 hours with ozone-oxygen mixture.

Sample sample 1 |sample 2 | sample 3
Activated RXP [g] 24.7 22.2 19.7
Monomer AA [ml] 2.5 5 7,5
AA in sample [%] 9.2 18.4 27.6
NaLS [g] 0.12 0.21 0.30
Grafted PAA in sample [%] 8.7 14.1 26.8
Grafting eefficiency 0.88 0.77 0.97
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Fig. 1. FTIR spectra for RXP grafted with AA in polymer melt
prepared in Brabender Plasticorder: Sample 1 — 9.2 % AA,
Sample 2 —18.4 % AA, Sample 3 — 27.6 % AA.

After kneading the activated RXP-AA reaction mixture in a Brabender chamber, the resulting

polymer contains more than 70 % AA grafted to RXP. Table 1 summarizes the batch component
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concentration and the grafting efficiency in the molten state. Moreover, as presented in Table
2, sample 4 (the AA feed content is the same as for sample 2 in Table 1) was tested for

reproducibility. The graft efficiency equal to 0.75 + 0.06 confirms the very good
reproducibility.

Tab. 2. Batch components concentration and grafting efficiency of RXP grafting in molten
state. Polymer activated 2 hours with ozone-oxygen mixture.

Sample 4 a b c d
Activated RXP [g] 37
Monomer AA [ml] 8.33
AA in sample [%] 18.4
NaLS [g] 0.35
Individual experiments 1411133145 13.1
Grafted PAA [%], average 13.75
Average grafting efficiency 0.75+0.06

The grafted PAA in the obtained polymer product (RXP-g-AA) is proportional to the AA
monomer used in the batch. Since the RXP was activated to equal peroxide concentration, the
identical grafting initiation rate was ensured, and the longer branches are supposed to be grafted
in systems with higher AA concentrations.

Tab. 3. Water contact angle, surface energy and its polar components of RXP-g-AA films.

Sample WCA Total SFE PC SFE
0 2 2
©) mdm ) | (mJm )
RXP 106.4 + 2.4° 29.2 23
initial
o
AA 8.7 % 105.0 + 1.8° 29.8 2.5
o
AA14.1 % 990+ 2.0° 30.2 3.6
AA26.8 % 87.0+£3.2° 30.0 3.8
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WCA = water contact angle, PC of the SFE = polar component of the surface energy.

The water contact angle (WCA) of initial RXP (106.4°) after grafting by AA decreased (Table
4). This decrease depends on the amount of grafted AA (RXP with AA 14.1% - WCA = 99°,
RXP with AA 26.8 % - WCA = 87°). The increase of hydrophilicity of the grafted RXP samples
reflects the growth of PC of SFE. PC of SFE for initial RXP reached the value 2.3 mJ/m? and
after grafting with AA 14.1 % PC of SFE increased to 3.6 mJ/m? and/or 3.9 mJ/m? (AA 26.8
%).

The temperature resistance in peel as well as in shear of the adhesives based on RXP polymer
is summarized in Table 5. The temperature resistance in peel for unmodified RXP is PAFT =
64 °C, but for RXP-g-AA is temperature resistance higher: with AA 14.1 % is PAFT =77 °C
and with AA 26.8 % is PAFT = 78 °C.

Tab. 4. Temperature resistance of adhesive joints using peel (PAFT) and shear (SAFT) tests for
RXP-g-AA samples.

Sample Grafted PAA (%) PAFT (°C) SAFT ('C)
1 8.7 75 90
2 14.1 7 92
3 26.8 78 95
RXP initial 0 64 93
CONCLUSION

The grafting proceeds in medium with high viscosity 10> — 10° Pa.s affects the individual
polymerization steps involved in grafting. The determined grafting efficiency is high and varies
between 0.77 and 0.97. The water contact angle on RXP surface grafted vith PAA or PCA
decreases at least of 15 % or more and the surface energy and its polar component increased
1.1 — 1.7 times. The temperature resistance of adhesive joints in peel of RXP-g-PAA in peel
increased 1.3 times, and the values of temperature resistance of adhesive joints in shear are

similar.
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ABSTRACT

One of the substances applicable for preparation of biologically degradable polymer composites
is collagen. It belongs among the most technically important fibrous proteins. Characteristic
structure of collagen with high degree of internal organization of molecules is the main aspect
determining the mechanical properties of this tissue. Unmodified native collagen is relatively
difficult to process for intended applications. This work presents potential application
possibilities of modified collagen biopolymer for biodegradable foils and adhesive applications.
Modification of the properties and processability of collagen is possible plasticizing and
compounding with suitable types of polymers. For this study copolymer of ethylene-vinyl
acetate (EVAc) as the polymer matrix which was modified with biopolymer collagen was
tested. The obtained results are perspective mainly from the point of view of controlled
biodegradation.

Another technical application is focused on the preparation of non-formaldehyde collagen

thermoplastic adhesive with required quality for gluing of books or wood veneered materials.

INTRODUCTION

Many types of synthetic plastics do not decompose naturally, which has caused serious
environmental pollution from the waste polymers. Biodegradable polymers are polymers which
can completely degrade under the action of biological organisms and environmental weather
conditions.

There is an effort to improve existing products and find new options for their application and
processing. Many possibilities of effective and ecologic processing and application of leather
wastes into different products have already been analyzed [1, 2, 3] Collagen is the main
component of animal tissue mostly of leather, bones, tendons and belongs among the most

important fibrous proteins [4] In this work [5] has modified polyethylene (MPE) with protein
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collagen hydrolysate. As was noted C-H bonds of collagen easily blends with MPE, but like
other biopolymers, it also has effects on the original mechanical properties of the MPE. The
addition of collagen in the blends significantly increases the biodegradation rate. 53%
biodegradation is observed when the polymer is blended with 5% collagen and about 63%
biodegradation was detected in the case of polymer blended with 20% collagen. Although
MPE/C-H thermoplastic film with 40% content of collagen has shown the best biodegradation,
the mechanical strength properties were the worst in this case. For the development of new
collagen-based materials, one possible solution is the production of a plastic matrix with a
component which is able of gradual degradation under external conditions. The combination of
bio- and synthetic polymers gives space to achieve a favorable economic, commercial, and
environmental performance — biodegradable component is originating from raw materials from
leather and food industry. One of the ways to modify properties and processability of collagen
is plasticization and compounding by suitable types of polymers. Films were made using blow
extrusion technology from prepared granules and their parameters and optimal concentrations
of modifying agents were tested [6] Thermoplastic adhesive was prepared by collagen
modification and tested with high strength and flexibility of the adhesive bonds. This paper
investigates the possibility of modified collagen to reduce formaldehyde emissions in wood-
based products bonded with urea-formaldehyde (UF) resin. Previous results of laboratory tests
have confirmed that collagen is a suitable modifier for the treatment of condensation time,
viscosity, reducing formaldehyde emissions and increasing of the strength of the bond [7]
Lifetime and condensation time of UF resin were tested and studied by determining the Kinetics

of condensation reactions of di-methylolurea with urea and aldehyde [8]

EXPERIMENTAL
Biodegradable polymer foils
Collagen to be chemically modified for its further application. Copolymers of ethylene vinyl-
acetate were used as the polymer matrix for collagen modification. Individual compounds were
homogenized during the compounding process. Prepared granules were tested at the foil
production by blowing technology. Physical and mechanical parameters of foils were evaluated
as strength, elongation, permeability to water vapor and biodegradability. FTIR spectra were
measured on a NICOLET 8700™ instrument by Thermo-Scientific (Madison, WI, USA) and
scanning electron microscope (SEM) images were taken at VEGA 1l LMU by Tescan.
Used materials:

— EVACc - ethylene vinyl acetate copolymer Evatane 24-03,
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— Collagen — laboratory prepared hydrolysate of collagen,
— Modifier | — based on polyvalent amines in granular form,

— Modifier Il — based on polyvalent alcohols.

Collagen based hot-melt adhesive

This investigation was focused on the research and preparation of non-formaldehyde
thermoplastic hot melt adhesive based on collagen biopolymer. Parameters of adhesive can be
varied by selecting the appropriate modifying additive, e.g., elongation of the film,
hydrophilicity, hydrophobicity, viscosity, melting and solidification points etc.

Collagen as modifier of UF adhesive mixtures

Natural modifiers of UF adhesives were raw collagen materials produced from waste from the
leather industry. To modify the collagen hydrolysate were applied:

Marking of collagen samples:
— Collagen No. 1 — collagen hydrolysate modified with urea and glutaraldehyde,
— Collagen No. 2 — collagen hydrolysate modified with urea,

— Collagen No. 3 — collagen hydrolysate, prepared from waste from leather industry.

In the experimental research, there were applied:

- UF resin KRONORES CB 1639F,

- hardener RODA M 210 pH = 7.4, overall nitrogen as N weight 21.5 %, amidic nitrogen
weight 4.5 % (Duslo Sal’a, Slovakia).

Rotary-cut veneer sheets of beech wood (Fagus Sylvatica L.) free of defects with dimensions

of 300 x 300 mm, thickness of 1.7 mm, and moisture content of approximately 6% were used

for the experiments. Formaldehyde emissions from five-layer plywood of beech were tested

according to the test method JIS A 1460 “Building boards. Determination of formaldehyde

emission. Desiccator method” according to following conditions:

— volume of desiccator: 9-11 dm?,

— loading coefficient: 1800 cm?,

— temperature of 20 £ 0.5 °C,

— test duration 24 h,
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The concentration of formaldehyde absorbed in distilled water was evaluated by acetyl-
acetone method with spectrophotometric evaluation using the ultraviolet spectrophotometer
UviLine S1 5000 at 412 nm wavelength.

RESULTS AND DISCUSSION
Biodegradable polymer foils
Experiments were focused on the preparation of polymer composites based on ethylene vinyl
acetate with the collagen biopolymer. The impact of these components on the physical and
mechanical properties and biodegradation of polymer foils was investigated. Series of samples
were prepared with the content of collagen and modifier from 20 to 60% with vinyl acetate
content of 24 %.
Based on obtained results, it was found that composites based on EVAc polymer matrix
containing 30 to 50% of a mixture of collagen and modifier 80:20 can by processed by blow
extrusion technology. The Fig. 1 presents the sample of 50% EVAc copolymer + 50% modified
collagen with the thickness of 0.09 mm.

Y
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Fig. 1. Collagen powder nd Granules (EVAc + collagen) and EVAc foil modified by

v N
L1 .

collagen and scanned by SEM
Biodegradation of polymer bio composites
Prepared foil sheets based on EVAc and collagen were placed into the soil and the effect of soil
culture and water on the degradation of the material was investigated. Fig. 2 presents the

biodegradability of foils and the process of their chemical decomposition.
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Fig. 2. EVAc foil with collagen and testing its degradation after 24 hours and 45 days
in the soil. FTIR spectra of EVAc foil degraded after 24 h — red curve and foil tested

after 45 days of degradation in the soil — green curve.

As indicated by FTIR spectra, the action of soil and/or water degraded the collagen from the
foil — within the wavelength range of nitrogen compounds from 1550 to 1650 cm™, there are
no peaks present (green line), which would correspond to the presence of collagen in the
material. For implementation, there have been proposed polymer composites and films with the
content of vinyl acetate and modified collagen:

— foil EVAC + 20% of modified collagen,

— foil EVAC + 40% of modified collagen.

Parameters of the foils prepared by blowing extrusion technology are shown in Table 1.

Table 1 Technical parameters of prepared foils

Sampling Tensile strength at Relative Permeability to water
break elongation at break vapor
[MPa] [%] [g9.m?2.24h]

Foil EVACc + col 20% 10.5 462.1 10.2

Foil EVACc + col 40% 7.6 4.7 16.1

Collagen based hot-melt adhesive

The investigation was oriented on the research and preparation of non-formaldehyde
thermoplastic hot-melt adhesive based on collagen biopolymer. Biopolymers of animal origin
(e.g., technical leather glue, gelatin etc.) were specified by laboratory tests as suitable raw
materials for preparation of thermoplastic collagen adhesives, with possible use for book sheets
bonding as can be seen on Fig. 3.
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Fig. 3. Thermoplastic collagen adhesive

used for gluing of book hard covers

The infrared spectrum of the plasticized collagen sample was measured on a NICOLET 8700™
instrument by Thermo-Scientific (Madison, WI, USA) in the mid-infrared region (4000-650 cm
1) using an ATR attachment with a Ge crystal in reflection mode, shown in Fig. 4.
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Fig. 4. The infrared spectrum of the plasticized

collagen sample

In the FTIR spectrum, observable absorption bands are typical for functional groups of protein-
type materials (bands corresponding to bonds 3330.1 cm™ for —OH groups; 1644.3 cm™ for
amides of group I; 1556.5 cm™ for amides of group 1 ; 1455.4 cm™ for terminal —CHs groups;
1338.4 cm-1 for N-H groups; 1242.7 cm-1 for N-H groups; 1043.0 cm™ for C-O and C-O-C
groups).

Qualitative parameters of the model collagen thermoplastic dispersion at 60 °C: pH: 6.5 £ 0.5,
viscosity: 1500-2500 mPa.s, refractive value: 55-60% - dry matter, open drying time: short,
surface adhesiveness of the glue: immediate, shelf life: min. 6 months at room temperature,
melting point 50-55 °C and solidification point 30-35 °C - depends on the concentration of

collagen and modifying additives, pH, time, and temperature of hydrolysis.
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The influence of collagen on formaldehyde emission from UF adhesive mixtures

The effect of the addition of collagen modifications No. 1, 2 and 3 on the formaldehyde (fd)
content was tested in UF adhesive mixtures hardened at 100 °C during the time of 20 minutes.
The measured values show that collagen is a suitable modifier for the reduction of formaldehyde
in UF cured adhesive compositions. Collagen No. 1 most significantly reduces emissions of fd,
and this effect is increasing with increasing concentration. The content of formaldehyde in
reference sample was 0.35 mg/g and in the modified resin only 0.25 mg/g as can be seen from
Fig. 5.

Formaldehyde emissions from five-layer plywood of beech were teste

d according to the test method JIS A 1460 “Building boards. Determination of formaldehyde
emission.

These results were confirmed on plywood testing formaldehyde was lowered down to 50 % in

comparison with the reference sample.

Content of formaldehyde in UF resin
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Fig. 5. UF resins modified with collagen applied for plywood bonding and influence
of different modifications on the lowering of formaldehyde emission

CONCLUSION

Copolymer of ethylene vinyl acetate and collagen hydrolysate were specified for preparation of
polymeric bio-composites. Polymer bio-composites and foils with controlled biodegradation
were prepared by combining the components of mixtures, with defined physical and mechanical
properties.

Obtained results confirmed the possibility to use the modified biopolymer collagen for
preparation of ecologic and thermoplastic adhesives. Glued joint displayed high strength
and flexibility after application of modification plasticization agents based on collagen.
Presented research proved the possibility of lowering the formaldehyde emission from wood
products glued with urea-formaldehyde adhesive. Results of laboratory tests confirmed that
collagen prepared from leather waste is a suitable additive for lowering of formaldehyde
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emission from wood products glued with UF adhesive. Tests confirmed the decrease of

formaldehyde content in plywood in comparison with the reference sample down to 50 %.
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ABSTRACT
Poly(ethylene terephthalate) (PET) surface was pre-treated by cold plasma to improve its
adhesive properties. The surface energy as well as the peel strength of the adhesive joints of
PET, modified by cold plasma to polyacrylate, increased significantly. A correlation between

adhesion of polyester modified by cold plasma to polyacrylate and its surface energy was found.

Keywords: cold plasma; peel strength of adhesive joint; PET; surface energy.

INTRODUCTION
Poly (ethylenterephthalate) (PET) is one of the most important polymers that are frequently

used in many industrial applications, e.g. in the automotive industry for cars construction, due
to its excellent properties. The surface energy of PET is insufficient in some applications, e.g.
bonding, printing, etc. Several efficient methods have been used to improve the surface and
adhesive properties of polymers [1, 2] The application of cold plasmas for pre-treatment of
polymeric surfaces [3, 4] is a dry, ecological method of modification, which can tailor polymers
in order to modify their surface energy and adhesion to other materials. However, for
preparation of strong adhesive joints, modification of PET by diffuse surface barrier discharge
(DSBD) plasma is essential [6, 7]

EXPERIMENTAL
The modification of the PET foils by a diffuse surface barrier discharge (DSBD) plasma was
performed in a laboratory plasma source at atmospheric pressure in medium of N2 or Oz gases
of technical purity. The DSBD plasma generator consists of electrodes separated by an alumina

dielectric plate. The voltage of the DSBD source was 100 V, current intensity 1 A, and
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frequency 6 kHz. The power used for the modification by DSBD plasma in N2 or Oz was 100
W.

The surface energy of PET was determined by measurements of the contact angles of a set of
testing liquids with a SEE (Surface Energy Evaluation) system (Advex, Czech Republic).

The ATR-FTIR spectroscopy measurements of the PET foils were performed with a Nicolet
Impact 400 FTIR spectrometer (Nicolet, USA) having a resolution of 4 cm™, a scan range was
4000 — 400 cm™.

The peel strength of the adhesive joint (Ppeer) Of the plasma modified PET foil to polyacrylate
was determined by peeling of the adhesive joint (peel tests) at a 90° angle using a 5 kN
universal testing machine Instron 4301 (Instron, England). The adhesive joints were fixed in

the aluminum peeling circle.
RESULTS AND DISCUSSION

The surface energy of the PET modified by DSBD in O, and N2 plasma at atmospheric pressure
vs. the activation time is shown in Figure 1. The surface energy of PET during modification by
DSBD plasma in Oz and N (Figure 1, plot a, b).
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Fig. 1. Surface energy of PET foil modified by DSBD

plasma: in Oz (a) and in N2 (b) vs. activation time.

significantly increased in comparison with untreated polymer. Figure 1, plot a shows that the
surface energy of PET modified by DSBD plasma in O increases from an initial value of 47.8
mJ.m-2 for untreated PET to 82.6 J.m™ for 20 s of plasma modification. Figuire 1, plot b shows
the surface energy of PET modified by DSBD plasma in N2. These values are lower than those
of PET modified by the same method in Oo.
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The peel strength of the adhesive joints of PET foils, modified by DSBD plasma (Fig. 4) in
nitrogen (Figure 2, plot b), in oxygen (Figure 2, plot b) to polyacrylate vs. time of activation is
shown in Figure 2. The peel strengths of PET to polyacrylate after modification by DSBD
plasma significantly increased, and these increases were higher for the samples modified in
oxygen. The peel strength of the adhesive joint increased from 77 N.m (pristine PET) to 180
N.m*(DSBD, 10 s, N2), and 237 N.m* (DSBD, 10 s, O,). These results clearly indicate that
plasma irradiation considerably improves the adhesive properties of PET for DSBD plasma.
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Fig. 2. Relation between peel strength of adhesive joint of PET
modified by DSBD plasma in O2 to polyacrylate vs. PET surface energy.

Figure 2 shows the relation between peel strength of the adhesive joint of PET, modified by
DSBD plasma in Oy, to polyacrylate and the surface energy of polymer. A 1% order exponential
decay was found for modification od PET in Oz plasma in Figure 2. For this processing gas the
relation between peel strength of the adhesive joint O, plasma-treated PET-polyacrylate and
surface energy is given by the following relation: Ppeer = 309.5 — 1719.8.exp (- SE/23.9) (SE =

surface energy).

CONCLUSION

The surface energy of PET modified by DSBD plasma significantly increased, and this increase
was higher for oxygen compared to nitrogen. The peel strength of PET, modified by DSBD
plasma or RFD plasma, to polyacrylate significantly increased, and this value was higher in the
case of oxygen than in the case of nitrogen. A correlation between the peel strength of the
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adhesive joint of PET, modified by DSBD plasma in Oz to polyacrylate and PET surface energy
by the following relation: Ppeer = 309.5 — 1719.8.exp (- SFE/23.9) was found.
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ABSTRACT

Polymeric foams offer number of advantages attending their applications. Behind modifications
of well-known utility properties — acoustic, thermal, and electric insulation; weight reduction,
transport protection, economical benefits guaranteeing material costs savings, or ecological
initiatives as material and energy consumption reduction could be put on and highlighted.
During our recent research and development activities, we were involved in several industry
driven cooperations focused on establishment and modification of batch as well as continuous
foaming processes employing chemical and physical type of foaming agents. Polymers up to
now employed for foam production included polylactide (PLA), polypropylene (PP),
polyethylene (PE), polyurethane (PU). PP foams were extruded using CO and N as additional
environmentally positive aspect, PLA uncrosslinked and partially crosslinked foams were
produced via foaming with CO2 and N using pressurized cell, PE recipe was modified to
increase creep resistance as well as influence porosity density. For defined controlling of porous
structure growth, blending of suitable polymers, addition of nucleation agents based on
inorganic and polymeric particles, modification via crosslinking agents, as well as optimisation
of processing conditions were involved and studied.

In order to acquire desired utility properties of foamed products, prepared porous structures
were characterised using optical microscopy, computer tomography analysis, scanning electron

microscopy, porosimetry, mechanical testing, thermal analysis.
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ABSTRACT
Melt spinning process is one of the most cost-efficient ways of producing fabrics at an industrial
scale, mainly due to the simplicity of the process, which does not require solvents, there are no
toxic by-products and the production speed is high. This area of research is very promising as
nonwoven fabrics offer various application possibilities in many market segments (hygiene,
medical, construction, automotive, filtration, food and beverage, agriculture, ...). During our
recent research and development activities we have been involved in the preparation of fiber
structures and nonwovens by melt spinning technologies meltblown and spunbond. Due to the
possibilities of the melt spinning laboratory line, attention was focused on the preparation of
mono- as well as bicomponent fibers in different configurations (sheath/core, islands in the sea,
segment pie). An integral part of the melt spinning process is also the characterization of the
flow behavior and viscoelastic properties of the input polymer materials and their mixtures.
Polymers up to now employed for preparation of fiber structures and nonwovens included
various types of polypropylene (PP), polyethylene (PE), polystyrene (PS), polyethylene
terephthalate (PET) and polyamide (PA) as well as biodegradable materials based on
polylactide (PLA), polybutylene adipate terephthalate (PBAT), polybutylene succinate (PBS)
and polyvinyl alcohol (PVOH). Prepared fibers and nonwovens were characterized using
optical microscopy, scanning electron microscopy, mechanical testing, thermal analysis,

spectroscopy, assessment of breathability, filtration efficiency and surface properties.
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ABSTRACT

To plastic materials fire retardants are commonly added to supress their flammability and thus
to fulfil often very high demands on their properties. Due to enormous legislative restrictions
and pressure on environment and sustainability, new fire retardants are being developed or a
combination of more kind of fire retardants in order to find synergistic effect giving arise to
enhanced reduction in flammability, lowering the price of fire retardant systems or their loading
in the systems, etc., is commonly used. Such systems are then with benefits used for example
in automotive industry, airplanes, trains, power and communication cables.

This contribution introduces fire retardants that can be used even to provide an additional
application property, such as thermal or electrical conductivity, for the polymer matrix beyond
enhancing its fire resistance. Furthermore, some ideas how to determine a quality of particle
distribution within the system after processing process using rotational rheometry and help of
a Cole-Cole plot are introduced. In this study polypropylene served as a polymer matrix and
various fire retardants possessing different flame retardant mechanism were used. The prepared
samples were analysed through a rotational rheometer and were put in contrast with scanning
electron microscopy.

In addition, solutions in some case studies for systems based on wood flour composites or for
seat backside part, where lowering flammability of the composite was the main goal, are

present.
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ABSTRAKT

Rozséhlé pouzivani plastovych materiali vytvari celosvétové velké mnozstvi odpadu, ktery
kvili nizké mite recyklace konc¢i na skladkach nebo v ptirod¢. Rostouci mnozstvi plastového
odpadu tak pfedstavuje vazné riziko pro zivotni prostiedi i zdravi ¢lovéka a zvitat. Podpora
recyklace plastl muize tato rizika snizit a zaroven podpofit obéhové hospodatstvi plastd. Proces
chemické recyklace (znamy také jako tercidrni recyklace nebo surovinova recyklace) miize
pfeménit plastovy odpad na rizné chemické latky, které lze pouzit jako bud’ suroviny pro
vyrobu novych polymeri, nebo dalSich cennych chemickych latek a paliv. Chemicka recyklace
ma tedy potencial ptfispét k zachovani zdroji 1 k minimalizaci odpadu. Jednim ze slibnych
procest chemické recyklace odpadnich plasti mtze byt katalytickd pyrolyza. Pti katalytické
pyrolyze dochazi k termochemickému rozkladu polymeru s vyuZitim katalyzatoru pro upravu
selektivity poZzadovanych produkti.

Cast prace je zaméfena na katalytickou pyrolyzou polyolefinil na zeolitovych katalyzatorech
(typu HZSM-5). Zeolity s jedine¢nou architekturou pora a laditelnymi texturnimi i kyselymi
vlastnostmi jsou pro takové aplikace zajimavymi katalytickymi materidly. V tomto ohledu se
nase prace zabyva katalytickou konverzi cistého a odpadniho polyethylenu (HDPE) c¢i
polypropylenu (PP) v jednostupiovych a dvoustupnovych zatizenich na zeolitech HZSM-5 s
riznym pomérem kiemiku a hliniku, a tudiz s rGznou hustotou kyselych mist. Pfi
jednostupiiovém procesu (pyrolyza in-situ) se ukdzalo, Ze zeolitovy katalyzator HZSM-5 s
vy$si hustotou kyselych mist podporuje aromatizaci, pfi niz v kapalné fazi vznikaji predev§im
slouceniny BTEX (benzen, toluen, ethylbenzen, xyleny). Na druhé stran¢ katalyzator s nizkou
hustotou kyselych mist podporuje tvorbu lehkych (C2-Cs) olefind v plynné fazi. Pti
nekatalytické pyrolyze vznikaly v pyrolyznim oleji téméf vyhradné alifatické uhlovodiky a v

plynné fazi byly vytézky lehkych olefinti relativné niZsi. Déle bylo prokazéano, ze dvoustupniovy
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proces (tj. katalytické krakovani ex-situ a aromatizace) muze zlep$it obsah BTEX v pyrolyznim
oleji za ptedpokladu, Ze se pouzije zeolitovy katalyzator s vysokou hustotou kyselych mist [1].
Druha cast této prace se zabyva katalytickou pyrolyzou odpadniho polystyrenu (PS). Plastovy
odpad z materialti na bazi PS mtZze byt dobrym zdrojem styrenu a monoaromatickych slou¢enin
BTEX (benzen, toluen, ethylbenzen, xyleny). V tomto ohledu se naSe prace zaméfila na
provedeni katalytické pyrolyzy raznych vstupnich surovin z odpadniho polystyrenu (WPS) na
kyselych a bazickych katalyzatorech pouzitych v rezimech ex-situ a in-situ. Hlavnim cilem bylo
porovnat slozeni pyrolyznich produkti ziskanych pii zmén¢ vstupnich surovin, katalyzatora a
provoznich rezimt. Bylo prokazano, ze expandovany polystyren poskytuje velmi podobné
rozlozeni produktii ve srovnani s ¢istym PS (M = 190 000), pfi¢emz oba poskytuji vysoky
obsah styrenu. Vysoky obsah styrenu poskytuji i obalové materialy na bazi houzevnatého
polystyrenu (HIPS), 1isi se ale mnozstvim produkovanych BTEX a oligomertu. Ukazalo se, ze
bazické katalyzatory ovliviiuji slozeni produktli pyrolyzy jen nepatrné ve srovnani s termickym
rozkladem. Naopak kysely katalyzator vykazal vyznamny vliv na sloZeni produktd pyrolyzy ve
srovnani s nekatalytickou pyrolyzou, zejména z pohledu produkce benzenu, ktery termickym
rozkladem nevznika [2].

Tyto vysledky mohou poskytnout nové poznatky pro chemickou recyklaci plastovych odpadu.
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ABSTRACT
The most promising piezoelectric polymer for applications like self-powered sensors, actuators
or energy harvesting is polyvinylidene fluoride (PVDF). Piezoelectric properties are due to the
beta crystalline face of PVDF where the dipolar orientation of this covalent crystal is given by
a proper arrangement of positive hydrogen and negative fluorine atoms. In the present study,
jet electrospinning technology was used to prepare PVDF nanofibers collected on polymeric
substrate, leading to non-woven membrane like structure. The nanofiber and membrane
structures were characterized using scanning electron microscopy (SEM), Fourier transform
infrared (FT-IR) spectroscopy and X-ray diffraction (XRD) analysis. Then three types of
experimental setups with the incorporated PVDF electrospunned membrane were prepared.
They were capable of generating electrical voltage in response to pressure stimuli like pressure
pulse (unit of volt) or sound wave (unit of millivolt). The generated charge can by harvested to
a capacitor the efficiency of which was demonstrated through the discharging of reasonably
high voltage and also the capability to light up three LED diodes connected in series. Finally,
electrostriction detected with the help of the generated piezoelectric voltage by electrostrictive

stimuli reached the maximum at around 77 mV.
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Fig. 1. This is a figure. Schemes follow the same formatting. SEM images of PVDF fibres
non-woven structure a), b) detailed view of some PVDF nanofibers, c) cross section of PVDF
membrane made of PVDF nanofibers, d) fibre diameter distribution of PVDF nanofiber

network.
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Fig. 2. Piezoelectric response to pressure pulse on the top surface of PVDF membrane
pendulum impact; part a) for five impact with the same energy and part b) for impact of

pendulum with bouncing to the pendulum impact dumping.
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Fig. 3. Energy harvesting: part a) Graetz bridge with storage capacitor to direct generated
piezoelectric response to charge capacitor, part b) Discharge of stored charge into capacitor
for different number of impact cycles, part c) Light blink of thee LED diodes connected in series

after 20 impact cycles.
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ABSTRACT

Polymeric biomaterials that are intended for clinical use must have excellent mechanical
properties, as well as adequate surface properties to ensure biocompatibility while interacting
with living tissue. The current problem that can be encountered with biomaterials used for
implants and other devices may be acute and chronic inflammatory responses, ultimately
leading to fibrous capsule formation and thereby impairing normal tissue growth [1,2].
Furthermore, insufficient hemocompatibility due to surface-induced thrombosis or restenosis
must be taken into account [3,4]. Further improvements of given materials rely on the precise
control of cellular interactions in terms of cell adhesion and proliferation via modification of
the biomaterial surface [5]. The surface modification of polymers consists of changes in surface
energy, polarity, charge, topography, etc. [6,7].

Therefore, activation procedures have been carried out to make the polymer surface more
hydrophilic and obtain specific features by introducing functional groups (carboxylic, hydroxyl,
carbonyl, hydroperoxide, etc.) for further covalent bonding with selected agents [8]. The typical
surface modification techniques used include chemical vapor deposition, wet chemical
methods, UV light radiation, ozone-induced treatment and plasma exposure. Among the
physical and chemical methods used to obtain required surfaces without affecting the bulk
properties, plasma treatment is an appropriate and efficient technique [9,10,11]. In addition to
the efficiency of immobilization, plasma treatment is able to enhance hydrophilicity and create
a high density of functional groups on the surface without the use of toxic chemicals and heat
processing. Thus, this method is suitable for many immaobilization techniques with biologically
active molecules and chemically unstable substrates (including polysaccharides) [12,13].

The plasma-treated polymer results in a negatively charged surface; therefore, subsequent

immobilization of a potential anionic polysaccharide is challenging. The negative charge
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prevents the formation of covalent bonds between the molecule interfaces and polymer surface
embedded radicals due to electrostatic repulsive forces. The binding affinity can be increased
by reducing the negative charge of the polymer surface. One promising solution might be
introducing more positively charged groups through mediators, such as N-allylmethylamine
(MAAM). This liquid chemical is able to graft onto a plasma-treated polymer surface by a
copolymerization process to create a polymer brush structure with a high density of positively
charged amino groups via a radical “surface from” reaction in the gaseous phase [14,15]. Such
amine-rich coatings have been studied to control cell behavior, demonstrating a positive effect
on cell adhesion, proliferation, and differentiation for different cell types, such as osteoblast-
like cells and fibroblasts [16]. Moreover, the advantage of using these functional groups is the
possibility of exploiting them for the immobilization of bioactive molecules [17,18,19].
This research is the first study dedicated to the description of various furcellaran applications
in biomedicine. Moreover, to the best of our knowledge, no study using furcellaran as a
polysaccharide film layer for PET functionalization has been reported. The objective of this
study is to represent a method for immobilizing furcellaran onto PET surfaces. For this purpose,
RF plasma discharge is applied onto the PET surface to create oxidative functional groups for
further covalent binding with selected agents. First, MAAM is grafted onto plasma-treated PET
to create a high-density polymer brush for improved adhesion interaction properties.
Consequently, furcellaran immobilization on such a treated surface is performed. As-prepared
substrates are subjected to various selected cell interactions. Namely, the antibacterial activity,
anticoagulant activity, fibroblasts and stem cell cytocompatibility of the samples were
investigated.
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ABSTRACT
Heterophase polymers, their manufacturing and end-use application properties such as
transport, optical and mechanical properties are closely related to their morphology. The
knowledge of the relation between the morphology, structure and properties plays an important
role in defining the polymer behaviour during its manufacturing as well as for achieving the
desired polymer properties.
To obtain the overall information about the polymer morphology several imaging techniques
need to be applied. Our combination of X-Ray microCT and atomic force microscopy (AFM)
provides the visualization of heterophase morphology on the wide scale with the sufficient
contrast between phases. Raman microscopy supplements the morphological study by the
chemical composition mapping on microscale. Morphological features such as pores, rubber or
other phases are characterized by advanced morphological descriptors.
This contribution presents the morphology-properties investigation on heterophase polyolefins
such as (i) polyethylene (PE) with various densities and (ii) high impact polypropylene (hiPP)
with rubbery domains incorporated in polypropylene matrix. In both cases, the distribution
between crystalline and amorphous phase has a great impact on polymer thermodynamic
behaviour and mechanical properties. Moreover, the quantitative models for estimation of local
PE density and rubber composition in hiPP were created based on morphological and Raman
spectra results.
Additionally, the morphology-structural investigation plays an important role also directly in
industrial manufacturing as we demonstrate on searching the root causes of various defects in
painted layers of industrially made materials affecting the visual appearance and properties of

final commercial products.
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ABSTRACT

The influence of injection moulding processing parameters on structure of long-chain branched
polypropylene (LCB-PP) Daploy WB130HMS supplied by Borealis Company Vienna, Austria
was investigated. It is a propylene-based polymer that is produced by grafting monomer during
radically controlled reactions of isotactic polypropylene with peroxides to form long chain
branches. Examined material has the value of melt flow rate (230 °C, 2.16 kg, ISO 1133) of 2.1
g/10 min.

Long-chain branched polypropylene was injection moulded using four sets of processing
parameters. In the P-set holding pressure was varied within a range of 30—70 MPa by 10 MPa,
in T-set mould temperature was precisely controlled — increased from 40 to 120 °C in 20 °C
step, while in S-setl and S-set2, respectively injection speed increased from 20 to 140 mm/s in
30 mm/s step and the mould was held at temperature of 40 or 120 °C. Other parameters
remained unchanged: temperatures of heating zones 190; 220; 230 °C, melt temperature
(nozzle) 240 °C and holding pressure time 60 s.

The polymorphic composition of LCB-PP derived from wide-angle X-ray scattering showed a
significant dependence on the processing technology and their parameters. Comparison of the
morphology evolution through the injection-molded specimen cross-section brings an
interesting observation — coexistence of a-, B- and y- phases. The increase of holding pressure
and mould temperature positively influenced the y-phase content in both skin and core layers,
in the case of mould temperature B-phase content increased as well. Higher injection speed
leaded to increase of B-phase content, however, only in skin layer, independently on mould

temperature.
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