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The 8" International Conference on Modification, Degradation and Stabilization of Polymers

Welcome from OrganizinGommittee

29[/ ha9 ¢h a25S{0 uwnmnX 29[/ ha9 ¢h ¢t}
Dear participants and accompanying guests, welcome to MoDeSt 2014, welcome to
Slovenia!

MoDeSt 2014 is the eight of the consecutive conferences organized every second year and
dedicated tomodification, degradation and stabilization of polymers, and to other polymer
related topics.

Without biopolymers there would be no life, as we know it, and without synthetic polymers
there would be no standard of living, as we know it. This is why topics addrasséaDe St
Conferences are instrumental for the mankind and world economy, now and in time to come.

Therefore, | am proposing to utilize the friendly environment of this conference to initiate
discussions for establishing a joint EU program and/or platfavithin HORIZON 2020,
dedicated to strategically important questions related to sustainability, functionality and
durability of bie, and synthetigoolymers.

Enjoy the scientific program, enjoy meeting friends and colleagues, and last but not least,
enjoyt 2 NIi 2 NB OH

Welcomel!

Igor Emi©
MoDeSt 2014 local organizing committee
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Messa@ from the President of MoDeSob&ety

Dear Participants and Friends!

As the President of the MoDeSt Society, | would like to personally welcome you all to the
8™ biennial MoDeSt Conference held in the lovely town of Portoroz.

This Conference, follows on the successes of earlier MoDeSt meetings: Prague (2012),
Athens (2010), Liege (2008), San Sebastian (2006), Lyon (2004), Budapest (2002) and Palermo
(2000), andbffers a great opportunity and a unique platform for networking and for learning
about the latest advances and developments in the field, and to encourage open and
unscripted discussions on all aspects of Polymer Modification, Degradation, Stabilisation a
related areas in an informal friendly atmosphere.

The MoDeSt Society, which coordinates and organises scientific activities in this field across
Europe, offers also an opportunity for young scientists to actively participate in these
conferences by @senting their Doctoral research findjs and follow up discussionBo this
end, the Society has awarded, for thi§ 8onference, a number of competitive bursaries to
doctoral students to enable them to attend and poesent their work.There is also agster
competition with prizes awarded to the best posters presented by doctoral students.

The 8 MoDeSt Conference has a wsituctured scientific programme with a large number
of presentations dealing with the latest scientific advances and developwgwen by experts
in the field; including a wide range of areas related to modification, degradation and
stabilisation of polymers and related areas including fire retardancy, polymers and the
environment, bierelated polymers, polymer blends and compesit polymer coatingand
optoelectronic materials.The Programme provides therefor ample opportunities for all
participants to discuss, exchange and to sharing their ideas, and to identify and highlight
emerging and future areas of research, as well agtiating Europewide research
collaborations.

Finally, and on behalf of the Board of the MoDeSt Society, | would like to express my sincere
gratitude to the local organising committee for all the hard work that they have put in to make
this meeting a gretasuccess, and to thank all the participants and wish you all a very fruitful
scientific week and to have an enjoyable time in Portoroz.

Sahar AMalaika
President of the MoDeSt Society
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General information

Name:The & International Conference on Modification Stabilization and Degradation of
Polymers

Organized by:

1 Center for Experimental Mechanie$-aculty of Mechanical Engineering, University
of Ljubljana, Pot za Brdom 104, Ljubljana 1000, Slovenia

1 Institute for Sustainable Innovative TechnologiesPot za Brdom 104, Ljubljana
1000, Slovenia

1 Slovenian Society of RheologyCesta @ Brdo 85, 1000 Ljubljana, Slovenia
Under umbrella oMoDeSt society
MoDeSt Society

The MoDeSt Society was founded in 1999. The obpatf the society is to promote
scientific understanding and technical innovation in the modification, degradation and
stabilization of polymers, however without excluding all other aspects of polymer science and
technology. It dynamically consists of duable forum for world wide community of polymer
engineers and scientists, stimulating common projects and justifying -sfafee-art
knowledge.

http://www.modestsociety.org/

MoDeSt conference scope

The canference aim is to provide a forum for polymer scientists and engineers to present
and share the statef-the-art knowledge on polymer modification, degradation and
stabilization and related areas.

Conference topics

Polymer degradation and stabilizatiofincluding fire retardancy and al
conservation)

Polymers and environment (recycling, reuse, biodegradelbimrbased
polymers)

H

Polymer modification, blends, composites and nanostructured polymers

Polymers for innovative technical antedical applications (including polym:
coatings and optoelectronic materials)

[ | Degradation and protection of wood products

Venue

The 8th MoDeSt conference will take “place in Grand Hotel Bernardin & Congress center
. SNYFNRAY S t 2 N® BgtemberMR4.! dz3 dza


http://www.modestsociety.org/
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Sponsors

Chemass d.m., Merilni sistemi, $venia

Anton Paar GmbH, Slovenian representative

TECOSSIovenian Tool and Die Development Cent&ovenia

Oral presentations

1 Each presentation has 20 min time slot (15 miesentation + 5 min discussign)
Plenary lecture; 40 min, Keynote lecture 30 min

1 presentations should be loaded one day in advance to the computer available for this
and checked (videos, animations, content, etc.). For presentations to be held on
Monday files might be uploaded during registration on Sunday (1518300) or on
Monday morning (8:009:00);

1 presentations should be compatible with Microsoft Office 2007

Posters

1 format of the poster is B1 size: 707 x 1000 mm;

1 posters will be availablfor review during 1 and 2 of September;

1 posters should be collected during registration on Sunday (1-518000) or on
Monday morning (8:009:00).Presenter should put the poster on the stand with the
corresponding number (received via mail).

Socialevents

During the conference following social events are planned:

Event Day Time Action

Welcome reception Sunday, 31.08 19.00¢ Wel_cc_)me cocktail and buffe for all arrived

21.00 participants

9.00 Welcome words fronfPresident of MoDeSt society
Opening ceremony Monday, 1.09 9.20c prof. Sahar AMalaika and Head of Organizing

' Committee prof. Igor Emri
General Assembly of 17.40
the MoDeSt society Tuesday, 2.09 19'00C Meeting of the MoDeSt society members and Boa
members '
Gala dinner, accompanied with entertainment
Gala dinner Tuesday, 2.09 ;gggq program
' Announcement oposter contest winners
. Wednesday, | 15.00¢ . . .
Excursion 3.09 19.00 Organized excursion to Postojna Cave
: Thursday, 13.00¢ .

Closing ceremony 4.09 14.30 Closing lunch
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Program

31st of August, Sunday

Monday, Morning

15.00-18.00 Registration
19.00-21.00 Welcome reception
1st of September, Monday
8.00 - 9.00 Registartion
9.00-9.20 Opening ceremony

9.20-10.0

10.00 - 10.14

Chair: Sahar Al-Malaika

Technical break

Chair: Andrzej Dworak

Chair; Sahar Al-Malaika

10.10 - 10.2(

3. Ewa Kicko-Walczak

Flame retardants nanocomposites - synergy effect of

D

combining conventional antypirenes with nanofillers on the

56. Hajme Ohtani
On-line UV irradiation pyrolysis-GC/MS system
rapid evaluation of photo, thermal and oxidativ

10.20 - 10.30 level of flammability of thermoset resins dearadation of polymeric materials
5. Hanna Maria 7
Hy ® +Am G2 NJ w2 f
10.30 - 10.40 Effect of nanoclay in natural rubber -nitrile rubbg y

blends and its effect on morphological and

Characterization of thermally, therm

10.40 - 10.50 physicomechanical properties and photo-oxidatively degraded LD}
10.50- 11.1 Coffee break
11.10 - 11.20 6. Beata Kaczmarek 29. Cristian-DragOS VarganiCi

The influence of UV-irradiation on mechanical

11.20 - 11.3( properties of chitosan cross-linked by tannic ag

On the thermal stabilityof Poly(vinil
alcohol) and cellulose based cryogels

14. Jingbo Wang

11.30 - 11.40 Mmelamine/phenol derivatives: synthesis and A 30. Dan ROSIU

potential application as antioxidants in ccelerated phOtoagmg of dyed
11.40- 11.50 polypropylene textiles

31. Emmanuel Richaud
11.50- 12.00 Understanding of carbonyls products formatior
during polydicyclopentadiene oxidation based ¢
12.00-12.10 kinetic approach
33. Erik Duemichen

12.10-12.20 Investigation of the influence of metal oxide

particles on the thermal degradation mechanis
of polyamide 66 and polybutylene terephthalat
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1st of September, Monday

Chair: Mathew Celina

KL1: Alberto D'Amore
Instability of polymer glasses

13.50 - 14.2
14.20 - 14.30 Technical break
Chair: Baltus Bonse Chair: Pieter Gijsman
34. Julie Courtat
14.30 - 14.40 62, SN 2 Chemical modification of spherical fillers by

Polyhydroxyalkanoates-based blends: an efficig

phosphorous to improve the flame retardancy d

14.40 - 14.5Qway to modulate functional properies of materiaj BalyBiopyiene
. g 35. Jihane Sahyoun
63. Mario Stein
14.50 - 15.00 Degradation of organic radioactive waste and Synthesis of fire retarded PA66-PA6 copolymerd
TR o e Ersee GRS G Menesieny SarE: association of sol-gel chemistry and reactive
15.00- 15.190 '™P L PRy extrusion
15.10 - 15.20 64. Boris Eyheraguibel 36. Manfred Bohn
Impact of environmental conditions on | Kinetic modelling of stabilizer consumption anf
15.20 - 15.3(Oxobiodegradable polymers decompositi| molar mass degradation in NC-based materia
Coffee break
15.30 - 16.1 +
Poster session
Chair: Maria Mucha Chair: Gabriela Botelho
- 37. Ulrike Braun
16.10 - 16.20 : _ 65. Serena Coiai _ Sulphur containing additives for polystyrene:
Functionalized poly(butylene succinate) | yquencing the decomposition behaviour in the
16.20 - 16.30 nitroxide radical coupling condensed phase
16.30- 16.40  66. Irena Vukovic-Kwiatkowska 38. Anil Naik
Packaging materials of new generatioy Melamine integrated metal phosphates i
16.40 - 16.50 based on PLA modified with polyacrylat{ the flame retardancy of polyamide-66

67. Morgan Deroine

39. Koen Adema

16.50 - 17.00 Accelerated ageing and lifetime prediction of Depth-resolved characterization of chemical
poly(3-hydroxybutyrate-co-3-hydroxyvalerate)| composition and light absorption in a weathere,
17.00- 17.10 immersed in distilled water polyester-urethane clearcoat
1710 - 17.20 68. Kahina Iggui 40. Agnleszka Bgresfka
Biodegradation of PHBV nanobiocomposites filf Synthesis and application of
17.20 - 17.30 SlRElELE Elaye organophosphorus flame retardanty

17.40-17.5

Development of environmentally friendly,
[plasticized PVC by means of nanotechnol

Fire retardancy of a new
polypropylene-grafted starch

17.50-19.0

Coffee
+

Poster session

break

Monday, Afternoon
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Tuesday morning

2nd of September, Tuesday

Chair: Andreja Kutnar

KL2: Philip Evans

9.00-9.30 Wood photostabilization and protection: divergent pathways and futurg
prospects
9.30 - 9.40 Technical break
Chair: Philip Evans Chair: Jan Pilar
o OH® 9YAl! CIf
9.40-9.50 74. HOIger Militz The effect of the characteristics of HDPE powde
Reactive resins for wood modificatid the processing stability of the polymer and the
9.50- 10.00 properties of the product
75. Lone Ross Gobakken 42. Mathew Celina
10.00 - 10.10 : . . .
Deterioration of wood by mould ang Oxygen diffusion through polymer g
10.10 - 10.20 blue stain fungi elevated temperature
76. Andreja Kutnar 43. Tetiana Salivon
10.20 - 10.30 : . : L .
End of life scenarios and environmenta] Thermo-oxidative degradation of XK
10.30 - 10.40 impacts of wood products and PVC used in electrical insulatiq
10.40 - 10.50 Ty ® a I-. N\l' 2 tS _ 44. Hesam Makki
Wood coatings made of liquefied wood a| A multi-scale simulation approach to study thg
10.50 - 11.00  some other lignocellulosic materials weathering of polyester-urethane coatings
11.00 - 11.40 Coffee break + Poster session
Chair: Andreja Kutnar Chair: Rongjie Yang
11.40 - 11.50 70. Beata Szolnoki 45. Emilie Courvoisier
: : Synthesis and characterization of Kinetic analysis of the thermal
11.50 - 12.00 epoxy resins derived from d-glucos degradation of peek
12.00-12.10  71. Marta-Malgorzata Targosz 46. Xavier Colin
Aerosols emmitted in post-crash fires frg A general kinetic model for the
12.10- 12.20 structural composite materials photothermal oxidation of polypropylene
- 48. Qing Lin
I I
12.20-12.30 TH CD rtzel . y Investigation of thermal stability and flammabili
Fast preparation of nanocrystalline of PMMA composites by combination of APP wi
12.30 - 12.4(kcellulose by microwave-assisted hydroly| 7¢O, sepiolite or MMT
73. Stamatina Vouyiouka 49. Aleksandra Sut
12.40- 12.50 mechanical recycling of poly(butelene | Synergy in flame retardant polymers: soli
succinate) trhough the remelting- state NMR identifying the chemstry behin
12.50 - 13.0( restahilization techniaue it
47. Katalin Bocz
13.00 - 13.10 Oriented polymer fibres for improving the flameg
retardant efficiency of intumescent additive
13.10- 13.20 systems

10
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2nd of September, Tuesday

Chair: Jean-Luc Gardette

14.40 - 15.10 KL3: Pieter Gijsman
The (unexpected) role of water in the thermo-and photo-oxidative
degradation of polyamide

15.10 - 15.20 Technical break
Chair: Mathew Celina Chair: Alberto D'Amore
2 7. Ewa Wierzbicka 50. Nadka Dintcheva
15.20-15.3 )l'he role of block thermoplastic rubber of dtyrene-isoprene-| Thermally stable polymer-layered silicate
styrene type functionalized by a boron compound as nanocomposites through intercalation of novel|
1530 - 154:) compatibilizer to polystyrene/polypropylene blends e
8. Jan Pilar 51. Amandine Viretto

15.40 - 15.50 Heterogenei idation i
geneity of accelerated photooxidation irj _ S T—
commodity polymers stabilized by HAS: ESRI, IR RCRCBIIRICoupling=Amevatooli

15.50 - 16.00 microhardness study study the combustion
9. Laida Cano 52. Lata Soccalingame
16.00 - 16.1p Nanostructured and toughened thermosetting Influence of artificial UV weathering on the
systems modified with PEO-b-PPO-b-PEOQ tribl( reprocessing of wood flour reinforced
16.10 - 16.20 copolymer polypropylene

10. Irati Barandiaran

16.20 - 16.3D0 Generation of nanocomposites based on bloc 53. Gha.ma Ounothene
copolymer and Fg, nanoparticles modified by Fat.e OT HaI|9y5|te nanotubes (HNT.S) wh
16.30 - 16.40 . afing to method with PMMA-b-PL C conolvim incinerating PA6/HNTs composites
{115 DTS LGS 27. Pavel Oblak

16.40 - 16.50 Effect of PH on volumephase transition for

Processability and mechanical properti¢

acrylamide-co-acrylic acid) composite hydroge .
(acry Y ) i yeres of extensively recycled HDPE

16.50 - 17.00 using fluorescence technigue

Tuesday afternoon

Coffee break
17.00- 17.4 +
Poster session

17.40 - 19.0( General assembly for MoDeSt society members
19.00 - 20.0p
20.00 - 22.04 Gala dinner

11
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Wednesday, Afternoon

3rd of September, Wednesday

Chair: Igor Emri

KL4: Andrzej Dworak
9.40 - 10.1d . ]
Thermoresponsive polymer surfaces for cell sheet culture and harvesti
10.10- 10.4 Coffee break
Chair: Francesco La-Mantia Chair: Crispulo Gallegos
10.40 - 10.50 12. Magdalena Perchacz 79. James Lewiclgmart silicone composites. The
=== Organicfinorganic hybrid materials| "= e oo et
10.50 - 11.00 based on epoxy matrix physical properties
LT sl 13. Octavie Okamba Diogo 80. Regina Jeziorska
: - : Corrglatlon betvyeen macromolgcular and ' Polyolefines with antimicrobial
mechanical properties changes during polyami L
11.10- 11.20 11 oxydation activity
16. Jiaohong Zhao 81. Annegret Jentsch
11.20- 11.30 L g N Influence of typical stabilizers on the aging
Investlgatlon of thermo-oxidative behavior of EVA foils for PV applications durin
11.30- 11.40 aging behavior of NBR in oils artificial UV-weathering
LA T 17. Rui Yang 82. Agnes Rivaton
- : )Investigation of natural aging behavi  |s there any possible conjugated
11.50 - 12.0D of PP/CaCg{romposites polymer for efficient solar cells?
18. Manuel Oliveira 83. Isabel Fragaunravelling the
12.00- 12.190 i . photodegradation mechanisms of a low bandgd
Synthesis of functional block copolymer o . ;
. . . polymer by combinig experimental and modelir]
by controled radical polymerization

12.10- 12.20 approaches

12.20 - 13.4

Chair: Jean-Luc Gardette
84. Boris Gorelik

13.40 - 13.50 e . :
Photo-stabilization of higly filled
13.50 - 14.00 thermoset composites
85. Anthony Chapel

14.00 - 14.10 Luminiscent composite phosphors/polymer: impact

of red phosphor(YgBOG:Eu3+) on EVA properties and
14.10- 14.20 photoageing
14.20 - 14.40
15.00 - 19.0{ Excursion

12
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4th of September, Thursday

Chair: Manfred Wagner

KL5: Sandrine Therias

9.00-9.30 : . :
Latest Advances in the Photodegradation of Nanocomposites
9.30 - 9.40 Technical break
| KEFANY ! f22l Chair: James Lewicki
19. Hesham MoustaféStudy the effect of maleic 54. Alexis Colin
9.40 - 9.50] anhydrite as compatibilizing agent on filler-rubb

interaction, rheological, mechanical and swelli

Thermo-oxidation of an acrylic-silicone coating
degradation mechanism related to material

9.50 - 10.00 properties of NR/clay platelet NC properties evolution
20. levgeniia Topolniak 55. Laurent Chazeau
10.00 - 10.10  influence of zeolite particles loading on the Rupture properties of gamma irradiated
morphology and photostability of ethylene vyni EPDMs with different chemical
10.10-10.20  ajcohal copolymer (evoh) nanocomposite comnositions
10.20 - 10.30 21. Bartlomej Bereska 26. Mogon Patel

Novel self-lubricating epoxy composites compris

Accelerated thermal ageing and mechani
stress-strain responses of foamed

10.30 - 10.40 hyperbranched cross-linking agents T
: : polvsilioxanes
10.40-11.1 Coffee break
Chair: Regina Jeziorska Chair: Xavier Colin
22. Mirela Zaltariov 57. Camille Rouillon
11.10-11.2p Nanostructures self-assembled through non-

covalent bonding of metal complexes with ligan

Pigmented polypropylene photo-

11.20-11.3p containing siloxane or silane fragments ageing: an AFM StUdy

11.30 - 11.40 23. Bela Pukanszky 58. Baltus Bonse
nteractions, structure an prope ie Organic and inorganic pigments in polypropylen
Int t truct d rt

11.40 - 11.50 in ionomer/lignosulfonate blends | Mechanical and flame retardant properties

11.50 - 12.00 24. Serg” Ponyrko 60. Bettina Dittrich

Epoxy-silica nanocomposite by | Graphene - promising nanofiller and adjuvant f

12.00-12.1p  nanoaqueous sol-gel process LS L el e e R

12.10-12.20 Electron beam Irradiation of PVC Influence of the mechanical properties of fillers
f |t dded with f the breakdown of barrier layer in EVA/ATH

12.20 - 12.3p formulations added with transfer agents composites

12.30 - 13.0:

13.00 - 14.3

13
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Legend:

- social events

I - lunches

- coffee breaks

- technical breaks

I - Plenary lecture

- Keynote lecture

- Polymer modification, blends, composites and
nanostructured polymers

- Polymer degradation and stabilization (including
fire retardancy and art conservation)

- Polymers for innovative technical and medical
applications (including polymer coatings and
optoelectronic materials)

- Degradation and protection of wood products

- Polymers and environment (recycling, reuse,
biodegradation, biebased polymers)

14



The 8" International Conference on Modification, Degradation and Stabilization of Polymers

List of oral presentations

Page

Presentor

Title

Country

INVITED LECTURES

34

A
~
(o))

Emo

Chiellini

BIODEGRADABRELYMERIC
MATERIALS AND PLASTICS FROM
RENEWABLE SOURCES & FOSSIL
FEEDSTOCK: PROS & CONS

Italy

29

)
-
[N

Alberto

D'Amore

INSTABILITY OF POLYMER GLASS

Italy

32

KL4

Andrzej

Dworak

THERMORESPONSIVE POLYMER
SURFACES FOR CELL SHEET CUL
AND HARVESTING

Poland

30

KL2

Philip

Evans

WOOD PHOTOSTABILIZATION &
PROTECTION: DIVERGENT EVOLU
& FUTURE PROSPECTS

Canada

27

o
—
=

Crispulo

Gallegos

PROTEHBASED BIOPLASTICS: AN
OVERVIEW

Germany

31

P
r
w

Pieter

Gijsman

THE UNEXPECTED IMPORTANCE (
HUMIDITY ON THE THERMRD
PHOTGDXIDATIVEEGRADATION Of
POLYAMIDES

Netherlands

28

|'U
—~
N

Matija

{ GNI A6

LIFETIME PREDICTION OF MATER
OF HISTORIC VALUE

United
Kingdom

33

P
a
a1

Sandrine

Thérias

LATEST ADVANCES IN THE
PHOTODEGRADATION OF
NANOCOMPOSITES

France

POLYMER MODIFICATION, BLENDS, COMPOSITES AND NANOSTRUCTURED

42

Irati

Barandiaran

GENERATION OF NANOCOMPOSIT
BASED ON BLOC®POLYMER AND
FE203 NANOPARTICLES MODIFIEI
GRAFTING TO METHOD WITH PMN
B-PCL COPOLYMER

Spain

56

Roberto

Benavides

ELECTRON BEAM IRRADIATION Of
FORMULATIONS ADDED WITH
TRANSFER AGENTS

Mexico

52

Bartolomiej

Bereska

NOVEL SELEBRICATING EPOXY
COPOSITES COMPRISING
HYPERBRANCHED CRMESGNG
AGENTS

Poland

41

1©©

Laida

Cano

NANOSTRUCTURED AND TOUGHE
THERMOSETTIS@GSTEMS MODIFIE
WITH PE@®-PPGB-PEO TRIBLOCK
COPOLYMER

Spain

15
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Page

Presentor

Title

Country

38

(o))

Beata

Kaczmarek

THE INFLUENCE OHRRADIATION
ON MECHANICAL PROPERTIES OR
CHITOSAN CRASSKED BY TANNIG
ACID

43

Demet

Kaya

EFFECT OF PH ON VOLUME PHAS
TRANSITION FOR (ACRYLANI®E

ACRYLIC ACID) COMPOSITE HYDR
USING BY FLUORESCENCE TECH]I

Turkey

35

[08)

Ewa

Kicke
Walczak

FLAME RETARDANTS
NANOCOMPOSITESNERGY EFFEQC
OF COMBINING CONVENTIONAL
ANTYPIRENES WITH NANOFILLER
THE LEVEL OF FLAMMABILITY OF
THERMOSET RESINS

Poland

37

o

Hanna

Maria

EFFECT OF NANOCLAY IN NATUR
RUBBERITRILE RUBBER BLENDS
ITS EFFECT ON MORPHOLOGICAL
PHYSICOMECHANICAL PROPERTI

India

50

Hesham

Moustafa

STUDY THE EFFECT OF MALEIC
ANHYDRIDE £®MPATABILIZING
AGENT ON FIL-REBBER
INTERACTION, RHEOLOGICAL,
MECHANICAL AND SWELLING
PROPERTIES OF NR/CLAY PLATEL
NANOCOMPOSITES

Egypt

45

Octavie

Okamba
Diogo

CORRELATION BETWEEN
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PL1
PROTEINBASED BIOPLASTIO$:GVERVIEW

Inmaculada Martine%, Pedro Partdl, Crispulo Gallegdg

5SLI NIFYSyd2 RS LY3aISYyASNNF vdNYAOFI® ! yAGSNEARIFIR RS
Spain; email: cgallego@uhu.es
Freseniusabi Deutschland GmbH. Frankfurter Landstrasse 160. 61352 Bad Homburg. Germany

Keywords: Protein, Bioplastic, Rheology, Viscoelasticity, Processing, Water absorption, Gontrolled
release

Biopolymer materials derived from renewable agricultural resources have received increasing
interest in the last decade. The main renewable sources of biopolymers are proteins, polysaccharides
and lipids. The formation of proteibhased materials and thefinal characteristics and properties
depend on protein structure and structural heterogeneity, heat sensitivity, and
hydrophilic/hydrophobic characteristics.

Processing of films, coatings or other protbiased materials requires three main steps: bregkin
of intermolecular bonds that stabilize polymers in their native forms by using chemical or physical
rupturing agents; arranging and orienting mobile polymer chains in the desired shape; and, finally,
allowing the formation of new intermolecular bonds andteractions to stabilize the three
dimensional network. A way of processing protbased biomaterials is the mechanical method, or
thermoplastic processing, which consists of mixing proteins and plasticizer to obtain a-ldaugh
material, and, finally,a thermal and moulding process, which shapes the materials and gives them
suitable mechanical properties to be used as substitutive materials of synthetic polymers in certain
applications.In this sense, bioplastics applications include matrices for eazymmobilization,
matrices for controllegrelease of activegents, etc.

This presentation intends to give a general overview of the influence of bioplastic processing on
their thermo-mechanical and release/swelling properties. With this aim, results &retillatory shear,
dynamic mechanical thermal analysis, modulated differential scanning calorimetry, thermogravimetric
analysis,active components releasing rat@nd water absorption tests carried out on different
bioplastic samples will be presented.

Fa example, the use of albumen or rice protein allows reducing both protein concentration and
bioplastic thermosetting temperature, leading to linear viscoelastic moduli values similar to those of
synthetic polymers such as LDPE and HDPE. On the otherltnard water absorption and active
agent release rates are obtained by submitting the biomaterials to more severe thexesbanical
treatments.

References

[1] GémezMartinez, DP, et al., Reological behaviour and physical properties of contreléste
gluten-based bioplastics, Bioresource Technol., 100, 2009, pp-1823.

[2] GOémezMartinez, DP, et al., Glutdmased bioplastics with modified controlledlease and
hydrophilic properties, Industrial Crops and Products, 43, 2013, pp7X04

[3] GonzéleLGutiérez, Jet al., Development of highlyansparent protein/starckbased bioplastics,
Bioresource Technol., 101, 2010, pp. 202 3.

[4] Martinez, |, et al., Development of protefrased bioplastics with antimicrobial activity by
thermomechanical processing, J. Food Eng., 117, 2013, pj25247
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LIFETIME PREDICTIONMATERIAL OF HIRIO VALUE

Matija Strlic

Centre for Sustainable Heritage, University College London
m.strlic@ucl.ac.uk

Studies of degradatioof historic polymeric materials rely on a thorough understanding of the
chemistry of interactions between the environment and the materials, as is the case of any polymer.
However, such studies often pose research questions, which are not in the renaitusél sciences,
such as when in the future could unacceptable damage be tolerated, and what makes such damage
unacceptable. This makes research of polymers of historic value particularly interdisciplinary.

Looking at a weknown historic material, papedegrades predominantly hydrolytically if the
material is acidic, while oxidation dominates at pH>7. The rate of degradation can be expressed as loss
of molecular weight over time, and depends on water content in paper, its acidity, and temperature.

A fundion has recently been developed [1] based on data from more than 80 degradation experiments
using real and model papers. This now allows us to conveniently map the dependence of degradation
rates on storage temperature and humidity, the starting degrepatfmerisation (DP) and pH of the
material.

However, for lifetime prediction, experiments involving users of historic paper were necessary in
order to decide what constitutes unacceptable damage. The decrease of DP with time is not an issue
in itself; havever, wear and tear due to use accumulates faster if the DP of paper is lower and the
material more brittle. Therefore, a weandtear function was developed to describe how quickly
material breaks during use as it is this type of damage that is coesideracceptable to users.

Putting research into degradation of materials into context, such studies provide a possible long
term planning horizon, definition of fithedsr-purpose of materials, and enable us to use models of
chemical and physical degradat to explore how expected lifetimes depend on environmental
parameters and material properties. In turn, this provides guidance on how to optimise conditions of
storage or display accordingly.
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Polymer glasses show continuous densification until the equilibrium is reached. However, the
achievement of equilibrium, 30°C below Tg, can take a century and 50°C below Tg the age of the
universe is an insufficient length ¢ifne. Nonetheless, depending on the relative timescale, the
mechanical properties of polymérased structures show dramatic changes, below Tg. In this talk we
first illustrate theoretically the way the correlation between properties change and dertgificean
be achieved, then the reliability of the approach is verified with a series of experimental evidences.
The approach helps also quantifying the residual stresses accumulation, a rather involved and
underestimate phenomenon. Residual stresses banthe source of crack initiation in composite
structures and may induce warping and, at nanoscale, may explain the anomalous behavior of thin
polymeric films , namelthe negative coefficients of thermal expansion ahe dramaticvariation of
the glasstansition temperature, Tg
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The additives that are effective at protecting synthetic polymers from photodegradation are far less
effective at protecting wood from photodegradation. Wood is also degraded much more severely by
water than most synthetic polymers and is@lrapidly colonized and disfigured by black melanized
fungi. In response to this situation, researchers in the field of wood photoprotection have explored a
range of techniques for protecting wood from weathering that are seldom employed by those working
in the much large field of polymer photodegradation and protection (Evans et al. 2013, Vollmer and
Evans 2013). These techniques are the focus of this paper. We describe how chemical modification of
the molecular structure of wood is a more effective wdypwmtecting wood from photodegradation
than the use of additives such as UV absorbers (UVA), hindered amine light stabilizers (HALS) and
micronized and nanoeflectors (Table 1).

Table 1.Properties and physical changes of chemically modified or treated yellow cedar veneers
exposed to natural weathering for 35 days in Vancouver, Canada

Treatment Veneer properties and physical changes

Weight losses (%) Tensile strength (N/m@) Erosion (EmM)
UVA/HALS 18.9 7.3 18.5
Benzoyl chloride 2.2 7.4 1.8
Viny benzoate 7.0 6.7 7.7
Untreated 20.7 4.6 38.6

Chemical modification and also hydrophobic additives (waxes and oils) can restrict the degradation
of wood by water (checking and erosion), by are less effective at preventing the colonization of
wood surfaces by melanized fungi. These mimmganisms are also difficult to control with the biocides
that are currently available. Hence, the development of new approaches to controlling thebmaicr
disfigurement of wood surfaces is assuming greater importance. We also focus on this issue and
describe a promising approach to controlling melanized fungi that does not rely on the use of
conventional biocides. We conclude by discussing the prosgdectdeveloping photostable woed
based materials that can match the performance of synthetic polymers.
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It is well known that due to reactions with oxygen from the environment polyntegrade.
However, as polyamides can hydrolyse besides oxygen, water can have an influence on their
degradation tod?3 The role of water in the thermoand photooxidative degradation was
determined, by performing degradation experiments in dry and huatidosphereslt will be shown
that increasing the relative humidity lead to a considerable acceleration of

3 s the degradation rate of PA6 in an oxy!

25 B Refoonce containing atmosphere. At temperatut

25 between 50 and 90°C, the degradation i

" _ humidified air environrant is much faster the

522_ in an inert humidified environmentHg. 1).
' Using oxygen uptake experiments it will

: shown that this faster degradation due to ¢
181 I I higher oxidation rate of PA6 in a hur

environment. Thus, water increase
degradation rate not by inducing hydrolysis
Fig.1. Change in solution viscosity of PA6 films (50u the polymer chain, but by increasing -
due to 405 hours ageing in oxygen (O2) and nitrog oxidation rate as a result of an increase
(N2) at 100% RH (in duplicate) oxygen permeability and chain mobjli

Ref 02 (1) 02 (2) NZ (1) N2 (2)

In the case of weathering the role of water is ¢ " '
different one. In this case it isot related to P i -
increasing the photaxidation rate. There is hardly AET Arzona e
any influence of humidity on the photoxidation /"
rate of unfilled polyamides as determined with IF & ®
and UV spectroscopy. However, for glass fibe /
reinforced polyamides a large difference in S
discoloration during accelerated weathering with -
and without a rain cycle was observeeld.2). It will B —m T
be shown that in this case the role of watean be Radiation exposure (ki/t* (@340 nni)
ascribed to washing away products that are forme« Fig.2. Discolouration (whitening) of glass fiber
by photo-oxidation, which leads to cracks that caustreinforced PA6 during accelerated weatheringdry
whitening of the polymer. (Arizona simulating) and wet (Florida simulatin

conditions.
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Thetemperatureresponsive (thermoresponsive) polymers on the surface for cell sheet engineering
have gained a considerable interest in recent years as an innovative approach to tissue regeneration
0FaSR 2y aOSft 12 Tn&ide§ df thi§ tBoDriotyy astutnas&ulturing of cells in a form of
monolayers/sheets on surfaces covered with a thermosensitive polymer and their detachment by
cooling the system below the phase transition temperature of the polymer. Until now, although large
group of thermosenitive synthetic polymers has been developed, only poligdpropylacrylamide)
(PNIPAM) and its copolymers with oligoethylene glycol methacrylates were used for preparation of
polymer layer efficient in cell sheet engineering

In this work we report the wsof polymer surfaces, based on polyoxazolines and polyacrylates, for
growth and controlled detachment of skin cell shéétd o control the structure of polymer, controlled
or living polymerizations have been applifidhe thermosensitive polymers werevadently attached
to modified glass or silica surface. For that purpose chemical and photochemical reactions as well as
GIANF FGAYI (2¢ FTYR a3aINIFiAYy3I FNBYE YSGK2RA oSNB
using FT IR, AFM, contact angle angsdimetry. The thickness of the obtained polymer layers ranged
between 5 + 20 nm. The increase of environment temperature above the phase transition temperature
of polymercoated surfaces changed of surface thickness and philicity indicating the therroosisp
character of obtained layers. The obtained surfaces were evaluated for the growth and harvesting of
human cells.Proper choice of the polymer brushes structure makes detachment of genetically
unchanged cell sheets possible by simple change of temtyer, still within physiological limits. These
results open a route to therapeutic applications.

This work was supported by the National Centre for Research and Development, project POLYCELL
PBS1/B9/10/2012.
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Finely dispersing particles in polymer matrices allow properties such as stiffness and mechanical
behavior of the composite materials to be improved. Depending on the structure of the added filler,
other properties can also be enhanced, such as fire esist, gas barrier properties, thermal
properties and electrical conductivity.

A tremendous literature devoted to nanocomposite materials is related to synthesis, processing
and characterization of nanocomposites. Among all the papers related to nanocaegyasly few
of them (less than 100) focused on photodegradation and tried to answer the question of the
photooxidation. In this field of polymer nanocomposites photooxidation, the most studied
nanocomposites were polymeailay nanocomposites, mainly baken polyolefins such as PP or PE.
Recently, research arose focusing on the photodegradadation of nanocomposites based on other kinds
of nanofillers, such as phosphors or zeolites.

Phosphor particles display an emission in the visible domain upon a Uftdtierc and the
luminescent polymer/phosphor nanocomposites nanocomposites can be used foreeegyetic
lighting devices such as LEDs or as multifunctional coatings for organic solar cells. Considering these
domains of application, this makes the photaisility of the materials an important issue that merits
some further consideration.

Zeolites as nanofillers are expected to improve the water barrier properties of the materials which
makes polymer/zeolite nanocomposites good candidates for encapsulatiorganic solar cells, The
photostabilty of the materials and the durability of the barrier properties is then challenging for
developing new applications in this domain.

It is now well admitted that in many cases, nanoparticles are likely to negaiivglgict the
durability of the nanocomposite materials under light exposure. However, the impact of nanofillers
depends on the functionality of the nanoparticles and no general rules can be drawn dealing with the
photostability of the nanocomposites. Irhis presentation, recent advances in this field will be
presented.
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At world wide scale, the increase of human population and the connected economic growth have
led to an increase in the demand for food and feed and consequently for consumable goods such as
commodities based orpolymeric materials convertible to plastic items by means of different
processing techniques implying, among the others, bubble and casting extrusion, compression and
injection molding and thermoforming.

The different plastic items during their servide lare exposed to a variety of mechanical, physical
and chemical weathering processes and at the end of their service life can be released in the
environment in a controlled and very often in an uncontrolled manner.

In the latter case the plastic waste froconventional commodities may accumulate in the different
environmental compartments and may compromise the viability of organisms at all trophic levels.

At the light of the fact that about of 80% of plastic commaodities, that are holding46%® share
of the overall plastic consumption, is consisting of full carbon backbone polymeric materials (PE, PP,
PS), in order to moderate the environmental burden bound to their recalcitrance to biodegradation in
a reasonable time frame, there are two basic optiomsake into accounts:

i) Complete banning of plastic commodities from the market with catastrophic effects on
various productive scenarios;

i) Reengineering of full carbon backbone polymeric materials aimed at promoting their
oxidation, followed by degradatioto oxidized fragments vulnerable to microorganisms
ubiquitous in different environmental compartments.

The last option should not interfere with the other management opportunities of plastic waste
implying their recovery via mechanical recyclingrmineration with energy recovery. A front of the
discussed issues, the present contribution is aimed at highlighting the pros & cons of the strategies
that have been adopted in order to mitigate the environmental burden of plastic waste
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The consumption of thermoset resins as a building polymers is approximately over one million tone
word wide. The thermoset resins are proven constiat materials for the technical and highly
demanding applications of the transportation, electrical and building part industry. Heat stability, high
thermal, low shrinkage, excellent mechanical properties are typical for their type of polymers. Above
applications in addition to the mechanical properties also requires a good flame retardants of the
materials.

This paper presents positive effect of reduced flammability of thermoset resins (usaturated
polyester and epoxy resins) thanks to the use of nanoamsites containing muHingredient halogen
free flame retardants which combine conventional phosphorus/nitrogen modifiers interacting with
nanofillers (organomodified montmorillonite, expandable graphite, nanosilica).

The flame retardancy and thermal silibation of modified polymers has been investigated by
Limiting Oxygen Index (LOI), by thermogravimetric analysis (TGFT{RGT@S) and by using Cone
Calorimeter (CC) method. The fipkates, phase morphology of nanocomposites was assessed by
scannig electron microscopy (SEM). A synergy effect was observed between conventional modifiers
and nanofillers. We confirm that nanocomposites formation is an important concept for the flame
retardants industry to enhance easily the FR properties of the mtsdilLaminates made of modified
and crosslinked polyester/epoxy resins meet requirements concerning heat, thermal stability and LOI
over 2834 % flammability, reduced 30% HRR and THR by CC method. No adverse impact of
modification was ascertained on bastrength properties of final products.
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Over the past few decades, the sustainability of synthetic maltederived from petroleurbased
sources has been widely scrutinised. As a result, industry and researchers are focusing on more
environmentallyfriendly alternatives. Biopolymers offer one such alternative and are described as
materials derived from nat@ sources that have edoiendly attributes, are technically and
economically feasible, and minimise environmental impacts at theircdlifle. Biopolymers derived
from starches include polyesters such as polylactic acid (PLA) and other polysaccmaritiesa have
been widely used in packaging applications [1]. In many cases, the initial costs associated with new
technologies to produce biopolymers that rival synthetically derived materials are typically high so new
techniques must be employed to redel costs without compromising material properties. The
combination of natural fibres or biofillers with PLA is receiving considerable academic and commercial
attention mainly for the purpose of creating materials that potentially have lower environmental
impacts as well as lower production costs. In addition, PLA also provides an excellent matrix for
incorporating naturally sourced additives such as antimicrobial agents in order to prolong the shelf life
of packaged food products [2]. This work explores thechanical, thermal and morphological
properties of PLA composites incorporated with treated or untreated kenaf fibres together with the
addition of thymol, an essential oil extract that is also a well established natural antimicrobial agent
[3]. Composies of PLA incorporated with 30% w/w kenaf fibre and 10% w/w thymol were prepared
and compared with control systems containing either no kenaf or no thymol. The composites
containing treated fibres had significantly higher tensile strength than composiegsaped with
untreated fibres. Micrograph images of the fracture surface revealed better adhesion between the
treated fibres and the matrix was achieved resulting in improved reinforcement of the composite. For
composites containing thymol, lower tensilé¢rength than those without thymol was observed
suggesting a possible plasticizing effect of the additive. Thermal analysis by differential scanning
calorimetry showed similar trends for composites with treated and untreated fibres with decreases in
the glass transition temperature, melting temperature and melting enthalpy with the addition of
thymol.
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Nanocomposites based on polymer blends are onéhefkey areas of research now, due to their
wide range applicability. The presence of OMt (organically modified clay) in complementing the
properties of Natural rubber and / Nitrile rubber in their immiscible blends system was studied. Natural
rubber / Nitrle rubber/ Organoclay (NR/NBR/OMt) composites were prepared through melt
compounding in @onventional two roll millThe weight ratio of NR to NBR and the filler loading of
organoclay (OMtjvas variedThe morphological, and mechanical properties werelitd inorder to
explain the effect of nanoclay as compatibilizer. The morphological developments of the
nanocomposites were analyzed through scanning electron microscopy as well as transmission electron
microscopy. This revealed that the organic modifaainfluenced the migration of OMt. The blend
composition also affected the morphological evolution. The 50/50 blend composition had a higher
increase in the total surface area exposed by the dispersed phase per unit volumetric space of the
blend. The derease in domain size of the dispersed phase was also found to be higher for this
composition. Analysis of tensile properties showed its dependence on OMt localization and blend
composition. Composite with 1 wt % OMt content showed slight improvementisileestrength and
elongation at break. This paper demonstrates the significance of the clay localization, organic
modification and blend composition on the properties of the NR/NBR blends and the resultant
properties.
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Properties of materials can be modified by crisking methods, physical or chemical ones3[1
Tannic acid is a natural compoundhieh can be used as chemical crbsking agent [4]. It is non
toxic compound and can be used in biomaterials science [5].

Chitosan was used as a 1% solution in 0.5 M acetic acid. Tannic acid was added in different amounts
¢ 2,5, 10 and 20 wt% based chitosan. Chitosan films were obtained by solvent evaporation from
chitosan solution. Samples were irradiated by UVC light (2540m3) 4, 6 and 18.

FTIR analysis for chitosan (CTS) with and without addition of tannic acid (TA) before and after
exposure on UV light was made. Mechanical properties were measured for chitosan films before and
after UVirradiation. Table 1 shows differences in mechanical properties of chitosan films after
exposure to UNtradiation.

Table 1.Mechanical properties of ctiisan samples before and after 4h exposure to UV

irradiation.

Time of UMrradiation
Specimen Oh 4h

Emod [GPa] Fnax[MPa] Emod [GPa] Frnax[MPa]
CTS 1.75+£0.14 70.79+0.69 2.63+0.14 65.34+0.49
CTS_2%TA 2.05+0.15 79.28+0.53 1.54+0.11 72.66+0.63
CTS_5%TA 2.47+0.12 91.97+0.62 1.57+£0.13 78.86+0.67
CTS_10%TA 2.82+0.13 93.91+0.58 1.62+0.09 88.97+0.59
CTS_20%TA 2.86+£0.15 97.09+0.53 2.45+0.15 74.75%0.60

Degradation of chitosan, also with addition of tannic acid, can be observed on the base of FTIR
spectra. Mechanical properties of chitosan films were changed after exposureitoddiation. Young
Modulus and ultimate tensile strength increased for chétodilms after UMrradiation. Tannic acid
used as a crodiking agent led to modification of mechanical properties of chitosan films. The
alterations of mechanical properties of chitosan films depend on the amount of-tink&sg agent
added to chitoan.
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Physical mixing of polymers of various chemical structures aratidiffin their properties gives an
opportunity to obtain totally new polymer materials which often have very unique parameters. It must
0S SYLKI&aAT SR GKIFIG I 6ARS @FNASGe 2F LRfe&YSNH
and polystyreneare immiscible and any efforts to blend them lead to materials with weak interfacial
adhesion and thus, poor mechanical performanceg][1

The morphology, mechanical and rheological properties of a polypropylene/polystyrene 25/75
(PP/PS) blendhave been determined after compatibilization with styrene/isoprene/styrene block
copolymer (SIS) modified byt@rabicyclo[3.3.1]Jnonane (BBN). The compatibilizer was synthesized
by mixing SIS andBBN at high temperature in the presence of initiator. The polyoeenpositions
containing 2 or 6 % mass. of compatibilizer were prepared by usingtating twin-screw extruder.
Mechanical properties have been investigated by tensile, flexural and impact strength testing.

PP/PS blends without compatibilizer exhibit pomechanical properties due to the weak
interaction between polyolefin and polystyrene. A substantial increase of their mechanical properties
is achieved with the use of the SISB8N as a modifierScanning electron microscopy (SEM) results
indicate abetter interfacial adhesion for blends containing compatibilizer. The shape of the rheological
curve of blends and very good mechanical properties of PP/PS blends with miscibility modifier prove
the strengthening of this product.
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At the beginning of photooxidation process activation of chromophaiiiation centers present in
polymer matrix by incident radiation in the range of actinic part of UV solar radiation results in
generation of polymer alkyl radical$’R.ocal concentration of generated polymer alkyl radic&ls P
depends among others on thietensity of incident radiation penetrating into location of the centers,

i.e. on the diffuse transmission of incident radiation through the polymer matrix. Oxidation of the
primarily created polymer alkyl radical® iB followed by consecutive formation of oxygen centered
peroxyls PO@and hydroperoxides POOH involved in the oxidation chain mechanism. Hindered Amine
Stabilizers (HAS) interfered in the first step with POOH. Hydroxylamine species >NOH and >NOCH
formed are involved in the chaibreaking process by scavenging peroxyls P@@as been accepted

that formation of HASIerived nitroxides >N€@n this step is indicative for the active participation of

HAS in the stabilization process.

Thick polymer plaques ade of commodity polymers (polypropylene, polyethylene, polystyrene
and poly(ethyleneco-norbornene)stabilized with secondary, tertiary or NOR HAS were exposed to
accelerated aging in\&eatherOmeter WOM). Nitroxide ancentrationprofiles along directio of the
incident radiation perpendicular to the surface of the plaqueitermined by electron spin resonance
imaging technique, indicate spatial heterogeneity of the photooxidation process inside the plaques.
Dependence of the nitroxide concentrationdrparticular volume of the exposed plaque on the WOM
exposure time was found to be determined by competition between generation and regeneration of
the nitroxides on one side and their consumption in the process of quenching polymer alkyl radicals or
at transformation into inactive products on the second side. Spatial heterogeneity of the
photooxidation process was found to depend strongly on both polymer and stabilizing system.

Heterogeneity of photooxidation process in stabilized semicrystalline polymers PE and PP was
confirmed by profiles of oxidation products, crystallinity and microhardness inside the plagues gained
using independent microscopgrale methods (infrared microspy (IR) and microhardness (MH)) and
by SEM micrographs.

Support by the Grant Agency of the Czech Republic project #202/09/2078 is acknowledged.
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Epoxy resins are one of the most widely employed thermosetting polymers due to their good
mechanical and thermal properties, high chemical and corrosion resistancewrshrinkage during
curing. However, their main drawback is their low toughness. The modification with block copolymers
can reach an improvement in toughness as well as a microggegs@rated morphology. This is why in
this work the poly(ethylene oxidbe-propylene oxideb-ethylene oxide) (EPE) triblock copolymer was
employed as modifier of a DGEBA based epoxy matrix with the aim to obtain nanostructured
thermoset systems with improved mechanical properties. Different contents of a triblock copolymer
up to 50 wt % were added to the matrix in order to study the influence of the content of block
copolymer on the morphology and mechanical properties of the epoxy system. DSC results proved the
partial miscibility of EPE triblock copolymer in the epoxy resia.mbrphologies studied by AFM and
TEM showed clear nanostructuration up to 25 wt % EPE content. As a result of the interactions
between PEO block and epoxy resin, this block is miscible with epoxy resin and consequently PPO
appeared as a microseparated @ea The addition of 5 and 15 wt % of EPE block copolymer led to a
considerable improvement in the toughnessc(Kof the materials. U¥is measurements mainly
indicated a decrease in the transmittance with the increase of EPE block copolymer content.

Fig. 1.AFM phase images (1 pm x 1 um) of a) neat epoxy, b) 5 wt % EPE/epoxy and c) 25 wt %
EPE/epoxy systems.
Acknowledgements
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Nanocomposites based on block copolymer matrix and indcgaanoparticles have received
special interest in the last years [1,2]. The interest in block copolymers is principally based on its ability
to seltassembly generating different nanostructures. In this way, block copolymers have been used
for different goplications such as microelectronics, biomedical, surfactant, nanowires and magnetic
storage media. Magnetic nanoparticles have received special attention due to their properties and
potential applications in many diverse fields. When dispersing nanofeticto a copolymer matrix
an important issue is their dispersion and selective placement into desired domains. In order to
overcome this problem a common practice is their surface functionalization in order to increase
compatibility with matrix .

The ainof this work was to disperse K& magnetic nanopatrticles into a BSPCL block copolymer.
To increase compatibility with one of the blocks of the copolymer, nanoparticles were modified by
grafting a PMMA-PCL block copolymer to their surface. The succet modification was
corroborated by means of FTIR, TGA and TEM analysis. Once nanoparticles were modified they were
dispersed into a RB-PCL block copolymer. The effect of nanoparticle addition on the morphology of
selfassembled copolymer was analyzsdAFM. It was demonstrated that nanoparticle dispersion has
been improved when compared to unmodified one, being selectively located at the interfaces between
both domains, without altering nanostructuring and crystallinity of block copolymer matrix.

By

A) : {'

Fig.1.! Ca LI &S A Y| 3EPCK HoEkaopoiyrhér wih® %tof{ a) unmodifiesDie
nanoparticles and b) surface modified ones
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Hydrogels can be defined as thrdenensional networks of polymers which can swell several
hundred times in relation to their dry network mass when in contact with water or aqueous solutions
[1]. Hydrogel properties depend strongly on their degree of crosslinking, the chemical composition of
the polymer chains, as well as chemical and physical properties of the surrounding materials they are
exposed to which vary the interactions between the netward surrounding liquid€specially, on
the basis of their dramatic swelling and shrinking behaviourssgsitive hydrogels are being utilized
for new potential applications [2]. In this work, we studied the effect of pH on the swelling of
poly(acrylamile-co-acrylic acid) (P(AAwD-AAC)) composite gels using by Steathte fluorescence
(SSF) technique. Disc shaped composite gels were prepared byradlieal crosslinking
copolymerization of P(AAmo-AAC). N, N'methylenebis (acrylamide) (BIS) and anmiuon persulfate
(APS) were used as crosslinker and initiator, respectively. Pyranine 4 was introduced as a fluorescence
probe. P(AAnrto-AAc) composite gelwere dried before being used for swelling experimenthe
fluorescence intensity measurements wararried out using the Model K50 spectrometer of Perkin
Elmer. All measurements were made at vertical position and slit widths were kept at 5 nreh Bzl
gel samples were placed on the walls of 1x1 quartz cells filled with different pH solutiortsefor t
swelling experiments. Fluorescence intensity of pyranine 4 was monitored diriagu swelling
processes of composite gels. Emission and scattered intensity of R{&AMKC) composite gel
samples were monitored during the swelling processes inrdiftepH solutions. It can be seen that
as the water uptake is increased, fluorescence intenkifglecreased and the scattered light intensity,
Iscincreased. Since the increaseldfcorresponds to increase in turbidity of the swelling gel, then we
halS RSFTFAYSR 02 NNEB Ol S RasE.Mlgdi2waSohserded D fludreséeSey intdnsitg =  «
values decreased as swelling progressed.aniaka equation [3] was used to determine the swelling
time constantst. and cooperative diffusion coeffints, D for the swelling processes. Results were
shown that swelling time constants,decreased and diffusion coefficients, D increased as the pH
values increased.

In conclusion these results have shown that the direct fluorescence method can beousedH
time monitoring of P(AAmco-AAc) compositehydrogel swelling processn this methodin situ
fluorescence experiments are easy to perform and provide us with quite sensitive results to measure
the swelling parameters.
References
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In this study, we reported the preparation of hybrid organic/inorganic materials based on epoxy
matrix. The inorganic  structures were created via -g@l process of 3
glycidoxypropyltrimethoxysilane (GPS). Their final shape and condensation degreeestesidiy a
choice of suitable catalytic agent. Two conventional catalysits- (DBTL) and amiAeased (DABCO)
¢ were compared with novel, imidazolivtmased ionic liquids (ILs). The influence of catalyst on
morphology of formed nanobjects (cycles, cageand ladders) was evaluated by means of NMR in
solid state, DLS, MAL-DOF MS, FIR, SEC and Raman spectroscopy.

The role of the chosen ILs as coupling agents between silica and graphene fillers was also studied
in order to prepare the final organiaorganic hybrid materials. The impact of the type of inorganic
precursor and interphase interactions on final therm@chanical properties of O/l hybrids was
determined by a set of methods including: DMTA and tensile tests, scattering methods (SAXS, WAXS),
morphology evaluation (TEM, SEM) and TGA. The completely cured hybrid materials showed an
improvement in rubbery modulus, toughness as well as thermal stability. At the same time the glass
transition temperature remained nearly unchanged. Furthermore, tteepdures enabled to prepare
fully transparent bulk (massive) hybrid materials.
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Oxidation is responsible for the degeneration of aliphatic polyamide use properties due to their

sensitivity to the presence of oxygen whexposed to moderate and high temperatures. Chain scission

mechanisms occur in the amorphous phase via radical chain reactions [1] implying the reduction of

molar mass and in the end, lead to embrittlement.

The present work is a study of embrittlement inéddoy thermal oxidation for polyamide 11 (PA11)

with different initial molar mass. The test samples were films (about 70 um thick to avoid DLO) aged

6/ bw{ 0%

under air at 110 °C. Size exclusion chromatography (SEC) and DSC measurements reveal random chain

scissiorand chemicrystallization processes [2]. A correlation between strain at break measured at 23
°C and molar mass is assessed without initial molar mass dependency (Fig. 1). Furthermore, we will
investigate the influence of tensile testing temperature on &R G A O €

ductile-brittle transition.
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Fig.3. Strain at break (Br) measured at 23 °C as a function of molar mass for PA11 films (70 um
thick) with different initial molar mass (M) during air agig at 110 °C.
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While polyolefins are generally prone to oxidative degradation, this is even weritieal for
polypropylene (PP) due to its chain structure. At application temperatures and, even more so, during
processing, the molecular weight will be reduced, causing a deterorafithe mechanical properties
In order to limit these phenomena, tioxidants are used in all commercial PP formulations. Various
chemistries have been developed over time, amomaich hindered phenolic antioxidants (e.g.
(Pentaerythritydtetrakis(36 o @itertQutyl-4-hydroxytoluyl}propionate commercially availablesa
Irganox® 1010 from BASF Ad®¢ frequently used due to their combination of efficiency and cost.
People are searching for new chemistry (meaning new molecules) or for new synergisms between
existing compounds, in order to further improve the performaacel / or reduce the cost.

(1) 2) (3)

Fig. 1.Chemical structure of investigated melamine/phenol derivatives
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Fig.2. Chemical structure of investigated melamine/phenol derivatives

In the current research a serious of new hindered phenol compounds carrietlibyiae core were
prepared in lab scale; the structures derived from internal work on melamine chemistry are shown in
Figure 1. The performance of these compounds as an antioxidant of polypropylene was evaluated at a
test concentration of 500 ppm with miiple extrusions at 250°C for processing stability and oven aging
tests at 150°C for longerm stability. The melt flow rate (MFR) change and the discoloration of the
materials as measured by yellowness index (Y1) was checked after each extrusion. Asizeorima
Figure 2, the new compounds can be used as antioxidants for both processing aertorsgability
in PP The performance strongly depends on the chemical structure.
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NBR is widely used in automotive and petroleum industries due to its high abrasion and oil
resistances. It inevitably contacts oils when it is used as seals. On one hand, oils might extract oil
soluble additives in NBR, e.g., antioxidants and mliastis. On the other hand, some additives in oils
such as extreme pressure additives might accelerate deterioration of the seals. In this article, the
thermo-oxidative aging of NBR immersed in different kinds of oils was studied. The recovery from
bendingtest showed that the samples aged in different oils had similar behavior. For the chemical
changes, the samples aged in base oil are the most stable when compared with those aged in air and
in full oil (the formulation of which is the base oil togetheriwéiome extreme pressure additives). The
oxidative reaction and crosslinking degree of samples in base oil are the lowest. The base oil serves as
a good barrier and prevents oxidative reaction from going in depth. While for the samples aged in full
oil, they get higher oxidative degree than that in base oil, and the crosslinking degree of them are also
higher. For additives in full oil, some of them can easily be absorbed on samples and then diffused into
the interior, especially for that contains N elemerf8ome other additives can be oxidized and
deposited on NBR.
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Polypropylene (PP)/Cagémposite is widely used in industry and daily life. The addition of £aCO
could improve the mechanical strength of PP greatly, but bring negative effect tstabhdity of PP.
This article mainly focuses on the natural aging of PP/€a@fiposites and illuminates how fillers
accelerate the aging of PP. During aging, the carbonyl indices of PR&OatpOsites increased faster
than that of pure PP as expected,dathe volatile aging products were detected. The PP/r@acC®
composite had higher oxidation rate than the PP/mic@aC®@composite. With CaCGQarticles
treated with different coupling agents, the composites showed different oxidation rates but thag ag
mechanism was the same. The coupling agents and £&h0®ed synergistic effect on natural aging
of PP. The results demonstrated that the interfacial area of PP ands;@affi€les, together with the
surface chemicals of the latter, accounted for theeelerated degradation of PP. Meanwhile, unlike
commonly observed results that the tensile strength of polymer materials decreased monotonously
during aging, the tensile strength of PP/CaGiinposites increased in the beginning unexpectedly and
then decrased in the later stage. A vague interface of PP and £zl be observed, but the
carbonyl index did not increase obviously. A surface expanding experiment was designed to
demonstrate that the aging of composites began from the interface, and intersltieactions
generated between PP and Ca@érticles during aging.
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The interest in new materials with specific properties able to respond to an external solicitation has

638y ANRPoAYID ¢KSaS YIGSNRIL¢
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architectures capable to carry out a variety of functions. Comprising, at least, two chemically different
polymer segments, block copolymer combine the properties of the both original polymers, offering
the possibility to tailoring the physiechemi@l and thermemechanical properties to obtain new

engineering materialfl].

Controlled radical polymerization (CRP) techniques have been widely used for the preparation of
several block polymers with controlled molecular weight, narrow polydispersity vegltldefined
architecture (e.g. block, gradient and graft copolymers and stars), namely the reversible addition
fragmentation chain transfer (RAFT) polymerization. RAFT polymerization is arguably a versatile
method due to its compatibility with a wide raagf functional monomers and reaction media along

with its relative ease of use.

This research work focuses on the synthesis and characterization of styrenevarytb&nzoic acid
copolymer (P$-P4VBA) by RAFT polymerization. NMRand gel permeation cmatography (GPC)
evidenced that a blockopolymer was successfully synthesized.
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Fig. 1.2) NMRH spectrum of blockopolymer; b) molecular weight distribution of the
synthesized PS MACRO RAFT arnmHS/BA copolymer.
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Natural rubber SMR20 was compounded with three levels of modified clays, 1 CEC, 2 CEC, and 4
CEC at 5 phr filler content in terms of improving its properfl$3 he essence of this work was to study
the effect of maleic anhydride (MA) used as compatibiliziggnt on the fillefrubber interaction
(bound rubber content), rheological, mechanical, and swelling properties. The results showed that,
bound rubber content of uncurative MA samples increases with increasing the modification degree of
clay as comparedtthose without MA. This implies that filklenbber interactions were achieved in the
presence of MA because of chemical and physical bond formations. The rheological data in terms of
curing time, ¥ and maximum torque, M Wwere determined and it was foud that there is a long
delayed onset of curing for approximately 7 min and a decrease of torque in the presence of MA as
compared to that of samples in absence of MA. The tensile tests of curative samples NR/1CEC,
NR/2CEC, and NR/4ACEC without MA showgtiehitensile values, 15.70, 15.63 and 10.96 MPa,
respectively at 5 phr filler loading as compared to that of neat NRarapkes with MA. Previous work
[2] reported that NRSMR20 filled by 60 phr carbon black filler content exhibited comparable tensile
values. The retardation in the curing time and the decrease in the tensile values may be due to the
reaction between the accelerator (MBT) and MA which caused a suppression of thdirtkirgs
formations within polymer chains3]. Furthermore, the swelling easurements for curative samples
with/and without MA were carried out in toluene. The results showed that samples without MA
improved the swelling behavior rather than those with MA. This result is in agreement with the
mechanical data discussed above.
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Nanostructured materials have been in the focus of growing research interest since decades due to
their barrier property improvement comparing to the pristine polymer based materials. The present
work is focused on the development and studies of new polynamocomposite materials based on
ethylenevinyl alcohol copolymer (EVOMMich is good candidate for packaging purposes [1]. Zeolite
nanoparticles were used as filler in order to develop materials for encapsulation of photovoltaic
devices. Zeolites werehosen due to their high and adjustable absorption capacity which makes them
suitable to use as water scavenger for electronics in order to decrease the effect of humidity on the
device performance.

The aim of this work is to optimise the nanocomposite fprocessing and to study the effect of
zeolite particles loading on EVOH based material morphology and photostabilityl-type zeolites
of nanc and microscale sizes were used as filleFiie nanocomposites with 5, 10 and 20% patrticle
additions wereprocessed either by solution casting or by melt mixing in tsdrew extruder (TSE).
Transmission and scanning electron microscopy carried out on EVOH/composites showed a
homogenous distribution of the particles for the samples obtained by solution cd&tiggl).

F|g 1.TEM images of EVOH/20wt% zeolite nanocomposﬂes

The photochemical behaviour of EVOH/zeollte nanocomposﬂes and the impact of the fillers were
studied by FTIRand WA aA0f S aLISOGNRAO2LIAS& P LG cédahge théFf 2 dzy R |
main mechanism of polymer photodegradatlon. However, zeolites show a prodegradant effect on
EVOH photooxidation. It was found out that correlation between the nanoparticles content and the
increasing of the phot@xidation rate is linear and mdye mainly caused by metal impurities present
in the zeolite powders. Additionally, the characterisation of zeolite particles by TEM, FTIR and UV
Visible spectroscopies will be examin@u terms of their influence on EVOH nanocomposites
properties.
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HYPERBRANCHED CROSKING AGENTS
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Epoxy resins due to their excellent mechanical and dielectric properties along with relatively low
shrinkage, high resistance to elevated temperatures and chemical media are widely used in various
applications including coatiisg adhesives, electronics or structural engineering. Such huge versatility
of epoxy resins comes from their feasibility to undergo numerous modifications either bseactive
fillers but also by huge array of craasking agents. In recent years soméoets have been undertaken
to increase the flexibility of cured epoxy resins by incorporation of highly branched polymeric
structures into the networld1, 2] Hyperbranched polymers (HBPs), often referred to as starburst
polymers, cascade polymers or deimders can be regarded as a new class of efficient polymer
modifiers of thermosetting materials, including epoxy resins. Due to some advantageous properties of
dendronized polymers, i.e. high degree of branching what makes them much less viscous in
compari®n to their linear analogues with the same equivalent molecular weight and high
concentration of terminating functional groups available for the reaction with epoxy systems, this class
of compounds may be an appealing class of novel curing agents.

We devebped a new class of sélibricating epoxy composites, comprising both, hyperbranched
polyamines as a crodisking agents and also complex gref&ed]acting as an inherent lubricant. The
field of application of these new materials can be found in nmenmndustry, forestry as well as in food
industry where high risk of environment or food contamination exists. New composites exhibit great
mechanical and tribological properties what makes them an excellent choice for such applications as
substitute for bars or any moving elements made of steel, where severe conditions are prdgght
temperature, humidity and dust and constant lubrication is needed.

.FNIO2YAS2 . SNBall Aa F NBOALASY(H 2F | t KO5d 2
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NANOSTRUCTURES SEBFEMBLED THROUGHNNMIDVALENT BONDING
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Our current research interest is the synthesis of new ligands containing siloxane or silane units in
structure and their using in buddp metal complexes. Tis, a series of silicecontaining amine and
carboxylic acids were prepared, full characterized and reacted, often in presence of pyridyl derivatives,
as caligands with different metal salts or clusters. Either small molecules or coordination polymers
were obtained which, in solid state selfsemble in structures with different functionalities through
non-covalent bonds (hydrogen bonBis-"~ & (i | €d.)Aay @as proved by-rdy single crystal
diffraction and spectral analysis (Fig. 1).

(a)

Fig.1. lllustrative 2D structures obtained. Fig.2. (1) AFM images of manganesentaining
coordination polymer (aphase contrast image, (b)
topographic image 2D, (dppographic image 2D,
(2) TEM image of manganesentaining
coordination polymer.

In general, these are porous being suitable for gas sorption and storage as was verified by
registering the sorption isotherms. The presence in structure of the flexible bridge (i.e., siloxane)
confer them adaptability to the guest molecules.The presenceaibhtenters (Mn, Co or Cu) confers
many properties of interest such as magnetism, catalytic or/and biological activity, etc. proved by
adequate measurements. @uxistence in structure of the highly hydrophobe dimethylsiloxane or
dimethylsilane units andgdar metatorganic fragments confer somewhat amphiphile character to the
compounds which are se#fssembling both in solution and in film as was emphasized by surface
tension and AFM, TEM (Fig. 2) measurements, respectively. This ability is of inteitesir footential
application to orient other chemical species, such as biomolecules, or in catalysis [1].
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The interest in using natural resources increased considerably in reearg glso in the plastics
industry. Wood and lignocellulose fibers are used extensively as reinforcements in a wide variety of
polymers. Lignin is also a good candidate for combining it with polymers. Lignin is produced as a
byproduct in the paper and bideanol industry; using it in value added applications would be
beneficial for the industry. However, lignin is a very polar material with a large number of functional
groups, thus its molecules interact with each other very strongly. The polymer cannaltes, fused
or dissolved in most solvents and it is not miscible with commodity polymers. Although several
attempts have been made to blend lignin with various polymers, the properties of the blends
deteriorated in most cases and especially in polyotefirhe goal of our work was to prepare polymer
blends with ionomers and study interfacial interactions, structure and properties of the blends.

Two lignosulfonates produced by Burg
Cartiere SpA, Italy, with sodium (Bretax SRO2) apd 7
calcium (Bretax CRO2) counterions and three
Surlyn ethyleneacrylic acieacrylate copolymers
produced by DPont, USA, were used for the
preparation of the blends. The components were
homogenized in an internal mixer at 19G and
then compression molded into 1 mm thick plateg
at the same temperature. Structure was
characterized by SEM, while mechanicd
properties by tensile testing. Micromechanical 3+
deformation processes were followed by acousti¢
emission measurements. The originally very large 2 : : : :
particles (72 and 82im, respectively) of lignin 045 050 055 060 065 0.0
broke down to very small droplets (0-8685mm) lon concentration (mmol/chn
during mixing indicang strong interactions
between the two components. The stiffness of the Fig- 1Effect of the ion concentration of the
blends increased considerably with increasin¢ Polymer on reinforcement in ionomer/lignin
lignin content, while strength varied in a wide blends
range among the polymers, but depended only
relatively slightly on the amount of lignihe type of the lignin did not seem to influence properties,
but reinforcement was inversely proportional to the ion content of the ionomer. Further study and
analysis are needed to determine all correlations among the molecular characteristics of theepoly
and lignin, the dispersed structure of the polymer and the properties of the blends.

Reinforcement, B
O
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Organieinorganic nanocomposites have drawn a considerable attention in polynecgein last
decades. Epoxy resin diglycidyl ether of bisphenoD&HBAWwas cured with different amines
including oligomeric diamines (Jeffamines), aromatic diamine diaminodiphenylmethane (DDM) and
cycloaliphatic 3,3dimethyt4,4-diaminocyclohexylmétane (Laromin C260). Silica was generated in

situ from the most common alkoxysilane precursor, TEOS or TMOS by using BF3MEA as an initiator.

Nonaqueous solvertee solgel reactions are relatively slow under these conditions thus making possible
to contrd the silica structure evolution and to prevent a phase separation that often occurs during the fast
Of  aaAOl f galprdpetesdR.dza ¢ a2

Thecoupling agent GTMS was used to strengthen an interphase interaction by covalent bonding

with an epoxy matrixThe most efficient reinforcement of the epoxy network is achieved by the
combination of both TMOS and GTMS alkoxysilanes, showing synergy effects.

The structure, morphology, chemorheology, mechanical properties and thermal stability were
followed by NMRTEM, DMA and TGA.
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Introduction. PVC treated with ionizing radiation has a very low crosslinking yield, such that a
crosslinking agent is needed. During irradiation the crosslinking monomer also suffers
homopolymerization, reducing PVC crosslinking density [1]. Transfer agents aretkriwave control
of growing chains and expected to influence crosslinking mechanism.

Experimental An industrial PVC K=72 was used to prepare typical plasticized formulations. The
polyfunctional TMPTMA was used as crosslinking agent, and lead or a synergistic mixture of Ca/Zn
stereates (2/1 % w) as stabilizers; all industrial grade. Three transfertsageere added:
mercaptoethanol (ME), dodecylmercaptide (DDM) and betrggthenylphosphonium chloride (CBF).
Other components of formulation were also industrial grade.

Samples were mixed in a roller mill at 150°C, and the final samples prepared ipeessto have
2 mm thickness. The electron beam treatment was carried out in a Dynamitron of 4.85 MeV and a K=27
kGy/(ft/min)/mA to provide a dose of 75 kGy. Characterization of irradiated samples consisted in gel
percentage, spectroscopic studies withR;Thechanical tests using DMA, HCI evolution and Activation
energy (Ea) to degradation by TGA. FRehner equation was used to calculat®sslinking density
when a sample was kept under THF during 48 h and then dried during 24 h at 50°C for obtaiking so
and dried weights.

Results Gel percentage is considerably high for irradiated material and FTIR indicate the presence
of peroxide and carbonyl groups in a smaller amount to unirradiated samples, suggesting the use of
such species during crosslinkindadiic and viscous modulii are enhanced after irradiation, as
measured by DMA, suggesting high tenacity, especially for the DDM agent and very similar among lead
and Ca/Zn stabilized formulations.

HCI evolution showed a reduction in induction time (Ti) dctivation energy (Ea) calculated using
arrhenius showed an enhanced value after irradiation. Finally, crosslinking density increases for Ca/Zn
formulations, except for the CBF agent, while this effect is not observed for the lead stabilized
materials, aseen in Table 1.

Table 1.Crosslinking density and molecular weight between crosslinks (M"c)

Formulations % Gel Crosslinking Density (molAn M"c (Kg/mol)
Cal/zZn 42 39.81 32.9
Ca/ZznME 35 41.37 31.7
Ca/ZznDDM 37 41.33 31.7
Ca/ZRCBF 38 37.24 35.2
Pb 40 44.12 29.7
PbME 35 43.09 30.4
PbDDM 37 42.76 30.6
Pb-CBF 29 39.37 33.3

References

[1] Bhattachayra ARadiation and Industrial Polymers, Progress in Polymer Science, 2000, 25,
371-401.

56



The 8" International Conference on Modification, Degradation and Stabilization of Polymers

26
ACCELERATED THERNMBEING AND MECHANICATRESS STRAIN
RESPONSES OF FOAMBDYSILOXANES

Mogon Pate] Anna WalmsleyTerrence SmithMat Robinson

AWE, Aldermaston, Reading, RG7 4PR,uggon.patel@awe.co.uk

Keywords: Ageing, Polysiloxanes, Mechanical, Stabilisation.

The experimental strategy and initial results from accelerated thermal ageing and mechanical
testing trials on foamed polysiloxane materials (see Fig 1) will be reporteddigndssed in this
presentation. In particular, an understanding of changes in mechanical responses and load retention
properties with age is required to support engineering (FEA) codes which provide indicators of the
wider impact of polymer degradation the performance of the assembly.

These materials typically suffer from compression set and loss of load retention properties (see Fig
2) which is highlighted by a gradual shift in the stress/strain profiles along the strain axis with a
corresponding redu@bn in the preload at a given strain. Potential strategies to stabilise the material
to limit degradation will be detailed.

Fig. 1. X-ray computer tomography image of RTV 5370 foamed polysiloxanes.
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Fig. 2 Changes in foam mechanical response with age evidence showing the deteriation in the
stress required to compress the material#60% of initial thickness. The lines refer to age (in yr) of
0,0.4,0.8, 1.2, 1.6 and are represented by black, orangengbdee, pink and light green. The arrow
and box represent the specification limits.
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Plastics productioascontinuously grown over the past decades what consequently reflects in
the problem of postonsumer waste disposed into landfillsvhich represents longerm
environmental issue. One of the most widely usadutions for waist treatmentis recycling. Among
several recyclingmethods, mechanical recycling represents one of the most commeamycling
procedures During mechanical recyimg material is ground down and physically reprocessed,
therefore it is exposedto mechanical and thermal degradation as wadloxidation [1]. Eventually
material properties do not remain the same and this represents the isgueh should be considered
when designing the technology and applications of the products made of recycled matetiais
context, the current study deals withe investigation of the effect of extensive mechanical recycling
on processability and mechanical properties of high dgnmolyethylene (HDPE), é@sis one of the
most widely used plastics.

For the purpose of our research, extensive mechanical recycling of HDPE was simulated with the
extrusion process, thus the material was exposed to 100 consecutive extrogodes Regcled
materialsextruded in #, 29, 5" 10" and every next 10extrusion cycle (20 30"X 90" and 100") as
well asthe non-recycled HDP®&ere taken to prepare theamples fofurther characterization wittihe
process ofjyravimetrical casng[2].

Processability of virgin HDPE and its recyclates was stutlisdg extrusionby recording the
processing conditions, i.e., melt pressure and extrusion torqukile after preparation of the
recyclates, we performenhelt flow index measurements (MF§mall amplitude oscillatory shear tests
(rheological properties)and DSC measurements of thermal propertidsurther, mechanical
properties in solid state were characterizéa terms of hardness and modulus measured with
nanoindentation, and finallyshear creep compliance was measured to charactefiz& S Y I G SN&R |
time-dependence properties in solid state.

Rheological resultand MFI measurements indicate significant structural changes in the material
that occurred duringhe first 30 extrusion cycle3hose changes affect material processability which
is as wellsupported bythe recorded processing pressure and torque. On the otieand processing
did not significantly affectthe thermal properties. Results on hardness and modulus show
deterioration of the material mechanical properties through the process of repeating recycling.
Sinilarly, shearcreep compliance measuremergeown arunfavorable effect of mechanical recycling
onthe time-dependent mechanical propertieparticularlyafter the 30" extrusion cycle.

In general it can beconcludedthat mechanical recycling affecHDPE processability and its
mechanical propertiesTherefore these changes needs to be taken into account when designing the
products made of recycled HDPE aetkctingits production technologies.
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Low density polyethylene (LDPE) was thermally idrmo- [1,2] and photeoxidatively [3,4]
degraded (Td, TOd and POd, respectively) and mainly characterized in shear and uniaxial extensional
flows. FTIR spectroscopy, GPC and the solvent extraction method were also selectivelynesed.
viscoelasticif seems to be marginally affected in Td and TOd in contrast to POd. The enhanced strain
hardening observed in uniaxial experiments presents a clear evidence for long chain branching
formation in the case of Td and TOd and also crosslinking in POd (Bigtdils will be given about
the structural modification in the different type of degradations, quantifying the-hio@ar data with
the MSF model.

Fig. 1Difference between the reference sample (fulfilled squares) and the 75min thermo
oxidative (empty circles) and 1 week phaigidative (empty triangles) degraded samples for
elontational rates between 0.05 and 8lsLines correspond to the linear viscastia startup.
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