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

Welcome from Organizing Committee

WELCOME TO MoDeSt 2014, WELCOME TO PORTOROZ!

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 to modification, 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 addressed at MoDeSt
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 platform within HORIZON 2020,
dedicated to strategically important questions related to sustainability, functionality and
durability of bio-, and synthetic-polymers.

Enjoy the scientific program, enjoy meeting friends and colleagues, and last but not least,
enjoy Portoroz!

Welcome!

Igor Emri
MoDeSt 2014 local organizing committee
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Message from the President of MoDeSt Society

Dear Participants and Friends!

As the President of the MoDeSt Society, | would like to personally welcome you all to the
8t 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), and offers 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 and
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 presenting their Doctoral research findings and follow up discussions. To this
end, the Society has awarded, for this 8" Conference, a number of competitive bursaries to
doctoral students to enable them to attend and to present their work. There is also a poster
competition with prizes awarded to the best posters presented by doctoral students.

The 8t MoDeSt Conference has a well-structured scientific programme with a large number
of presentations dealing with the latest scientific advances and developments given 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, bio-related polymers, polymer blends and composites, polymer coatings and
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 as, initiating Europe-wide 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 great success, and to thank all the participants and wish you all a very fruitful
scientific week and to have an enjoyable time in Portoroz.

Sahar Al-Malaika
President of the MoDeSt Society
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General information

Name: The 8™ International Conference on Modification Stabilization and Degradation of
Polymers

Organized by:

e Center for Experimental Mechanics - Faculty of Mechanical Engineering, University
of Ljubljana, Pot za Brdom 104, Ljubljana 1000, Slovenia

e Institute for Sustainable Innovative Technologies - Pot za Brdom 104, Ljubljana
1000, Slovenia

e Slovenian Society of Rheology — Cesta na Brdo 85, 1000 Ljubljana, Slovenia
Under umbrella of MoDeSt society.
MoDeSt Society

The MoDeSt Society was founded in 1999. The objective of 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 a valuable forum for world wide community of polymer
engineers and scientists, stimulating common projects and justifying state-of-the-art
knowledge.

http://www.modestsociety.org/

MoDeSt conference scope

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

Conference topics

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

Polymers and environment (recycling, reuse, biodegradation,lbio-based
polymers)

H

Polymer modification, blends, composites and nanostructured polymers

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

|:| Degradation and protection of wood products

Venue

The 8th MoDeSt conference will take place in Grand Hotel Bernardin & Congress center
Bernardin, Portoroz from August 31 to September 4, 2014.


http://www.modestsociety.org/
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Sponsors

Chemass d.o.o., Merilni sistemi, Slovenia

Anton Paar, GmbH, Slovenian representative

TECOS - Slovenian Tool and Die Development Centre, Slovenia
Oral presentations

e Each presentation has 20 min time slot (15 min presentation + 5 min discussion),
Plenary lecture — 40 min, Keynote lecture — 30 min;

e 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 (15:00 - 18:00) or on
Monday morning (8:00 - 9:00);

e presentations should be compatible with Microsoft Office 2007.

Posters

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

e posters will be available for review during 1 and 2 of September;

e posters should be collected during registration on Sunday (15:00 - 18:00) or on
Monday morning (8:00 - 9:00). Presenter should put the poster on the stand with the
corresponding number (received via mail).

Social events

During the conference following social events are planned:

Event Day Time Action
19.00- | Wel ktail ffe for all arri
Welcome reception Sunday, 31.08 9.00 e que cocktail and buffe for all arrived
21.00 participants
9.00— Welcome words from President of MoDeSt society
Opening ceremony Monday, 1.09 9'20 prof. Sahar Al-Malaika and Head of Organizing
) Committee prof. Igor Emri
General Assembly of 17.40—
the MoDeSt society Tuesday, 2.09 19'00 Meeting of the MoDeSt society members and Board
members '
Gala dinner, accompanied with entertainment
20.00 -
; program
Gala dinner Tuesday, 2.09 22,00
Announcement of poster contest winners
. Wednesday, 15.00 - . . .
Excursion 309 19.00 Organized excursion to Postojna Cave
. Thursday, 13.00 - .
Closing ceremony 4.09 14.30 Closing lunch
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Program

Monday, Morning

31st of August, Sunday
15.00-18.00 Registration
159.00-21.00 Welcome reception
1st of September, Monday
8.00-9.00 Registartion
9.00-9.20 Opening ceremony

9.20-10.00

Chair: Sahar Al-Malaika

Technical break

10.00- 10.10
Chair: Andrzej Dworak Chair: Sahar Al-Malaika
3. Ewa Kicko-Walczak 56. Hajme Ohtani
10.10- 10.20 On-line UVirradiation pyrolysis-GC/MS system for

Flame retardants nanocomposites - synergy effect of
combining conventional antypirenes with nanofillers on the

rapid evaluation of photo, thermal and oxidative

10.20- 10.30 level of flammability of thern.wset resins enradationo Dol mericmaterials
Bl TIIELL 28. Victor Rollon-Garrido
10.30- 10.40 | Effect of nanoclayin natural rubber -nitrile rubber h L fth Ilv. th
blends and its effect on morphological and Characterization of therma y, thermo-
10.40- 10.50 physicomechanical properties and photo-oxidatively degraded LDPE
10.50- 11.10 Coffee break
11.10- 11.20 6. Beata Kaczmarek 29. Cristian-Dragos Varganici
The influence of UV-irradiation on mechanical On the thermal stabilityof Poly(vinil
11.20- 11.30 properties of chitosan cross-linked by tannic acid alcohol) and cellulose based cryogels
14. Jingbo Wang 30. Dan Rosu
11.30- 11.40| melamine/phenol derivatives: synthesis and .
potential application as antioxidants in Accelerated phOtoagmg of dyed
11.40- 11.50 polypropylene textiles
31. Emmanuel Richaud

11.50- 12.00 Understanding of carbonyls products formation

during polydicyclopentadiene oxidation based on
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 mechanism
12.20-12.30 of polyamide 66 and polybutylene terephthalate
12.30- 13.50
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1st of September, Monday

Chair: Mathew Celina

KL1: Alberto D'Amore
Instability of polymer glasses

13.50- 14.20
14.20 - 14.30 Technical break

Chair: Baltus Bonse Chair: Pieter Gijsman
14.30- 14.40 62. Stephane Bruzaud Chemical moi?f};:tlii:ni?:‘;:::ica| fillers by

Polyhydroxyalkanoates-based blends: an efficient

hosphorous to improve the flame retardancy of
14.40 - 14.50 | way to modulate functional properies of materials AL 2 ¥

polypropylene

35. Jihane Sahyoun
Synthesis of fire retarded PA66-PA6 copolymers by

14.50 - 15.00 63. Mario Stein

Degradation of organic radioactive waste and

15.00- 15.10 impact of released gas on repository safety association of sol-gel chemistry and reactive

extrusion
15.10 - 15.20 64. Boris Eyheraguibel 36. Manfred Bohn
Impact of environmental conditions on Kinetic modelling of stabilizer consumption and

15.20 - 15.30 [Oxobiodegradable polymers decomposition [ molarmass degradation in NC-based materials

c
Coffee break S
15.30- 16.10 + g
Poster session "E
=
5
Chair: Maria Mucha Chair: Gabriela Botelho 5
. . 37. Ulrike Braun S
16.10-16.20 . . 65. Serena Coiai . Sulphur containing additives for polystyrene:
Functionalized poly(butylene succinate) by influencing the decomposition behaviourin the
16.20- 16.30 nitroxide radical coupling condensed phase
16.30 - 16.40 66. Irena Vukovic-Kwiatkowska 38. Anil Naik
16.40- 16.50 | based on PLA modified with polyacrylates 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 absorptionin a weathered
17.00- 17.10 immersed in distilled water polyester-urethane clearcoat
17.10- 17.20 68. Kahina Iggui 40. Agnieszka Bereska
Biodegradation of PHBV nanobiocomposites films: Synthesis and application of
17.20- 17.30 effect of the clays organophosphorus flame retardants
17.30 - 17.40 69. Henrik Petersen 41. Renaud Dupretz
- - Development of environmentally friendly Fire retardancy of a new
17.40 - 17.50 |plasticized PVC by means of nanotechnology polypropylene-grafted starch

Coffee break
17.50- 19.00 +
Poster session
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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 future
prospects
9.30- 9.40 Technical break
Chair: Philip Evans Chair: Jan Pilar
. 32. Eniké Féldes
9.40-9.50 74. HOIger Militz The effect of the characteristics of HDPE powder on
Reactive resins for wood modification | the processingstability of the polymerand 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 and | Oxygen diffusion through polymer at
10.10- 10.20 blue stain fungi elevated temperature
i 43. Tetiana Salivon
10.20- 10.30 76. Andreja Kutnar > 1€ .
End of life scenarios and environmental | Thermo-oxidative degradation of XPE
10.30- 10.40 impacts of wood products and PVC used in electrical insulation
10.40 - 10.50 78. Marko Petri¢ . 44. Hesam Makki
Wood coatings made of quuefi ed wood and Amulti-scale simulation approach to study the
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
70. Beata Szolnoki 45. Emilie Courvoisier
11.40-11.50 . . L .
Synthesis and characterization of Kinetic analysis of the thermal
11.50- 12.00| epoxy resins derived from d-glucose degradation of peek
12.00- 12.10 71. Marta-Malgorzata Targosz 46. Xavier Colin
Aerosols emmitted in post-crash fires from A general kinetic model for the
12.10- 12.20 structural composite materials photothermal oxidation of polypropylene
. - 48. Qing Lin
12.20-12.30 72. A!sz Anzlovar . Investigation of thermal stability and flammability
Fast preparation of nanocrystalline of PMMA composites by combination of APP with
12.30- 12.40 |cellulose by microwave-assisted hydrolysis 7r0,. sepiolite or MMT.
73. Stamatina Vouyiouka 49. Aleksandra Sut
12.40- 12.50 Mechanical recycling of poly(butelene Synergy in flame retardant polymers: solid-
succinate) trhough the remelting- state NMR identifying the chemstry behind
1250 = 1300 restabilization techniaue it
47. Katalin Bocz
13.00- 13.10 Oriented polymer fibres for improving the flame
retardant efficiency of intumescent additive
13.10- 13.20 systems
13.20- 14.40

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
15201 7. Ewa Wierzbicka 50. Nadka Dintcheva
5.20-15.30 The role of block thermo plastic rubber of dtyrene-iso prene-| Thermally stable polymer-layered silicate
styrene type functionalized by aboron compound as nanocomposites through intercalation of novel
15.30- 15.40 compatibilizer to polystyrene/polypropylene blends organo-modifier
8. Jan Pilar 51. Amandine Viretto

15.40 - 15.50 Heterogeneity of accelerated photooxidation in

: ° PCFC-FTIR coupling: A new tool to
commodity polymers stabilized by HAS: ESRI, IR and

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

10. Irati B di .
rati Barandiaran 53. Ghania Ounoughene

Processability and mechanical properties

16.20- 16.30 Generation of nanocomposites based on block ] g
copolymer and Fe,0; nanoparticles modified by Fat(.e Of_ Hallo_yS'te nanotubes (HNTS_) when g

16.30- 16.40| ., -tine to method with PMMA-b-PLC conalvmer incinerating PA6/HNTs composites 5
=]

11. Demet Kaya 27. Pavel Oblak ®

16.40 - 16.50 Effect of PH on volumephase transition for z-
©

(7]

(]

>

-

(acrylamide-co-acrylic acid) composite hydrogel by i
16.50-17.00 using fluorescence technique of extensively recycled HDPE
Coffee break
17.00- 17.40 +
Poster session
17.40- 19.00 General assembly for MoDeSt society members
19.00 - 20.00
20.00- 22.00 Galadinner

11
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Wednesday, Afternoon

3rd of September, Wednesday

9.00-9.40

Chair: Igor Emri

Synthesis of functional block copolymers
by controled radical polymerization

KL4: Andrzej Dworak
9.40-10.10 . .
Thermoresponsive polymer surfaces for cell sheet culture and harvesting
10.10- 10.40 Coffee break
Chair: Francesco La-Mantia Chair: Crispulo Gallegos
10.40 - 10.50 12, Magdalena Perchacz 79. James Lewicki:Smart silicone composites. The
b - o s s . . . syntheis, characterization and application of well-defined
Organlc/l norganic hybrld materials hierarchical PDM S/inorganic composites with novel
10.50- 11.00 based on epoxy matrix physical properties
13. Octavie Okamba Diogo 80. Regina Jeziorska
11.00- 11.10 i
Corr'elatlon bet\{veen macromollecularandv Polyolefines with antimicrobial
mechanical properties changes during polyamide- .
11.10- 11.20 11 oxydation activity
16. Jiaohong Zhao 81. Annegret Jentsch
11.20- 11.30 . o Influence of typical stabilizers on the aging
Investigation of thermo-oxidative behavior of EVA foils for PV applications during
11.30-11.40 aging behavior of NBR in oils artificial UV-weathering
17. Rui Yang 82. Agnes Rivaton
11.40 - 11.50 . . . A _
Investigation of natural aging behavior Is there any possible conjugated
11.50- 12.00 of PP/CaCO; composites polymer for efficient solar cells?
18. Manuel Oliveira 83. Isabel Fraga: Unravelling the
12.00- 12.10 photodegradation mechanisms ofa low bandgap

polymer by combinig experimental and modeling

12.10- 12.20 approaches
12.20- 13.40

Chair: Jean-Luc Gardette

84. Boris Gorelik

13.40- 13.50
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 (YgBOs:EU3+) on EVA properties and
14.10- 14.20 photoageing
14.20 - 14.40
15.00 - 19.00 Excursion

12
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4th of September, Thursday

Chair: Manfred Wagner

9.00- 9.30 KL5: Sandrine Therias
' ' Latest Advances in the Photodegradation of Nanocomposites
9.30- 9.40 Technical break
Chair: Alojz Anzlovar Chair: James Lewicki
19. Hesham Moustafa: Study the effect of maleic 54. Alexis Colin
9.40-9.50 | anhydrite as compatibilizing agent on filler-rubber | Thermo-oxidation ofan acrylic-silicone coating:
interaction, rheological, mechanical and swelling 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 vynil EPDMs with different chemical
10.10-10.20 alcohol copolymer (evoh) nanocomposite camnositions
. 26. Mogon Patel
10.20- 10.30 21. Bartlomej Bereska g ) .
) . . .. |Accelerated thermal ageing and mechanical
Novel self-lubricating epoxy composites comprising X
hvoerbranched cross-linking agents stress-strain responses of foamed
10.30-10.40 i gas nolvsiloxanes
10.40- 11.10 Coffee break
Chair: Regina Jeziorska Chair: Xavier Colin
22. Mirela Zaltariov 57. Camille Rouillon
11.10-11.20 3 3 .
Nanostructl.Jres self-assembled throu.gh r.mn Plgmented polypropylene photo-
covalent bonding of metal complexes with ligands .
11.20- 11.30 containingsiloxane orsilane fragments ageing: an AFM StUdy
23. Béla Pukanszk
11.30 - 11.40 _ \J . 58. Baltus Bonse
Interactions, structure and properties | Organicand inorganic pigments in polypropylene:
11.40- 11.50| inionomer/lignosulfonate blends eI Rl ICET TS
LS i 24. Sergii Ponyrko 60. Bettina Dittrich
Epoxy—silica nanocomposite by Graphene - promising nanofiller and adjuvant for
12.00- 12.10 nanoaqueous sol-gel process flame retarded polymer composites
1910-122 25. Roberto Benavides 61. Florian Cavodeau
.10-12.20 - Influence of the mechanical properties offillers on
Electron beam Irradiation of PVC . )
. K the breakdown of barrier layer in EVA/ATH
12.20- 12.30| formulations added with transfer agents ——
12.30- 13.00

13.00- 14.30

13
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Legend:

- social events

I - lunches

- coffee breaks

- technical breaks

IR - 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, bio-based polymers)

14
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List of oral presentations

Page

Presentor

Title

Country

INVITED LECTURES

34

KL6

Emo Chiellini

BIODEGRADABLE POLYMERIC
MATERIALS AND PLASTICS FROM
RENEWABLE SOURCES & FOSSIL FUEL
FEEDSTOCK: PROS & CONS

Italy

29

KLl

Alberto D'Amore

INSTABILITY OF POLYMER GLASSES

Italy

32

KL4

Andrzej Dworak

THERMORESPONSIVE POLYMER
SURFACES FOR CELL SHEET CULTURE
AND HARVESTING

Poland

30

KL2

Philip Evans

WOOD PHOTOSTABILIZATION &
PROTECTION: DIVERGENT EVOLUTION
& FUTURE PROSPECTS

Canada

27

PL1

Crispulo Gallegos

PROTEIN-BASED BIOPLASTICS: AN
OVERVIEW

Germany

31

KL3

Pieter Gijsman

THE UNEXPECTED IMPORTANCE OF
HUMIDITY ON THE THERMO- AND
PHOTO-OXIDATIVE DEGRADATION OF
POLYAMIDES

Netherlands

28

PL2

Matija Strli¢

LIFETIME PREDICTION OF MATERIALS
OF HISTORIC VALUE

United
Kingdom

33

KL

Sandrine Thérias

LATEST ADVANCES IN THE
PHOTODEGRADATION OF
NANOCOMPOSITES

France

POLYMER MODIFICATION, BLENDS, COMPOSITES AND NANOSTRUCTURED POLYMERS

42

Irati Barandiaran

GENERATION OF NANOCOMPOSITES
BASED ON BLOCK COPOLYMER AND
FE203 NANOPARTICLES MODIFIED BY
GRAFTING TO METHOD WITH PMMA-
B-PCL COPOLYMER

Spain

56

Roberto Benavides

ELECTRON BEAM IRRADIATION OF PVC
FORMULATIONS ADDED WITH
TRANSFER AGENTS

Mexico

52

Bartolomiej | Bereska

NOVEL SELF-LUBRICATING EPOXY
COPOSITES COMPRISING
HYPERBRANCHED CROSS-LINKING
AGENTS

Poland

41

1©

Laida Cano

NANOSTRUCTURED AND TOUGHENED
THERMOSETTING SYSTEMS MODIFIED
WITH PEO-B-PPO-B-PEO TRIBLOCK
COPOLYMER

Spain

15
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Page

Presentor

Title

Country

38

(<)}

Beata

Kaczmarek

THE INFLUENCE OF UV-IRRADIATION
ON MECHANICAL PROPERTIES OF
CHITOSAN CROSS-LINKED BY TANNIC
ACID

43

Demet

Kaya

EFFECT OF PH ON VOLUME PHASE
TRANSITION FOR (ACRYLAMIDE-CO-
ACRYLIC ACID) COMPOSITE HYDROGEL
USING BY FLUORESCENCE TECHNIQUE

Turkey

35

[°8)

Ewa

Kicko-
Walczak

FLAME RETARDANTS
NANOCOMPOSITES-SYNERGY EFFECT
OF COMBINING CONVENTIONAL
ANTYPIRENES WITH NANOFILLERS ON
THE LEVEL OF FLAMMABILITY OF
THERMOSET RESINS

Poland

37

(8]

Hanna

Maria

EFFECT OF NANOCLAY IN NATURAL
RUBBER -NITRILE RUBBER BLENDS AND
ITS EFFECT ON MORPHOLOGICAL, AND
PHYSICOMECHANICAL PROPERTIES

India

50

Hesham

Moustafa

STUDY THE EFFECT OF MALEIC
ANHYDRIDE AS COMPATABILIZING
AGENT ON FILLER-RUBBER
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PROTEIN-BASED BIOPLASTICS: AN OVERVIEW

Inmaculada Martinez?, Pedro Partal®, Crispulo Gallegos'?

Departamento de Ingenieria Quimica. Universidad de Huelva. Campus de “El Carmen”. 21071 Huelva,
Spain; e-mail: cgallego@uhu.es
Fresenius Kabi Deutschland GmbH. Frankfurter Landstrasse 160. 61352 Bad Homburg. Germany

Keywords: Protein, Bioplastic, Rheology, Viscoelasticity, Processing, Water absorption, Controlled-
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 protein—based materials and their final characteristics and properties
depend on protein structure and structural heterogeneity, heat sensitivity, and
hydrophilic/hydrophobic characteristics.

Processing of films, coatings or other protein-based materials requires three main steps: breaking
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 and interactions to stabilize the three-
dimensional network. A way of processing protein-based biomaterials is the mechanical method, or
thermoplastic processing, which consists of mixing proteins and plasticizer to obtain a dough-like
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 enzyme immobilization,
matrices for controlled-release of active-agents, 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 from oscillatory shear,
dynamic mechanical thermal analysis, modulated differential scanning calorimetry, thermogravimetric
analysis, active components releasing rate and water absorption tests carried out on different
bioplastic samples will be presented.

For 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 other hand, lower water absorption and active-
agent release rates are obtained by submitting the biomaterials to more severe thermo-mechanical
treatments.

References

[1] Gébmez-Martinez, DP, et al., Reological behaviour and physical properties of controlled-release
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PL2
LIFETIME PREDICTION OF MATERIAL OF HISTORIC VALUE

Matija Strlic

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

Studies of degradation of 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 remit of natural 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 well-known historic material, paper degrades 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 function 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 degree of polymerisation (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; however, wear and tear due to use accumulates faster if the DP of paper is lower and the
material more brittle. Therefore, a wear-and-tear function was developed to describe how quickly
material breaks during use as it is this type of damage that is considered unacceptable to users.

Putting research into degradation of materials into context, such studies provide a possible long-
term planning horizon, definition of fitness-for-purpose of materials, and enable us to use models of
chemical and physical degradation 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 of time. Nonetheless, depending on the relative timescale, the
mechanical properties of polymer-based structures show dramatic changes, below Tg. In this talk we
first illustrate theoretically the way the correlation between properties change and densification can
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 can be the source of crack initiation in composite
structures and may induce warping and, at nanoscale, may explain the anomalous behavior of thin
polymeric films , namely the negative coefficients of thermal expansion and the dramatic variation of
the glass transition 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 also rapidly 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 way of protecting wood from photodegradation
than the use of additives such as UV absorbers (UVA), hindered amine light stabilizers (HALS) and
micronized and nano-reflectors (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/mm?) Erosion (@m)
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), but they are less effective at preventing the colonization of
wood surfaces by melanized fungi. These micro-organisms are also difficult to control with the biocides
that are currently available. Hence, the development of new approaches to controlling the microbial
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 prospects for developing photostable wood-
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 polymers degrade.
However, as polyamides can hydrolyse besides oxygen, water can have an influence on their

degradation tool?3

. The role of water in the thermo- and photo-oxidative degradation was

determined, by performing degradation experiments in dry and humid atmospheres. It will be shown
that increasing the relative humidity lead to a considerable acceleration of
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Fig. 1. Change in solution viscosity of PA6 films (50um)
due to 405 hours ageing in oxygen (02) and nitrogen
(N2) at 100% RH (in duplicate)

In the case of weathering the role of water is a
different one. In this case it is not related to
increasing the photo-oxidation rate. There is hardly
any influence of humidity on the photo-oxidation
rate of unfilled polyamides as determined with IR
and UV spectroscopy. However, for glass fiber
reinforced polyamides a large difference in
discoloration during accelerated weathering with
and without a rain cycle was observed (Fig. 2). It will
be shown that in this case the role of water can be
ascribed to washing away products that are formed
by photo-oxidation, which leads to cracks that cause
whitening of the polymer.
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the degradation rate of PA6 in an oxygen
containing atmosphere. At temperatures
between 50 and 90°C, the degradation in a
humidified air environment is much faster than
in an inert humidified environment (Fig. 1).
Using oxygen uptake experiments it will be
shown that this faster degradation is due to a
higher oxidation rate of PA6 in a humid
environment. Thus, water increase the
degradation rate not by inducing hydrolysis of
the polymer chain, but by increasing the
oxidation rate as a result of an increase in
oxygen permeability and chain mobility.
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Fig. 2. Discolouration (whitening) of glass fiber
reinforced PA6 during accelerated weathering in dry
(Arizona simulating) and wet (Florida simulating)
conditions.
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The temperature-responsive (thermoresponsive) polymers on the surface for cell sheet engineering
have gained a considerable interest in recent years as an innovative approach to tissue regeneration
based on “cell sheet technology”*?2. The idea of this technology assumes culturing 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 thermosensitive synthetic polymers has been developed, only poly(N-isopropylacrylamide)
(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 use of polymer surfaces, based on polyoxazolines and polyacrylates, for
growth and controlled detachment of skin cell sheets*®. To control the structure of polymer, controlled
or living polymerizations have been applied. The thermosensitive polymers were covalently attached
to modified glass or silica surface. For that purpose chemical and photochemical reactions as well as
“grafting to” and “grafting from” methods were applied. The surface properties were investigated
using FT IR, AFM, contact angle and ellipsometry. The thickness of the obtained polymer layers ranged
between 5 + 20 nm. The increase of environment temperature above the phase transition temperature
of polymer-coated surfaces changed of surface thickness and philicity indicating the thermoresponsive
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 temperature, 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 resistance, 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 nanocomposites, only 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 polymer-clay nanocomposites, mainly based on 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 UV excitation, and the
luminescent polymer/phosphor nanocomposites nanocomposites can be used for eco-energetic
lighting devices such as LEDs or as multifunctional coatings for organic solar cells. Considering these
domains of application, this makes the photostability 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 encapsulation of organic 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 negatively impact the
durability of the nanocomposite materials under UV-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. In this 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 on polymeric 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 service life are 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 from conventional 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 holding a 40-45% 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 options to take into accounts:

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

ii) Reengineering of full carbon backbone polymeric materials aimed at promoting their
oxidation, followed by degradation to 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 recycling or incineration 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 construction 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 nanocomposites containing multi-ingredient halogen-
free flame retardants which combine conventional phosphorus/nitrogen modifiers interacting with
nanofillers (organomodified montmorillonite, expandable graphite, nanosilica).

The flame retardancy and thermal stabilization of modified polymers has been investigated by
Limiting Oxygen Index (LOI), by thermogravimetric analysis (TG) ; (TG-FTIR, TG-MS) and by using Cone
Calorimeter (CC) method. The fine-plates, phase morphology of nanocomposites was assessed by
scanning 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 products. Laminates made of modified
and crosslinked polyester/epoxy resins meet requirements concerning heat, thermal stability and LOI
over 28-34 % flammability, reduced 30-50% HRR and THR by CC method. No adverse impact of
modification was ascertained on basic strength properties of final products.
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Over the past few decades, the sustainability of synthetic materials derived from petroleum-based
sources has been widely scrutinised. As a result, industry and researchers are focusing on more
environmentally-friendly alternatives. Biopolymers offer one such alternative and are described as
materials derived from natural sources that have eco-friendly attributes, are technically and
economically feasible, and minimise environmental impacts at their end-of-life. Biopolymers derived
from starches include polyesters such as polylactic acid (PLA) and other polysaccharides and these 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 reduce 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 the mechanical, 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]. Composites 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 composites prepared 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 tensile strength 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 one of the key 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 / Nitrile rubber/ Organoclay (NR/NBR/OMt) composites were prepared through melt
compounding in a conventional two roll mill. The weight ratio of NR to NBR and the filler loading of
organoclay (OMt) was varied. The morphological, and mechanical properties were studied 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 modification influenced 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 decrease 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 improvement in tensile strength 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 cross-linking methods, physical or chemical ones [1-3].
Tannic acid is a natural compound, which can be used as chemical cross-linking 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 on chitosan. Chitosan films were obtained by solvent evaporation from
chitosan solution. Samples were irradiated by UVC light (254 nm) for 2, 4, 6 and 18 h.

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 UV-irradiation. Table 1 shows differences in mechanical properties of chitosan films after
exposure to UV-irradiation.

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

irradiation.

Time of UV-irradiation
Specimen Oh 4 h

Emod [GPa] Fmax [MPa] Emod [GPa] Fmax [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 exposure to UV-irradiation. Young
Modulus and ultimate tensile strength increased for chitosan films after UV-irradiation. Tannic acid
used as a cross-linking agent led to modification of mechanical properties of chitosan films. The
alterations of mechanical properties of chitosan films depend on the amount of cross-linking agent
added to chitosan.
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Physical mixing of polymers of various chemical structures and differing in their properties gives an
opportunity to obtain totally new polymer materials which often have very unique parameters. It must
be emphasized, that a wide variety of polymers with different chemical properties, such as polyolefin's
and polystyrene, are immiscible and any efforts to blend them lead to materials with weak interfacial
adhesion and thus, poor mechanical performances [1-2].

The morphology, mechanical and rheological properties of a polypropylene/polystyrene 25/75
(PP/PS) blend have been determined after compatibilization with styrene/isoprene/styrene block
copolymer (SIS) modified by 9-borabicyclo[3.3.1]Jnonane (9-BBN). The compatibilizer was synthesized
by mixing SIS and 9-BBN at high temperature in the presence of initiator. The polymer compositions
containing 2 or 6 % mass. of compatibilizer were prepared by using co-rotating twin-screw extruder.
Mechanical properties have been investigated by tensile, flexural and impact strength testing.

PP/PS blends without compatibilizer exhibit poor mechanical properties due to the weak
interaction between polyolefin and polystyrene. A substantial increase of their mechanical properties
is achieved with the use of the SIS/9-BBN as a modifier. Scanning electron microscopy (SEM) results
indicate a better 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 chromophoric initiation centers present in
polymer matrix by incident radiation in the range of actinic part of UV solar radiation results in
generation of polymer alkyl radicals P°. Local concentration of generated polymer alkyl radicals P°
depends among others on the intensity 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 radicals P* is followed by consecutive formation of oxygen centered
peroxyls POO* and hydroperoxides POOH involved in the oxidation chain mechanism. Hindered Amine
Stabilizers (HAS) interfered in the first step with POOH. Hydroxylamine species >NOH and >NOCHj;
formed are involved in the chain-breaking process by scavenging peroxyls POO°. It has been accepted
that formation of HAS-derived nitroxides >NO* in this step is indicative for the active participation of
HAS in the stabilization process.

Thick polymer plaques made of commaodity polymers (polypropylene, polyethylene, polystyrene
and poly(ethylene-co-norbornene) stabilized with secondary, tertiary or NOR HAS were exposed to
accelerated aging in a Weather-Ometer (WOM). Nitroxide concentration profiles along direction of the
incident radiation (perpendicular to the surface of the plaques) determined by electron spin resonance
imaging technique, indicate spatial heterogeneity of the photooxidation process inside the plaques.
Dependence of the nitroxide concentration in a particular volume of the exposed plague 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 plaques gained
using independent microscopic-scale methods (infrared microscopy (IR) and microhardness (MH)) and
by SEM micrographs.
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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 resistance and low shrinkage 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 microphase-separated morphology. This is why in
this work the poly(ethylene oxide-b-propylene oxide-b-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 resin. The morphologies 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 phase. The addition of 5 and 15 wt % of EPE block copolymer led to a
considerable improvement in the toughness (Kic) of the materials. UV-vis measurements mainly
indicated a decrease in the transmittance with the increase of EPE block copolymer content.

Fig. 1. AFM phase images (1 um x 1 um) of a) neat epoxy, b) 5 wt % EPE/epoxy and c) 25 wt %
EPE/epoxy systems.
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Nanocomposites based on block copolymer matrix and inorganic nanoparticles have received
special interest in the last years [1,2]. The interest in block copolymers is principally based on its ability
to self-assembly generating different nanostructures. In this way, block copolymers have been used
for different applications 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 nanoparticles into 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 aim of this work was to disperse Fe,0O3 magnetic nanoparticles into a PS-b-PCL block copolymer.
To increase compatibility with one of the blocks of the copolymer, nanoparticles were modified by
grafting a PMMA-b-PCL block copolymer to their surface. The success of modification was
corroborated by means of FTIR, TGA and TEM analysis. Once nanoparticles were modified they were
dispersed into a PS-b-PCL block copolymer. The effect of nanoparticle addition on the morphology of
self-assembled copolymer was analyzed by AFM. 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.

A) |

Fig. 1. AFM phase image (3x3 um) of PS-b-PCL bIocponmer with of: a) unmodified Fe,03
nanoparticles and b) surface modified ones
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Hydrogels can be defined as three-dimensional 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 network and surrounding liquids. Especially, on
the basis of their dramatic swelling and shrinking behaviours, pH-sensitive hydrogels are being utilized
for new potential applications [2]. In this work, we studied the effect of pH on the swelling of
poly(acrylamide-co-acrylic acid) (P(AAm-co-AAc)) composite gels using by Steady-state fluorescence
(SSF) technique. Disc shaped composite gels were prepared by free-radical crosslinking
copolymerization of P(AAm-co-AAc). N, N'- methylenebis (acrylamide) (BIS) and ammonium persulfate
(APS) were used as crosslinker and initiator, respectively. Pyranine 4 was introduced as a fluorescence
probe. P(AAm-co-AAc) composite gels were dried before being used for swelling experiments. The
fluorescence intensity measurements were carried out using the Model LS-50 spectrometer of Perkin-
Elmer. All measurements were made at vertical position and slit widths were kept at 5 nm. Disc-shaped
gel samples were placed on the walls of 1x1 quartz cells filled with different pH solutions for the
swelling experiments. Fluorescence intensity of pyranine 4 was monitored during in situ swelling
processes of composite gels. Emission and scattered intensity of P(AAm-co-AAc) composite gel
samples were monitored during the swelling processes in different pH solutions. It can be seen that
as the water uptake is increased, fluorescence intensity, l.m decreased and the scattered light intensity,
Isc increased. Since the increase in lsc corresponds to increase in turbidity of the swelling gel, then we
have defined corrected fluorescence intensity, “1” as lem/lsc. It was observed that fluorescence intensity
values decreased as swelling progressed. Li-Tanaka equation [3] was used to determine the swelling
time constants, t. and cooperative diffusion coefficients, D. for the swelling processes. Results were
shown that swelling time constants, T decreased and diffusion coefficients, D increased as the pH
values increased.

In conclusion these results have shown that the direct fluorescence method can be used for real-
time monitoring of P(AAm-co-AAc) composite hydrogel swelling process. In this method in situ
fluorescence experiments are easy to perform and provide us with quite sensitive results to measure
the swelling parameters.
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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 sol-gel process of (3-
glycidoxypropyl)trimethoxysilane (GPS). Their final shape and condensation degree was directed by a
choice of suitable catalytic agent. Two conventional catalysts — tin- (DBTL) and amine-based (DABCO)
— were compared with novel, imidazolium-based ionic liquids (ILs). The influence of catalyst on
morphology of formed nano-objects (cycles, cages and ladders) was evaluated by means of NMR in
solid state, DLS, MALDI-TOF MS, FT-IR, 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 organic-inorganic hybrid materials. The impact of the type of inorganic
precursor and interphase interactions on final thermo-mechanical 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, the procedures 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 when exposed 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 induced by thermal oxidation for polyamide 11 (PA11)
with different initial molar mass. The test samples were films (about 70 um thick to avoid DLO) aged
under air at 110 °C. Size exclusion chromatography (SEC) and DSC measurements reveal random chain
scission and 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 the critical molar mass (M’c) controlling the
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 (Mno) during air aging at 110 °C.
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While polyolefins are generally prone to oxidative degradation, this is even more critical 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 deterioration of the mechanical properties.
In order to limit these phenomena, antioxidants are used in all commercial PP formulations. Various
chemistries have been developed over time, among which hindered phenolic antioxidants (e.g.
(Pentaerythrityl-tetrakis(3-(3’,5’-di-tert.butyl-4-hydroxytoluyl)-propionate commercially available as
Irganox® 1010 from BASF AG) are 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 performance and / or reduce the cost.
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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 carried by a triazine 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 multiple extrusions at 250°C for processing stability and oven aging
tests at 150°C for long-term stability. The melt flow rate (MFR) change and the discoloration of the
materials as measured by yellowness index (YI) was checked after each extrusion. As summarized in
Figure 2, the new compounds can be used as antioxidants for both processing and long-term stability
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 plasticizers. 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
bending test 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 together with some 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 element. Some other additives can be oxidized and
deposited on NBR.
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Polypropylene (PP)/CaCO; composite is widely used in industry and daily life. The addition of CaCO3
could improve the mechanical strength of PP greatly, but bring negative effect to the stability of PP.
This article mainly focuses on the natural aging of PP/CaCO; composites and illuminates how fillers
accelerate the aging of PP. During aging, the carbonyl indices of PP/CaCO; composites increased faster
than that of pure PP as expected, and the volatile aging products were detected. The PP/nano-CaCO;
composite had higher oxidation rate than the PP/micron-CaCOs; composite. With CaCOs; particles
treated with different coupling agents, the composites showed different oxidation rates but their aging
mechanism was the same. The coupling agents and CaCO3; showed synergistic effect on natural aging
of PP. The results demonstrated that the interfacial area of PP and CaCOs particles, together with the
surface chemicals of the latter, accounted for the accelerated degradation of PP. Meanwhile, unlike
commonly observed results that the tensile strength of polymer materials decreased monotonously
during aging, the tensile strength of PP/CaCOs;composites increased in the beginning unexpectedly and
then decreased in the later stage. A vague interface of PP and CaCOs; could 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 interactions/reactions
generated between PP and CaCOs particles during aging.
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The interest in new materials with specific properties able to respond to an external solicitation has
been growing. These materials can be developed by designing block copolymer with “smart” molecular
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 physico-chemical and thermo-mechanical properties to obtain new
engineering materials [1].

Controlled radical polymerization (CRP) techniques have been widely used for the preparation of
several block polymers with controlled molecular weight, narrow polydispersity and well-defined
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 range of functional monomers and reaction media along
with its relative ease of use.

This research work focuses on the synthesis and characterization of styrene and 4-vinylbenzoic acid
copolymer (PS-b-P4VBA) by RAFT polymerization. NMR-H and gel permeation chromatography (GPC)
evidenced that a block-copolymer was successfully synthesized.

204

dwtid(logh)
5
1

054

i J\\ (N

Vi W

00—+------

55 50 45 40 35 30
Slice Log MW
—— PS Macro RAFT - - - - PS + 4-Vinylbenzoic acid
a) b) y

Fig. 1. a) NMR-!H spectrum of block-copolymer; b) molecular weight distribution of the
synthesized PS MACRO RAFT and PS-b-P4VBA 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 properties [1].The essence of this work was to study
the effect of maleic anhydride (MA) used as compatibilizing agent on the filler-rubber 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 compared to those without MA. This implies that filler-rubber interactions were achieved in the
presence of MA because of chemical and physical bond formations. The rheological data in terms of
curing time, Too and maximum torque, Mmax were determined and it was found 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/4CEC without MA showed higher tensile values, 15.70, 15.63 and 10.96 MPa,
respectively at 5 phr filler loading as compared to that of neat NR, or samples with MA. Previous work
[2] reported that NR-SMR20 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 the cross-linking
formations within polymer chains [3]. Furthermore, the swelling measurements 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.

References

[1] H. Moustafa, Thése de I'université de Haute Alsace (UHA-IS2M-CNRS), "Influence of platelet nano-
particles on the fire resistance of crosslinked EPDMgMA and its bilayer assemblies", 2013,
Mulhouse, France.

[2] N.A.Darwish, A. B. Shehata, Ahmed I. Abou-Kandil, A. A. Abd EI-Megeed, S.N. Lawandy, B.K. Saleh,
International Journal of Adhesion & Adhesives, 2013;40, 135-144.

[3] C. Nakason, A. Kaesman, S. Homsin, S. Kiatkamjornwong, J Appl Polym Sci, 2001; 81(11), :2803—
2813.

50


mailto:hesham.moustsfa21@gmail.com
mailto:nadarwish@yahoo.com
http://onlinelibrary.wiley.com/doi/10.1002/app.v81:11/issuetoc

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

20
INFLUENCE OF ZEOLITE PARTICLES LOADING ON THE MORPHOLOGY AND
PHOTOSTABILITY OF ETHYLENE VINYL ALCOHOL COPOLYMER (EVOH)
NANOCOMPOSITE

levgeniia Topolniak'?, Jean-Luc Gardette!?, Sandrine Thérias'?

1. Clermont Université, Université Blaise Pascal, Institut de Chimie de Clermont-Ferrand, Equipe
Photochimie, BP 10448, F-63000 Clermont-Ferrand, FRANCE
2. CNRS, UMR 6296, ICCF, Equipe Photochimie, BP 80026, F-63171 Aubiere, FRANCE
(ievgeniia.topolniak@etudiant.univ-bpclermont.fr)

Keywords: nanocomposites, photodegradation, photostability, zeolite

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 polymer nanocomposite materials based on
ethylene-vinyl alcohol copolymer (EVOH), which is good candidate for packaging purposes [1]. Zeolite
nanoparticles were used as filler in order to develop materials for encapsulation of photovoltaic
devices. Zeolites were chosen 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 film processing and to study the effect of
zeolite particles loading on EVOH based material morphology and photostability. Two L-type zeolites
of nano- and micro-scale sizes were used as fillers. The nanocomposites with 5, 10 and 20% particle
additions were processed either by solution casting or by melt mixing in twin-screw 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 casting (Fig. 1).
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Fig. 1. TEM images of EVOH/20wt% zeolite nanocomposites

The photochemical behaviour of EVOH/zeolite nanocomposites and the impact of the fillers were
studied by FTIR and UV-Visible spectroscopies. It was found that zeolite loading doesn’t change the
main mechanism of polymer photodegradation. However, zeolites show a prodegradant effect on
EVOH photooxidation. It was found out that correlation between the nanoparticles content and the
increasing of the photo-oxidation rate is linear and may be 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 examined in terms of their influence on EVOH nanocomposites
properties.
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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 coatings, adhesives, electronics or structural engineering. Such huge versatility
of epoxy resins comes from their feasibility to undergo numerous modifications either by non-reactive
fillers but also by huge array of cross-linking agents. In recent years some efforts have been undertaken
to increase the flexibility of cured epoxy resins by incorporation of highly branched polymeric
structures into the network [1, 2]. Hyperbranched polymers (HBPs), often referred to as starburst
polymers, cascade polymers or dendrimers 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
comparison 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 developed a new class of self-lubricating epoxy composites, comprising both, hyperbranched
polyamines as a cross-linking agents and also complex grease [3, 4] acting as an inherent lubricant. The
field of application of these new materials can be found in marine industry, 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 bears or any moving elements made of steel, where severe conditions are present - high
temperature, humidity and dust —and constant lubrication is needed.

Barttomiej Bereska is a recipient of a Ph.D. scholarship under a project funded by the European
Social Fund.
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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 build-up metal complexes. Thus, a series of silicon-containing amine and
carboxylic acids were prepared, full characterized and reacted, often in presence of pyridyl derivatives,
as co-ligands with different metal salts or clusters. Either small molecules or coordination polymers
were obtained which, in solid state self-assemble in structures with different functionalities through
non-covalent bonds (hydrogen bonds, m-mt stacking, etc.) as was proved by X-ray single crystal
diffraction and spectral analysis (Fig. 1).
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Fig. 1. lllustrative 2D structures obtained. Fig. 2. (1) AFM images of manganese-containing
coordination polymer (a)-phase contrast image, (b)-
topographic image 2D, (c)- topographic image 2D,
(2) TEM image of manganese-containing
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 presence of metal centers (Mn, Co or Cu) confers
many properties of interest such as magnetism, catalytic or/and biological activity, etc. proved by
adequate measurements. Co-existence in structure of the highly hydrophobe dimethylsiloxane or
dimethylsilane units and polar metal-organic fragments confer somewhat amphiphile character to the
compounds which are self-assembling both in solution and in film as was emphasized by surface
tension and AFM, TEM (Fig. 2) measurements, respectively. This ability is of interest for their potential
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 recent years also 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 bioethanol 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 cannot be melted, 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 polyolefins. The 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 Burgo
Cartiere SpA, Italy, with sodium (Bretax SRO2) and 7
calcium (Bretax CRO2) counterions and three
Surlyn ethylene-acrylic acid-acrylate copolymers
produced by DuPont, USA, were used for the

m O
preparation of the blends. The components were = O
. . . . o 51
homogenized in an internal mixer at 190 °C and g
then compression molded into 1 mm thick plates g ©
S 4
at the same temperature. Structure was g ©
characterized by SEM, while mechanical ~ =
properties by tensile testing. Micromechanical 3
deformation processes were followed by acoustic
emission measurements. The originally very large 2

T T T T
0.45 0.50 0.55 0.60 0.65 0.70

particles (72 and 82 um, respectively) of lignin \
Ton concentration (mmol/cm”)

broke down to very small droplets (0.35-0.85 um)
during mixing indicating strong interactions

between the two components. The stiffness of the Fig. 1 Effect of the ion concentration of the
blends increased considerably with increasing 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 lignin. The 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 the polymer
and lignin, the dispersed structure of the polymer and the properties of the blends.
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Organic-inorganic nanocomposites have drawn a considerable attention in polymer science in last
decades. Epoxy resin diglycidyl ether of bisphenol A (DGEBA) was cured with different amines
including oligomeric diamines (Jeffamines), aromatic diamine diaminodiphenylmethane (DDM) and
cycloaliphatic 3,3'-dimethyl-4,4'-diaminocyclohexylmethane (Laromin C260). Silica was generated in
situ from the most common alkoxysilane precursor, TEOS or TMOS by using BF3MEA as an initiator.
Nonaqueous solvent-free sol-gel reactions are relatively slow under these conditions thus making possible
to control the silica structure evolution and to prevent a phase separation that often occurs during the fast
classical “aqueous” sol-gel process [1].

The coupling agent GTMS was used to strengthen an interphase interaction by covalent bonding
with an epoxy matrix. The 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 NMR, TEM, 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 are known to have 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 transfer agents were added:
mercaptoethanol (ME), dodecylmercaptide (DDM) and bencyl-triphenyl-phosphonium chloride (CBF).
Other components of formulation were also industrial grade.

Samples were mixed in a roller mill at 1509C, and the final samples prepared in a hot press to 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 with FTIR, mechanical tests using DMA, HCl evolution and Activation
energy (Ea) to degradation by TGA. Flory-Rehner equation was used to calculate crosslinking density
when a sample was kept under THF during 48 h and then dried during 24 h at 502C for obtaining soak
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 crosslinking. Elastic 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.

HCl evolution showed a reduction in induction time (Ti) but activation 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, as seen in Table 1.

Table 1. Crosslinking density and molecular weight between crosslinks (Mc)

Formulations % Gel Crosslinking Density (mol/m?) M’c (Kg/mol)
Ca/Zn 42 39.81 32.9
Ca/Zn-ME 35 41.37 31.7
Ca/Zn-DDM 37 41.33 31.7
Ca/Zn-CBF 38 37.24 35.2
Pb 40 4412 29.7
Pb-ME 35 43.09 30.4
Pb-DDM 37 42.76 30.6
Pb-CBF 29 39.37 33.3
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The experimental strategy and initial results from accelerated thermal ageing and mechanical
testing trials on foamed polysiloxane materials (see Fig 1) will be reported and discussed 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 to 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 reduction 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 to ~50% 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, orange, green, blue, pink and light green. The arrow
and box represent the specification limits.
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Plastics production has continuously grown over the past decades what consequently reflects in
the problem of post-consumer waste disposed into landfills, which represents long-term
environmental issue. One of the most widely used solutions for waist treatment is recycling. Among
several recycling methods, mechanical recycling represents one of the most common recycling
procedures. During mechanical recycling material is ground down and physically reprocessed,
therefore it is exposed to mechanical and thermal degradation as well as oxidation [1]. Eventually
material properties do not remain the same and this represents the issue which should be considered
when designing the technology and applications of the products made of recycled material. In this
context, the current study deals with the investigation of the effect of extensive mechanical recycling
on processability and mechanical properties of high density polyethylene (HDPE), as it is 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 extrusion cycles. Recycled
materials extruded in 1%, 2", 5%, 10" and every next 10" extrusion cycle (20", 30*"... 90*" and 100%") as
well as the non-recycled HDPE were taken to prepare the samples for further characterization with the
process of gravimetrical casting [2].

Processability of virgin HDPE and its recyclates was studied during extrusion by recording the
processing conditions, i.e., melt pressure and extrusion torque, while after preparation of the
recyclates, we performed melt flow index measurements (MFI), small amplitude oscillatory shear tests
(rheological properties), and DSC measurements of thermal properties. Further, mechanical
properties in solid state were characterized in terms of hardness and modulus measured with
nanoindentation, and finally, shear creep compliance was measured to characterize the materials’
time-dependence properties in solid state.

Rheological results and MFI measurements indicate significant structural changes in the material
that occurred during the first 30 extrusion cycles. Those changes affect material processability which
is as well supported by the recorded processing pressure and torque. On the other hand, processing
did not significantly affect the thermal properties. Results on hardness and modulus show
deterioration of the material mechanical properties through the process of repeating recycling.
Similarly, shear creep compliance measurements shown an unfavorable effect of mechanical recycling
on the time-dependent mechanical properties, particularly after the 30" extrusion cycle.

In general, it can be concluded that mechanical recycling affects HDPE processability and its
mechanical properties. Therefore, these changes needs to be taken into account when designing the
products made of recycled HDPE and selecting its production technologies.
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Low density polyethylene (LDPE) was thermally [1], thermo- [1,2] and photo-oxidatively [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 selectively used. Linear
viscoelasticity 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 (Fig. 1). Details will be given about
the structural modification in the different type of degradations, quantifying the non-linear data with
the MSF model.
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Fig. 1. Difference between the reference sample (fulfilled squares) and the 75min thermo-
oxidative (empty circles) and 1 week photo-oxidative (empty triangles) degraded samples for
elontational rates between 0.05 and 8 s-1. Lines correspond to the linear viscoelastic start-up.
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The thermal behavior of some cellulose and poly(vinyl alcohol) based cryogels was studied by
simulatenous dynamic thermogravimetry and differential scanning calorimetry in nitrogen
atmosphere, up to 600°C. The isoconversional differential kinetic method of Friedman [1] and the
integral one of Flynn—Wall-Ozawa [2,3] were applied to determine the global kinetic parameters
values by recording thermograms at four different heating rates. The activation energy values
increased with the conversion degree for all samples, suggesting a complex mechanism of thermal
decomposition. Non-linear multivariate regression method was used to find the forms of the kinetic
models which best fitted the thermogravimetric data and to determine the individual kinetic
parameters for each stage of thermal decomposition of all studied structures. An n-th order kinetic
model best described the thermal decomposition of pure PVA and cryogels, whilst the n-th order and
expanded Prout-Tompkins models better described the former and latter thermal decomposition stage
of pure cellulose. A coupling to a quadrupole mass spectrometer and a Fourier transform infrared
spectrophotometer were applied for the evolved gases analysis. A vast number of gaseous products
were identified during the thermal degradation of cryogels such as carbon dioxide, water, carbonyl
and olefin structures.
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The structural and color modifications of cellulosic textile materials painted with four different azo-
triazine dyes (Reactive Yellow 143, Reactive Orange 13, Reactive Red 183 and Reactive Red 2) were
studied during 100 h UV irradiation time and at an irradiation dose up to 35000 kJ m™. Structural
changes during irradiation were compared by applying FTIR and UV-VIS techniques. Insignificant
modification of the lightness factor (L*) values of the fabrics painted with RR-2 and RR-183 was
observed. Fabrics dyed with RY-143 and RO-13 showed a darkening tendency during irradiation. This
was due to accumulation of blue and green chromophores during irradiation because of
photooxidation reactions on the cellulose substrate. Structural changes of dyes during irradiation led
to a simulatenous hypochrome and bathochrome deplacement of the absorption FTIR maxima, leading
to coloring of the samples in complementary colors (blue and green). These observations were
supported by changes in visible absorption spectra as a result of irradiation. A photodegradation
mechanism of RY-143 was proposed, due to the other dyes structures similar photochemical behavior.
UV exposure led to the partial detachement of the dyes and glucose units from the textile surfaces and
dye photodegradation by C—N bond scission with destruction of azo groups and aromatic rings [1,2].
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Polydicyclopentadiene (pDCPD) is a tridimensional hydrocarbon polymer with a high Tg (i.e 160°C)
obtained from Ring Opening Metathesis followed by a curing step. During oxidation, studied at
temperature from 30 to 120°C, carbonyl build up was monitored by FTIR and NHs treatment [1] was
used in order to identify oxidation products. It was shown that both carboxyl acids and ketones are
formed during pDCPD oxidation, moreover it appears that concentration ratio of carboxylic acids over
ketones is higher at 30°C than at 120°C which is unexpected since carboxylic acids result from the
transformation of unstable aldehydes.

A kinetic model of oxidation has been set up based on hydroperoxide titration using DSC, iodometry
and SO, treatments [2] in order to explain this unexpected behavior. This model shows that activation
energy is higher for termination than for initiation which is a clear novelty compared to previous results
obtained on model liquid systems or hydrocarbon polymers aged at rubbery state [3]. This behavior
could be explained by the fact that oxidation occurred below Tg i.e. in a domain of low mobility where
peroxy radical bimolecular combinations are diffusion controlled. Furthermore, this kinetic model has
been used to explain the unexpected evolution of carbonyl products with ageing temperature and so
led to a better understanding of oxidation processes in pDCPD.
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Polyethylene is one of the commodity plastics applied in large quantities for its several
advantageous properties (low density, transparency, water-resistance, innocuousness for human
health, recyclability, and low-cost). However, the polymer has to be protected from damaging chemical
reactions during processing which lead to undesired property changes. The degradation is caused by
the combined effect of heat, shear and small amounts of oxygen present in the processing machine,
and is initiated by the weak sites (unsaturated groups, branching points) of polyethylene. These
reactions can be inhibited by the use of antioxidants. Results of our earlier research revealed that the
characteristics of the polymer powder determined by the polymerization conditions, processing
parameters, as well as the type and amount of antioxidants influence together the chemical reactions
taking place during processing. The aim of the present work was to explore the defining characteristics
of the nascent polyethylene powder which affect the properties of the polymer product processed
without and with stabilizers. We studied the effect of the catalyst residues, the low molecular mass
fraction, the particle size distribution of polymer powder, and the characteristics of the particles of
different sizes on processing stability and the properties of product.

The results showed that although catalyst residues affect the properties of the polymer product,
the amount of the low molecular mass (low polymer, LP) fraction has the most significant effect on the
characteristics investigated. The concentration of unsaturated groups — which are initiating sites for
degradation —is large in the low polymer fraction; consequently the number of unsaturated groups in
the polymer powder increases with increasing LP content. This results in a reduced stability of the
polymer and larger antioxidant consumption during processing. Most of the characteristics of
polyethylene change with particle size. Molecules with smaller molecular masses dominate in small
particles. These molecules contain larger number of functional groups (methyl, vinyl, vinylidene) and
more catalyst residues. The chemical structure and rheological properties of the polymer processed
without and with stabilizer, as well as the strength of films produced from them are controlled mainly
by the characteristics of the polymer powder; processing conditions have less significant effect. The
composition of the stabilizer package influences the reactions of vinyl groups, as well as the
discoloration and the residual thermo-oxidative stability of the polymer.
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Polyamide 66 (PA 66) and polybutylene terephthalate (PBT) are two common thermoplastic
polymer systems which are used for a wide range of applications in household as well as in the
automotive industry and elsewhere [1]. In the past there were only a few investigations on the
influence of metals as well as their oxides or salts on the thermal degradation mechanism of
thermoplastics [2-6]. Our focus is on the thermal degradation mechanism and how it is being
influenced by metal oxide particles with a high surface area. Among these are Fe;Os; and two
modifications of alumina (y- and n-Alumina). Alumina is often used as carrier for other transition
metals in catalytic chemistry because of its high surface [7-10]. Therefore we investigated alumina
doped with CuO and Fe;0:s.

For investigating the thermal degradation mechanism common analyzing techniques like DSC and
thermogravimetry coupled with Fourier transformed infra red spectroscopy (TGA-FTIR) or mass
spectrometry (TGA-MS) were used. These methods are only suitable to detect the main degradation
products and small molecules like NH4, H,0, CO, CO,, cyclopentanone etc. For both methods it comes
to an overlay of spectra of all components in the gaseous mixtures of degradation products which
reach the analyzer at the same time. Therefore an exact qualification via comparison with reference
spectra is difficult to achieve. A chromatographic system is needed to separate the decomposition
products. A new analytic technique was developed with a solid phase extraction (SPE) coupled to the
TGA. The volatile decomposition products were trapped on stirring bars coated with an adsorption
material (Twister) like polydimethylsiloxane (PDMS). Afterwards these Twisters were analyzed by
thermal desorption gas chromatography mass spectrometry (TDS-GC-MS). Thus, it is possible to
separate the compounds and qualify the exact structure over reference spectra from MS data bases.
This method has a very high sensitivity and only small amounts of polymer are needed.

Significant differences between the doped polymers could be determined. Especially doping with
Fe,0s leads to strong differences in the decomposition. All dopings lead to an increased release of CO;
and NHs in the TGA-FTIR. Derived from that, the dopings lead to an increase of decarboxylation and
deamination. With the gaseous stirring bar sorptive extraction new decomposition products could be
found.
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Surface modification of various spherical mineral fillers by phosphorous agents (Tm and Zm) was
carried out with the aim to use these particles (10wt%) as flame retardant additive in polypropylene
(PP). Indeed, phosphorous agents are good alternative to replace halogen-containing flame retardant
widely used in PP [1]. Thermal and flammability properties of PP/modified fillers (PP-Tm-10%, PP-Zm-
10%) was studied using TGA and PCFC and compared to those conferred by spherical pure fillers (PP-
T-10%, PP-Z-10%). The combustion properties of the composites were estimated using cone
calorimeter.
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Fig. 1: Cone calorimeter curves for (a) PP, (b) PP-T-10%, (c) PP-Z-10%, (d) PP-Tm-10% and (e) PP-
Zm-10%.

Fig. 1 shows that the untreated fillers induce the most significant reduction of peak of Heat Release
Rate while the surface modification by phosphorous agents does not lead to the expected effect on
the fire behavior of PP composite. The origin of this phenomenon was deeply studied and was related
to the difference of morphology and rheological behavior between the several PP composites [2, 3].
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Flame retardants are classically added to the polymer matrix as additives and/or fillers. Few years
ago, a new approach was developed as an alternative to this path of dispersion [1, 2, 3], and lately for
improving the flame retardancy of thermoplastic polymers (PA6) [4]. The syntheses are based on
hydrolysis-condensation reactions of alkoxysilanes precursors during extrusion process without adding
solvents e.g. Fig. 1. This work aims to show that in situ generation of functionalized inorganic fillers
during melt extrusion can be successfully exploited for enhancing the fire retardancy of a PA66
copolymer.

R-Si(OR)
Nylon *

Residual
water in PA

Fig. 1: Synthesis of silico-functionalized fillers in molten PA66 copolymers

Morphological and chemical characterization revealed the formation of these ‘hybrids’. The
thermal degradation and major decomposition products were studied using TGA and TGA coupled with
FTIR. Pyrolysis Combustion Flow Calorimeter and cone calorimeter were used to investigate the fire
behavior. The use of organophosphorous silica precursor results in a decrease about 57% and 17% in
the peak of heat release rate and total heat release respectively. The residue rate was also increased
about 8% due to the char formation.

References

[1] Van Nieuwenhuyse P., et al., Hydrolysis—condensation reactions of diethylphosphato-
ethyltriethoxysilane with tetraethoxysilane studied by 2°Si-NMR: Solvent and phosphonate
catalytic effect. Journal of Non-Crystalline Solids, 354(15/16), 2008, pp. 1654-1663.

[2] Bahloul W., et al., Morphology and viscoelasticity of PP/TiO2 nanocomposites prepared by in situ
sol-gel method. Journal of Polymer Science Part B: Polymer Physics, 48(11), 2010, pp. 1213-1222.

[3] Bahloul W., et al., Reactive extrusion processing of polypropylene/TiO2 nanocomposites by in situ
synthesis of the nanofillers: Experiments and modeling. AIChE Journal, 57(8), 2011, pp. 2174-
2184,

[4] Theil-Van Nieuwenhuyse P., et al., Phosphorylated silica/polyamide 6 nanocomposites synthesis
by in situ sol-gel method in molten conditions: Impact on the fire-retardancy. Polymer
Degradation and Stability, 98(12), 2013, pp. 2635-2644.

66


mailto:jihane.sahyoun@yahoo.com
mailto:veronique.bounor-legare@univ-lyon1.fr
mailto:philippe.cassagnau@univ-lyon1.fr
mailto:rodolphe.sonnier@mines-ales.fr
mailto:Laurent.Ferry@mines-ales.fr

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

36
KINETIC MODELLING OF STABILIZER CONSUMPTION AND MOLAR MASS
DEGRADATION IN NC-BASED MATERIALS

Manfred A. Bohn

Fraunhofer Institut fuer Chemische Technologie (ICT)
Postfach 1240, D-76318 Pfinztal, Germany, Manfred.Bohn®@ict.fraunhofer.de

Keywords: nitrocellulose; degradation of nitrocellulose; molar mass degradation; stabilizer
consumption; reaction kinetic description; bimolecular stabilizer reaction;

It seems that nitrocellulose (NC) will continue to survive as energetic polymeric binder and in the
civilian market. With nitrocellulose stabilizers must be used to prevent it against the autocatalytic
decomposition. However, the slow intrinsic decomposition cannot be prevented and therefore a slow
degradation happens always, which leads to stabilizer consumption and the splitting of the NC chains.
The last effect means molar mass degradation of NC. Both phenomena are irresolvable coupled. In
splitting off the *NO; radical from the nitrate ester groups R-CO-NO; the remaining radical function
written as R-C-Oe¢ stabilizes itself by molecular rearrangement of the anhyroglucopyranose ring and by
splitting-off stable small molecular species. This means molar mass degradation happens by
destruction of chain units and not be mere bond splitting between chain units, which is in accordance
with the observed mass loss with NC.

Several kinetic descriptions of stabilizer consumption are available [1], which have proven to be
acceptable applicable, but mostly in demanding a simplified model base. In other words the
stabilization reaction is still a not easy to handle one in reaction kinetic terms. But a reasonable solution
can be achieved by starting with the basic reaction scheme Eq.(1), which shows that the stabilization
reaction is a bimolecular one.

k .
NC —NC _, pNC -residue (1)
k
S+P—S 5 S-P

The elaboration of this relatively simple reaction scheme ends up in an equation for the bimolecular
stabilizer reaction, whereby the preceeding production of P (means NO,) from NCis included, because
the concentration of P is not constant with time. The model contains therefore both reaction rate
constants of the above reaction scheme, which is a general and necessary condition for correct
modelling of stabilizer consumption.

Molar mass decrease of NC caused by random chain scission is describable with models based on
the averaged characterizing parameters of the molar mass distribution (MMD) functions. The correct
disribution function in terms of reaction kinetics is the one which counts the numbers (or mols) of
polymers in the molar mass fraction and the number averaged mean molar mass Mn is the correct
guantitiy. Based on this quantity models of random chain scission and random chain scission with chain
recombination are discussed including several special cases: change of molar mass of chain element
unit and the order of the reaction of chain element decomposition from zero to second order.
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It is documented in literature that a mixture of elemental sulphur and phosphorus compounds, e.g.
aryl phosphates, imparts flame retardancy to polystyrene (PS) materials [1-2]. Recent research has
shown that also organic sulphur compounds can play a similar synergistic role as elemental sulphur
[3]. Although the role of phosphorous compounds as flame retardants is most probable flame
poisoning (PS, independent of its additivation, burns without leaving residue), the synergistic mode of
action of sulphur compounds as well as their interaction with the polymer matrix and/or PS
decomposition intermediates is much less clear. Therefore, the scope of this work is the analysis of the
thermal decomposition of this sulphur and/or phosphorous containing PS materials compared to the
pure polymer.

The thermal decomposition behaviour of polystyrene (PS), containing various sulphur and triphenyl
phosphate (TPP) was investigated, using thermogravimetry, coupled with Fourier transform infrared
spectroscopy (TGA-FTIR). It was found that the additives influence the decomposition process of the
polymer in condensed phase, resulting in a decreased styrene monomer formation and increased
styrene oligmer derivatives. Via reference measurements with binary mixtures it was found that the
presence of sulphur additives influences the radicalic decomposition process of PS.
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Polyamides comprise the largest family of engineering polymers in consumer market with wide
range of applications. But its technical utility is restricted due to its inherent flammability [1]. Recently
[2] an integrated multicomponent molecule, Melamine-poly(aluminum phosphate) (Safire®200), was
developed and along with aluminium phosphinate it is found to act synergistically in the flame
retardancy of glass fiber reinforced polyamide-66 [2,3]. We have prepared and characterised novel
formulations and we have studied their properties. Performance tests like UL-94, glow-wire tests, and
cone calorimetry were carried out. Formulations containing 15% of additives loading are found to
achieve VO rating according to UL-94. There is considerable reduction (up to 80%) in the peak of heat
release rate (pHRR) obtained from cone calorimetry with significant intumescent behavior. A multi-
modal action is assumed from multi-component Safire*200 in the reinforcement of polyamide-66 and
a detailed investigation is undertaken to elucidate their mode of action. The strategy was to
characterize different chemical species generated at different stages of their decompostion under a
fire scenario following HRR curve. The species generated in the condensed phase were studied by
spectroscopy (FTIR, solid state NMR), X-ray powder diffraction and microscopy (SEM, EPMA, optical
microscope). TGA coupled FTIR, and pyrolysis gas chromatography mass spectrometry (Py/GC/MS)
were utilized to investigate chemical species released in the gas phase. Flame retardancy mechanism
is investigated based on the identification of the chemical species in both gas and condensed phases.
Their contributing role in flame retardancy is understood and it will be presented in the talk.
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Polyester-based resins are good candidates for outdoor coating applications because they combine
good mechanical properties with good stability against weathering. The latter is particularly true for
resins based on isophthalic acid (IPA) [1-3]. Despite the practical relevance of these materials, they are
not very often selected as the topic of weathering studies, due to their complicated photo-oxidation
chemistry and the long exposure times required. In this study, we expose coatings based on
poly(neopentylisophthalate), cross-linked to a polyester-urethane, in artificial weathering equipment
and follow the changes in chemical composition and light absorption by FTIR and UV-VIS spectroscopy,
respectively. Because coatings often degrade in a spatially inhomogeneous fashion (especially in the
depth dimension), both analyses are tuned as to provide depth-dependent information. For the FTIR
analysis, a depth-resolved measurement method is employed by combining FTIR-ATR microscopy with
a depth gradient that is introduced in the coating after degradation (see Fig. 1.). For the UV-VIS
analysis, samples with varied coating thicknesses are characterised in a transmission measurement
and analysed with a newly developed model that allows for interpretation of the light absorption at
different coating depths. The results of the FTIR and the UV-VIS measurements are interpreted and
related in the context of photodegradation. It should be emphasised that the analysis methods
developed in this work can be applied more generally in weathering studies on polymer coatings.
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Fig. 1. Schematic of the sample preparation procedure prior to FTIR-ATR microscopy. A depth gradient x(z) allows for
determining an FTIR-ATR line scan (red arrows) at different coating depths.
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Epoxy resins, due to their unique properties, constitute one of the most versatile group of polymers.
However, like large majority of polymers, this kind of material suffers from poor fire resistance [1,2].
Transportation (automotive, trains, military and commercial aircrafts), electrical and electronics
(printed writing boards, semiconductors, encapsulation), constructions and furnishing elements are
the main fields where fire retardancy of epoxy resins is required. Because investigations on thermal
degradation are crucial for understanding flame retardancy mechanism and further designing of new
materials, the influence of two novel phosphate flame retardant mixtures of bisphenol A alkylphenyl
phosphates on fire retardancy and thermal stability of epoxy resin at different incorporation levels
were studied. Organophosphorus compounds are believed to remove flammable particles, reduce the
energy of the flame in the gas phase and form a protective carbonaceous layer on the surface of the
polymer [3]. Thus, combustion behavior, decomposition pathway, thermal and thermooxidative
degradation properties of the epoxy resin containing phosphate flame retardants were assayed by
limiting oxygen index, vertical burning test (UL-94) and cone calorimeter tests, thermogravimetric
analysis and thermogravimetry coupled with Fourier transform infrared spectroscopy. The application
of both phosphate mixtures amounting 20 % in epoxy resin resulted in satisfied oxygen index (30-33
%) and UL94 V2. The peak of heat release, determining fire propagation, was strongly reduced by about
50%. Both, condensed and gaseous phase action of flame retardants is proposed to be the flame
retardancy mechanism of used phosphates in epoxy resin.
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Reaction to fire of several intumescent Gaialene (Gaialene is a polypropylene-grafted starch) was
investigated by mass loss cone calorimeter (MLC). After screening different intumescent ingredients,
formulations exhibiting the most promising results were optimized by a design of experiments using
MLC, UL-94, and limiting oxygen index (LOI) tests as response. It is shown that the conventional
ammonium polyphosphate (APP) used alone at 30 wt% loading provides the best results: 60%
reduction of the peak of heat release rate, high LOI (30 vol% 0O,) and UL-94 VO ranking at 1.6 mm (V2
at 0.8 mm) [1].

Mechanisms of fire retardancy were then investigated by thermogravimetric analysis coupled with
Fourier transform infrared gas phase analysis, by pyrolysis/gas chromatography/mass spectroscopy,
by rheology, and by solid-state nuclear magnetic resonance (Figure 1). It was shown that phosphoric
acid released upon fire acts in solid phase by catalyzing the degradation of starch, enhancing the
development of an intumescent shield protecting the polymer [2]. A complete mechanism of action
will be discussed in the talk.
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Fig. 1: a: MAS CP/DD 3C NMR spectra of non-treated and heat-treated G, b: general hexose
structure
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Thermal performance of polymers and degradation under oxidative conditions depends on oxygen
permeation. Prediction of spatially dependent polymer degradation with DLO models or related
degradation mechanistic kinetic models for lifetime extrapolations, require input of oxygen diffusivity,
solubility, or overall permeability at elevated temperature. Unfortunately, such data are not always
available and basic physical transport measurements can be convoluted by ‘reactive chemistry’ loss of
oxygen. Often estimations are made from indirect measurements or theoretical approaches. This
presentation will focus on the optimization of experimental approaches and data extraction, which can
now be applied to characterize thin films of low permeable polymers. Checks and corrections for
oxidative chemistry during the experiment can be accommodated. The O, permeation features of a
few epoxy thermo-set materials, Kapton, and polypropylene between 25 and 140°C were investigated
with time-dependent flux measurements and are being compared to offer data, which so far have not
been available in the literature. Interestingly, the glass transition of Epon 828/D230 epoxy at ~95°C
has a significant effect on the permeability, but not the diffusion constant in an Arrhenius plot.
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Fig. 1: 02 permeability and diffusivity for a polyether amine cured epoxy system.
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Polymers are widely used as insulating materials due to their excellent dielectric and mechanical
properties, and their relatively low cost. PVC and XPE are one of the most used materials for this
application in automotive industry. Insulating materials undergo heating by Joule effect while cable is
in operation. The temperature factor accelerates the oxidative degradation and causes the premature
loss of their use properties.

PVC and XPE insulators under study have been especially developed for the automotive industry.
PVC is plasticized by phthalate and filled by carbon black and talc. XPE is obtained by electron beam
irradiation of a low-density PE of 8% crystalline ratio, stabilized by Irganox 1010 and filled by chalk and
magnesium hydroxide. Both insulating materials have been cut into slices of some hundreds of
micrometers before physico-chemical analysis.

Several analytical techniques have been used to monitor the polymer degradation at both the
molecular and macromolecular scales: Stabilizer depletion (i.e. diffusion, evaporation and chemical
consumption) by OIT measurement and FTIR spectroscopy in XPE; Plasticizer depletion (i.e. diffusion
and evaporation) by ATG, FTIR spectroscopy and DSC in PVC; Formation of oxidation products by FTIR
spectroscopy in both polymers; Chains scissions and crosslinking by rheometry in PVC and swelling in
an adequate solvent in XPE. The consequences of these modifications on the macroscopic behavior
have been evaluated by dynamic dielectric spectrometry (measurement of dielectric constant and loss
angle) and uniaxial tensile testing (elongation and strain at break).

After having discussed the main experimental results, we will strive to build fundamental
structure/property relationships for well understanding and predicting the macroscopic behavior at
long term of both insulating materials. In particular, the changes in dielectric properties will be
connected to the modification of side functional groups, i.e. of polymer polarity [1]. In contrast, the
changes in mechanical properties will be related to the decrease in average molecular mass (for linear
PVC) or concentration of elastically active chains (XPE network) due to oxidative chain scissions [2].

References

[1] C.C. Ku and R. Liepens, Electrical properties of polymers: chemical principles, Munich: Hanser
Publisher, 1987.

[2] M. Ben Hassine, M. Nait-Abdelaziz, F. Zairi, X. Colin, C. Tourcher and G. Marque, Time to failure
prediction in rubber components subjected to thermal ageing, submitted in Journal of the
Mechanics and Physics of Solids.

74


mailto:tetiana.salivon@ensam.eu

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

44
A MULTI-SCALE SIMULATION APPROACH TO STUDY THE WEATHERING OF
POLYESTER-URETHANE COATINGS

H. Makki, K.N.S. Adema, J. Laven, E.A.J.F. Peters, L.G.J. van der Ven, R.A.T.M van
Benthem, G. de With

Laboratory of Materials and Interface Chemistry
Eindhoven University of Technology, Eindhoven, The Netherlands
e-mail : h.makki@tue.nl

Chemical degradation of polymer coatings via a photo-oxidative pathway, that is photodegradation,
results in physical changes which eventually lead to failure of the material. Photodegradation
processes of polymer coatings involve different cooperative events; absorption of photons, diffusion
of oxygen and water, chain scission, cross-linking, etc. Despite considerable research effort, a complete
explanation of all the effects that play a role in this process has not been achieved yet. Extensive
experimental studies have been conducted in order to elucidate the mechanisms of photo-oxidation
of several coatings. Most of these studies indicate a huge variety of chemical reactions which strongly
depend on many different parameters such as the presence of oxygen and water, the wavelength of
the radiation, the internal and external stresses in the material.

Using a multi-scale simulation, we study the changes in chemical, physical and mechanical
properties of a model polyester-urethane coating during degradation. This simulation consists of
different methods in order to cover a wide range of the time and length scales involved in changing
properties due to photodegradation. A coarse-grained molecular simulation has been used to build up
the initial network structure of the material. By coupling a kinetic Monte Carlo simulation to a
Dissipative Particle Dynamics method, a novel simulation approach has been developed that makes it
possible to take into account chemical and physical pathways of the photo-degradation process. In the
end, several Molecular Dynamics simulations have been performed in order to compute number of
thermo-mechanical properties of the material during the photo-degradation process.
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Poly(ether ether ketone) (PEEK) is an aromatic semi-crystalline thermoplastic displaying high
thermo-mechanical performances (e.g. T = 150°C and Tm = 340°C) and chemical resistance to common
solvents such as acetone, toluene, ethyl acetate, etc. That is the reason why this polymer is now
considered as matrix of carbon fibers reinforced composite materials for various applications.

Thermal degradation of PEEK has been investigated by several authors at high temperature
essentially in melt state [1] [2] [3] [4], but rarely in rubbery state [4] [5] and never in glassy state. Its
structural modifications have been evidenced at different scales by a limited number of analytical
techniques, in particular: chemical composition by FTIR spectrometry, macromolecular architecture by
GPC and rheometry, and crystalline morphology by DSC. In the 320-440°C temperature range, it was
evidenced that the partial instability of PEEK results in the rupture of ether and carbonyl linkages thus
giving macro-radicals. The coupling of these radicals leads to a predominant crosslinking process both
in nitrogen and air, thus modifying the macromolecular architecture and crystalline morphology of
PEEK.

The objective of the present communication is to investigate the thermal degradation kinetics of
PEEK from liquid (T = 440°C) to glassy state (T < 150°C), in order to respond to frequently asked
guestions: Does the thermal degradation kinetics of PEEK obey a relatively simple law (e.g. Arrhenius
law) throughout the temperature range under study? Should we expect discontinuities in the
corresponding Arrhenius graph due to the presence of two physical transitions (T, and Tm)? Are
these discontinuities of the first or second order? Indeed, it is suspected that both transitions
(mainly Tg) affect the molecular mobility in amorphous phase and thus, induce a sudden change in the
reaction rates involving low concentrations of reactive species (in particular, termination rates of
macro-radicals).

Two grades of PEEK with different molecular masses have been supplied as pellets. Films of about
50 um thick were processed by compression molding at 370°C under 10 MPa during 4 min. Their
thermal degradation has been monitored by three complementary analytical techniques (i.e. FTIR
spectrophotometry, rheometry and DSC) after exposure between 120 and 320°C under 0 and 10 MPa
of oxygen pressure. Two ageing indicators —induction time t; and maximal degradation rate r— have
been determined for each physico-chemical quantity under study and plotted in Arrhenius graphs to
be compared to a compilation of literature data. A kinetic model will be proposed to predict these
changes of ti and r, in function of temperature and oxygen partial pressure, and answer the above
guestions. This model will be derived from a radical chain reaction and coupled with well-known
structure/Tg and Tm relationships established by Flory in the 1950s [6] [7], to access the thermal
properties.

References
[1] 1. Day, M, etal., J. Appl. Polym. Sci., 1988. 36(5): p. 1097-1106.

[2] 2. Day, M., D. Sally, and D.M. Wiles, J. Appl. Polym. Sci., 1990. 40(9-10): p. 1615-1625.
[3] 3. Jonas, A. and R. Legras, Polymer, 1991. 32(15): p. 2691-2706.

[4] 4. Cole, K.C. and I.G. Casella, Thermochim. Acta, 1992. 211(0): p. 209-228.

[5] 5. Hay, J.N. and D.J. Kemmish, Polymer, 1987. 28(12): p. 2047-2051.

[6] 6. Flory, P.J., ). Chem. Phys., 1947. 15(9): p. 684-684.

[71 7. Fox, T.G.and P.J. Flory, J. Appl. Phys., 1950. 21(6): p. 581-591.

76



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

46
A GENERAL KINETIC MODEL FOR THE PHOTOTHERMAL OXIDATION OF
POLYPROPYLENE

A. Frangois-Heude? 2, E. Richaud?, E. Desnoux?, X. Colin?

1 PIMM, Arts et Métiers ParisTech, 151 boulevard de I'Hopital, 75 013, Paris, France
2 DETC-A, Renault, 1 rue du Golf, 78 288, Guyancourt, France

Keywords: Polypropylene; Photothermal oxidation; Kinetic modeling; Photochemistry

A general kinetic model for the photothermal oxidation of polypropylene has been derived from
the basic auto-oxidation mechanistic scheme in which the main sources of radicals are the thermolysis
and photolysis of the most unstable species, i.e hydroperoxides:

Thermolysis S8POOH > aP*+ BPO,* (kq)

Photolysis POOH + hv - 2pP* (k. = CD'JPOOH)

where a, B and § are stoichiometric coefficients accounting for the reaction molecularity, and Jeoon
corresponds to the UV-light energy absorbed by the photosensitive species, whose calculation
procedure has been given elsewhere [1] according to the quantum theory.

The validity of this model will be checked for a wide range of temperatures and UV-light sources
(Fig. 1). It will be shown that it gives access to the global changes in concentration of: (i) primary
(hydroperoxides) and secondary (carbonyls) oxidation products, (ii) double bonds, (iii) chains scissions
and crosslink nodes, but also in weight and number average molecular masses. These results are in full
agreement with the photolysis results reported by Carlsson and Wiles in the 70’s in reference papers
[2, 3]. However, the model seems to be only valid for UV-light energies equivalent to about 10 suns as
upper boundary, which could be due to multiphotonic excitations or chromophores photosensitization
(i.e. termolecular photo-physical reactions), both enhanced at high irradiances.
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Fig. 1: Simulation of iPP photothermal oxidation in Weather’'OMeter at 64°C (a and b) and SEPAP 12-24 at
60°C (c and d). Symbols: experimental data: ¢ hydroperoxides, mo carbonyl products, Aweight and e number
average molecular masses. Lines: kinetic modeling.
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Recently, significantly enhanced flame retardant efficiency of common ammonium polyphosphate
based intumescent system was found in self-reinforced polypropylene (PP) composites [1]. In this
study, the observed novel flame retardant synergism evinced between intumescent additive system
and highly oriented polymer fibres [2] has been investigated both in PP fabric reinforced, film-stacked
composite sheets and in short-fibre reinforced, injection moulded all-PP composites.

After comprehensive mechanical characterization (tensile tests, impact tests and DMA analyses),
the ignitability and combustion behaviour of the two types of flame retarded self-reinforced
composites were monitored. The results were compared to simple melt compounded flame retardant
compounds of identical low (up to 15 wt%) additive contents. SEM and EDS analyses supported the
different intumescent mechanism of each kind of samples to be understood, while the structure and
character of the (after combustion) obtained charred residues were examined by compression tests.
Considering the results of all the applied testing methods, the complex picture of the mechanism
behind the enhanced flame retardant efficiency in self-reinforced composites could be clarified. The
observed outstanding efficiency is explained by the beneficial physical cooperation between the
intumescent, i.e. expanding structure, and the shrinking of fibres. Such system, exposed to heat, forms
charred surface layer of special, compact structure resulting in effective fire extinction.

It was concluded that the embedding of additive-free, highly stretched (oriented) fibres into the
polymer matrix can basically change the burning behaviour (ignitability, char forming process,
migration effects, etc.) of a flame retarded polymer system. It is prospected that high amount of flame
retardant additives could be spared this way, and by this means a more cost-effective flame retardancy
of polymers can be realized in the near future.
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Poly(methyl methacrylate) (PMMA) as one of the most important thermoplastics is used in a wide
variety of applications due to its interesting properties such as transparence, resistance to scratch and
hardness. Unfortunately, PMMA is highly flammable [1], and its flame retardancy becomes a challenge.
The fire resistance of PMMA could be improved by incorporating various flame retardants, such as
inorganic compounds [2], phosphorus-containing molecules [3] or their combination [4].

In this research, three kinds of inorganic particles were chosen: ZrO, (spherical morphology),
sepiolite (fibrillar morphology) and MMT (layered morphology) were combined with ammonium
polyphosphate (APP). Formulations were as follows: PMMA/15%APP/10X (X = ZrO,, sepiolite or MMT).
The mixture of APP/X was blended with PMMA pellets in an internal mixer at 220°C during 10 minutes.
The blends were then grinded and pressed under 60 bars at 240°C to obtain the specimens in form of
square sheets which have been characterized.

The thermal degradation and flammability behavior of PMMA composites were characterized using
thermogravimetric analysis (TGA), pyrolysis combustion flow calorimetry (PCFC), cone calorimetry and
also limiting oxygen index measurements (LOI). Morphology state was investigated with scanning
electron microscopy (SEM) and X-ray diffraction (XRD). The results showed that the combination of
APP and oxide particles led to a significant improvement of the fire behavior and thermal properties
of PMMA and that the three oxides used in the system behaved as synergistic agents. The influence of
morphology was also investigated. The residues after combustion in cone calorimeter were analyzed
by XRD, chemical interactions between APP and oxide particles were identified which implied the
formation of a protective layer during the combustion.
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Flame protection is a key issue in many industrial applications and flame retardant polymers are
highly desired. Distinct approaches to reduce the fire risk of polymers are used. One way is the use of
synergy in multicomponent systems. To optimize the composition of such flame retardant systems it
is essential to understand the fire retardancy mechanism in the condensed phase.

In this work, for the analysis of the solid residues, different spectroscopic methods are used, with
the main focus on the solid-state NMR. The structural changes in the condensed phase of two systems
based on thermoplastic elastomer (copolymer Styrene-Ethylene-Butadiene-Styrene, SEBS) were
investigated: SEBS/Aluminium diethylphosphinate (AlPi)/Magnesium hydroxide (Mg(OH),;) and
SEBS/AIPi/Zinc Borate (ZB)/Poly(phenylene oxide) (PPO). 13C, ’Al, 1'B and 3!P NMR experiments using
direct excitation with single pulse and *H-3!P cross-polarization (CP) were carried out as well as double
resonance techniques. It was concluded that for the system SEBS/AIPi/Mg(OH), the formation of
magnesium phosphates during the pyrolysis occurs, while for the system SEBS/AIPi/ZB/PPO zinc
phosphates and borophosphate were found. Thus, the chemistry of the examined systems, which is
standing behind the synergistic phenomenon, was characterized.
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The primary interest in the clay-reinforced polymer nanocomposites (PNCs) is related to the
reinforcement aspects but other important matters include their flammability resistance, mechanical
performance, electrical/electronic properties, barrier properties, polymer blend compatibilisation. To
achieve PNCs with good performances, the silicate platelets must be well dispersed and delaminated
in the polymeric matrix. Despite the proven above mentioned benefits of polymer nanocomposite,
they are used today only in niche industrial applications because of a difficultous nanoparticles
dispersion in the matrix during the melt processing and lower thermo- and photo-oxidative stability
than the neat matrix [1-2].

In this work novel organo-modifier formulation through innovative chemical approach is proposed
and used to produce PNCs with in-build lifetime stability and performance properties. The innovative
chemical approach consists in grafting of reactive anti-oxidant molecules (AO), as hindered phenols,
on the ammonium salt (OM) in order to formulate the novel organo-modifier ((AO)OM). Then
thermally stable organo-modified montrmorillonite, through ions exchanging with unmodified MMt,
are formulated. Accurate characterization of the innovative clay is performed through spectroscopy
and x-ray diffraction and its thermo-oxidative resistance is compared to those of the commercial
unmodified and organo-modified clays. Obtained results suggest that the presence of hindered phenol
molecules does not hinder the intercalation of the OM between the silicate layers.

The nanocomposites having novel organo-modified clay undergoes lower thermo-degradation at
high temperature, typical in processing of the polymeric matrices, than that the nanocomposites with
commercial clays. Although, novel organo-modifier is subjected to Hoffman elimination, its main
advantageous is the possibility to release low molecular weight species having stabilizing
functionalities. Besides, these anti-oxidant functionalities act locally in the interface between the
inorganic clay platelets and polymeric matrix, that appears to be the critical area for beginning of the
degradation process.

Finally, this work has two main aims: first, the introduction of the novel organo-modifier for natural
montmorillonite containing anti-oxidant functionalities and second, to propose an innovative
methodology for the stabilization of the nanocomposites in the interface between the matrix and the
filler particles.
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When an organic material is exposed to an intense source of heat, it undergoes heating up to a
temperature high enough to break covalent bonds. This phenomenon is called pyrolysis. The release
of fuel gases from the pyrolysis accelerates until ignition corresponding to the beginning of
combustion. The combustion may be complete or partial, depending on the temperature, the excess
of oxygen, the nature of the fuel gases, and also the presence of flame retardants (the decrease in
combustion efficiency is the main mode-of-action of halogenated compounds).

The pyrolysis combustion flow calorimetry (PCFC) is used to assess the flammability of small
samples 2-3mg [1]. The sample is heated under nitrogen flow at 1K/s typically up to 750°C. The released
pyrolytic gases are extracted to the combustor where they are burnt. Pyrolysis and combustion are
well separated and the parameters such as temperature and oxygen content could be controlled in
the combustor. The heat release is calculated via an oxygen analyzer according to Huggett's relation
[2], (1kg of oxygen consumed releases 13.1MJ of heat). Compared with other conventional techniques
for studying the fire reaction of materials such as cone calorimeter (uncontrolled combustion) or TGA
(pyrolysis without combustion), the PCFC enables to separate and to control the different phenomena,
pyrolysis as well as combustion. The nature of the fuel gases has been identified as a major factor in
the study of the fire reaction. Therefore, the PCFC was instrumented with a FTIR spectrometer that
allows us following the evolution of released gases during pyrolysis and undergoing combustion
(complete or partial) [3] as shown in Fig. 2.

N
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Fig. 2. PCFC-FTIR coupling
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The use of natural filler reinforced composites is growing since a few years. Assessing their recycling
capability by taking into account their ageing during service life can be considered as a challenging
economic and scientific goal [1]. Just a few papers evaluate the reprocessing behaviour of neat
polyolefins [2, 3], but none deals with the influence of the presence of natural fillers on this
reprocessing. As a consequence, this study aims to simulate a recycling process after a photochemical
degradation inherent to a product service life in the case of spruce wood flour (WF) reinforced
polypropylene (PP). After an artificial UV weathering (xenon arc UV and water spray cycles), WF/PP
composites are grinded and processed by injection moulding to obtain new samples. Flexural and
impact tests permit to assess mechanical properties. DSC tests lead to a better understanding of the
microstructure evolution.The goal is to determine the influence of UV ageing on the recyclability of
wood flour reinforced PP and understand the physical and chemical mechanisms induced by the
reprocessing after ageing. Moreover, the impact of wood flour on these mechanisms is assessed.

Figure 1 presents unnotched Charpy test results at the different stages. One can see a very large
decrease of the impact resistance due to the PP photodegradation. After one processing cycle after
ageing, a noteworthy increase is observed. It can be explained by a chain branching phenomenon
during the process, which is really benefic to recover a part of the initial strength of the material. This
tendency is less pronounced with high wood flour content. The results are really promising and should
incentive to develop recycling for this type of materials.
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Fig. 1. Impact resistance at initial state, after ageing and after ageing and reprocessing of neat PP
and PP composites
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Since the end of the nineties, nanoclays based nanocomposites have been widely studied and
produced. Such trendy materials are expected to end up in waste disposal plants. Recently, various
studies have focused on the potential risks related to the particulate emissions of polymer
nanocomposites during their combustion [1, 2, 3]. The aim of our work is to investigate the behavior
of some polymer nanocomposites during their incineration. This study focuses on PA6/HNTs
nanocomposites (nylon 6 incorporating halloysite nanotubes). Incineration tests have been performed
at lab-scale using a peculiar tubular furnace modified in order to control the key incineration
parameters within both the combustion and post-combustion zones [4]. The combustion residues and
the combustion aerosol (particle matter and gas phase) collected downstream the incinerator furnace
have been characterized using various techniques devoted to the analysis of aerosols. Time tracking
for gas concentration and particle number concentration reveals a two steps char formation during
the combustion. HNTs have been found both in aerosol and residues. As shown in Fig.1., some remains
intact, while others seem to have undergone thermal modification consequently to the combustion
parameters.

Authors thank: TREDI - Séché Environnement and Mines-ParisTech for their collaboration and
ADEME for the financial support.
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Fig. 1. MET Image of combustion residues with intact HNTs and polycrystalline aggregates of HNTs
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Silicone acrylic-urethane / amino-silane coating can be considered as promising candidates among
other systems to be used as topcoat in high temperature engineering applications. In these conditions,
the functional properties can be affected. It is well known that the loss of functional properties is
usually related to a modification of the chemical structure.

The main objectives of this study were to identify the main criteria of degradation, establish a
mechanism of degradation and then correlate the kinetics of chemical structure modifications with the
changes of the functional properties. For this purpose, the thermo-oxidative aging of the topcoat has
been studied from molecular to macroscopic scale. Chemical modification have been studied by FTIR,
coupling with chemical treatments and SPME/GC-MS. Architectural and aspect properties
modifica4tions were monitored by DMTA, Vickers micro-hardness, glossmetry and spectrocolorimetry.
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Fig. 3. Thermal aging at 160°C (a) Infrared spectrum of the topcoat with different exposure time, zoom on the
region 1900-1500 cm™. (b) lllustration of yellowing and crazing phenomenon.

The results reported in Fig. 1. (a) show that degradation leads to anhydride, acethylurethane and
amide oxidation products. These degradation products are associated to the release of numerous
volatile compounds such as lactones or cyclic polysiloxane. All these phenomena generate a strong
yellowing, an increase of thermo-mechanical properties and finally to crazing phenomena (Fig. 1. (b)).
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Different Ethylene Propylene Diene Monomer have been characterized then aged by y-irradiation
in oxygen atmosphere. For each chemical composition, the degradation kinetics (cross-linking and
chain scissions) have been estimated thanks to statistical models, and experimental data such as
modulus, swelling ratio and sol fraction [1]. The microstructural evolution of these elastomer networks
being characterised, we have tried to relate it to the one of the mechanical properties, at large
deformation up to rupture.

We have first studied these properties at 80°C to avoid the influence of the cristallites which are
present at ambient temperature in one of the tested EPDM. It appeared that parameters such as the
density of chemical crosslinks, the density of trapped entanglements, and finally all the parameters
which are an average value over the whole sample, are not the only ones to control the rupture
properties. Indeed, the difference between our different irradiated EPDMs, and the
thermoporosimetry data which inform on crosslinking heterogeneities, suggest that the latter have a
very important influence. In particular, the heterogeneities can control the crack initiation in the
materials. Hence, tests on Single Edge Notched samples have also been performed to avoid the
influence of the macrodefects possibly created by these heterogeneities. As expected, it was found
that the tearing energy deduced from these tests is not correlated to the rupture energy of sample
tested without a notch. Nevertheless, the Lake and Thomas model, accounting for the estimated length
of the active chains in the elastomer network, enables to describe the evolution of the tearing energy
with the irradiation dose. In addition, in the semicristalline state (ambiant temperature), the EPDMs
have systematically better rupture properties, as classically found. With the known evolution of the
amorphous phase during irradiation, the radiation induced modification of the cristallinity enables the
rupture properties of these materials. At last, it was found that the rupture properties of irradiated
amorphous EPDMs are much better at 25°C than at higher temperature, at least for the first irradiation
doses. Different hypothesis are proposed concerning this astonishing result.
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On-line ultraviolet (UV) irradiation pyrolysis(Py)-GC/MS system incorporating a micro-UV irradiator
using a xenon lamp has been developed based on the microfurnace Py-GC/MS system. Fig. 1 shows
the schematic diagram of the UV/Py-GC/MS system. A small amount of sample in a sample cup is
irradiated by the UV light through an optical fiber under air or other various gas flow including
humidified conditions at a preset temperature. This method allows a rapid on-line analysis of volatile
products released from a polymer sample during UV irradiation under photo, thermal and oxidative
conditions. In addition, the residual polymeric materials after UV irradiation can be also characterized
by using various analytical pyrolysis techniques in terms of polymer deterioration. Moreover, the
obtained results for the polymer degradation evaluated by this method have been proved to be well
correlated with those by the conventional weatherability test methods for polymeric materials even
in @ much shorter period of time. In this presentation, evaluations for degradations of various
polymeric materials by this technique are demonstrated
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Fig. 1. Schematic diagram of the UV/Py-GC/MS system.

(a) Whole view of the system. (b) Expanded view of the sample cup region of the system.
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Fig. 1. DMTA thermograms of polypropylene at different irradiation times (left), AFM image phase
of pigmented polypropylene before and after nano-indentation testing

This study aims at describing crystallization of polypropylene resulting from photo-oxidation.
Atomic Force Microscopy was used as a tool to monitor degradation at the polymer surface such as
topographic modifications and nanomechanical properties [1]. The shift of the melting temperature,
determined by AFM Nanoscale Thermal Analysis and Dynamic Mechanical Thermal Analysis was linked
to the size of crystallites and correlated to the changes of micro-hardness.

This investigation allowed the formation of cracks at the surface of polypropylene to be explained.
This resulted in a dramatic loss of gloss after few hours of irradiation. The effect of organic pigments
on the ageing behaviour of polypropylene will also be detailed.
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An assessment was made of the effect of blue pigments phthalocyanine (organic) and cobalt
titanate (inorganic) on mechanical, thermal and flame retardant properties of PP impact copolymer
containing phosphorus flame retardant. Pigments, organic and inorganic, may act synergistically or
antagonistically with flame retardants [1].Three PP color concentrates containing TiO,, PE wax and
calcium stearate were prepared in a co-rotating twin-screw extruder: 10wt% pthalocycanine, 10wt%
cobalt titanate, and 40wt% cobalt titanate (to match the 10wt% pthalocycanine color intensity). The
same extruder was used to prepare 23 and 25wt% flame retardant PP compounds, pigment-free and
compounded with 10wt% of each color concentrate, totaling eight compounds. Injection molded
specimens were subjected to Izod notched impact, tensile and UL94 flammability testing. DSC analysis
was also performed.

DSC results showed that both flame retardant and pigment affected thermal transitions and melt
enthalpy of the PP copolymer compounds. The phthalocyanine compounds showed values close to
neat PP copolymer, while compounds with flame retardant and cobalt titanate lower values,
suggesting changes in molecular organization of PP.

Changes in values of all tensile properties were observed, but less impact was seen in tensile
strength of the compounds compared to neat PP. The phthalocyanine compounds showed notably
lower strain at break values, likely due to decrease in molecular mobility caused by this pigment, which
also resulted in higher tensile modulus values in relation to neat PP. Impact strength values were also
lower for the phthalocyanine compounds. Organic phthalocyanine increased burning time of the PP
flame retardant compounds, whereas inorganic cobalt titanate practically did not affect combustibility.
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The self-produced carbon nanoparticle graphene, consisting of four to seven single graphene layers,
was investigated with respect to its flame retardancy in different fire scenarios in nanocomposites of
polypropylene (PP), flame retarded PP and polybutylene terephthalate. To identify the flame
retardancy potential, graphene was used as single additive filler and as adjuvant in established flame
retardant systems. As additive filler, graphene was compared to commercially available carbon
particles with varying morphology (spheres, tubes, platelets and thin layers) and ranked within this
group of filler particles. Variation of the fillers’ concentration in the nanocomposites revealed
structure-property relationships and concentration dependency at the same time. Among the tested
carbon particles, graphene showed the best dispersion in the polymer matrix, led to the formation of
an interconnected particle network at the lowest concentration and changed dramatically the flow
characteristics of the polymer melt, the pyrolyis, the nanocomposites’ reaction to small flame and
burning behavior under forced flaming conditions by heat shielding [1-3]. As adjuvant, graphene was
combined with a phosphorus-containing, with an intumescent and with a metal hydroxide flame
retardant system respectively. The effectivity of graphene as flame retardant adjuvant depended
strongly on the modes of action of the used systems [4]. The results are basis to deduce guidlines for
further optimization of graphene based flame retardancy.
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EVA is a commodity polymer particularly used in wire and cable industry. EVA is flame retarded by
incorporating high amounts of hydrated fillers like aluminium trihydroxide (ATH) ™. The formation of
a mineral layer at the sample surface during cone calorimeter test insulates thermally the underlying
material and reduces the heat release rate. The breakdown of this layer is often observed at the end
of the test, leading to a second peak of HRR (Fig. 1). To improve the flame retardancy of EVA, it is
important to understand how this breakdown occurs.

In this study, pure filler powders (constituted of various ATH and combinations of ATH and other
mineral fillers ) and residues after cone calorimeter test were characterized using oedometric
compression tests®l. A good correlation between the slopes of oedometric compression has evidenced
that the mechanical properties of the residues depend on those of the filler powders .

Moreover, the appearance and the intensity of the second pHRR in cone calorimeter test are
directly linked to the slope of oedometric compression. These results would allow predicting the
breakdown of the mineral layer from the mechanical properties of filler powders. The ultimate
objective is to prevent this breakdown by choosing the suitable fillers.

700
250 = EVA/ATH
composites
200 1 EVA/_ATH/Sy
nergistic
— 500
& &, . agent
E 150 E [ ]
2 I w0 ]
B3 u [ L]
-4 ] u "
e 100 g 300 -
T c
)
@
50 3 w0
T
K<}
5 1o
0 . . . . . . , ]
0 200 400 600 800 1000 1200 1400 .
time (s) “ * Ssteepening of the compression curve
Fig. 1: HRR curves in cone calorimeter (Black frame Fig. 2: Delay in second pHRR vs slope of
shows the second peak of HRR studied in this work) oedometric compression
References

[1] T.R.Hull, A. Witkowski, and L. Hollingbery, Fire retardant action of mineral fillers, Polymer Degradation and
Stability, vol. 96, no. 8, pp. 1462-1469, Aug. 2011.

[2] R.P. Dias, J. a. Teixeira, M. G. Mota, and A. . Yelshin, Particulate Binary Mixtures: Dependence of Packing
Porosity on Particle Size Ratio, Industrial & Engineering Chemistry Research, vol. 43, no. 24, pp. 7912-7919,
Nov. 2004.

[3] Y. M. Reznik, Engineering approach to interpretation of oedometer tests performed on collapsible sails,
Engineering Geology, vol. 57, pp. 205-213, 2000.

[4] F.-Y. Hshieh, Shielding effects of silica-ash layer on the combustion of silicones and their possible
applications on the fire retardancy of organic polymers, Fire and Materials, vol. 22, no. 2, pp. 69-76, Mar.
1998.

91


mailto:florian.cavodeau@mines-ales.fr

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

62
POLYHYDROXYALKANOATES-BASED BLENDS: AN EFFICIENT WAY TO
MODULATE FUNCTIONAL PROPERTIES OF MATERIALS

Idris Zembouail?, Stéphane Bruzaud?, Mustapha Kaci?, Yves Grohens!

1 Université de Bretagne-Sud, Laboratoire d’Ingénierie des Matériaux de Bretagne, 56321 Lorient,
France. E-mail : stephane.bruzaud@univ-ubs.fr
2 Université Abderrahmane Mira, Laboratoire des Matériaux Polyméres Avancés, 06000 Bejaia, Algeria.

Keywords: Poly(3-hydroxybutyrate-co-3-hydroxyvalerate), polylactide, blends.

Many methods have been developed to increase the properties of biopolymers [1], such as random
and block copolymerization, chemical modification or incorporation of numerous fillers, which
modulate both the biodegradation rate and the mechanical properties of the final products. Polymer
blends have attracted more attention in the last decades, since physical blending is another effective
and simple way to prepare biodegradable composites with different morphologies and physical
characteristics. Thus, one of the methods to improve the physical and mechanical properties of PHA is
to blend PHA with other polymers, including biopolymers and conventional petroleum-based polymers

[2].

In this work, blends of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) and polylactide (PLA)
with different PHBV/PLA weight ratios (100/0, 75/25, 50/50, 25/75, 0/100) were prepared by melt
compounding [3]. The study showed through scanning electron microscopy that blends of PHBV/PLA
are not miscible. Water and oxygen barrier properties of PHBV/PLA blends are significantly improved
with increasing the PHBV content in the blend. Further, morphological analyzes indicated that
increasing the PHBV content in the polymer blends results in increasing the PLA crystallinity due to the
finely dispersed PHBV crystals acting as a filler and a nucleating agent for PLA.

Their mutual contributions in terms of thermal stability, flammability resistance and mechanical
properties were also investigated [4]. To improve the miscibility between the two components of the
blend, low amount of compatibilizing agent (5 wt.%), obtained by grafting maleic anhydride onto PHBV,
was used [5]. When compared with the uncompatibilized blends, the compatibilizer presence induces
a greater interfacial adhesion. The effect of Cloisite 30B (C30B) on the blend morphology and the blend
properties was also investigated. The morphology of the different blends as well as the evolution of
their material properties were discussed in terms of the nanoclay and compatibilizing agent contents.
A synergistic effect of compatibilizer and C30B was highlighted leading to an improved miscibility of
the two blend components.
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Radioactive waste has to be disposed of in such a way as to ensure the long-term protection of
mankind and environment [1]. To ensure this, it has to be isolated from the human environment until
its activity has decayed to negligible levels. A geological disposal is regarded as the only method
meeting the requirements of long-term safety [2], and is the designated concept in the Nuclear Energy
Act of Switzerland [3].

For the purpose of a clear illustration of impacts and improvements on repository safety, factors of
uncertainty have to be recognized. Gas generating materials are perceived as a major uncertainty.
Hence, relevant processes that contribute to the production of gases must be understood. Different
strategies for the investigation of gas generation from the degradation of organic radioactive waste
will be presented.
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Oxobiodegradable polymers were developed to improve disposal of plastic waste and limit their
impact on the environment. Under abiotic stresses, the molecules are oxidized and break down into
small fragments that can be biodegradable. To assess the oxobiodegradability of polymer materials, a
standard test method was developed using an oxidation pre-treatment and the inoculation with a pure
microorganism strain [1]. This test showed that under controlled conditions, oxidized fragments of
polyethylene [2] and polypropylene [3] films containing pro-oxidant additives become readily
biodegradable. Under environmental conditions, a large number of microorganisms can use a wide
range of substrate as nutrients. This complex system can trigger co-metabolic biodegradation of
contaminant or competition for substrate that can impact the rate of polymer degradation. To improve
the standard test method and bring it closer to environmental conditions, the influence of different
source of microorganisms and nutrients on the rate of polymer degradation was assessed. The
biodegradability of high-density polyethylene films (HDPE), containing pro-oxidant additives
(manganese + iron salts) was studied using the standard test method [1]. Photo and thermal oxidation
pre-treatment, corresponding to about three years of outdoor weathering, was monitored by FTIR
measurements. The oxidized samples were then inoculated with identified microbial strains in a
controlled mineral medium containing the polymer as sole carbon source and incubated up to 180
days. The metabolic activity of the microorganisms was determined by measuring the adenosine
triphosphate (ATP) and the adenosine diphosphate (ADP) content. This sensitive and quantitative
measurement reflects the energetic metabolism state of the cells and indicates if microorganisms use
polymer fragments as a substrate. A bacterium strain (Rhodochoccus rhodochrous ATCC 29672)
producing bio-surfactant and a fungal strain (Phanerocaete chrysosporium ATCC 34541) producing exo-
enzymes (peroxidases) were grown separately and in co-cultivation to detect synergistic or
antagonistic activities that can modulate the efficiency of biodegradation. The results show that the
two strains incubated with oxidized polymer present a higher ATP content and a better energetic state
than the control cultures that did not contain any polymer. It suggested that the cells were able to
grow and to maintain their energetic status over months by using oxidized fragments as substrate.
Their co-cultivation promotes the growth of the fungal strain at the expense of the bacterial one
indicating a competition for the nutrients. The use of glucose, as an additional carbon source, enhances
the initial growth of the two strains, but does not induce co-metabolism to accelerate biodegradation.
These results provide a better understanding on the processes occurring between abiotic degradation
and biodegradation of polymers. They will be completed by the study of other strains and substrates
and use to improve standard test method to assess the biodegradability of oxobiodegradable material.
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In recent years there has been a growing interest in developing sustainable alternatives to oil-based
plastics. In particular, biodegradable aliphatic polyesters, such as poly(lactic acid) (PLA) and
poly(butylene succinate) (PBS), are becoming increasingly important due to their valuable properties
including thermoplastic processability and thermo-mechanical properties. Nonetheless, these
materials present several drawbacks, such as the lack of reactive functionalities that are limiting their
applications, versatility and successful use as commodity plastics. In this work it was investigated for
the first time a new method of preparation of functionalized PBS by a post-polymerization approach
based on the radical coupling between PBS macroradicals and TEMPO derivatives carrying different
functionalities. Our method turned out to be successful in promoting grafting by limiting the radical-
induced crosslinking/branching of the polymer substrate (Fig. 1). In particular, two different series of
functionalized PBS samples were obtained by grafting the 4-benzoyloxy-2,2,6,6-tetramethylpiperidine-
1-oxyl (BzO-TEMPOQ), and the pro-fluorescent 4-(1-naphtoate)-2,2,6,6-tetramethylpiperidine-1-oxyl
(NfO-TEMPO). The grafting was clearly evidenced by MALDI-TOF MS, UV-Vis and 'H-NMR spectroscopy
from which it was estimated the functionalization degree Moreover, by electron paramagnetic
resonance (EPR) experiments it was determined the grafting site. Finally, the exploitation of a pro-
fluorescent nitroxide to form functionalized PBS samples represents a significant step toward the
unambiguous demonstration of the radical grafting on this type of polymers, proving also the
possibility of tailoring a well-defined fluorescently labeled biodegradable polyester via a feasible
process.
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Poly (lactic acid) is worldwide well known polymer, called green material because of its origin
(renewable resources) and biodegradability. About 90 % of PLA is obtained by fermentation of
hydrocarbons from agriculture (corn, sugar cane, potatoes, sugar beets, biomass waste).

Poly (lactic acid) has poor resistance to permeation of gases, relatively weak photo and thermal
stability. In our work, we modified the barrier properties, improved photostability and thermal
resistance. Composites of poly(lactic acid) (PLA) and acrylate monomer (DPEPA) were prepared in
different composition by photochemical reaction. We tested mechanical properties, permeability to
water vapor and carbon dioxide through the composite films. Their resistance to ultraviolet radiation
used in the sterilization process and resistant to artificial sunlight exposure was also studied. The
samples were conditioned at -18°C and the influence of refrigeration on the properties was tested.

We found that such modification of PLA with formation of Interpenetrating Polymer Network using
photopolymerisation improves barrier and mechanical properties of the composites with respect to
the pure PLA, as well as their photochemical stability and resistance to low temperatures, which makes
possible to use these composites in the food packaging production. We also tested our films in use,
including fresh food packaging and storing in low temperature.

7
/\\O{o 0\{
1n to

Fig.1. PLA stucture Fig.2. Monomer structure

O

;
0
\
\

[
Callinnee
I

[

l

References

[1] Kaczmarek H., Nowicki M., Vukovi¢-Kwiatkowska 1., Nowakowska S.: Crosslinked blends of
poly(lactic acid) and polyacrylates: AFM, DSC and XRD studies, Journal of Polymer Research, 20,
2013, 1-12

[2] Kaczmarek H., Vukovi¢-Kwiatkowska I.: Preparation and characterization of interpenetrating
networks based on polyacrylates and poly(lactic acid), Express Polymer Letters, Volume 6, Issue
1,2012,78-94

96


mailto:irenvuk@doktorant.umk.pl
mailto:halina@chem.uni.torun.pl
mailto:j.dzwonkowski@impib.pl
http://www.scopus.com/source/sourceInfo.url?sourceId=11200153519&origin=recordpage

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

67
ACCELERATED AGEING AND LIFETIME PREDICTION OF POLY(3-
HYDROXYBUTYRATE-CO-3-HYDROXYVALERATE) IMMERSED IN DISTILLED
WATER

Morgan Deroiné'?3, Antoine Le Duigou?, Yves-Marie Corre?, Pierre-Yves Le Gac?, Peter
Davies?, Guy César3, Stéphane Bruzaud?

1 Université de Bretagne-Sud, EA 4250, LIMATB, 56100 Lorient, France, morgan.deroine@univ-ubs.fr
2 IFREMER, Marine Structure Groups, BP 70, 29280 Plouzané, France, e-mail
3 SERPBIO, 56100 Lorient, France

Keywords: PHBV, accelerated ageing, hydrothermal degradation, lifetime prediciton

Plastic materials are used in many areas, especially in the packaging industry. They have many
advantages like light weight, low cost and formability. They are also the cause of current environmental
concerns [1]. Indeed, plastics are mainly based on non-renewable resources and their lifetimes, after
typical use, are much extended, implying high volumes of waste. A large amount of waste is found in
the nature and can pollute the world’s oceans.

In recent years, new bio-based biodegradable polymers as polyhydroxyalkanoates (PHA) have
received considerable attention as an alternative to conventional petro-based plastics. Even if
degradation mechanisms of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) which is the most
promising PHA [2] are well-known [3], the lifetime of PHBV is not clearly established. Polymer ageing
in water is a slow process and accelerated ageing tests in the laboratory are required [4]. Water ageing
is commonly accelerated according to the time-temperature correspondence principle and Arrhenius
extrapolation is one way o predict the value of a given functional parameter for a specific temperature
and longer times. The aim of this study is to predict PHBV lifetime immerged in seawater. As seawater
is a complex medium which can generate chemical, physical or biological degradation mechanisms,
the present study emphasizes only chemical degradation, based on the hydrolysis mechanism of PHBV.

Accelerated ageing has been performed in distilled water baths at different temperatures: 25, 30
40 and 50°C. The water uptake, the mechanical properties evolution and the molecular weight changes
were studied and the relation between all these parameters was analysed. Then, the lifetime
estimation of PHBV samples immersed in distilled water was performed in the case of temperate water
temperature and the validity of this approach is discussed.

First, the water uptake within PHBV in distilled water is temperature dependant and DVS results
show a typical Fickian behaviour. Moreover, a linear relation appears between In D and the inverse of
temperature, governed by an activation energy. Then, despite the high crystallinity of PHBV, chain
scission degradation which is activated by the temperature occurs mainly due to the hydrolysis of ester
functions. The loss of linearity between mechanical properties and molecular weight reveals that a
threshold exists above which PHBV mechanical properties are not altered. Finally, according to a
specific end-of-life criterion and considering only the water effect, the lifetime of PHBV at seawater
average temperature can be predicted.
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In the last years, the renewable biobased polymers and composite materials have received a great
attention and became the subject of intense research activity. Their current advanced development is
aimed to preserve the environment and to improve the management of natural resources from cradle
to grave. Poly (hydroxybutyrate-co-hydroxyvalerate) (PHBV) is a promising biobased and
biodegradable polyester produced from a variety of bacteria as intracellular carbon and energy
reserves [1]. Nevertheless, its slow crystallisation kinetics, and its poor thermal stability make it difficult
to process [2] and limit up to now its large commercial implementation. As a consequence, several
studies aimed at batter controlling PHBV properties by the dispersion of nanoparticles such as
organomodified montmorillonite (MMT) [3]. In this study, we investigate the effect of the clays on the
biodegradation kinetics of PHBV/MMT nanobiocomposites films. The films were prepared by cast
extrusion using a masterbatch approach to prevent thermal degradation. The morphology, i.e. clays
dispersion and crystalline structure, and thermo-mechanical properties of the resulting
nanostructured films are analysed and discussed considering the clay content. The biodegradation of
the films was studied both in aqueous and accelerated composting conditions. The biodegradation
kinetics and the effect of the clays are investigated by the coupled study of the aspect (weight and
surface) and the structure of the films (molecular weight, crystallinity) as well as biological analyses
(biological oxygen demand DBO, pH). A significant decrease of the biodegradation kinetics was
observed for the PHBV/MMT films opening up interesting questions about the future of these
materials at the end of life.
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Polyvinyl chloride (PVC) is used in a wide range of industrial areas. Manufacturing of PVC products
requires use of additives, such as plasticizers, heat stabilizers and flame retardants. The main goal in
this project is to develop a plasticized PVC nanocomposite with improved barrier properties, and
thereby reduce possible migration of additives. This can be achieved by incorporation of a nanoclay
consisting of very thin plate-shaped particles with high aspect ratio. Besides reducing permeation there
are also many examples in literature proposing that nanoclays have flame retarding qualities, such as
reducing the peak heat release rate (PHRR) [1].

One major challenge for producing PVC/clay nanocomposites is the organo-modification of natural
Montmorillonite (MMT) clay to make it suitable for incorporation in plasticized PVC. Commercially
available organoclays (OMMT) are usually modified by exchanging existing cations with quaternary
ammonium cations (“quats”). However, when quats degrade during melt processing, they promote
dehydrochlorination of PVC [2] and for this reason it is necessary to find an alternative organo-
modifier. In an earlier project [3] the idea of using chelating agents as organic modifiers (OM) was
presented as a feasible path to modify clay tailored for use in PVC to produce nanocomposites.
In the current study we took advantage of Hansen Solubility Parameters (HSP) to predict the miscibility
between potential organomodifiers and PVC. In a series of systematic experiments using three very
different solvents viz. water, ethanol and THF and three different types of clay viz. Na*MMT, PGV-MMT
and Ca"*"MMT we investigated the importance of various parameters on the process of clay
intercalation. The effects from each combination were evaluated using X-ray diffraction (XRD) and
thermo-gravimetry (TGA).

In the second part of the study the OMMT was melt processed with PVC in order to produce
nanocomposites. The focus was to identify factors that influence the final result, both regarding
organo-modification of clay and the melt processing parameters. High resolution scanning electron
microscope (HR-SEM) was applied to analyze the clay morphology as well as clay dispersion and
compatibility with the polymer matrix. Furthermore, tensile testing, cone calorimetry and gas
permeability was applied for evaluation of the clay impact on the material properties of the produced
PVC nanocomposites.
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Preparation of renewable and/or biodegradable polymers applicable as structural materials
became increasingly important recently. Sugar is a renewable resource that has the potential to be
used as an alternative to petroleum-based polymers. Carbohydrate-derived monomers are particularly
appropriate for polycondensation due to their highly reactive hydroxyl groups [1]. Monosaccharides,
especially glucose, are inexpensive and suitable starting materials for the synthesis of bio-based epoxy
components.

In this work, several bioepoxy components, starting from D-glucose, have been synthesized. As
preliminary tests, the curing properties were determined in DSC, as well as the glass transition
temperature, and also the thermal stability were evaluated. The best results were reached in the case
of the glucofuranoside-based trifunctional epoxy component (GFTE).

As the aim of the present research was to find a suitalble alterative for the petroleum-based high-
tech epoxies, also the flame retardant and mechanical performance of the synthesized GFTE was
evaluated, applying both amine- and anhydride type hardener. For flame retardancy, two different
phosphorus-containing additive-type FRs were applied (ammonium polyphosphate, APP and
resorcinol-bis(diphenylphosphate), RDP) alone and combined, with increasing P-content.

Based on the tensile and three-point bending tests, the moduli of the GFTE-based formulations are
similar to that of the reference DGEBA, in some cases even higher values were reached. When applied
in composite formulations, the tensile and flexural strengths of the synthesized resin are also
comparable to the reference values, while the glass transition temperature was even higher with the
application of the aromatic amine-type hardener.

Regarding the flame retardancy, a synergistic effect was found in the case of the mixed
formulations: when APP and RDP were applied together, V-0 rating was reached at lower P-content,
than in the case of “pure” FR formulations.
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Introduction The use of composite materials for aeronautical and naval applications becomes
widespread nowadays. Composites have the potential to reduce the mass of vehicles and to contribute
to the improvement of other characteristics like mechanical strength and stiffness. However, one of
the main problems of using composites is their fire behavior. At higher temperatures, the organic
matrix decomposes with gaseous species and aerosols release, which toxicity aspects are still poorly
known. For that reason, the assessment of potential health and environmental impacts caused by the
dispersion of degradation products from aeronautical materials in a post-crash fire is essential.

This research project intends to understand and characterize the production of aerosols and gases
from the combustion of composite materials as well as to model their dispersion into the atmosphere,
based on experimental and numerical results.

Experimental setup was composed of a cone calorimeter coupled with hot and cold stage dilutors
and aerosol instruments, such as Dekati Low Pressure Impactor, Aerodynamic Particle Sizer,
Condensation Particle Counter, Fast Aerosol Mobility Size Spectrometer and Scanning Mobility Particle
Sizer. The influence of polymer matrices, fibers and carbon nanotubes involvement, as well as the
presence of glass reinforcement on the number and mass concentrations of particles, and size
distribution was studied in real time, in range of 2 nm — 2 pm.

Results The fire behavior of various structural aircraft and naval composites under defined fire
conditions of 75 kW/m? (cone calorimeter) and 180 kW/m? (FAA Burnthroug test) was studied.
Materials were characterized by the shortest burnthrough time, the highest level of damages, the
highest yield of smoke release and the presence of volatile soot and fibers. As an example, the results
in term of particle number generated
during combustion of epoxy resin based
two composites are shown in Fig.1.

Conclusions. Particles generation
from combustion of structural
composites depends on the nature of
organic matrix, presence or not of carbon
fibers or carbon nanotubes and also on TV HM S s W S S N S —

the orientation of fibers reinforcement. Time (5 Time (5
Fig.1. Number concentration of particles for epoxy resin based composites,
References MAT4 and MATS.
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Nanocrystalline cellulose (NCC), obtained from abundant cellulose sources, has been recognized as
a promising class of biobased nanomaterials. We present the procedure for fast and controlled
preparation of NCC from commercially available microcrystalline cellulose (MCC) using microwave
heating (Fig. 1a). We studied the influence of concentration of sulfuric acid and hydrolysis temperature
on average NCC particle size and vyield. By varying the sulfuric acid concentration and hydrolysis
temperature an average NCC particle size between 126 nm and 1310 nm with corresponding yields
between 16 % and 82 %, respectively, were obtained in a very short reaction time of 10 min. Additional
advantage of the described procedure is its high reproducibility and ability to fine-tune the NCC particle
size by adjusting the reaction conditions, i.e., the sulfuric acid concentration and/or reaction
temperature. The NCC particle size and morphology were studied by dynamic light scattering - DLS and
by scanning transmission electron microscopy while the crystallinity of NCC was confirmed by XRD
diffraction. The minimal concentration of sulphuric acid and temperature to obtain cellulose
nanocrystals are 60 % and 70 °C, respectively. In this case, the smallest NCC nanoparticles (360 nm)
with the highest yield (38 %) were prepared (Fig. 1b).

MCC +H,S0,
NCC1 NCC4 NCC5 NcCC7

Microwéverheating ﬁﬂ
Purification I ]| II I {

Sonication

a) b)

Fig. 1. a) Schematic presentation of the NCC preparation procedure (left) and suspensions of NCC
with concentration of 0.1 wt% prepared in microwave reactor (right), and b) STEM micrograph of
NCC: magnification - 50000x
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Poly(butylene succinate) (PBS) comprises one of the most promising biodegradable polymers,
potentially being fully derived from renewable resources through fermentation processes. In
literature, there are extensive studies concerning the enzymatic and biological degradation of PBS [1-
2], but only a few regarding reprocessing [3-4]. In particular, to the best of our knowledge, no study
has been published on the thermomechanical degradation of PBS in order to evaluate a proper
restabilization system for closed-loop recycling.

The aim of the current work was first to examine the reprocessing effect upon the structure of PBS
via subjecting the polymer to successive extrusion cycles, similarily to previous studies on polyolefins
[5-6]. Accordingly, it was found that PBS degrades via a branching mechanism, which was accompanied
by a severe decrease of the melt flow index (MFI), an increase of the weight-average molecular weight
and of the polydispersity index and by a slight increase in the carboxyl end group concentration.
Following, two antioxidants (Irgafos’ 168 and Irganox” 1010) were examined for secure PBS
reprocessing. The addition of the selected additive systems resulted in stabilizing the material, while
PBS formulation with 0.10 % Irganox” 1010 was considered the most efficient in terms of low additive
concentration and stabilization performance. Finally, vigorous study on the thermal properties of non-
stabilized and stabilized and materials was also performed.

24 4
—-PBS

22 A
20 4
18 4
-=-PBS+0.1 1rg1010

10 ] —+-PBS+0.1 Irg168

MFI(g/10min)

0 1 2 3 4 5
Extrusion number
Fig. 1. Effects of multiple extrusions on the melt flow index (MFI) of 0.10 wt%.
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Wood is the World’s the most important renewable building material. Beside its many
advantageous properties, wood is relatively susceptible to degradation processes caused by natural
weathering and by microorganisms and insects. By modifying the wood cell wall’s polymers with
reactive chemicals, important wood properties can be improved (Hill 2006, Militz et al. 2012, Trinh et
al. 2012). Some of the modification techniques, like acetylation with anhydrides, furfurylation with
furfuryl alcohol and silanisation with silanes or siloxanes, were introduced into the wood industry
during the last decade. Other processes are still under development. In this presentation, our work on
wood modification processes using reactive resins will be reviewed. The main focus will be on
biological and technological properties of solid wood, modified with formaldehyde-based resins,
mainly on basis of phenol, melamine and DMDHEU (dimethyloldihydroxyethylenurea).
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Mould and blue stain fungi are able to colonise and grow on a broad range of surfaces and materials,
including plastics, coatings, paper etc, but wood, in particular, is quickly colonized by such fungi.
Growth of mould and blue stain on wood exposed outdoors in building applications is undesirable as
it leads to increased maintenance and reduces the length of time that wood retains its pleasant
appearance. On the other hand, rapid colonisation and colour change of unpainted wooden cladding
is often anticipated and is used as a design element. Moulds at the surface of coated and uncoated
wood produce powdery and/or spotty patterns. The colours of moulds may range from lighter shades
of green and yellow to black. The mould fungi referred to as blue stain in service, mildew and
discolouring fungi have mainly dark-coloured hyphea and spores. The predominant factors required
for mould growth are: free water, moderate temperatures, a substrate with nutrients for the fungi,
and oxygen [1]. Surface moulds do not degrade the wood since they are not capable of utilising
cellulose, lignin, or hemicelluloses as nutrients. Moulds will, however, make use of non-polymeric
materials in the wood, such as freely available carbohydrates, simple sugars and starch [2]. On a paint
film moulds will generally metabolise organic food sources like starches, sugars, proteins and some oils
found in paints, and more specifically surface moulds can feed on bacteria, pollen and other
contaminants on the surface of the paint film [3]. Components present in the wood may also diffuse
into the paint film and provide a source of nutrients for surface moulds [4]. Studies have shown that
deterioration of wood by mould and blue stain is related to a number of factors, which | will review,
including wood species and wood properties, the treatment of the wood (use of preservatives,
modification systems or surface treatment), wood product and building design, the maintenance
regime and climatic factors [5-8].
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Sustainability is increasingly becoming a key consideration of building practitioners, policy makers,
and industry alike. The goals of sustainable development are ‘increasing economic efficiency,
protecting, and restoring ecological systems and improving human well-being, or a combination of the
three’. Wood as one of the most important renewable materials exhibits superior properties compared
to many other materials, helped in part by its ability to sequester carbon. However, as a biological
material, wood can suffer from physico-chemical and biological degradation. Generally preservative
and/or modification treatments have proven to be quite effective in providing long term durability in
the end use applications of wood. Therefore recycling/disposal at the end of service life has not been
a significant and immediate concern. However, the diversity of wood uses and potential for
development of alternative specialty products with shorter life cycles can be anticipated to bring more
emphasis on the life cycle of products, including recycling and disposal options at the end of the service
life.

In sustainable design, “durability” is increasingly being included on priority lists under the
assumption that designing for longevity is an environmental imperative. However, this is unsupported
in the absence of life cycle assessment and accurate lifespan predictions. In the worst case, designing
for longevity can lead to design choices that are well-intentioned but, in fact, yield poor environmental
results. Rather than attempt to predict the future and design permanent structures with an infinite
lifespan, design for easy adaptation and material recovery should be acknowledged.

In this presentation wood as building material is discussed in relation to the environmental benefits
of using wood products. Different environmental impacts, including sequestered carbon, wood
products with different ‘end of life’ scenarios and susceptibility to degradation are compared.
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Solvolytic liquefaction of various bio-resources, including wood and other lignocellulosics, is an
attractive possibility for the production of bio-based sustainable materials. The process leads to
depolymerisation of cellulose, hemicelluloses and lignin, and the solubilised fragments of polymers can
serve as precursors for preparation of new bio-based resins. These can be applied as binders in wood
surface coatings. This paper is a resume of our several year investigations of possible applications of
liguefied wood, bark, cork and some other lignocellulosics for preparation of bio-based wood coatings.
Some selected examples prove that wood coatings can be made of liquefied lignocellulosic biomass by
its self-crosslinking[1], or in combination with appropriate curing agents, to produce polyurethane([2]
or amine-formaldehyde resin based wood surface finishes. It was also succeeded to convert the
aesthetically unpleasant dark brown colour of liquefied biomass and of liquefied based wood coatings
into a more acceptable light one[3]. Further on, it was shown that liquefaction and preparation of
liguefied based wood coatings may represent an alternative way of managing post-consumed
contaminated wood, containing remains of copper, chromium and boron (CCB) based wood
preservatives[2]. Characterisation of the novel bio-based surface finishes by standard and other
methods has shown that some have very similar characteristics to those of commercial wood coatings
based on resins produced from oil refinery derivatives. Finally, future perspectives in the fields of
preparation of liquefied wood based coatings and their potential commercialisation are critically
discussed.
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Polysiloxanes are a uniquely versatile family of inorganic polymeric materials which can be utilized
to design a vast range of complex and hierarchal 3-dimensional, flexible network architectures. At LLNL
we have been making extensive use of this diverse polysiloxane network chemistry to design and
synthesize some truly novel composite materials - with the potential for applications ranging from;
flexible ultra-low ‘k’ dielectric coatings, negative temperature coefficient electronic switching
materials, flexible electromagnetic shielding layers, highly thermally resistant coatings and patterned
media capable of large-scale isotropic dimensional change. Here we present a review of some of our
recent efforts in this exciting and technologically relevant area of advanced polymeric materials
science. The results of the synthesis and characterization (via a range of analytical methodologies
including solid state NMR, degradative thermal analysis and broadband dielectric spectroscopy) of
unique polysiloxane/carbon aerogel/carbon nanotube architecture will be presented. This system is
the only known example of a polymeric ‘inverse’ PTC switching material which is both reversible and
highly thermally stable. We will also present an overview of our ‘materials by design’ approach for the
formation of 3-dimensional polysiloxane based structures of sub-micron pattern resolution which can

be triggered to undergo large-scale (fully reversible) isotropic changes in volume in response to
external stimuli.
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Fig. 4. Left: A siloxane layer embossed with a 3D-micron layer pattern capable of isotropic dimensional change.
Center: Dielectric spectroscopy analysis of a hierarchical siloxane-carbon aerogel hybrid showing energy
absorption in the microwave region. Right: Hysteresis free switching of a negative temperature coefficient
polysiloxane composite.

Emphasis will be given to the relationship between the underlying (dynamic) network structure and
the macro-scale physical properties of complex polysiloxane composites. And to the importance of
combining a range of interrogative analytical methodologies with a ground up synthetic approach, in
order to build well-defined & well understood materials at all size scales.
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In this work, the effects of the nanosilica containing immobilized nanosilver (SiO,-Ag) or
nanocopper (SiO,-Cu) [1-3] as well as maleic anhydride or glycidyl methacrylate grafted polyolefines
[4, 5] on the phase behavior, microstructure and mechanical properties of polyolefines were studied
using scanning (SEM) and transmission electron microscopy (TEM), differential scanning calorimetry
(DSC), thermogravimetry (TGA) and dynamic-mechanical analysis (DMTA). Furthermore, the ability of
spherical silica containing immobilized nanosilver or nanocopper to give antimicrobial activity to
polyolefines was also investigated. All materials were compounded in a co-rotating twin-screw
extruder and then injection molded. Maleated polyolefines improve compatibility between the
polyolefine matrix and silica due to the more uniform dispersion of the silica nanoparticles as well as
better mechanical properties. The thermal stability of the composites was significantly better
compared to the neat polymer. Moreover, the improvement in stiffness was observed. DMTA
measurements confirmed these observations, showing an enhancement of the storage modulus in the
presence of nanosilica. Moreover, higher silica contents resulted in higher storage modulus, proving
that the material became stiffer. Improved resistance to microorganisms (E. coli, S. aureus, S.
typhimurium, L. motocytogenes, B. subtilis and P. fluorescens) of the polyolefines containing SiO,-Ag
or SiO,-Cu was also observed whereas pure polyolefines did not show this activity.
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Ethylene vinylacetate (EVA) is the most common used embedding material in crystalline
photovoltaic. It is responsible for fixing module components and saving cells against mechanical and
environmental stresses like temperature, humidity and (UV) radiation.

Adhesion loss, so-called delamination, and yellowing being reasons for efficiency drop are the
consequence of EVA aging during weathering. To improve long-term stability stabilizers are added,
even if it is not yet clear whether they have an impact on failure mechanisms. Therefore we
investigated the effect of typical additives focusing on UV-absorbers on EVA degradation during UV
exposure.

Test specimens with different EVA foils containing variable additive mixtures were exposed to
artificial UV irradiation. Peel test, IR-spectroscopy, transmission and color measurements are
performed to obsess property changes.

As a result delayed EVA degradation could be observed depending on stabilizers added. Otherwise
some of these additive mixtures were found to be the course of delamination and yellowing. Possible
degradation mechanisms causing the observed effects are discussed.
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The preservation of organic polymer solar cell (PSC) performances over time is a significant concern
for their commercial development. One PSC degradation pathway is due to inherently photo-unstable
conjugated polymers which are incorporated into devices and bear continuous illumination in the
presence of atmospheric oxygen that may diffuse across the encapsulation in the whole device. This
paper reports on the unexpected photostability of a low band gap polymer, namely poly[(benzo[1,2-
b:4,5-b’']dithiophene)-alt-(thieno([3,4-c]pyrrole-4,6-dione)] (PBDTTPD), which was designed for
efficient bulk heterojunction PSCs. We have implemented an approach based on joint computational
study and spectroscopies to explain the high resistance of PBDTTPD towards photooxidation. It is
shown that alkoxy side-chains on benzo[1,2-b;3,4-b]dithiophene (BDT) moieties, by reducing radical
formation, mitigate the photodegradation of the whole polymer. Additionally, PBCTTPD favors well-
organized structures, which inhibit the propagation of the chain oxidation process. The first main
highlight of this study is that the structure-photostability relationship of conjugated polymers can be
dependent on both the molecular structure of the polymer and the morphology of the deposits. The
second highlight is that the choice of solubilizing side chains is a critical factor in the design of stable
conjugated polymers for efficient PSCs.
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During the last decade, much effort has been made to improve the efficiencies of organic
photovoltaics. With this aim, new conjugated polymers with bandgaps below 1.5 eV (low bandgap
polymers) have been synthesised, reaching efficiencies that nowadays overpass 10 % [1]. However,
the lifetime of organic photovoltaic devices is still insufficient to allow them to enter the market. In
fact, one of the major problems is the stability of these polymers against external stress factors, such
as UV-visible light, oxygen, or heat [2]. This study reports on the elucidation of the photodegradation
mechanisms occurring in low bandgap polymer, Si-PCPDTBT,
(poly[2,6-(4,4-bis(2-ethylhexyl)dithieno[3,2-b:2  ,3 /  -d]silole)-alt-4,7-(2,1,3-benzothiadiazole))
under different accelerated ageing conditions. To this end, thin films of neat polymer were deposited
on transparent substrates, aged and monitored using a range of complementary analytical techniques.
Combining these experimental results with theoretical calculations based on quantum chemistry has
allowed the photodegradation mechanisms to be elucidated. Additionally, the relative photostability
of Si-PCPDTBT and other state-of-the art polymers, such as P3HT or PCPDTBT, is explained in terms of
their structural features.
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Highly filled thermoset composites (HFTC) based on Epoxy resins (ER), Unsaturated Polyester Resins
(UPR), Acrylic Resins (AR) are widely used in production of Engineered Stones, Cultured Onyx, Artificial
Marble, etc. Concentration of fillers (Quartz, Al(OH)s, glass, TiO2, etc.) in above products varied from
75%w/w to 90% w/w. Long term application of thermoset composites in outdoor conditions results in
discoloration and loss of tensile properties. Attempts of increasing light fastness of HFTC by
introduction of different UV absorbers did not lead to positive effect because photo-degradation is
concentrated in the surface layer of 10-20microns. That low thickness is not sufficient to provide screen
effect by UV-absorbers. Application of Hindered Amine Light Stabilizers (HALS) proved to be also
challenging. Common HALS are substituted amines and are able to participate in different reactions of
thermosets curing to effect parameters of curing (gel time, maximal curing temperature, curing time,
etc.) and tensile properties of cured HFTS (e.g. by influence on cross-linking density). Consumption of
HALS in curing reactions substantially decreases their activity as scavengers of during photo-aging of
thermosets. In our work we studied reactions of curing of thermosets in the presence of secondary,
tertiary HALS and NOR type HALS. Thermosets can be divided into cured by radical mechanism (UPR
and Acrylic Resins) , by nucleophilic reactions (ER cured by amine hardeners) or by cationic
polymerization (ER curing by anhydrides). In case of UPR and Acrylic Resins all types of HALS showed
retarding effect on curing rate because of reactions with radicals responsible for curing process. DSC
simulation of curing process showed lower values of heat of curing compared to samples free of HALS.
NOR HALSs have stronger retarding effect compared to other HALSs used. Optimal concentration ratios
were found between HALS and peroxide initiators to provide optimal curing procedure and
appropriate photo- protection of UPR and Acrylic HFTC. Curing of ER by amines follows nucleophilic
reaction with epoxy groups. NOR HALS proved to be inactive in these reactions and left in cured matrix
to provide photo-stabilization. Secondary and tertiary types of HALS participate in curing reactions.
We found pairs of ER and amine hardeners efficiently excluding that HALS from curing process, thus
left as photo-stabilizers. Anhydrides used for ER curing reacts with secondary and tertiary HALS. So
that HALS can't be used for photo-stabilization of Anhydride cured ER. NOR type HALSs behavior
depends on types of accelerators used for cationic polymerization and types of ER used (e.g. bis-
phenol-A based or based on aliphatic epoxies). Optimal systems were found in terms of high photo-
stabilizing effect of NOR HALS.
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Eco-energetic lightning is one of the greatest challenges of our society. For the coming years, most
of white light emitting devices will be based on light emitting diodes (LEDs) combined with suitable
phosphors. The LEDs technology is considered to be eco-friendly since it prevents the use of mercury
like in fluorescent lamps and it consumes much less energy in comparison with incandescent lamps.
Up to now, the common approach for producing white emmitting LEDs has consisted in combining a
blue LED (Aem = 465 nm) with a yellow phosphor (e.g. YAG:Ce). However a new strategy based on near
UV LED is being investigated. Indeed, the combination of near UV LED with these phosphor (red, blue
and green) is expected to enable a better control over IRC and color temperature. In most case to be
associated with LED, these phosphors must be incorporated in a polymer matrix resulting in
luminescent composites. Nowadays, the photostablility is a keypoint for LEDs marketing in order to
develop a complete product sheet characterizing devices durability.

The aim of this work is to determine the impact of an efficient red phosphor under UV LED excitation
(Y3BOg:Eu®*) on the photostabillity of a model polymer such as EVA (33wt% vinyl acetate) [1]. The
optical properties of YsBOes:Eu** were studied before and after incorporation in the EVA matrix.
Furthermore, the influence of the EVA degradation on luminescent properties of the composite was
investigated. In the same time, the impact of YsBOs:Eu®* on the evolution of principal characteristic of
EVA upon irradiation was determined.

The phosphor was synthesized using the: Pechini method. This luminescent powder was then mixed
with an EVA solution. Composite film were cast using a doctor blade and sample were irradiated in a
SEPAP 12/24 device. Thermomechanic and structural properties of the composite were measured by
the mean of FTIR, DMTA, DSC, SEC and SAXS. Complete optical characterisation of composite was done:
emission, excitation spectra, luminescent quantum yield, trichromatic coordinates and fluorescence
lifetime were analysed.

a)

Fig. 5: Y3BOg:Eu®* powder (a) and EVA/Y3BOg:Eu®* composite film (b) under UV light
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Nanoparticles can be incorporated into polymer as nano-additives for both the purposes, i.e.
degradation and stabilization of polymers. The study of degradation and stabilization of polymer-
nanocomposites is an extremely important area from the scientific and industrial point of view and a
better understanding of degradation mechanism of these materials will ensure the long service life of
the product.

A comparison of thermal and photochemical degradation of poly(lactic acid) thin film materials
(10um) containing nanosilver are studied by Fourier Transform Infrared (FTIR) spectroscopy,
differential scanning calorimetry (DSC) and viscometry. Rates of thermal and photochemical
degradation are determined by measuring the relative changes of absorbance (At/A0) of selected
bands in PLA spectra. Comparison of the effect of both degradation on PLA structure showed, that
nanosilver act as a stabilizer for photodegradation at 254nm. As oppose, thermal degradation at 80°C
indicate, that nanosilver accelerates PLA degradation at higher temperature. Glass transition and
crystallization/melting processes of degraded samples were also compared.. Main alteration was
observed in PLA melting process caused by different effect of heat and UV-radiation on
macromolecular order.

The modification of PLA by nanosilver allows to obtain the environmentally friendly, biodegradable
material with end-use properties such as anti-UV and antibacterial effects.
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A well-defined cyclic ladder polyphenylsilsesquioxane (CL-PPSQ) was prepared in our previous
studies. The chemical structure of CL-PPSQ is shown in Scheme 1. In this research, the CL-PPSQ
nitration derivative was prepared which was in order to enhance the compatibility of the
polysilsesquioxane in polymers.
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Fig. 1. Chemical structure of CL-PPSQ.

It's believed that fuming nitric acid is an effective nitrating reagent, which is used to prepare
polyhedral oligomeric octa(nitraphenyl)silsesquioxane widely [1,2]. Nitro groups could be linked with
phenyl groups in CL-PPSQ using the fuming nitric acid. However, the M, of NO,-PPSQ was sharply
dropped by 50% compared with that of CL-PPSQ even though the HNO; concentration was reduced to
84.5%.

In order to protect the cyclic ladder structure of PPSQ, other nitrating methods were experimented.
It is founded that the nitrating reagents of H,SO4/HNO3 and H,SO4/KNOs could nitrate CL-PPSQ, but
they break the cyclic structure also like fuming HNOs. The nitrating reagents of HNOs/KNO;,
CH3COOH/KNOs and HNOs/CHsCOOH had no nitration effect on CL-PPSQ. At last, NO,-CL-PPSQ. was
prepared using HNOs/(CH30),0, while the cyclic structure of PPSQ was remained.
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Systemic investigation of the influence of the activated nano-carbon (ANC) and functionalized
activated nano-carbon (FANC) contents on the ultradrawing properties of ultrahigh molecular weight
polyethylene / ANC (UHMWPE/ANC, F100ANC.,) and UHMWPE / FANC (F100FANC™.,) as-prepared fibers
are reported. In a way similar to those found for the orientation factor values, the achievable draw
ratios (Dra) of the F100ANC., and F100FANC™.,) as-prepared fibers approached a maximum value as their
ANC and/or FANC contents reached their corresponding optimum values at 0.1 and 0.075 phr,
respectively. The maximal D,, values obtained for Fi00FANC™ 075 as-prepared fiber specimens
prepared at varying PEq.man / acid treated ANC weight ratios were significantly higher that of the
F100ANC.o.1 as-prepared fiber specimen prepared at the optimum plain ANC content. In which, the
maximum Dy, value obtained for F10o0FANC™0075 as-prepared fiber specimen prepared at the optimal
FANC content are significantly higher than those of the corresponding Fi0o0FANC™ 075 as-prepared
fiber specimens with FANC modified with weight ratios of PE.g.man to acid treated ANC other than 12.5.
It is worth to note that, the specific strength of F1oo0FANC™ o075 drawn fiber specimen reached around
95 g/d, which was 200% more than that of the Figo drawn fiber specimen prepared without addition of
ANC and/or FANC. It is worth noting that the specific strength obtained for F1o0FANC™ 4075 drawn fiber
specimen are about 50% more than the specific strength of the best prepared UHMWPE /
functionalized carbon nano-tube drawn fiber specimen prepared in our previous investigation. Tensile
property analysis further suggested that excellent orientation and tensile properties of the drawn
F100ANC., and F100FANC™, fibers can be obtained by ultradrawing the fibers prepared at their optimum
ANC and/or FANC contents. To understand the interesting orientation, ultradrawing and tensile
properties of Fig0ANC, and Fio0FANC™., fiber specimens, FTIR, specific surface area, and SEM
morphology analysis of the ANC and FANC were performed in this study.
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As a rule the conversion of the immiscible blend into a useful polymeric product with the desired
properties requires some modification of the interface. The application of compatibilizer is, among a
series of well-known methods, aimed at improving the intermiscibility of thermodynamically
immiscible polymer blends. Of course, a compatibilizer has to be compatible or miscible with both
phases [1-2].

SEM microphotographs of cryogenically fractured surfaces of LDPE/PS (25/75) blends without and
with compatibilizer are made. For blends without SIS/9-BBN modifier, particles of PS and the holes left
by them during the fracturing can be observed. The facture is clearly inter-particle and the border is
distinct. In contrast, the blends with compatibilizer exhibit a comparatively better interfacial adhesion.
The heterogeneous structure with good disperse of one polymer in to the other can be observed. For
that reason, we could notice better mechanical properties of LDPE/PS blends in comparsion to the
same blends without the compatibilizer. The shape of the rheological curve of polymer blends proves
that the plasticized effect of compatibilizer in LDPE/PS blends was confirmed. As a consequence, the
increase in flexural strength and elongation at break were observed. On the other hand, the decrease
in Young modulus, which is a stiffness coefficient, was observed and the tensile strength stayed on the
same level as in case of unmodified LDPE/PS blends.
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Sepiolite (SEP), a fibrous shaped mineral, has recently gained increasing attention as nanofiller
reinforcement [1,2]. One of the few aspects discussed in scientific literature of polypropylene-sepiolite
nanocomposites is the influence the SEP on polymeric melt rheological behavior. The nanocomposites
PP/SEP were prepared by melt process in a twin-screw corotating extruder and after that, injected
molding. Dynamic frequency sweep tests were performed using a controlled stress rheometer (MCR
501 - Anton Paar) under dry nitrogen atmosphere at 200°C. A plate—plate configuration was used with
a gap size of 1.0 mm and a plate diameter of 25 mm. The measurements were carried out in the linear
viscoelastic regime decreasing the frequency from 300 to 0.01 rad/s. In the lower frequency region
(Fig. 1-a), a slight increase in complex viscosity can be observed for the samples containing SEP (with
2.5 and 5%) compared to pure PP. In higher frequency regions, the complex viscosity is the same,
independent of the clay content. It can also be seen that, at lower frequency regions, (G’) values are
slightly higher (with 2.5 and 5% of SEP) than pure PP, once the mobility and relaxation of polymer
chains would be retarded by the needle-like nanoclay.
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Fig. 1. Complex viscosity (a) and storage modulus (b) as a function of the frequency for PP-SEP
with 1, 2,5 and 5% w/w samples.
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The aim of this work is to investigate and compare four different factors, temperature, irradiation,
exposure media and pressure, on the oxidation and aging behaviour of polypropylene (PP) bulk
samples in the autoclave test. The aging of polypropylene, in this case syringe material, was
accelerated under different conditions. The samples were aged at 75°, 80° and 85°C under pure oxygen
and at 75°C under ultrapure water at 50 bar. Further samples treated with 15 kGy (e-beam) were aged
at 75°C under pure oxygen at 10, 30 and 50 bar. The different courses of aging were evaluated and
compared. Weight, geometry and tensile test were used to assess the changes in technical properties;
and DSC, FTIR and TDS-GC-MS to improve the physico-chemical understanding of the aging processes.

The investigations show that all factors tested influence oxidation/aging behaviour. Dry or wet
exposure has no effect on aging during the induction time. But after the point of maximum service
time the degradation process of polymer changes significantly in the presence of water (Fig. 1). The
increase of temperature and pressure decrease the maximum service time; however a temperature
higher than 80°C changes the relative ratio of surface and bulk oxidation. The pretreatment with
irradiation decrease the maximum service time further (Fig. 1), because the irradiation damages the

antioxidant in part. By this the mobility of antioxidant fragments changes a diffusion effects influence
the relative ration of bulk and surface oxidation.
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Fig. 1. Residual tensile strength after exposure at 75°C and 50 bar of the untreated samples under
different exposure media (pure oxygen and ultrapure water) and of the 15kGy samples under pure
oxygen (fit curves added for visual clarity)
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Photooxidation of polymer blends shows very interesting features because of the possible
interactions between the two phases and between the radicals coming from the two components
during UV irradiation [1]. On the other hand, nanocomposites with organomodified clays show, in turn,
a photooxidation behaviour depending on the presence of the nanofiller and on the possible
interaction between the polymer matrix and the degradation product of the clay [2]. Furthermore,
both blends and nanocomposites need the presence of a third component as compatibilizing agent
between the different phases. In this work, we investigated the effect of two functionalized polymers
used to compatibilize both a PE/PA blend and a nanocomposite prepared by adding an
organomodified clay to this blend.
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Fig. 1. Elongation at break as a function of UV irradiation time for blends(a) and their
nanocomposite(b)

The dimensionless elongation at break as a function of the exposure time clearly suggests that the
presence of the compatibilizer slows down the photooxidation kinetics of the uncompatibilized blend,
while no significant effect is observed in the nanocomposites. This last feature could be attributed to
a strong pro-oxidative effect of the iron present in the clay, while the protective effect in the blend
could be interpreted in term of a better morphology achieved. Indeed the compatibilization gives rise
to a better adhesion between the phases, with lesser defects and then with a lower oxygen
permeability.
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Coordination polymers have attracted considerable interest because they combine many of the
attractive features of conventional polymers with properties that result from the metal-mediated self-
assembly process. These materials have found a large number of applications in many fields, such as
adsorption, separation and purification, and catalysis.

Our aim was to develop new functional materials using simple molecules having both organic and
siloxanic moieties and to control their build-up by self-assembly in the presence of metal (Co and Zn)
ions [1,2]. The subsequent adding of the supramolecular assemblies to the metal ions solutions leads
to a complete reorganization of the organic phases, as single crystals X-ray diffraction revealed. The
co-existence of the hydrophobic dimethylsiloxane sequence and more polar metal-coordinated by
carboxylate and pyridyl or imidazol fragments gives an amphiphilic character to the formed
compounds that leads to the structuration in solution and in film. The morphology of film investigated
by AFM reveals formation of the columnar aggregates having the size of 100-200 nm order (the figure
below).
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Thermal behaviour, moisture and gas (nitrogen and hydrogen) sorption were investigated.
Magnetic susceptibility was determined for paramagnetic Co(ll)-containing polyorganometalo-
siloxane. The dielectric response and ac conductivity were investigated by dielectric spectroscopy at
different temperatures and frequencies [1,2].
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Special fibers fit to satisfy various demands can be prepared either by an adequate modification of
the used fibre-grade polymers or by the selection of specific fibre-forming parameters. Thermoplastic
fibre-grade polymers are modified in two ways: (a) by chemical modification of the polymer or (b) by
admixing special additives to the spinning dope. Some specific fibre properties result from the
modification of the fbre cross-section, exemplified by profile or hollow fibres. The technique of
spinning bi-component fibres offers another chance of preparing special fibres. Such modifications are
since long applied in IBWCh for modeling fibres in the course of spinning.

In the presented work, shown are results of investigations related to the modification of properties
of fibers from poly(lactic acid) (PLA) which count to the newest generation of textile raw materials .
Alike other synthetic fibers, the biodegradable PLA fibers can be used in the manufacture of textiles
like underwear, clothing, sanitary- and medical disposals, geotextiles and technical textile like agro-
nonwovens, fishing nets and ropes.

The fibers were formed from PLA type 6201 D, supplied by NatureWorks LLC. The experimental
IBWCh line was used for the purpose. It is a two-step process comprising separate spinning and
drawing. Various PLA fibers were prepared: with improved elasticity, antibacterial, with profiled cross-
section, bi-component fibers: of the S/S type, self-crimping split fibers and of the C/C type from PLA
and PP.
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Natural fibres as reinforcing components in composite materials have gained considerable
attention. Despite the numerous advantages like low cost, low density, high specific properties and
biodegradability, typically they show poor compatibility with the polymer matrix. Laccase mediated
grafting of phenols has been commonly used to upgrade the properties of lignocellulose [1, 2]. For
examples it is possible to bring antibacterial properties to cellulose fibres [3], or increase the pulp
strength and swelling properties [4].

In this study we were able to prove the attachment of different types of functional phenolic
molecules onto fibres by using a laccase from Trametes hirsuta as a biocatalyst. XPS analysis indicated
almost 5% incorporation of these molecules in flax, however, grafting was not that effective on coconut
fibres. To broaden the activation scope, mediators, which act as electron shuttles between the laccase
and the substrate, were used allowing grafting of hydrophobic molecules like dimer fatty amines.
Different mediators like HBT, TEMPO and ABTS were tested, being TEMPO the most effective achieving
an increase of the aliphatic groups grafted by 10% according to XPS analysis.
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Poly(ethylene terephthalate) (PET) is one of the most widely used synthetic polymers worldwide.
Despite its many outstanding properties, PET has a very hydrophobic character, which makes its
processability very challenging. A wide variety of enzymes have been described to be able to hydrolyse
PET [1, 2]. Mild hydrolysis of the upper most layer of the polymer or extensive hydrolysis to the
monomers are two approaches that can be used to functionalize or recycle PET in a highly selective
and environmentally friendly way.

Among the different enzymes able to hydrolyse PET, cutinases have been described to be the most
efficient, however, the fact that PET is a non-natural, hydrophobic substrate the hydrolysis-rates are
rather low. Hydrophobins (Hfbs) are small cysteine-rich proteins expressed by filamentous fungi that
form amphipathic monolayers on hydrophobic/hydrophilic interfaces and are supposed to stimulate
the hydrolysis rate of PET. In nature they occur on the outer surfaces of cell walls of hyphae and conidia
where they play a major role for interactions between the fungus and the environment. The effect of
class Il Hfbs fused to glutathione S-transferase (GST) on PET hydrolysis by H. insolens was investigated,
showing a stimulation of the polymer hydrolysis [3]. The soluble release products of PET hydrolysis
namely terephthalic acid (TA), mono-(2-hydroxyethyl) terephthalate (MHET), and bis-(2-hydroxyethyl)
terephthalate (BHET) were measured by HPLC with a UV detector.
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Although its promising properties make the graphene oxide (GO) very interesting as filler for
polymer matrices, some problems related to its thermal stability in the region which ranges from 80
to 200 °C, are crucial for the possibility to melt process GO together with practically all the polymers
[1,2]. Moreover, above 100 °C GO lamellae were found to become stacked. In this work, two different
ways to preserve the GO structure and ensure its dispersion within different polymer matrices have
been investigated and schematized in Fig. 1. Exfoliation plays a key-role in the achievement of good
mechanical properties since it preserves the GO from both stacking phenomena. The capability of silica
to exfoliate the GO lamellae is confirmed by SEM analysis and probably this feature leads to the
achievement of a better morphology in terms of exfoliation/intercalation thus resulting in a better load
transfer. Moreover, the presence of silica results in an increased thermal stability of the GO, as
confirmed by Raman analysis and TGA. The nanocomposites prepared by incorporating GO-silica
nanohybrids within PA6, EVA and PC showed mechanical properties higher than those directly melt
mixed with GO. Furthermore, the GO-silica-polymer nanocomposites were found to have mechanical
performance similar or better than GO-polymer prepared via solvent casting.

GO-AEOX50and GO-AE300

ation in water 3hat80° C;

603 acid;3 h sonication at 80 * C; magnetic stirring until HCOOH

evaporal
GO 3: PA6 (66.7%) and GO (33.3%) melt blended at 240 °_C (dry masterbatch)

Fig. 1. Schematization of the process.
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In the frame of this work, two different samples of CNTs, namely CNT 1 and CNT 2, were synthesized
[1] with different degree of purity and aspect ratio and used as fillers either without any treatment or
after a plasma-oxidation, to prepare polycarbonate (PC)-based nanocomposites by melt mixing. The
influence of plasma treatment, filler content and type of CNTs on the mechanical, dynamic-mechanical,
and electrical properties of the materials was assessed by a two level full factorial design. The
morphological analysis carried out by SEM and TEM evidenced the formation of a nanohybrid structure
when oxidized CNTs were used as filler. Generally speaking, CNT 2 showed the best dispersion and the
strongest adhesion to the matrix. As regards the effect of the functionalization, it was evident that a
stronger interfacial adhesion and a better dispersion were achieved after fillers plasma-treatment. The
statistical approach pointed out that functionalization and typology of the CNTs played a crucial role
on the properties of the nanocomposites rather than filler content. The main effect of these 3 variables
on the storage modulus at 50 °C carried out by DMTA (a) and on the electrical conductivity (b) of the
nanocomposites is reported in Fig. 1.
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Fig. 1. Main effect of content, plasma functionalization and typology of CNT on the dynamic-
mechanical (a) and electrical properties (b) of PC-based nanocomposites.
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Graphene oxide (GrO) was synthesized with Marcano’s method [1] and added at 0.5 and 1 wt%
loading content to a polyamide 6 (PA6). In particular, three different techniques have been used for
the preparation of the nanocomposites: (i) melt blending in a batch mixer, (ii) solvent casting in formic
acid, (iii) preparation of a masterbatch by solvent casting and further melt processing. The films (80
pm) were photo-oxidized in a QU-V chamber up to about 100 hours. The effect of filler content and
preparation technique on the photo-stability of the nanocomposites has been followed by monitoring
the change of the mechanical and spectroscopic properties undergone upon artificial exposure to UV-
B light. The elongation at break is an excellent parameter to establish the photo-oxidation resistance
of polymer materials as it is very sensitive to the molecular and morphological changes undergone by
the polymer during irradiation [2]. Indeed, these changes strongly affect the values of the elongation
at break. The dimensionless elongation at break as a function of the exposure time of nanocomposite
films is reported in Fig. 1. The results clearly show that adding GrO determines a strong increase of the
photo-stability of the PA6 in almost all the cases. Moreover, it is possible to notice a strong interaction
between filler content and preparation technique adopted. The materials prepared according to (i)
take advantage by higher level of filler loading, while undergo a rapid degradation after 48 h when
loaded with 0.5 wt% of GrO. Those prepared according to (ii) are more resistant and their
dimensionless EB plots, not influenced by GrO content, are steady within the temporal range
investigated. The photo-oxidation behaviour of the materials prepared according to (iii) was halfway
between (i) and (ii) at lower loading and was found to be closer to that of the PA6 when GrO is loaded
at wtl%, thus confirming a worsening of the photo-resistance upon increasing filler content.
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Fig. 1. Normalized elongation at break vs photo-oxidation time of the nanocomposites
investigated.
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The use of natural antioxidants is an attractive way to formulate nanocomposites with extended
durability and with potential applications in bio-medical field. In this work, Vitamin E (VE) in the form
of a-tocopherol and Quercetin (Q) were physically immobilized onto multi-walled carbon nanotubes
bearing covalently-linked long-chain alkyl ester groups (CNTs) and the resulting hybrids CNTs-VE and
CNTs-Q were used to formulate thermo-oxidation stable ultra high molecular weight polyethylene
based nanocomposites. The thermo-oxidation of the nanocomposites was performed at 120°C in air
oven. The samples were then subjected to FTIR analyses at different annealing times. In Figure 1, the
trends of carbonyl and hydroxyl indices for all the investigated systems are reported as a function of
the thermo-oxidation times. It is evident that the degradation process is slower for the
nanocomposites containing VE and Q molecules. As known, the VE and Q molecules are both known
to be effective in the protection of the polymeric matrices against thermo-oxidation, but their the
excellent obtained stabilizing actions attained in our samples are definitely much higher than what
commonly reported in literature. Such an unexpected finding could be explained considering some
specific interactions between the used natural anti-oxidants and the carbon atoms of the outer surface
of the CNTs. Such interactions could give rise to the formation, upon thermal treatment, of several
intermediate anti-oxidant radicals, which induce the formation of CNT surface defects. In this way,
some carbon 4astoms change their hybridization from sp? to sp?, achieving radical scavenging properties.
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Fig. 1. Carbonyl (a) and Hydroxyl (b) Indices for neat UHMWPE and complex nanocomposites systems as a
function of the thermo-oxidation times.
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The formulation of innovative nanofillers containing nanoparticles having different chemical nature
and physical properties can be considered as an attractive way to obtain hybrid multi-functional
nanostructures. In this work, POSS molecules (Three Silanol Phenyl POSS; TSPH) has been successfully
grafted onto the outer surface of CNTs bearing long alkyl-chains functionalities and the obtained hybrid
nanoparticles have been used for the formulation of Ultra High Molecular Weight PolyEthylene
(UHMWPE) based nanocomposites. The rheological, morphological and thermo-mechanical analysis
has been accurately performed (not reported here) and the obtained results suggest a well
pronounced beneficial effect of POSS molecules grafted onto CNTs on the dispersion and morphology
of the nanocomposites. Besides, the photo- and thermo-oxidation of the nanocomposites was
performed and the samples were then subjected to FTIR analyses at different aging/annealing times.
In Figure 1, the trends of carbonyl indices for all the investigated systems are reported as a function of
the (a) photo- and (b) thermo-oxidation times. The adding of CNTs slow down both photo- and thermo-
degradation phenomena due to the well known radical scavenging action of CNTs. Similarly, the POSS
molecules are able to protect the polymer matrix against degradation, acting as H donor and/or UV
absorber. CNTs-POSS/UHMWPE nanocomposites show excellent photo- and thermo-oxidative
resistance because the hybrid nanoparticles are very effective in the protection of the polymeric
matrix, offering a stabilizing action which is absolutely much higher than those showed by CNTs and
POSS molecules, added one by one. Such this unexpected finding could be explained considering some
synergistic action between the electronic system of CNTs and the inorganic framework of POSS
molecules.
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Fig. 1. Carbonyl Index for neat UHMWPE and complex nanocomposites systems as a function of
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The use of natural clays as nanofillers for polymer matrices is attractive because of low cost,
improvement of mechanical and barrier properties, inflammability, and eco-compatibility. The
problems are related to their tendency to accelerate the photo- and thermo- oxidative degradation,
above all in organo-modifier presence. In order to increase durability, the traditional approach is the
incorporation within the polymeric matrices of stabilizing additives. To be effective, additives have to
be well dispersed and to remain physically in the polymer matrix but, usually, they have a limited
compatibility i.e. poor dispersion, and tendency to migrate or volatilize during processing. To solve this
matter, a possible approach is the immobilization of stabilizer molecules. In this work reactive anti-
oxidant molecules (r-AQ), as hindered phenols, are performed by hydrolysis reaction of commercial
Ciba® Irganox® 1076 and, through ion exchange, are directly intercalated in anionic clays (layered
double hydroxides, LDH). Moreover the r-AOs are grafted on the ammonium salt and, then, through
ions exchanging with cationic clay (montmorillonite MMT), thermally stable organo-modified
montrmorillonite is formulated. The novel nanofillers are exploited to produce, by melt mixing, bio-
polymer-based nanocomposites using polylactid-acid (PLA), polyamidell (PA11) and polybutylene
succinate (PBS) as matrices. The morphology after processing of all nanocomposites is investigated
through XRD, SEM and TEM observations. The results show that the clay layers are uniformly dispersed
in the polymer matrix, and exfoliated structures are obtained. Moreover, to investigate the thermo-
degradation of the nanocomposites during processing, rheological analysis is performed and the
findings suggest a beneficial effect of the presence of anti-oxidant molecules. The thermo-oxidation
resistance of nanocomposites is evaluated through the exposure of thin films at high temperature
(below Tmer) in air oven and then FT-IR spectra, at different exposure times, are collected. FT-IR
spectroscopy and calorimetric analyses show that all nanocomposites exhibit high thermo-oxidative
resistance, with increased induction time of the degradation phenomena. Therefore, the intercalation
or immobilization of active antioxidant compounds in natural layered clay enhance the thermo-
oxidative stability of the nanocomposites. The reasons could be different: the good dispersion of the
stabilizer; the release of anti-oxidant as byproducts coming from decomposition of ammonium ion
(Hoffmann elimination reaction); the stabilizing action exercised locally at the interface between the
inorganic clay and the organic polymer macromolecules i.e. where the degradation process begins.
Moreover it cannot be excluded that the clay platelets could prevent the migration or volatilization of
the antioxidant molecules during processing.
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Talcum is widely used to enhance the stiffness of polypropylene. Talcum is a layered magnesium
silicate consisting of sheets of magnesium in octahedral coordination. The layered sheets are held
together by weak van der Waals forces. The crystal presents basal hydrophobic surfaces with Si—O-Si
groups, as well as lateral surfaces with Si—OH groups and residual magnesium cations. Depending on
the source, talcum often contains traces of dolomite, chlorite, magnesite, Fe;Os; and graphite. The
nature and level of the impurities determine the final color and the surface characteristics of the
talcum. Although the mineral is often considered as chemically inert, it contains certain reactive groups
on its surface and it is generally known that talcum can interact and react with additives like for
example stabilizers.

Based on reviewed literature'™, the presence of talcum can have an adverse effect on processing,
long term heat and light stability of polyolefins. The influence of addition of 20-40 wt% talcum on the
thermal and photochemical stability has been extensively investigated. On the contrary, the influence
of talcum on stability was not particularly studied for lower talcum content (3-5 wt%).

This study concentrates on heat and processing stability of up to 5 wt% talcum filled polypropylene
and especially on the influence of stabilizer-talcum interactions. Talcum types with different surface
treatment were examined. Investigated stabilizers were amongst others tetrakis[methylene-3(3°,5"-di-
t-butyl-4-hydroxyphenyl)propionate]methane  (BASF: Irganox  1010) and  tris(2,4-di-t-
butylphenyl)phosphite (BASF: Irgafos 168).

Oven ageing, repeated extrusion, DSC and chemiluminescence were used for studying thermal
stability of the talcum filled polypropylene. Also various analytical techniques such as TGA and TGA-
TD-GC-MS have been used to study talcum-antioxidant interactions and appeared to be very useful as
a screening tool for revealing possible talcum-antioxidant interactions.
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For many years, ultra-high molecular weight polyethylene (UHMWPE, My, = 2 - 6 x 10° g/mol) has
been successfully used in total joint replacement (TJR). Nevertheless, a relatively high abrasive wear
of UHMWPE can cause serious problems leading to failure of the TJR [1]. To improve its wear resistance
as well as its oxidation stability, UHMWPE is cross-linked by gamma irradiation and stabilized with a-
tocopherol [2]. However, during the gamma irradiation a-tocopherol reacts with formed radicals and
is partially consumed, resulted in a reduced efficiency of irradiation [3]. This problem can be solved by
using a different class of stabilizers — hindered amine light stabilizers (HALS) which do not show these
negative attributes of a-tocopherol [4].

The aim of this work was to compare the effect of a-tocopherol, HALS stabilizers and their mixtures
and to find a suitable stabilization system for UHMWPE components of TIR with a longer lifetime. Their
effects on the cross-linking of UHMWPE by irradiation and on the oxidation stability and changes in
wear resistance of UHMWPE during an accelerated ageing were evaluated.

The accelerated ageing was performed either in water bath of H,0, (0.1 M) or in water saturated
with oxygen (5 atm). The aged samples were extracted in xylene and their swelling ratio and cross-
linking density were determined. The degree of oxidative degradation of the samples was assessed
using IR spectroscopy — oxidation index, differential scanning calorimetry — crystallinity, and by
mechanical testing. Due to exceptional properties of UHMWPE some measurements could not be
accurately evaluated, therefore, three model polyethylenes (HDPE) with lower molecular weight — Mw
~5x10% -1 x 10° g/mol were used for these measurements.
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Nowadays significant problem is that the widely used low molecular weight additives of food
packaging materials and agricultural foils (e.g., antioxidants, stabilizers) can migrate to the surface and
then contaminate the food and the environment. A solution is to develop macromolecular additives,
wherein the higher molecular weight inhibits the migration in the plastic films.

We tried to develop a new poly(ethyleneimine) (PEl) based macromolecular stabilizer (Figure 1).
We used a BHT analogue, the 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propanoic acid as stabilizer. We
also investigated to link three different chain lengths of alkyl-carboxylic acids (butyric acid, lauric acid
and stearic acid) as compatibilisers simultaneously with different ratios of the antioxidant to improve
miscibility with polymers. The functionalizations were carried out with the amidation reaction using
DCC and HOBt in DMF at room temperature. The functionalized macromolecules were characterized
via NMR and UV/VIS spectroscopies and GPC chromatography.
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NH; Ho” Yo NH
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NH, Compatibilisers: NH
_~_COOH
NSNS COOH

o

Fig. 1. Synthesis of PEl based macrostabilizer

Our results show that the functionalization reactions were successfull and the ratio of antioxidant
and compatibilizer in the produced macrostabilizer can be influenced easily by the feed ratio of the
reactants.
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Significant amount of additives (e.g., antioxidants, stabilizers) are used in food packaging materials
and agricultural foils. Most commonly used additives are low molecular weight which can migrate
easily to the surface therefore leaching into the environment is a main problem.

We tried to develop a new hyperbranched polyglycerol (HbPG) based macromolecular stabilizer
(Fig 1.). The hyperbranched polyglycerol is a polyether polyol which has proved biocompatible
properties. We functionalized it by a BHT analogue, the 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propanoic acid as antioxidant. We investigated different esterification methods for
functionalization of hydroxylic groups of HbPG by the BHT analogue and our result clearly indicates
that the Steglich esterification method was most effective. We also investigated to improve miscibility
with the foil’s polymers by using compatibilizer agents such as butyric acid, lauric acid and stearic acid.
The functionalized macromolecules were characterized by GPC chromatography and *H-NMR and the
antioxidant capacities were measuered by UV/VIS spectroscopy. The antioxidative properties of
produced macromolecular antioxidants were demonstrated by thermal oxidative degradation tests of
PVC.

Hyperbranched polymer core
. Stabilizer agents
@ Compatibilizer agents

Fig. 1. Schematic structure of HbPG based macromolecular antioxidant
We succesfully synthesized macromolecular antioxidant with hyperbranched polyglycerol core with
different ratio of antioxidant and compatibilizer.
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Highly-functionalized epoxy resins and aromatic diamine hardeners are the most popular in
commercial epoxide systems exhibiting high T, which are commonly used in aerospace, railway and
automotive industry for structural fibre-reinforced composites. Nevertheless, these materials are
usually brittle with poor fracture toughness. Therefore, addition of glassy thermoplastics exhibiting
high Tg (such as polyethersulfone, PES [1], etc.) and acting as toughener is often demanded. The
morphology of created blends consisting of thermoplastic-rich particles dispersed in the continuous
epoxy matrix can contribute to toughening [2]. In order to obtain homogeneously distributed

thermoplastic domains in the surrounding matrix, a suitable compatibilizer can be advantageously
added.

In the present work, the effects of different ionic liquids (ILs) on morphologies of epoxy-PES blends
as well as epoxy-PES-graphene composites were evaluated by means of SEM, TEM, AFM, DMA,
mechanical testing and surface tension measurements. It was found that the role of ILs in the final
material was highly dependent on IL structure and interactions with surrounding environment (epoxy
matrix, PES nodules or graphene filler). In consequence, the ILs acted as compatibilizers, which
decrease the epoxy-PES interfacial energy, or as coupling agents, which improve adhesion between
the graphene filler and the epoxy matrix.
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Modification of natural polymers for applications in wastewater treatment is a continuous concern
of researchers and technologists in close relation to advantages they provide as related to classical
polymeric flocculants. The main methods to synthesize grafted polysaccharides involve the use of a
chemical free radical initiator (conventional method), ionizing radiation (gamma and X rays, electron
beam), ultraviolet or microwave radiation. Although the most used ionizing radiation is gamma
radiation, electron beams are preferred for easy and secure handling lately. Thus, in order to develop
a new starch-based flocculant material, graft copolymerization of acrylamide onto starch induced by
electron beam processing as the free radical initiator and no additional chemicals was investigated in
this work. The grafting parameters such as monomer conversion and grafting ratio were evaluated.
The graft copolymers were characterized by intrinsic viscosity, elemental analysis, infrared
spectroscopy and scanning electron microscopy in correlation with monomer-to-starch ratio and
irradiation dose. Flocculation performances of the grafted copolymers were evaluated by combining
with classical electrolytes in order to remove the organic load of wastewater collected from a meat
products processing plant. The results proved that the grafting occurred in each particular case, and
the level of grafting was obviously influenced by the monomer-to-starch ratio and less by irradiation
dose in the range of doses investigated herein. The flocculation study revealed that all synthesized
graft copolymers were efficient for properties like total suspended solids and chemical oxygen
demand. Instead, the desired reduction of fatty matter in suspension depended on copolymers dosage
as well as their monomer-to-starch ratio and irradiation dose.
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The oxidoreductase cellobiose dehydrogenase (CDH) is an extracellular flavocytochrome produced
by wood degrading fungi. Furthermore, CDH can oxidize cellobiose and cello-oligomers by using a wide
range of electron acceptors like quinones, phenoxyradicals, etc. [1,2]. Many industrial interesting cello-
oligomers like maltose, lactose, cellodextrins etc. can be reduced or oxidized by CDH and are also
employed in biosensors [3,4].

In this study, the ability of a recombinant M. thermophilum cellobiose dehydrogenase (MtCDH) to
be used as a bleaching agent based of its ability to produce hydrogen peroxide was investigated.
MtCDH was therefore incubated with different cellulose oligomers and the oxidation of the substrates
was monitored by using FTIR, HPLC-MS and determination of the resulting hydrogen peroxide. For the
first time, in vitro HPLC-MS studies showed that MtCDH oxidized cellulose oligomers on the C-1 on
glucose moiety at the reducing ends. This fact is an agreement for current mechanism for other CDHs
[2]. The ability of CDH to oxidize structurally different cellulose oligomers makes it interesting for in
situ bleaching systems.
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Modifications of thermoplastic starch (TPS) with maleic anhydride (MTPS) and sebacic acid (STPS)
were conducted by reactive extrusion to improve compatibilization of TPS/PBAT blends (50/50). TPS
was prepared by mixture of cassava starch (67 %), glycerol (23 %) and water (10%). TPS modifications
were conducted in a twin screw extruder. MTPS and STPS were then melt-blended with PBAT in a
subsequent extrusion process. Effects of starch modification onto TPS/PBAT blends were analyzed by
mechanical properties and morphological analyses. The morphological properties were assessed by
scanning electron microscopy (SEM). The results obtained from the morphological analysis (Figure 1)
showed higher phase dispersion of the starch on PBAT, when the TPS was reacted with maleic
anhydride (esterification agent). However, the micrographs suggest that sebacic acid does not react
with TPS, due, probably, its higher aliphatic chain, which may be exuded from the TPS. The mechanical
properties of TPS/PBAT and MTPS/PBAT blends presented similar tensile strength, despite the greater
dispersed phase distribution of the blend containing MTPS. These results were attributed to starch
degradation during the reactive extrusion and the presence of unreacted maleic anhydride, which
formed lamellae in the blends, acting as stress concentrator in the blend.

Fig. 1: SEM micrographs of (A) TPS/PBAT 1000x, (B) STPS/PBAT 1000x, (C) MTPS/PBAT 1000x and
(D) MTPS/PBAT 5000x.

Table 1: Mechanical properties of blends.

Yield Tension Tensile Strenght (MPa) Elongation at break (%)
PBAT 8.6+0.6 20.2 299 +44.6
TPS/PBAT 6.1+0.9 7.8 320+ 26.3
MTPS/PBAT 6.0+1.4 6.0 311+14.2
STPS/PBAT 44+03 4.4 27+13.0
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Melt blending of poly(acid lactic) (PLA) and poly(butylene adipate-co-terephthalate) (PBAT) was
investigated. In order to improve the interfacial adhesion during the melt blending, PLA was modified
with maleic anhydride (MA) in the presence of dicumyl peroxide (DCP) and the study of reaction routes
was performed. All reactions were carried out in the molten state in a corotating intermeshing twin-
screw extruder. The amount of MA and DCP (2 phr and 1 phr, respectively) and the polymers ratio
(PLA/PBAT — 70/30) were both maintained constant. Compatibilization of the blend was performed by
two ways, one using in situ PLA/PBAT modification and the other using a pre-modified PLA (PLA-g-MA).
A blend without MA (PLA/PBAT) was used as reference. The modified PLA was characterized by size
exclusion chromatography (SEC). Additional analysis by scanning electron microscopy (SEM) were
performed for the blends. During the PLA modification, with MA, was observed a reduction of 45% in
Mn. The blends presented similar mechanical behavior, however, when the data are inputted additivity
rule equation, a synergic effect is observed for PLA-g-MA/PBAT. Morphological analysis, performed by
SEM, shows a better adhesion phase when the blend is produced using PLA-g-MA, in according with
the observed mechanical behavior.

Table 1: Properties of PLA, PBAT and blends.

Tensile Tensile Tensile Tensile Mn
Blend Strenght Modulus Strenght*  Modulus*
MPa GPa MPa GPa kg/mol

PLA 64,79 + 0,33 3,22 +£0,02 - - 131

PLA-g-MA 51,67 +1,64 3,09 £ 0,08 - - 82
PBAT 9,60 £ 0,08 0,07 £ 0,001 - - -
PLA/PBAT 40,96 + 0,82 2,02 +0,03 48,23 2,28 -
PLA-g-MA/PBAT 44,22 + 0,97 2,18+ 0,04 39,05 2,18 -
PLA/PBAT in situ 42,45 + 0,55 2,12 +0,02 48,23 2,28 -

*Calculated by additivity rule equation
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Sulphonation reactions are very important to incorporate sulphonic groups into aromatic polymer
structures; however, the sulphonating agent is not the only variable to take into account, the chemical
structure of the material to be sulphonated is critical as well.

A random copolymer of poly(styrene-acrylic acid) (PS-AA) was synthesized in solution by radical
polymerization and partially crosslinked with divinyl benzene (DVB) or trimethylolpropane
trimethacrylate (TMPTMA) to improve mechanical resistance. The copolymer was sulphonated at 402C
with sulphuric acid (H.SO.) or acetyl sulphate (CH3COOSOsH) and 20% mol of theoretical rings.
Sulphonating times of 2, 10 and 30 min were used. Materials were characterized by infrared
spectroscopy (FTIR), insoluble material percentage by soxhlet extraction and molar mass by gel
permeation chromatography (GPC).

FTIR indicate the presence of sulphonic groups bound into the copolymer matrix and some changes
in specific bands. Gel percentage and molecular weight increase when H,SO, was used as the
sulphonation agent, while when CH3CO0SOsH was used both properties decreased. These effects are
more noticeable when TMPTMA is used as crosslinking agent, comparing with DVB (Fig. 1).
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Fig.1. GPC of PSAA crosslinked with DVB and TMPTMA and sulphonated with H2S04 and AS.

Chemical structure of DVB is chemically more stable than TMPTMA in the acidic environment during
sulphonation reaction. This can be explained considering that the TMPTMA is a crosslinking agent
containing ester bonds that can be modified in an acidic media, as with CH;COOSOsH [1]. On the other
hand, during use of H,SO,, insoluble material and Mw increase, probably due to the increment of the
previously existing crosslinks through sulphone groups between aromatic rings [2], as is widely
reported in the literature.
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Common fuel cells, specifically PEMFC, use an polymeric electrolyte as membrane. The most
popular commercialized are the polyfluorosulfonic acid membranes, highly expensive as well. An
economic option is the use of low cost hydrocarbonated membranes, which in turn can be modified
through sulphonation to increase ionic properties [1].

A random copolymer of poly(styrene-acrylic acid) (PSAA) was synthesized in mass by radical
polymerization and partially crosslinked with trimethylolpropane trimethacrylate (TMPTMA) to
improve mechanical resistance. The PS-AA copolymer was then sulphonated (PSAAS) at 402C with
sulphuric acid (H,S04) at 100% mol of theoretical benzene rings, durig 2 hours of Sulphonation time.
Nanoparticles of gold (Au) and silver (Ag) were also synthesized by reduction of their corresponding
salts: Chloroauric acid (HAuCls) and silver nitrate (AgNQOs). Both nanoparticles were incorporated in
solution (8 ml) to PSAAS, dissolved in tetrahydrofuran (THF) at a concentration of 1 g/ml. The materials
were characterized by infrared spectroscopy (FTIR), gel permeation chromatography (GPC) and
thermal analysis. The latter by thermogravimetric analysis (TGA), differential scanning calorimetry
(DSC) and dynamic mechanic analysis (DMA).

FTIR (Figure 1) indicate the presence of sulphonic groups, in 3100 to 3250 cm™ indicating the
incorporation of the sulphonic group into the copolymer matrix. The molecular weight of the
copolymer decreased from 258,345 g/mol to 87,575 g/mol when H,SO4 was used to sulphonate it,
suggesting a decomposition process. Thermal properties like glass transition (Tg) and decomposition
temperature have similar values before and after sulphonation; similarly before and after the
incorporation of nanoparticles into the materials. The results indicate that sulphonation and addition
of Au and Ag nanoparticles to PSAAS does not induce important changes in the physico-mechanical
properties of the membrane and will make them available to be used as a PEM in fuel cells.
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Fig. 1. FTIR of PSAA and sulphonated PSAA
References

[1] DaSilva, L. et al. Humidity and pH sensor based on sulfonated poly-{styrene—acrylic acid} polymer.
Mater. Sci. Eng. C 29, 599-601 (2009).

142



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

P32
SMART HYBRID TEMPERATURE RESPONSIVE GELS AND POTENTIAL
APPLICATION POSSIBILITIES

Zséfia Osvath?, Kristof Banyail, Tamas Téth!2, Béla Ivan??

1 Polymer Chemistry Group, Hungarian Academy of Sciences, Research Centre for Natural Sciences,
Magyar tuddsok boulevard 2, 1117 Budapest, Hungary, osvath.zsofia@ttk.mta.hu
2 Department of Organic Chemistry, EGtvos Lordnd University, Pazmény Péter walkway 1/A, 1117
Budapest, Hungary

Keywords: smart gels, temperature responsive, agricultural applications

Nowadays the drought is a worldwide agricultural problem. Some polymer gel systems are able to
absorb water as well, which properties can provide a solution to the long-term water storage.

In our research novel non-toxic high absorbent gels were intended to create. N-isopropylacrylamide
or N,N-diethylacrylamide were copolymerized with 3-trimethoxysilylpropyl methacrylate and
then preapared hybrid gels by sol-gel method.

The precursor PNIPAAmM or PDEAAm containing hybrid polymer structure were analyzed by nuclear
magnetic resonance spectroscopy (NMR) and the thermoreversible phase transition was studied by
visible spectroscopy (VIS). The final gels swelling kinetics were studied in water at different
temperatures. Our results showed that the swelling capacity depends on the number of crosslinking,
but every sample were well to swell under a lower critical solution temperature (LCST). Above this
temperature the gels were lost hold of easily the water, which is preferably in agriculture. The process
is always reversible.
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Fig. 1. Synthesis sheme of smart hybrid gel systems
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Ground tire rubber (GTR) was devulcanized in a system composed by a conventional microwave
oven adapted with a motorized stirring system with speed control by 5.5 minutes. Devulcanized GTR
was processed with HDPE in a twin screw extruder to produce a dynamically vulcanized blend, and
some important parameters of the process like speed of the screw, number of feeders, residence time
and shear rate were varied. These parameters were carefully analyzed with the blend containing 40
wt% of HDPE and 60 wt% of GTR5.5, using different screw speeds: 100, 150, 200, 250 and 300 rpm,
and different number of feeders. When the blends were produced with only one feeder, the both
phases, thermoplastic and devulcanized rubber, were added together, and for the blends produced
with two feeders, the HDPE phase was added in the first feeder and the GTR phase was added in the
second one (Figure 1). The influence of these processing parameters was evaluated in terms of the
viscoelastic properties.

0,40 -
0,35+
] © /‘\\
< /
0,30 e /| ——100
1 | ——150
0,25 200
Tem °
- | perature ("C) 250
g 0204 300
= 1 —100-2
0,15 A 150-2
1 ——200-2
0,10 —— 250-2
1 ——300-2
0,05
0,00

-100 -50 0 50 100 150

Temperature (°C)

Fig. 1. Tan 6 of the blends produced in twin screw extruder with different speeds and number of feeders.
The insert shows an amplification of the rubber Tg region. The blends produced in the extruder with one feeder
have in the nomenclature the screw speed (in rpm) used during the processing, and the blends produced in the
extruder with two feeders have the number 2 after the screw speed.

The results showed the immiscible character of blends. Regarding the values of glass transitions of
the elastomeric phase, no significant changes were observed among the different blends. The different
parameters adopted during processing of the blends changed the crystallinity of the HDPE phase, as
well as degradation of the same phase was observed in the blends produced with higher speeds.
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Ground tire rubber (GTR) was devulcanized in a system composed by a conventional microwave
oven adapted with a motorized stirring system with speed control by 5.5 minutes. Devulcanized GTR
was processed with HDPE in a twin screw extruder to produce a dynamically vulcanized blend, and
some important parameters of the process like speed of the screw, number of feeders, residence time
and shear rate were varied. These parameters were carefully analyzed with the blend containing 40
wt% of HDPE and 60 wt% of GTR5.5, using different screw speeds: 100, 150, 200, 250 and 300 rpm,
and different number of feeders. When the blends were produced with only one feeder, the both
phases, thermoplastic and devulcanized rubber, were added together, and for the blends produced
with two feeders, the HDPE phase was added in the first feeder and the GTR phase was added in the
second one (Figure 1). The influence of these processing parameters was evaluated in terms of the
small amplitude oscillatory shear properties, The results are shown in Figure 1.
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Fig. 1. Evolution of G’ and n* of the blends. The blends produced in the extruder with one feeder have in
the nomenclature the screw speed (in rpm) used during the processing, and the blends produced in the
extruder with two feeders have the number 2 after the screw speed.

The results presented two distinct groups: one group of blends with higher G’ and complex viscosity,
and another group with smaller values of these properties. In the first group are the blends produced
in the extruder containing only one feeder, while the second group are those produced in the extruder
with two feeders. The residence time of the rubber phase inside the extruder is important due to its
cross-link density.
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A novel flame retardant additive, polyhedral oligomeric octa(diphenyl sulfonyl) silsesquioxane
(ODPSS) has been used to retard combustion of an epoxy resin (EP) of DGEBA (diglycidyl ether of
bisphenol A) with curing agent 4,4’-diaminodiphenylsulphone (DDS). A series of flame-retarded EP was
prepared with ODPSS and DOPO (9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide) loaded. The
flame retardant properties of the EP were characterized by the LOI, UL-94 and cone calorimeter test.
The EP loading with 2.5 wt.% ODPSS/2.5 wt.% DOPO showed a longer TTI, lower value of p-HRR and
higher flammability rating than that loading with 5 wt.% DOPO. The char residue of these EP
composites after the cone calorimeter tests were investigated by FTIR and XPS. The thermal stability
and pyrolytic gases of the EP composites were detected by TGA-FTIR in air atmosphere. The results
indicated that the mixture of ODPSS and DOPO has a remarkable synergistic effect on retarding flame
of the EP composites.

EP EP/5%O0DPSS

EP/5%DOPO EP/2.5%0DPSS/2.5%DOPO

Fig. 1. Morphology of chars from EP, EP/5%0ODPSS, EP/5%DOPO and EP/2.5%0PS/2.5%DOPO after
the cone calorimeter test
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Three cryogels based on poly(vinyl alcohol) and cellulose [1,2] were studied by means of surface
properties modifications during exposure to several doses of UV irradiation. Significant color changes
were observed during photoirradiation. Structures exhibited a fading tendency with increase in
irradiation dose, due to lightness factor and chromatic coefficients values increase. The cryogels
accumulated instable red chromophores and showed a yellowing tencendy. Structural modifications
were monitored by FTIR technique. No new structural entities were formed during the cryogels
photodecomposition, only depolymerization phenomena occured. Formed hydroperoxides acted as
important initiating sites. The cryogels photochemically decomposed in a four stage mechanism
through macromolecular chain scissions and decarbonylation and photooxidation with carbonyl
groups formation. It was found that poly(vinyl alcohol) acted as UV stabilizier for the cellulose fibers
up to a concetration of 70% [3].
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One of the primary goals of polymer development was to design materials of high stability and
durability. Today, these features lead to major environmental problems. That is why society is
confronted with the need to reduce packaging waste as well as to find and enhance polyesters that
are biodegradable and show required material properties. Several studies have clearly demonstrated
the biodegradability of the aliphatic-aromatic copolyester PBAT (poly(butylene adipate-co-butylene
terephthalate)). Nevertheless, there exists hardly any information about the enzymes that play the
major role during PBAT hydrolysis.

In this research study, enzymatic degradation pattern of different hydrolases was tested on
polymeric and oligomeric PBAT model substrates. The substrate specificities of a bacterial cutinase
from Thermobifida cellulosilytica (Thc_Cutl), a fungal cutinase from Humicula insolens (HiC) and a
polyhydroxyalkanoate depolymerase (ePhaZzmcl) from Pseudomonas fluorescens was evaluated. The
degradation process was followed over time and hydrolysis products were analyzed and quantified via
HPLC-MS. The difference between the temperature where the degradation takes place and the melting
temperature (Tm) of the polymer was reported to be a crucial factor for enzymatic hydrolysis [1,2].
Consequently a TG-DSC analysis was performed for PBAT and all tested model substrates and Tr, values
were taken into account during the evaluation of the degradation results. It is notable that the enzymes
show a distinct mechanism for the model substrates and for PBAT.
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Since epoxy resins are used in many industrial applications, the lifetime assessment of these
polymers is crucial. Actually, exposure in air can lead to epoxy oxidation which induces physical and
mechanical properties modifications. Although oxidation of epoxy has been investigated in numerous
studies in the literature [1], the epoxy family covers many molecular architectures depending on the
type of hardener for instance. Knowing that the choice of hardener can have a strong influence on the
network glass transition temperature, we will focus on oxidation kinetic of different epoxy systems in
the same ageing conditions.

In this work, the thermo-oxidation of thin films (thickness equal or lower than 100 um) of two epoxy
resins is studied. Systems considered are based on Bisphenol A epichlorhydrine (DGEBA) and hardeners
are diethylene glycol bis 3-aminopropyl ether (figure 1a.) leading to Tg ~ 72.1°C and an anhydride
leading to Tg ~ 185.1°C. Films are exposed in air at 110°C, 130°C and 150°C.
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O
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Fig. 6: Chemical sutructure of a) diethylene glycol bis 3-aminopropyl ether and b) anhydride.

The formation of oxidation products is evidenced by infra-red spectroscopy (FTIR), (amide
absorbance at 1650 cm™) [2]. In addition, weight, density and glass transition temperature (differential
scanning calorimetry) measurements are performed to follow macromolecular modifications (chain
scission or crosslinking). At the three temperatures under study, it is shown that low Tg resins degrades
faster than high Tg one which is discussed regarding the existing literature on polymer degradation.
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This work studies the impact of crystallinity on the photooxidation of semi-crystalline polymers. The
study was performed for two semi-crystalline polymers, polylactide (PLA) and
poly(ethyleneterephthalate) (PET). Cold crystallization was used to prepare samples with different
degrees of crystallinity (6 to 62 %). The degree of crystallinity was adjusted using the furnace of a
differential scanning calorimeter (DSC). Photochemical aging was conducted in a SEPAP 12/24 device
and also using a PhotoDSC. The oxidation of the samples was measured by infrared spectroscopy. It
was shown that the crystallinity strongly affected the photochemical oxidation. The extent of oxidation
was found to dramatically increase for decreasing levels of crystallinity. A clear correlation was found
between the oxidation rate on the one hand and the crystallinity on the other. This effect was
attributed to the very weak oxygen permeability of the crystalline parts, which decreases the total
volume available for oxidation to occur.
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Fig. 1. Photo-oxidation of PLA samples at four time points (0, 5, 30 and 60 hours). The temperature axis
corresponds to the end heating temperature, which determines the degree of crystallinity.

References

[1] F. Fraisse, S. Morlat-Thérias, J.L. Gardette, J.M. Nedelec, and M. Baba. In Situ Kinetics Study of the
Accelerated Aging of Poly(ethylene oxide) Using PhotoDSC. J Phys Chem B 2006; 110: 14678-
14684

[2] S.Thérias, J.F. Larche, P.O. Bussiere, J.L. Gardette, M. Murariu, P.Dubois, Photochemical behavior
of polylactide/ZnO nanocomposite films. Biomacromol 2012; 13(10) : 3283-3291

150


mailto:mohamed.baba@univ-bpclermont.fr

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

P41
STABILIZATION OF POLYPROPYLENE-MONTMORILLONITE
NANOCOMPOSITES WITH A METAL DEACTIVATOR

Lays Batista Fitaroni', Sandra Andrea Cruz!, Walter Ruggeri Waldman?

1 Universidade Federal do ABC, Centro de Engenharia, Modelagem e Ciéncias Sociais Aplicadas, Rua
Santa Adélia, 166, Bairro Bangu, Santo André, Sao Paulo - Brasil - CEP: 09210-170,
sandra.cruz@ufabc.edu.br
2 Universidade Federal de Sao Carlos, Departamento de Fisica, Quimica e Matematica, Rodovia Jodo
Leme dos Santos, Km 110, Bairro do Itinga, Sorocaba, Sdo Paulo - Brasil - CEP: 18052-780,
walter@ufscar.br

Keywords: stabilization; nanocomposites; metal deactivator

The polymeric material thermo-oxidative stability reinforced with mineral fillers, such as clay, can
be lower than the pristine polymer. This is due to mineral fillers present metal ions in its composition,
such as manganese, aluminum and iron, and also by the presence of others contaminants, which affect
the polymer stability. The addition of stabilizers is necessary in some cases to prevent the degradation
process and to give a longer shelf life to the material [1]. In this study, different concentrations of a
metal deactivator were used to analyze the effect of this additive on the polymeric nanocomposites
stabilization. The thermo-oxidative stability of polypropylene/montmorillonite nanocomposites
(PP/PP-g-MA/OMMT) with metal deactivator in their formulation were studied by Thermogravimetric
Analysis (TGA), Differential Scanning Calorimetry (DSC) and Oxidative Induction Time (OIT)
measurements. The results showed that adding the additive resulted in a positive effect, increasing
the stability and retarding the degradation reactions of the materials (Fig. 1).
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Fig. 1. (a) TGA in oxidative atmosphere, (b) DSC and (c) OIT curves for nanocomposites: PP/PP-g-
MA/OMMT (PP:5:5) and nanocomposites with different concentrations of metal deactivator
(PP:5:5:0.3, PP:5:5:0.5, PP:5:5:0.7).

Nanocomposites containing stabilizer showed a very high resistance to oxidation and a significant
improvement in its stability with increasing concentration of the additive used.
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Crosslinked EVA is one of the best material as encapsulant in the fabrication of encapsulating
material for solar cell module. The main challenge for this material is the photo-oxidative resistance.
This material should resist for very long period in order to ensure a good efficiency of the photovoltaic
solar cell. Indeed, not only the mechanical resistance should be retained, but also the yellowing and/or
EVA browning should avoid because this changes the light transmission and then the efficiency of the
photovoltaic cell.

In this work EVA and cross-linked EVA has been stabilized with a stabilizing system made by UV
qguenchers and HALS. The curing has been carried out by compression moulding at 180°C for 15
minutes under a pressure of about 80 Kg/cm?. The irradiation has been carried out on a QUV equipped
with UVB lamps with a solar cycle of 8 hours at the temperature of 55°C and a condensation cycle of 4
hours at the temperature of 40°C.
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Fig. 1. Elongation at break as a function of the UV irradiation time for all the investigated samples

The elongation at break-exposure time curves indicates that at long irradiation time the cured EVA
(about 92% of crosslinked material) shows a slight better photostability with respect to the flexible
EVA; the presence of the stabilizing system strongly improves the resistance to the UV irradiation for
both materials. However, this improvement seems more efficient for the cured EVA.

References

[1] S.Isarankura Na Ayutthaya, J. Wootthikanokkhan, Journal of Applied Polymer Science, Vol. 107,
3853-3863 (2008)

[2] K. Drabczyk, P. Panek, Material and Science and Engineering B 177 (2012) 1378-1383

152



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

P45
INFLUENCE OF MOLECULAR MOTIONS IN POLY(DICYCLOPENDATIENE)
OXIDATION

Virginie Imholz?, Pierre Yves Le GacZ, Emmanuel Richaud?, Jacques Verdu?

1 Arts et Métiers ParisTech, CNRS, PIMM UMR 8006, 75013 PARIS, FRANCE, virginie.imholz@ensam.eu,
emmanuel.richaud@ensam.eu, jacques.verdu@ensam.eu
2 IFREMER (French Ocean Research Institute), Centre de Brest, Marine Structures Group, F-29280
PLOUZANE, FRANCE, pierre.yves.le.gac@ifremer.fr

Keywords: poly(dicyclopentadiene), thermal oxidation, TGA, molecular mobility

In a recent paper, the pDCPD was shown to display a relatively high sensitivity to thermal ageing
even in its glassy state. This was highlighted by the comparisons with polybutadiene and polyisoprene,
having a significantly higher concentration in double bonds but oxidizing slower. This was tentatively
ascribed to the control of terminaiton process by the low segmental mobility. In this paper we will
consider:

- the nature of the inhibited process : termination between two P°, or two POO° or else,
- the influence of segmental motions on terminations when passing over Tg.

We have thus investigated the degradation in the temperature range around Tg by using in situ
techniques: mass uptake by TGA, oxidation induced heat release by DSC under oxygen. Figure 1 shows
that the level of the plateau (Am/m,) of oxidation monitored by decreases above Tg without displaying
any evidence of volatile comounds release. The hypothesis of supplementary reactions activated
above Tg is thus confirmed.

30 T T T T

25

200°C
-5 1 1 1 ™ 215°C

0 10 20 30 40 50
time (min)

Fig. 1. TGA curves at several temperatures under 100% O..
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Synthetic urethane and natural curable acrylate oligomer blends with a relatively high content of
crude and modified (acrylated epoxidized) soybean oil in their matrix composition were subjected to
biodegradation by soil burial under natural conditions (for a period of 12 months). The presence of
soybean oil components in the polymer blends had an enhancing effect on the biodegradation rate.
The loss in the physical properties indicates a complete polymer biodegradation due the presence of
relatively high amounts of soybean oil in the polymer structure. FT-IR spectra show changes occurring
in the chemical structure of polyurethane acrylates/soybean oil blends, especially changes concerning
the ester and urethane bonds in the main chains which were enabled by the action of bacteria, fungi
and other microorganisms. This work shows that a high content of either crude or modified soybean
oil in the structure of the matrix of crosslinked polyurethane acrylates contributes to achieving a
complete biodegradation by soil burial in environment conditions. These polyurethane materials were
selected for study as all ready being environmentally degradable and eco-compatible polymeric
materials, and were evaluated in view of their ultimate stage of life service.
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Silver sulfadiazine based-polyurethane elastomers have been synthesized by chain extending
polyether-urethane prepolymers with silver sulfadiazine. The polyurethane elastomers were varied in
term of stoichiometric ratios and crosslinker nature. The changes that occurred in the hard segment
structure - generated by chemical crosslinking with different crosslinkers - lead to polymeric films with
improved physico-mechanical properties. Both the linear and crosslinked polyurethane elastomers
which included silver sulfadiazine into their main chain suffered reduced biodegradation under the
action of Fusarium graminearum fungus. The introduction of silver sulfadiazine moieties into the main
chain of the polyurethane urea ensures a constant inhibitive quality againts degradation, without
losing the concentration by diffusion. This study demonstrated that the use of biological active
compounds in the backbone of the polymer chains generates materials that are resistant to fungi while
maintaining good mechanical properties.
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Nanocomposites based on polystyrene-block-polybutadiene-block-polystyrene (SBS) and CNTs
without and with COOH functionalities have been prepared and their rheological, morphological and
mechanical analysis have been accurately performed. Special attention has been focused on the photo-
oxidation behavior of all nanocomposites. In particular, the effect of the CNTs on the degradation
phenomena has been evaluated monitoring the growth of carbonyl and hydroxyl species and
disappearance of double bonds by means of FTIR analysis. The oxidation phenomena in neat SBS begins
since the early stages of the photo-oxidation and after 24h, the calculated carbonyl and hydroxyl
indices remain almost unchanged. This finding can be explained considering the competition between
the two different phenomena, i.e. oxidative reactions and crosslinking reactions, which occurs mainly
in the polybutadiene phase [1]. The CNTs presence in the nanocomposites, instead, hinders the
crosslinking reaction in the rubber phase, as probed by DMTA and rheological analysis. Moreover, to
evaluate the macroscopic effect of the photo-degradation on the mechanical performances, the
elongation at break (EB) as a function of the exposure time has been recorded, see Fig. 1. The results
shows that CNTs are able to slow down photo-oxidation phenomena because of their ability to act as
radical scavenger, maintaining the values of the elongation at break of the nanocomposites
significantly higher than those of the neat SBS. Finally, the nanocomposites containing COOH
functionalized CNTs show better performance, that is because the functionalization leads to the
formation of more surface defects onto CNTs and this increases their radical scavenging activity.

1
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~4— SBS+3%CNTs
—A— SBS+3%CNTs-COOH
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0 25 50 75
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Fig. 1. Dimensionless EB as a function of photo-oxidation time for neat SBS and nanocomposites
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POSS are an innovative class of organosilicon compounds suitable for formulation of advanced
organic-inorganic hybrid materials. Nanocomposites based POSS found application mostly in high-
temperature resistance and fire-resistance materials. Few studies investigate the dispersant ability of
POSS molecules. In particular silanol POSS, having three reactive groups, can create a stable system
with the solid particle to disperse even at high temperatures. Among inorganic nanoparticle to
disperse, nano-ZnO is specifically interesting because of intensive ultraviolet and infrared absorption,
chemical stability, antibacterial and bactericide function, etc [1]. In this study polystyrene/zinc oxide
and polystyrene/zinc oxide/POSS nanocomposite were prepared by melt mixing. The POSS dispersant
ability was assessed by morphological, rheological, thermal mechanical analyses. POSS molecules
improve the dispersion of the nanoparticles overcoming the problem related to weak interaction
between non-polar PS chain and polar ZnO nanoparticles. The photo-ageing behaviour of all
investigate nanocomposites was monitored, as a function of the exposure time, by FT-IR. ZnO
nanoparticles absorb UV light at wavelengths under 400 nm and improve the photo-oxidation
resistance of the PS based nanocomposites. However the ZnO adding, results in a reduction of the
optical transparency in the visible region respect to the neat PS film. The POSS loading do not affect
the excellent photo-oxidative resistance showed by ZnO filled PS nanocomposites (Fig.1) and leads to
obtain nanocomposites with a lower amount of hydroxylic product and films with good optical
transparency.
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Fig. 1. Variations of the carbonyl and hydroxyl bands areas vs photo-oxidation time for PS and PS
based nanocomposites.
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Polymer materials are an integral part of our everyday life. Better awareness and willingness to care
for the environment makes people more often to turn to natural materials. Products manufactured
from pure polymers are frequently replaced by those made from composites filled with natural raw
materials. One of the fillers currently used are natural fibers which, in order to improve the properties
of the finished products, are subjected to various kinds of modifications.

Aim of the study is to investigate effect of vinyl polisiloxanes on flammability and biodeterioration
of composites filled with modified natural fibres. Composites will be prepared by introducing silanized
natural fibres into polyethylene matrix. For modification will be used silanes with various chain length
and number of vinyl groups. As the result known will be influence of modificator structure on
properties of fibres and composites filled with them.

Flammability of prepared samples of fibres and composites will be tested according to ASTM
D7309-07a 2009: Determining flammability characteristics of plastics and other solid materials using
pyrolysis combustion flow calorimeter. Defined will be changes in heatrelease rate against
temperature and time.

Microbial research will be conducted on composites with a polymeric matrix made of polyethylene,
and reinforced with flax fibres. Their susceptibility to biodeterioration and microbial resistance to
action of mould fungi mixture, e.g. to Chaetomium globosum, Aspergillus niger, Paecilomyces variotii,
Penicillium funiculosum, Aureobasidium pullulans will be tested in according to EN ISO 846 Standard.
Microbial activity evaluation will be made by determining the degree of mould fungi growth and their
impact on the mass and mechanical properties of the tested polymer composites.

The studies are carried out within the Silantex Project - New silicone finishing agents for fibers and
natural fabrics, financed by the National Research and Development Centre for Applied Research
Program, 2012-2015.
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The development of hybrid polymer-inorganic nanocomposites with new properties has been
steady interest in research. One of the topics that is increasingly popular is the possibility of preparing
hybrids nanocomposites using polyhedral oligomeric silsesquioxanes (POSS). POSS are true hybrid
inorganic/organic composites that possess an inner inorganic silicon and oxygen core (SiO1s), and
external organic substituents that can feature a range of functional groups. Incorporating POSS cages
into polymeric materials improves polymer properties, increasing the used temperature, oxidative
resistance and surface hardening. as well as reducing the flammability and improving the heat
behaviour.

In this work a semicrystalline thermoplastic, an isotactic polypropylene, iPP, was used as polymeric
matrix; and a polyhedral oligomeric silsesquioxane was used as modifier, the aminopropylisobutyl
POSS. Moreover the use of a coupling agent that optimizes the interface between the matrix and POSS
was investigated, the maleic anhydride polypropylene (MAPP). The main purpose of this study is to
discuss the influence of POSS on properties and behaviour of isotactic polypropylene both with and
without coupling agent.

The crystallization, thermomechanical properties and degradation were examined by means of
differential scanning calorimetry, dynamic mechanical analysis, thermogravimetry and X-ray
diffraction. Scanning electronic microscopy was used to study the morphology and fire testing was
done to measure the limiting oxygen index parameter, LOI.
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Degradation of natural polymers like alginate, chitosan, starch, carrageenan, glucomannans [1-5]
by ionizing radiation (gamma rays and electron beam) was widely investigated lately. Most of such
investigations have been carried out in agueous solution since the effects can be spectacular due to
action of very reactive chemical species resulted from water radiolysis as indirect effect of radiation
energy on polymer aqueous solution. Instead irradiation of solid polysaccharides leads to free radicals
generated by excitation and ionization of the molecules as a result of the direct interaction between
the radiation and initial macromolecule. In this work degradation of amylose and amylopectin exposed
in solid state to accelerated electron beam in the range of 10 — 50 kGy is presented. Effects of
irradiation on polymers were investigated by gel permeation chromatography, Fourier transform
infrared spectroscopy and scanning electron microscopy. In order to evaluate quantitatively the
radiation degradation in amylose (linear polymer), radiation-chemical vyield of degradation,
degradation rate constant and half value dose of the number-average molecular weight and weight-
average molecular weight were determined. The results proved that electron beam degradation of
investigated polymers is based on a complex mechanism of the radical-induced scission of the
glycosidic bonds, which leads to the reduction of their molecular weight and formation of different
lower molecular weight radiolytic products.
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The consequences of the photodegradation of Celluloid on the modification of the material
properties have been analysed. Various techniques were used to follow the accelerated degradation
provoked by exposure to light (A > 300 nm). The objective was to relate the modification of the

properties at various levels of investigation, from the molecular properties towards the degradation
of the macroscopic properties.

The modification of the chemical structure was followed by infrared and UV-visible spectroscopic
analyses. Gloss and color measurements were performed, as well as characterization of surface
mechanical properties by microhardness. We realised also roughness and stiffness measurements by
Atomic Force Microscopy (AFM) completed by thermal studies using DSC and Vita devices.
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Fig. 7. Force-displacement curves of celluloid before and after 50h of irradiation time

The results show that the loss of gloss and the decrease of the mechanical properties is a result of
a combination of the progressive loss of plasticizer and chain-scission reactions. These developments
were explained in light of the modifications of the chemical structure. Quantitative cross-correlations
of the degradation chemistry with performance-critical physical properties were established.
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The present study is an attempt at the determination of the influence of flame retardants, such as aluminium

hydroxyoxide - Apyral, oligomeric methyl etylophosphate - Fyrol PNX, organically modified montmorillonite -
Nanobent ° ZW1 (MM), melamine polyphosphate - Melapur 200 (PM) and their mixed compositions on the
flammability parameters of the cured epoxy resin Epidian 5. Experimental test was made using a cone calorimeter
at heat flux 30 kW/m?, and comprised the determination such parameters, as: rate of heat (HRR) and smoke
release rate, materials inflammability and the toxicity of volatile phase of modified and unmodified epoxide
samples under decomposition conditions. Studies have shown that introduced flame retardants favourably
influenced the flame retardancy of epoxy material as evidenced by lower values of the heat and smoke release
rate as compared to unmodified resin Epidian5. The lowest values of HRRmaxand HRRav have been obtained for
samples with 5% of MM by weight + 5% PM by weight and modified samples 5% of PM by weight.

Conclusions from concluded research
The introduction of fire retardants to the Epidian 5 resin has enhanced the safety of all the obtained epoxy
materials with respect to the fire hazard, which may be proven by lower values of the heat and smoke
release rate.
The values of the rate of heat and smoke released by the tested epoxy materials depend on the heat flux
falling on the sample, as well as the type of introduced combustion inhibitors.
The most effective tested composition for the analysed resin was the concurrent introduction of 5% MM
and 5% PM, for which the smallest value of HRRmax has been ascertained. This parameter determined the
rate at which a fire spreads and the survival time of humans.
The average heat release rates of all epoxy materials modified by flame retardants were lower than the
HRRav value of unmodified Ep 5 epoxy.
All the introduced anti-pyrenes have contributed to reducing the amount of released smoke as compared
to unmodified material. This allows the presumption that the introduced flame retardants would to a lesser
degree hinder the execution of effective rescue actions and that they should not cause an impairment in
the visibility during a fire as compared to Ep 5.
The majority of the introduced combustion inhibitors led to shortening the times until ignition as compared
to unmodified Ep 5 resin, with the exception of the sample of Ep 5 + 5% MM. This allows the presumption
that the action of the introduced anti-pyrenes took place in the solid phase and did not inhibit the ignition
moment of the flammable gaseous phase. This may be proven by higher values of sample remnants after
thermal decomposition and combustion as compared to the Epidian 5 resin unmodified by fire retardants.
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Polymers are commonly used as passive thermal insulation materials in offshore oil excavation
technologies [1]. Since oil reserves are becoming rare at conventional water depths, ultra deep water
(3000 m and beyond) is the next frontier in oil excavation industry. At this depths polymers are
exposed to sever environmental conditions, namely pressures beyond 300 bar and temperature
gradients of more than 100°C (between inner and outer surface of insulation wall), which profoundly
affect their thermo-mechanical properties.

In this paper we report on thermo-mechanical behavior of Polyamide (PA), which is commonly used
insulating material in offshore oil exploration technologies [2]. Material was exposed to pressure of
300 bar and temperatures of 4°C and 120°C, simulating environmental and working conditions at
depths of 3000 m. We have analyzed how thermo-mechanical properties of the material, i. e.
coefficient of volumetric thermal expansion and shear relaxation modulus may change with
environmental conditions. The experimental results show that shear relaxation modulus may change
by orders of magnitude whereas the change of coefficient of volumetric thermal expansion is almost
negligible. Moreover, results were used in finite element analysis, simulating pipe-insulation system at
given conditions, showing evolved stress-strain field which may lead to crack formation on inner
surface of insulation.

This research confirm that understanding the combined effect of temperature and pressure on
thermo-mechanical properties of polymeric insulation materials is of key importance in order to
predict long-term behavior of polymeric insulation, which presents sustainable and safe offshore oil
exploitation.
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Low density polyethylene (LDPE) is a widely used polymer for variety of applications in our everyday
life including plastic bags, food packaging films and laboratory equipment, etc. Since LDPE takes a great
sector of production market (17.5% of European plastic demand in 2012, [1]) it requires recycling in
order to fulfill European strategy to minimize landfill disposal of plastics [2]. The most widely used
technique is mechanical recycling [3], but it may cause changes in mechanical properties and
processability of the material due to degradation from heat, mechanical stress, oxidation and
ultraviolet radiation during reprocessing and lifetime [4].

This paper investigates the effect of recycling on LDPE processability and durability during the
process of 100(!) simulated recycling. In particular we have analyzed viscosity and thermal properties,
and time-dependent shear creep behavior, respectively. Material was exposed to one hundred of
extrusion cycles and properties were analyzed at every cycle during the first ten recycling and then
after at every 10%" cycle.

Thermo-mechanical and thermo-oxidative degradation usually cause chain scission and crosslinking
in LDPE but there is a higher tendency to crosslink [5], which leads to a decreased chain mobility and
an increase in viscosity.

DSC measurements did not detect significant difference in melting and crystallization temperatures
but showed a decrease in degree of crystallinity starting at the 50th extrusion. Analysis of creep
measurements showed a pronounced increase of creep compliance after 40th extrusion, which is
directly related to the decrease in degree in crystallinity observed by DSC. It can be concluded that
LDPE could be extruded for up to 40 time without significant deviations in its processability and long-
term mechanical properties [6].
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Poly(lactic acid) (PLA) is a biodegradable aliphatic thermoplastic polyester well known for being a
promising alternative to petroleum-based materials since it can be produced from renewable
resources. Although this polymer has good properties when compared to other biodegradable
polymers, it presents some limitations like poor thermal, mechanical resistance and gas barrier [1, 2].

An important issue that should be taken into consideration is the viability of reprocessing and its
effect on properties. Therefore, the aim of this work was to investigate PLA reprocessing and the
influence of the addition of a primary and secondary stabilizers. The processing experiments, without
and with stabilizers, were performed under constant processing conditions in a batch mixer (Haake
Rheodrive 5000), at 190 2C and a rotor speed of 100 rpm. The collected samples were characterized
by 'H-NMR spectroscopy, size exclusion chromatography (GPC) and thermal analysis. The proton area
ratio (CHs/CH), which lightly decrease with degradation indicating that chain scission has occurred [3].
This ratio has a theoretical value of 3 and it must remain constant if degradation takes place upon ester
linkage degradation, hydrolysis or radical degradation, or decrease if pyrolytic elimination (which is
responsible for the transformation of CH-CH3 into CH=CH,). The other techniques corroborate with
these results and allow to conclude that the addition of stabilizers avoids chain scission during
processing.
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In the last decade vegetable oils as renewable raw materials became a promising regenerable
feedstock. By transesterification of such oils with methanol in presence of catalyst, methyl esters were
obtained. These esters can be converted by various chemical reactions into monomers used in polymer
synthesis. In the present study, corn oil methyl ester is epoxidized in the presence of acid catalyst and
solvent with a mixture of H,0, / acetic acid solutions and converted into an epoxy monomer with an
epoxy equivalent weight of 0.0041 eqeg™. By crosslinking with the Diels-Alder adduct of rosin acids,
these monomers are transformed into polymers. The kinetic analysis of the cure process and thermal
characterization of crosslinked products was carried out using non-isothermal differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA). The non-isothermal scans were obtained at
multiple heating rates under nitrogen and processed with Netzsch Thermokinetics software.
Depending on the chemical structure of cured agent, the crosslinking and thermal decomposition
reactions occured in three steps. Starting from the chemical structure of the evolved gases obtained
during the thermal decomposition and identified with the FTIR and MS techniques, a schematic
mechanism for the thermal degradation process was proposed.
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Various kinds of plant biomass are employed for the preparation of biodegradable fibrous polymer
materials and composites by biotechnological methods, involving enzymatic or microbial processes.
The major intermediates in the preparation of final products are cellulose nanofibres, tactical
polylactide and biodegradable aliphatic-aromatic copolyesters.

For the preparation of cellulose nanofibres, a cellulose rich plant biomass is being utilized, including
grass and straw of various cereals or other agriculture useful plants, as well as waste fibres from textile
industry (cotton, linen). The biomass is first pretreated with physical and/or chemical methods
including boiling, steam-explosion or treatment with appropriate chemicals. Multienzyme complex
obtained from Aspergillus niger mould serves as the main enzymatic tool.

Saccharification of other kinds of biomass (patatoes, cereal grains or beet pulp) with Aspergillus
niger preparations leads to simple sugars which are being subjected to the fermentation yielding L-
lactic acid. The fermentation microorganisms (bacteria) are selected by classical microbiology methods
from the environment. L-Lactic acid, after its dimerization to L,L-lactide is chemically polymerized to
give tactical polylactide, a substrate for many fibrous materials and thermoforming.

The third path involves utilization of various oil-plant biomass, which on sequential treatment with
lipase preparations obtained from Mucor circinelloides and Mucor racemosus moulds
(transesterification) and appropriate chemical reactions (cycloaddition) are transformed into dimer
esrters with fatty acid residues. These will be copolymerized with appropriate reagents to produce
new biodegradable aliphatic-aromatic copolyesters. The polyesters will be utilized for preparation of
fibrous polymers and composites.

The fibrous materials and composites prepared on the basis of abovementioned intermediates will
be further utilized for obtaining new functional textiles and nonwovens with potential sanitary or
technical applications, such as sweat-absorbing textile inserts, sanitary textiles, filtration materials,
geotextiles and agrotextiles. The processes of ageing and controlled biodegradation of prepared
materials will be studied, as well as the conditions of their recycling and possible use of degradation
products in agriculture.

The poster presents information about the research project “Utilization of biomass for the
preparation of environmentally friendly polymer materials” which is being realized within the time
frame 2010-2015 by the Consortium composed of nine research groups from Poland.
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The management of solid waste is a growing concern in many countries. In the 90s, organizations,
such as APC (American Plastics Council) had invested more than $1 billion to support increased
recycling and educate communities [1]. Particular acute, the disposal of agricultural plastic wastes has
become more and more severe. In 2007 was estimate between 2—3 million tons of plastics used each
year in agricultural applications, the today’s plasticulture (use of plastics in agriculture) results in
increased yields, earlier harvests, less reliance on herbicides and pesticides, better protection of food
products and more efficient water conservation [2]. As result, the accumulation of agricultural plastic
waste is a fact due to collection, clearing and disposal problems. For this reason, biodegradable
polymers arose as solution to this global problem.

Our research focus on the study of poly(lactic acid) (PLA) and thermoplastic starch (TPS) as
biodegradable materials for horticulture pots and agriculture mulch’s, respectively. Regarding
horticulture pots, PLA was mixed with different amounts of wood fibers, coffee grounds, foaming agent
and fertilizer. Similarly, agriculture mulch’s were prepared by addition of different fertilizers to TPS.
Besides to fulfil the mechanical and biodegradation requirements (Figure 1), the developed composites
contain fertilizer to support the plants growth.
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Fig. 1. a) flexural properties of PLA and prepared composites; b) molecular weight distribution
of initial and degraded samples after 12 weeks in compost.
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Keratins are a family of protein that constitute hair, wool and feather and are characterized by high
cysteine content. Keratin-based materials are promising candidates to application in biomedical fields,
due to their biodegradability and biocompatibility [1].

Collagen is the main protein of connective tissue and the main component of the skin It is
considered as one of the most useful natural biomaterials. The interests of collagen in medicine still
rise [2]. There are different sources of collagen. Collagen isolated from tissues of marine is a good
alternative to bovine collagen because it is more safe - free from pathogenic prions [3].

The aim of this work was to study the properties of keratin films in the presence of small amount
of collagen (5, 10 and 20%). The surface properties of keratin/collagen materials were compared with
the surface properties of keratin films to determine the influence of addition of collagen on these
properties.

In this study keratin was obtained in our laboratory from chicken feather. Acid-solubilized collagen
was extracted from the skin of Brama australis (fish which lives in tropical and subtropical climate).
Polymeric blends were prepared by mixing suitable volumes of chitosan and keratin aqueous solutions
and polymeric films were obtained by casting the solutions onto glass plates.

The surface properties of keratin, collagen and keratin/collagen blended films have been studied
by contact angle measurements, which allow to calculate the surface free energy. Contact angles of
two liquids: diiodomethane and glycerol on studied films were measured at constant temperature
using goniometer equipped with a system of drop shape analysis (DSA 10 produced by Kriss,
Germany).
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Collagen isolated from different tissues is a very attractive source for biomaterial production.
Mammalian tissues, especially bovine or porcine skin and bovine or equine Achilles tendons, have been
used as a base source of this protein. However collagen products of bovine origin have been shown to
be contaminated with some diseases [1]. Recently, increasing interest in search a new and safe sources
of collagen was observed. Type | collagen has been also extracted from skin, bone, fins and scales of
fresh water and marine fishes [1, 2]. Fish scales are composed of collagen fibrils type | covered with
calcium salts (16-59% mineral content in weight) [3].

The aim of this study was to extract, characterize and comparison of acid soluble collagen (ASC) and
pepsin soluble collagen (PSC) from scale of Esox Lucius.

In our previous study we extracted the acid soluble collagen from Esox Lucius scales [4, 5].
Undissolved matter from acid soluble collagen extraction was further extracted in 0.5 M acetic acid
containing 1% pepsin. The yield of ASC and PSC was appraised and both collagens were subjected to
analyses. In the present study, we investigated the denaturation temperature and mechanical
properies of ASC and PSC. The sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
analysis was performed to assess the molecular weight of both collagens.
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The increasing consumption of plastics, especially PET for use in food packaging, has been causing
environmental impacts. In view of this scenario, research involving recycled PET for food contact
materials has been developed with the purpose of increasing the time of this product in the
commercial chain [1]. However, the use of recycled polymers in contact with food must comply with
certain requirements according to legislation [2]. For example, the recycled material must not contain
toxic substances that can migrate from the packaging into food (order of lower ppb) and affect the
consumers’ health. The guidelines published by Food and Drug Administration (FDA) establish that the
concentration of surrogates in food should be lower than 0.010 mg.kg™ [3]. This value requires a very
sensitive procedure for controlling the safety in use of recycled material. Thus, various technologies
have been studied to allow the use of recycled polymers for food contact [3,4]. Furthermore,
sophisticated analytical procedures have been proposed to determine different types of packaging
migrants at trace concentration levels. Without a doubt, the sample treatment techniques, mainly
those concerning extraction and pre-concentration of the sample are the bottleneck. Among the more
used techniques for this purpose the Solid-Phase Microextraction (SPME) [5] and more recently the
Hollow Fiber Liquid-Phase Microextraction (HF-LPME) techniques have been used [6]. In this study,
recycled PET resin was contaminated with a series of surrogates using a FDA protocol [2] to simulate
the worst case of misuse of PET packaging. Then, the samples were extruded and re-polymerized. In
order to determine the decontamination efficiency of the recycling process in the PET material,
migration analysis were performed using different food simulants. After migration tests the
contaminants were pre-concentrated from the aqueous phases using SPME and HF-LPME techniques
and quantification was performed by gas chromatography with different detectors. The results
obtained are shown and discussed.
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In the last years tendencies of replacing the traditional petroleum-based plastics through polymer
materials of new generation, determined as biopolymers are being observed. In the scope of the
synthesis of polymers from renewable raw materials technological results of the polylactide and poly-
(lactic acid) production from lactic acid as the substratum are the most advanced. These polymers are
being obtained in the biotechnological process on the way of the fermentation of sugars to lactic acid,
of conversion to cyclical lactide dimer and then of polymerization to PLA. PLA is the polymer of the
future, the bio-based material susceptible to the biodegradation, having great applying potential,
particularly for manufacturing disposable products or the products with the short life time.

In the Biogratex project a series of innovative products was worked out on the basis of bio-based
polymers, including PLA. The selected products were rated and compared with conventional products,
taking into consideration widely understood environmental issues, using the life cycle assessments
(LCA) as the research tool.

Examinations of products by using the LCA method consist in inventory of environment loads in
established stages of their life cycle (borders of the system). Thanks to that, showing the full image
and the assessment of influences of the examined product on individual elements of the environment
are available. The knowledge on this topic permits to make the choices more profitable for the
environment — rational resources management in harmony with the principle of sustainable
development is enabled. Knowing the levels of environmental influences makes it possible to describe
the strategy of reducing them. In this way LCA can be rated among aiding decisions tools and to be
taken both in the area of designing new products / technology as well as the development of already
existing technology.

In this work the results of LCA study for selected PLA based, fibrous products, developed in the
project, and LCA results for conventional products made of plastics were presented and compared.
The processes and environmental impact categories which have the dominating shares in the
environmental loads were showed.
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Biodegradable polymers are considered as the ‘green’ eco-friendly materials used in encapsulation
of active molecules in nanoparticles, due to their biocompatibility and non-toxic properties. Among all
biopolymers, poly(lactic acid) (PLA) is extensively used as a delivery vehicle for various pharmaceutical
agents due to its early use and approval as a compatible biomaterial in humans.

In the present work, a technique for encapsulation of a naturally-occurring flavonoid, i.e.aureusidin,
in PLA nanoparticles was developed. Aureusidin (Fig.1) is a naturally-occurring aurone biosynthesized
in plant tissues from 2’,3,4,4’,6’-pentahydroxy-chalcone by the key enzyme aureusidin synthase,
possessing important antioxidant activity with however low aqueous solubility and can cause some
toxic effects [1].

Figure 1 - Structure of aureusidin

Encapsulation of aureusidin in biodegradable PLA nanoparticles was formulated by emulsification-
solvent evaporation technique, while the molecular weight of the synthesized PLA polymers was
investigated as a parameter which may affect the formed nanoparticles.

The PLA nanoparticles were characterised for their size and their loading efficiency. The obtained
results were promising, suggesting that the particular polymer-technique system is a valid choice for
aureusidin encapsulation.
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Poly(lactic acid) (PLA) is a well-known bio-friendly and biodegradable polymer. It is increasingly used
in several areas, including food packaging as well. Unfortunately, its brittleness limits its use. Our work
deals with polymer blends of PLA and preoxidized poly(vinyl chloride) (PVC), another packaging
material. This way, not only the reuse of the partially degraded PVC can be solved, but the brittleness
of the PLA may be improved as well, and at the end a new product can be earned.

Systematic investigations were carried out in order to reveal the degradation processes during
processing of PVC. It was found that under mild circumstances oxidation and chain scission with
relatively high rate take place. Not only the PVC but the degradation of the plasticizer also occurred. It
was also proved with DSC that the products of this process are connected to the PVC chain and act as
inner plasticizer.

The recycling ability of the thermooxidatively pretreated PVC was attempted by making polymer
blends with poly(lactic acid), a biodegradable polymer. It was found that thermooxidized PVCs are
miscible with poly(lactic acid) in a wide range of composition. This may create unique opportunities
for manufacturing of new kinds of blends made from waste PVC and the bio-friendly and biodegradable
poly(lactic acid).
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Wood is a complex multi-component polymeric material system containing two major components:
carbohydrates (65—-75%), and lignin (18-35%) [1]. Wood deterioration occurs in the presence of
environmental factors, namely ultraviolet and visible light, humidity, and pollutants, with the cleavage
of C-H, C-0, and C-C bonds [2-4]. Different treatments (chemical, thermal) can be effective methods to
improve wood resistance to environmental degradation processes. In the present work, softwood
specimens as discs ($p=15+40 mm, thickness 1.5+2.0 mm) were treated with succinic anhydride (SA) in
dimethylformamide (DMF) as solvent, with different concentration values (reaction time 1h and 90°C).
Modified wood samples were further treated with epoxy functionalized soybean oil (ESO) in the
presence of triethylamine (TEA), as catalyst (reaction time 1h and 100°C). Weight percent gain (WPG)
values for non-treated and treated wood samples were evaluated. Structural changes were evidenced
by FTIR spectroscopy and X-ray diffraction methods. Investigation of thermal properties was also
performed, thermal stability of the treated wood samples decreasing by chemical modification. Wood
resistance to moisture was improved through chemical treatment. Both treatments can be effective
for improving wood properties under accelerated degradation conditions (humidity, polychromic light
action).
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The use of lignocellulose fillers obtained from renewable resources as a reinforcing phase in
polymer matrix composites provides positive environmental benefits with respect to ultimate
disposability and raw material use [1-4]. In the present work, thermoplastic corn starch and blends of
starch and wood particles/wood polymers were used as matrix materials, solution-cast films being
obtained by the casting method. Fillers including wood sawdust, cellulose and lignin separated from
wood through standard methods were subsequently added within thermoplastic starch matrix in order
to obtain filler loading of 20 wt % based on the amount of corn starch. Biopolymer film samples with
a thickness of around 0.25 mm were investigated through Fourier Transform infrared spectroscopy,
and X-ray diffraction analyses, water sorption tests, and scanning electron microscopy method.
Simultaneous thermal analysis was further used for thermal stability investigation in order to evaluate
the influence of the biopolymer filler upon starch based matrix thermal properties.
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The production of wood-plastic composites (WPCs) in the thermoplastic industry has gained much
acceptance in recent years and is expected to keep growing. The main application area of wood-plastic
composites is in the building and automotive industries, but they are also applied for packaging, for
the preparation of various household articles with increasing usage in interior as office appliances and
furniture [1]. Therefore fire retardancy of the WPCs is important key point because modern safety
demands require fire resistant materials. The goal of this research was to investigate effect of
intumescent [2] ammonium polyphosphate/pentaerythritol (APP/PER) system on fire retardancy and
thermal stability of wood-plastic composites based on HDPE/PVC blend. Fumed silica nanoparticles
were added to some samples to examine possible further improvement of fire and thermal. Thermal
stability was characterized by thermogravimetric analysis (TGA) while fire performance was evaluated
by UL-94 test. Tensile properties were also measured to determine effect of fillers loadings on
mechanical properties of WPCs. TGA results showed that there is no significant improvement of
degradation temperatures, but char yield increased for 50 % in samples that contained PER. It was
found that with addition of APP alone it is not possible to achieve any classification in UL-94 test while
APP/PER samples self-extinguished in less than 5 seconds without burning drops thus obtaining highest
V-0 rating in UL-94 test. No improvement of thermal and fire properties was noticed in samples
containing silica nanoparticles and at the same time those samples had degraded mechanical
properties.
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Reprotonation of polyaniline base with various acids opens a way to conducting materials widely
differing in physical properties (Fig.1). The thermal stability of the resulting polyaniline salts was tested
by measurements of the conductivity at 125 °C for up to 500 h. Polyaniline sulfate was the most stable
and its resistivity increased only by 3.6 times after that time. The stability differed considerably
depending on the acid used for reprotonation [1]. The room-temperature conductivity of polyaniline
salt is determined by the strength of the acid and its ionic bond with the imine nitrogen in polyaniline.
The thermal stability of conductivity, however, is controlled by the ability of the acid to constitute
hydrogen bonds with the secondary amine nitrogens in polyaniline. For that reason, oxygen-containing
counter-ions, such as sulfates or sulfonates, produce more stable salts with polyaniline, compared with
polyaniline protonated with, e.g., hydrochloric acid. The presence of hydroxyl group in the counter-
ions also enhances the thermal stability of the polyaniline salt [2]. These conclusions are supported by
the analysis of FTIR spectra.

A PANI salt
NH NH
@
®
NH NH
A° ,
deprotonation )
@0 reprotonation
-2H A
PANI base

WOASWSMST

Fig. 1. Conducting polyaniline salt is deprotonated in alkaline media to a polyaniline base. The
base can be again reprotonated with acids (HA) to corresponding salts.
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Polymer/zeolite membranes are raising increasing interest due to the cross-coupling of filler and
polymer matrix properties. Their application areas are expanding from the traditional uses as
adsorbents and catalysis to novel ones, including the biomedical and biological fields [1]. In this
context, poly(vinylidene fluoride-trifuoroethylene)/zeolite porous membranes are a promising system
for the development of drug delivery systems, since it combines the selective absorption of zeolites
with the tailored polymer microstructure and phase, its biocompatibility and chemical stability [2,3].

This investigation reports on a drug release system based on macroporous P(VDF-TrFE)/NaY
membranes, with 0, 4, 16 and 32 %wt NaY filler content, produced by isothermal crystallization from
dimethylformamide. The morphological, thermal and mechanical properties of the composite
membranes are also discussed

The membranes show an interconnected spherical pore architecture with the zeolite fillers
decorating the polymer pore surface. A sublimation process was used for the encapsulation of
ibuprofen (IBU) in the membrane pores and its release was evaluated by chromatographic and
spectroscopic techniques after the imersion of P(VDF-TrFE)/NaY+IBU in a PBS solution.

It was observed that the zeolite content has a strong influence on the amount of IBU absorbed by
the membrane, as well as on its release rate, allowing tailoring membrane uptake and release
performace. In this way, it was proved the suitability of the system for the development of
biocompatible and nonbiodegradable drug release membranes.
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Processing additives for improved the morphology of the bulk heterojunction (BHJ) materials used
in organic solar cells (OSCs) is now very popular. [1] However the use of high boiling point additives
leads the formation of residues which decrease the reproducibility of the device performances and the
BHJ morphological stability [2]. It has been demonstrated that these residues are hardly removable
without impacting the BHJ morphology. The performance racing of OSCs is not useful if the stability
and especially the photostability is not studied in parallel. How these residues impact the polymer
blend photostability is still unknown but is crucial for all the organic photovoltaic (OPV) community
and is a key factor for a promising industrial future.

Herein, we have investigated the impact of diiodooctane (DIO) and octanedithiol (ODT) residues
which are the two most used additives on the state of the art active layer P3HT:PCBM photostability.
Our work revealed the acceleration of the polymer and fullerene photodegradation by the presence
of DIO or ODT residues when a top layer is deposited with complex and different mechanisms of
degradation. In this context, the use of hindered amine light stabilizers (HALS) has been explored as
new additives for improved both morphology and stability of polymer blend materials. The results
show first that HALSs are able to tune the morphology as well as DIO or ODT, and different impact on
the P3HT:PCBM have been identified depending of chemical structure of the HALS.

Our work clearly shows that processing additives play an important role on the polymer blend
photostability and thus opening up future investigations on the use of morphological improver but also
photo stabilizer additives.
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The design of effective systems for protection of the genetic material from degradation and for
transferring of nucleic acid to a specific target is an important task in gene transfection studies. The
recent progress in stars synthesis and characterization [1, 2] opened the route for creating star-based
vectors [3, 4]. The data obtained up to now for non-viral vectors based upon polycationic star polymers
are rather rough and require deeper analysis.

Star polymers with N,N’-dimethylaminoethyl methacrylate (DMAEMA) arms (DP from 14 to 98) and
hyperbranched poly(arylene oxindole) core were synthesized using atom transfer radical
polymerization (Fig.1) and used for delivery of nucleic acid. The star are pH and thermoresponsive. The
sizes of the stars were investigated by dynamic light scattering as a function of pH and temperature.
The values of hydrodynamic radii revealed that in aqueous solution small aggregates are present, while
in the organic solvent isolated star macromolecules in the size of 7 to 14.5 nm were observed. The star
polymers complex luciferase encoding plasmid DNA into particles with the size up to 400 nm
dependent on the molar ratio of nitrogen groups of polycation to phosphate groups of DNA (N/P ratio).
Zeta potential of obtained star/DNA complexes is positive, what facilities their cellular uptake. The
lenght of star arms determined the transfection efficiency of obtained polyplexes.
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hyperbranched poly(arylene oxindole) with 28 initiating groups
Fig. 1. Synthesis of the PDMAEMA stars
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Medical implants, regardless of their composition, become coated with a layer of proteins within a
few seconds of contact with physiological fluids and tissues. This harmful process deteriorates the
function of medical devices. The host defence mechanism is activated, which results in inflammation,
infection, thrombosis, fibrosis or allergy. Therefore, materials with antifouling properties have been
the subject of much interest within the last few years'3. For that purpose amongs other dextrane,
polyoxazolines or polyzwitterions have been used, but most frequently poly(ethylene glycol)-based
surfaces (with different polymer length, topology or grafting density) have been extensively studied®.
The close structural similarity of polyglycidol (PG) to poly(ethylene glycol) renders the polymer
predetermined for biological applications. This polymer is biocompatible and non-cytotoxic. It
possesses free hydroxyl groups that are available for further functionalization. In this work we report
the synthesis and characterization of polyglycidol-based surfaces and their application in the
adsorption of fibrinogen. The polyglycidol coated-surfaces were obtained via the “grafting to” and
“grafting from” technique. Hydrophilic surfaces (water contact angle = from 62° to 39°) with different
polymer structure and thickness ranged between 2 to 130 nm were obtained (Fig. 1).

Fig. 1: Different chain topology of polymers of glycidol on the surface: A) and B) linear polyglycidol
grafted to the surface, C) branched polyglycidol grafted from the surface

It was established that the polyglycidol-coated surfaces limited the fibrinogen adsorption in
comparison with bare silica supports. The ability to prevent the fibrinogen adsorption depends on the
molar mass of the polymer, polymer layer thickness and structure.
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Azobenzene and its derivatives are interesting molecules because of their ability to switch from
more stable trans isomer to less stable cis form by using opportune wavelength light irradiation. This
rapid and reversible photoisomerization can cause changes to the optical, geometric, mechanical and
chemical properties of materials where these chromophores are incorporated. The grafting of
azobenzene derivatives to polymers can provide functional materials which can for example undergo
light-induced shape changes giving rise to non-linear optical devices and reversible memory storage
systems [1]. With the aim of obtaining polymeric materials able to respond to light stimuli high density
polyethylene (HDPE) was functionalized with 4-(phenylazo)benzoyl-2,2,6,6-tetramethyl piperidine-1-
oxyl (AzO-TEMPO) and 4-[4-(2-thienylazo)benzoyl]-2,2,6,6-tetramethylpiperidine-1-oxyl (TiO-TEMPO),
two TEMPO derivatives bearing azobenzene-like chromophores, by free radical post-reactor
modifications initiated by peroxide and carried out in the melt. To highlight the grafting and to evaluate
its degree (FD) the functionalized polymers were characterized by FT-IR spectroscopy. Then, their
photophysical behavior was studied by UV/Vis spectroscopy, and the results compared with the
properties displayed in solution by the two free TEMPO analogues. As we hoped for, the trans-cis
isomerization was observed in all cases, which proves that the photophysical properties of the two
TEMPO derivatives are preserved after grafting onto HDPE and, hence, that our approach enables the
possibility of obtaining new classes of light responsive polymeric materials.
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Fig. 1. UV-Vis spectra of HDPE-g-(AzO-TEMPOQ) and HDPE-g-(TiO-TEMPO) films recorded after different
irradiation time with a lamp that emits at 366 nm
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