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Abstract

This work is classified into 3 parts due to the scope of the experiment.

Ethylene vinyl acetate (EVA, 18 mol% vinyl acetate) and epoxidized natural rubber (ENR, 50
mol% epoxidation) were blended in an internal mixer and compared to EVA. Dicumyl peroxide (DCP) was
used as a curing agent. The blends consisted of 10 — 50 wt% of ENR and were compared to crosslinked
EVA in terms of heat shrinkage, mechanical properties and degree of crystallinity. It is found that the
blends showed a decrease in mechanical properties with increasing ENR content because DCP was not a
good vulcanizing agent of ENR. The addition of ENR did not affect heat shrinkability of EVA. The
maximum heat shrinkage obtained was 80% for EVA and the blends. ENR did not affect thermal
properties of EVA investigated by the differential scanning calorimetry (DSC). The X-ray diffractometry
(XRD) showed discrepancy in degree of crystallinity before and after specimen stretching as well as after
heat shrinking. It is believed that ENR particles decreased molecular orientation of EVA resulting in a
decrease in degree of crystallinity but the remained orientation was sufficient for heat shrinking. The blend
showed better extrudability than EVA after increasing take-up speed. Therefore, the extruded tube
prepared from the blend provided higher heat shrinkage than EVA tube.

Ethylene vinyl acetate (EVA) and epoxidized natural rubber (ENR) were blended in an internal
mixer. Five different types of curing systems were employed: dicumyl peroxide (DCP), sulfur (S), phenolic
resin (Ph), DCP+S and DCP+Ph. DCP could crosslink both EVA and ENR while S and Ph were curing
agents for ENR. Polymer blends containing 10 and 30 wt% of ENR were prepared. It was found that the
DCP system provided the lowest tensile properties and tear strength because of low crosslinking in ENR
phase. Addition of sulfur or phenolic resin increased mechanical properties due to better vulcanization in
rubber phase. Mechanical properties of the blends decreased with increasing ENR content. The rubber
particle size in the blends containing 30% ENR played a more important role in mechanical properties
than the blends containing 10% ENR. ENR particles did not affect heat shrinkability of EVA and the well
vulcanized rubber phase was not required for high heat shrinkage. Furthermore, heat shrinkage of the
blends slightly changed as ENR content increased for all curing systems. Regarding to mechanical
properties and heat shrinkability, the most appropriate curing system was DCP+Ph and the lower ENR
content was most favorable.

Effect of dicumyl peroxide (DCP), natural rubber (NR) and curing agents of natural rubber on
tensile properties and heat shrinkage of polyethylene was studied. Polyethylene (PE) in this study
included high density polyethylene (HDPE), low density polyethylene (LDPE) and linear low density
polyethylene (LLDPE). There were two grades of LDPE based on melt index. It was found that the
addition of DCP made PE more brittle. Effect of DCP on tensile properties depended on type of PE and
an efficiency of the curing agents. Heat shrinkage of PE decreased after adding DCP because of low
tensile properties, particularly the very low tensile strength and elongation at break. Therefore, DCP was
not used for the preparation of PE/NR blends, in order to not crosslink PE. The PE/NR blends were
prepared by using the internal mixer and compression molding was applied to perform sheet specimens.

NR decreased tensile properties of PE because of uncompatibility and large size of NR particles but it did



not affect heat shrinkage of PE. However, if there was crosslink in NR, the heat shrinkage of PE
decreased. The reduction of heat shrinkage of LDPE was higher than that of LLDPE and HDPE. Shape
and size of NR particles were dependent of type of PE and NR content. NR particle shape was irregular.
The particle size of NR in LDPE was much bigger than that in LLDPE and HDPE. Degree of crystallinity
and crystallite size of PE in the blends were determined by using XRD technique. It was found that NR
decreased degree of crystallinity and crystallite size and higher NR content caused more reduction
whereas specimen extension increased degree of crystallinity and crystallite size. Although uncrosslinked

NR showed influence in crystallization of PE but NR did not affect heat shrinkage of PE.

Key words:
Heat shrinkable polymer, natural rubber, epoxidized natural rubber, polyethylene, poly(ethylene vinyl

acetate)
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(Executive Summary)

1. wandsaisanulasenisive

1.1 01304
NORLUBTHRUARAN LAFIEANNTOUATHNINWARANNENAILEIITITNTR
Heat-shrinkable polymer blended with natural rubber

1.2 %a;ﬁ%’ 8
1. 709N &ANN3d a3, 1030l dusauna
2. wesefng uilsznay
3. WHRNYTUID WIANS
mﬂ%ﬁﬂmma@im:mﬂiﬂaﬂi’aq AUANLMRAT NPNINDRURIVAUATUNS
2.0 v 989U
RNV INIANY 074288362  InIaNT 074-446925 E-mail: varaporn.t@psu.ac.th

2. anudaguazianvasilywinsise

Usznalnadugninoesssumanslngiigaselan msuslanssssumanmoludsanadiies
Uszanmifouaz 10 vananda lusnzfiasaz 90 pasnanAagnasaanlldvdnadszing uazninnitionas
70 gastfunmnsdsaanastduziiandu 1w enauiuINAI% B19uri uazin et i $3u1a8ad
wlamnoRumsldossrumnameludszmeldinniu uanmnﬁﬁwﬁfmmnamuaﬁumgumﬁiﬂmmﬁh

a o

fANUAIAYIDINNIITLAIBINTITNTIA T9ruanITaITodwe9srruTa il ulasoniisounema
GTJﬂm@ﬁmﬁffﬂﬁﬁmsﬁﬂmaﬁiiumﬁvlﬂslfﬁ’l,ugmmmm6] SafamnuiAYde M INAWHA A A a1 T
naaldasmelulszme mahenssssumanauiunansanderndundasmailng 9il Wuuwananis
Yot TRTinIsuvinnInasasudiwinann meaelulssinauazansssing iialinawisy
Wuldadrefifianne ﬁn’i%’ymiﬁmumwamﬁmsﬁmwmmﬁalﬁwamﬁ%’yﬁé’ﬂwmuﬂugﬂﬁﬁu
Tassmsisoitinaasmaiiimunsdeviasnsinas ld@onnuion (heat-shrinkable tube) lapdnwmsUos
gn9rTsdLadliamunarindurenadidiaanuionle Lﬁaammﬂimaa%aiwLaqaﬁ"lsjmm:aw Wel
N3N nssTINTd Wrsntunaaanfidanumunsailuranaddisanuianld auniulassmiise
Bsdonldnssssumaniosnisssumaswandlad (epoxidized natural rubber, ENR) WENTLUWANEANT
NAQ LA LU TEiNe 1T poly(ethylene vinyl acetate) (EVA) %38 low-density polyethylene (LDPE) lageng
53T Ao inanuaInsalunnslise (flexibiity)  Mhuwaadnmenit anaraderwiuinasly
wasandanalawasile InmsaTageuenas 59 WUMITERSaMINEaNIM IR I Twe R e SHENT
wwualulasanaianil uaﬂmnf‘:‘[mumﬁﬁ'ﬂﬁ%:Lﬂwﬁagaﬁugwm%m%’uimamﬁﬁﬂsluamﬂmaaﬂmdms
fo myvanasadsanuieniisasaisnauudndnwile uas polymer-clay nanocomposites 7il%
Wurianaaidisainuian %aﬁaﬁaﬁtﬂmm‘i%’waaum’i‘nmé’al@mﬂizmﬂluﬁmmﬂszqnﬂ“ﬁmaa
polymer-clay nanocomposites ﬁLﬁmﬁaaﬁ'uqmm%nssu’éLé"ﬂmaﬁné Qmua‘[mamﬁ%’aﬁwé’aﬁﬁ%’m’%aa
wodwasimusnauudinsn Wi LeSsnanenssIaTd uasweddalnu-auaniwmlusanlnin nsiasd
AMUiINNUITeRITa6 gltdanlosinld andumsnawindse ldmannasisasdanuilnsiuas

WAWINAAA I 17330 9 L
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woswesAnam ldmoanuioudnsfmdunaradnuazdaalawad wuuHuiunaaanilelnamn
uITIAMA wisranaadndniuiaslni Fuswivinandaalawesnldaudszianitldun viasa
aelwiln Uanlwii gUnIniBiinnsafing radenae i 1udu wasiwainldlunenisagniy
NRAAUMUL LT D (heat-shrinkable tube) laud polyolefins (PE, PP), PVDF (Kynar®), silicone, teflon, PVC,
polychloroprene,  fluoroelastomer  (Viton") LLa:uﬁaﬂIﬂwaamai{ﬁaiﬂwaaLua'éfmzqa@iavlﬂf:
polyetherurethanes, polyesterurethanes, polyetherpolyesters L polyetherpolyamides YaRAAIAI8ANY
Sowdundanmaingnsldotounsnanouasiianwmeiiln niche  product nMINBANIIMsATNefTuria
wisuazriadeon nsndariasonarunsannldlasnisidenliweswaifisnsusldssalda wsonaunns
F071% vnnmENInTiesaui I nnIHENENITIINTNG ﬁ]:l,flumnﬁugamlﬁﬁ'umaﬁiiwma

EVA lésuanusulalumeiandnsilunanasidroanuian asanisnsalndifiesiu LDPE
mmmv‘hmm%aﬂmiuLaqavl,é'fdmﬁaﬂ%’d% lanasan waztasfanlod Aanudiunudanisuanhnain
anudugs iuawinluih nuasadl %ugﬂvlﬁdm waziimangn mMsthenssssumagadunefweinlud
dmauiy EVA daiuwanaandiidn sravinlvwedwasnaudniulalid wwimsuslafomssaudsong
55T 1% T4 Aamsrinduens ENR - Tasfiensoiiailatinmsnaadinsiienisludszsinaud Snsin
LDPE  fingngvsaaszduaadunanasidisainuiauniansaud uasslifinwisoals LDPENR

blends LU uNaRNTRAAIGILANNTOW

3. Jagiszasa

=2 = a &l R Y @ a_d a 1Y

1. @nsmsespanadiwainnaad laasanusanannwaadninda lanaludszne (EVA, PE)
NENNUE N TIINT AR08 TIINTR DR T Laeh
2 o Aa ' o wa A a I s a 1%

2. anwdadpniinansznudeanusunnlummasiuazsntfidnavesnadiue uauiieduala
3nTah 1

3. @nmmanudunutrwivlanahaduans i §duguine  USnmedn  wesSanmms

a da @ a & a a v
L’ITE]SJIU\‘]ISJLRQQ VISJ@IE]ﬂ’]']&lﬁ’]&l’]iﬂluﬂ’]i%ﬂ@’)“ﬂE]\‘IWE]QLNE]‘SNNSJVIL@]'EUNVL@

4. 50iipu35n13398 asredaunawiIgnaaslu
1. WENNANEANUAZENY (EVAENR wag LDPE/NR) luaasnaandnag 11w 90/10, 80/20, 70/30 60/40

U8z 50/50 aaeLaIadnNauLULTla (Brabender™) LaumimﬁLﬁaﬁwmil,%aﬂmiuLaqammwmaaﬂ
uwazenalulTnmena g U 0.5-3% wianiznnaNuazgaInaNtImanzay thalildned
& A A wa A a . . v A . & & a A wn
WwasHauNlauUALTINas 1in tensile properties In&LA84 rule of mixture N9RazTouAsURULRA
dv9rasnafimainauiunaadnisududis  saefinizeaulosluanazaswanadnda dicumyl
peroxide (DCP) aaiadiflizauloslatanavassnsia DCP Huaaiaadu uaz muzdu a1afinaly
A ° o a v o o f A =g o A o & .
asiatierinldsnaniiannudnnulaadu hesanneninaniazdasiianwuziln compatible
blends
X = I A o A o A ' Y A = a
2. Juglsunaseuiduunuinvwyszinm 1 mm dr81a3898aNIA6 9% [NaAnmTIMNT
danloaluiana dadunaseulilvmafinunzandan1sdsiia 134 5 mm x 70 mm ¥ia3asnany
\ a & 2 a & , 2 A o &a
FzUzANUTRMgUINaIaITUNaFoULTENNM 20-25 mm (Bunszuzitin Ly Gvdladasgunsaln

aanlasaslidszasiaaundasms viw 60—-300% muqué’m’]ﬁamsﬁuﬁ@
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3. ﬁﬂ“?iyumaauﬁgﬂ%aagjluqﬂmnﬁaﬁ@auluﬁauﬁqmm‘]ﬁ@m6] (stretching temperature) T4 50 —
120°C \fuiaandn99 (stretching time) LT% 3-20 min LLSTﬁmjwaﬂuﬁmﬁaﬁuﬁ uglwinugodn
1aUszunms 5-10 min Lm:%umaauammnqﬂmnﬁaﬁﬂ 10ANNYNVIIZHZHANTUNA (L) 219
°§umaauuuiﬁ:ﬁqm%nﬂﬁﬁamﬂunm 24 h Saszpzdadnasmitsinnualdidu L, faunadianu
87 L, waz L, ananundald lugasszeziaan 24 h it axfimssaenugnaessesfie iianmasey
’h%umam_lag'sluam’azamlariauﬁﬁ]zﬁﬂﬂauslu"ﬁy'miavlﬂﬁavl,&i lasnannsuaiazltszosiia L,
fwmnlasidudnInead

4. iunasauanda 3 auﬁqmﬂgﬁ@hm (shrinking temperature) 11w 70-150°C w8164
1% 1-5 min SAANNBNBITELE AT Seanung 1T (L) Fuft srosfinadaiiinvualiidn L, 29
%umaauuuié’:ﬁqmunﬂﬁﬁauﬂunm 24 h Saanuemaesszesfivniaiasmang 'y (L) fvuald
T L, §1na31enuen L, uae L, snsnunielsl lugaeszezne 24 h flezlinnssaanusniaas
oozt Lﬁ‘amnaamw%umaauagﬂuama:am}aﬂ%avm Aauflazsirdauenadily s omn
wasifudminada emainazld L, ’lum‘sﬁwmmﬁ:a‘l,ﬁﬁ"u’ladﬁwaﬁma%agli’luama:auqauﬁa

o 6 & (3 o ' &
5. mmmmL‘ﬂa’:‘ﬂu@mm@mmnaummavl,ﬂu

Length after stretching (L,) — Length after shrinking (L4 )

Heat shrinkage (%) - 100
Length after stretching (L, )
6. AIUWITWA Amnesia rating naumsaalyil
Amnesia rating (%) Length after shrinking (Ly) — Original Length (Lg ) 100

Original length (Ly )

(3

7. avaseudinunindisinafia DSC  uazvia XRD avaseudiinmmugenlusluanadis
WARANIILINGD AIIIROUAMGIUINEIGIULATEY SEM w1aNaunusIznidaspimaiiny
ANUFINTO IUNTAARIVBINDRL N SHEY

8. MNARAURNUALTING LTw tensile properties, aging resistance, ozone resistance V83628E19NINDW
LASRAINARALNITRAAIAILANITOW
o A a 1 a 6 P ¢§’ I ' o 2 v

9. aalandandunafwaiuazganminzay Iugthiuria shldneseummedaidisanuiau lay

o A @ QA Y v oA
ﬂ@Laaﬂﬂ”ﬁl"ﬁﬁﬂ’]']zﬂ’]iﬂdU@]LLﬂzﬂ’]iaU'ﬂvLﬂ"i]qﬂﬂ’]i'ﬂ@aad@"lULLN%"D‘V]

5. HAN15I98Y
MIuuLeandn 3 aau MNTRATINERNBTNTINNINARDI wamﬁ%’uazﬂ"lﬁ”aﬁ
@auf 1 EVA/ENR blends
1. FUUANTRAMNINIIANNTaUVDI EVA fﬁwLﬂuﬁmﬁmﬂ%auimimaqa
& A o . & A ~ A
2. spzhalumaludusngenlosluianavad EVA 151981 10 min Aiiipewe Ysanamaganlosluana
' ']Ig/ s J o v A = v A Q v =1 U v J
"l,uvlwuuagﬂmwmmlumsmugﬂ MlAau U@ G]Nﬂﬂﬂmﬂil{lﬂu(ﬂ’lEm\‘]LLN’N@Jﬂ"ﬁL’mﬂuﬂ’]ﬁJugﬂ
@9N

o o @ A, a X A & &2 A &
3. ﬂ’]iWﬂ@l’J(ﬂ’JLlﬂ’.l’llliauwﬂ’nwwlluma"ljuﬂ@aaugﬂ@]\‘lﬂﬂu’m"ﬂu
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10.
11.

12.

13.

ms%ju%umamm'aumiﬁaﬁ@ﬁﬁiﬁauﬁanﬁmﬁaﬁaﬂmm*i”aufnaa EVA a0ad andunuwadies
Nauﬁmsﬁmﬁjué"samaﬁaumi?ﬁaﬁ@

Y5u1m ENR S aniwadanisnasidisanuionsaswedwesnanluszuuiild bep Wusadewnles
Imaqa fnsnasvesnedwesnaulaninduiofszosfafiniu Usunm deP lufisntwadans
BARITIEANNTOU WaRLWaSHENLA: EVA SdmInasidisanusanrinuluszuuild Dep
MIliNzawLacARaRALITTUD LAY I AINIRAGIAI8ANNT DUV BINORINBSHRNAART UANT I
DCP Taunuiuadalsdu sz lhaimInaayinnu EVA

fisugdi1 DCP ﬁ]:LﬂumiL%awImImaqaﬁllﬁﬁhmimﬁaﬁaUﬂmu‘?au?\mfﬁwuﬁu LARNUAAINNT
AOUTITY AUTUNIUAIMNIANTIALAZNTLNIINIANN e UTaINaRwasnauildud DCP 2=ddndn
nITLUBng Goiu i:uumﬂ%auImImaqaﬁaﬁq@ﬁa DCP+Ph w31z ENR fjmﬂ%awimimaqavﬁ
f1w uufiiudimusdurtafiuodassulinislfinm: EVA "inﬁmil,%auimimaqa

USinm ENR  fitwunzannasiin 10% wadwesnaulusanauidsuifanunudenssduazaing
ﬁmmu@iamsﬁﬂmmgdﬂ’h crosslinked EVA uazlidnnmsnaaidioainuiauvinny crosslinked EVA
AMInaMIANNTauFIFafa 84% Tugnziasdia 500%

M3aTIFoUUSINBRANGIBIAfa XRD WU USunamEniindwieszosdefafindu uasuUSunm
nAnamasLdaUSunm ENR Wi ﬂ'%mmwﬁﬂﬁé‘amimﬁaﬁaUmwsi”au%uagﬁuizﬂ:nﬁﬁqﬁﬂ 309
faund uazrn iU anEnnasnImaswiiua s dwIng W lu s inisasdatasasezvinlig

USUHHANANAININAINAT NN

v
=1

Wmaka FTIR waz DSC laansnldianzilSinmnandinsulassmaisoh
MINATZRELE DMTA waz SEM MiHasaandadny EVA waz ENR 61 OL transition temperature

lutadeaiu (20°C) aynazas ENR imzfanufiuia EVA @ann udauniazes ENR adautne
g (< 1 pm)
Fanuduldlenin ENR waunu EVA iWavidunafiasnaaialioninuion LL@imiﬂ%'uﬂ'gﬂﬁﬁ@h
. . X
MIAGIAIANNTOUFIUUTI 100%
J 1 v U ;3’ ::4' a [ o R A 1
sanIndugdviananldmeldannemalugdussgasiaunzay nmais ENR ovilwasbarianads
o & . Al o o o & A A A
lduniu sanaldfianumuisalummaedidisanuiongin smaadnlslunasenlosluanazas

Wasluas Ao DCP awiuadasduaialisndudasldsy

mauﬁ 2 HDPE, LLDPE uaz LDPE

1.

WaRleRau 4 e JauiifiFInauazaNNENNTanafITIEnNLTauasT esEduaNTAGIN
fiangelusi 1669 HDPE > LLDPE > LDPE2 > LDPET

n13LAN DCP ﬁﬂﬁLﬁ@miL%aaﬂﬂﬂmaqa‘luwaamﬁau‘f% 4 g Wnwnarlidanudnzsndwana
Usum DCP  Mdnasly uazssnalianuamaunsalummasidisanutananas ssinssludanm
$uiluflazdaadiu DCP

LDPE 1 uaz LDPE2 hinanzgunazinluldnudunefwasrasisianinysan

@awil 3 PE/NR blends

1.

PTIINTNAN AN T A UNUADLIIAILAZANNIUNIUGABNIANVIAVIN D FLONAUNIRTRAG DRI

LASIZNORLNBSHNANIZAININE AL N ARz IBTINTA NNt immiscible blend W&z uncompatible
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blend wanana laiinmaduasiiuanudnwle (compatibilizer) 39¥n1ALsIRIRITERI W7 IR
ﬂ"];;m a'\‘INQIﬁLL’Nad@I@i:WﬁNLWﬁﬁ’]

wa A a & a A a X A Aaa L
FUUALTINAVDINORLNATHANRARIATNUI VI DUEINLA N Luaamﬂmaﬁsswmmmmmagmﬂlmymu
MIANIITITNTIR b LTI AN AMNRINTD MANNTRAAIGIANNTDUVDINDRLON A

[

FuUALEINALAzANNEINNTRLIBMTRAGIA AN TEUTaINa RN S HaN AN TS e uAa U la a9

HDPE/NR ~ LLDPE/NR > LDPE1/NR ~ LDPE2/NR

=

AaAd o I Aa ' ' ' £ Aa Aad & ' A '
maﬁssmmmﬂwmuﬂuambmﬂmgﬂﬁﬂwLmuau nyzaneldninefenaniiduinasdaLites Eﬂs'm
- - X e - - A - -
Lm:mm@maaagmﬂmaﬁﬁmmiuwaama§wawmuagnwmmaawaaLaﬂﬁuua:ﬂimmmwﬁumm
al a 6 a o Qs a a ad L as dq’
mmmaaagmﬂmaﬁsiu’m@luwamwawawmmsnLsmmum@wu@maawamamu"tamu HDPE ~
LLDPE < LDPE1
p1953suT @i IS amEnnda ladasinafia XRD anad esannadwesnauidiniduosmgin
a & o A o A |1a a £ A A a X
VAW DL BINNINFAFIUVBILTITNTA USUNMKNANALL AN UM NTZHLATAIEANLANTY 819
ﬁisu"maﬁﬂﬁmmﬂNﬁﬂmaawaamﬁﬁunmﬁ@ﬁmmmmu Waz I [N a8 N YT MU TITN TGN
QI J v & 1 a a a Aad
VAN WRAIALRAWINENITITNTATUNIRNITZUIWNISIAANAN T INaBLa AN
A a A a en A a Aaa & Y A
amwamaumimawmwﬂuLaqmjaumaﬁﬁumm@aauummnamaawamamu TuwognuszuUMILToN
P39 THAVBINARLANAL LazUTIUIITITNTNG A9l
= msv‘ﬁam’nﬂuLﬂ@hﬂﬁdﬁﬁﬂﬁﬁﬂﬁ HDPE/NR blends ¥inl#e1aaLeh o 90A3IN HA1aAN
. C s X 9 o .
ANNLAYU D4 20210 AeWANTU FIBANVIATLA Th 90910 FNINILRNTWUILAANI SzUY DCP ¥
Twanuasue o 90979 Faraaasad1ennn IuwumeNzuy Ph vinlkeianadstuns wdaatasnin
1 o U, U nl g 1 o A v J
JUU DCP  #%3:uU S+T M lvdinstalatiuuin®u waszuy S vinlndalauintuianizlu
o ' A4 a { a a £« o o %
@A20819NHUTNIUES 10 W% LaUS e minT W% 30 wt% nauvinldanusinisalumsta
AR
£ 1 =l = QI J ﬁl v a
B aUFIUWGanIIanu1auad LLDPE/NR blends RetANTwLNald DCP wazdanaaadluszuy
tﬂl o v lal J/ =) l:l 1 { = & o v
89 szuu DCP vhlvidn G, qumulunnnsmLLa:qumnmw:uuﬁu Tuanzidoinunvinlien g,
' { o L { a ° @ ' a £
8ARININNINITLLAUMILLTUNK NUTHIUEN 10 W% 320U Ph ¥l O, aaas uee €, Livaau
' wn & A ° A A a & ' ° v
dautinsgasfiaaadisalofindiumensanndu saussuy S uazszuy S+T  vhlden G,
A X ' ' wn & Ka A A a & A A
WNNTW UedT €, anad uasAaNUanIgadhlaanadlatiulSunmeaNnnis nMaduaTTen

paluanalusnissinm@ Mlden g aanaawe lasawizluauszuouandlils DCP azaaas

1 1 v 1 t&l J
287341N A1 O a@adlunmzuwﬂnuﬂitﬁ 10 wt% NR Imz‘uu Ph asild AN

WY aomn%aumwimaqam ANYNTITNTIAADAINY ﬁ?&l’]iﬂluﬂ’]i%ﬂﬁ?ﬁﬂ HANNTOUVDINARLE

£ o d a a _a a a o &
muagnm:uumﬂ%am'm ThaVINaRLENAY UAzUTUNINITIINTNR A9

[s2))]
=
B

a. mn?mmaﬁsumaﬁvlajﬁmﬂfﬁlam’m‘[uLaqaaﬂu HDPE liifinadannusunsalunsnaaidig
ANNTauvad HDPE mnﬁumw‘%‘ammﬂwLaqaiuswaﬁisuﬁﬂavl&ivlﬁﬁaULﬁ'ummmminsLumi
NAGL Ualunaasanudna luuneszuuvinlianuamunsasesas

b. luns@fiznsySanm 10 wi% szun DCP lu LLDPE/NR blends vihlddnmsnadadininszuuiug
uazszuusung Wamanadmlndidoeiu uddlafiudsanmensanntwdu 30 wit aandsudszuy
S+T winiufilennsnad Tusmeiinisle 0.1%DCP Finslitunagoutisstwdoiiiadinmsne

(;]"Jvl,ﬁ muizuuﬁmﬁaﬁmmhimmmlﬁ@hmmaﬁﬂﬁ INTIZTUNAROULIATEHINNINARL
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ﬁl ] Y v Q dg = J =3 v =
msmaumwﬂmaqalumavluvlﬂﬂmsﬂmmmmm‘miummmmmu umg‘pmmaﬂuaﬂiummmd
10 wt% N38z8a 400% DIA1ANNRINITAMNITHAAIVI LLDPE/NR blends N baiinssdanan9
A . o A Aaa A ’ A o o ° @ v A &
Imaqamwmmmu 74% LN AUIRIALITURTOMNLOH YN IRAIANNEINITD WA THAA NN
11 76-78% lun1993Inudny nImNTe9 30 wt% miL%amJ'n\‘iIaJLaqa"uaw’mﬁﬂﬁmmmwwn
Tun131a@w89 LLDPE/NR blends aaad

o a v Ao
6. ﬂﬂlﬂ%ﬂll%gﬂiﬂﬁl'lﬂﬂ']‘i'ﬁlﬂ

7. mavin 15 UseTaad
1. UNAMNITINNT 2 L%‘ﬂd ﬁ\jﬁ
1.1 Varaporn Tanrattanakul, Thongsak Kaewprakob, Effect of rubber content on mechanical
properties and heat shrinkage of ethylene vinyl acetate copolymer blended with epoxidized
natural rubber, Journal of Applied Polymer Science, 112, 1817-1825 (2009). ANIANKIN
1.2 Varaporn Tanrattanakul, Thongsak Kaewprakob, Effect of different curing systems on heat
shrinkability and mechanical properties of ethylene vinyl acetate / epoxidized natural rubber
blends, Journal of Applied Polymer Science, in press. ANANUIN
2. LauaNammmumimﬂiuﬁﬂizqu%ﬂmi
2.1 “Mechanical properties of poly(ethylene vinyl acetate) blended with epoxidized natural rubber:
effect of curing agents”, International Rubber Conference 2007: Natural Rubber Industry: R &

D Achievements & Challenges, Siem Reap, Cambodia, November 12 — 13, 2007.
2.2 “Effect of epoxidized natural on heat shrinkability of ethylene-vinyl acetate copolymer”, the g"

European Technical Symposium on Polyimides & High Performance Funcional Polymers
(STEPI 8), University Montpellier 1, Montpellier, France, June 9 — 11, 2008.
3. Lauawammmuiﬂm@laﬂuﬁﬂszqu%wms

3.1 “Heat shrinkable poly(ethylene vinyl acetate) copolymer blended with epoxidzed natural rubber”,
the 2nd International Conference on Advances in Petrochemicals and Polymers, IidLLiuauﬁ
311 adudihia nyanwey, 25-28 Iquisn 2550

3.2 “Heat shrinkability of polyolefins blended with natural rubber”, International Rubber Conference
2007: Natural Rubber Industry: R & D Achievements & Challenges, Siem Reap, Cambodia,
November 12 — 13, 2007.
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NI

Nonwlarimsidvaduiutsesnilumuaanausievasnadinainltlunmanad iiaaiy
sraanlunisdruuaznsriianudila udazaauazaiuranszuiuniiTenanue asud a1l 78
gunsal La3aaila ATN1INARDI HANNTNARDY ANTTUHANTNAREY ULAzATUNANITNAREY Aaui 1 LTuns

A o a & ' a Aad A a .
naaadigInunafaINaNTzRIInedefanliaezdiaa (poly(ethylene vinyl acetate), EVA) Uazens
FYTUTNAENanT lad (epoxidized natural rubber, ENR) @aufl 2 LAgdasnunmslinafiefiausiiasngg
ldun wadieffusiannunuiuiudn (low density polyethylene, LDPE) wadlafiausiaanunwiuings
(high density polyethylene, HDPE) LazWadlaNiananunwLbua L T9L&n (linear low density polyethylene,
LLDPE) suaawi 3 iumsldwedinainanszninanafieNausiadnd g uazen9s33uan@ (natural rubber,
NR) anuddguaziunwesdyninisise TanUszasduedlasinisiss 2auiman1339n uasHanyiaed
ddny ldursnolilunihaglasinis (executive summary)

6 i A o a A’ a o a ' A v
asdanuilndfldivlulasimaidoiussiimszdmayaanindmldlunanuin Sadsznavean
UNANMNITINT 2 153097 LA UMIARNNWLUINTANT Journal of Applied Polymer Science I@Uuﬂmmﬁaaaag’
' A A & . a A & o ' A A Aa Yo
LRI ITANNA 8211 Manuscript  anisaailuatiuie uazlianunsatuanaiians@Run lanuwnawns
A & o & o & Ao A i a R . a N IEY
RunmsnuaduauyIiaiul wananiidadisng Manuscript Bnadufiagsznivmadouuaz ldldlnngly

IBNURLUH tTﬂmﬂ;‘ij’au‘Lammmamiaaaumuﬁmﬁﬂmamﬁ{ﬂﬁ



Aawfi 1 EVA/ENR blends

1.1 Jagulszasd

1.

Anwmaassunedweinna ladsanuiounnnansanfinaalanmelulsanarfionasiofian
Tflae=Biaa Poly(ethylene vinyl acetate) (EVA) WRNAUENNTITNTIGEWaNT AT (epoxidized
natural rubber, ENR)

fnmilasidnansenudsenusansalumveduasauaBnauas  EVA  uaz  EVAENR
blends

anmmanusuiutnivlanahaluans e duguing  USnaedEn wessSanmms
L%aaﬂmimaqa ffidaanusansnlunisnadives EVA waz EVAENR blends
?mmms%ugﬂviaﬂmomﬂl,ﬂ'%'aaé"@’%ﬂany?im LAENARAURNLANTRAAIAIUANUIOULAZ UG

NIMEATNBIYIENAII EVA Lazviana’d EVA/ENR blends ﬁﬁmsﬁaﬂmimaqa@hmﬁ@ﬁu

a ¢ A A
1.2 @131 Qﬂﬂim LaslAIadNe

CRRItCEY
1.

waRlafauhfinez@iaa (poly(ethylene vinyl acetate), EVA) Tiia N 8038 1n3a EVA18 faflvsunm

1 finazdia6 18 mol% WaalasyuIun 7idla $10a

§N9BIINTAOWONT AT (epoxidized natural rubber, ENR) wHia Epoxyprene®50 LN3@ ENR50
Usznaudmunydwenlad 50 mol% waalas U3Em iadlwminans dna

saviraales (curing agent) § 3 wila fe

3.1 laddadeseanled (dicumyl peroxide, DCP) Aanuidutu 98% dasnialay U3EN La.
lag. A17Ha 9@

3.2 WuadnL3%u (phenolic resin, Ph) Tiia SP1045 Waalae Schenectady International Inc.

3.3 fuznu (sulfur, S) 3asnalas USEnaeNNAld d1na
NIARLALIA (stearic acid) V‘hﬂﬁwﬁlﬂumiﬂi:ﬁu (activator) 3asmialay Wreudu Aalwyad
@dl 3@
FaAean ks (zinc oxide, ZnO) THha white seal ﬁmﬁfwﬁtﬂumiﬂszﬁu NA®lasUSEN Univenture

Public Co., Ltd.

aqi' a 6 . . o s a . ® o ] v 2 ' a 6
RLAUABENTUARY (antioxidant) §1TUBNITHRA Wingstay L d1winslas W BEI ﬂavlwgau
GHE RN

a a . o v A y o A a a e &
LARNLDUURLALLIAN (caIC|um stearate) ‘V]'TV\%TV]Lﬂ%ﬁqi"ﬁﬂﬂluﬂqjﬁlﬂﬂi@ﬂl,ﬂ(ﬂﬁnﬂ% awaﬂvl,s]j(ﬂ

U

a o a

MRTULITTINTADWaNT bas s 1minelasuSem wilduluiigu s1na

W loRn (p-xylene) LNIANATIEH (analytical grade) WA lay Carlo Erba Reagenti T uaavin
azanglddnTunasauNTLING?

Wwialafiadlaw (methyl ethyl keton, MEK) LN3a3LA1¢H (analytical grade) Waalag Lab-Scan 14

fNIVLETDNAIDEILNBNTATITROUFTUZIUINGD



¢ A -

qﬂn‘smua:msaaua
1. 19309UARBINNAY (two-roll mill) mmmﬁumguﬁﬂma 6 %1 811 23 91 WAAlas LSEN Tl
MBI
3asnanuuuda (internal mixer) Waalag Brabender Co. 34 Mixer 350E
{ o { . ' ™

Lﬂ%ada@‘%ﬂﬁﬂglﬁm (single screw extruder) 4 Brabender — Extruder 19/25D
LA3DI0ANNA (compression molding machine) Na®lag Kao Tieh Co. T;u KT-7014
v ®
gay (Mammert = E500)

€2 A A
qﬂmmmm"}ju‘ﬂ@aau
wRUW

doulnLsIndla gear aging WA lag Tabai Espec Corp Co. 34 GPHH-10

© ® N o a M 0D

Lﬂ%@dﬁ@%umaaumummgm ASTM D412 1y Die C uae AW ASTM D624
. LAIRINARALFNLAANNUADUTIR (tensile properties) NAAlABLSEN LLOYD instrument i:'u,
LR10K

-
o

11. ﬂé’mgaﬂﬁﬂﬁaLﬁﬂmammuda\‘m‘i’m (scanning electron microscope) Naalay JEOL Co. ju
JSM-5800LV waz JSM 5200

12. wdesaniWolswduasunuiisunassidines (differential scanning calorimeter, DSC) waalag
Perkin Elmer Co. 34 DSC7

13. m’%'aamaauamﬁmmamam‘m’m%am%awamam‘ (dynamic mechanical thermal analysis,
DMTA) WA las Rheometric Scientific Co. Ltd. ju DMTA V

14. Lﬂ%‘adwuL%ﬂ%‘ﬂ‘nuawagwﬁuWﬁLiﬂmﬂﬂIﬂiﬁL(ﬂa§ (fourier transform infrared spectrophotometer,
FT-IR) wAalag Bruker Co. Ltd. 34 EQUINOX 55

15. 1ASa9RLNUSIFIANT (X-ray diffractometer, XRD) W&alag U5HM Philips 3u PW 1830

1.3 35nnaaa
1.3.1 35nMaSuNBwNAFaY
1.3.1.1 M3u&N EVA uaz DCP

YMskay EVA uaz DCP dauiatasnauuuulafigmnnil 100 °C wazANNLSITALLTIMBTIYNNY
70 rpm Maanlunisriaan EVA 1uwian 2.50 min - wa339tdy DCP 15iannsuanasdn 2 min 5@ EVA
NUNNLNZDENNINNLATDINFN UL A Lﬁaﬁ%ﬂmmuﬁaﬂLﬂ%aauma\‘@ﬂﬂaﬂummzﬁ%au JSu1auvag DCP

fduadluazdaluniag pph (parts per hundred of EVA)

1.3.1.2 ﬂ’]ﬁLGI%EI&JWEJaLNB{NﬂN

n1INEN EVA uaz ENR ei”amﬂ'%'aawamuuﬂ@ﬁqmwgﬁ 100°C uwazanasaulaaasivinny
70 rpm ¥inn13waay EVA {wasn 2,50 min fiawiazdiu ENR a9ld Masnlunsueas 2 min iduansiad
f49 LLazLaumn%uIquLaqm'ﬂuﬁwﬁuq@ﬁm wdvmsuansadelydn 2 min nadifild DCP (uas
L%auIUJIMLaqa azlFmlumsuanauTINNIRUUTENN 4 6.50 min  n3diflE Nzt uuasAnadalsEuasld
nalumIiaToanedmasnanlszanm 12 min msL%awImImaqamaa ENR luwediuasuguiidnuni 5
Jruy da msleaaaiisfiafon ldud DCP Auzaw (S) uasiuadnlsdu (Ph) Bnszuufensitansiadl
i laAd DCP Taunumuzan (DCP+S) waz DCP $aunuAuafdaLsdu (DCP+Ph) WaRLNBTHANNNEAT



73 peP  lihanduszuuaaefiidoinieszuumaalg axliUiunn DCP iy 0.5 pph lasfsuny
INRUNVRINBRLNEIHAN (EVA + ENR) LaNa MuznularANnadnlsfuastduauinninues ENR Y%
£ a P o a A a o @ A A A a
wazlfgasaaiadauanni 1 nsdunnefiFosauidussiueastiluanns szouffl Dep azling
anlosluanalu EVA usz ENR duiuztuusziuedandulfidussisenlosluanazas ENR viuu
° a & A v a g Ao o ad a a
iwelweinauiaiduurudisiaTasuasasgnnaslusnzifan (Mufiiunzaanunanaiasuauuuyule)

TN NDRLNOSHRNN DA TIEIN EVAEENR AU 90:10 waz 70:30 lagsinnin

1.3.1.3 msﬁ%gﬂ%m’mé’hﬂLﬂ%aaé'mmwﬁu
o a & Aa o d‘ 2 o o & £ & L Ada
W1 EVA  uazwadlueinguiiasiuiaIaduaaadgnnag mmiaamvlwmmwugﬂLﬁuLLanaJmm

. [y { o A A & . o o 2
WNLITZTA 1.8 mm 210 6 x 6 in FapiaTesaafigmnnl 160°C uaan 10 min TFa21u6n 200 kg/em

@]’13’1\‘1‘171' 1 gmssmﬂauﬂn@i’ﬁlﬁﬁm:ﬁuua:ﬂuaaﬂL‘J%m"ﬂumﬂ%aﬂmiuLaqamaa ENR

ERPIGEY S Ph

ENR 100 100

Stearic acid 2 2

Zinc oxide 5 5

Calcium stearate 3 3

CBS 1.5 -

Wingstay®L 1 1

Sulfur 0.75 -

Phenolic resin - 6

3 1 H Q H
1.3.1.4 mimugﬂﬂanmaﬁmLﬂ%aaﬂ%ﬂanglﬁm

o

Mn1IuEy EVA way DCP ena3tnatunslunida 1.3.1.1 v¥inn1Inay EVA uaz ENR ¢981a389

'
= a

nauuuudangunnll 100°C  uazanuiTsaulaeeiivindy 70 rpm vinn1swaan EVA Liuiian 2.50 min
Aaufiazidin ENR adld 1daanlunsuan 2 min W@nssiadiengg LLa:LaumiL%auImImaqmﬂua"’]@"fu
gavhe udvhnsuanandallddn 2 min nydifild Dep L‘flumn%ﬂmimaqa wldalunsuanauin
Yadwlszanm 6.50 min N lsAwesasduaslfinmlunseIsunafiwesuautszanm 12 min #wos
LNa%N&N%@Lﬂ%LLNu@T’JEJLﬂ%IE]\‘]LI@]ﬁad@ﬂﬂgdlu%mzﬁ%au Garuiifiunzesnunaniesasnauuuua) N3
L%BNIUGINLQQN%M ENR lunadwesusuidnsid 2 320y fe n1sld DCP  adhaidien uaznsld DCP
TN waRALITY (Ph) USunmwaes DCP Iunni:umzwhﬁ'u 0.5 pph @ity 0.5 sulasiimsinds
100 &uvadNafLes (EVA + ENR) Auodnsduaztiuamuinninuas ENR inti LLazslﬁﬁgmmimﬁmu
o397 1 FmsdussediGosmuireuasiuaasluane szuuiid bcp a:ﬁmﬂ%auimimaqﬂu
EVA uaz ENR dmﬂuaaﬂLi%u‘l,‘*ﬁl,ﬂumﬂ%aﬂmiuLaqamm ENR ¥ttt Lasounaiuo Snaufifisasain
EVAENR iy 90:10 Taesinwsin LLﬁaﬁﬂmiﬁugﬂLﬂuﬁaﬂmamwﬂv'umu@ia"lﬂﬁ

1. ihwedweinaufiasouldniadasnauuuule mumﬁ@éﬁUm'%‘ammaaﬁﬂﬂay\nﬁaﬁwL‘flmmu

daidusun givelindemitlowdninies 5@%@&7131,61;{13
2. ﬁmu@annzﬂw’fugﬂ‘[mﬁﬁ’aLLﬂié’ﬂ‘fi gunniiang Terudi 1, 2 uaz 3) ganpiinala (low 4, die)

= o = ' = A v @ d o v a
LRSAINULIIIBUVDINITNIWULNDY ﬁ’Juﬂ’J’]&lLS’Ji@U“ﬂQG&ﬂELaaﬂITﬂ’J’mLi’m“mlﬂwl,@maﬂa’sx‘m



L= dd‘ = [l ﬁl @ [l L ié dlidq’d v =3 ] Qs
snuuzdngauaziiszozinanagluiaiasdeta kiwunnin sdluniifanldanuiasavriiiu 100
rpm Iiszpziimiwadweiagluang (resident time) d3zunm 1 min waatiurianaadiniih uaas
Tuzfl 1

o v =3 1 tﬂl v = v =3 1 Q/ dq/
rmadiwifinrianatefild lasaruquanuiilunisdiwfinviana’edsii 6 rom, 8 rpm, 10

rpm,12 rpm W&z 14 rpm LLamlugﬂﬁ 2

a £ . > G o a a
3‘]_]7] 1 ﬂ’]WLLﬁ(ﬂx‘iﬂ?Tﬂugﬂ‘Hﬂﬂﬂ’]\‘l(ﬂ’JULﬂiBGﬂ@]i@]ﬁﬂEL(ﬂﬂ’)

LLN{]ﬂ’J‘UQNﬂ’J’]NL%’J

/ lumsauiiy

Yianad

3UN 2 Mmwusasmuwiuvianald



1.3.2 35n1Inaday

1.3.2.1 MINATDUANNFINIIANIIRAAIRILANNTDW (Heat shrinkability testing)

1.

o 129/ ldl k% J £ tﬂl Q = Qs I Qq/ a o & { { = v
mmumu%%mnmwugﬂmsJLmadaﬂmwmu @mLﬂu“numaawaﬂwm:mugﬂﬁmﬁﬂuwummum 5
mm  x 60 mm AINLEWITNTLHLHIIINNU AN INIRBITIIGIWAL 20 mm L LATLHENINAIITUINUN
° v Y o A g v o A A o X
frnaliiduszozSudn (L) muam‘tugﬂﬂ 3 ﬂ‘s:ﬂaumumaauLmﬂuqﬂﬂitﬁﬁwwaﬁwmaa (3u

1 4) laglifiszozsznine’iady (grip) WAL 20 mm

gﬂﬁ 3 gﬂi'wé"aama%umaauéﬂ%%'umimaaumimﬁaﬁa TR PRFRHIN

U 4 qﬂmniﬁoﬁm%umaau

¥nsBedunagoudisile (gﬂ"?i 5) ldaasulunsasdiatszanm 70 mm/min  Wasiaudnisiia
(extension (%)) fuwantldmuaunsn 1 L, feszoziSuduiondsia L, Aaszusiaeiaoanly nsasiia
a:ﬁwﬁqmwnﬂﬁﬁauaua dm%umaauﬁgnﬁdﬁm:ﬁ 2 dyzian fe maa:gﬂﬁﬂﬂauﬁqmwgﬁ T, 1
I8t ﬁauﬁa:gnﬁdﬁﬂ Bontuaauiiin igumaumiq'u%umaau (specimen heating) Snuszinnnile
a:leigﬂauﬁaumsﬁaﬁ@ miéju%uﬂ@aamﬂumsmmaaudwqm%gﬁmaa%uﬂ@aam:ijmsﬁuﬁ@ﬁ
nadasutansasansolyl thasandesinnsaiadeie %ﬂ&immmﬁaﬁﬂ%uwmauﬁ%agj'sl,u
qﬂmtﬁuazag’mﬂuﬁaﬂﬁ funsastiacaiia (stretching)  azvinatneTaais2laitfin 2 min i
qmwgﬁmaa%mmﬁauu,éhu"'amﬁqm%gﬁvlajamamﬂﬁfﬂ gﬂﬁ 6 meqﬂnszﬁm%ﬁméuﬂ@aauﬁﬁ

[
Aa o

%mmgnﬁaﬁm 3‘]_]“?] 7 LLﬁ@lGLLN%{]M%%ﬂE}%ﬂ'ﬁY}@ﬁaU

. L, -L
extension (%) = 1L—0 x100 (1)
0



3UNn 5 MWLFAINIAIEaTUNaRaLM LD

P e A 2 Aal S A
Eﬂ‘ﬂ 6 qﬂﬂim(ﬂdUﬂ“ﬁuﬂﬂﬁaUﬂN%uY}ﬂaaugﬂﬂdﬂﬂ

o & P a \ R A A A A : . > o
3. u']"ﬂ%ﬂ@ﬁﬂﬂ‘ﬂgﬂU@a%lluaqﬂﬂ'ﬁm@lﬂU@@]']Ngﬂ'ﬂ 6 VL]JQUV]QM%QN@]'N G]Lﬂulﬂfﬂ’]@n\? ﬂlu(ﬂaﬂ MAUBA
& a & g, & Ao ) . A A
an1zi (TZ, t) LIUNVBADUWIN YUABUNITLANILAIUIAW (heat stretching) @nlw]LLﬁ@\']iLuEl]‘ﬂ 7
v & L, & e A A o | Y & o oa . Aad =
ﬂaﬂﬂqﬂuuuqﬁuqﬂﬂim@ﬂU@uaaﬂ"ﬂ’]ﬂﬂauLLﬂZﬁlNquqLﬂu'ﬂu‘ﬂ (quenching) qm%gwuﬁwuﬂizmm 5

+1°Cc

/
L
Lo — > L1 L1 L1 } 2
/
/
Specimen Stretching Heating Quenching Heating
Heating (under the grip) ~ (under the grip)  (under the grip)
Ty, ty Troom, < 2 min Ty, to 50C, 5 min Ts, t3
I. Heat stretching Il. Quenching [ll. Heat shrinking
(M3avuba) (MIRABLEIN) (MIDLNAA)

Eﬂﬁ 7 MNLFAITUAIWNIINATILAMURN msnslumsméfwaa%um Jau



4. Lm:%vwnma'uaanmnqﬂmtﬁaqﬁ@ MsTunasauuunlds vinnsiaszezfia (Aue125EMINg
LA IMAN B LW U ﬁ'uﬁ‘?iLﬁuéﬁLLa:Lﬁmnﬁavﬁﬁqmmgﬁﬁauﬂunm 6 h Bonszesfiniinn L,

5. au%umaauﬁaqmﬁgﬁ@m iuaaneng qlugﬁau fnuasnsiniu (Ts t3) Boniunouiin Tunou
MInafIeaAILTan (heat shrinking) SAT2HE9HITzRINILADIRINLUBTUNARELTHA LAz 89195
maauuuiﬁ:ﬁqmﬁgﬁﬁaatﬂuLaaﬂ 3 h Bunsvasvinedin L, é’aLLa@ﬂugﬂﬁ 7

6. au%umaauﬁqm%gﬁ@i’m P ura1619 G]iugTau Avuaaneiin (Ts t3) Bondunauiin Tuaam
MIRAGITIEANNTan (heat shrinking) SATHEHNITEWINILASDIRINIUUTUNARELTHALAZLE 82195
maauuuié":ﬁaqm%gﬁﬁaaLﬂunm 3 h 3unszesnsiin L, éﬁLLa@ﬂugﬂﬁ 5

7. fwmnidesidudnmInedn (heat shrinkage, HS) @lﬁuawmiﬁl 2 AMWIHAI Amnesia rating (AR) 310

FUNNIN 3 FNNTNARDU 3 TWAIBENI INHINUNAAARE

Length after stretching (ly) - Length after shrinking (L,)
Length after stretching (L, )

Heat shrinkage (%) x 100 (2)

Length after shrinking (L,) - Original Length (Lg )
Original length (Lg )

Amnesia rating (%) 100 (3)

amnnd Ty, T, uaz T, awauﬂuqmﬁqm?}mﬁuﬁw a:ﬁmss:qluwamimaaa

1.3.2.2 MINAFIUNIUAAINLANNITOUVDIVIANAS
1. dasunasauvionalilianuena 50 mm Bunanusnaszesiian L, TaANNEILFRHIgRINaAT9
meuanuazitnuaidn D,
2. ﬁw%umaauauluﬁauﬁqm%gﬁuaxnmmsamﬁamsméﬁﬁﬁmu@"ﬁi‘ﬂmmmwaaéﬁumaau
ﬂé’dﬂﬁauﬁqm%n“ﬁﬁmﬁuﬁ ARUAANNEINEINIRaaIn L,

3. AUWIAINIIRAAIAIIAINNTDUVDINARLNDIN LIAIRNNNIN 4

. L, - L
Heat shrinkage (%) = % x 100 4)
1

FNINAFALINUIN 5 T/ 18814

1.3.2.3 MINAFDUANDAANNNWADUTIAI (Tensile properties testing)
° o = . o ' A
MNInasey MuaNaIzI% ASTM D412C Idananiilunmmasay 500 mm/min detninilagas

el tTunasay 10 Tu iﬁﬁd’l%ﬁ’l%ﬂ@!ﬁh%ﬂd% (young’s modulus, E) fNANULA T 20A37N (yield stress,
C,) AANLATLA Th 39AIIN (yield strain, €,) mmwmﬁuﬁﬁg@m@ (stress at break, O,) %3fAMUNUAS

ALK (tensile strength) uazdnszosia o A219 (elongation at break, &)



1.3.2.4 MINATIUFANTAANMNAWNIBADNITANVA (Tear resistance testing)
YmsnesaLiudlotnidsiatasmasauauanunudansias lagldanusilummasay 500

mm/min A1UN1A531% ASTM D624 die C AAABLILLLYINAIN (right angle) é’uammﬁagm%:lﬁ%u

nagoy 10 3% a9TudBinsaninua LLazﬁuﬁﬂﬁﬂLLiﬂﬁdgdq@ﬁﬁ’]lﬁ%ﬂﬁ’mLi’]\“laﬂm’]@ AUIHWAIAIANY

MUNUABNIANTIA (tear strength) ANFUNTN 5

F
Ts = (5
d
laghl T fla ANANUNUABLIIAG (tear strength) Arviaetdu N/mm
A ' . a ' &
fa AULIFIFA (maximum force) anain N
d Ao AanurwITaITHe819 Iniasidu mm

1.3.2.5 NMINAFDUENT ABAINITUNLIINILANI% (Thermal ageing testing)

MnInaseuaNudwINUEanILNIIANN10I3% ASTM D573 lasihdunaseuidugdauiuad

PUIAAMUNIN 6 mm W1 1.5 mm aulug\’ammmﬁﬁ ﬁqquﬁ 70°C lwaen 7 Fu iensunasivue
ﬁw%umaauaam’mg‘]’auLLa:Lﬁuvﬁﬁqm%QﬁﬁaoLﬂunma:mffasj 12 h WedSusnmnaastunasay 1w
nagey lUnasauanifinnunudanssds lagfidiaainausa 500 mm/min NENBENLAAE GLEULALINUAL
48 1.3.2.3 Wisuifgusuiamaninuanf ldnounsuss Tasdwandasidudnsuwaswulssesauiia

6199 MUFNNIIN 6 A9

A-0O
P = [22¥] » 100 (6)
0]
A A ¢ = € A wa 2 o '
lasn P Ao LUaILEuwan 1Tl s U aIRUUAVITU 10813
o} A8 ANBIRNLGNDWAITLINLII
A A8 ANUIRNLGRAINITLINLII

1.3.3 NIATIVADUATBANHIE
1.3.3.1 NMINAFDUNITLINA
o e 1l & = v 1 3 D =
aadatiadwrnaufivwaiduigudnattszanm 8 cm nwdszano 1.8 mm ugluwialodu
VS 5 ml Nganndl 110°C 1wnan 9 h Fahwindunesauazidea 0.0001 g MuwinsTunanuay
) (degree of swelling) AURNNIN 7 Q9%
wt, — wtg

degree of swelling = I (7)
0

) a3 o ' & - o o L 9§ oo oA & @ a [ N
I@]U‘YI Wto ADUINRUNNDULLD LR WtA A8 WIRUNWRIILD lﬁﬂaaﬁﬂdﬂw’luﬂ’limugﬂﬂ’sEJLmada@LLa:vL&JVL@mu

MINATOUANLA LA ) NAFOL 2 TUAAIDIIULAZTIHNBANARY



1.3.3.2 N1331AT1MiA8INATRA Differential Scanning Calorimetry (DSC)

100 EVA LasBunagauNiIwnIInagaunITnanl1eiuanysan Siassieioimnaia DSC e

mamvxgﬁ%aaummua:ﬂ%mmwﬁn laslgaasnnsiinauTaud 2°C/min waz 10°C/min S1AT1ERA T2

9

a

gunnd 20-180°C
1.3.3.3 n1sIanzialamaia Scanning Electron Microscopy (SEM)

Lﬂﬁauﬁa%uﬁaasmﬁaﬁ“naaﬂ'auﬁﬂvl,ﬂaaa@éhﬂnﬁaaqamiﬂﬁ'ﬁLﬁﬂmammuﬁaamm Fudaatnafi
e neviinaesiia g

1. %ué'hashagﬂé’mua5‘*?1mumiﬂ@aauauﬁaﬂmuﬂu@iau’:‘aﬁa U mivinnniaasey Aa
3 mAmineafiiinann1sasanana (tensile-fractured surface)

2. °‘§u€haﬂ"mﬁvlﬁmﬂmiﬁjuﬁaaahaluvl,uiﬂmmmml,ﬂunm 20 min WALYINMIANNWA (freeze-
fractured surface)

3. %yuéhaai’mﬁ"lﬁa'mmﬁjwé"samﬂuﬂ,ﬂmmummLﬂunm 20 min WALYNMIANNUA (freeze-
fractured surface) wrinluuglusasmivuiaansonlodidanudutu 2% Hua 12 h §veemdouiaa

P

@san kisaan LLa:aulﬁ%uﬁ'sau’wuﬁmam%gﬁ 60°C Liluinan 24 h

q

4. Fusnagfldinmadudiadilululasawmnaniuian 20 min uazyimainiud (freeze-

fractured surface) ufrugdroiufiaiafiadlon Ngawnnil 60°C uaz 80°C 1uiiandag (1-10 h) aana

a

LNYTITNTAaWanG laoan 'l au%udwuﬁaﬂﬁauﬁqmﬂﬁﬁ 60°C 1Juan 24 h

1.3.3.4 N153L1AT1MA28INATA X-ray Diffractometer (XRD)
mmwumaauwwmmm’mmw 3cm  #“Bu 1.8 mm Vl’m']i(ﬂ\‘]U@liﬁ&ll,ﬂail,‘ﬁu@lﬂ']i?_l@] (L1)
WiNAL 200 -400% aumumunaumimm (specimen heating step) uae auUMeta (heat stretching) ‘Yl

g 90°C 1Wuamn 5 min uazlfan1azmsauna (heat shrinking)  (120°C, 1 min) fnuald L,
Wiy 20 mm fasanfunaseufvwalngun lisunndedaldngmnniives Jadasildaunauri
>

K A PN o) « ) o A ' a A A A =
ﬂqi@]ﬂﬁ@]ﬂamﬁﬂuu 90°C U281 5 min W TWNaFaUNaWNITALEA %uﬂ@ﬁauﬂagluaﬂq"mﬂ@ LRSI

3
&) 2

NAROUNSIOUNA HATenuiaias XRD Lilosainmiiansieaniaies XRD # s1iludasitunasey
pwalng 39ldsunsnliunaseufiaionlude 1.3.2.1 nzBunaseufinziianzidruiadasitaad
anunelidinin 1 em  lwsnefisunudedouldands 1.3.2.1 axfanuniaBEudurindy 0.5 cm
Imfﬁ"lﬂé’mih{l‘*?'iagjii:mwamiﬁaﬁm:ﬁmmnﬂ”’]m@m 50 % uwazardanunislndidssnuainuniig

Budwilaliansnaaicisanusan
° = a = a o & I o a_ wa ¢ & A,
MmsansmUSunmnanvasnediweslanld cuk, (duundsdiifiaiafiand deiid1ainnsn
AR (wavelength, A) LYinAL 0.154 nm AM1A28962881915z0 M 1 cm X 1 cm (A4 x 8712) Nalwthle

dragn9luiaIasfounIIFand wazldan 20 Tutag 3° 89 70°  dAurnnndesidudanuidundn anw
FUNNIN 8 9%

Xe = (I—CJ x 100 (8)
I.+1,

10



lasf Ao USuanan (%)

8 WuAlanTwWaInN I wKEn

& Hdg o ) a « %
8 Aunlansmdiniiduosmgn

S~ NN

A
f
A
f

1.3.3.5 N1331AT1RA8NARA Infrared Spectroscopy (FTIR)
ﬁ']ﬂ']iﬁﬂ‘]ﬂ']‘ﬁ’]ﬂ?']Né’llﬁ’uﬁqizﬁ'j'lﬂiﬂiﬂa%/’NIﬁJ Lﬂqﬂﬁuﬂ"l'lNﬁquqiﬂluﬂqiﬁﬂ(ﬁqﬁﬁ ﬂﬂ?q&l%’au’ﬂaﬂ
a ad a = o @ ' a e o a [ v
Waal;aﬂauvhuﬂazsﬂl;@@] I@]EJ%’I@I’JEI&I’]GWEIEILEJQ?YI@E]GT‘]’]TJLﬂi’]:%?}u’mﬂi:mm 1cm X 2 cm (N3 x 817)
o \ a -1 o a
ﬂqﬂqiﬂ@]ﬁaulqu?\ﬂaﬂﬂﬂau 4000-400 cm @gnawa ATR

1.4. HANINARDILALIVNTUNANIINANDY
1.4.1 HANTINATDUANEINIIA IHNITHAAIAILANTDUVBI EVA
1.4.1.1 Swﬁwam‘nﬁlau‘[ﬂafumqaﬁzﬁ@iamwmuwn‘lumwﬂé‘hﬁ‘aﬂmw%‘aumm EVA

EVA18 ﬁl%’tumimaaof:ﬂuwaﬁLwaﬁ?ﬁﬂiﬂmﬁwﬁﬂagﬂi:mm 11 % F9aainiaziianugInnm
Tumsnadadoanuiawldluszauniie mu%aMmimaqmzﬁﬂﬁmwummmlumiﬁ@&hﬁaﬂmm%u
Rnds anmanmsil levinmsmaseu3suifisuanuamunsalumnadisisanuianses EVA Anns
\éin DCP US31m4 0.5 pph (0.5 g 289 DCP @i 100 g 289 EVA ) uazfilsiidiu DCP %umaaugﬂﬁqﬁ@
(extension) 240% lag¥in1Inanasnani1azd1s 9asuaadluansei 2 nszvawminasauanuaasnlu
minaddsanuianiat 3 {igumaummm@ﬂugﬂﬁ 7 fa %umaummﬂumseju%umaauL‘%smfw
specimen heating ﬁﬁﬁqm%QﬁLLaznmﬁﬁmu@ (T4, t) 0199zl fauneudiale (Troom) TuaaniigodFonin
heat stretching ﬁwﬁqm%nﬁuammﬁﬁmm (T, 1) muﬂy’umauq@ﬁ’mﬁm'jw heat shrinking ﬁwﬁqmﬁqﬁ

URZLIANNTNAUA (T, ts)

MTNN 2 Eﬂ%waﬂuaamn%auimiumqmm: T, A0RUUANIINAAIA18ANNTaUTDS EVA ﬁgnﬁa% 240%

DCP content Testing condition Heat Shrinkage Amnesia
(pph) Tty To b Ts ts (%) Rating (%)
70,5 64 11
0 Tom | 80,5 1202 | e | 6
"""" 0,5 x| e
70,5 70 14
0.5 Teon | 805 _______ 120, 2 71 __________________ 14 _________
"""" 0,5 7 T
1005 7 2

(* TUIUBNIZTNINNIDVER)

HANTINARBILEAIIUAT191 2 uanInazuaaIdnInasasnanlosluanaud SauaasBnina
- , . - . 9w . X
28391 heat stretching (T,) '«J:Lﬁm'}mﬂ%awIquLaqamlvxLﬂa'jfLS'fiu@Tﬂﬁmmgwu N 64% Liw
v a a a A A ;3’ A o v A o K wval A
74% saandadnunu] mzliinunadenlosluanainiu Sehnihiiduddaldlinbauszmme

a t&l 1 a ] ' Qs 1 a o a Aq’ { ' 1 a
@]'JE]N?.I‘I/L aauqm%qu T, "l:uﬁwa@mmwmmamaﬁuﬂmmy TUNUNVIATERININMINARBLUIAZLAAIINNT

11



'
=

aungmnpiigainly iwmzyanaauinaizas EVA Alvind 83°C (Tayannmyianzidisinaia
DSC) mﬂ%awimimaqaﬁﬂﬁ EVA nuenufanldain misufaianizisslivinl¥gunagauuaniin e
amnesia rating uendSpuifisuanusniseninanaimineduasiouwnsastia luumed heat shrinkage
w3 sU R UM EIIREINSRAGITLANNENINAIN5RIBA G9%in ¢ heat  shrinkage 398 aTln
LINWENE W12 L, Senannnda L, wewe luameiien L, enafldntasndnd L, lalunsdindaadeiinma
ﬂé'ugjdﬂ’jﬁmmmu%'wﬁu Ium\mr]uﬁm amnesia rating ﬂ’mlzﬁmmwﬁ'uﬂuﬁ fa L, Ny L, Wi
mnUmmiﬂwLaqamaawa'&ma%ﬁmwmé’umﬁsw:lﬁu LL@iiuwﬂdﬂﬁﬁ'ﬁmaﬁmnﬁmmumnguﬂﬁ
ziidasanangegsiientas 1t snwmsdszsaivasweiwasudaziiafid1siu (intrinsic property)
LAZNIAAANULAUANA (residual  stress) Lﬁaammr]mi%ugﬂ Dudu drmadoauuldnmeuanes
amnesia rating UsuanfsmaAnnIian1isesduin mu@hLﬁmLuumaauﬁwaﬂﬁaama:‘lajawqamaa
%mm%é’um?fugﬂ NIAANMULABANAN Lﬁaimaqavl,ﬁ%fumm%auﬁl,ﬁmwa@iamimﬁ'auvl,m AT

%’@ﬁﬂmﬂﬁagluann:ﬁawqa

1.4.1.2 BNENAFNIZNINARILARADANANFINTOIUNITRAGINILAMNSaUYI crosslinked EVA

nuansnagavluaag 2 wudwmﬂ%aﬂﬂﬂmaqaLﬁummmminsl,umimﬁ'maa EVA
3t Minasasaaluisdonld crosslinked EVA #ifi3unm DCP infin 0.5 pph lumsénmndnswa
gnensnagaufiddeniswes saudsnanenlaun Ty, Ta ty, b WAT AwuamIeadatunagouiniy
240%

Han1InaaaIfiwIaasliiinigmnnd T, 1 90°C uaz 100°C lddNInaaILYINAY 34

Wanlfgaunni T, 71 90°C vhmInasaiiafdnmaniwazasnailun1seuszwinidaba (heat stretching,
A v J . P ' 6 < (3 a P ¢§/ A v
t,) aNIEIANTEWING 1-5 min HANINARBILRAILUANTIN 3 wuinlasitudmsnaainduilaltiianlu
a & & XA { wa o o o & @ =
MyaUdaLANT mﬁLﬁaommnmsﬁIuLaqavlmumimz@;umﬂmwmaumumu maﬂﬁmal,wimaqa
2 A o I @ A9 o & . A = R £ a A A A
aflanuldse (flexibility) anndnaasndfildiiaaunin Warinnsauneimadi laundu annsdiniteda
A A X ° a ' £ e o o @ & vl A v o
AMTaUEANIAUINT Y wﬂﬁ’lwLaqaunmwauﬂmﬂmumu UTUATNNURNNIEHH I ATY FANNARTDE
=] oy A A A ' o M o Aa I g A
131 suddanlEluniseviainadaniTnadd wa binI3brIa IwIntAnld inszidunisEuiufed
WAt Mlidunugs uazldmanzaudansilulgnuais lassmaddoiRasaniui ldaasldioalu

AsauiiaLin 5 min

MIWN 3 BNTwarasMaUTEnINGIda (b)desuianmmadidisanuiauves EVA Ngneaia 240%

Testing condition Heat Shrinkage Amnesia Rating
Ty, 4 T, t Ts, t5 (%) (%)
90, 1 69 -4
90, 2 70 -5
Troom 90, 3 120, 2 71 4
90, 4 72 -4
90, 5 74 -2

anwaninavasgmnnilumauna (T;) lasifanlfan1izmiania (T, t,) 1 90°C 5 min au

HANINARaINUEAIlUa13197 3 17 crosslinked EVA #ild3unas DCP 1#inAu 0.5 pph GeBladunasay
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winfiu 240% (RenlFiaanlunisaumad 2 min uazutlsgamgilunisaunaszning 90-130°C HaMINaaEd
uaaaluanifl 4 QmmﬂﬁlumiaumLﬁ'uﬁuﬁﬂﬁmsmé’aLﬁu%mm:nﬁua@aq%nﬂ%Lﬁaqmmﬁgmfh
120°C Fatin qm%gﬁﬁﬁﬁqmﬁa 120°C %auaﬂmnaﬂﬁmmiméﬁgaqﬂ 914 @A1 Amnesia Rating
Infifnsguddis nammaseszaandasnunnsf de Lﬁaqm%nﬂﬁgaﬁu Imaqavlﬁ?uw5dmum:<{fumﬂ°fu

a £ e & a X
ﬂjquﬁqu’]iﬂluﬂqiLﬂaﬂuvLﬁjmQGINLQQQQGTH NMIRANIAUIILWNDY

MTNN 4 Sw%wamaaqmwgmumsaum (T,) FORNTANIINAAIGI8ANNTOUTES EVA ﬁtﬂmﬁaﬁ@ 240%

Testing condition Heat Shrinkage Amnesia Rating
T, t T, t Ts, t5 (%) (%)
90, 2 66 23
100, 2 71 -5
Troom 90, 5 110, 2 72 -4
120, 2 74 -2
130, 2 73 -4

nmMInasesfiriuen snefildlunseunassldldudsnalumseune (t;) 69i% nsnases
dolusadunsinsndniwauas t, Addensnasivediiagng EVA 1iiaidiganin (0.5 pph DCP) udstaalu
mM3aunalugig 1-4 min @enszazaWlWiAn 4 min wszRasanananwmslauess Aliaasls
nanlumsldanudeunedwefumanly namimesasuaasluaned 5 narlumssunaliSnasanne

fmoanuTanatnalivefan deun Minasadae 91l azidanldiaanlunsauna (t;) 1 1 min

@397 5 andwavadnanlumiauna (t,) deautannaalsisanuTausas EVA ﬁgﬂﬁaﬁﬂ 240%

Testing condition Heat Shrinkage Amnesia Rating
Tty To ty Ta s (%) (%)
120, 1 73 -6
Troom 90, 5 120, 2 74 -2
120, 3 73 -4
120, 4 73 -5

agﬂam's:msmaauﬁmm:au‘lﬁ’h ﬂ?iﬂﬂﬁ@lﬂ?il’ﬁﬁﬂ’l'nﬁ 90°C 5 min WALENNIZNIOLRAAIT

vd o . A M v o ' o s A o & \ s &
1590 120°C 1 min MInaaasfirwunlildidunasauaunawrinnsdsiia a9mu MInasssaea ldIsfnm
AnTwaveIMIaUTUNAREUNBUNNIANEA (T,, t,) I8@I8819 EVA THal@eans (0.5 pph DCP) Wan1y
nanoIuaadlua1In 6 LiasnngmnpiinanaunIuddu (T,) 289 EVA18 fiwawniu 0.5 pph DCP

sz 20 °C (A tan O AldnmAensimisinaiia DMTA) wazUSunauuandaudnadi (11 %)

aenn luianazas EVA Ssfianuldssauazdanguldangmnniives

9 U
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N3N 6 BNTWATEINIBLTUNARDL (T, t,) deFudAnIInadIdoAuTauas EVA Nnaada 240 %

Testing condition Heat Shrinkage Amnesia Rating
T, t T, b, Ts 15 (%) (%)
Troom 90, 5 120, 1 74 -6
90, 2 74 8

. XA d o ¥ Y ; &
MnInensafuifufiudsizaenadaindu uazlfan1ienaufiTuussliu Han1INaRaILEal

A' s ' 1 SR A 1 Y o v £ a' x§’ &) A' 1 s 1 s ;;' ¢§/ tzl'
Iue13197 7 M3pualasnInawnIIaIba Ll berin IR Ina e miN % LD UAUNFINATT NMNIRAAUNNTULL D
2 A a X A o o a A = oA & a o o o £ o o P
sozfadainiu Simanadasnunnuf iwnladsiauniu luanafimidaidoadanniu ildiaulnad
& A ' A I o A a A 2 A o
aaad luanznluanabizey aldiuanuiouiiismalunmuaianlniluana luanadsliniinada
v . A o & a o o ' ' o A o A Y o =
navllagluanzaugalddiunnzlivsnanauannniy dmmadinldgiga de 83% uddadinnads
A A A a & o { a end Y o & o °
Bafiganniiaso0 % ihasnnwedweiiduisgNdaudfluagiuim aiuu myiaszes Ly, uaz L, 39
NuALazyinMIIaLNana I w lUannIaz e nan mnmm@aauﬁauﬁuﬁﬂﬁagﬂﬁi’]mas‘v’fiuﬁmwm
azilidnaaaddaniasiauiazainlugiena 6 TIlaIuINRIIN ARy luameia L, 3z5unifinas 3
TL9UIN AUU MInesasdufeniaszez L, wez L,  lutsnaenafiszyHiluwitnismesss wanis
ameutayafuuenyia L, usz L, apdldd dn L, Alariuiiuazianmlud 6 fdnedneiu £ 1% wiuu
=3 U Aw v A & ar 1 1 = 1 s 1 A' v =S A Y d'
Jamansalsania ldnuiiduaiununanmaass auan L, Sanuuandrsnulugisninte 3aienlddn

o [ s A v S A Y @ ' =g ac &
IANEUNRRY 3 h TILUATURLUNINATNIANUN ﬁ]zslﬂjﬂ']@]ﬂﬂﬂ']?uﬁ’]Uﬁquluiﬂiﬁﬂ']iqfﬂﬂu

A A a 2 A A ' ' an o o % A
TN 7 BnSwavasmsaudunamau (T, t,) Nzardadsgdasutanmanidioanuiausas EVA 7
gﬂﬁdﬁ@ 240 %

Testing condition Extension Heat Shrinkage Amnesia
T, 1 Tty Ta ts (%) (%) Rating (%)
200 70 4
Troom 90, 5 1201 | 300 76 _________________ 1 _________
"""" w00 | s | a4
200 67 2
100, 5 90, 5 1201 | 300 754 _________
"""" 0 | 19 | s
"""" s0 | 8 | 3

a1

a A g { o .
1.41.3 amﬁwamaaL'mﬂun'ﬁmugﬂﬁumamwmmsn’lumwmméﬁﬂm'm%'aumao crosslinked
EVA
a ' & = 6 v A v v a o A
IMNNIINANDINNIBUN W‘U’J’]LﬂaiL‘H%@]ﬂ’]i‘ﬂ@]@n&lLL%’JI%NIﬂﬂLﬂUGﬂuN’]ﬂ Uedszunm 74%

2081 NHIBIIN IO TUNTUNAFOUAILNTAATNLIAT 10 min 39 LHYINNIINARBILANNITZHLLINT MAITOA b
S X 4 . . 9 9 a o 4 A a ° )
VNN smmmwmw:mlwﬂimmmimauimiuLaqameu gn1lgMIavdafa (90°C, 5 min) &11ENS

aunada (120°C, 1 min) 14 EVA A%n1316iu DCP 0.5 pph vmitadunasey 240% Lifimsaudunaseu

AaunIaeia NaNIMARDILEAIlUaITIIN 8 wudulasidudnimaaidisanuTauiianyiigni
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=S A

{ a a J ' wa L k3 v {
AN 8 E]‘VIIJ'WES“II9\1L’]ﬂﬁluﬂﬂimugﬂ@lE]ﬁllu@]ﬂ’ﬁ‘lﬁﬂ(ﬂ’l@’l’]Elﬂ’)’]?J'iE]u‘llE]\'i EVA Nonasiia 240 %

U

Compression molding time (min)

Heat shrinkage (%)

Amnesia rating (%)

10 74 -6
30 74 -5
60 73 -3

1.4.1.4 BnSNaVIUSH1H DCP NAADAMNFINITOBNITHAGINILAINI DYDY crosslinked EVA

FmMIngn EVA sz DCP - anafiussene lluiadaiimanases (1.3.1.1) lasuysuSunm DCP

1 s o J { a @ v o o @ v ¥
1NNU 0.5, 1 e 2 pph mmi"nugﬂmuﬁaﬁmﬂumma 1.3.1.3 %'W&J’Wl@lﬁaﬂﬂﬂiﬁ@@n@l’lElﬂ’)']&liﬂuiﬂﬂl‘ﬁ

gnzwasnwiunatuneluiide 1.4.1.3 HANINARBILEAIIUANTIN 9 3LAWINYTUE DCP 0.5 pph

Lﬁm‘wa‘lumiﬁﬂﬁ’lﬁﬂmiL%auIquLaqmmﬂﬁmmsmﬁamnﬁmuﬁ'uﬁ'umil,ﬁuﬂ%mm DCP il 1 pph

FIBNIVAVDITUNAFOUNANIILAN DCP 2 pph i uh'cnzﬁmmqmnmiﬁmﬂ%awImImaqammﬁuvlﬂ

AURN mmiumﬁ@*’n E’NIQJ Laqaa@aa

S A

19N 9 BnTwareslIunn DCP darulanmInaaiaiuanuTautad EVA Nonaitia 240%

U

DCP content (pph)

Heat shrinkage (%)

Amnesia rating (%)

0.5

74

-6

1

73

-9

2

(2

TUNWUNAITHININI0UHA

1.4.2 Naﬂ'ﬁ‘ﬂﬂﬁa‘uﬂ')']Nﬁ'l&l’liﬂi%ﬂ'li‘lﬁﬂﬁ%aﬁﬂﬂﬁﬁN%B%ﬂad EVA/ENR blends

1.4.2.1 dnsnazasdsunas ENR

FMaassuno AN a NN USu1 s ENR 1Ay 10, 20, 30, 40 U8z 50 % L@y DCP USunm 0.5

pph sy minuasnadiuas (EVA + ENR) thasandasmislifimugaulssluianalunefiweinimes

a o nd/dl Y Aa o @ o J o @ s
THA Yl’m’ﬁNﬁN@]’]ﬁJ’JﬁYle@]aﬁU'WUSL%%’J“IIQ 1.3.1.2 LLﬂ:V]’]ﬂ’ﬁT%E‘]JGI"INW’J‘U?J 1.3.1.3 HANNTNARAUNITHA A

MBANNTBULIAI AN 10 wudmsidn ENR ldfinadaniinaaiaas EVA

AN3197 10 INTWaVeIUIN1H ENR GaguUaN1THaa1a8ausauuad EVA/ENR blends ﬁgﬂaaﬁﬂ 400%

ENR content (%) Testing condition

(T1lt1/T21t2/ T3,t3)

10
20 T 0om/90,5/120,1

30
40

50

Heat Shrinkage (%) Amnesia Rating (%)
80 -1
80 -1
80 0
80 0
80 1
79 4
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mMsansaninavesszeziauazannznmsaubunasauiawinniite lasannznsnaaadild
(Tot/Tot/Taty) @0 90,5/90,5/120,1 wadiwaswauil DCP USum 0.5 pph Wamsnaaasugadluansen 11
: v a X o . P 2 A a & a = oA
wuhenumusalunanaduiaiulunnaanauneulaszozfibainiu Yiunm ENR lifinaatnd
wodAnydaniinadizas EVA wdidufihdunadn masenloluanazes EVA damfinanuaaninly

) . o Y o . M a ' o & ' &
NMIRAAIBENITALAN %ONINHA8E19 EVA 71L@N DCP 22 liginnsndsdia laasue 300% vl

7N 11 sudinInadidionuiauas EVAENR blends Nigndsiiaszuzenig fmmasasiianiie
90,5/90,5/120,1

Extension
ENR content (%) 100 % 200 % 300 % 400 %

HS AR HS AR HS AR HS AR
0* 44 14 46 63 *
0 48 11 57 27 68 7 77 6
10 49 3 56 17 69 14 74 14
30 51 3 58 13 62 25 71 25
50 33 24 60 12 68 11 76 3

* o . A Py ' A X . .
( dnan ladl DCP, * THN%11952%I9N158UEA, HS = heat shrinkage, AR = amnesia rating)

1.4.2.2 andsnavagSuas DCP

v
A

a wn ' a a a A &£ o o
Wasnnauifanunudeussivesnefinainaugilaaaadiiadiunnm ENR  iWadu (Wats
1.4.3) a9%u wadlwasuaufazAnmdald azidenldaamnaundysuna ENR laiifin 30% a1799 12 uaas
AMInaAIsANNTauTaINaRNaTHRNNS ENR U501t 10 wi% vinnsi@u DCP ludSunmens g @9
tia 400% wanInasauwudn auaansalwnmIvaarinns Usunm DCP lafinadannuaansaluns
v A g , A a a = A v A Y
wae Midwduianaissnandinanageslosluianaarafidlnfifoaniu

AN319N 12 anTwaveIlSu1m DCP dagulan1snaa1a8aNTauuad 10%-ENR blend gnﬁaﬁ@ 400%

DCP content (pph) Testing condition Heat Shrinkage (%) Amnesia Rating (%)
(Ty, 8/ Tty Tats)
0.3 80 1
0.5 Troom!90,5/120,1 80 -1
0.7 80 -1
1 79 -1

1.4.2.3 ndwazasanIzn1saunawhsiia (T,t,)
Tdwadiuasnaniifil ENR SNt 10 wt% uaztdin DCP USunmk 0.5 pph inmsnasaudninazas
MIgUTUAIBEN NANINARBLUEAS AN 13 mseju%umaauﬁLLmIﬁuﬁwlﬁmwmmsniumsm

o & _ o q % . . a &, v a, A & { & &
AINARILANUDE LLN:‘Y]']SL‘VM'] amnesia rating fWNTHBLIININ MIRAMIUANLANNT AN IZDZDANINUD Y
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N3N 13 BNTWATaI (T,t,) desudAnImadidioauiansal 10%-ENR blend anasiinssazendg

To, /Tyt Tt Extension (%) Heat shrinkage (%) Amnesia rating (%)
200 70 -1
Troom/90,5/120,1 300 7 -5
400 80 -1
200 56 17
90,5/90,5/120,1 300 69 14
400 74 14
200 65 8
100,5 /90,5/120,1 300 74 8
400 78 14

1.4.2.4 Sﬂﬁwamaas:uumstﬁaufﬂaTuLaqa

MNANENINTIRUA mn%auimimaqaﬁa DCP %3 DCP Lﬂumn%awimimaqaﬁﬁmm EVA U6
Lﬂumn%aﬂmiuLaqaﬁ“lsjﬁ"nad ENR fiavananavhlfifiasendiatuls ENR s‘ﬁammnﬁuﬁzcﬂﬁﬁag’lu
BNITITNTIR Lilegan ENR ﬁauﬁmn%auim‘[maqaﬁaﬂﬁaﬁ]zﬁﬂﬁmmmmmlumsméﬁmaawaﬁma%
HENED W Iﬂiaﬂwsﬁﬁ'ﬂf:Lﬁanl’ﬁaﬁiL%auIﬂaIumqaﬁm%’u ENR ag 3 7fia Aaulataan’od duzdu uasi
#RALITU 5‘3\1mn%au‘[maaoﬁmé’aff%z%a’mnmL%auimimaqamaa EVA ldfiay dain minaaassedl
myldsuumsidenlossasliznn fe szuuidssdonlssrfiadsiuazszuuiiiasdenloaassfio nyd
Alatuzduuaziuadaisdn azldauiminues ENR mwgmﬁuamlumﬂaﬁ 1 §amns@ile DCP azld
anusiwinues EVALR: ENR 1181w ionldwafiuasnauiid ENR U3anm 10 wi% wansnasauuansls
an31971 14 TeyauIsviagarnsfa EVA #ifimaeiu DCP USunm 0.5 pph ldRansondniwazasnaaw
ENR lu EVA

(ﬂ’]i’]\‘lﬁ 14 S‘ﬂ%wa“uaaa’liL%asJIUaIuLaqa@iaﬁuﬁ?\mi%@ﬁaﬁmmm?awaa 10%-
ENR blend N19nfisdiaszozensg nMuldaniaz (Te.m/90,5/120,1)

Extension
Curing agent 200 % 300 % 400 %
HS AR HS AR HS AR
DCP 70 -3 77 -1 80 -2
S *

Ph 71 0 *

DCP + S 71 -2 *
DCP + Ph 70 1 75 -1 80 -3
(EVA + DCP)* 70 4 76 -1 80 -1

(* ee9nasErnItemsauia, * 100% EVA + 0.5 pph DCP)
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gnemanageuluaneh 14 Vl,aiﬁmséju%uﬁmmaﬁaumiﬁaﬁ@ sruufildiuzduagraasla
aansarinmsnasevld asntunageumasewingmsauia nmadu DCP $ruruiuzawlalevinlv
msasBauunis sunesauliaunsnasiialdnoue 300% 3wl nsldinaasasduoinadss Tualy
Awdonin Funaseusansnasialdioanin 300% sl DCP uas DCP Truiuiuassasdu Twans
wadlutadsinuuaziniiouny EVA lunnizozdadae gaumuziuuasluedaisdulddinsmaaifszos
fia 200% Wintuszuumadealoadueg

nuansnaaaslua i 14 usasliiininiusdusasiinodasdulimansaulumaanldom
Fuil Lwiuw:ﬁmsmaadgiu%umaauriaumiﬁaﬁﬂ Fao1v9: el T saefaldundn dariu vinnns

ﬂﬂﬂﬂdiﬂﬂl‘ﬁﬁﬂ’]’]t 100,5/90,5/120,1 wamswmamamlum‘iwﬁ 15

ANT9N 15 aﬂ%wamaas:uumn%auimiuLaqa@iaamﬁmsméﬁﬁmmmi"aumm 10%-ENR blend “?'lgﬂ

fefiaszuzang g nmoldaniaz (100,5/90,5/120,1)

Extension
Curing agent 200 % 300 % 400 % 500 %

HS AR HS AR HS AR HS AR
DCP 65 9 74 8 78 14 83 5

S 58 28 55 82 54 186 *

Ph 44 70 57 78 67 75 *
DCP + S 68 -1 75 4 80 5 84 -1
DCP + Ph 67 2 76 -1 80 2 84 -2
(EVA + DCP)* 67 2 75 4 79 4 83 3

(* @adraEritmIauba, * 100% EVA + 0.5 pph DCP)

A & A ' 2 A \ Y ° o a a A af
INANTNN 15 AU msqmumaaunaumsmmms’Lmzuumuznuua:WuaamLsﬁmmu
R A R L = Aa A A A A o o a A A )
FINNINAIEA LA DT 400% Wweiat9b3AMN TeuuNTaTTeNlsrhadslfaiiusnuLar NuafaLsTwaI IRe
ANIRANIFININTZLL DY LLa:@‘hniwmimaauﬁvlajﬁma@u&hamoﬁaum‘sﬁdﬁﬂ NI hlanuTadstiale
= & dl 1 d 1 L o e = 1 = 1 L o v ™ QI J ﬁl S A
Tuszoziia 500% Hunvingsnainnslamuzauissasnadodlileilddinmeadininilaszosdsia
a X ' . ) A ¢ = A a &£ ' ' | a a
\WWNNINTU UAzAN amnesia rating  H1g9Nnn Dananeisiinsiannnieluudu sauluasasguns
U v s n: J 41' A n' J " a g ) = a o o
wiihazlddmnadiiuduiioszuzBaindu ude1 amnesia rating SA1geanniduidsnu ssuuiuziu
LLamé'mzrmzmiM@ﬁ’agdﬂ'jwszuuﬂuaﬁﬂLSﬁ‘ﬁu'ﬁiwzﬁ@ 200-300% WeNIzeziia 400%  JeUURUaRALT
TUIZULEAIAINITNAGIFINTY fausunagauny DCP iz duszuusdenlosriafoinoaaisha as
LEAIANBIATANIRAAINL AT aunw NLiuituilinsiz DCP ﬁﬂlﬁﬁﬂﬁiL%awIﬂaIuLaqamaa EVA LUULAEING
1unﬂizuu uaﬂmnﬁﬁoﬁﬁiﬂﬂﬁlﬁmﬁ'u%umaauﬁvlajﬁﬂ’]iajuﬁ'sasmriaumiﬁd%
dmnaundziugnded fe szuuffiudinzduuazluefanduadradsizlifianagoulsq
Imaqamad EVA wniditudh amsnaaivasnedinasnanluszuuiinasvinnuansnaauad EVA b
fimagenlosluana Ansandayalua1sen 11 azfiuii EVA 7l DCP azlimansndsdaniud 300%
é/ U g 1 L= A v A 0/ =Y dl v
auldle wananidnisnaaauas amnesia rating 289 EVA fenlnfidsenuwedimesuauluszuunliiue

FALITUBENILALT DIBTITINIINARDIVBIAITIIN 11 'cn:ﬁmiéju%uﬂ@aauﬁaumsﬁaﬁ@ﬁqmmnﬁﬁ@‘hﬂdwmi

& o = a ° = a o o ] P
naasyaank 10°C nany LL@]ﬂﬂ?WﬁWNWiﬂuﬂNﬂLﬂiﬂULﬂU‘Llﬂuvl,@ﬂu'iz(ﬂﬂﬁud LW?W&NQF‘IWEV]G’IQENI%@HTN‘Y]
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7 uae 13 LL@MWL%MWﬂﬁEj%%tM@aauﬁqm‘mq]ﬁga%ua:ﬁﬂﬁmmimé’mmmLﬁmfaﬂ FonanIaans
Tuans197t 15 ﬂa%ﬂw%umaammwaaLwa§wau1ui:uuﬁ1°ﬁﬁﬁu:ﬁuaihal,am‘*?'igmjuﬁqm%nﬂﬁg\m:h EVA
fasusnlainInadiganitdimmedivas EVA ﬁvl&iﬁmn%auimimaqa uaswoRwosnanluszuuf
I%WuaﬁﬂLiﬁ‘fmamalﬁﬂ’sﬁgnejuﬁqm%gﬁgaﬂdw EVA famantalddiminaallnaifsanuanisnaaives
EVA “?ileiﬁﬂ’]iL%aﬂJImIMLﬂqmm:ﬁ’m’liﬂadEl@]vl,ﬁlll’mﬂ’i’] EVA a9namels uaadliiiAninnisnay ENR
vl EVA  fenumunsnlunsasiialduniuuaznadaldunndwialdszuunsiaenlusonafinansas
Lﬂuﬁmlﬁﬂmﬂiﬂﬂ‘d"l,aimm‘m%ugﬂwa’ﬁma‘fwawﬁ"l,ajﬁmiv‘%"mﬂmiuLaqa"l,éi’l,wmzﬁ W31z ENR vinl¥we
Awasnaninzfanuithlane fusezlduindnuanuseumuniininueatudifan uaagelsianu
Fanalanunenenufiaziad s agneille Lﬁafﬂzvl@?ﬁmizmﬁw%wamn%auimiumqa@ia"lﬂ

a15797 16 ugeIENTAMInacIToINafINasHaNAT ENR U5unm 30 wi% wamineaasidulllu
AemadoinunuwefuasuaNaia 10%-ENR blend @ i:uuﬁﬁﬁq@ 1éun DCP waz DCP wauAuadaLs
Fw madw ENR Tn EVA Wldiasuuwdssmnusmaninlunisvadines EVA agraduda NNIzUUHINd

: v a & a da &
LEAIATNIIVRAAUNNYUANNITUSUANENNVW

MINN 16 ’éw%‘wamaas:uumn%aﬂm“[uLaqam'aamﬁmsmﬁ’sﬁwmm%maa 30%-ENR blend 71gn
fatiaszazdne g maldan1iz (100,5/90,5/120,1)

Extension
Curing agent 200 % 300 % 400 % 500 %

HS AR HS AR HS AR HS AR
DCP 69 -12 76 -7 80 -6 83 -3

S 67 -2 74 -2 75 22 %

Ph 66 4 76 -4 *

DCP + S 68 -7 75 -6 78 1 *
DCP + Ph 65 3 73 9 78 10 81 9
(EVA + DCP)* 67 2 75 4 79 4 83 3

(* eednaTErINIaula, * 100% EVA + 0.5 pph DCP)

1.4.3 HANINAFOUANDALBINAUAZNITUINAIVDYI EVA waz EVA/ENR blends
a a a g
1.4.3.1 dnBwazasl3aas DCP uazaa1 lunsingzas EVA
3U7 8 lunMusaIeNIFNRRTIzA I AN uLATAMIATEATEY EVA 11l DCP wazdl DCP

a J | dl a '
UTu14 0.5 pph (crosslinked EVA) lasdugthiluiaan 10 min 13199 17 usasandfanamudoussfsas
EVA Nfi5unms DCP ¢ 9rin matdin DCP 1USanmk 0.5 pph vinlsiduaqaauazizaziia m 30210 aand ud
' % a & { [ a ° 2, {
AAMULAL B 30279 TANTK MINwegAFaaatataiaann DCP Mlwiimufauasovasluiana (thermal
degradation) é'uLﬁaommﬂmsLﬁ@aan%m"ﬁ'm'auﬁ'umuﬁ@mn%aﬂm‘[uLaqa DCP U3u1k 1 pph 113z
° v 1a A A o o [ ) a & A &
MfUTmmagenlosgannnaimlidmagdsuazanuidun w901 WL szoznanlglunsiu
sulifnnadviiduiaydasudfanunudeussdsvas EVA nanfiuazlifl DCP 8nSwazasiiunm DCP 7
A Y ' a A ) ' a A £ A a
fdanIdunuaan1Iin1avad EVA Laadluanief 18 anudunmudamsdnunaiiniuiiiaidin DCP
TudSunmnninwe @a 1 pph lunIdliGy 0.5 pph TuNasaUHIAILEAIFNLAN NALALINLA8E19N bl
a J = " v ' a

\din DCP szpziimlunslugylifinadaanudumudanisinae
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25

20 4 crosslinked EVA
< 15
= EVA
[72]
8
£ 10
[7p]
5 4
O T T T T T T T
0 100 200 300 400 500 600 700
Strain (%0)
sun 8 ATNANUAR-ANNLATHATEI EVA 71 kil DCP wazil DCP USunas 0.5 pph

{ ' { = 1 Q- J '
797 17 audAanunudauTIfiued EVA AflUTunm DCP dsiuuaziugtlunmenigg

DCP content Molding E c, g, G, &
(pph) time (min) (MPa) (MPa) (%) (MPa) (%)
10 38.84+159 | 362+0.32 | 942+081 | 1585+ 1.12 733 + 38
0 30 3824 +156 | 414 +014 | 7.87 +0.22 | 20.86 + 1.22 808 + 46
60 3866+241 | 411+0.15 | 7.75+ 024 | 19.66 + 1.69 762 + 51
10 33.31+1.19 | 3.12+0.07 | 9.38+0.42 | 23.14 +2.91 634 + 71
0.5 30 31.41+254 | 3.09+0.16 | 9.87 +0.36 | 22.07 + 3.16 652 + 72
60 3242+130 | 3.10£0.12 | 853+0.40 | 22.05 +2.81 644 + 75
10 51.08+1.96 | 3.60+0.10 | 7.89+0.51 | 24.74 +2.25 774 + 32
1 30 49.46 £297 | 3.78+0.10 | 8.49+0.64 | 30.79 £ 1.09 783 + 17
60 4246 +161 | 3352013 | 860+0.17 | 34.38 + 1.03 787 + 2

{ v { a 1 Qs ; 1
TN 18 MIdumumIinuaves EVA fidSana DCP dnsiuuaziugdlunaengg

DCP content (pph) Molding time (min) Tear strength (N/mm)

10 72.41 £1.62

0 30 69.45 £ 4.45

60 75.75 + 5.68

10 65.07 + 3.98

0.5 30 68.05 £ 3.90

60 69.12 + 2.50

10 101.40 £ 5.22

1 30 109.95 £ 1.59

60 110.37 £ 1.83
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AMUFIUNIWGADNITUNLIINIANNTOULFAILAITIIN 19 ka2 20 INNNANITNAFOUAIINRINIT
lumsnaaiaisauTon wuin aﬁnﬂuﬁmﬁmﬂ%aﬂmiuLaqa"um EVA @3%w 39 b levinniinaseu EVA

flaiLfin DCP Funamaufd DCP U3t 0.5 pph SN UAsULURIRaINTLNSINNANGN lasannzaine

@’IﬂﬁLLN ANAIULAY Th "Dﬂﬂi’]ﬂ (G ) wmmmum 45 — 67 % UIUBNINWIAL SJﬂWSL"D‘E]lIIEI\‘IINLﬂﬂQLWN"IJu
FLWINMTLNLTI mu“ﬁu'ﬂmawnu DCP J3u1ms 1 pph Nﬂ’]iLﬂﬂEI%LL?JQ\‘]HN‘U@IWNNﬂu@]aLLix‘]@d‘lﬂadﬂﬂi‘UN

IaasninnIawinnu £10 %

A3 1N 19 FVUAANNNUGDLTIAIVDI crosslinked EVA RaIN15LNLTINEANNTaN 70 °C 1w 7 1%

DCP content Molding E o, g, o, &
(pph) time (min) (MPa) (MPa) (%) (MPa) (%)

10 4432 +3.48 | 3.64 £ 0.21 8.23 £ 0.32 17.98 £ 2.25 610 £ 67

0.5 30 52.38+204 | 447 £0.16 | 9.31 £0.42 27.22 + 3.27 592 + 72

60 51.61+£331 | 450+£0.34 | 951 £0.45 26.60 = 4.04 571 +£73

10 56.23 £7.19 | 3.92 + 0.11 7.63 £0.57 29.60 = 0.97 843 +13

1 30 47.04 £+ 153 | 3.39+0.02 | 7.91+£0.22 33.55 £ 1.35 836 + 10

60 4476 +1.81 | 3.32+0.16 | 8.12 £ 0.20 35.48 £ 0.57 783 +1

ﬂ'%mmmm%aﬂmiwLaqammmmmaauvlﬁmnmimué’aluéﬁﬁ’m:mzJ EvA  #ilifinng

L%E]ZJIENI&IL@QN EVA 7ld'ldéan Dep) ﬁ]zafzmﬂuwwﬂﬁnﬁuﬁqmmgﬁ 110°C meluaan 30 min &%
EVA ffimsnaw DCP aziimsvnudauas lazaslumlodufian1izainaail namsnagounsuiudaf
wrludavinazaeditlnnm 9 h  usasluansefi 21 1Hed3unm DCP  tfndu MsLIuI989 EVA anas
Lﬁaamnﬁﬂ%mmmﬂ%‘auimiuLaqaLﬁuﬁu s:Ummlumsﬁugﬂ"l.ajﬁwa@iamimmﬁ FOAARINUNANIT
NARDUNITRAAIURZFNTALTING LLamiﬂﬂ%mmmm%auiﬂﬂmaqaﬁuaQ’ﬁ’uﬂ%mm DCP  1¥i%it anain

n3ioa NIENIN Laqam'«mnﬁ @vl,'l] dn LLﬁ’ﬂ%i&V\’j’N NI au‘tum%m wNauLuule %aqmwgﬁszmnmmaw i;(d

14 140°C

AN519N 20 MU RUULURIFNLARINUNUGADLIIAIVDI crosslinked EVA BaIn1TUNLTIa8ANTaR 70 °C

WWuwan 7 9

DCP content | Molding time AE AG, Ag, AG, Ag,
(pph) (min) (%) (%) (%) (%) (%)
10 33.05 16.67 -12.26 -22.30 -3.79
0.5 30 67 45 -6 23 -9
60 59 45 11 21 -11
10 10 9 -6 20 9
1 30 -4.89 -10.32 -6.83 8.96 6.71
60 5.41 -0.89 -5.58 3.19 -0.49
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ANT9N 21 YSHawnnsulN@Ives crosslinked EVA

DCP content (pph) Molding time (min) Degree of swelling (%)
10 1145
o5 | 30 1095 |
___________ 60 1179 |
1 10 913
2 10 680

1.4.3.2 andSwavasdIno ENR
a a X ' i ' a A
MnuamInasaddFouifisunalunugd wudszezoa lidnadedSinmnageaslosduana
o & . ' 2 9 v AL ) . & A v o &
aatks nInasaudnd gdaly aldTunaseundugdluszaziaat 10 min  iiiu 3UN 9 usaIANUFNNUS
TEATNIAMUAULAZANNLATEATBINRINATHEN WORLNBTHFNNNEATIEIRTIAILAAIANHIULLTUNTIN
\Wilauriy crosslinked EVA tufia dwn@nsumsdadumstadununiaoinu auddnndszniszanas
a dl QI &/ a v dl a L o v v 1

auLTIM ENR filindiu MoaziBsavasdoyauaadluansnei 22 nads ENR Savildanadiumude

a a A a X L e o A .
MIANV1A2EI EVA aaadlazaaadauySinanifinduaas ENR LTuA%h aIuaadlua1mef 23 crosslinked
EVA He1auduwnuadan1sdnaiadinin EVA ARANYNNL 72.41 £1.62 N/mm (9137199 18) Lowiaean
AUFNTAANNNBABLTIAS aNTANIduNUGanITULsIdIsaNTauLaadlua1T9A 24 Lz 25 N3

{ [ . . & . ' { o ' a & [ ' ' a
wWasnudamasmstnssfinidinuazdiay laonveqasazldnfntulunndandiu usasimwafiwed

~ J 1 1 { 1 ] 1 & U Qs 0 v
Haufinuuianndu usasrinhnzimudeauloaluanasznilontug SireanseinuAANALeY T 0
a Ao, a X o @ a & Aa a Aa

219 UAZANNLATHA B 90V10 NRAUANTUEIY snriuwafiuoInaund ENR  Uunm 40%  Nildn

= & @ a Y a & A v a Y P a & a
Wisuudasidndas  Usunansuindivaswafwainandarlnalfesns (a1790 26) wadiuaswauiinig

UruaIunnI1 EVA Wuldarnnanald iwsiz ENR dnnsuandaluwinloduunnnin EVA

20

10 % ENR

15 4 20% ENR
30% ENR

40% ENR
10 4

Stress (MPa)

50% ENR

0 T T T T T
0 100 200 300 400 500 600

Strain (%)

v a o & & .
gﬂw 9 m’ermmu-mmm’%mmaawaamai’mummwugﬂmunm 10 min
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TN 22 auﬂ'@mmwmimmawm crosslinked EVA LLQZWB%L&JG%N@&J

ENR content (%) E (MPa) G, (MPa) €, (%) o, (MPa) €, (%)
0¥ 38.84+1.59 | 3.62%0.32 942081 | 1585+ 1.12 733 + 38
0 3331+ 1.19 | 3.12%0.07 9.38 £0.42 | 23.14 £ 2.91 634 + 71
10 2572+1.03 | 292:010 | 11.38+0.49 | 16.69 + 2.30 508 + 58
20 2197+128 | 241:008 | 10.98+068 | 13.70 + 1.73 495 + 84
30 13.33+£1.06 | 216+0.09 | 1627+1.24 | 13.64+0.74 492 £ 41
40 8.82 £ 0.97 1.88+0.07 | 2158 +242 | 10.28 £ 0.95 466 + 57
50 3.77 £ 0.46 1.82+0.11 | 48.88+6.05 | 7.08+0.69 445 + 68

(* el Dep)

719N 23 ANNEBNUAENIANU1aad EVA LLazwaﬁmagwau

ENR content (%)

Tear strength (N/mm)

0 65.07 + 3.98
10 58.83 + 1.63
20 54.57 + 3.17
30 48.56 + 2.37
40 40.35 + 3.56
50 33.45 + 2.81

TN 24 auﬂ'ﬁmmwu@immﬁwm crosslinked EVA LLﬂz‘WaaLNﬂgwﬁuﬁﬁ{lﬂ’]iﬂuﬁdﬁ’]EJﬂ’J’WQJ%/E]u 70

°C 7 %
ENR content (%) E (MPa) G, (MPa) g, (%) G, (MPa) €, (%)
0* 46.35 +4.43 3.81 £0.15 8.28 £ 0.65 17.86 * 2.01 811 42
0 44.32 + 3.48 3.64 £ 0.21 8.23 £ 0.32 17.98 £ 2.25 610 £ 67
10 3144 £ 2.75 2.92 + 0.06 9.33 £ 0.69 24.94 + 2.96 775 £ 69
20 27.08 = 2.21 2.57 £ 0.03 9.53+£0.74 18.43 £ 1.72 665 + 66
30 19.73 £ 2.18 2.24 £ 0.10 11.44 + 0.87 15.45 + 2.39 591 £ 83
40 15.07 £ 0.92 1.73 £ 0.05 11.51 £ 0.71 10.23 £ 1.06 474 £ 76
50 6.74 + 1.30 170 £0.15 | 26.05+507 | 8.76+0.26 573 + 28

(*hatnsladl DCP)
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AN319N 25 MITLUREWLYBIAIAINNNUABLIIAINFINITUNLTIVEI crosslinked EVA WRZWORLNAIHRN

ENR content (%) AE (%) AG, (%) AE, (%) AG, (%) AE, (%)

0¥ 19.32 5.39 12.17 12.71 10.62
0 33.05 16.67 12.26 -22.30 -3.79
10 22.24 0.00 -18.01 49.43 52.56
20 23.26 6.64 -13.21 34.53 34.34
30 48.01 3.70 -29.69 13.27 20.12
40 70.86 -7.98 -46.66 -0.49 1.72
50 78.78 -6.59 -46.71 23.73 28.76

(* el Dep)

7199 26 YT NIUINAIU8Y crosslinked EVA LLN$WQ§LNQ§NNN

ENR content (%) Degree of swelling (%)
0 1145
10 1426
20 1303
30 1385
40 1498
50 1379

1.4.3.3 Sﬂ%waﬂaa‘szuunﬁﬂ%aufﬂafwLaQa

3Uh 10 LRAINTINANNLAU-AINULATHAVDINORLNATHRNNY ENR USHoh 10% aNUHaNNuea

u3aduaaslua1snen 27 WaaLN@%N&Nﬂﬁﬁ’]&JZﬁ%LLQZWHBaﬂLi%%ﬁ]:ﬁﬁlﬁﬁ&lﬂaﬂ’ﬂwﬂ%@iE’JLL‘SGaGE{Gﬂ’J"]

szuundud DCP iiNpdathaduazlidnganii EVA ‘ﬁo'ﬁﬁLLavaaJ'ﬁmiL%auIsJﬂmaqa

20
DCP+S

15 - Ph
= DCP+Ph N
o DCP
2
> 10
< ™5
=
[7p]

5 i

O T T T T T

0 100 200 300 400 500
Strain (%)
sUN 10 nWaNNIAR-AMULATATEI 10%-ENR blends #lFaaidanlusluiana

f199
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A9 27 RVUAAMNNUGABLIINIVDI 10%-ENR blends az EVA

Curing agent E (MPa) G,(MPa) g, (%) o, (MPa) g, (%)
DCP 2572+1.03 | 2.92+£0.10 | 11.38+£0.49 | 16.69+2.30 | 508 + 58
S 4551244 | 369+021 | 820047 | 20.74+1.04 | 808 £ 13
Ph 49.07 £3.70 | 410£0.07 | 840075 | 23.33+1.85 | 697 £ 57
DCP + S 4863+3.71 | 3.77+£0.06 | 7.79+068 | 26.25+1.54 | 688 +30
DCP + Ph 4314 +2.37 | 376 £011 | 875+063 | 27.97+4.73 | 643+095
(EVA + DCP)* 33.31+1.19 | 312£0.07 | 9.38+042 | 2314+2.91 | 634 + 71
Pure EVA 38.84+1.59 | 362+032 | 942:+081 | 1585+1.12 | 733+ 38

(*100% EVA + 0.5 pph DCP)

gﬂﬁ 11 LEAINTINAMNULAU-AVLATLATDINDRLNDIHENNHN ENR USNN0k 30% RNLAAMUNUGAS

=2 A A a A & A a o A o A ° @
w3sanaasluansnen 28 a‘nﬁwamaamw}jauimiuLaqamuvl,ﬂluﬂﬂmammnuwnm’smua’ma ANzon

wazAuafasTua I Nl aNnanI1 DCP

15
DC+S

12 1 Ph
<
o
S o S
3 DCP +Ph
L
26

“~pcp
3 i
0 T T T T T
0 100 200 300 400 500

Strain (%)

3UN 11 nmWaMuAU-11NIATEAT8 30%-ENR blends NlFmaiTanlasluianasiiag

397N 28 FNTAANUNUADLIIFIVEY 30%-ENR blends uaz EVA

Curing agent E (MPa) G ,(MPa) €, (%) O, (MPa) €, (%)
DCP 13.33 £ 1.06 2.16 + 0.09 16.27 £ 124 | 13.64+0.74 | 492 + 41

S 27.24 + 1.56 3.02 £ 0.07 11.10 £ 0.51 10.95 £ 1.72 | 414 + 61
Ph 33.24 + 1.71 3.31+0.11 9.98 + 0.47 10.27 £ 0.95 | 404 + 28
DCP + S 28.47 + 1.59 3.12 £ 0.07 11.00 £ 0.69 | 12.85+1.98 | 426 + 66
DCP + Ph 29.43 + 1.30 2.96 + 0.07 10.08 £ 0.49 | 1027 +0.95 | 404 + 28
(EVA + DCP)* 33.31 + 1.19 3.12 £ 0.07 9.38 + 0.42 2314 +291 | 634 +71
Pure EVA 38.84 + 1.59 3.62 + 0.32 9.42 + 0.81 15.85+ 1.12 | 733 + 38

(*100% EVA + 0.5 pph DCP)
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madn ENR avlUlulSanmfiaonn 30 %) vinlweanuduuazanuedon o 30219 aaasNINLle
\Wouiu EVA nefitduuas ey DCP Tuameiinmidy ENR asliiiies 10% nauvinlwautaananudanss
@9ganin EVA ﬁ’]Lﬁani"ﬁmn%auimiwLaqaﬁmmmu wadnssuguinulummasauanudunude
AN ATIBLTWIH Gouaaslua1sneh 29 axfinin el ENR 11ndn Anuduwmudansananaanas
ﬂ'mﬁaﬂlﬁi:uumn%aﬂmhLaqaﬁmm:am:ﬁﬂﬁwa'&L&Ja%mmJﬁmmﬁ’mmu@iamiﬁﬂmmmLﬁzm
Audvas EVA ﬁﬁ&ii@ﬁ%aﬂmimaqa wnie sruumnedsn Wufiindanainnmade DeP winlw EVA §
AU UM UADNIANVIARAR awLﬂmwm:ﬁmﬂﬁammmlaﬂuLaqaiwﬁumﬂﬁ@mﬂ%aﬂmiuLaqa

A ¥ ' a a [
AITNN 29 ANMUATUNIUGDNIIDNVIAVDINWDRLNBINTFULAE EVA

Curing agent Tear strength (N/mm)
10%-ENR blends 30%-ENR blends
DCP 58.83 + 1.63 48.56 + 2.37
S 66.05 + 2.48 63.42 + 2.92
Ph 67.89 + 3.37 57.28 + 1.28
DCP + S 73.37 £ 4.82 64.96 + 2.73
DCP + Ph 7214 + 2.87 62.25 +2.42
(EVA + DCP) ™ 65.07 + 3.98
Pure EVA 72.41 +1.62

(*100% EVA + 0.5 pph DCP)

NANIINAFAUAINNAIRNIRADNITUNLTIAILANUTOUVBINORLNDSHANLIAIIUAIITIIN 30-33
A o ' A ' 2 A wa ' A & ' '
WaldihadanmsRansan azndnisamadfsuudasesautadne g enmsdasuudaadudiuan tsvan
o a A a & ' ' . v . a { ' “ A A
mma:umimaﬂmiuLaqawamzmwmiwm mmmau%maﬁdmsﬁmﬂiﬁﬂmaqagﬂmmam@

dl a o v Q U 1 Qs a IAI J Q 1

ML FNFALTBINDALNDS F9vinlrdaaas a\‘imm"tmwmuaqamwmwamulunnﬁ?:uuLLa:‘qnamﬂmu
N iugas 30%-ENR blend ﬁl“ﬁﬂuaaﬂw%uamuﬁmriflumm%auimhuaqa A1ANULAU 14 90279 e
NINTLUR UL a9 LU LUEREY ANIATUINLALAIAY FIRAIANLATLA Db 907279 Fumwr luidaswudasln
n9uan luesiduwnmsidfunndaslunisuinniaay ﬁﬁwa@iaauﬂ'aiﬂmamaﬁa@g nTlaswuladln

N2 L ad o Ada A A v A
YIWGU’JHVLNVL@“N’]UQ’J’]N’.]W@]?J‘N’ ?a@!ﬂ@ﬂaiuﬂ’]ﬂ’]iu_laﬂuLLﬂﬂ\juaUﬂq@

AN319N 30 FNUAAMNNUGDLTIAIRAINITUNLIIVBI 10%-ENR blends

Curing agent E (MPa) O ,(MPa) €, (%) G, (MPa) €, (%)
DCP 3144 +275 | 292+0.06 | 9.33 +0.69 2494 +296 | 775+69

S 5123+1.35 | 3.76+0.13 | 8.17 +0.21 20.02+0.74 | 782+ 48

Ph 51.83+1.82 | 3.96+012 | 8.36+0.17 2019 +0.71 | 782+ 34

DCP + S 50.44 +1.95 | 366+015 | 8.13+0.17 15.77 £ 2.03 | 505+ 71
DCP + Ph 50.29 + 2.04 | 3.73 +0.11 8.24 + 0.40 30.85+1.16 | 80523
(EVA + DCP)™ 4432 +3.48 | 3.64 +0.21 8.23 + 0.32 17.98 £2.25 | 610 * 67
Pure EVA 4635 +4.43 | 381 +015 | 828 +0.65 | 17.86 +2.01 | 811 +42

(*100% EVA + 0.5 pph DCP)
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A15199 31 MIURUULUBIAIANUNUABLIIAIRAINTLNLIIVEI 10%-ENR blends

Curing agent AE (%) AG, (%) AE, (%) AGC, (%) Ag, (%)
DCP 22.24 0.00 -18.01 49.43 52.56
S 12.57 1.90 -0.37 -3.47 -3.22
Ph 5.62 -3.41 -0.48 -13.46 12.20
DCP +S 3.72 -2.92 4.36 -39.92 -26.60
DCP + Ph 16.57 -0.80 -5.83 10.30 25.19
(EVA + DCP)* 33.05 16.67 -12.26 -22.30 -3.79
Pure EVA 19.32 5.39 -12.17 12.71 10.62
(*100% EVA + 0.5 pph DCP)
aN31971 32 FNUAANUNUABUIIRINRINNTLNLIIVEI 30%-ENR blends
Curing agent E (MPa) G,(MPa) €, (%) G, (MPa) €, (%)
DCP 19.73£218 | 224+0.10 | 11.44 +0.87 1545+ 293 | 591+ 83
S 30.13+2.02 | 3.07+020 | 10.19 + 0.51 14.78 + 1.47 | 584 + 36
Ph 33.07 +2.24 | 3.30 £ 0.09 9.99 + 0.49 8.70 + 1.04 416 + 39
DCP +S 31.33+2.16 | 3.16£0.08 | 10.12+0.77 1518 £ 2.45 | 516 + 46
DCP + Ph 30.19+1.32 | 3.09+£0.07 | 10.24 + 0.36 8.79 + 0.64 320 + 34
(EVA + DCP)* 4432 +3.48 | 3.64 +0.21 8.23 + 0.32 17.98 £ 2.25 | 610 + 67
Pure EVA 46.35 +4.43 | 381 +015 | 828 +065 | 17.86 +2.01 | 811 =42
(*100% EVA + 0.5 pph DCP)
a31971 33 MU ADULURIANANNUADUIITINAINITUNITIV8I 30%-ENR blends
Curing agent AE (%) AG, (%) AE, (%) AG, (%) AE, (%)
DCP 48.01 3.70 -29.69 13.27 20.12
S 10.61 1.66 -8.20 34.98 41.06
Ph -0.51 -0.30 0.10 -15.29 2.97
DCP + S 10.05 1.28 -8.00 18.13 21.13
DCP + Ph 2.58 4.39 1.59 -14.41 -20.79
(EVA + DCP)* 33.05 16.67 -12.26 -22.30 -3.79
Pure EVA 19.32 5.39 -12.17 12.71 10.62

(*100% EVA + 0.5 pph DCP)

YN UMILINGINDRLNDTNENLRAI lAN3197 34 Hnans@adnef limansadiwimnndiunm

o v A A o 1Y v . . s A A a v '
ﬂ’ﬁ‘]J'JN@]’ﬂ@]L%ﬂx‘iﬁ]’]ﬂ&Jﬂ‘]ﬂmzﬂﬂﬂﬁ’g% (jjelly-liked) “INU\‘HJGT]'J’]SJ‘L]ﬁJWMﬂﬂiLTﬂNIUGINLaQﬂ%ﬂﬂﬂ’]’]




AN319N 34 NMITLINGIVDINDRLNATHRY

Curing agent Degree of swelling (%)
10%-ENR blends 30%-ENR blends
DCP 1496 1385
S X 534
Ph X 676
DCP + S X X
DCP + Ph X 3 4

(% = jelly)

1.4.4 HANIIIAIIZRAILINATHA XRD
mIaTaseumMaddswuladdSunmnannaimsasbianszoziadnggaioimnaiia XRD  uaz
= a a 2 S2 A o o o @ @ a g PRy oA o
WU N UUSINMEAN Ao WNTAILALAEAAINITRAN mLﬂu@mmmmumaauwmuwﬂmyLwalwussa;
lugasladiatnsvadinIas XRD 16 au1av8dal0t19naumIasdawinny 3 cm x 6 cm (N9 x 8717) AR
SR A 2 a v v =) o 1 o 1 1 S A s 1 v a = v
nMiasiaudrazlinidininsansunie 1.5 cm  dosguadatniaunisdsiia @188199:dasuuIIazla
o Aa a =2 wn o L ¥ o B} A = ' A
UAATNNG MIrUSuakAn I TnIdansza LAz T REnTasdnAlunEn (W) wazawiiiue
qg U (W,) lagn1sanidu baseline seninsfienidusiuvasndnuazaniiduodmgiu (amorphous halo)
A o A A Aa A A o A A W ° a 2 o
FaleanlusunsuvasaIadiio A9nlUsunIunienNAUATIdoua b U1TREIWIMRIUS NI EAN La e
Qﬂéfau Iz lRINNIDRINLEY baseline  Bhld Aa T1azlFlUTunINRAI I WANUSNILNEN FzdaIRNLEL
baseline 189 TITULFUATI HINITTIUNRUN 3 TUARBAIDLNI LAZIIHINUANLARY Eﬂﬁ 12 LRAIAIN
v Aa o . ' ' A =S ' A e A ar a
slaaiuniieu baseline uonzwisdmwmidundnuazawiiduadgin 3N 13 usasadaniuained
6 ' S A ' S A a £ a a =3 A o v
LWASHRNAIWAITAIEA TERIV1INITAIEN BATWAINITHAAL A13197 35 WEAIUTNIMNANNAIWI DA Lea1N
@ . A o A as ' A A ' K A ' A2 A A A
aadsfiumasey ssazliiunasevagnaiusiiafa nown1idsda senitsnsdstianszuziiadng

(extension) uaznaIMInaaINTzocdanig dratrifinasauiing EVA Afluaslid DCP uazwadiuasuay

UM 12 XRD spectrum v83d18819 uaassuiiunanuazduniduadnigiu
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(c)
gﬂﬁ 13 XRD spectra 284 50%-ENR blend W& 0.5 pph DCP; (a) Naun13as

89, (b) 32HI19NIAIEA 400 %, (C) KAINTITRAA

AN3190 35 USINUNANVBIND RN THNRNLAZ EVA

Degree of crystallinity (%)
ENR content Before During stretching at extension After shrinking at extension

(%) stretching | 100 % | 200 % | 300 % | 400 % | 100 % 200 % | 300 % | 400 %
0® 16 24 36 * 25 10 *

0 15 30 22 41 39 32 20 13 12
10 12 27 32 39 31 31 25 20 17
20 10 19 22 24 24 20 16 13 13
30 6 15 19 21 15 13 11 4 6

& ' a A
(. l4idu DCP, * anaamzavtia)

a = A & A & A A £ ' ' A & a A

ﬂsmmwamwwumaszmmﬂmwwﬂunﬂmama Fodwldaunge] msmau‘[m‘[maqﬂu

. v 8 A A & W a a Aa a = 9 A
EVA 128l ianuanntnbunsaidaiiutdn uelisu1snuananswanddadSuimuan e inszian
@ v @ a & a A = P a a £ A v ' a = v
TALTIN® WaRLWOSHANTUSUINENaAadLlaUSH ENR 1ANTU wazlatasnin EVA USunanannas

o A 2 A A & adsR A A o o A a = v a o
NMINANIITAARILNBDITUEAILUALNNNIND W luﬂim‘ﬂ@\‘iﬂ(ﬂ&nﬂﬂ Llla‘ﬁ(ﬂ@nLLﬂ?ﬁ]zuﬂiquNﬂﬂlﬂﬂLﬂﬂ\jﬂU
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dagsnaumsastia nmsfwedweinauiiUTunninaaainu seansainunneg) Ae ENR iuagmgiune
fwed Walinnanasmgiunafwaiitnuwedwasnan Suimwanvosnefiesngudonaand wetdui
dsznanalafiin ManedaidisanusauvssnadiwesuauiialdifowudssmudInnmaes ENR (@199

oA =2 da a & . a ' a >
10 uaz 11) usasiSanmninuas EVA flaglunefweinauihaziioinadanuaaanginssunminad
Y v a a ) o g va o ead & o, Al =2 A
dranwuian viailuanazas ENR Sdutsildiianmmaedalddauiuihalidianawinaass Saae
fimylnnzdaismaiin DMTA daly

1.4.5 HANI3ILATIZHAUINATHA DSC

o ' Aa Iz = o Aa Iz A wa o

#AI8819NIATZHAIY XRD LRIILAINILATIZRA18 DSC 1 NBATIVFALRNLANIIANNTaUUDS
FIUNARAUAINAND Namimaaaa‘gﬂlumiwﬁ 36 way 37 ﬂa;&a’[uminﬁ 37 ledannslEaasinmsiig
ANTou 2°C/min TinINNaia DSC  hau1InLILaNANNLANG1ITaIUTI MNAN LG d1saninaiia
XRD #lananunnennind Mdwsniwizadnnaageulagmnaiia XRD 2zA839890UN1390138969
YRINANGIY F3naiia DSC Az uwNasanTanIInNuTauLinthu mié’f@L'%Mﬁwawﬁnl,l,aﬂmaqavlai
gusnaIseuldsiamaia DSC

AN99N 36 RNLANIIANNTEUVBI crosslinked EVA

Sample AH, (Jg") T, (°C) T. (C) Crystallinity (%)
EVA' 287.969 ; ; 100
EvA’ - 83 - 11

Heating rate: 2°C/min

Before stretching 27.437 84 67 9
During stretching 200% 21.334 85 69 7
After shrinking 28.570 85 68 10

Heating rate: 10°C/min

EVA pellet 24.771 83 64 9
Before stretching 38.252 84 68 13
During stretching 200% 16.203 87 67 6
After shrinking 33.752 86 67 12

1
Chowdhury, S.R. and Das, C.K., Structure, shrinkability and thermal property correlations of ethylene vinyl acetate

(EVA)/carboxylated nitrile rubber (XNBR) polymer blend. Polymer degradation and Stability, 2000, 70, 199-204.

Mcevoy, R.L.; Krause, S.and Wu, P., Surface characterization of ethylene-vinylacetate (EVA) and ethylene-acrylic acid

(EAA) co-polymers using XPS and AFM, 1997, 39 (20), 5223-5239.
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AN 37 RNLANIIANNTEUVEY 10%-ENR blend

Sample AH; (Jg'1) T, (°C) T. (°C) Crystallinity (%)

Before stretching 32.213 81 63 11
During stretching 100 % 34.744 82 63 12
During stretching 200 % 33.562 81 64 12
During stretching 300 % 34.925 81 63 12
During stretching 400 % 33.355 81 63 12
After shrinking at 100 % extension 33.891 81 63 12
After shrinking at 200 % extension 32.885 81 63 11
After shrinking at 300 % extension 32.300 81 63 11
After shrinking at 400 % extension 33.854 .81 63 12

1.4.6 HANIIILAIIZHAILLINATHA DMTA
NIRRT UNARALGIBLNATA DMTA I@ﬂﬁﬂé’hasml,ﬁ‘]ugﬂ%mawﬁuﬁﬂﬁﬁmm@ 10 mm x

25 mm (nF19x 81) lFMImaseuuuuds (tension mode) @anANNA 1 Hz AILAUNNIGITAN 0.01%
(strain control) amnnTluzransiemziszning -100°C fis 70°C TFdammaiugmunglin 2°C/min 310
14-16 U@4 storage modulus (E') loss modulus (E”) uaz tan O vaswafinainauuaz EVA audau 3uUn

17 \unW tan O w89 EVA an5197 38 me@hqmmﬁe‘mmmﬁ tan O ﬁmgdq@ wIaNsunin A

. ~ e " o o i
transition temperature TINOUWINNUEAN glass transition temperature mammnmamﬂum’mdﬁ 38 WRW

DCP 133k 0.5 pph ¥17iu az1Awinns EVA uaz ENR {61 O transition temperature atluziaiduinu

1.00E+10

1.00E+09 ~

30%-ENR

50%-ENR
1.00E+07 -

Storage modulus (Pa)
S
m
+
&

ENR 10%-ENR

1.00E+06
-100  -80 -60 -40 -20 0 20 40 60 80

Temperature (°C)

A a & A s a & \
31]71 14 Storage modulus PYaIWDRLNATNFNLNBUTNITL ENR LW&J"U%I@]FJI@ DCP 0.5 pph
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1.00E+10

1.00E+09 ~

Loss modulus (Pa)
=
S
m
+
8

1.00E+0Q7 ~

10%-ENR  3006-ENR

50%-ENR

1.00E+06

-100  -80 -60 -40 -20 0 20 40 60

Temperature (°C)

80

A a A a a & '
31U 15  Loss modulus 2a3wadiuasnauiiadSunas ENR iindulasls DCP 0.5 pph

2.5

2.0 1

1.5 4

1.0 1

Tan Delta

0.5 A

ENR

50%-ENR

30%-ENR

10%-ENR

;U7 16

Temperature (°C)

a & A a a £ .
tan O 2adWafNasHaNLlaSuno ENR wivnaulaslad DCP 0.5 pph
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0.3

0.2 1

0.2 1

0.1 1

Tan Delta

0.1

OO T T T T T T T T
-100 -80 -60 -40 -20 0 20 40 60 80

Temperature (°C)

U717 tan 8 vas EVA il DCP 135104 0.5 pph

aN319N 38 FQURNTNAENTIUTTY (T,) VBIFATAI

ENR content (%) Tg (°C)
0 -20
10 -18
30 -22
50 -25
100 -18

1.4.7 HAN1FIATITHALINAKA FTIR
[y o A = v o 2 A9 em & v a
ldnanasihdunasaugadsiiuiuiunasauiliiienzidioinaiio XRD uaz DSC a32988Y
droinafia FTIR lagld ATR mode dsuaadluguf 18 udliszaunadnia ihosanlifiszuy polarization

Felimaniniansdaiesdizasluianald (orientation)
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Transmittance (%)

1.4.8 HANIIILATIZRAILLNATHA SEM

1.00

0.90 -

0.80 -

0.70

0.60 -

0.50 -

0.40

0.30

0.20

0.10

0.00

W Y unéh 200%

Y~ unéh 100%

/ fin@9'l3 200%

\ find9'13 100%

600

1100

gﬂﬁ 18

1600

2100

2600 3100 3600

Wave number (cm™)

FTIR spectra 289 EVA 1% DCP USanas 0.5 pph

NMINTIIFOUFMIIUINDIVaINARLWETHEY v linsudiwefwasnigassiiafinuidinu

v v s v 1 v a Ui s A { g: v s g; a
"I,@mﬂuamﬁml@ I@]Uﬂaﬂﬂ’]iLLﬂ’J EVA uar ENR %’Tﬂ]ZL‘lI’m%VL@]?ﬁ:@]Uﬁ%\‘]Lﬁad’%ﬁﬂﬁ“ﬂl@’l’lﬂﬂ%ﬂi‘lﬁﬂx‘]‘ﬁu@]

lavihmsaaraudiatnema F.IE‘lJ wuuaanasueluitmInaass

oA v ‘V 1 tﬂl wa 1 = v t!l
PINIRUIVDIAIDLNNVIAINNNITINARIURVUAANUNUADLUIIAI WNATIIRAUNIEY SEM 31]1’] 19

Wunafwasuauini ENR USunns 30% 3etAniia ENR UKRI%1N wazinsiniz@any EVA @unn

3191 19 SEM micrographs 989 30%-ENR blend Lufiamihfiliannmswnnasnsnasay
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a o ' ' ° o va v A a '
wipudradalasnisdnlululasawmaiuasiinisnn agldfianinfiisundy freeze  fracture
surface U7 20 ugasn ity SEM saswafiweinaniildnnmauinnauglululasawmaniung 12 h
& A o A o a & o & A o N R
AUAUAIMINNADUTIIFOD 100 ENR FIAIAURUBRIATLG LU TALa%

3UN 20 SEM micrographs vaswaiweinauuaasianinfldanmainnasuslululanauman

ANINanaIdaNRIntinaI8t19 freeze fracture surface 678 osmium tetroxide LAAIATIILAULTA
o & M o & LA ' AV o fo A A A
ENR TaLauunndn ke lidszguainydiss ianuuandisanani ldanmslddans mummmlugﬂﬂ
20 39vmInaaasanalan ENR ffiniheanlyd laslt methyl ethyl ketone (MEK) 1fludavinazans wuin
< o £ o { LY ' ' Aa o A &
ARDUNAVEI ENR FaLInNNen mua@ﬂugﬂﬁ 21 Jumlituinrwiavestasinsuuianinnatadniu
= & A LA o o A £ A A & & ' =
1@ ENR u’«a:mrm@1mymumalmnn:mmnﬂﬂ;mnwu Ao QUNNTFITWUATIAIWIUT Y a9 lsRany
° | & e L& A A v Aa o o o a
momtmmnmuaa"l,ummaosawaaamgmﬂ ENR fa leRInINAISsunaInsanaals MEK wazluu1insd
1 1 1 ‘I/ { U L ‘I { I 1
WUTNUWIAVBITBITIINAUANRILE B MM RNAWINT T 3UN 21 uaz 22 1fugdny SEM w849 30%-ENR

blend AanaLdlwiaan 1-5 h ﬁqm‘mqﬁ 80°C uay 60°C aud1aU gﬂﬁ 23 Lﬂugﬂn’m SEM 284 10%-ENR

' ]
= a

blend Nanailuiaan 1-5 h Namwnnd 60°C Wuniiidszraalainwefwasuauni ENR USunas 50 % i

9 U
a &

uaaITaIiuuAIn Giasfiilia ENR imziinag fawinziimaanaduim 5 h fiow dsuaaslugud 24
datafiuaasluguf 19-24 (Judnadand DCP U3unmk 0.5 pph Nneaabng
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(c)5h
Eﬂﬁ 21 SEM micrographs ¥a4 freeze fracture surface 483 30%-ENR blend Qﬂﬁﬁ@

@28 MEK 80 °C

(c)5h
Eﬂ‘ﬁ 22 SEM micrographs Va3 freeze fracture surface 183 30%-ENR blend Qﬂaﬁ?ﬂ

@78 MEK 60 °C
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(c)5h
Eﬂﬁl 23 SEM micrographs ¥4 freeze fracture surface 483 10%-ENR blend Qﬂﬁﬁ(ﬂ

@18 MEK 60 °C

Eﬂ‘ﬁ 24  SEM micrographs Va4 freeze fracture surface 483 50%-ENR blend Qﬂaﬁﬂ

@78 MEK 60 °C

fuguingvasdegsfignisdaudr limansnshwinnssanuglululasowmadld 1asean
Funasouiinnuudussuaznnitsannlufianefiinsaeta LWﬁ:IuLaqaﬁmﬁ@L’%mﬁﬂuﬁﬂmaﬁf #ns
mnaaué’mgm‘iﬂmmaa%uwmauﬁaugﬂﬁaﬁﬂuamé‘amwﬂﬁaﬁa gaNuTen lagrinnsnnnadannugle
lulasiawman 1Banwosiwoiuaniils DCP uaz DCP+Ph é’atmﬂﬂugﬂﬁ 25 U8z 26 aNE1aU aredna e
aiade MEK 9z1fiuinf@amini3ouann nan1sasiagaudis SEM nenaaiing nan tsuenin ENR wn'lda
nu EVA lifinmsuaninaatneneny
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(c) na9dItia 400%

gﬂﬁ 25 SEM micrographs 284 freeze fracture surface 283 30%-ENR blend W& DCP

(c) na9fIa 400%

E‘d'ﬁ' 26 SEM micrographs Y84 freeze fracture surface 184 30%-ENR blend W&y DCP+Ph

38



; 1
1.4.9 Nan13An3Urianae
- . o Y 5 . &
mﬂmiﬁﬂmauﬁaLmﬂaLLazmmmmsn’Lumimmmmm'}mawuaa‘*ﬁumaauﬁmmsmugﬂLmu
. v o . 4 . & . ¥ - -
W a’gﬂvl,mﬁ mamaﬂmm:mmwmawugﬂLﬂuﬂanmmu A lunaRNasNEUNYT ENR 10 wit%

i szuumagenlosluanafi@fe szuu DCP uazuafaii@u Uiunm DCP Niansldda 0.5 phr

1.4.9.1 EVA w&unu DCP 0.5 phr
W a A al & 1
(i) SnSwazasgangiilwn1sdnglrianais
x " ¥ 4 . - r .
ﬂmawugﬂwaﬂmﬂ@aJLLﬂiqmvaumsmugﬂmwama: smLﬂuqmwgwamﬂgﬂﬂ‘i:ﬂaumﬂ 4
> g a ‘é { I a { { I =
law fidof gunnlow 1, 2, 3,4 Taloud 1-3 Jugmwpfivasang lasfiloudl 1 HuvSimszezila
1 { L o = ] Qs A o v
(feed zone, hopper) guloun 4 fa wane (die) MAHAANMNULIIIBUVAIANILVINY 100 rpm Favin b
szpzianfinafiwatagluang (resident time) dizunmi 1 min lutagunniinld uazimualanuiisey
TunsdawAuirii 6 pm - Funaansaenimaniwuasvianawiidndnga aanu wudl Nganndlow
. & ad e 2 N Y
105°C, 115°C, 125°C, 125°C fidnunizunasaufiange asnu gamniainaiazinlulslunmsdugy
\ ' A A [ ' A o € A A
rianasdaly 13197 39 wazuf 27 uaesansuzvasianaNEndnInananfigmnyiidng g

a o

d o \ a8
TN 39 KNWIUSNINN EIJT‘I‘W‘I.IB\‘mﬂﬂﬂ’ldﬂ‘ﬂ%gﬂi%ﬁﬂ"l’ltQm‘ﬂﬂ&l@l"lx‘lﬂ

U

fradnafl qm%ﬂuﬁisﬁu 1,2, 3,4 (°C) ANHUSNINEATN
a 90°c, 100°C, 110°C, 110°C [LUERRETgeb /N
b 105°C, 115°C, 125°C, 125°C ranadila
c 120°C. 130°C, 140°C, 140°C fadonlidurenans
d 135°C, 145°C, 155° C, 155°C AIMENLTTU IR A0
e 150°C, 160°C, 170°C, 170°C Ayrszsnalngjuazinisdininavevie

U7 27 Anwavasdunaseufigaingiloudnig lasdmuannudalunsdiwiu
Yianadd 6 rpm @ratnadInununasuisluanen 39
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Ly A A < < 3 1 o
(i) BnSwazasanuS un 138 mAUNanaAaANANFINITO IHNITHARINIBAMNTOR

14 EVA wawfiu DCP 0.5 phr finnaidnanzanguwniilowyiniy 105°C, 115°C, 125°C,
125°C yinmsudsanulumsdiuiuyianaid 6 rpm, 8 rpm LAz 10 rppm MIRAAITILANNTaUNATDL

ﬁqmvxqﬁ 120 °C wazltanufamduian 1 min wodndeanuilumsiuAuisds Lﬁumﬂuﬁﬂmd
yasriafenlndiAusin MNUrITIYioanad LazANNIINTD IWINIRAGITIEANNTaRAULIIELRND %
sauaasluased 40 mauanudlumsiwAuinliAaussded afain sanalaplaluianavained
WoiaBuIfIanILIGs (Mus) RuanTw (anlnsilanas) Waliauousnaswils Aaziianvme
é’maamUIGH'INLaqm‘ﬁ"ané’u;jm’;:ﬁﬁmuim‘ﬂgaqﬂ é’aﬁf’uﬁwmﬂﬁﬂuLaqawaﬁma%ﬁmﬁ@ﬁmé’uﬁumn
TRz lAANIINAGNANT Y Honad9luinIuaITanA I8 I8AINNTaBATNLBITINILAETUNA
Lﬁmhgmﬁﬂmdwhlﬁu Lﬁad‘ﬂ’]ﬂluuu’l@l’]Nﬂjlﬂdﬁ?uvlﬂﬁLL’idﬂi:ﬁ’]lﬁLﬁﬂﬂﬂiiﬁlﬂL%Eld(ﬁ’a“ﬂﬁ]da’]UI"ﬁINLaQEﬂ n3
1&@161";mwummwﬁam’mﬂ%adLﬁﬂ%ﬂg@mﬁ@ﬁmmﬁa fimssannueuaimeai die elifiamivenod
Y8IviaNaId 3o lﬁmwaﬁauLLazmwﬁummmﬂﬁﬂﬂuﬂaﬂmmé’amﬂﬁwms:ﬁugﬂﬁaﬂmaLLﬁfa welwiAe

M3V lLWITINS (Sujit et al, 1997)°

AN79N 40 BNTWAVBIANINLTIINITNIWAUABAMNFINITD IUNITRAGIGILANNTEU I aNAIIN beT
37N EVA Waunu DCP 0.5 phr finnuis lumssiuiuriadne g

anus luns Lﬁumguﬂ‘ﬂma ANMURWIVBITD Heat shrinkage (%)
WAL (rpm) AERANVAIYIa (mm) (mm)
AP AN
6 8.17 £ 0.04 0.62 £ 0.05 3011
8 8.19 + 0.06 0.43 + 0.02 48 £ 0.9 lainada
10 8.18 + 0.07 0.29 + 0.02 66 £ 0.7

J/ ] ‘;/ ¥ . A 2 ' 6 ' o
ﬂ']iﬂuugﬂwaﬂa'saulm%a@'lﬂLLm_l annular die sml,aumguﬂﬂmamuuamm:mﬂlumnu 10 mm
o > = g: 1 1 1 = Y 1 Qs 1 1 '&’ U, ¥ a { 1
LAZ 8 mm ANAIAY 91 TBIINITTHINIRIATLYINAY 2 mm LLam'smaﬁmugﬂvlﬂﬁm@mimwﬁﬁsrm
die swell TauduwgdanssnuUndveswedwainaly anwanisnaassih azldanansinsdauiui 10 rpm

fMSuMIneasdda gl

(iii) 5'71%wmlaaqmmgﬁauﬁ%ﬂﬂaauLﬁamivmé’f'maavianma@iamwmmsn‘lumwméf’aé”aal

AN

ﬁwmﬂé’ﬂwgﬂﬁqm%gﬁimuwﬁﬁ‘u 105°C, 115°C, 125°C, 125°C uazanuslumsdiuiuve
NAIWIAL 10 rpm MnUAAIBLTUNARELINENINAGT 1 min uazudsgunnTauTunaseuiNanIng

o ' o o @ a & A a
9 10000, 11OOC, 1200C LR 13000 Wﬂjqﬂquaquqiﬂluﬂ']?ﬁ@W?@QU@?WN?@%LWNT%LN@qm%ﬂuau

=z s a o dd P A o o o o
DUNARDULANNV LLE]Z&ILL%'JI%M@G‘Y]‘Y]QM%QNE]‘]J’D’%VI@IETE]ULWEIﬂ'“Iiﬁ@]@I'J 120°C @]x‘]LLN@Nl%@I’]i’N‘W 41

3
Sujit, K., Chaki, T.K., Tikku, V.K., Pradhan, N.K. and Bhowmick, A.K. (1997). Heat shrinkage of electron
beam modified EVA. Radiaiont Physics and Chemistry 50,339-405.
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Lﬁadmﬂqmmgﬁau%uﬂmauLﬁami%@ﬁaﬁwa@iamidaué’wmwaamm‘ inlwnisiadanlnivadrns s

a 6 a v & a a &
ImaqamadwaaLuaim@vlmmmumaqmﬂﬂugwu

@l’]i’]x’iﬁ 41 Eﬂ%waﬂuaaqmMQﬁLﬁamsméﬁ@ia@’smmmmiumm@é’aﬁ’szlm'lﬁaumawianmoﬁ"lﬁmn
EVA W&uNU DCP 0.5 phr

gamninInad (°C) Heat shrinkage (%)
100 48 + 1.1
110 52 +£0.3
120 66 £ 0.7
130 67 £ 0.6

£2 [
(iv) BNSNAVINAIDUBUNAFAULNINITHARIVBINBNAWABAMNAINITAIBAITHARIAILAIIN
v
San
o & P QI e o) le) o) o) = 1 o <3 ]
msidnanzafiganpiilowyinny 105°C, 115°C, 125°C, 125°C uazanauidlumssuiivyie
NAMLYINAL 10 rpm Mnuemn)lauTunageUNanMaaIn 120°C uazulsimeuTunaseuiNans
o A . . . ' { Py { v a & [
BAGIN 1 min, 2 min 482 3 min WU LLBIANBUTUNARDLLNINITRAAIANTUAINEINITD LUNTHAG
AruaNuTanTa L uaNe19n % aInaadluaITen 42 LLaﬂaiﬂqmﬂqﬁﬁ 120°C gdLﬁmwaﬁa:ﬁﬂﬂmaqa
IdFundsnuunwenziiammadinduidngan1izauga iNTzanaaNinalzad EVA i 83 °C (3n
A A o ' A " A g
MInTIRaLasInaia DSC) fmﬂauﬁﬂdmmﬂqm%{]wﬁiﬁumsau weiagn9lsnay H9uadnn120°C Rz
ganh'«g‘waaummmﬂﬁmu LL@i%umaauﬂ'smﬁé’nwm:ﬁﬂummLLﬂaﬁLfﬁuﬂqm%Qﬁﬁm WANTIZAN TR LT
nasovlugay umsldsuleeunmalugouirinu wazldiumeluszozinmduau dannmaiianeidas

A o ' o o [y 2o o
DSC 5]1\1@]'3ﬂﬂ’]\jauwaﬂ?qNiauLﬂuL:}a’]u’]uLLazvl@iuﬂ'JqlﬁauI@ﬂ@i\‘l

AN 42 Sﬂ%wamaanmauLﬁam*m@éf’;@iammmmmiumwmﬁﬁaﬂmm%au madvianmdﬁvlﬁmﬂ

EVA W&NnNU DCP 0.5 phr

nmau%m@aamﬁ'amimﬁa (min) Heat shrinkage (%)
1 66 + 0.7
2 67 +1.0
3 66 + 0.3

1.4.9.2 WoALNDIHANIENINY EVA U ENR
(i) Bn5Waz a9 ENR @aAN&I8130 IHN1THANIAI18AINNTDRYINBNAI

TEwaswasnaufisl ENR 10 wt% uaznasu DCP 0.5 phr ﬁﬁmil,é"ﬂsnﬂgw?iqm%qmﬁnul,vhﬁ'u 105°C,
115°C, 125°C, 125°C wazudinnuisalunsiiwfunanaasening 10-16 rpm fWuARNIIZNTALINS

NNIRAAIN 120°C 1981 1 min HANIINARDILEAIIWAIIIN 6 LB USu I ENR 10 wt% vinlwziunsa

a @ a & @ o o % a & o
LW&Iﬂ’)’]&IL%’JIuﬂWiN’JuLﬁULW&I?.I%L‘ﬂu 14 rpm LLQ$1‘Iﬁﬂ’]ﬂ’J']3Jﬁ']ll']iﬂiuﬂ']i'ﬂ(ﬂ@]’J@’)Elﬂ’J']aJia%LWiﬂ.lu 9N
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A & A 1 £ ' a [ 4 A v ] 6 A & A a s
waaIlua1319N 43 dunihdnadimmefwainaulidwiigudnarinisuanaaaiasanialainouny
' 1 1 A ] s 1 a aa o a €6 o v

EVA WAMURWIT8IManuINI1 EVAIRUYINGD BRAIIINITLANIITITNINADNONT e liauausa
¥, . e . Y. . A

U308 a0U% LANNAITUINAINHIAN G uaﬂmﬂﬁmumﬂuﬂﬂmaLLazﬂ’nmuwawaﬁm‘%wmﬂ
Aa & g ' A o A = o = A X ' ' A

waRLNasHaNn LuidRunudasnininidanau3alun1sdawiAuAna% 6199 nYie EVA  AILRAINIT

Wasnulasnnnin (@13199 40)

397 43 Bnwavessnesssumaswand laddaanumansalummasiseanuiawadvionais 7
lFanuslumsdruAuananu
anuilu L. ,
. . LERHIAUENE ANMURUNVDINID
ENR (% wt) | nM13Nwny " Heat shrinkage (%)
n1guanna (mm) (mm)
(rpm)

10 8.18 + 0.07 0.29 + 0.02 66 + 0.7

0 v <
12 TUINUVIOVUSTINNITNINLAL
10 4.60 £ 4.08 0.48 £ 0.03 61+ 0.1
12 423 +£0.12 0.45 £ 0.02 65 + 0.1

10
14 3.40+0.12 0.37 £ 0.06 73 + 0.6
16 FUINUVNAV UM TNINAY

(ii) SﬂﬁwamaaszuunﬁstﬁaufﬂafuLaqa@iamwmmsn‘lumwméf'sﬁwmw%'aummvianma
Idwalnainauiil ENR 10 wt% Sszuumaigaulsslaiana 2 20y fia DCP 0.5 phr uazls DCP
FunuUNnaIALITU V‘i’mm,é"ﬂsnﬂg@ﬁqmvsgmsnmvhﬁ'u 105°C, 115°C, 125°C, 125°C wazuilsainus?
lunsduiurianaidsening 10-14 rpm MAUAFAIZMTOULNENIAAAIN 120°C 181 1 min - WA
NanaILEadlunas9n 44 wodnlilenuuandsadiivedeylunmeaidisanuian uanaIINNg
wa A 2 AL ' v & ' o A N A o wn
maauauumLmnamawumaaumugﬂmemuuamlﬁmumswu DCP shunuduassalstuliazuia

a a ' =2 1 A v g
LDINAANIN "N‘l«b’]'ﬂﬂﬂﬂﬂl‘ﬁi:ﬂ’ﬂ%

a7 44 Sw%waﬂuaw:uumn%awimimaqaeiammmmmlumm@@hﬁaUmwﬁ”awamaﬂma
Lﬁ'as:uumn%auimiuLaqa@mﬁ'u Ao lum e fusnen
2UUMT - .. ,
4T anus g EP LGRS RN ANNURUNIVDIYID heat shrinkage
Vraw e L. ,
WINLNY (rpm) | 718 (VBUUKAN) (mm) (mm) (%)
luana
10 4.60 + 4.08 0.48 £ 0.03 61 + 0.1
DCP 12 423 +0.12 0.45 £ 0.02 65 + 0.1
14 3.40 £ 0.12 0.37 £ 0.06 73 + 0.6
10 5.36 + 0.07 0.47 £ 0.04 51+0.5
DCP +
12 514 £ 0.12 0.41 £ 0.04 64 + 0.8
Phenolic
14 3.62 +£0.14 0.32 £ 0.03 72 +0.3
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1.4.9.3 NIFUINAIVBINBNADY
A ' ° £ o o & A = a A o A '
asanasimalugddisnaausu  nmadenlosluanadszifianmoluaiasdaiaszwinims
é/ ' g: =Y [l { U o 0/ U a { 1 U ol 1 a { U Qs v
Juztvanaanu fiald bidufimmzdaiiaraimsldgungiindendsdnigunniifiaasldniu Dep i
ﬁmsmwgﬂﬁanmaﬁm’%uﬂﬁlugﬂﬁ 27 AWlAINe0879 d AT e T Lﬁ@mn‘%auimiwLaqaamagdﬁmvlaj

usauvia b JanaseumsuINAITRIiana 9N leande 1.4.9.2 (i) waz EVA 713l DCP 0.5 phr lasus

’luwwsﬂmﬁuﬁgm%gﬁ 110°C ussgagium@vhmaa Janmruslviota WuINTunagauLAanIIazaY

WRINNIRIN 1L 20 min LLamdwmsL%auImeLaqmﬁ@“lajmﬂ‘ﬁfﬂ

1.4.9.4 ANNFNLFNDAMNAWIVAINIONA

o @ = ' @ eaa @ A wa ' Y v o o

iasninmaiuiiuvianadslfgunsaindaglukasdjodns uazlimansndaudasld ildns
@ = 2 A o v o A A = . o A a Y
fwduvadadmuiunuiuaafiuaasluzln 2 Sienadimalianunuizasmaiimalfsuudlasldany
sarmahwfvauioinnnnanuiudguiisull Jihmmeseuiannuruwizesriaauszozeng g
fdndnzaeanald lasiaIourianaiienn 2 m aadu 9 viaw wdazvausidszanm 22 cm TaaNunIN
Pa9riauaazvian ¥N1TIATHAE1IUIN 2 ATI HANTIALFAIIUANTIN 45 AT LI LUYBIANUAI

PpIrialayi £ 0.02 mm

A & d s ad o
AN 45 ANMURUITUAIL19YIANAINVBITeUL DCP N30 ENR 10 wt% qmwgmugﬂmm‘u 1050C,

115°C, 125°C, 125°C uazauL3ITaUMIIULAL 12 rpm

Fuaad1y | ANURWIVBITUA8E (mm)

1 0.41, 0.43

0.44

0.47

0.45

0.48

0.47

0.44

| N[O | M| WIDN

0.43

9 0.46

Average 0.45

SD 0.02

1.5. @3duanisnaaag
1. FNUANIRAMNIIANNTaUVEI EVA '{hLﬂuﬁaaﬁmn"‘ﬁaﬂmimaqa
‘g/ { U = a0 {
2. 3wznmlum§°ﬂugﬂLLazL%asJImImaqa"um EVA 141281 10 min ANgIna ﬂimmmﬂ%auimimaqa
1 ‘m&/ 1 &’ o v a1 A v A s % = U K% .§”
lildaunegrvzazinmlunstugy ldaud@ens giidlndifssiudanfudiazldioalunstugy
A9

v o % A, a £ A & 8 A &
3. ﬂqﬁ‘ﬁ@]fﬂ"l(ﬂ?Elﬂ?qiliaullﬂ']LW&J“]J%L@JﬂT%W@ﬁaUQﬂ@GU@MWﬂT%
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10.
11.

12.

13.

ms%ju%umamm'aumiﬁaﬁ@ﬁﬁiﬁauﬁanﬁmﬁaﬁaﬂmm*i”aufnaa EVA a0ad andunuwadies
Nauﬁmsﬁmﬁjué"samaﬁaumi?ﬁaﬁ@

Y5u1m ENR S aniwadanisnasidisanuionsaswedwesnanluszuuiild bep Wusadewnles
Imaqa fnsnasvesnedwesnaulaninduiofszosfafiniu Usunm deP lufisntwadans
BARITIEANNTOU WaRLWaSHENLA: EVA SdmInasidisanusanrinuluszuuild Dep
MIliNzawLacARaRALITTUD LAY I AINIRAGIAI8ANNT DUV BINORINBSHRNAART UANT I
DCP Taunuiuadalsdu sz lhaimInaayinnu EVA

fisugdi1 DCP ﬁ]:LﬂumiL%awImImaqaﬁllﬁﬁhmimﬁaﬁaUﬂmu‘?au?\mfﬁwuﬁu LARNUAANNT
AOUTITY AUTUNIUAIMNIANTIALAZNTLNIINIANN e UTaINaRwasnauildud DCP 2=ddndn
nITLUBng Goiu i:uumﬂ%auImImaqaﬁaﬁq@ﬁa DCP+Ph w31z ENR fjmﬂ%awimimaqavﬁ
f1w uufiiudimusdurtafiuodassulinislfinm: EVA "inﬁmil,%auimimaqa

USinm ENR  fitwunzannasiin 10% wadwesnaulusanauidsuifanunudenssduazaing
ﬁmmu@iamsﬁﬂmmgdﬂ’h crosslinked EVA uazlidnnmsnaaidioainuiauvinny crosslinked EVA
AMInaMIANNTauFIFafa 84% Tugnziasdia 500%

M3aTIFoUUSINBRANGIBIAfa XRD WU USunamEniindwieszosdefafindu uasuUSunm
nAnamasLdaUSunm ENR Wi ﬂ'%mmwﬁﬂﬁé‘amimﬁaﬁaUmwsi”au%uagﬁuizﬂ:nﬁﬁqﬁﬂ 309
faund uazrn iU anEnnasnImaswiiua s dwIng W lu s inisasdatasasezvinlig

USUHHANANAININAINAT NN

v
=1

Wmaka FTIR waz DSC laansnldianzilSinmnandinsulassmaisoh
MINATZRELE DMTA waz SEM MiHasaandadny EVA waz ENR 61 OL transition temperature
lutadeaiu (20°C) aynazas ENR imzfanufiuia EVA @ann udauniazes ENR adautne
g (< 1 pm)
Fanuduldlenin ENR waunu EVA iWavidunafiasnaaialioninuion LL@imiﬂ%'uﬂ'gﬂﬁﬁ@h
. . X
MIAGIAIANNTOUFIUUTI 100%
J 1 v U ;3’ ::4' a [ o R A 1
sanIndugdviananldmeldannemalugdussgasiaunzay nmais ENR ovilwasbarianads
o & . Al o o o & A A A
lduniu sanaldfianumuisalummaedidisanuiongin smaadnlslunasenlosluanazas

Wasluas Ao DCP awiuadasduaialisndudasldsy
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Gla%ﬁl 2 HDPE, LDPE uaz LLDPE

[V I3
2.1 yaqilsedn
=1 a a nﬂl ndld 1 wa A a ad a 1 a =
1. ﬂﬂmamwamaamimauimiuLaqa‘nmaauummﬂamaawaamﬂaumuﬂmﬂwmuuuga WaRLah
AUTRAANNAULUUANTILTFUATI LATNDALENAUTHAAN VAU

2. wWisuifsuanuamansalunmnedimsanuiasuazsuliaidinavesnafiafiausiiad1ss luda 1

2.2 §151ad qﬂnmﬁ LaziAIaINe

=
GREPLGEY

1. wodleNausiiaanunuuiugs (high density polyethylene, HDPE) Fanensan NCX® HF7007
e oA . ' ' P 3 A P Y A o
AaoinTnalyinny 5.00 g/10min ANANMNRMILUWYINAL 0.96 glem” WAAlasUTEN fifle Lafiaa
na

2. WadlaNARTRALFWATILAZAANURWILLKG (linear low density polyethylene, LLDPE) Tan19n136n

. @ . @ ' , @ 3 a

El-Lene® 2009F enaafinslnaiyiniy 0.90 g/10min AANURWILLEKLANAL 0.92 g/cm” WA las
13N Inawediefian 1na

3. wadleNauTianNURWILLUET (low density polyethylene, LDPE1) Zan14n13@n El-Lene®1905F
@ o . ' ' | 3 a A o a
AATHNNTIRALYINAL 4.20 g/10min AIANNRMILULYINAL 0.91 glem” WNAAlasuSEn nuwadia
fAdw e

4. wodlaNanTHaAMURWILUKGN (low density polyethylene, LDPE2) Zian19n13a1 Polene®D2022
. e . ' ' e 3 a A o o @
AauinTImalyinny 0.35 g/10min ANANURMILUWLYINAL 0.91 glem” WAalaguIEn AR le $11a

5. lafiafdaseanlaq (dicumyl peroxide, DCP) ianuitutu 98% waalasu3en DNT Domestic

¢ A A
Qﬂﬂ‘imuazlﬂiaﬁﬂa

WNawnunaTa 1.2

2.3 35n1aaag
2.3.1 N19uN&N PE tkaz DCP

¥NIWEN PE Waz DCP @TwLﬂ%awammu%ﬁqmﬁgﬁ 150 °C & %35U HDPE uas LLDPE W&
140 °C & %Ju LDPE1 uaz LDPE2 l¥anuiiataulaaeiiviniu 60 pm dwiuwefiwaiusuynoda 14
nanlwnwaey PE Wuaidens %uagjiﬁ’wﬁwaawaﬁma% fia HDPE 4 min LLDPE 3 min W&z LDPE 2
min u§¥3916w DCP 1mnsuanandn 2 min (fnesansil) inedweinanasnunaniasssngauuna
N ﬁwvlﬂ%LflmmuﬁaULﬂ%aamamgﬂﬂ'g\ﬂmm:ﬁﬁau USanmswas DCP fitdiuadldasfafluniiag pph
(per hundred of PE)

4?’ : ¥ a g [
2.3.2 ﬂ']i?.l%gﬂ’ﬁ%\‘i'l%ﬂ'l ULAIDIBAAIMNAY

o o o 4' 2 v v g A £ & o da
w1 PE ﬂiﬂ@"]ULﬂiaﬂU@aaﬂgﬂﬂadLLa? (ﬂ(ﬂLﬂu%juLaﬂﬂ Tug‘ﬂL]JuLLNuY]Nﬂ’J’m%u’]‘]Jizll’lm 1.5 mm

a

1Y o o A I3 % [ 2
YA 6 X 6 in mmmaaa@‘nqm%ﬂu 170 OC 1141981 9 min 1‘1]"?1')'13\]@% 200 kg/cm

U
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2.3.3 35mnadau

2.3.3.1 NMINATBUAMNEINIIAIBNITHANIAILAIINIDW (Heat shrinkability testing)
nInageuauisnisfiesuneluiate 1.3.2.1 nnszng snLfunnsiatunasausioiield

sasuTalumsdstiadszanm 40 mm/min ﬁauﬁwmiﬁqﬁquwﬁumaauﬁqmvm“ﬁ T, (waat, 1380

2
A

YUADBHIN TUADUNNTAUTUNATO (Specimen heating) LHadaNaa9riNN13A98a (stretching) droiia It

)
miﬁaﬁmzﬁwﬁqm%gﬁﬁaumzag’mﬂuaﬂﬁau V‘i’mwsﬁaﬁﬂﬁuﬁﬁﬁw%uﬂmauaanmﬁ]’mg]”au GRGRRR

qmvmuﬁm 29TUNaFa ﬁ'\imgﬂﬂﬁlﬁ yaﬁuqmwnﬂﬁﬁgnauag’luﬁau sz waRenanduamInaINTon 39

fnumnaNNTawla bad mquL'smmsﬁaﬁﬂLﬁalﬁé'm'lmsﬁamﬁ

2.3.3.2 MINATDUANDAANUNWABUIIN (Tensile properties testing)

fmnagauauItminatunelusite 1.3.2.3 “qﬂﬂif‘.:ﬂ']i

2.3.3.3 MINATBUANTAAMNAWNIHABNNIANVA (Tear resistance testing)

fmInagauauItnminatunelunite 1.3.2.4 ‘Ylﬂ‘ﬂitﬂ'ﬁ

2.3.4 MIATIVFDUAUANBIUY
2.3.4.1 MINAFILNTUING?

dadadaduwinaufismeaiduingudnastszana 8 cm nudszanm 1.5 mm ugluwinlofu
Ui 5 ml ﬁqm%gﬁ 80 °C 1fluaan 12 h &w5U LDPE uaz 24 h %30 HDPE uas LLDPE F91ihwuin
FunasaUazidun 0.0001 g AwIms3unmn1suINeD (degree of swelling) MUFNANTT 7

2.3.4.2 MIIAIILHAILINAKA Differential Scanning Calorimetry (DSC)

o = Ve A € v a o a a =
WA PE LAZHLNUAIDENNILATITRAIULNAUA DSC LWa'vn@]m'ﬂﬁNﬂaa“L%ﬂ?LLazﬂimquaﬂ I@]U

loasnsiNaINTaui 2 waz 10 °C/min %Lﬂi’]:ﬁiumaqnmnuﬁ 20-180°C

2.3.4.3 N15ILATLNA2LINATRA X-ray Diffractometer (XRD)
a = a @ I i o A oa ¢ &£ A A >
wmySinananvaswadwailasls CuK, (duunasmifiassdmand Sefldnanueniadn  wihnu
0.154 nm WIAVBIAIBENIYINNLT cm X 1 cm (019 x 817) NshwthlaaretslwaSaadeuussdeand

wazlgan 20 Tugae 3° 89 70° dwiasndasidudanudunan awaunn 8 lagldinrinnszaisuny
UTnaduiildnaw U7 28 usaadumdaaiufldnnmyiandnandnuazadugiu

2344 m‘sm’mﬂanﬁ'mmﬂﬁﬂmanamam%mw%am%awamam%(dynamic mechanical thermal
analysis, DMTA)

RINITANBIRIRNLANIINaAIFATANUTaBITINaAITAS L@l%w%uﬂ@aaﬂmﬁmﬂugﬂ
fuaguAniliSuennuniie 10 mm uaze1n 25 mm Sanwnudszanm 1.5 mm lEnsnaseuuuy

dual cantiliver daud 1 Hz Wesidudnisdsdagnaiugu’lin (strain control) 0.01% Trvgmngiilunis

& ' o A £ a )
nagauasud -40 °C 3 100 °C uazdammMuiuiuvesgunni 3°C/min
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Ic (110)

Ic (200)

I

jUN 28 suaaiuves PE Alamnnsenziauinaiia XRD

2.4 HANNINARDY
2.4.1 HDPE

ATNURAIANUFURUTIZTAIIANULABULAZANNLASHAVEI HDPE LLamlugﬂﬁ 29 daNtanN
nudawssfs ldun anuidu o 990310 (vield stress, G,), AMAULATHA ™ IAATIN (yield strain, €,), AN
LAY T 20219 (stress at break, G,) LRZAMULATLA Db 207279 (elongation at break, &) LLamlumiNﬁI 46
wuimsida DCP vilidn o, waeswudaslaiunnin Tasezfisnegluzag 26-20 MPa luriuaadsiudiu
i1 o, AdANUFuwuUsainiay fAaildnagzning 18-23 MPa s ifeuudasathaduldtade €, ms
1@ DCP ﬁﬂﬁﬁmn%awIﬂaIuLaqaLﬁ@%ulu HDPE 39vhlwanusmansolunsfieuasiunasouaaas uaz

' a A a d & a { a A & o [ .
fdaassarndiuim DCP Mdwasld dadullaungu]) fe Waieniadanlasuinduazvia v ductility
AR

35

Stress (MPa)

O T T T

0 100 200 300 400 500
Strain (%)

3UN 29 nwlamudu-AaLATEA Bad HDPE finan DCP lud3anmensg
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NN 46 FNTAANNNLABLTIRIIDI HDPE Nan DCP lulSundnd g

DCP content (pph) G, (MPa) g, (%) o, (MPa) €, (%)
0 26.27+0.88 16.36£0.89 21.21£6.72 814174
0.05 27.05£0.26 19.8243.79 18.23£0.62 238148
0.10 28.50£0.58 24.63+4.21 18.2420.45 60£12
0.25 29.38+0.36 25.28+2.22 22.59+2.43 4616
0.50 28.61£0.72 21.88£3.67 23.45£1.87 37£10
1.00 27.66£0.95 21.33£2.14 22.4243.21 3944

anTwavaslSunos DCP Ni6anueumuaanIsananawazUSunmn1suinaivad HDPE Laed
z:l' 4' a o Y v 1 a A' ¢§’ = a ¢§ v A d' o
Tue37197 47 Ha1dy DCP ax¥nlRaNAN N UWNIud an1IaNTI AN RTITEAURII wadaanadLlarin
AI a v lg/ | { 1 o v L*—% Y {
mMIANYIunm DCP 1¥unaiu YSunmw DCP finnnnin 0.25 pph ¥ lkautahanas luumeAinnInasay
msmué\"sﬁ’aﬂwﬁ']"l,srjﬁuvlsjvlﬁlimanm’mLmﬂ@hwadﬂ%wﬂmﬂwsL%auIﬂquLaqa 21992 8901NNRANE
NMINARDI LLANIZEN

TN 47 anudwmMudanIRnNauazIuNmMNNILING289 HDPE gy DCP u/Sanmand

DCP content (pph) Tear strength (N/mm) Degree of swelling (%)
0 156.49+10.15 20
0.05 143.84+9.40 20
0.10 178.03+12.41 18
0.25 187.59+16.48 18
0.50 151.81+8.40 18
1.00 145.56+18.78 20

ANINARALANMUFINITARAMITIEANI eI 2z dasRaNsananzmsnasasimanzauiunad
Wosfinasay Gt %aﬁmi‘maaaLﬁaoﬁmﬁlamaﬂnzqmwgﬁuaznmﬁmmﬁzawﬁﬁ]ﬂ"ﬁﬁu HDPE law
ﬁmumlﬁqmwnﬂﬁmaa Ty, T, WAZ T4 ¥INA% USRI t, t, WA t; WINNWTWLASINY audiadananadiia
(T,) 7 100- 60 °C {281 2 min uaz 3 min ¥msasdadragsliiiszozda 300% ﬁqmv&gﬁﬁm UR28L
Bnass (T,) 7 100-160 °C ({lwiasn 2 min uaz 3 min LLﬁaiuﬁuama’lm{mﬁd ATIVFOUNNWUSNINIL AN
maaé”aaﬂ'wﬁgﬂﬁmlﬁ’s \donl? HOPE 7lsifimsnsuniu DCP wmasey wansaTasavasuisluased
48 wuiamlumsoufl 2 min uaz 3 min IWanEMEMIMEn MR sk é’aaﬂ'wﬁfﬁmnﬂuﬁqmwgﬁ@‘i‘w
ﬁ?u ﬂ'l@]’hii’ﬁl:l,ﬁ@m’lil,ﬁtlgﬂ (deformation) 5%Lﬁa\‘lmil’mm’lllLﬁ%ﬁﬁﬂﬂ’i’l stress  whitening Lﬁlaa‘l_l“?ll

a n&’ o a d' v J =3 A a s 1 dy U
GRAEET AL mlﬁT&JLaqamﬂmnmau"l,mvl,m']smum‘lmﬂ@muaﬁgﬂmﬂm’s Naﬂﬁmaama@ﬂmw

R I uNIToUTUNAROUAITRENIET9 140 — 155 °C 71 130 °C dontrsdninludslaiufansan

9 U

ms'ﬂ@aauﬁaaﬁwgmﬁaadﬁ’mﬁﬁ@Lﬁaﬂqmﬂﬁmumsauﬁ?umaau WRanldme 140-155°C lag

frualR T, T, WAz T, A% WAZLIAIVDI t,, t, WA t; WINNWTWLALIN® (2 min) IANTRAGIAILAINY

Aa

SauNvzuzia 300% WNANIINARDILIAIIWAITIIN 49 agﬂvlﬁ'hmﬂ%qm%ﬂwﬁmi 150°C Tuaduly Tund

U

Az Ranldn 150°C Wz duwnsUsenI AN 9%
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a9 48 Nammqmﬁgﬁ@iaﬁﬂwmzmamﬂmwmm HDPE

T, T, (°C) Appearance
100 EaTRRN T
110 EaTRRN T
120 fgwantian
130 &
140 &
150 &
155 &
160 R A (T,)

79N 49 Na*‘naaqm%n“ﬁ@iamwmﬁuﬁ's yANNITD VA HDPE

Ty, T2 T5(°C)

Heat shrinkability (%)

140 61
150 74
155 74

mswmauﬁaaﬁwq@ﬁmu Mmsaalianialunsaudunasay Muuald T,, T, uaz T, 1WAy

150 °C uls1Ia1209 t;, t, UAT t; AN IRAGIBANNTEUNTZEZEA 300% HANINARBILEAILLATIIN 50
sydldihasldiomi 322 wis 223 lunfzdenldion 3722 ilasandaamisldiianlumsendu

2 A & = o o o A s Ao ' A o A
NAFAUNNIAILAUIUTULAN DY LLa:‘L"ﬁnm‘Lumiaumuaﬂ‘nq@ WuN&anaiinisnasadazidanbmiignd
danudes 1 min ivnzdasmislfianmlunsliansiauauiiga iwnzlunsldnuaislinisazddinmuu
lunslianusauiialindanmuyinady ermuszoziansiianusaunaunIaadany (t,) Aeut9auunn

WalRlnALALINUNTZUIUMIHAAYIONAAIFI8ANNTIN ﬁﬂaa:gnﬁaﬁwé’am‘sﬁﬂ%muﬁamﬁaamnu,éh

@590 50 WATBIAlWNNINARBIRaNMIRAGIGI8ANNTawYas HDPE

ty/t,/t; (Min) Heat shrinkability (%)
2/2/2 74
3/2/2 77
2/3/2 73
2/2/3 77
3/3/3 72

Msnaaadd aﬁﬁ%“q@ﬁ%ﬁﬂiﬂﬁ wmjaoizmmiﬁaﬁ@@iamw@ﬁaﬁa yaANUTawVad HDPE SL"ﬁ/ﬁﬂ']'R

T/T,/T, Winfiu 150/150/150 °C wae titt, winfiu 3/2/2 min vmibadi 200-400% (ldsunsndsdiale

LA Vo o o v A L A = oa X o A
Nqﬂﬂ?']u) WU'J’]@’]TY]TH@@]’J@Y)Uﬂ?quiauuﬂqu"ﬂulﬂa@ﬂU@lﬂﬂ"ﬂu ﬂﬂLLﬁ@ﬂlu@niqﬂ'ﬂ 51
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AN919N 51

Namaaﬂ%mmmiﬁaﬁmamwmﬁﬁwmwﬁaumad HDPE

Extension (%)

Heat shrinkability (%)

200 69
300 77
400 80

nanaadAsugn1e T/T/T, 1w 150150140 °C lagldiimaaduuazasdan 400% wuinnne
fdsanuTouanasnin 68 % @it annsiezliiudlatie HOPE saldasannismasasiie anins
T/To/T5 WAL 150/150/150 °C WAz t,/ty/t; LYY 3/2/2 min

SMSnavaIiunm DCP fildaminadidionnusauses HOPE uaasluananafl 52 vimimases
Tugnnaz 150/150/150 °C 7 3/2/2 min d20819#8 DCP @aud 0.25 pph 1wy azanaszwinensaeiia ana

WHWWNEMadITANULLTIEFINN FIUNANAIANULATLN T 10279 (E,) ld1aIuN (< 50 %)

v

aﬁﬂ‘mmwmmm’lumigﬂaaﬁmma n13L@N DCP ﬁLL%QIﬁNﬁWIﬁﬂ?WNﬁWNﬁiﬂluﬂ’]i‘ﬁ@l(;]”J@?’Jilﬂ’l']ll

7)) S

ale

a (=3 v S A s [l J o v s v é/ =y s = Qs l&/
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AN719N 52 Ware9lIume DCP dansnaalesisaiNsanyas HDPE

DCP content (pph) Heat shrinkage (%) at extension
200% 300% 200%
0 69 77 50
0.05 60 o =
0.10 66 po -
0.25
0.50 Fuaumnaumaiie
1.00
2.4.2 LLDPE

NIWURAIANMNFURUTITINANUAUUITAMUATEAVEY LLDPE usasluzui 30 drauti@nu
NUADLTIAILEAILUATIIN 53 WUIIMTLAN DCP ¥inlidn anadu o 300310 (O,) wasuudasldunn
in lapazldnaglugig 10 - 14 MPa Tusnizfidhanuidu m 90110 (G,) Sumiliduaaadiiioldis DCP wn

o Hwnwzananumansalunsiaanas da AuLA3a T 90979 (E,) AARIAIN 1000 % % LLDPE 7
14116y DCP wdalNusdTzan 600 % uaz 156 % WadanLdy DCP U3N1ms 0.25 pph Was 1.0 pph
MUAFU NMINASIVBIANNULATLA D4 99279 AudIua DCP Avnin Wwluluiieniadieanuiy HOPE
LAMINAANNLAS IR o 9091@ 989 LLDPE 8ARIBENINNNYEYH AULilosaNnmsR LLDPE Sdnwae strain

. a & v A & A P VI 7 { . Y
hardening tNaAYW (mmmmwmmﬁaﬂ@mﬂmu) AL LiaTzazEa "‘ﬂ‘(ﬂ‘iﬂ@ KARI ANNNNELAY T "Q@T‘IJ’]@
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I808IAY &% HDPE ﬁé’ﬂwmzmnﬁﬂgﬂﬁq@mmLL@m@mﬁ'u LLDPE ag14}57@18uN9 LLDPE w8y HDPE

f1iiy DCP dynsiimuFsgUuuuwaadn (plastic deformation) #Wiaiiaaaasn (yield point) iiwdINUN

= a

dn13Lay DCP

30

0.05 phr
25 - 0.25phr g 1 phr 0 phr

Stress (MPa)
o

[N
o
|

O T T T T T

0 200 400 600 800 1000 1200
Strain (%)

gﬂﬁ 30 NNANULAU-AMALASEA Va9 LLDPE Aingy DCP ludSaunmengg

@710 53 RULAANUNUABLIIAIVEI LLDPE iy DCP lui/Sanmengg

DCP content (pph) G, (MPa) €, (%) o, (MPa) €, (%)
0 10.3620.16 29.85+1.80 24.83+2.19 101370
0.05 10.8310.26 23.66+2.02 23.33v.80 900£72
0.10 11.50£0.44 20.84+4.48 19.92+2.18 811290
0.25 14.04%1.45 35.54+7.67 17.9740.84 593467
0.50 10.870.85 30.5418.54 14.20£1.58 203159
1.00 10.70£0.15 22.97+1.12 12.40£0.81 15626

Bninava9U5u7m DCP X dannudunIudamIanuauazUsan s suINa17a9 LLDPE uaas
Tuan197 54 madw DeP lilavilddrenudunudanmsanunaasuudasunniin lanfidnaglugas
109-121 N/mm s'ﬁaﬁ'ﬂvlﬁdﬁayﬂumﬂﬂ&ﬁmﬁ'u MINAFBUMTLINAIGIDWIT brRuuaadliiAnin nsuan
daaasilioidin DCP wndu seandesiungudiii Welinmdenlusluanafindu vldnisuandludn
Fazanoanad IuAgINaNUSINmMILINGIV09 LLDPE @199 1NHan1Inasasuas HDPE fuaasluanig
7l 47 mﬂ‘ﬁ's:q’h LifiaruuandrslulSanmnsuandizes HDOPE 713 DCP - USanmdng Gjﬁ'uffu AN
#vananudunanud? HDPE HUSanmunangenin LLDPE Gt msldanzmmeseuLdsaiu 39019
ldiissnadansuonldifuanuuandrils HDPE
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@NINN 54 audmUNIBAaNIANNaLaLUSUNINILINAI89 LLDPE Wan DCP lulSunmdd e

DCP content (pph) Tear strength (N/mm) Degree of swelling (%)
0 117.35+4 .48 182
0.05 120.62+2.42 175
0.10 115.3615.39 163
0.25 113.89+3.71 150
0.50 114.01+1.73 132
1.00 108.50+3.86 104

ﬂ’]i“n(ﬂﬁallLﬁadﬁuLﬁa‘lﬁ’mﬂ’l’JzﬁL‘V\&I’lzﬁu@iaﬂﬂiﬂ@ﬁaUﬁNﬁaﬂﬂiﬁ@]ﬁ’sﬁ’af;lﬂ’J’]&l%'au ﬁ’]
T o o A Py a aa . a ' o ' o = %
L%%Lﬂmﬂuﬂﬁmﬂmadlu HDPE Lua\‘ﬁ]'m‘waaLm’lamma:‘ﬁuﬂvl,&lqmanﬂm:mdﬂu i]\‘]ﬂ')il’ﬁﬁﬂ'ﬂﬂiﬂ'ﬁ
nagaunanzay snduazdoslsaniemnasaudsanu wszlunsdfid msldausesnianmsd
1 g/ [ a a v dl 1 a A { dl 1
128N G]?Juagﬂll‘ﬁuﬂ“naawmamﬂ 1‘11 LLDPE ‘Y]vlllﬁﬂ']ila(ﬂll DCP ﬁ\‘mﬂ'ﬁ 300% MNARDINKNIIEANI S NANT
ﬂﬂﬂﬂﬂLLaﬂﬂI%@niﬁlﬂﬁ 55

@70 55 ANURINNININIRAAIG18ANNTaRYaI LLDPE NEN1znagauen 9

Condition (T4,t/Ty,ty/ Ts,t3) Heat shrinkability (%)
100,2/100,2/100,2 37
120,2/120,2/120,2 53
130,2/130,2/130,2 72
135,2/135,2/135,2 74
140,2/140,2/140,2 71

gaannil 130°C uaz 135°C Lﬂuqquﬁﬁmeﬂzau qmﬁn‘]ﬁ@‘ﬁﬂdw 130°C lanzauinazan
dinly dauganpiigandn 135°C lddnianadiaasd ilanldiianey 2 min innzlidasnsldinauwu
LAty V‘hmswﬂaaaﬁﬂﬂ%\uﬁal%”[ﬁiaagﬂﬁwnﬁaml%qmmnﬁmﬂLLa:mﬂ“ﬁnaﬂumiaumuwiﬂ@ nagay
&8 LLDPE 7ildfnsién DCP uazfiadnogisaanly 300% naminasssugasluasnsi 56 snizmsau
ﬁﬁwlﬂﬁmmsmﬁaﬁuslmm%’auzgaq@ﬁa (T/To/ T5) WAL 135/135/135 °C uae (t/t/ty) Winnu 2/1/1
min eariuazidenldaniznimanssiiaelUdmiudiosng LLDPE lumaﬂ%%@yuam’ssmsmaaﬁugﬂ
(T11t1/T2’t2/T37t3)

SniwazasdSunm DCP Afldonsnadidisanuiouas LLDPE ugaslua1snefl 57 ¥inismesas
TGN (Tt ot/ Taty) AR 135,2/135,1/135,1 §108n97% DCP @aud 0.50 pph 4swliazanaszning
nsdada anadudunnzdiegniianudnzgannn funanndinnueise w0110 (€,) azfiddnag
an Ashldenumunsalunisgnasiasaas madu DCP Juwaliurildanuauialunmadidig
anuouddanssiniay waznmsasdasetannniuilinasaldunndwswdsanu HDPE
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@TNN 56 ANURINIDIMIRAGIGI8ANNTaRYaI LLDPE NaN1znagauen 9

Condition (T,t,/T,,t,/T3,t5) Heat shrinkability (%)
130,1/130,1/130,1 67
130,2/130,2/130,2 72
135,1/135,1/135,1 68
135,1/135,1/135,2 72
135,2/135,1/135,1 77
135,2/135,2/135,1 75
135,2/135,2/135,2 74

TN 57 WaeddTunme DCP danInaaiaian1usauwuey LLDPE

Heat shrinkage (%) at extension
DCP content (pph)
200% 300% 400%

0 69 77 80
0.05 60 69 77
0.10 66 67 77
0.25 66 76 PIATIABOLE
0.50 FUINTUINAV AT
1.00 FUINTUINAV AT

2.4.3 LDPE

ANWLRAIANUFUAUTIZRINIANULAULAZANNLATHAVES LDPET  (ANawins lwawrinny 4.20
g/10min) LLE*I@NI%E‘IJ“?]I 31 AaudanNINudousInIuaasluaef 58 wodnssunsasdevas LOPET  #
ANBULTIALINUNY LLDPE Aadijilisganmnindannuuaziia stress hardening 15wi@ean aniua
289 DCP fifidaanusansalunmisia (€,) Duldlwiueadonuiunefiefiausassiiafinsninugs fa
@ &, aaaanwUTunm DCP ifindu LL(?’iﬂ']ia@]anLﬂE‘l«LLLi\’iLﬁﬂﬁuﬁﬂi’mglu HDPE uaz LLDPE @atiuein
AMNLAL Th 39219 (C,) FoAuudasladanniin ag’lwﬁ’m 13 — 16 MPa LazfA1aNLAY T 30A37N (O,)
fienlndidiudas wydnssuiladeny HDOPE

SnEwaa9USuNmh DCP fifldannasumudanisanuiauasUSanmnmIuindivas LDPET uaad
Tuaneft 59 maéin DCP vhldanudwmudemIanuiaisdu minagaumILINGIFIEnT loin
wsasliidininasdosdvsinm DCP  funnipawefiasyinliliazasluwlain  snazmmaseusiie:
EmmLﬁuvl,ﬂ'fja"l&iLﬁumwmmﬂ@hmﬁmau DCP %28 §

AN INaaadiasd e an 1z AR aUGaNINAFEUANURINITARAGIA18ANNTaUU D
LDPE1 #lifin1aiiiu DCP innanaaaswigmngil T, Mnanzaalugag 100-120°C lfiamlunisaud 2

wae 3 min ¥N3EIEAN 300 % WANIINARBINLIN qm%nﬁ‘ﬁ 120°C MlTununasmeay Aainunas

U

]
a a

Wwnwnzgungiigainly vlwsunaseyldudusiwenaziousdsld sugmngiin 100°C uaz 110°C

U u
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lhanwasiununauazla innsnaasdlnii 100°C uaz 110°C lasdedia 300% AT, = T, =

T3 =

100°C uaz 110°C Uaz ty = t, = t; = 1 min U1ngd1 Namnnil 110°C LNaN1INATBITUNARAUTZRI

nsay duué’aaﬂwﬁauﬁqmﬁ
MINARAU LDPE ¢a l1

na

U

a

20

Stress (MPa)

200 400 600

Strain (%)

800 1000 1200

gﬂﬁ 31 NWANMALAU-ALATEA 289 LDPE1 fIWgy DCP ludSanmengg

gN37190 58 FUUAANUNUADLITIRIVEI LDPET Ninan DCP lud3unmdnag

DCP content (pph) G, (MPa) €, (%) o, (MPa) €, (%)
0 9.35:+0.13 55.30+8.16 13.98+0.22 967+7

0.05 9.4110.16 42.16+3.43 12.61+2.42 862+31

0.10 10.1740.18 43.62+0.42 14.41+.78 992470

0.25 9.49+0.09 42.83+0.83 15.9540.57 1072438

0.50 8.62+0.46 47.23+9.05 14.27+2.19 376£79

1.00 9.09+12 50.99+3.49 12.53+0.97 50050

@A 59 anudmuNIBAan1IdNNaLasUSuNmNILINAI89 LDPE1 Wan DCP luiSunadnd g

100 °C WRAIAINNTHAGD 32% AIThis ﬁaLﬁaniﬁqm%Qﬁ 100 °C &%5U

DCP content (pph) Tear strength (N/mm) Degree of swelling (%)
0 156.49+10.15 azang
0.05 143.84+9.40 RHREH]
0.10 178.03+12.41 Azang
0.25 187.59+16.48 RHREH]
0.50 151.81+8.40 1,959
1.00 145.56+18.78 1,219
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NARaIMIIA M IOURANNZEN (/) i 100/100/100°C §nsuTunasay LDPE1 fgn

300% WNanN1Inaasy LLﬁ@\‘]lu(ﬂ’]’ﬁﬁﬁ 60

@797 60 ANURININIWNIRAAIGIBANNTARVEI LDPE1 NEN1IZNagauen 9

t,/t,/ts (min) @ 100/100/100°C Heat shrinkability (%)
1/1/1 32
2/1/1 35
3/1/1 36
3/2/1 22
3/3/1 28

U

=S A

AR

WUINNLIEN 3/1/1 Wﬂ"lgaq@ fewaazlndlAusnuan 3/3/1  wdazidanltiogn 3/1/1 §SMSUnI

auaYada bl iwszldiaantasnin ﬁlzLﬁuvl,@T’jwhmmmmmlumwmé’aﬁaymm%“augaqmaa LDPE1

a " = < o d e =2 o a Al 1 Y
1wnm5:uumm'mu 36% datiudrnasuin 'i]\‘l“/l']ﬂ"]i‘l’l@]ﬂQGLWM@IM%QNI‘H’T‘I'WGU%@] (T3) W‘]J'J']vl,@]ﬂ'm']i‘ﬁ@]

@ X o ] o & @ a
@]’JE}N"]J% @]\‘]LLH@NI%@]’ﬁ’Nﬁ 61 a3k FNNITNINAFDUVBY LDPE "i]SZI“ITQRL‘MQN 100/100/1200C LLREEIRT

3/1/1 &@wmiumInaaedde 91l Bniwavesdiuim DCP ffldamsnadlsioanuiansed LDPET uaaslu

a1397 62 ¥nsnesasluaniag (T4, 4/ Tt/ To,ts) LYINNL 100,3/100,1/120, 1 8819715 DCP USun 1

pph  219TEWIINTAER ﬂ'lm'u,ﬂul,wmzé’aaﬂ'wﬁﬂ'smLﬂiwzga Funamay laiannsaasdialane 400%

TuNITwnagau liinsidy DCP aAnuauInlumInaaidinin HDPE uaz LLDPE ¥inminaaadidfsn

A Y oa Id =) J { ' s v v t:l
I1NTa LDPE Laaﬂlﬂn"nu@ﬁummﬂu@gwu Lﬁa@l‘i’lﬁ]B’(?JU’J’W]’J’]Nﬁ']&l'ﬁﬂiuﬂ’]i‘ﬂﬂ@l’]ﬂ’lUﬂ’)"lllié]%ﬁ]:LWSJ

ga%uﬁ%avlﬁ
@lﬂi’mﬁl 61 mwmmmiumwwé’wﬁUmm%au"uao LDPE1 ﬁam’am@aamme]
TJTT, (OC) @ 3/1/1 min Heat shrinkability (%)
100/100/100 36
100/100/110 48
100/100/120 58
@]’13’]0‘7‘; 62 NavaIUIN1H DCP @iamm@ﬁ’aﬁ’mmm%umad LDPE1
Heat shrinkage (%) at extension
DCP content (wt%)
200% 300% 400%
0 47 57 *
0.05 47 55 *
0.10 48 56 *
0.25 48 51 *
0.50 46 53 *
1.00 * * *

2

‘ﬁil']&ll,ﬁ@ * FUNUUNAUULAIE R
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ANWURAIANUTNABTITHINIANUABUAZANNLATEAVES LDPE2  (Aaainns lwaivinny 0.35
g/10min) LLaﬂﬂugﬂﬁ 32 sinnmWfasiidnsauzinlondiu LDPE1  diauddnnunudaussdsuaasly
a7 63 119 LDPET waz LDPE2 fenanuudsusslndidnsiu fod O, uaz O, uAasANUaINeRINa N
gasfidnlndiAusiu ud LDPE 2 f¢n €, @101 LDPE1 audunindamsananauas LDPE2 fidnganin
LDPE1 1dniae (3197 64) lurhmaadioanuiuenmivindg laofl LDPE2 waeannudnunindanyuaw

alun lrauladnin LDPET Waiinisi@y DCP lutSunasivinnuaiugad lua119n 64

20
05phr . 0.25phr 0.05phr
0 phr

Stress (MPa)
) o o

SN
|

0 T T T T T T

0 100 200 300 400 500 600 700
Strain (%)

gﬂﬁ 32 ATMHANULAH-ANNLASEA 289 LDPE2 fiWgy DCP luSanmengg

an71971 63 FUTRAIUNUABUIITI89 LDPE2 finan DCP ludSaunmengg

DCP content (pph) O, (MPa) €, (%) G, (MPa) €, (%)
0 10.22+0.15 26.86+0.22 18.13+1.07 662162

0.05 10.80+0.45 25.19+1.38 18.56+1.18 55342

0.10 10.38+0.24 25.90+0.63 17.32+0.75 506+16

0.25 10.38+0.24 25.90+0.63 30.41+1.81 412174

0.50 11.48+0.56 26.57+0.24 17.79+0.59 359423

1.00 8.85+0.15 27.1540.15 12.27+0.68 186135

39N 64 ANUGWMUAENIRNIALAZUTUIINNTLINAI89 LDPE2 ANy DCP Ind/Sanmand

DCP content (pph) Tear strength (N/mm) Degree of swelling (%)
0 89.0615.74 Azang
0.05 91.76+1.37 Azang
0.10 96.52+2.94 RHREH]
0.25 97.88+3.14 1,688
0.50 96.58+3.03 1,608
1.00 93.50+2.89 697
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AMIMAAIIEANNTBUTDI LDPE2 (13197 65) N1 LDPET NN&NENINAREULALINBUAS

§USHN0e DCP YN HAZANEINITD IUNNTRAGINAN B RN auNU LDPE1 A Twnasauanawilatdiy

DCP 1 pph uwazlianunsndefian 400% la asvuliaidSoufounediefaunisuriiadiug? LDPE 'l

A o o & a o ¢ o o o = @, & ) A o oa ° =
L‘Iﬁll’]z'ﬂﬁ]zu']&lﬁl‘ﬂ']Lﬂuwﬂ@]ﬂm‘ﬂﬂa“@@n@ﬁﬁlﬂqquiau ﬂ\'iLLN'J'H]zLﬂaﬂ1°ﬁLﬂi(ﬂ'ﬂNﬂ’]@”ﬁuﬂ’]i‘lﬁﬂ@nu'}ﬂﬂ(ﬂqu

o397 65 NaT8dLUIuIIE DCP 6an13naalal8aauiansas LDPE1
Heat shrinkage (%) at extension
DCP content (pph)
200% 300% 400%
0 34 44
0.05 34 49 TUNUIG
0.10 35 41 YUzAIEa
0.25 36 48
0.50 34 48
1.00 FUINUA U0

2.4.4 YN UMHANVDINDALDNANTRAA 9)

MnsanareuUSunmnanainefiafausiadis g nudanasdnuazdiuvnagauNiduwunnaae

inafia DSC fwmualw AH, 2aswafiafidwriniu 290 Jig inesluuninvaswafiafidunsdriiausaslugun

33 Psnmnanvaadenanaaniieewlayinny 63%, 28%, 23% uas 30% &5y HDPE, LLDPE,

LDPE1 4az LDPE2 @¥u&101 f1AIULUSNIHANY 8 ILHUTUNAROLUBIND RN RULEAI L UA13197 66

LLDPE

fy\—

80 120 200

Temperature (°C)

a
a HDPE =)
=) o
s 2
c L
4 g
2 o
° 0 phr w
[ P §
=
5 0.1 phr I
T °
] N
g 1phr g
s ]
£ z
]
P4
T T T 0
0 50 100 150 200
Temperature (°C)
a o
s LDPEL =)
> [}
S
2 c
L';J 0.1 phr Lg
o K=
[
- 0 phr ':'_-.
© |54
D 5]
E T
o
E 1 phr g
@ E—
<
§ £
P ©
P4

LDPE2
1phr
0.1 phr

ﬁ/J\OW—

100
Temperatuer (°C)

150 200

3171 33 DSC thermograms Ua4UHUWORLONAUN

80 120 160 200

Temperature (°C)

[V
7

a a
FTUA
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P = =3 a ad a ' a € v a
A1 66 TN uNANVaINARLANAUTUAG 9NNMINLANERAULNAUA DSC

Crystallinity (%)
Type of PE
0 pph DCP 0.1 pph DCP 1 pph DCP
HDPE 56 61 58
LLDPE 26 27 31
LDPE1 28 28 28
LDPE2 29 30 30

A a = A ) a ad A A A a =2 . v A [ a

HDPE fi3anmningefige RIUNORLAN AW NRINTRATUSNI AN b9l NALALIN LaTNITLAN
DCP Vl,iiﬁNa@iaﬂ%mmwﬁmmzﬁmmaummmaawa'&taﬁﬁuﬁa%mﬁﬂ 9ANABNLNAIVaY HDPE, LLDPE uaz
LDPE1-2 1¥innu 128°C, 120°C waz 110°C ausau

° a 2 o A A @ a el A a Ada

mIaIseuliunmnandlamaiia XRD - 39 34 usasailaasuaasnafiwaingriend
U570 DCP  wanendns tuaragrangslilarinnisdsdanasnagaunisnaaialrsainysan Usuimuann
Jo lauaasluanineh 67

HDPE LLDPE

Count
Count

1phr

L 0.1 phr 0.1 phr
L/L 0 phr 0phr

T

0 10 20 30 40 50 0 10 20 30 40 50
20
20
LDPEL LDPE2
g £
3 1 phr 3 1phr
) o
0.1 phr 0.1 phr
/J\Jg 0 phr 0 phr
‘ : : :
0 10 20 30 40 50 ‘ ‘ ‘ ‘
0 10 20 30 40 50
20 20

@
7

317 34 XRD patterns va3unuwadlaiawnIzwia

WWuNig9naindsunmuannitaszhaltsinaia XRD  ligaansdasnunialUSuimuane s
WAkA DSC fa HDPE uwaz LDPE1 LLamﬂ%mmwﬁﬂlﬂﬁLﬁmﬁ'uua:gaﬂiﬂwaﬁmﬁﬁuﬁﬂaawﬁ@ MILAN

DCP vhlvSunmmwanifsuutasadnsladfinuiag iWuwinnunwihdiunawdnnldmnnnsienginiges
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a dq’ ' ) = = s v ad g 1 s g a =3 v a dw ¥
Lﬂﬂuﬂuﬂ&lﬁ’]u’ﬁﬂu’]w’]Lﬂ'iFJUL‘Y]EJ‘UﬂuvLﬂ IWTIZATNNTIAG1INY NMTIAUITVNANAILINAKA XRD %hazaad

W‘ﬂﬂimq‘ﬂﬂﬂ“]ju'ﬂ(ﬂﬁﬂllﬂgﬂ@{)EJ@LLQ&%&G%@@]’]@TJU '«aw:uﬂsﬂwumﬂmmu

a7 67 YSunmwanvainefieiawsiadad ganmiienzdasimaia XRD
Crystallinity (%)
Type of PE DCP content (pph)

0 0.1 1
HDPE 39 46 48
LLDPE 27 22 27
LDPE1 48 40 47
LDPE2 27 26 24

2.4.5 ANTANAFIFAAIANIDBIBINAIA

v
a

sdaasuildanmydensidmnaiin DMTA madwa&aﬁﬁuﬁoa‘ﬁﬁmmmlugﬂﬁ 35-38 1ilufih
#31n@31 HDPE, LLDPE uaz LDPE1 f11éiy DCP 1 pph @1 E' uaz E” G‘iﬂﬁqﬂ #un3w tan O 284 HDPE
lidnngRefitaian ifuiasrasvasuniudiuluing 60 — 65°C LLDPE usasfauniuddudl 75°C uaz
90°C lugnadnefisl DCP USunm 0 pph uaz 1 pph ewaey Tusmeilifunsudswluludiodoid Dcp
Y51 0.1 pph LDPE1 ugasuniudtuiiafidaani 58°C ludaodnefisl DCP USunm 0 pph uaz 1 pph

fIUA8819N8 DCP USuas 0.1 pph waasiafiniannnlusas 70-80°C luwmue?i LDPE2 uaasiai 60°C
Iunﬂﬁaaﬂ"w uAnsunudin Aawnsudsuinanitils glass transition temperature WalIuWnIUSTUN
A o ) & = A aa & o =< A A a Aa wa
WS TINUANNDUHANYIN0FLNEY TN INaasIidaIn1sAnEIBNTNavaIUSuIs DCP Nldaaula
o g o a A a A ' Ao o a A [ o A Ao
auit LLa:mmma?ﬂvLm’] 1331w DCP m@mvlwwaamduusmﬂmumaqmanwmzmuqmﬁgmmswnmuu
duum‘sﬁ@iwa@;ﬁaa@aﬂuﬁqamaﬁﬁﬂ%mm DCP  aNhib maLﬁ@ﬁnnmimmaqamadmgﬂﬁ@mmIsﬁ
Imaqa‘w%auﬁ'mﬁ@mu%auimimaqa Tur et sHaNLUUraa Nl niaTaINgn Laziitadannyinnis
NARAILNYY 1 Tudaal1a819 39U1zin1IaTIseudnaTInisluawina ag9lsneny dmndaaydainns
NARAUANNRINITONITHAAIT AN NTaNLIDIN Tidndudafiy DCP msezhaiuianaliiang

o I [ a eaa U Py v a 6
0w LWiquﬂuﬂ'ﬁ']Lﬂi’]z%ﬂuﬂ?l‘ﬁ‘ﬂﬂ&lg\‘lL%E]\‘l"ﬂ’]ﬂ@]ﬂdlﬂui@l'iL‘ﬂuLﬁﬂ'ﬂ%ﬂ'ﬁ? PG
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E’' (MPa)

E” (MPa)

3.01E+10

HDPE

2.51E+10

2.01E+10 +

1.51E+10 A

1.01E+10 -

5.10E+09 -

1.00E+08 T T T T T T T

-40 -20 0 20 40 60 80 100
Temperature (°C)

2.50E+09

HDPE
2.10E+09 -

1.70E+09
0 phr
1.30E+09 0.1 phr

9.00E+08 -

2
5.00E+08 - 1 phr

1.00E+08 \ \ \ \ \ \ \

-40 -20 0] 20 40 60 80 100
Temperature (°C)

0.35
HDPE

0.3 0.1 phr
0.25 - 1 phr

0.2 - 0 phr

Tan §

0.15

0.1+

0.05 -

0 T T T T T T T

-40 -20 0 20 40 60 80 100
Temperature (°C)

Eﬂﬁ 35 Dynamic mechanical spectra 983 HDPE
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E' (MPa)

E” (MPa)

Tan &

1.01E+10

LLDPE

8.10E+09 -

6.10E+09 -

4.10E+09 -

2.10E+09 -

1.00E+08 \ \ \ \ \ \ \
-40 -20 0 20 40 60 80 100
Temperature (°C)

6.10E+08
LLDPE

5.10E+08
,-0.1phr
4.10E+08 ~ 0 phr

3.10E+08 |

2.10E+08 -

1.10E+08 -

l.OOE+O7 T T T T T T T
-40  -20 0 20 40 60 80 100

Temperature (°C)

0.4

LLDPE 0.4 phr

0.35 -

0.3 A

0.25 A

0.2

0.15

0.1

0.05

0 T T T T T T T
-40 -20 0 20 40 60 80 100
Temperature (°C)

gﬂﬁ 36 Dynamic mechanical spectra 983 LLDPE
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1.51E+10

1.21E+10 -

9.10E+09 -

E’' (MPa)

6.10E+09 -

3.10E+09 -

LDPE1

1.00E+08

-40 -20 0 20 40 60 80 100

Temperature (°C)

1.41E+09

1.21E+09

1.01E+09 -

8.10E+08 -

6.10E+08 -

E” (MPa)

4.10E+08 ~

2.10E+08 -

LDPE1

1.00E+07

-40  -20 0 20 40 60 80 100

Temperature (°C)

LDPE1

3u7 37

-20 0 20 40 60 80 100

Temperature (°C)

Dynamic mechanical spectra 1983 LDPE1
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E’ (MPa)

E"” (MPa)

1.51E+10

1.21E+10 A

9.10E+09 -

6.10E+09 -

3.10E+09 -

1.00E+08

-40

1.41E+09

-20 0 20 40 60 80 100
Temperature (°C)

1.21E+09

1.01E+09 -

8.10E+08 -

6.10E+08 -

4.10E+08 -

2.10E+08 -

1.00E+07
-40

-20 0 20 40 60 80 100
Temperature (°C)

0.3
LDPE2
0.25

0.1 phr

1 phr

0 phr

0 20 40 60 80 100
Temperature (°C)

Dynamic mechanical spectra 183 LDPE2
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2.5 gyluaninaaad

1. woRafiauri 4 79e JauTaIEINaLAZANUEAINTIRAGITIEANUTaUAITH (REsETUFNTAGINET
f:mnga”l,ﬂﬁﬂﬁﬁaf: HDPE > LLDPE > LDPE2 > LDPE1

2. M3.Ay DCP ﬁﬂﬁl,ﬁ@mn%awimiuLaqarluwa?n,aﬁauﬁg\i 4 g Wunarlidanudnzunduena
Usunm DCP Mdnasly uazdsnalianusmaunsalunmmadidisanuionanas aoinssludanng
$uiluflazdaaiiu DCP

3. LDPE 1 uaz LDPE2 litwsnzaafiazin ldldaudunefiwesnasidronnuion
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4
21N 3 PE/NR blends
v I3
3.1 2agilseden
ANBIBNTNAVDIDNITITUT ARV U ALBINALAZAMNENITD MWNITHANIAIIAINNTO UV INDFLNDS

NRNIZTRININDALONAUNT 4 THA Laze195ITNTG

3.2 813tadl aunsal wazAsaedle
GREITCEY
1. wodlefiauns 4 v9e uazladdfvwefeanlae mwuﬁizqiuﬁ"sia 2.2
2. maﬁssw"mﬁmﬁﬂmuqumwwﬁ@ (natural rubber, STR5CV60) Reanunwiuimyinny 0.92
glem’ waalagu3un azuztingns $1na
3. nIaELAL3a (steric acid) ﬁmﬁwﬁﬂumsmm‘ju (activator) waztilugstasuadossnaiariliens
flusa sasminelag wudu Aalwyadiad 41ia
4. Fydnanlwd (zine oxide, ZnO) Tii@ white seal V‘imﬁwﬁlﬂumﬁm:ﬁu NAAlABLSEN Univenture
Public Co., Lid.
5. s3uaufeanduauwy (antioxidant) &wsugneTiia Wingstay® L dadmolas Wajudiu fia
Iwyadiad 11ia
6. Tetramethyl thiuram disulphide (TMTD) ¥hnsidusnsdase daswinelag WaiudIn e
Iwyadiadl 411ia
7. N-cyclohexly-2-benzothaizyl sulphenamide (CBS) Hnwinfitiluansdaiss anusumn efisulundu
$1na
8. savtanles (curing agent) & 3 wiia Ao
8.1 ladrddeseanlad (dicumyl peroxide, DCP) Hanuitudu 98% wWAalawu3un DNT
Domestic
8.2 Mz (sulfur) WRAMNLIENFLNLAL I1N@

8.4 WuadnL3Bu (phenalic resin) Tia SP1045 WAalag Schenectady International Inc.

¢ = -
qﬂﬂ‘smuazlﬂiaﬂ“a

LT mﬁ'u*?'ﬁ:qvl'ﬂuﬁ'ﬁa 1.2

3.3 35n1InAa09
ad £ aa ' ' ' A o A o o ' aa A
RS ITCE P e VTEGHTRND I@]mmu’[mymuaunumzﬂi’tumma 2.3 @IUITNINAa8IN

a

\oae &
LLANAINNAI N

3.3.1 NILASHANDALNDTHANILHININDRLDNAWBUAL LIS TINTA

1. m]maﬁiiwmalﬁﬁuﬁ'sUm‘%'aamaaagmnﬁa (18 ﬂ%.:\‘i)

2. 1fin PE aslweSesnsuuuudaniusunaswosnauirinny 370 cm® lagld fill factor iy 0.6 awisy
I51@a31¥nAu 60 rpm nmm%’lumimawﬁuagjﬁ'wﬁ@maa PE lay HDPE ldiausznnm 4 min
LLDPE lgiandszansh 3 min waz LDPE Miandszanas 2 min qm%nﬂﬁﬁlﬁﬁu HDPE uas LLDPE

w7y 150°C dau LDPE l6gmunnil 140°C
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3. ﬁnmaﬁﬁumaﬁumﬁaLaum"l,ﬂLLa:’L%nmlumm@mauﬂ’s:mmnm 2 min ﬂ'maﬁfﬂmmmmaumﬁ

LTI UNARNDTHANNTUTUIIRENITITNTIR 10 W% ez 30 wit%

o a [ A o A Y o = il 4' g a & e <3 a
4. 'W']‘W?Jﬂl,llﬂiNNNﬂVL@]ﬂaﬂﬁ]']ﬂLﬂiaGNﬁN LLa'l%’]vLﬂi(ﬂN']%Lﬂiaﬁﬂ@ﬁadfﬂﬂﬂadLLﬂ$@]@Lﬂu°ﬁuLaﬂG] 3ARRICREN

Y
azmniumwugﬂ

5. luﬂifﬁ,‘ﬁﬁﬂ’]SLaﬁJa’]iL%aﬁJImINLﬂq&“lla\‘i NR @LAUNTaNTe 1 waz 2 3NNl NR NUALRILGNAS

a o o o A { ° . <, d A
U @nasailassusdauainuaadluaninef 68 vinmsnaudaldaunsznidmasaain  daan

& & Ve oA o & o -7 9 a
mwﬂlummawuagnwumaa PE @31% HDPE/NR 1‘EL’JEI'WI\W\Nﬂl%ﬂ’]‘iNﬁﬁJﬂUﬁ’ﬁLﬂ&JﬂizNﬁm 13

min 482 LLDPE/NR a1 nanaa bnsuaunuanstadlszaunas 11 min

a7t 68 gmmaﬁﬁwmaﬂauﬂnﬁﬁﬁmn%auiﬂﬂmaqa“ﬁﬁmm 9
Chemical Loading (phr)
Ph S+T S D
NR 100 100 100 100
Stearic acid 2 2 2 -
ZnO 5 5 5 -
CBS - 1.5 1.5 -
TMTD - 1.5 - -
Wingstay L 1 1 1 -
Phenolic resin 6 - - -
Sulfur - 0.5 0.5 -
DCP - - - 0.1,0.5

faunalsanmsltaiTenleddna 9asih 3wuU Ph, 320U Ph, 320U S WA T5UU S+T

3.3.2 N1IR1YNIA Ngﬂﬁ")ﬂ Aka XRD

o =2 =2 a v & I o A v A& €48 A, a
ﬂqﬂqiﬂﬂ'ﬂ’]ﬁq"ﬂuq@]wﬂﬂ"ﬂaﬂWﬂaLNaﬂ@ﬂ‘l“ﬁ CUKOC LﬂuLLﬁﬂﬂﬂqLuﬂiﬁﬁLaﬂsﬁ PINANAINVULIIARN

(wave number, A) Winnu 0.154 nm 2WavaInIae9lTzanm 1 cm X 1 cm Ndbulaaadnluiaas

WRUNUBTIFLANS wazhnuad 20 luzae 3-70°

%ammmmmm@wﬁmmmiﬁ’]mmI@ Ul“ﬁ/ﬁuﬂﬁi

Scherrer equation (Rande et al., 2005) é’dLLamluaums‘ﬁ' 9

b D Ao vWIaNan (A)

k Ao enash luAintld 1 (Rande et al., 2005)

A A8 ANNEIARUVDY Cu VANYiNAL 1.54 A

ki

B - coso

A Aa a A ) '
0 qa aglumﬂ@wwuamﬁﬂﬁm 20 agluma 21.21-24.08°

B fa full width at half maximum (FWHM) tHuaanuninsvasia

)

° 4 A
w @]WLL%%OQ?G%%O“B@G(‘W’NNE}N
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ABLNINITAIUITE

PE Peak angle (20) Peak angle (0) FWHM (B)

HDPE 21.51° 21.51/2 = 10.755° 0.0984

aInNaunuluaums azle

1X1.54 o
D= =15.93 A

0.0984 cos(10.755)

3.4 NAN1INAADY
3.4.1 HDPE/NR blends
3.4.1.1 ANUABING NIIRAAINILAINIDW WAz IBINGT
o o ¢ % a A Aa o Y . .
NILEAIANMUFNRUTAMUAU-0WIATEA waaslugfl 39 sasTsum@linisasn (vielding)
fyUiaddeuld  lasaeanugesestigennn  udwalwaiuaudiasfianume  stress  hardening
[ a Q = = v QI J dl = A J 1 ' Q a o v A
WUWLALINWAL  HDPE  Aaadnulauinduiiafstanniulugisnaunisuansn 8195338 avin i sy
: = Y ' a A A a
ANNNUADLIIAILATANNANUNUADNITEANIAVEI HDPE 8983 aNNNLFadluaIT9N 69 819535NNa
lalevinldanuauisalunmsnadidiuanuiauses HDPE Wasuwdadluunntn  foudinasiuuilidy
a A A & o a A A v o g
aaaseaTnmeaiifindn aaudayafiuaaslua1inef 70 p1assIundly HDPENR blends luiadaf
e e . - & - “ y P &
lildgninanlud mimadzewedimainangsluamudiainunstdadunasey lasmnilefsbauniu
° a LA & A . ' & A 2 o , A @
ﬁ]ﬁ:ﬂﬂﬁ[&lLaqama’mvlmanmu’mmu maagluam’szvlmuqamﬂ"ﬂu Lo UTHAIBLINANITHAG
o ' A o 9 ' A =2 o A o a ' ' v a @ & A
datfiaiomiasninliundinsuneliagluanizisfissnnnd - smaldiianmmanduannduuacd

Y o s v v 1 &/ v
ml%mmwamm Uﬂ??&liﬂ%ﬁﬂ?q@%%@?ﬂ
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30

HDPE
25 7 0 Wt%NR
10 wt%NR
= 20 -
o
\2; 15 30 Wt%NR
)
L
o
9 10
5 _
0 T T T T
0 200 400 600 800 1000

Strain (%)

gﬂﬁ 39 NNANNLAU-AINLATEA U3 HDPE/NR blends

3190 69 FNUAAMUNUADLIIAILAZAMUGUNUAaNTIIAN19 U89 HDPE/NR blends

NR content o, g, o, & Tear strength
(Wt%) (MPa) (%) (MPa) (%) (N/mm)

0 26.27+0.88 16.36+0.89 21.216.72 814+74 156.49+10.15

10 20.23+0.64 15.81+1.28 18.41+2.42 690461 137.79+7.43

30 12.31£0.22 16.71+0.81 16.10£1.12 673+41 101.87+3.02

HANNIATIIRAUANBULTUTIUINGIVBINDRLNBTHRUGI8NADIFANTIANBLAANTOULLLFDINTIA

LLa@alugﬂﬁ 40 g9l lerinnsanata N Wss19sIINTIRean b asAnAIvnasdansmeS oy lusuisa

uauﬁumgmﬂmad HTITNTG LATALIUNINTN FinTanateWgs1953susaeanly lagusiuaiagien

v v a o [ ' ¥ A o & [ {
(ﬂaﬁﬂ"]i(ﬂi'}ﬁ]ﬁauﬂjULUuGﬁuLﬂuL?ﬂ’] 2 h ﬁlzﬂql‘lﬁl’ﬁuﬂqquLL@ﬂ@qﬁmaﬂﬁuW’Jﬁ@Lﬁ]uu"]ﬂmu ﬂ\iLLﬁﬂdluEﬂﬁ

41 wudwﬂmsmzmamaam&mﬂmoﬁsswma (muﬁlﬁugﬁalﬂwﬁaa’jw) ﬂszawmagiuLWa@iaLﬁao (HDPE)

TauAinafwasuauNdUSuIos NR 10 wi% LRAIANBHULAAIATEI NR NADUTINAN ALARLVDI

Wwigudnansvadann1a NR J21aldnann (< 0.5 pm) uazi3unm NR 30 wi% §9natiuil NR 4

Vs [ & @ & ' ' a d a
pwalngin Insiidwdadauirenasuaziiluiesns JuwalwngninwadiwasuaundUsanm NR 10 wi%

' a v ' 6 ) 1 L A PN & ° v A
mmawauaumgjuﬁﬂmwawaommmuumﬂi:mm 1.06%0.40 Km mmﬂmgmﬂﬁl%mvmuml%auum

VBINRVBINORNDSHANNN NR 30 wt% a@@‘haamnﬂ’hgmﬁﬁ NR 10 wt%

@N319N 70

ANNRINITDMANNTRAAIAIBAINNTBUVEI HDPE/NR blends

NR content (wt%)

Heat shrinkage (%) at extension

200% 300% 400%
0 69 77 80
10 66 76 79
30 60 75 78
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PSU 0173 15 10um x2,500 | 0182 15kY 10um 2,500

Eﬂ‘ﬁl 40 SEM micrographs 283 freeze fracture surface 283 HDPE/NR blends naurinsanalwe
NR: (a) 10 wt% NR uaz (b) 30 wt% NR

PSU 0179 165k 10um 500 &
319 41
u

50 1 1 10um 00
SEM micrographs 284 freeze fracture surface 183 HDPE/NR blends AaIRIMIENALNE
NR: (a) 10 wt% NR 8z (b) 30 wt% NR

XRD patterns 284 HDPE/NR blends s HDPE LLamlugﬂﬁ 42 IWNAVBINANUATUSU AN Lo
a [59 a = 2 2] _ A ° 1 o '
IANNITUATIERALLNAUA XRD LLRQGI%@]']TN'Y] 71 MIWUIVUNAINAINTINALAUIVDI 20 D FLkrd

21.3-21.6° uaz 23.7-24° Fadurzuwulaseaionani 110 uaz 200 lasnanasnanlazsazessiuuuaails
sandn (Bermal-Lara et al, 2006; Mishra et al., 2008)

<
>
o
O
30 Wt%NR
\/L 10 Wt%NR
W 0 WI%NR
; : e :
5 15 25 35 45 55

26 ()

3U7 42 XRD patterns 289 HDPE/NR blends 1 lifinai@nansiad
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A3 HN 71 USHANLRSIWIANANILATIZRALLATd XRD 289 HDPE/NR blends N biin1siausnsiail

NR content Extension Peak angle (20) Crystal size(A) Degree of
(Wt%) (%) 0, 0, 0, 0, Crystallinity (%)

0 21.44 23.83 10.45 6.99 47

100 21.27 23.62 6.72 5.39 48

0 200 21.32 23.64 5.24 5.14 61
300 21.53 23.88 4.21 3.64 62

400 21.35 23.97 3.1 3.40 63

0 21.39 23.73 6.72 5.83 38

100 21.37 23.76 6.72 5.83 42

10 200 21.22 23.59 5.51 417 60
300 21.32 23.69 5.24 4.00 61

400 21.59 23.83 433 3.97 62

0 21.43 23.80 6.50 4.64 33

100 21.41 23.78 5.73 452 37

30 200 21.47 23.78 5.65 3.30 44
300 21.57 23.96 5.12 3.28 49

400 21.52 23.88 4.11 3.1 54

{ 1a a & a a ) a & a ¢
WadSunm NR 1inan dSunmnanasinediuasnaudaasd thedann HDPE Juwafiuaininan
P & a & o o & oA a A X = & A o ' o @
Tuanzd NR 1Huwefiwaiodmgnn asuniatSunm NR 1Andu Aezidumsiiusadiusasdinosmginld
A Y A A A £ a 2 A LA 2 oA A X o \
fehanndudan Waszpzauuniu USinmuaniidgadu iiesnnnstedangatusinaliasladlaiana
a a o A Y a A A & N [ ] .
WaRLNasIAANIIaSHaAIauRANINaItaNNNTK (Mishra et al., 2002) WaztiaNI8ALUL (packing) V83
[l J YV A e dQI 1 g: = A = 1 a
snulslulanagiiu (Datta et al, 1997) fowihlunuiddsfwuinidiinmeusznsisbafinadaysunm
AN udUTImMEneNzeznItedags g Liddninadannumannlummaedidisanuiausnin lusme
NINTWANIIAIHATUNUINAINNTN ANUFUANBTITRINIUTUIBMHENLAZNTRAAIGI8ANTEY &IN5
Aa @ { ' ' & { . A °
afunuldinnaudinari winSeusiiowdwaanansluanadion (Mil, 2005) Fuduganud
lunmadizasnedinasuay wadlwasninanuinninazdianuauisalunnaalciaanusawannni
WaRITHIVWIANINTDINORLNBTHEN WU PWIARINVBITUA0E19INAIN1T09Ea t szezEiadae 3
NI Tumatnineuimtbalunndiadng iesanizeziiage g molsluananefiwaiiianis
o A o A A [ & . . ' [ ' °
IAFBIAINAANINTAIEA LdUNTW (Mishra et al., 2000; Mishra et al., 2002) Uag B TIIIAIAINEYN
v a s ] ) a 1 v dl v =3 ﬂl A é/
TWiAansdauiuasmelsluananaiwes dmalivweveindnildiawiaidnes Weszuzingidu (Datta
et al., 1997)

3.4.1.2 Sﬂﬁwawaomivﬁaufﬂo‘[maqa‘lumaﬁiwmﬁ

NN AR R—ANULATUALRZANFNUAANNUABLIINIVI HDPE/NR blends NRa1 513Nl

Imaqamaa NR T1a61499) LLamﬂugﬂﬁ 43 1390 72 udz 73 NUTINA NR 10 wi% @1 G, 289NNILUUMT

a [

L%aumwﬂuLaqaumlﬂﬁlﬁmnu A1 O, ez €, VOITZUU S+T UWazIzUU S ‘Lﬁmgaﬂiﬁzuu Ph WazIsUU

6

D Lﬂuﬁmwuﬁuﬁh%’aw\IaiLﬂumSL%auIquLaqaﬁamad NR QINUINUAAMNNUABLIIAIVaINARNDS
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Aa o e ad i d a ] . | = a & a
NRUNUTALWDTIIAVY UaNUIu1ow NR 30 wt% WU ﬂqﬂ')']ll'ﬂu(ﬂf’]LL?G@GTQGW@QLNQ?N&NNﬂqa@ﬂ\ﬂunﬂ

'
a

a a a a o A = s & o '
'iziJiJﬂ’]SL"]jE]&J“IJ’)’NINLﬂQﬂ thavannnyIunms NR mﬂmawm@mgmﬂmm NR VISL%EU""IJ% uwhiratnadn

dl J o YV a v ' = v AI J U ' = g;
ﬂ’ﬁL“HE]NT?WJINLaqal%ﬂ']d&l']ﬂﬂlu“fnl‘ﬁﬂﬂ Gy MLL%’)I%JJ&@Q{I waan Oy NLL%’JI%&JLW&I"H% RIUAN 8y UNJ
a & & v A { o 9w, & .
LWN"IJ%LL&zN(ﬂﬂJ“H%E]%lﬂﬂﬂilﬂm{l']\‘lLLat’izUUﬂ']’iL%E]&l‘U’J']\‘IINLﬂqa 32Uy DCP azml%mﬁa@ammamﬂlu
1 o ) v ' 1 o v ¥ AI ‘§/
‘Ylﬂﬂifﬁa ®IWITUD Ph ml%ma@aauammﬁwu DCP ®IW3eUU S+T miwmﬁmwﬂunﬂmtﬁ JLUY S

° v a X { ° o o ' {
lwa RN wlunIHNg NR 10 wt% wazvinlwaranaslualatnand NR 30 wt%

30
@)
S+T
25 A S
20 | 0.5%DCP
= Ph
i
=3
= 15
8
&
10 1 o.1%Dbcp
5 ]
0 T T T T
0 200 400 600 800 1000
Strain (%
2 (%)
(b) S+T
Ph s
15 A
<
o
2
210 4
£ 0.5%DCP
n 0.1%DCP
5 .
0 T T T T
0 200 400 800 1000

600
Strain (%)

Eﬂﬁ 43 ﬂi’W\lﬂ'J’]llLﬁu-ﬂ’l’]llLﬂ%ﬂ@]“ﬂad HDPE/NR blends ﬁﬁmsﬁammﬂmaqah NR:
(a) NR 10 wt% uaz (b) NR 30 wt%

N3N 72 Eﬂ%wamaaaWSL%auIyaIuLaqa@iaamﬂ'ﬁmmwmimmﬁwaa HDPE/NR blends
AUSuL NR 10 wi%

Curing system O, (MPa) €, (%) G, (MPa) €, (%)
Ph 20.42+0.12 19.33+0.60 19.68+3.32 552+16

S+T 18.31+0.42 15.20+1.05 25.51£3.56 91967

S 17.1141.31 17.02+0.74 22.17+3.82 824168
0.1%DCP 19.57+0.98 23.56+4.26 12.31£1.02 6245
0.5%DCP 21.29+1.63 29.17+2.00 16.09+1.29 54+11
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ANT9N 73 ﬁﬂ%wmlaamﬂ%aﬂmiuLaqa@iaauﬁamwwu@immﬁwaa HDPE/NR blends
AUSu4 NR 30 wt%

Curing system G, (MPa) g, (%) o, (MPa) €, (%)

Ph 10.26£0.20 6.15£1.72 16.8522.12 408178

S+T 12.3742.52 17.70£3.95 17.5420.53 744120

S 11.1240.47 22.3740.17 16.2921.43 560+53
0.1%DCP 10.38+0.23 18.50+0.46 8.68+0.83 2942
0.5%DCP 11.0420.58 24.2641.11 8.4242.53 35£9

ANANNAIUNIUABNTANVIAVEI HDPE/NR  blends ﬁﬁizuumu%aummﬂuLaqa@mﬁuuamlu
AN99N 74 AUSIW NR 10 wit% JeUU S lﬁ@hmmﬁmmu@iamianmmﬁaﬂﬁq@ WRZITUU D Azl
v 1 { { |a AI J 1 v 1 1
ANuABINUdaN AN IANAFa uaziilaUTunm NR WK Aanudunudanisdnuiaiidiansd uas
a a dl' 1 £ s a [ d’d & s 1 v %
ANTWATDITLUULTONY NI I ROAARDINUNORLNDTHRNNT NR 10 wt% TINAAINGIIROAAFDINUNANNT
' = pr o o o ' a A £ '
NARDUAINNUGADLIING m‘sr‘zjau‘mwﬂmaqaslu NR i lwanudunudanisdnuafuuudas b g
AuriareIsnToanluanasUSuNeNITIINTNG S2UU Ph wae 0.5% DCP vinlkanuduniudanisanana

QI &/ 3 s 1 Id ' { o v ¥ a ; ! ﬂd [ tdl
LWN“D%Y]GI%@I'J?JU’Nﬁ&J NR 10 wt% ez 30 wt% mm:uuﬁue] 'i]:Yl’ﬂ‘ﬁﬂ’]ﬂ'J’]&Jﬂ?%ﬂ?%mﬂ’]@ﬂﬂ’ﬂ@nﬂ?_I’N‘Yl

Vl&iﬁmn%auimimaqa

@l’]i’"lx‘]‘ﬁl 74 S'ﬂ‘fiwamaamu%auhﬂuLaqa@iammﬁmmu@iamsﬁﬂmmaa HDPE/NR blends
Tear resistance (N/mm)
Curing system
10 wt% NR 30 wt% NR
Ph 143.84+4.30 115.17+3.54
S+T 129.70+6.97 97.92+1.12
S 119.43+9.09 105.42+2.90
0.1%DCP 128.49+3.15 69.82+2.61
0.5%DCP 147.25+7.51 108.63+2.92

Ew%wmlaamm%au‘[m‘[uLaqa@iamimﬁaﬁaﬂﬂﬂu%aumaa HDPE/NR blends W&adluansen 75
WRZANII9N 76 WU 32UU Ph, S+T uaz S Ma1anuadnInbunsradisisanusauinlnaifosns wazd
AANNNINTEUL D WAININUILUDS Patra  Lazamee (1998) NANMINWERLNESHENTZ RN HDPE/EPDM
LLDPE/EPDM w&a2 LDPE/EPDM ﬁﬁﬂ’m%ammﬂmaqaﬁm S 1Az DCP WU WaRlNasHRNNINTLTau
m’nﬂmaqa@i’m DCP 1#@Naua 3150 NS HaaIa28ANNTonNINAIN S Lﬁaamnmw’fiammﬂmaqa
@28 DCP Q:Lﬁ@mﬂ%am'miuLaqaludaquLaqamaawmaammﬂmaqamaama SINAARUTN NN
A A . A o Aa A '
LmawmwﬂuLaqaﬂmﬂm’lmsmau"umﬂuLaqamﬂ s 'ﬂumimammﬂuLaqmawwﬂumwaﬂmaqama

A ' A A ' A a A = A LA °
VNE9BEN9LR e LLazmawaaL:uaimﬂsmmmsmaumwiuLaqamﬂ nJim_lLauammg@mmmiumsm
ARLNINAE aawalﬁ@hmmmmmiumm@ﬁ’s@hmmm’augdﬁw WA bITWITOANUIN WaRLNDTHRN
32117319 HDPE nu NR N33 8a3972196783200 Ph 3500 S+T 4az3zuy S Maianuaauisalunisnean
ALANNTAUNINNINTZUL D aaidunanianszuy D ﬁ]:LﬁﬂmsL%aumﬂaIuLaqaﬁﬂumumaawmaaﬂ

WRZEINVBILNY LBl RANTAULATUAIBENILEININITAIEN WU Tualadraian1sastia lavas inlw
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LAANNIIALTIAIVDIRN UISﬁIwLaqawaaLmﬂﬁﬁa HA2Y LﬁalﬁqmvﬁQﬁ‘tumsmé’aﬁam@é’ﬂﬁﬁfaU FINA A

ANANNENNNTDINIRAAIAEANNTanAaAaIA28 (Chowdhury et al., 2000b) TINAGINANFEAARDS

ﬁ'uwamimmaummﬂu@immﬁa

ﬂ’li'ldﬁ 75 Sﬂ%‘wmlmaWSL%auIﬁaIuLaqa@iamsmﬁ’sﬁwmﬁﬁamaa
HDPE/NR blends NR1USu1a4 NR 10 wt%

Heat shrinkage (%) at extension
Curing system
200% 300% 400%

Ph 67 £1.3 77 £2.3 78 £29

S+T 65+ 2.2 70 £ 4.6 78 £29

S 67 £ 2.7 72+1.38 78 £2.3

0.1%DCP 54 +1.3 69 + 4.0 77 £1.3
0.5%DCP 58 £ 0.6 ATERIIaLEuItI Tz asfia

INNIANBIBNTNAVIUSHI NR WU7NT2UU Ph Way S f'fi\‘lLﬂm:uumn%awmﬂuLaqasl,umu
. (o ; C oA A A
289 NR 18308191087 1iaRasannszaziia 200% WU 1UaUSNN0s NR WANTH A1ANNRINITA MANITHA
o o o A & [ A A A A o a £ & v
AIFUANVTIRTANNINTY AILRAIIUAITNN 75 WAzAN319N 76 LiasanilatSunos NR wwNTW AYnlwa
1 Q/ t§/ { v v |A‘y L= 1 U o 1 l:l L= ' v
fuvesasmgInanNnIn elweanusauunuaiadisuariinisdetia wudn suaragresunsnddalauin
L = ° Iy y Aa o A o A & A o o a & A A v 2 o ' =
AU mzm‘lvﬁmyIGﬁIuLaqam@msa}mimmmmu o lHANTEUINATINIILINDNNIINAG TUAI8ENIRL
v o & ' @ o o o A, A X o

uTananau ldunIn FanalidianuanisalumIrnaaidlisanuTaulainaua s (Chowdhury et
al., 2000b)

@lﬁiﬁdﬁ 76 ﬁﬂ%wmladm‘sL%auTmeLaqa@iamsmﬁaﬁwmm%&umaa
HDPE/NR blends 3133124 NR 30 wt%

Heat shrinkage (%) at extension
Curing system
200% 300% 400%
Ph 72+1.9 72+1.9 82*
S+T 65+ 2.0 65+ 2.0 78+ 1.8
S 70 £ 0.9 70 £ 0.9 81*
0.1%DCP 42 £+ 6.6 42 £ 6.6 71+35
0.5%DCP 60 +7.6 60 £ 7.6 Specimens broke

(RNpLAg > %uéﬁazmmmzwmﬂwﬂﬁthgﬁau%uﬁaaﬂ'wnmzﬁdﬁ@%amﬁa%u

AagNMINagay 1 Tu)

{ o { a X ' { { I
WavihmsfsBafiszzdalindu wudh HDPE/NR blends ifszuumagansmialuanannszuy Tie
o o o A & A o a & P 2 A da X Y \
anuaunsalumInaalmeanusawisdniaszazdalindn asannmsdelafiRudwasnalians Lo
a Q a ‘l/ =3 v J { v v z $ 1 =3
lutanaianidaiissdianufianiinsteialduiniu uazilieldanuieudnasania meldluanaiaz
weunanavangianziawlnigige (@nzdudu) asudaolgsluananedwesinisdaEuee
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RN AN IRAGINNG Hea Lﬁaammﬁ@msﬂmmﬁwaamﬂIGﬁIuLaqawaamaimzmwwmmuﬁ
ENAVNFINIENUMNTEIER

NMIENEaNTWaTeasUSunm DCP SnSwazasUSanm NR  wazBninaza93suumIttanying
luanalu NR fidnsiuwas HOPE Adnadannuaunsaluminadidisninuian sutaauanunidauss
&9 uazanudunUdamM BN wud Mmudy DCP uazmudy NR ldldtsdiudssanuaunsalunis
WaTIFIANU w89 HDPE 1iRadw tor5unm NR 1ANA% sutiaduanunudoussds anusunude
MIANT10 wazdSHTMHANTaINE RN TNAURAIAART IINNNTIATIZRRUSUIHRANLASVWIANEN WLIN
HDPE §uUSunmsWanwannin LLDPE, LDPE1 uas LDPE2 (F9asunelusindasaly) asinserinlsen
anumEnIalumIrasaTsanuiauliiannniwedasia 3 1ie esandSinananssnarniutase
witafiteliAansnas I@ﬂﬂ%mmwﬁﬂﬁmdnLﬂ%ﬂ‘uLaﬁawgm%awmwﬂmaqmﬁw (Mill, 2005) wINWa
Awesthuassunes e Inasdsau e Rl Usinmnanenn Lﬂ%ﬂmaﬁaudﬂﬁgm%awmwﬂmaqamﬂ
saiuiielvanufoutilanmadunsud mlmaammasldunn ssualianumunsalumsnadaiien
CARl LLa:Lﬁaﬁﬂmszuumﬂ%aumwimaqa WU SYUUPh 35UU S UazIUU S+T uazfiUSanos NR 10
wt% Tanusunsalumanadadiganufaniind s sutiaeuanu N ausIaILasANNTIUNIREa T
anv1egenitszuy D

agnalsfimnn snmsSsuifisuanumansalunsmasidsanudaussnitenediwesnaufiduas s
ﬁmu%auimimaqammﬁa WU ﬂ’]iLanﬁ’ﬁL%mJIthLaqE\IVLSJ'VLGT“ﬁ’JULﬁNﬂiﬂNﬁﬂNﬂiﬂl%ﬂﬂiﬁ@ﬁ’l Wel
lunmsasanudny luunsdasnafianuaaunsadasas

mMAAeNzEInamaasanusawmdinamaaiaaunsaafurangdnssuuuuialadaafinvasned
Wwasle ﬁﬂﬁﬁﬂaﬁammé’uﬁuﬁ:mﬁmwﬁ'@L%aﬂa"nmwaﬁma‘iﬁm:qmmn‘]mﬁaﬁlﬁfu MINATNANING
MEASANNTEUTINAMEATUad HDPE/NR blends lagvinnsudsuSunas NR 0, 10 uaz 30 wt% Lazwed
ma%maué’aﬂm'sﬁﬂﬁﬁam'ﬂﬂuLaqa@‘hmzm_l Ph wuin (Sat3unms NR nd @imaqé’aazauﬁ@hmm

. A o o [ o o A ' [ A A & < a
LW AEINUALA N B FYBIT muamiugﬂw 44 drnaqasgywisiidiaaaiuazweiiwailionuiuian
a J a { 1 = 1 %
FANNINYW LLazqmﬂguﬁﬁmgdqmawa@;aagzymﬂ (maximum loss modulus) Ja1U3z81%% 50°C A3uaas
A A a A ' ' & a a & ' ° A e
slugﬂw 45 uaziilaNIangUN 46 wuin mmuwumqtymwaa‘waaLuaimmvlwﬂﬂﬂgml,mummLﬁmu,a:

a A

HT19EUNUINNINE8 LAGILALID aaﬁ%muwmﬁ‘ga&Laﬂml,mMNVLﬂ Saduniandgnmniis

2.50E+10

2.10E+10 +

1.70E+10 4

1.30E+10 +
NR 0 wt%

9.00E+09 NR 10 wt%

Storage modulus (Pa)

NR 30 wt%
5.00E+09 -

1.00E+09 T T T T T T T
-40 -20 0 20 40 60 80 100

Temperature (°C)

Eﬂﬁ 44 Storage modulus 283 HDPE/NR blends ﬁflmil,%au"m’mhlLaqam\‘iﬁ’amzuu Ph
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1.90E+09

1.60E+09 -

1.30E+09 NR 0 wt%

NR 10 wt%

1.00E+09

Loss modulus (Pa)

7.00E+08 NR30Wi%

4.00E+08 -

1.00E+08 T T T T T T T
-40 -20 0 20 40 60 80 100

Temperature (°C)

gﬂﬁ 45 Loss modulus U84 HDPE/NR blends ﬁﬁmiL%ﬂ&l"ﬂ’JNTmaqamdﬁiﬂiz‘.l_l‘i_l Ph

0.25 4 NR 0 wi%

NR 10 wt%
NR 30 wt%

N

Tan §

0 T T T T T T T
-40 -20 0 20 40 60 80 100

Temperature (°C)

Eﬂﬁ 46 tan O a9 HDPE/NR blends ﬁﬁmn‘%am’nﬂuLaqamdﬁ'smzuu Ph

3.4.2 LLDPE/NR blends
3.4.2.1 ANUALBING NITRAAINILAINIDW WAz IWINGT
Aa o v wa 1 = U ' a d'
STIINT AN IR RNUAANUN U BULTIRILATANNAUMUAaNIAN1A28d LLDPE aaad (A1319%
' v e o Y - f 4y -
77 LLazgﬂﬁ 47) uazluwiliuanda1NINAAIAI8ANNTUYEI LLDPE muyUIunoaensfiiadn (an35197 78)

IWN 77 RULAANUNBABLIITILAZANNAUNIUABNTANT198I LLDPE/NR blends

NR content o, g, c, & Tear strength
(Wt%) (MPa) (%) (MPa) (%) (N/mm)
0 10.3620.16 29.85+1.80 24.83+2.19 1013£70 117.35+4.48
10 9.30+0.21 22.24+0.84 23.06%1.65 1008160 100.94+1.54
30 6.94+0.14 24.51+2.02 17.53+1.10 964+56 74.69+2.06
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Stress (MPa)

w
o

N
a1

N
o

[N
[$3)

=
o

LLDPE

0 wt%NR

10 wt%NR

30 wt%NR

200

400 600
Strain (%)

1000 1200

gﬂﬁ 47 ANANVLAB-ANNLATEA VDI LLDPE/NR blends

a9 78 AwEanInlumInaaadisauiousas LLDPE/NR blends
NR content Heat shrinkage (%) at extension
(Wt%) 200% 300% 400%
0 69 77 80
10 63 72 74
30 63 69 72

AN¥ULFAIIWINGNY84 LLDPE/NR blends 9INN130T1aRaUd18niadlanIsaidianasounuudas

nll ' o a 3 a ¥ [ dl a 1 & =S o
ﬂi"lﬂl,l,ﬁﬂ\‘ilugﬂ‘ﬂ 48 8z 49 ﬂau‘ﬂ’]ﬂ’ﬁﬁﬂ@?_I’N]?J?Jﬂvl,ﬂ‘ﬂﬂﬂuw’lﬂu’]@]’lﬂﬂ’]\‘iﬂLEU‘LI vL&ILﬂ%ﬂ%&ﬂ"lﬂﬂ’]x‘] I

nsaEnagdaan e sLUndn ﬁwiﬁLﬁui’aaiaﬂmaaLﬁ@maﬁns:mﬂagsl.uLWa LLDPE I@mﬁmﬂugﬁ%a

. ' A o @ a & A a a & A a ' '
%ad?ﬁﬂugﬂ‘n 49 mLﬂ@lvlm’]atgmﬂm\m*’umﬂsl%mu“umuaﬂsmmmuwumu Lua\‘l’ﬂ’mmgmﬂmdwgﬂi’lﬂu

wiuau nanidunsinanuszaniiadioglliniansenizuen uazlianuuandandugiuingves

HDPE/NR blends 1a87l NR §3a3uaadansastuinanszanondbuaasaadeniusunmenadnany annnns

’3‘61Lﬁumguﬁﬂmwadm&mﬂmq WU31 LLDPE/NR blends NaUSumMe19 10 wt% was 30 wi% aziuua

WwhguinaafsveIanIALNAL 0.5910.14 um uaz 1.0810.33 pm audEy

3‘1]"?% 48 SEM micrographs a4 freeze fracture surface 284 LLDPE/NR blends fauvinisanaing

NR: (a) 10 wt% NR Laz (b) 30 wt% NR

0294

(b)

76



(b)
3'1.]“7% 49 SEM micrographs 284 freeze fracture surface 283 LLDPE/NR blends nasriMIsNaLWg
NR: (a) 10 wt% NR uaz (b) 30 wt% NR

HANTAIATIZRAR8INARA XRD LLﬁﬂ\‘ilugﬂﬁ 50 Waza319n 79 MImdsunmnanldanmsRaisan

o ] ‘d | v { Qs 1
Fwrisva9 20 o 21.3-21.5° uaz 23.6-23.9° Faiiluzuulassaanany 110 waz 200 lasuanaInan
azdadsidiunyaaslsanin (Bermal-Lara et al., 2006; Mishra et al., 2008) Matdn NR lailavirlwzduny
MINTL39SIRanGuad LLDPE asuulasll ualinadovwiavaindnues LLDPE agneilvadagninan
v & A A& & a e 1A = @ 2 o v 1a = a & A
waznaInsada Tuni NR  iuwefiwesnlinan (agmgin) 39 ldUSunmninaasnefwesnaniia
A0Ad WANIINARBINAN YT WLASINWNAY HDPE/NR blends dnasunaluwadamdululuvinuasdainun
AN a1 HDPE/NR blends 678879718 NR 30wt% LAANITLANTANITHININMINaaatlarinnisasia
¥INNI1 100%  @ragenlglunisiienzidisinaiia XRD  azfivwialugniraregrenlavinnsmesay
ANNRINITD NIIRAAIAIBANNTOU MTIATIZRELNARA XRD InTudaslnsastiasuasinuwnunis
“ o 9 A o LA g 2 A 9 £ =
nagauANUIINITD IMIRaaIasnNuTow Ladiaddawmalugdu msdsaduldldunannau 39

a 1 S A 2
VANV LIUITRININIAIE A b

L/\\; 30 WI%NR
\ A 10 Wi%NR

0 wt%NR

Count

20 ()

311 50 XRD patterns 89 LLDPE/NR blends filsifinsiduansiad
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A3 HN 79 USUNRANLAZIMIANANILATIZRA28LAT8I XRD U89 LLDPE/NR blends N liin1siauansiadl

NR content Extension Peak angle (20) Crystal size (A) Degree of
(Wt%) (%) 0, 0, 0, 0, crystallinity (%)

0 21.45 23.77 11.93 4.32 27

100 21.28 23.58 7.96 4.30 31

0 200 21.11 23.41 7.90 3.48 38
300 21.49 23.54 4.39 3.48 48

400 21.52 23.72 2.90 3.27 47

0 21.44 23.76 6.33 4.15 26

100 21.31 23.62 6.32 4.03 33

10 200 21.29 23.68 5.53 3.84 34
300 21.38 23.69 5.38 3.53 38

400 21.50 23.69 413 3.13 40

0 21.30 23.67 5.84 3.98 25

% 100 21.29 23.58 4.77 2.83 29

3422 Snﬁwawaomivﬁaufmfmaqa‘lumamsmﬂﬁ
NIINAMVLAU-AULATUA BRZANFNTAANMNNUAIRITIAIVaINARLNES LLDPE/NR blends N/Su1oh

NR 6149 uazliszuunisifiansnsluianazas NR denuuaaslugif 51 a13199 80 waz 81 wud1 0

1331 NR 10 wt% ¢ G, °uammzuumn‘%aumwiwLaqaﬁﬁﬂﬂﬁlﬁmﬁ'u WazAN €, 18932V Ph 1Wdn
gan'jwszuu S+T J2UU S BazTeUU D waNUTu1ms NR 30 wi% WU A1ANNNKEABLIIAIUDINDRNDTHRN
3211319 LLDPE Ay NR ﬁmamﬂunm:uumslﬁaumaﬂaIuLaqa L12991nNUSNI NR - @9naidawia
A & ' o ' a A ' o

a%N1AV89 NR ‘nsl,muumu FANANNAIUNIUABNNTANVIALFAILUANTI9N 82 Wudn Sy D ldaaw
o ' a { a a & o ' A
AUNIUGINIIRNTIAFIFA uaztiadSunm NR - LANTY mmmumumamsﬁnmwamm:uumsmau
?J?ﬂdI&JLﬂQﬂfJﬂ"mﬂad IRHANINARBIFDAARBINUNANITNARDUANNNUADLTIA

30
@)

N
ul
L

~Ph

0.1%DCP

Ny
o
I

0.5%DCP

Stress (MPa)
&

10 1

O T T T T T
0 200 400 600 800 1000 1200

Strain (%)

31]"?] 51 ﬂi?Wﬂ?WNLﬁ%-ﬂ?WNLﬂ%UWHQG HDPE/NR blends ﬁﬁﬂWiL%aNm’J’]GINLQQQIH NR:
(a) NR 10 wt% Uaz (b) NR 30 wt%
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Stress (MPa)

[y
oo

(b)

=
ol
L

(=
N
L

©
L

0 T

0.5%DCP

S+T

0 100

200 300

400

500 600

700 800

Strain (%)

317 51 (sin)

S‘n‘ﬁwmJaamn%auimimaqa@iaauﬁ'ﬁmwwu@immﬁwm LLDPE/NR blends
AUS ™ NR 10 wit%

@15199 80

Curing system G, (MPa) €, (%) O, (MPa) €, (%)
Ph 8.70£0.22 7.45:0.31 24.53+1.21 1055£26
S+T 9.6540.15 4.10+0.84 22.99+0.92 830414
S 9.3640.20 4.28+1.58 20.97+1.75 845+30
0.1%DCP 12.6240.42 20.21£0.28 21.19+2.02 573£10
0.5%DCP 14.13£1.29 17.8545.72 21.49+1.26 296156
@]']i’]\‘i‘ﬁl 81 ‘éﬂ%wamaomsﬁauimhLaqa@iaauﬂ'@mmwmimmﬁwao LLDPE/NR blends

#5370 NR 30 wi%

Curing system O, (MPa) €, (%) O, (MPa) €, (%)
Ph 5.55+0.22 7.43+1.31 15.15+1.12 55610

S+T 6.18+0.11 4.80+0.40 14.60+0.37 742430

S 6.05+0.24 4.37+0.54 13.9320.70 556450
0.1%DCP 8.52+0.38 11.99+1.72 17.22+1.81 527+48
0.5%DCP 7.30%1.30 16.412.12 17.35+2.15 7061

TN 82 ﬁﬂ%wammmﬂ%awimiwLaqa@iamwﬁmmmiamiﬁnmmaa LLDPE/NR blends

Tear resistance (N/mm)
Curing system

10 wt% NR 30 wt% NR
Ph 96.66+1.88 77.66+4.86
S+T 100.25+3.37 63.91+1.19
S 97.88+2.85 74.13+5.20
0.1%DCP 134.72+7.14 101.76+5.92
0.5%DCP 249.22+7.10 197.61+5.80




a a ﬁl a wAa A =1 1 Qs J 1 a

amwamaqmsmauimiumqa’[umqmmmmaaumLmﬂaumwmmnmanu‘lﬂ Juagnuriiaves
g Tau s TRAVAIFNUAEING WazUSU1me9 G35 AINIIUWNIUAaN1IANUIaUas LLDPE/NR blends 3
. oa XA o A A ° @ a & A a '
Audwiiiald DCP uaziidnanndluszuuausg szuu DCP inlddn o, wndulunnnsdiuazifivannniy
sruudu lwsmndenunvinldan €, aaasunnINTTuLaumBunY NUSNIMENI 10 wi% J2uy Ph vinlw
' ' A £ ' wn & a H A A a £ '
A1 O, 8089 WA €, NNUU AaNUanIzeIlanaadasiialNaUTmeInInau §IUsUU S UarIUl

- o x e ® X I x -

S+T e O, WiiNAu uden €, aaay uazdaulansasidenanasilaiRuTanmensundu nmsduans
A a o @ AN 9 '
daulosluanalunissiund vlwen g, sansave lasawizlususzuuunilails DCP azaaasating

1 U 1 ‘AI J
A @1 G, aaadlunnazuusniunsdl 10 wt% NR luszuy Ph azldiadu

anSwazaamuTanaMaluanaved NR 6ominadiaisn1uiaused LLDPE/NR blends uaadlu

A A o o % £ Y a A
17199 83 UAz@1IWN 84 AnwmAnInluMIMadIdIsaNNTanluegiuUTIMBNILAZITUUIN TN
p119laana TunsdiifensuTunm 10 wi% szuy DCP hlddnsnadidinitszuuang uasszuudug I8
' o v A o ;oA o a £ A ' & oHde o
FNITRAAINALADINY we o NN YT 190 INT T 1 30 Wt% AILRRBLATIUL S+T inwud biainisva
@2 TuueNInITIT 0.1%DCP  H9AINTUNARBULNIITULABINIAAINITRAGI 16 FAWITZULUNRRaNINNA LY
FNTDHAINITRAAI LG LNIIZTUNARBUVIATZTAINIAINAROU ﬂ'm%awmﬂﬂuLaqalumavlajvlﬁmafl,ﬁ

o ad AL P ) a P A s
ﬂ’J’]&lﬁ’m’]iﬂIuﬂ’ﬁ%@@’Jﬂ“ﬂu Nﬂ’]gﬂmuLaﬂuaﬂluﬂimﬂ’N 10 wt% nNizezea 400% T\iﬂ’]ﬂ’)’]&lﬁ’]&]’]iﬂiu

A

N3%A§289 LLDPE/NR  blend “?'ivl,&iﬁmﬂ%ammﬂuLaqamoﬁml,mﬁ'u 74% Wadduaa3nlaTunia
fuzau lwdanumusnlummadniaduiu 76-78% lunaseiudiy nadifides 30 wtee ns
L%aumaﬁoimLaqa’uaamaﬁﬂﬁmmmmsnlumsmﬁwaa LLDPE/NR blend a9a4
NANNIILAIZANINAMFEASANNTOUTINAAIRAT289 LLDPE/NR blends ﬁﬁmﬂ%awmﬂmaqa
683U Ph LLamlugﬂﬁ 52-54 wuin ladSunme NR fiaiu ANBQAFRL UL NN R A BAANAART
qmﬁnﬁﬁuammua@gé’agtymﬂgaqmﬁuvlmaj%’ﬂLau%aﬁﬁﬂwmwﬁmﬁmﬁu HDPE/NR blends 1iiaiansm
gﬂﬁ 54 WU @hLmumuﬁgzyLf%mJaawaaLua%waﬂ&iﬂsmg@hme%'@]mmm:ﬁﬁ’m@‘hLmuﬁﬂfwmﬁsJ Wel
@‘iﬁLmemaamLmuwu@TgtyL%Uﬁumiﬁw"lﬂﬂ'\w‘hLmﬁ,ﬁﬁqmﬁgﬁga%qﬁﬁﬂwmuﬁmﬁmﬁ'u HDPE/NR
blends iufin mifinanimasashiduldawyFumes fe ﬁaaﬂ'wﬁvl&iﬁmoﬁ@ima@;é’aazamazuaqé’a
grymw‘i'mdwﬁ’saamﬁﬁma 10 wt% anafinaninafiamsiened udilefiansand tan & NN

a 1 1 v Qs A ' ¥ | a a 1 1 1 s 1 Qs
mamaﬁminmﬁmnu Sﬁamﬁl,ﬂuwaawﬁmaaamwmm:mnmwaqaagmumﬂmamaqaaazau

@]’ﬁNﬁ 83 ’éﬂ%wamaom‘n‘%ameI&JLaqa@iamsmﬁaﬁwmm‘?amaa
LLDPE/NR blends N313u1a4 NR 10 wt%

Heat shrinkage (%) at extension
Curing system
200% 300% 400%
Ph 67.0 + 1.89 73.3 £ 2.31 78.5 +2.21
S+T 63.1 £ 0.53 734 +£1.15 76.0+ 0.60
S 64.1 + 0.67 72.3 £ 0.52 78.2 £ 1.07
0.1%DCP 47.2* 65.0* 74.3*
0.5%DCP 51.1* Specimens broke

(WNEe * Fudmadwnaznivnmiligunnlautudetnumdsiiadunie

FuamadNmMInasau 1 Tu)
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(ﬂ’]i’]\‘lﬁ 84 Eﬂ%wamaamn‘%auimiwLaqa@iamimé’aﬁmmﬂﬁaumao
LLDPE/NR blends N%1/33104 NR 30 wt%

Heat shrinkage (%) at extension
Curing system
200% 300% 400%
Ph Specimens broke
S+T 75.3 £ 1.39 67.5 + 4.00 67.7 £ 4.00
S Specimens broke
0.1%DCP 60.3* 69.5* 68.9*
0.5%DCP Specimens broke

(RANBAA * FuiaiiasznivmInesay 2 Tu 9uRe 1 Tu)

1.01E+10

8.10E+09 -

o
=
o
m
+
o
©
L

4.10E+09 - NR O wt%

~NR 10 wt%

Storage modulus (Pa)

2.10E+09 + NR 30 wt%

1.00E+08 T T T T T T T
-40 -20 0 20 40 60 80 100

Temperature (°C)

31/71 52 Storage modulus 89 LLDPE/NR blends ﬁﬁmﬂ%aumﬁﬂmaqamaﬁum:uu Ph

8.10E+08
6.10E+08 -
& NR 10 wt%
(%2}
>
= NR 0 wi%
S 4.10E+08 -
o
IS
2 NR 30 wi%
(@)
2
2.10E+08 4
1.00E+07 T T T . . . .
-40 -20 0 20 40 60 80 100

Temperature (°C)

a

3171 53 Loss modulus 989 LLDPE/NR blends ﬁumn%aumwﬂuLaqamaé’am:uu Ph



0.45

0.4 4

NR 10 wt%
0.35

NR 30 wt%

0.3 1

0.25

Tan &

0.2

0.15 A

0.1

0.05

0 T T T T T T T

-40 -20 0 20 40 60 80 100
Temperature (°C)

UM 54 tan O 289 LLDPE/NR blends ﬁﬁmu%aumwimaqamoﬁamzm_l Ph

3.4.3 LDPE1/NR blends

H9FIININ AN A FNT AR NN UG BUITIAILAZANNFIUNUABNIRNV 1AV LDPET  anadatng
AN (gﬂﬁ 55 uaza31971 85) laganaININNIINERLNoSHENTILAS8NIIN HDPE Was LLDPE uasiidnanas
o U3 N NI BTN TN RN NI W T WA B T LN AL SHENFITRARNEINUEY MTENIITTINT AL
LDPE1 ﬁ“ﬁai‘hﬁ'ﬂlumiﬂ%'uﬂ‘gamwm'hﬁaUmmﬁ”aumad LDPE1 USNNMMeNIBITUTIALALS 10 Wt% Lazfs

' g: o v s L3 v 1 QI é/ { { =)
Baiied 200% ihuu Faazildnmanaddisanuiauilaingsdu (@99 86) hasanwadivainauil

@ €, Masadnanndsrhlilimaninieiouunaseufiszuzdagsled

15
LDPE1
0 wt%NR

12 4
< 10 wt%NR
o
s 9
2
S g 0
(4/-:) 6 30 wt%oNR

3 _

0 T T T T T

0 200 400 600 800 1000 1200

Strain (%)

gﬂ‘?‘i 55 ATNANMNULAU-AINLATLA VI LDPE1/NR blends
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79N 85 auﬁ'ﬁmwwmimmﬁaLLazﬂmuﬁwummiamiﬁﬂmmaa LDPE1/NR blends

NR content o, g, o, &, Tear strength
(Wt%) (MPa) (%) (MPa) (%) (N/mm)
0 9.35+0.13 55.30+8.16 13.98+0.22 9677 76.81+£1.29
10 8.81+0.19 42.19+0.83 10.76+0.54 397+30 36.44+5.71
30 5.95+1.41 38.71+2.24 5.80+0.17 273+25 45.76+2.56
(9’]']5’]4“7{ 86 ﬂ?ﬁ&lﬁ’]&l’]iﬂiuﬂ’ﬁ%@éﬁﬁ’)EJﬂ’J’]N%thIE]x‘] LDPE1/NR blends
NR content (wt%) Heat shrinkage (%) at extension
200 300 400
0 47 57 Specimens broke
10 63 Specimens broke
30 Specimens broke

MIATINFBUGINABIIANTIAUDIAAATAULULFDINTIATEI LDPET/NR blends Handdasrinnsanaian
awepnIsTINTdeantl iuAeanuiu HDPE/NR blends uaz LLDPE/NR blends @iflaSunauiuga
daurhnsanaaz ldiinaynined ﬁduamlugﬂﬁ 56 LRnuANuAATIEoL lifignsateshilag wasen
nssiaswsrwmdaanld demausluwwduiuingm 2 h aziuieunavassegnanaean’y
ﬁﬂﬁl,ﬁwﬁad'jwﬁLﬂuamgmﬂmaﬂﬁﬂguuﬁ”uﬁwaawa'ﬁma?mau @Tog‘ﬂﬁ 57 LDPE1/NR blend #ifit5ums

p9das (10 wt%) azfiounmassdaudinay ﬁmmﬂLﬁumquﬁnmamﬁﬂﬂszmm1.83i0.93 um e
Usunmenaifindu (30 wt%) amgmﬂmdﬁgﬂiwvl&il,wi,uau e dunssnay uasRddnwaadewr
nazuen Svwnalngu uaznszansethaiaislunaues LDPE1 @hma‘umauﬁumguﬁnmwaam&mﬂzm
fientszanm 2.1510.82 pm Junaldivuiazasaynasisli LDPETNR blends fidnlngninuwevas
auMALlu HDPE/NR blends uaz LLDPE/NR blends ﬁLﬂumLmﬁﬂﬁauﬁaL%mamm LDPE1 aqad
41NN31 HDPE ez LLDPE #asl@iusnisssuand wanannii nan1snaaasiisstisuenin LDPET Hanudn
AWNLLNIFIINTIA ldkasni1 HDPE  uaz LLDPE ﬁafﬁﬂmwmzwaaLaﬁﬁuu@ia:mﬁ@ﬁgﬂs’whLaqaﬁ

LANGIINY LﬂuﬁmL%ﬂmy'j’lleiam'lmﬁm'lﬁLﬂswzﬁﬁmﬁnimaqamaawaaLaﬁﬁuu@ia:“ﬂﬁ@vlﬁ

15kY

(b)
gﬂ‘ﬁl 56 SEM micrographs 284 freeze fracture surface 984 LDPE1/NR blends fiauvinnisanaing NR:
(a) 10 wt% NR ua (b) 30 wt% NR
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(b)
Eﬂﬁ 57 SEM micrographs 184 freeze fracture surface ¥a3 LDPE1/NR blends nasMIsNaLg NR:
(a) 10 wt% NR uaz (b) 30 wt% NR

gﬂﬁ 58  LAAIWNWATWNILAEILUNYa93IRangued LDPET/NR blends uaz LDPE1  Wuinens
srsund il fpundasdnsaznisiieiuuses LDPET LﬁuL?lmﬁ'uﬁﬂﬁﬂglu HDPE/NR blends uae
LLDPE/NR blends @1ufinsisuen i:umimaa‘?ﬂawﬁﬂmaowaﬁma%m:qawa&aﬁﬁuifama%isl,u"ﬁ'm
e il 20 m 21.3-21.6° uaz 23.6-23.9° uszwulassaionani 110 uaz 200 lasndndandnas
Jassaauuuaaslssaudn (orthorhombic) (Bermal-Lara et al., 2006; Mishra et al., 2008)

30 wt%NR
=
>
o
O
10 Wt9%NR
0 Wt%NR
5 15 25 35 45 55

26 (°)

311 58 XRD patterns 89 LDPE1/NR blends filsifinsiduansiad

=S

@39 87 ULRAIIWIAVBINANLATLTINIMNANNALA A laaaainafia XRD w89 LDPE1/NR blends 1
fszociiadng g InSwavessnsrTIumAnastzaztianldevmananuazdSunmnanues LDPET  Hwldlu
YNuaaLdeInwny HDPE/NR blends Waz LLDPE/NR blends fa nsidugnssssum@rinlndamananuas

a = A = a & 0o 9 o = a 2 a X o a & o
YSunmnanaaad tladsdanninazrilfauandnanasuazdSanananiinds srefuoduldluanwus

Wweanuntausseneliluiada HDPE/NR blends waz LLDPE/NR blends 34 haivananidndanluii
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Lﬁaamnauﬁammwu@iaLmﬁqLLa:mmmmmlumwmé’uﬁmmwu%’aumaa LDPE1/NR blends %

ANdININ ﬁd"l,xivlﬁﬁwmiﬁﬂmmﬂ"ﬁmﬂ%auimiuLaqa’l,umma:mﬁ LAIITREILINATLA DMTA

A9 87 USHNBNURZIWIANANILATIZHAI8LAT9 XRD U89 LDPE1/NR blends N bidnst@uansiadl

NR content Extension Peak angle (20) Crystal size (A) Degree of
(Wt%) (%) 0, 0, 0, 0, crystallinity (%)
0 21.26 23.61 14.33 6.35 41
100 21.34 23.69 13.44 4.91 45
0 200 21.41 23.55 9.77 4.15 49
300 21.56 23.78 8.53 2,77 50
400 21.61 23.91 4.88 2.45 51
0 21.21 23.65 7.42 5.14 32
100 21.44 23.69 5.51 3.99 31
10 200 21.45 23.90 4.47 2.98 33
300
Specimens broke
400
0 21.53 23.63 6.56 4.22 28
100 21.41 23.73 3.26 4.15 28
30 200 21.46 23.69 3.10 2.99 34
300
Specimens broke
400

3.4.4 LDPE2/NR blends
LDPE2 Adnauinsinalvinnu 0.35 g/10min luutuef LDPE1 fenawiins lalvinny 4.20 g/10min
&% HDPE W&z LLDPE fdnaufinslnaivinnu 5.0 g/10min Uaz 0.90 g/10min @1us1ay f9usin LDPE2
AL v A v A [ ' Aa ' ' o P iy o
ﬁ]z&lﬂ’](ﬂ“]juﬂ’]ivlﬁﬂlﬂﬂmﬂdﬂu HDPE me’mﬂugﬂi’mlmaqamaﬂu LLazﬂ’]i'ﬂvLQJE‘ﬁNﬁiﬂ(ﬂi?’i}ﬁaﬂu’]‘ﬂuﬂ
R o o ' A ' wa A a A A aa \ A
INLGQQVL@] aaml‘mmﬂmamsaﬁmUﬂ’nmmﬂmwadawummo G]LSJE]L?J?EI‘ULY]EJUWE]HLQY]Q%LL@]R$°E%@

ANTWAVBILNITIINTIANTdangAnTuanuawTalunsdstiaves LDPE2/NR  blends 619370

LDPE1/NR blends fia sn9s3sum@lildans &, 189 LDPE2 annuvinAufitsinglu LDPE1  udatnglsh
@13 LDPE2/NR  blends LaAI&NTAANUNUBADLIIAILAZANUAIBNIUA DN TANVIARARIANUITN W
FITNTIR AN (gﬂﬁ 59 uaz M7 88) Il autuiunaAWo NaNAinaIInLe AuERnsalunIwa
fadpanuianilsnsoiTwdeIiu LDPE1/NR blends dauaasluanyned 89 Lﬁawmimamﬁﬁ’yﬁguﬁu
sulianNunacITEANTan 3k LDPE2INR  blends 39limanzanfiazsinldwamiunadiueinas
A28ANNTEW LTULALINUNL LDPE1/NR blends
mim’%'wé";azhal:ﬁammaamﬁ”’;zma”aafgammﬁ&aﬂmammuda\‘mimiﬂmamﬁﬁ'ﬂﬁ LRSI
Lﬁm'}ﬁmmfﬁﬂLﬂuﬁa:ﬁamﬁ'@maﬁﬁwmaaaﬂvlﬂ’lunﬂwaammfwau gﬂﬁ 60 uaz 61 dwnwdievas
LDPE2/NR blends Ranuazwasvinmsusluuuduiuma 2 h winliaiaenwgonssssumauniinings

dadnveantd szuasbiiunangiunifeymanesiwmd asdanuiilienuidydansdnsned
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bd E]%Nﬁll Lﬂuﬂﬂﬂdfﬂ\‘i LNTZNIWUTAMNRUNBNNATNENE 81 TAMURANAR %WﬂL@%UN(;]”)E]ﬂ’NVLﬂQﬂé}E]{I

& P @ A a 6 ' a ad a [ & a o a
Wwhniunuain ‘INE]ﬂLQJB?N&N?SVYNGWB@LE]'Y]R%LLNZEI'N‘E?T&I%’WWJLNL“IJ’]Lﬂ%L%E]L@EI’)ﬂ% UM IUNNE

a t§/ 1 ] ' ' o s a a o d
NAVY LL@]ﬂ']iVLN Lﬁmadiawaaa%mﬂmmaummsan@iuw aama%mau (PE/NR blends) SLuIﬂidﬂ']i'lﬁ]f;lﬁ

A Aa Aad A <
mrummrmwamamuﬂn@gummﬂﬂaum

18

LDPE2

0 wt%NR

10 wt%oNR

© 12 -
2
[72]
g8 97 30 Wt%NR
)
(7p]
6 |
3 |
O T T T T T
0 100 200 300 400 500
Strain (%)

600

gﬂﬁ 59 ATMNANMNULAU-AINNLATLA VI LDPE2/NR blends

AN3197 88 FNLANNUNUADLIIAILAZAMNABNIUADNIANVIAVEY LDPE2/NR blends

NR content o, g, o, &, Tear strength
(Wt%) (MPa) (%) (MPa) (%) (N/mm)
0 10.22+0.15 26.86+0.22 18.13+1.07 622426 89.06+5.74
10 7.70+0.23 6.6620.89 12.40+0.73 32431 42.8614.59
30 5.68+0.10 6.02+0.52 9.23+0.38 325+31 53.15+2.63

A1371971 89 mmmmm’[umwwé’%ﬁmmwﬁaumaa LDPE2/NR blends

NR content (wt%)

Heat shrinkage (%) at extension

200% 300% 400%
0 34 44 Specimens broke
10 51 Specimens broke
30 Specimens broke

snwuzzliveymMassTImaninazanslu LDPE2 danwmziniiounuidsnglu LDPE1 fe &

g: = v [ IJ &) = J dl = a é: J &)
YHNNINN[Y LLﬂtiﬂﬂ’]UEﬂvlfll mmmmg‘,mﬂlmymml,auﬂm\‘liu’mmumauﬂimmmamem L wwIne

a s a a { a { tg/ ' { v ]
amgmﬂmam@mﬁi'sumﬂuamﬁaammﬂﬂimmﬁmﬂ*‘nu ALad mjadLaumquﬁﬂmwaaawmﬂmﬂu

LDPE2/NR blends 7iRLSNmME19 10 wi% uaz 30 wt% Senuszanm 0.820.23 um uaz 2.0110.84 um

o o A ' ' \ " o . o { o
CRE Rt mﬁmgdmw HDPE/NR blends W&z LLDPE/NR blends uw@ddndininaniasilaiisouny

LDPE1/NR blends E‘L]ﬁ 62 ULRAILNBNTWNIILA EJ’JLU%%'\‘JE‘:(LQT]SE%G\‘] LDPE2/NR blends
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10um

10um
(b)
gﬂ‘ﬁ 60 SEM micrographs 184 freeze fracture surface 283 LDPE2/NR blends naurnmIsnaig
NR: (a) 10 wt% NR uaz (b) 30 wt% NR

(b)
Eﬂﬁ 61  SEM micrographs 84 freeze fracture surface 183 LDPE2/NR blends #a4finmMyanatwg
NR: (a) 10 wt% NR wa (b) 30 wt% NR

— 30 wt%NR
£ o~ i
o
(@]
10 wt%NR
0 wt%NR
AN
5 15 25 35 45 55

26 (°)

311 62 XRD patterns 89 LDPE2/NR blends filsifinsiduansiad
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A1319N 90 WRAIBNDTWAVIUSNIENITITNTIALALNNTAIH ARV UIANRNLAZUS NI WHAN VDI

LDPE2/NR blends &JILNA bIN819TITNTNALRL T Uz HAN BNTWAA T W ANAN WA US U1 WNANTEI LDPE2

IR WNUNDRLANAUNITNNTRANUITENHNILE?

77199 90 YT MNBNUAZUWIANANILATIZHAI8LATI XRD Va9 LDPE2/NR blends N baiinsi@uansiadl

NR content Extension Peak angle (20) Crystal size (A) Degree of
(Wt%) (%) 0, 0, 0, 0, crystallinity (%)
0 21.26 23.49 14.33 5.99 33
100 21.26 23.49 11.94 5.39 42
0 200 21.34 23.58 5.57 2.85 41
300 21.32 23.67 5.12 2.66 40
400 21.38 23.53 2.98 2.25 44
0 21.33 23.51 7.93 7.99 31
100 21.38 23.60 6.72 7.70 30
10 200 21.23 23.46 4.57 6.34 32
300 21.48 23.66 3.31 4.69 40
400 Specimens broke
0 21.30 23.55 6.33 3.59 20
100 21.35 23.57 5.36 3.59 34
30 200
300 Specimens broke
400

3.5 @yuan1snaaag

1.

PITITNT AN A TN T AR UNUADLIIAILAZAMNFIUNIUGADNITANTIAVDIND RLANAUNIFTRAA DU A

INTIZWERLN BT NENTZRININaBLaRAMLATeN B TIN T A ans et immiscible blend a2 uncompatible
d‘vb 1l a a ¥ o v o ege =3 o v Y J a a

blend wananRed biNNTENEITIANANNEAWLE (compatibilizer) 39¥IN A LTIRIRITER I W IR

ﬂ"}gm ddNﬂlﬁLLidﬁdg}@iz%i’mLWa@ﬁ’l

o - - R - g
FNUATINAVDINORNDTHFNAARIA VLTV UL INL AN Lﬁaamnmaﬁssmmﬁmmﬂagmﬂlmymu
MIANINITITNTIR b LTI AN AMNRINTD MANNTRAAIAIDANNTaUVBINDRLBN AL

[

FNUALTINALATANFINITOIUNNITRANITILAINNTOUBINDRNBIHANFINTDS BIeNda U baaait

HDPE/NR ~ LLDPE/NR > LDPE1/NR ~ LDPE2/NR

=

ad o I Ci‘d 1 1 ] ‘1'4 a ad < 1 dll 1
smﬁiswmmuanwmnﬂum&mﬂmgﬂiwvmLLuuau nyzanglumwediefauinduwadaciias g‘ﬂsn

a A ; [ = a a a a
LLaz‘Hu'](ﬂ"IJE]OE]%ﬂ']ﬂU']{]'ﬁ‘ﬁN”ﬁ’]@]l%WﬂﬂL&l E]%NE"(SJ“IJ%E]%IﬂU“H%@]‘UENWE]ﬂLaﬂﬁuLLﬂxﬂ'ﬁNﬁmgﬂ{lﬁiiM?ﬂ(ﬂ

a

a a 6 a o« a ad v &
PUNAVBIAUNMALWTIINIE IuweRiaTuaumanInFeinuiausiiavasnadfieiauldasi HOPE ~
LLDPE < LDPE1
g AT RS mnaniialddaainaia XRD  aaad iasanwefwasnaadsiuiiduosmgu

A & o A o a |a = a & 2 a A4 a X
PANYY aWlWaJUIINNRARIWUYDILINIDITINDTA ‘]_JSQJ']mNﬂﬂ‘ﬂzLWN“ﬂu@qwﬁzﬂzﬂqiﬂﬂU@‘V]qumu 213

88



FITNT AV IRV UIANANVBIN aamﬁﬁunﬂ%ﬁ@ﬁmm@mm WAz [N a8 N YT MU TITNTN N

QI J v 1 a a A a
LNNDTD LLﬁ@Nl‘H WARINEITITNTRTUMIBAIZUIRNINANRNVBINDRLBN AW

&

ﬁﬂ%wamaamsﬁam’nﬂmaqamad P1IFTINTIRAORNUGLTINAVAINDALONAW muag’ﬁmzuumu%au

P39 THAVBINARLDNAL LazUTIHIITITNTNG A9l

an

a.

b.

nafaaw19laLana lueIsTINT @i HDPE/NR blends Flwenanuiedu m 9aasn fdaaad
o A4 a X ' a a e A & °
AMALAY B 90210 TAUANTU FIUAMVATEA T 99210 TNINMTAVTUUAZIANI T2UY DCP i
T¥anuasoa o 90919 UA1aa8988193N TurmeNszuy Ph vnlkeilaaadtuny wdaatasnin
' ° wal A v A £ ' ° oA o £

J2UU DCP  #%3:uU S+T M lddinstalaifiuun®u waszuy S vilndalavintuianizlu
o ' A4 a { a a & 4 o o [y
@A20819NTUTNIUES 10 W% LaUS e wnT e 30 wt% nauvinldanusinisalunsta
AR

v 1 = a QI é‘ ﬂl v a
ANNEUNUABN19EN21A289 LLDPE/NR blends HdnAndwilald DCP uazlidaaadluszuy
a o [ a & = a ' a a v & o [
8w szuu DCP e o, thndulunnnydiuszifinannninszunau lusnzdoanufivinlden g,

' { o e oA oa o q o C a &
8ARINNNNITEULBUAILTUAY AUSUIMENI 10 wi% szuu Ph lidn O, aaad uddn €, 1naw
' en & ' ° A A a &, o 9 v .
Agudanigaslaaadiasiloifiuyanmensannin §ausuy S uazszuy ST ¥hldd o,
a & Vo ' wn & Ja A A a £ a a
LRNTL e €, aas uazAauianssasiiidnaaasdaiadSunmesnniin maduamasenlog
luanalunissiund vlwen €, saasaua laswwizlumuszunusnflals DCP azanndadng

1 v 1 t&l J
41n a1 O, a@adlunmzuwm’mmtﬁ 10 wt% NR hm‘uu Ph asild AN

'
A

INRY aomimaumw‘[maqam A9HNITTINTIAA DAY mmsnlumsmﬁaﬁ's HANTOUVDINDALD

a J [ { a a a |2 a a g
Aan muagnmwumﬂ%awm’m TRAVINDALONAY UAzUTUNINITITUTNR A9

a Ad‘ 1 d‘ e 1 Qs k3
madnpassnman ifimaganvnsluanasslu HOPE Lifinadannusansalunsnadidos
anuiauas HDPE mudusagaulssluianalusesrannd lldgsfivanuaaninlumma
@7 LA UNNIATINUIN Iwu19szuuinlanusINIIndesad
lunstinDenasSanm 10 wt% szuu DCP lu LLDPE/NR blends vilwdninaaadininszuuang

A @ o v A o oA A a £ = A '
wazszuuan g IRamsnadilnalfosny ualatmuySunaensundude 30 wi% aunfaudseuy
S+T NN RAINIIHAA TueinTLT 0.1%DCP §9AINTUNAFOULNEITUALINIAFINITHA
e FanzuumAanIrua baN1salirdin1Inaad la Wz wnageuIIaIERINININAFIL

A NN o o akf A L = o A
nadansluanalumilildmsldanumannlummedidau degaudndaslunsdlons

. L N . .

10 wt% N3zezia 400% TIA1ANNENITAHANITHAGIVEI LLDPE/NR blends 7181368030779

' | o { A a ’~ A o [ ° o v a X
luanaenafidnrinny 74% Weliluesianduniamuziu vlddanusmanialunmeduisiu
11 76-78% M99 5Inudny nImniens 30 wt% mm%ammﬂwLaqamaamoﬁﬂﬁmwmmm
lun1Ivia@qa9 LLDPE/NR blends aaad
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ABSTRACT: Ethylene vinyl acetate (EVA, 18 mol % vinyl
acetate) and epoxidized natural rubber (ENR, 50 mol %
epoxidation) were blended in an internal mixer and com-
pared to EVA. Dicumyl peroxide (DCP) was used as a
curing agent. The blends consisted of 10-50 wt % of ENR
and were compared with crosslinked EVA in terms of
heat shrinkage, mechanical properties, and degree of crys-
tallinity. It is found that the blends showed a decrease
in mechanical properties with increasing ENR content
because DCP was not a good vulcanizing agent of ENR.
The addition of ENR did not affect heat shrinkability of
EVA. The maximum heat shrinkage obtained was 80%
for EVA and the blends. ENR did not affect thermal prop-
erties of EVA investigated by the differential scanning

calorimetry. The X-ray diffractometry showed discrep-
ancy in degree of crystallinity before and after specimen
stretching and after heat shrinking. It is believed that
ENR particles decreased molecular orientation of EVA
resulting in a decrease in degree of crystallinity but the
remained orientation was sufficient for heat shrinking.
The blend showed better extrudability than EVA after
increasing take-up speed. Therefore, the extruded tube
prepared from the blend provided higher heat shrinkage
than EVA tube. © 2009 Wiley Periodicals, Inc. ] Appl Polym
Sci 112: 1817-1825, 2009

Key words: blends; rubber; crosslinking; heat shrinkage;
ethylene vinyl acetate

INTRODUCTION

Heat shrinkable polymers may be referred to shape-
memory polymers.' These polymers could remember
the previous shape. Once they are activated with
enough heat energy, they return to the previous shape
or its original dimensions. This phenomenon is also
referred as “shape memory”, “memory effect”, and
“elastic memory”. Factors involving shape memory
include chain entanglement, crosslinking, crystalliza-
tion, highly oriented amorphous chains, and forma-
tion of domain structure. Shape of the products after
returning to the previous shape is controlled by many
methods, i.e. heating up to glass transition tempera-
ture and quenching, melting and recrystallization, or
melting and phase separation. A process of returning
to the previous shape is a change in only physical
structure, but not chemical structure of polymer mole-
cules. Heat shrinkable polymers have been applied to
many applications, i.e. toys, containers, sporting goods,
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packaging materials, pipe-fitting, electric equipment,
encapsulation, tight insulating covers, and joining of
pipe.

Heat shrinkability of ethylene vinyl acetate (EVA)
copolymer has been reported in the case of pure
EVA®™ and polymer blends.>® EVA was crosslinked
by irradiation™>”® or dicumyl peroxide (DCP).*>*"'?
Polyethylene has been used for blending with EVA.”™
There were many blends between EVA and synthetic
rubbers for heat shrinkability purpose, including poly-
acrylic rubber,' polyurethane,'""'* epichlorohydrin,'?
chlorosulfonated polyethylene,'*'® and carboxylated
nitrile rubber.”® Although there are a few articles
reporting on EVA /epoxidized natural rubber (ENR)
blend'”~?%; however, based on our knowledge, there is
no publication of heat shrinkability of EVA/ENR
blend.

The objective of this study was to study the effect
of ENR content on the heat shrinkability of EVA.
Correlation of shrinkability with heat shrink condi-
tions and microstructure of the blends was investi-
gated and some mechanical properties of the blends
were determined as well.

EXPERIMENTAL
Materials

EVA copolymer (Polene® EVA N8038, 18% vinyl ace-
tate content) was produced by TPI Polene (Thailand)
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Figure 1 Schematic diagram showing a process of heat
shrinking test.

PCL (Bangkok, Thailand; melt index 2.0 g/10 min).
ENR (Epoxyprene® 50, 50 mol % epoxidation) was
produced by Muang Mai Guthrie PCL (Suratthanee,
Thailand). DCP was used as a curing agent and sup-
plied by K.S. Mashukit Co. (Bangkok, Thailand).

Blend preparation

The polymer blends were prepared initially by melt-
ing the EVA and then the ENR was added until a con-
stant torque was obtained. After that DCP was added.
Blending was operated in an internal mixer
(Brabender® Mixer 350E Duisburg, Germany) at
100°C with a rotor speed of 70 rpm. Total time of
blending was about 6.50 min. DCP concentration was
based on 100 wt % of polymers (EVA and ENR),
referred to per hundred (phr). Polymer blends con-
tained 10-50 wt % of ENR. Compression molded
specimens were prepared at 160°C for 10 min to
obtain a 2-mm thick sheet.

Testing

Tensile properties, thermal ageing, and tear resistance
were carried out according to ASTM D412 Die C,
ASTM D573, and ASTM D624, respectively. Eight
specimens were used for every sample. Testing speed
was 500 mm/min by using LLOYD® LR10K (Fare-
ham, England). Thermal ageing was conducted at
70°C for 7 days in a gear oven (Tabai Espec. Corp.,
GPHH-100, Taipei, Taiwan). Changes in the tensile
properties after thermal ageing were calculated based
on eq. (1):

A-0O
pP= [T} x 100 1)

where P is the percentage change in the property, O
is the original value, and A is the value after ageing.
Heat shrinkability was tested at various testing con-
ditions. Process of testing method is described in
Figure 1 and consisted of three steps: heat stretching,
quenching, and heat shrinking. A 5 x 60 mm?® rec-
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tangular specimen was used. The specimens may be
heated at temperature T; for time t; before stretch-
ing. Specimens were stretched slowly at room tem-
perature until reaching the required extension (L;).
The stretched specimens were held in the grips and
heated at temperature T, for time f, (heat stretching
step) and immersed in ice water at 5°C for 5 min
(quenching step). The specimens were released from
the grips and heated again at temperature T; for
time t; (heat shrinking step). Condition of heat
shrink test was indicated as Ty,t1/To,t>/T5,t5. Heat
shrinkability was explained in terms of heat shrink-
age and calculated by using eq. (2):

L —L
2

Heat shrinkage(%) =

% 100 )

where L; is the length after stretching and L, is the
length after shrinking. The measurement of L, is done
at ambient temperature. Three specimens were tested
for every sample and the average value was reported.

Characterization

Degree of swelling in p-xylene was performed at
110°C for 9 h and calculated based on eq. (3):

Degree of swelling (%) = % x 100 3)
0

where w, and w, are specimen weights before and
after swelling test. Three specimens were used for
every sample. Degree of crystallinity was determined
by an X-ray diffractometer (XRD; Phillips® TW1830,
Almelo, Netherlands) and a differential scanning cal-
orimeter (DSC; Perkin-Elmer® DSC7, Norwalk, CT).
Degree of crystallinity from XRD measurement was
calculated from ratio of area of crystalline phase to
total area (crystalline and amorphous phases). The
area under the crystalline and amorphous fractions
were determined in arbitrary units. The AH of 100%

Figure 2 Stress—strain curves of EVA and EVA/ENR
blends.
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TABLE I
Tensile Properties of EVA and EVA/ENR Blends Containing 0.5 phr of DCP
ENR
(Wt %) E* (MPa) c,” (MPa) &, (%) ot (MPa) &,° (%)
of 38.84 + 1.59 3.62 + 0.32 9.42 £+ 0.81 15.85 + 1.12 733 + 38
0 33.31 £ 1.19 3.12 £ 0.07 9.38 + 0.42 23.14 £ 2091 634 + 71
10 25.72 + 1.03 292 +0.10 11.38 & 0.49 16.69 £+ 2.30 508 £ 58
20 2197 £1.28 241 + 0.08 10.98 £ 0.68 13.70 £ 1.73 495 £ 84
30 13.33 + 1.06 2.16 £+ 0.09 16.27 + 1.24 13.64 + 0.74 492 + 41
40 8.82 £ 0.97 1.88 &+ 0.07 21.58 £ 2.42 10.28 &+ 0.95 466 + 57
50 3.77 £ 0.46 1.82 £ 0.11 48.88 £ 6.05 7.08 £ 0.69 445 £ 68

? Young’s modulus.
b Yield stress.

€ Yield strain.

4 Gtress at break.

¢ Elongation at break.
f Without DCP.

crystallinity of EVA18 was 287.969 J/g.” Dynamic
mechanical thermal groperties were investigated by
Rheomtric Scientific DMTA V (Piscataway, NJ)
under the tension mode with strain control of 0.01%
at 1 Hz and the heating rate was 2°C/min. Freeze
fractured surfaces were etched by methyl ethyl ketone
at 60°C for 1 h before observation with a scanning
electron microscope (JEOL® JSM5800LV, Tokyo,

Japan).

Extruded tube preparation and heat
shrinkage testing

EVA and the 10% ENR-blend containing 0.5 phr of
DCP were extruded with the single screw extruder
(Brabender® Extruder 19/25D, Duisburg, Germany).
Take-up speed was varied to obtain different stretch-
ing ratios. This extruder is a conventional one and
there is no accessory for expanding tube diameter;
therefore, heat shrinkage of the tube was determined
only on the tube length.

RESULTS AND DISCUSSION
Mechanical properties and blend morphology

Stress—strain curves and tensile properties of EVA
and the blends are displayed in Figure 2 and Table I,
respectively. The addition of ENR decreased tensile
properties of EVA. This relates to blend morphology
and also depends on vulcanized ENR. Although ENR
is able to be vulcanized with DCP, but tensile proper-
ties of this vulcanizate are much lower than that of
vulcanized with sulfur. DCP is not a good vulcanizing
agent for natural rubber and its derivatives. The main
function of DCP in the prepared blends was as a
crosslinking agent of EVA, which was the continuous
phase. It is well understood that crystallinity and
crosslinking are key factors of heat shrinkability.
Crystallinity of EVA18 is not as high as conventional
polyethylene and the EVA used in this study yielded
12% of crystallinity. Consequently, crosslinking of
EVA was required to obtain higher heat shrinkage.
DCP decreased modulus and elongation at break but

TABLE II
Changes in Tensile Properties after Thermal Ageing of EVA and EVA/ENR
Blends Containing 0.5 phr of DCP

ENR
(wt %) AE® (%) Ao,® (%) Ae,S (%) Acy® (%) Aey® (%)
0f 19.32 5.39 ~12.17 12.71 10.62
0 33.05 16.67 ~12.26 ~22.30 ~3.79
10 22204 0.00 ~18.01 49.43 52.56
20 23.26 6.64 ~13.21 3453 34.34
30 48.01 3.70 ~29.69 13.27 20.12
40 70.86 ~7.98 —46.66 10.49 10.72
50 78.78 —6.59 —46.71 23.73 28.76

? Young’s modulus.

® Yield stress.

¢ Yield strain.

4 Stress at break.

¢ Elongation at break.
f Without DCP.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE III
Tear Strength and Degree of Swelling of EVA and
EVA/ENR Blends Containing 0.5 phr of DCP

ENR Tear strength Degree of swelling®
(Wt %) (kN m™) (%)
(0 72.41 +1.62 Dissolved
0 65.07 + 3.98 1145
10 58.83 + 1.63 1426
20 54.57 + 3.17 1403
30 48.56 + 2.37 1385
40 40.35 + 3.56 1498
50 33.45 + 2.81 1379
29 h.

b Without DCP.

increased tensile strength of EVA (Table I). Changes
in tensile properties after thermal ageing of the blends
showed different results as tabulated in Table II.
Higher ENR content showed more increase in modu-
lus. Tensile strength and elongation at break of the
blends also increased. These phenomena indicate the
occurrence of vulcanization during thermal ageing.
However, the changes in the two latter properties did
not relate to ENR content. The addition of ENR made
EVA softer so that tear strength of the blends
decreased with increasing ENR content (Table III).
Degree of swelling was used to verify the occurrence
of crosslinked molecules. It is found that DCP was
able to crosslink EVA. EVA without DCP was com-
pletely dissolved in hot xylene whereas the cross-
linked EVA showed high degree of swelling (Table
III). The degree of swelling increased from 1145% (0%
ENR) to a maximum of 1498% (40% ENR). The
increase in degree of swelling of the blends was due
to the addition of ENR. The blend samples became
irregular shape after swelling whereas the EVA sam-
ple still remained round shape. This may be due to
that ENR may not have properly crosslinked by DCP,
causing the decrease in tensile properties and high
degree of swelling of the blends. To investigate the
appropriate swelling time, swelling test of crosslinked

Figure 3 Effect of swelling time on degree of swelling of
EVA.

Journal of Applied Polymer Science DOI 10.1002/app
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EVA was operated at different swelling times. The
result shown in Figure 3 confirms that swelling time
at 9 h reached equilibrium of swelling.

Figure 4 represents DMTA spectra of EVA and the
10% ENR-blend, showing storage modulus (E’), loss
modulus (E”), and tan 3. EVA showed lower storage
modulus and loss modulus than the blend after sub-
zero temperature, particularly below —20°C. The
much higher storage modulus of the blend may be
due to the rigidity of the glassy state of ENR in the
blend. Unfortunately, tan 6 of EVA was very broad
and overlapped with that of ENR. The tan 6 of the
blend in Figure 4(b) shows a peak at —18°C and a
shoulder at 5°C similar to that of ENR containing
0.5 phr of DCP as shown in Figure 5. The tempera-
ture at maximum tan & of the blends containing 30
and 50% ENR in Figure 5 shifted to the lower tem-
perature than that of pure ENR. These broad peaks
remained in the range of transition temperature of
ENR. This behavior has been found in EVA15/
ENR50 blends reported by Mohamad et al.'® In this
study, the mixing time of ENR sample was only
4 min whereas that of the blends was 6.50 min. It is
known that DCP can oxidize natural rubber;

Figure 4 Storage modulus (E'), loss modulus (E”), and
tan 6 of EVA (a) and the 10% ENR-blend (b).
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Figure 5 The tan  of ENR and the blends.

therefore, there was a possibility that ENR was oxi-
dized, leading to decrease T,. Furthermore, effi-
ciency of crosslinking in each phase in the polymer
blends is different in that of the virgin parent poly-
mers. In this study, it seemed that DCP preferred to
crosslink EVA more than ENR due to swelling test
results. As a result, crosslinking of ENR in the
blends may be different from the virgin ENR. Based

on both possibilities, the blends showed lower T,.
However, the 10% ENR-blend showed no change in
T, due to small concentration of ENR.

It was reported the weak dipole-dipole interaction
of the epoxy groups with acetate groups of EVA/
ENR blends based on FTIR analysis.'” Moreover,
regarding to polarity of EVA and ENR, this blend
should be compatible. This assumption was sup-
ported by SEM micrographs. Without surface etching,
ENR particles were difficult to observe [Fig. 6(a)] and
voids of the ENR particles were clearly noticed after
surface etching with methyl ethyl ketone [Fig. 6(b—d)].
The particle sizes increased with increasing ENR con-
tent. The average particle size of ENR was <1 pm in
the blends containing ENR < 30%. The 50% ENR-
blend showed very large particles resulting to the
very low tensile properties of the blend. Similar blend
morphology was observed in the uncrosslinked
EVA15/ENR50 blends."®

Heat shrinkability

Heat shrinkage of EVA and the blends at various
extensions are revealed in Table IV. Samples were

Figure 6 SEM micrographs of freeze-fractured surfaces of the 10% ENR-blend before etching (a) and after etching with
methyl ethyl ketone: the 10% ENR-blend (b), the 30% ENR-blend (c), and the 50% ENR-blend (d).

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE IV
Effect of Extension on Heat Shrinkability of EVA
and EVA/ENR Blends Containing 0.5 phr
of DCP Tested at 90,5/90,5/120

TANRATTANAKUL AND KAEWPRAKOB

TABLE VI
Effect of Specimen Heating Temperature (Ty,t;)
on Heat shrinkability of EVA and the 10%
ENR-Blend Containing 0.5 phr of DCP

Heat shrinkage (%) at extension

Heat shrinkage (%)

ENR Extension
(wt %) 100% 200% 300% 400%  Tyh/Taots/Tats (%) 0% ENR 10% ENR

0° 44 46 b b Troom/90,5/120,1 200 70 70

0 48 57 68 77 300 76 77
10 49 56 69 74 400 80 80
30 51 58 62 71 90,5/90,5/120,1 200 57 56
50 33 60 68 76 300 68 69
400 77 74

@ Without DCP. 100,5 /90,5/120,1 200 67 65
" Specimens broke during heat stretching. 300 75 74
400 79 78

heated at 90°C for 5 min before stretching at room
temperature. Uncrosslinked EVA showed lowest heat
shrinkage and was unable to be stretched to 300-
400%. The addition of ENR did not increase heat
shrinkability of EVA. All samples exhibited higher
heat shrinkage at higher extension due to higher
molecular orientation of EVA, resulting in more driv-
ing force for returning to original shape after thermal
activation. Heat shrinkage of EVA and the blends
slightly increased when T; was room temperature
(Table V). Nonetheless, all samples showed same
high heat shrinkability, 80%. It should be remarked
that the big particles of ENR, i.e.,, 5 um in the 50%
ENR-blend, did not hinder shrinkability of EVA
when extension was 200% or more. There was an
attempt to observe freeze-fractured surface of the
stretched samples of the blends but it was unable to
prepare such specimens due to high toughness of ori-
ented molecules along the chain direction. The effect
of ENR on heat shrinkage of EVA in this study was
different from other blends. Polyacrylic rubber,'’ poly-
urethane,'! chlorosulfonated polyethylene,'* and car-
boxylated nitrile rubber’ increased heat shrinkage of
EVA. The discrepancy should be resulted from better
crosslinked in those rubbers than ENR. Furthermore,
there was an optimum crosslinking in rubber phase to
provide high heat shrinkage of the blend.'*"!
Obviously, ENR content did not significantly effect
on heat shrinkability of EVA. Regarding to mechani-
cal properties, the lower ENR provided the higher

TABLE V
Heat Shrinkability of EVA and EVA/ENR Blends
Containing 0.5 phr of DCP Tested at
T100m/90,5/120,1 and Extension of 400%

ENR (wt %) Heat Shrinkage (%)

0 80
10 80
20 80
30 80
40 80
50 79

Journal of Applied Polymer Science DOI 10.1002/app

mechanical properties. As a result, the 10% ENR-
blend was selected for further studying in comparison
with the blends with higher ENR contents. Based on
the preliminary study, the condition of T5,t,/Ty,t; at
90,5/120,1 was the best one. Specimen stretching is
the critical process in this study and it was necessary
to ensure that there was no internal stress in the speci-
men. Because the stretching process was carried out
at room temperature; therefore, the specimen should
have enough flexibility for stretching. The effect of
specimen heating before stretching was reinvestigated
by increasing temperature to 100°C. It is found that
heat shrinkage of EVA and the 10% ENR-blend did
not significantly change compared with nonheated
specimens and slightly higher compared with T; at
90°C (Table VI). Generally speaking, it is not essential
to heat specimen before stretching in this study. This
is because the melting temperature of EVA and the
blends are below 90°C.

It is known that crosslinking is one of the key fac-
tors for heat shrinkability. Data described earlier were
derived from specimens containing 0.5 phr of DCP
and cured at 10 min. So as to guarantee that this cur-
ing time was appropriate, two more cure times were
tested. No significant differences in heat shrinkage
and degree of swelling of EVA containing 0.5 phr of
DCP cured at 10, 30, and 60 min (Table VII). There-
fore, we selected 10 min as a cure time. Another

TABLE VII
Effect of Cure Time on Heat Shrinkage and
Degree of Swelling of EVA

Cure time Heat shrinkage Degree of swelling
(min) (%)? (%)°
10 74 1145
30 73 1095
60 73 1179

2 Testing condition = T,0m/90,5/120,1 and 240% extension.
9 h.
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TABLE VIII
Effect of DCP Content on Heat Shrinkage and
Degree of Swelling of EVA

DCP Heat shrinkage Degree of swelling
(phr) (%) (%)°

0.5 74 1145

1 73 913

2 Broken 680

; Testing condition = T,0m/90,5/120,1 and 240% extension.
9 h.

concerned parameter was DCP concentration. Table
VIII shows effect of DCP content on heat shrinkage
and degree of swelling of EVA. EVA containing 2 phr
of DCP was unable to be stretched at 240% extension
due to too much crosslinking. Degree of swelling
decreased with increasing DCP content but heat
shrinkage was similar. This phenomenon was found
in the 10% ENR-blend (Table IX). These results imply
that numbers of crosslink in the specimens containing
low DCP content, 0.3-0.5 phr, were enough for heat
shrink performance. Too much crosslinking became a
disadvantage of heat shrinkability. Remarkably,
degree of swelling of EVA containing 2 phr of DCP
and that of the blend containing 1 phr of DCP were
similar, but the blend was able to be stretched at 240%
extension whereas EVA was unable to do so. This
should be attributed from the presence of ENR which
increased flexibility of the blend.

Degree of crystallinity

It is well established that heat shrinkability of poly-
mer relates to molecular orientation. This orientation
can be characterized in view of degree of crystallinity
because orientation-induced crystallization can take
place during the process of heat stretching and subse-
quently quenching. Higher degree of crystallinity
indicates higher molecular orientation. By stretching,
the linear polymer molecules are oriented in the direc-
tion of applied stress and the crystallinity increases
due to increase in the extent of molecular packing.
Degree of crystallinity can be determined by DSC and

TABLE IX
Effect of DCP Content on Heat Shrinkage and
Degree of Swelling of the 10% ENR-Blend

DCP Heat shrinkage Degree of swelling
(phr) (%)° (%)°

0.3 80 2237

0.5 80 1426

0.7 80 1079

1 79 673

2 Testing condition = T,0m/90,5/120,1 and 240% extension.
9 h.

Figure 7 The first heating DSC thermograms of the 10%
ENR-blend containing 0.5 phr DCP.

Figure 8 XRD diffraction pattern of the 50% ENR-blend
containing 0.5 phr DCP: (a) before stretching, (b) during
stretching, and (c) after shrinking.

Journal of Applied Polymer Science DOI 10.1002/app
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XRD techniques. For this purpose, the large speci-
mens were prepared because of the limitation in spec-
imen size of XRD measurement. The specimen width
of 30 mm was used and the width became 15 mm
after stretching. The specimen was heated at 100°C
for 5 min before stretching. The set of specimens was
characterized in terms of before stretching, during
stretching, and after heat shrinking. Extension was
performed at 100-400%. DSC thermogram of the first
heating scan was recorded. Unfortunately, no differ-
ence in degree of crystallinity of the 10% ENR-blend
among those three steps (Fig. 7). The degree of crys-
tallinity of all steps was in the range of 11-12% for all
extensions. ENR showed no influence in thermal
property of EVA. T,, and degree of crystallinity of this
blend were similar to that of EVA pellet. Keep in
mind that DSC is a technique only for investigation of
crystallinity and unable to detect the molecular orien-
tation. DSC results imply that the addition of ENR
and the stretching process did not increase crystalli-
niy of EVA.

XRD is one of the powerful techniques to character-
ize molecular orientation. Based on XRD technique,
molecular orientation could be accounted into a part
of crystallinity and only the amorphous phase will be
in the halo region. It was successful in this study to

TANRATTANAKUL AND KAEWPRAKOB

differentiate degree of crystallinity of specimens in
those three steps by using XRD technique. Figure 8
represents XRD diffraction pattern of the 50% ENR-
blend. The increase in signal intensity and sharper
peak were observed in the stretched specimen [Fig.
8(b)]. Furthermore, the amorphous halo significantly
decreased as well. Degree of crystallinity obtained
from XRD technique of EVA and the blends are exhib-
ited in Figure 9. All samples showed highest degree
of crystallinity in the stretching step and degree of
crystallinity increased with increasing extension. This
agrees with theory that higher extension yields higher
molecular orientation. It is not unusual that degree of
crystallinity after heat shrinking was higher than that
of before stretching because this phenomenon was
reported earlier.’'*!! Those articles also reported the
changes in crystallite size before and after heat shrink-
ing. The smaller crystallite size was found in the
stretched samples and the larger size was detected
after shrinking. They proposed that the small crystal-
lite size was melted during heat shrinking step. The
increase in degree of crystallinity in the stretched
samples should arrive from the small crystallite size
taking place due to orientation-induced crystallization
and the higher degree of crystallinity in the shrunk
sample than that of the virgin sample should be due

Figure 9 Degree of crystallinity obtained from XRD: (a) EVA, (b) the 10% ENR-blend, (c) the 20% ENR-blend, and

(d) the 30% ENR-blend.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE X
Effect of ENR on Extrudablity and Heat Shrinkage of EVA Tube

ENR Take-up speed Outer diameter Thickness Heat shrinkage
(wt %) (rpm) (mm) (mm) (%)
0 10 8.18 + 0.07 0.29 + 0.02 66 £ 0.7
12 Extrudate broke during rolling
10 10 4.60 + 4.08 0.48 £ 0.03 61 +0.1
12 423 £0.12 0.45 &+ 0.02 65 £ 0.1
14 340 £0.12 0.37 £ 0.06 73 £ 0.6
16 Extrudate broke during rolling

to the new crystal from stretching process. Unfortu-
nately, it was unable to identify the crystallite size in
this study at the present time. As shown in Figure 9, it
seems that ENR decreased degree of crystallinity of
EVA. Considering the amount of crystallizable phase
in the blend, there was only one phase, EVA, respond-
ing to crystallization. For that reason, the normalized
degree of crystallinity could be applied to the blends.
This approach will provide higher values. However,
the normalized degree of crystallinity was still low-
ered than the apparent degree of crystallinity in the
blends containing 20 and 30% ENR. The present
results reveal that although degree of crystallinity and
molecular orientation of the blends decreased with
ENR but heat shrinkability did not change. This
means that although ENR particles decreased molecu-
lar orientation of EVA but the remained molecular
orientation was sufficient for heat shrinking. Another
aspect of this contradiction may be due to different
scaling measurement. XRD determines the micro-
scopic level whereas heat shrinkability determines the
macroscopic level.

Heat shrinkage of extruded tube

Even though the above results reflect that ENR did
not affect heat shrinkabilty of EVA and it lowered the
mechanical properties of EVA. However, the advant-
age of ENR appeared in the preparation process of
extruded tube. Without ENR, the extruded tube broke
when the take-up speed was faster than 10 rpm (Table
X). The 10% ENR-blend displayed higher extension
resulting in higher heat shrinkability. The presence of
ENR also changed extrudate characteristics. The
blend showed smaller outer diameter but larger thick-
ness of the EVA tube. These characteristics involved
die swell and melt viscosity. Nevertheless, extrudate
characterization is beyond the scope of this study.

CONCLUSION

Mechanical properties of the blends decreased with
increasing ENR content due to inefficiency crosslink-
ing in ENR phase in the blends. The maximum heat

shrinkage obtained was 80%. Although ENR content
showed significant changes in rubber particle size
and degree of crystallinity determined from XRD
technique, ENR did not affect heat shrinkability of the
blends. It is believed that ENR particles decreased
molecular orientation of EVA but the remained mo-
lecular orientation was sufficient for heat shrink. The
blend showed better extrudability than EVA after
increasing take-up speed. Therefore, the extruded
tube prepared from the blend provided higher heat
shrinkage than EVA tube.

References

1. Gandhi, M. V.; Thompson, B. S. Smart Materials and Struc-
tures; Chapman and Hall: New York, 1992.
2. Forgacs, P.; Dobo, J. Radiat Phys Chem 1977, 11, 123.
3. Datta, S. K.; Chaki, T. K.; Tikku, V. K_; Pradhan, N. K.; Bhow-
mick, A. K. Radiat Phys Chem 1997, 50, 399.
4. Li, F; Zhu, W.; Zhang, X.; Zhao, C.; Xu, M. ] Appl Polym Sci
1999, 71, 1063.
5. Chowdhury, S. R.; Mishra, J. K,; Das, C. K. Polym Degra Stab
2000, 70, 199.
6. Chowdhury, S. R; Das, C. K. ] Appl Polym Sci 2003, 87, 1414.
7. Chattopadhyay, S.; Chaki, T. K.; Bhowmick, A. K. Radiat Phys
Chem 2000, 59, 501.
8. Salehi, S. M. A; Mirjalili, G.; Amrollahi, J. ] Appl Polym Sci
2004, 92, 1049.
9. Khonakdar, H. A.; Morshedian, J.; Eslami, H.; Shokrollahi, F.
J Appl Polym Sci 2004, 91, 1389.
10. Chowdhury, S. R.; Das, C. K. ] Appl Polym Sci 2000, 77, 2088.
11. Chowdhury, S. R.; Das, C. K. Polym Advan Technol 2000, 11,
359.
12. Mishra, J. K,; Chowdhury, S. R.; Das, C. K. Mater Lett 2001,
49, 112.
13. Chowdhury, S. R.; Mishra, ]. K,; Das, C. K. Macromol Mater
Eng 2001, 286, 243.
14. Chowdhury, S. R.; Das, C. K. ] Appl Polym Sci 2000, 78, 707.
15. Chowdhury, S. R.; Das, C. K. Polym Plast Technol Eng 2001,
40, 23.
16. Chowdhury, S. R.; Das, C. K. Fire Matter 2001, 25, 199.
17. Kannan, S.; Nando, G. B.; Bhowmick, A. K.; Mathew, N. M.
J Elasto Plast 1995, 27, 268.
18. Mohamad, Z.; Ismail, H.; Thevy, R. C. ] Appl Polym Sci 2006,
99, 1504.
19. Zurina, M.; Ismail, H.; Ratnam, C. T. Polym Degra Stab 2006,
91, 2723.
20. Zurina, M.; Ismail, H.; Ratnam, C. T. Polym Test 2008, 27,
480.

Journal of Applied Polymer Science DOI 10.1002/app



Manuscruipt (draft)
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polyethylenes and natural rubber/polyethylene blends
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ABSTRACT

The objective of this study was to compare the effect of dicumyl peroxide (DCP), natural rubber (NR) and
curing agents on the tensile properties and heat shrinkability of polyethylene (PE) blended with NR. Three types
of polyethylene were used: low density polyethylene (LDPE), linear low density polyethylene (LLDPE) and
high density polyethylene (HDPE). Polymer blending was carried out in an internal mixer and specimens were
prepared by compression molding. The effect of DCP on the tensile properties of PE depended on the type of PE
and the efficiency of crosslinking. It was found that addition of DCP decreased the heat shrinkage of PE. The
melting temperature and degree of crystallinity of PE decreased slightly due to DCP. NR decreased the tensile
properties of PE owing to immiscibility and the large NR particles in the blends. Addition of NR caused more
deterioration in the heat shrinkage of LDPE than that of LLDPE and HDPE. The crystalline thickness of PE in
the blends decreased with increasing extension and NR content. Crosslinked NR did not improve the heat
shrinkability of the blends and enhancement of the tensile properties of the blends containing curing agent of
NR produced different trends.

Keywords: heat shrinkage; crystalline thickness; natural rubber, polyethylene, shape memory
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INTRODUCTION

Heat shrinkable polymers are used in the packaging industry as well as the electronic and cable industries.
By applying an external stimulation such as heat, these polymers recover their original dimension or initial
permanent shape. Heat shrinkability involves shape-memory effect that is governed by polymer characteristics
(morphology and rheological properties) and specimen preparation. Factors involved in shape memory include
chain entanglement, crosslinking, crystallization, highly oriented amorphous chains and formation of domain
structure. The shape of the products after returning to their original shape is controlled by many methods, i.e.
heating up to the glass transition temperature and quenching, melting and recrystallization, or melting and phase
separation. The process of returning to the original shape requires a change in physical structure. The polymer
network is essential for shape memory. Links in the network structure can be chemical crosslink or physical
crosslink such as entanglement and crystallites. These links serve as memory points when molecules revert to
their original shape.

Polyethylene (PE) is widely used as a heat shrinkable plastic due to its crystallinity and crosslinkability. The
heat shrinkability of crosslinked low density polyethylene (LDPE) was investigated by using different
crosslinking methods, i.e. gamma ray irradiation [1], electron beam irradiation [2] and treatment with dicumyl
peroxide [3]. The heat shrinkability of LDPE-based blends has also been reported, i.e. LDPE blended with
poly(ethylene vinyl acetate) [4,5], LDPE blended with carboxylated nitrile rubber [6,7], LDPE blended with
polyurethane (PU) [8], LDPE blended with PU and organoclay [9] and LDPE blended with organoclay [10].
High density polyethylene (HDPE) was crosslinked in order to prepare heat shrinkable polymer. Sources of
crosslinking reaction included gamma ray irradiation [1,11] and peroxide [12]. Dicumyl peroxide (DCP) was
generally used to crosslink PE [5-8,10]. Mishra et al. [9] reported that entanglement in PU is the main memory
point during shrinkage because there is no chemical crosslink in the LDPE/PU blend. Patra et al. [13] studied
the effect of curing systems in rubber on the heat shrinkability of PE (LDPE, HDPE and LLDPE) blended with
ethylene propylene diene rubber. They employed sulfur and DCP for rubber vulcanization. However, DCP could
crosslink PE as well. To the best of our knowledge, there is no report on the heat shrinkability of PE blended
with natural rubber (NR). In the present study, LDPE, HDPE and LLDPE were blended with NR. This article
focuses on the effect of NR and NR curing systems on the heat shrinkability and tensile properties of the blends.
The article also shows the effect of DCP on the tensile properties and heat shrinkability of those polyethylenes.
EXPERIMENTAL
Materials

Three types of PE were used: low density polyethylene (LDPE), linear low density polyethylene (LLDPE)
and high density polyethylene (HDPE). HDPE (NCX® HF7007) was produced by PTT Chemicals Co., Ltd.,
Thailand and its melt flow index was 5.00 g/10 min measured at 190°C/21.6 kg. LLDPE (EI-Lene® 2009F) was
produced by Thai Polyethylene Co., Ltd., Thailand and its melt flow index was 0.90 g/10 min at 190°C/2.16 kg.
Two grades of LDPE were employed and called LDPE1 and LDPE2: LDPE1 (El-Lene® LD1905F was
produced by Thai Polyethylene Co., Ltd.) and LDPE2 (Polene®D2022 was produced by TPI Polene (Thailand)
PCL). The melt flow indices measured at 190°C/2.16 kg of LDPE1 and LDPE2 were 4.20 g/10 min and 0.35
g/10 min, respectively. A constant viscosity grade (STR5 CV60) of natural rubber, was produced by Jana
Concentrated Latex Co., Ltd., Thailand. The phenolic resin (SP1045) was produced by Schenectady

International Inc. All chemicals listed in Table 1 were commercial grade and used as received.
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Sample preparation

PE was mixed with dicumyl peroxide (DCP) in an internal mixer (Brabender® Mixer 350E) with a rotor
speed of 60 rpm. HDPE and LLDPE were processed at 150°C while LDPE1 and LDPE2 were processed at
140°C. PE was allowed to melt before adding DCP. The total time of mixing depended on the type of PE, i.e. 4
min, 5 min and 6 min for LDPE, LLDPE and HDPE, respectively. PE was removed immediately from the mixer
and passed through a two-roll mill only once to produce a sheet. DCP content was based on 100 wt% of PE and
referred to as parts per hundred (pph).

Blending between PE and NR was performed in the internal mixer under a similar rotor speed and
temperature described above. NR was masticated by using the two-roll mill prior to blending with PE. Curing
agents and other chemicals were added respectively as listed in Table 1. Mixing was terminated when the torque
of mixing was constant. The total time of blending depended on type of PE, NR content (10 and 30 wt%) and
type of curing system. Without curing agents, blending of PE and NR was accomplished within 4-5 min. The
longest processing time was 13 min for blending HDPE with 30 wt% NR and curatives. PE and the blends were
compression molded at 170 °C for 9 min to obtain a 1.5-mm thick sheet. Obtaining a high degree of crosslinking
in NR was not the aim of the present study. In order to compare effect of DCP to other curing agents, molding

time was maintained at 9 min for all curing systems. DCP decomposes more than 95% under this condition.

Testing of tensile properties
Tensile properties were measured by using the LLOYD® LR10K tensile testing machine at a testing speed of
500 mm/min. Dumbbell specimens were die-cut according to ASTM D412 die C. Six specimens were tested for

every sample.

Testing of heat shrinkability

Heat shrink testing consisted of 4 steps: heat stretching, annealing, quenching, and heat shrinking. A 5 mm x
60 mm rectangular specimen was used. The specimens were hung in the grips and heated at temperature T, for
time t; in the hot air oven prior to stretching because cold specimens were unable to be stretched. Then,
specimens were immediately stretched in the grips with a rate of ~ 40 mm/min at room temperature to obtain the
required extension (L,). The stretched specimens held in the grips were heated at temperature T, for time t, in
order to anneal specimens and immersed in ice-water at 5°C for 5 min. The specimens were then released from
the grips and equilibrated at ambient environment for 12 h. Extended length (L) of specimens was measured
before heating specimens again at temperature T for time t; (heat shrinking step). Heat shrinkability was

explained in terms of heat shrinkage and calculated by using equation 1:
: L - L,
Heat shrinkage (%) = T x 100 1)

where L; and L, is the length before and after shrinking, respectively. The measurement of L; and L, was carried

out at ambient temperature. Three specimens were tested for every sample and the average value was reported.
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The testing condition of each PE as listed in Table 2 was derived from preliminary testing and it was the

optimum condition for each PE.

Swelling analysis

The degree of swelling was carried out in p-xylene under different conditions. LDPE1 and LDPE2 were
tested at 80°C for 12 h while LLDPE and HDPE were tested at 90°C for 3 h and 110°C for 2 h, respectively.
Every uncrosslinked PE was completely dissolved under its own condition. The degree of swelling was

determined according to equation 2:

Degree of swelling (%) = \%xloo @)

1
where W, and W, are the weight before and after testing, respectively.

Thermal analysis

Thermal properties were investigated by using a differential scanning calorimeter (PerkinElmer® DSC7) at a
heating rate of 10°C/min from 30 to 180°C. The fusion heat of 100% crystalline PE was 290 J/g [14,15]. The
melting temperature and degree of crystallinity were detected by the first heating scan. Samples containing O

and 1 pph of DCP were used for this analysis.

SEM analysis
The morphology of PE/NR blends was observed by using a scanning electron microscope (JEOL®
JSM5800LV). Specimen preparation was performed in liquid nitrogen. Freeze fractured surface was etched by

benzene in order to remove NR particles on the fractured surface.

X-ray diffraction analysis
The degree of crystallinity and crystalline thickness of PE before and after heat stretching were determined
by using an X-ray diffractometer (Phillips® PW1830) with nickel-filtered CuK,, radiation at 26 between 3 and

70°. Scherrer’s equation was used to calculate the crystalline thickness (L) according to equation 3:

KA

L -
" Bcos6

3)

where @is the Bragg’s angle, g is the full width at half maximum (FWHM) of the diffraction peak in radians, K
is a constant number, and A is the wavelength of the X-ray (1.542 A). K was 0.9 according to Albertsson et al.
[16] and Ranade et al. [17]. The degree of crystallinity was calculated from the ratio of the area of the crystalline
phase to the total area (crystalline and amorphous phases) according to Tanrattanakul and Kaewprakob [18].
The specimen size before stretching was 30 mm (width) x 60 mm (length) and the specimen width after

stretching was ~ 1.5-2.0 mm depending on the extension ratio.
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RESULTS AND DISCUSSION
Effect of DCP

Stress — strain curves of various PEs are displayed in Fig. 1. All PEs showed strain hardening. LDPE1,
LDPE?2 and LLDPE produced a broad yield point whereas HDPE provided a sharp yield point. The effect of the
DCP content on the tensile properties of all PEs is demonstrated in Fig. 2. The yield stress of LDPE1 increased
slightly when the DCP content was 0.05-0.25 pph. With further increases in the DCP content, the yield stress
decreased slightly. Only a small increase in yield stress in LDPE2 was obtained after loading the DCP level
from 0.05 to 0.5 pph and a slight decrease in yield stress was found when the DCP content was 1 pph. The yield
stress of LLDPE and HDPE also increased slightly after adding DCP and the maximum increase was obtained
from PE containing 0.25 pph of DCP. Generally speaking in the present study, insignificant change in yield
stress due to the DCP content was noticed for all PEs.

The effect of the DCP content on the tensile strength (stress at break) of all PEs produced different results
(Fig. 2b). The tensile strength of LDPE1 seemed to be the least sensitive to the DCP content. Without DCP, the
tensile strength of LDPE1 was 13.98 MPa. After adding DCP, the maximum tensile strength was 14.41 MPa
and the minimum value was 12.61 MPa. Insignificant changes in the tensile strength of LDPE2 after adding
DCP was also found except the sample that contained 1 pph of DCP had a very low value. LLDPE displayed a
decrease in tensile strength with increasing DCP content. In contrast, the tensile strength of HDPE decreased
when the DCP content was 0.05 and 0.1 pph and increased when the DCP content was 0.25-1 pph. It appeared
that the DCP content influenced the tensile strength more than the yield stress of all PEs. The effect of the DCP
content on the elongation at break of PEs is presented in Fig. 2c. Ductility of all PEs exhibited a similar
behavior, elongation at break decreasing with increasing the DCP content. Undoubtedly, crosslinking hindered
molecular extension. The segmental length available for stretching was smaller when crosslink density
increased. This resulted in a reduction in the elongation at break and this was clearly observed in HDPE that
showed no strain hardening due to DCP.

All samples of LLDPE and HDPE containing DCP showed some degree of swelling and this value decreased
as the DCP content increased. The degree of swelling of HDPE and LLDPE decreased from 90% to 29% and
110% to 21%, respectively, when the DCP content increased from 0.05 pph to 1 pph. LDPE1 and LDPE2
provided soluble samples after adding DCP. LDPEL1 containing 0.05-0.25 pph of DCP dissolved in p-xylene
under the testing condition and showed a very high degree of swelling after increasing the DCP content, i.e.,
1,959% for 0.5 pph of DCP and 1,219% for 1 pph of DCP. This behavior was also found in LDPE2. It
dissolved in p-xylene while it contained 0.05-0.1 pph of DCP. The degree of swelling of LDPE2 decreased from
1,688% to 689% when the DCP content increased from 0.25 pph to 1 pph. Results of the swelling test indicated
that crosslinking did not occur in all samples of LDPE1 and LDPE2. Although DCP can act as a crosslinking
agent, it may also provide chain scission. High tensile strength of all PEs in the present study involved strain
hardening as illustrated in Fig.1. All samples of LDPE1 and LDPE2 containing DCP showed strain hardening;
therefore, their tensile strength showed little change. LLDPE containing 0.05-0.25 pph of DCP also displayed
strain hardening leading to high tensile strength. Significant changes in the tensile behavior of HDPE due to
different DCP contents were observed. Although HDPE containing DCP revealed a yield point, only HDPE
containing 0.05 pph of DCP performed cold drawing whereas the rest showed ductile-to-brittle transition

behavior where fractures occurred after yielding and no cold drawing was derived. Any higher DCP content
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caused failure nearer to the yield point. Consequently, stress at break (tensile strength) was higher in HDPE
containing 0.25-1 pph of DCP. It should be noted that elongation at break of HDPE was more sensitive to DCP
than LLDPE even though their degree of swelling were in the same range. In contrast to LLDPE, elongation at
break of HDPE suddenly dropped after adding DCP. The effect of DCP on the tensile properties was most
prominent in HDPE.

The melting temperature (T,,) and degree of crystallinity (X.) of all PEs with and without DCP determined
by DSC are demonstrated in Table 3. It is usual to observe a decrease in T, and X, of PE after crosslinking
because of greater restriction to crystallization in the crosslinked molecules [12,19,20]. A small reduction in X
was observed in all samples and a large reduction in T, was found in LLDPE. It seemed that crystallization was
not strongly affected by DCP. A similarl result was found by Morshedian et al. [3], and DCP did not play an
important role in the tensile properties because the elongation at break decreased significantly but with little
decrease in X.. Unfortunately, it was not possible to investigate the molecular weight of PEs in the present
study.

The above results indicated that effect of DCP on the tensile properties depended upon the type of PE or the
molecular architecture. A similar effect of the DCP content on heat shrinkability of PEs as displayed in Table 4
as this also was dependent on the type of PE. Heat shrinkage of LDPE1 and LDPE2 changed slightly when the
DCP content was 0.05-0.5 pph. Specimens containing 1 pph of DCP cracked during heat stretching. Heat
shrinkage of LLDPE and HDPE tended to decrease after loading with DCP and specimen rupture occurred when
the DCP content was > 0.5 and > 0.25 pph for LLDPE and HDPE, respectively. Higher crosslinking may lead to
specimen rupture during stretching because extensibility of PEs decreased with an increasing DCP content.
LLDPE and HDPE showed heat shrinkage in the same range and higher than that of LDPE1 and LDPE2. Heat
shrinkage of crosslinked HDPE in the present study was in the same range as reported by Khonakdar et al. [12].
The present observation have indicated that DCP should not be added to PEs because heat shrinkage of PEs
deteriorated after adding DCP. This indicated that only the crystalline structure was sufficient to provide heat
shrinkability of PE and crosslinking was not required. As a result, further experiments will not use DCP to
crosslink PEs. It should be noted that the temperatures used in the heat shrinkability testing of LDPE1 and
LDPE2 were lower than the T,, values whereas those used for LLDPE and HDPE were higher than their T,

values. The temperatures used for LLDPE and HDPE were the minimum temperatures that could stretch them.

Effect of NR

It is well known that NR is one of the toughening agents that can improve the impact resistance of plastics.
The inferior property of NR toughened plastics was their tensile properties as shown in Table 5. NR decreased
the yield stress (oy), the tensile strength or stress at break (o), and the elongation at break () of all PEs. As
expected, a higher NR content provided a greater reduction in tensile properties. LLDPE produced the least
change in tensile properties among all the PE/NR blends. It was not surprising that lower tensile properties were
obtained after blending with NR when the blend morphology was considered. According to Fig. 3a-h, all the
blends displayed a phase separation representing to an immiscible blend. Large NR particles were observed in
all blends except the 10% NR/HDPE blend and a greater NR content revealed larger particle size. Each blend
showed different morphological characteristics. Spherical particles of NR were found in 10% NR/LDPE1 blend
more than in other blends (Fig. 3a) and NR/LDPE1 blends showed the largest NR particles. Elongated NR
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particles were noticed in NR/LDPE2 blends (Fig. 3c-d) and NR/LLDPE blends (Fig. 3e-f). The 10% NR/HDPE
blend revealed very small NR particles (Fig. 3g) indicating the greatest miscibility between these NR/PE blends.
The average NR particle size in the blends containing 10% NR was ~1.83 and ~ 0.35 um for NR/LDPE1 and
NR/HDPE blend, respectively. The morphology of the 30% NR/HDPE blend looked like a co-continuous phase.
Remember that all blends in this section contained no chemicals. Although the NR/HDPE blend seemed to be
better than the NR/LLDPE blend due to blend morphology, but tensile properties of both blends decreased in a
similar manner.

Heat shrinkage of NR/PE blends are illustrated in Table 6. All blends showed higher shrinkage as extension
increased. Effect of NR on the heat shrinkability of NR/LDPE blends was different from that of NR/LLDPE
and NR/HDPE blend. 10% NR increased heat shrinkage of LDPE1 and LDPE2. LDPE1 and LDPE2 containing
30% NR were unable to be stretched. Regarding to virgin PE, LDPE1 and LDPE2 could not be stretched to
400% although their elongation at break was higher than 400%, i.e. 967% and 622% for LDPE1 and LDPE2,
respectively. The specimens were hot during stretching because they were heated at 100°C for 3 min prior to
stretching at room temperature. Intermolecular attraction was low as temperature near T, owing to higher chain
flexibility. This may be attributed to premature failure of LDPE1 and LDPE2 when stretched at extension higher
than 300%. Addition of NR also reduced extensibility during stretching, likewise to elongation at break. It was
not surprising that NR/LDPE2 blends broke during stretching to 400% because their elongation at break was
lower or slightly higher than 400% as shown in Table 5. Elongation at break of NR/LDPE1 blends was higher
than 400% but the blends ruptured during stretching to only 300-400%. Furthermore, both blends containing
30% NR were unable to stretch even though extension was as low as 200%. These could be explained in terms
of blend morphology and NR characteristics. NR particles were very large so led to high stress concentration.
Uncrosslinked NR in the blends became very soft at temperature T, and the tensile strength of the 30%
NR/LDPE blend was low. These resulted in specimen rupture during heat stretching. The 10% NR/LDPE blends
also showed very large NR particles that caused premature failure during stretching. For example, its elongation
at break was 711% but specimen rupture occurred during stretching lower than 300%. The presence of NR
reduced heat shrinkage of LLDPE and HDPE. Higher NR content yielded lower heat shrinkage. Heat shrinkage
of LLDPE and HDPE was in the same range but NR/HDPE blends showed somewhat higher heat shrinkage. In
contrast, heat shrinkage of poly(ethylene vinyl acetate) blended with polyurethane [21] and carboxylated nitrile
rubber [22] increased with increasing elastomer content and the optimum content was 50% and heat shrinkage
of the blends decreased when elastomer content > 50%. It is normal to obtain higher heat shrinkage with
increasing extension [6,18] because more chain orientation induced more internal stress (residual stress) and less
entropy. It appeared that at 300 and 400% extension, 10 and 30% NR caused a slight decrease in heat shrinkage
of HDPE although the blends displayed different morphology. Results of heat shrinkability testing also reflected
miscibility of these blends. Among the NR/PE blends prepared in this study, the NR/HDPE blends became the
best blend in terms of heat shrinkability.

The Tand X, of NR/PE blends determined by DSC are listed in Table 3. There were insignificant change in
Tm and reduction in X.. Since NR is amorphous; thus, the crystallizable part in the blends was lower with
increasing NR content and attributed to the decrease in X. with increasing NR content. Changes in X. in the
blends after heat shrinking were not detected by the DSC technique because X, before and after heat shrinking

only changed slightly. According to Morshedian et al. [3], T, and heat of fusion of LDPE did not change
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remarkably after stretching. Hence, the XRD technique was applied in order to identify the effect of NR on the
degree of crystallinity and crystallite size at various extensions.

The diffraction pattern of PE showed two characteristic peaks: (110) and (200) at 26 = 21 and 24° and this is
similar to the other experimental results [23-25]. No shift in the peak position due to addition of NR was
observed, indicating that there were no structural changes in PE in the blends. Crystallite size was determined in
terms of crystalline thickness (lamellar thickness) as shown in Fig. 4a-d. All blends and virgin PEs displayed a
decrease in crystalline thickness with increasing extension and NR reduced crystalline thickness of all PEs.
Since these testing specimens were bigger than those used for the heat shrinkability test; thus, specimen failure
during stretching was diminshed. Before stretching, crystalline thickness of virgin PEs was in the following
order: LDPE1 = LDPE2 > LLDPE > HDPE. At 400% extension, LDPE1 showed the biggest crystalline
thickness (4.88 A) whereas the rest was in the range of 2.9-3.11 A. It is common that crystallite size is smaller
after specimen stretching/drawing [7,8,26]. The existence of NR in PE impeded crystallization process, leading
to imperfect crystallites and smaller size. The degree of crystallinity of PEs and blends at different extension
were determined from the area under the XRD peaks and are demonstrated in Fig. 5a-d. NR decreased the
degree of crystallinity, and this corresponded to the DSC results. However, the values of the degree of
crystallinity obtained from DSC are not comparable to those obtained from XRD owing to different
measurement being made. The degree of crystallinity increased with increasing specimen extension because of
the strain induced crystallization and has been reported in many articles [7,8,21,26]. No change in the crystal
structure of PE was supported by no changes in the XRD pattern and no insignificant change in T,,. A smaller

crystalline thickness of PE due to the addition of NR may attribute to the reduction of crystallinity.

Effect of rubber curing system

Generally, NR is used in the form of vulcanized rubber because it is a weak thermoplastic when used
without vulcanization. In order to improve the properties of the NR/PE blends, 3 different curing systems were
applied to crosslink NR: phenolic resin, sulfur, and DCP as listed in Table 1. The sulfur system consisted of 2
formulas: with and without tetramethyl thiuram disulphide (TMTD). All chemicals were based on 100 parts by
weight of NR. Thermal oxidation in NR may occur in the DCP system. Crosslinking with sulfur is normally
carried out in NR products because of its high tensile strength and elongation at break. Phenolic resin is also
applied to NR but is less popular than sulfur. Partial NR crosslinking may take place during blending in the
internal mixer and complete crosslinking was performed under compression molding. Due to poor heat
shrinkability of NR/LDPE blends, only blends of LLDPE and HDPE were studied in this section. Fig. 6a-c show
tensile properties of NR/LLDPE blends with and without curing agents. Phenolic resin caused an insignificant
reduction in yield stress and the sulfur system provided little changes in this property. On the other hand, DCP
increased the yield stress of the blends. This was because DCP induces carbon-carbon bonding in the
crosslinked molecules which is stronger than sulfur-carbon bonds and sulfur-sulfur bonds in the sulfur system.
Furthermore, DCP also increased the yield stress of virgin LLDPE as described earlier. Slight increases in
tensile strength were observed in the phenoic resin system and a slight decrease in this property appeared in the
other curing systems shown in Fig. 6b. In Fig. 6c¢, the reduction in elongation at break was derived after
vulcanization, except the 10% NR/LLDPE blend cured with phenolic resin showing slight increased value. DCP

is the curing agent for PE; for that reason, elongation at break of the blends was much lowered. Effect of the
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curing system on NR/HDPE blends was different from that on the NR/LLDPE blends as illustrated in Fig. 7a-c.
Little changes in yield stress were found in all systems (Fig. 7a). In contrast, the sulfur system had enhanced
tensile strength and elongation at break, particularly in the blend containing 10% NR (Fig. 7b). The phenolic
resin system showed a slight increase in tensile strength and the DCP system presented lower tensile strength.
Both the phenolic resin and the DCP systems decreased the elongation at break of the blends (Fig. 7c). The very
low elongation at break of the DCP system agreed with that of the crosslinked HDPE. Crosslinking in NR by
sulfur improved the tensile properties of the NR/HDPE blend, but not the NR/LLDPE blend. This probably was
due to difference in blend morphology as shown in Fig. 3.

Table 7 reveals the heat shrinkage of the crosslinked NR/LLDPE blends. Heat shrinkage of the blends
depended on their NR content, extension and curing system. At 10% NR, the phenolic resin and sulfur systems
increased the heat shrinkage slightly at 400% extension and showed slight changes in heat shrinkage at the
lower extension. DCP weakened the heat shrinkage of the blends. It was found that a higher NR content
presented more deterioration and the sulfur-TMTD system was the most appropriate curing agent for
NR/LLDPE blends. The heat shrinkage of NR/HDPE blends is listed in Table 8. Their heat shrinkage also
depended on similar parameters to NR/LLDPE blends. At 10% NR, slight changes in heat shrinkage were
noticed in the phenoalic resin and sulfur systems whereas DCP tended to decrease this property. At 30% NR, the
DCP system still resulted in inferior property. The phenolic resin and sulfur systems showed improved property
at 200% extension and tended to decrease at higher extensions. Sulfur with TMTD remained the best curing
agent in the NR/HDPE blends. According to Mishra et al. [6], addition of DCP enhanced heat shrinkage of
LDPE blended with carboxylated nitrile rubber. It was reported that DCP provided higher heat shrinkage of
PE/EPDM blends than sulfur but no results of uncrosslinked blends were reported [13]. On the other hand, the
present study showed that crosslinked rubber did not improve the heat shrinkage of PE. It appeared that the
crystallinity of PE played a major role as memory points in heat shrinkability. The presence of NR decreased
crystallinity of the blends. High flexibility of NR with and without crosslinking due to very low glass transition
temperature may lead to the stress relaxation during specimen equilibration prior to heat shrinking.

Consequently, no improvement in heat shrinkability due to addition of NR was obtained in the present study.

CONCLUSION

The present study showed that the effect of DCP on the tensile properties of PE depended on the type of PE.
Efficient crosslinking was observed in LLDPE and HDPE. HDPE was most sensitive to DCP due to the greatest
decrease in elongation at break. Crosslinked PEs exhibited a slight reduction in T, and X, except for the T, of
LLDPE as determined by DSC. Addition of DCP lowered the heat shrinkage of all PEs, to indicate that
crosslinking was not necessary for heat shrinkability. Addition of NR reduced the tensile properties of all PEs
due to large NR particles and the low tensile properties of uncrosslinked NR. Blend morphology of the blends
also relied on type of PE. The NR/HDPE blends showed the smallest NR particles at 10% NR and morphology
of 30% NR/HDPE blend looked like a co-continuous phase. Remarkable elongated NR particles presented in
LLDPE. NR did not affect the T,, of PEs. NR decreased the heat shrinkability of PEs, particularly with LDPE1
and LDPE2. NR did not change the crystal structure of PE but decreased the degree of crystallinity and
crystalline thickness of PEs. Improvement in the tensile properties due to crosslinking in NR was dependent on
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the types of curing agent and property. The crosslinked NR did not enhance the heat shrinkage of all blends.

Sulfur with TMTD (S+T system) seemed to be the best curing agent.
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Table 1 Formulation of rubber compounding in the blends

Loading content

Material
Ph S+T S D
NR 100 100 100 100
Stearic acid 2 2 2 -
ZnO 5 5 5 -
CBS - 15 15 -
TMTD - 15 - -
Wingstay® L 1 1 1 -
Phenolic 6 - - -
Sulfur - 0.5 0.5 -
DCP - - - 0.1,05

Table 2 Heat shrink testing condition

PE

T1/T2/T3 (OC)

t1/t2/t3 (min)

LDPE1
LDPE?2
LLDPE
HDPE

100/100/120
100/100/120
135/135/135
150/150/150

3/11
3/11
2/1/1
31212

Table 3 Effect of DCP and NR content on melting temperature (T,) and degree of crystallinity (X.) of PEs

determined by DSC

Thermal LDPE1 LDPE2
Property | 0 pph 1 pph 30%NR 0 pph 1 pph 10%NR  30%NR
DCP DCP DCP DCP
Tm (°C) 110.0 107.0 109.5 107.5 106.0 107.3 107.2
X (%) 30 29 20 32 31 30 23
Table 3 (cont.)
Thermal LLDPE HDPE
Property | 0 pph 1 pph 30%NR 0 pph 1 pph 10%NR  30%NR
DCP DCP DCP DCP
Tm (°C) 122.2 114.2 122.2 128.7 127.2 127.2 1275
X (%) 31 29 24 61 59 56 47
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Table 4 Effect of DCP content on heat shrinkage of PEs

Heat shrinkage (%) at 200% extension
DCP (pph)
LDPE1 LDPE2 LLDPE HDPE
0 47.0+£0.5 34.140.6 69.0+1.4 69.1+1.6
0.05 47.2+0.8 34.4+0.5 66.0£0.3 66.0+£0.9
0.1 48.0+1.2 34.740.6 66.0£0.3 60.4t1.4
0.25 48.5+1.1 36.0+£0.5 60.0+1.0 *
0.5 46.0£0.6 34.240.3 * *
1 * * * *
* all specimens broke during heat stretching
Table 5 Effect of NR content on tensile properties of PEs
NR LDPE1 LDPE2
(wWt9%b) oy (MPa o, (MPa) &y (%) oy (MPa o, (MPa) & (%)
0 8.30£0.33 | 13.98+0.22 967+7 10.10+£0.21 | 18.13+1.07 | 622+16
10 6.40+0.32 | 10.76+0.54 | 711454 7.71+£0.23 | 12.40+0.73 | 469445
30 4.14+0.21 | 5.80+0.17 517427 | 5.6840.10 | 9.23+0.38 | 325+21
Table 5 (cont.)
NR LLDPE HDPE
(Wt%) oy (MPa) o (MPa) €p (%) oy (MPa) o, (MPa) & (%)
0 10.36+0.16 | 24.83+2.19 | 1013+70 | 26.39+0.86 | 20.18+0.53 833194
10 9.30+£0.21 | 23.06+1.65 | 1008460 | 19.99+0.67 | 18.41+2.42 690+11
30 6.94+0.14 | 17.53+1.10 | 964456 | 12.29+0.22 | 16.10+1.12 673141
Table 6 Effect of NR content on heat shrinkage of NR/PE blends
Heat shrinkage (%) at various % extension
Heat shrinkage (%) at
NR J ( )
200% extension
(Wt%)
LDP | LDP | LLD | HDP
300 400 200 300 400 200 300 400
El E2 PE E
470 | 57.2 34.1 | 445 69.0 | 771 | 805 | 69.1 | 77.2 | 80.1
0 + + * + + * + + + + + +
0.5 4.1 0.6 3.3 14 11 0.3 1.6 6.6 6.6
63.4 50.8 63.0 | 725 | 745 | 66.0 | 76.2 | 79.1
10 + * * + * * + + + + + +
0.4 0.7 11 1.3 0.6 11 0.6 0.1
63.0 | 689 | 723 | 60.0 | 754 | 78.1
30 * * * * * * + + + + + +
0.8 15 1.8 0.6 0.1 0.1

* all specimens broke during heat stretching
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Table 7 Effect of rubber curing system on tensile properties of NR/LLDPE blends

Curing 10% NR 30% NR
system Heat shrinkage (%) at extension Heat shrinkage (%) at extension
200% 300% 400% 200% 300% 400%
none 63.0+£1.1 725+13 745+0.6 63.0+£0.8 689+15 723118
Ph 67.0+1.89 | 73.3+231 | 785+2.21 R
S+T 63.1+053 | 734+115 | 76.0+060 | 753+1.39 | 67.5+4.00 | 67.7+4.00
S 64.1+£0.67 | 72.3+£0.52 | 78.2+1.07 R
0.1%DCP 47.2% 65.0° 74.3° 60.3" 69.5° 68.9°
0.5%DCP 51.1° R R R
& two specimens broke during heat stretching
® all specimens broke during heat stretching
Table 8 Effect of rubber curing system on tensile properties of NR/HDPE blends
Curing 10% NR 30% NR
system Heat shrinkage (%) at extension Heat shrinkage (%) at extension
200% 300% 400% 200% 300% 400%
none 66.0+1.1 76.2+£0.6 79.1+£0.1 60.0 £ 0.6 754+0.1 78.1+0.1
Ph 67+13 77+23 78129 72+19 72+19 82°
S+T 65+2.2 70+ 4.6 78+29 65+2.0 65+2.0 78+1.8
S 67+27 72+138 78123 70+0.9 70+£0.9 81°
0.1%DCP 54+13 69+4.0 77+13 42 +£6.6 42 +6.6 71+35
0.5%DCP 58+0.6 60+ 7.6 60+ 7.6 b

& two specimens broke during heat stretching
® all specimens broke during heat stretching
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NR/LDPE2 blend, (d) 30% NR/LDPE2 blend, (e) 10% NR/LLDPE blend, (f) 30% NR/LLDPE
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Heat shrinkability of polyolefins blended with natural rubber
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Abstract

Polyethylene (PE) was blended with natural rubber (NR) in an internal mixer. Three
types of PE were used: HDPE, LLDPE and LDPE. The blends contained 10 and 30
wt% of NR without chemicals. Heat shrink test was performed at various stretching
ratios. Tensile properties were carried out according to ASTM. All properties of the
blends were compared to those of the virgin PE. It is found that NR tended to decrease
heat shrinkability of all PE’s and heat shrinkability increased with increasing
stretching ratio. HDPE and LLDPE showed similar heat shrinkage whereas LDPE
provided low values in both the blends and the virgin plastic. NR decreased tensile
strength and elongation at break of PE’s.

Keyword: natural rubber, polymer blends, polyethylene.
1. Introduction

The ability of stretched polymers to shrink when they are heated is one of the useful
properties. This characteristic is applied to many products, i.e. cable industries, packaging
industries, heat shrinkable foils and jackets. One of the basic requirements of polymers for
this manner is being a crystalline polymer. Polyethylene (PE) family is widely used and
commercialized for this application; therefore, a few articles have been published. Li et al.
(2000) employed electron irradiation for crosslinking PE prior to testing its heat shrinkability.
Mishra et al. (2002) studied heat shrinkability of reactive blends between LDPE and
carboxylated nitrile rubber. The objective of this work is to investigate the effect of natural
rubber on heat shrinkability of PE.

2. Materials and Method

High density polyethylene (HDPE), linear low density polyethylene (LLDPE) and low density
polyethylene (LDPE) were blended with 10 and 30 wt% of natural rubber (NR), STR5CV60,
in the Brabender® internal mixer at the rotor speed of 60 rpm for 5 min. The blends containing
LDPE were processed at 140 °C while the others were processed at 150 °C. No chemicals and
curing agents were added. The blends were sheeted in a two-roll mill immediately after
uploading from the mixer. The compression molded specimens were prepared at 170 °C for 7
min to obtain the 1.5 mm-thick sheets. A procedure of heat shrinkability experiment is shown
in Figure 1. Due to the crystallinity of the polyolefins, it was necessary to heat the specimens
before stretching although they were blended with NR. Although the heated specimens were
stretched with in 50 sec, they became cooled as the stretching process was done at ambient
environment. Therefore, the stretched samples were heated again for a specific period (t,)
prior to quenching in the ice water. In the last step, the specimens were taken off from the

146



grips and heat shrinking was carried out at T; for t;. Temperature and time of each step for
each blend are listed in Table 1. Heat shrinkage (HS) was calculated according to equation 1.

/
} L, —» — e — }Lz
L, L, L,
/
/|
Heating Stretching Heating Quenching Heat
(under the grip) (under the grip) (under the grip)  shrinking
Tity Troom, 50 S€C Tut 5°C, 5 min Tits
Figure 1. Schematic diagram of heat shrinking experiment
Table 1. Temperature and time for heat shrinking experiment
Polyolefin To/To/T5 (C) t1,to,t3 (Min)
HDPE 150/150/150 3/2/2
LLDPE 135/135/135 2/1/1
LDPE1 100/100/100 3/1/1
HS (%) = % x 100 (1)
1

3. Results and Discussion

Heat shrinkage of virgin PE and polymer blends are listed in Table 2. As stretching ratio
increased from 200 % to 400 %, all samples showed an increase in heat shrinkage. LDPE 1
has higher melt index than LDPE 2. LDPE was not suitable for this application. NR decreased

heat shrinkage of the blends and also decreased tensile strength and elongation at break of the
blends as shown in Figure 2.

Table 2. Heat shrinkage of polymer blends at various stretching ratio

NR HDPE LLDPE LDPE1 LDPE2
(%) | 200 | 300 | 400 | 200 | 300 | 400 | 200 | 300 | 400 | 200 | 300 | 400
% % % % % % % % % % % %
0 69 77 80 69 77 80 47 57 * 34 44 *
10 66 76 79 63 72 74 63 * * 51 * *
30 60 75 78 63 69 72 * * * * * *

* specimens broken during stretching.
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Figure 2. Tensile properties of the blends and virgin PE

4. Conclusions

NR showed deterioration in heat shrinkability and tensile properties of all blends. This is due
to the uncompatibility between PE and NR. The effect of NR on blend morphology and
crystallinity of PE will be investigated in the future work.
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