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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
moi% 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 vuicanizing 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 strefching 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 crientation 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 crossiinking 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 rcle in mechanical properties
than the biends 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 mare 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 crosslnk 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 parlicle size of NR in LDPE was much bigger than that in LLDPE and HDPE. Degree of crystallinity
and crystaliite 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 crystaliite size. Although uncrosslinked

NR showed influence in crystallization of PE but NR did not affect heat shrinkage of PE.
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LDPE1/NR blends

T 86 AMNEINTOIMMINAGTIEAMNTauIDs LDPE1/NR blends

mTnf 87 YunmmdnuasrmanandnnsidhneTes XRD 183
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a4 A
1.1 Ta1599
WaRU TN EURAG LA HAILTDUATOUTINWAIRA DHRNGIBLITITUT S
Heat-shrinkable polymer blended with natural rubber
A am oo
1.2 Farfisy
1. 303ANFATINTH a7, 1IN0 AUTAUNA
A J b 4
2. wnmeend wnalvsnay
3. WNFIRTWY WIANA
mMeITain mmam‘ua:mﬂiu‘[aﬁi’m AEINEIFNEST URINIRUFIVAIUATUNT
2. WA lnY 3837

panslanlnsewd 074-288362  InIRs 074-446925 E-mail: varaporn.t@psu.ac.th

2. arwdrdguarianvaailywiniisy
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Usrannidonns 10 vasnanin luunsfisavas 90 ’uamamaﬂgna’aaan"lﬂﬂ'wmﬂs:mﬂ wasunnindapas
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PR RuaumInInlenilée (fexbiity)  Wiiuwasinmaril aneratetuiuneflu
winranamalawadile mnnsasiesauianas SolinumsisprdensraanuntsdildwaieSuai
iwualulnson13duil wananilassmsiiotendudagatngmimivlesmsidoluemnaseslasins
&2 maThmanadsuanuieuiimunsodnimiuutmanWia e uaz polymer-clay nanocomposites %
Wuvanaddruanruion %qﬁ":ﬁaﬁtﬂumﬁ%’mawm%mé’umaﬂs:mﬁluﬁmmsﬂs:qmﬂhaa
polymer-clay nanocomposites Titfipad aaﬁuqﬂmﬂnﬁuﬁl,é'nmaﬁné Q’Lauﬂman'lﬁﬁ’nﬁ’tﬁaﬁﬁﬁ'm?m
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AELRLICHRRIE) {heat-shrinkable tube) Toun polyolefins (PE, PP), PVDF {Kynar "}, silicone, teflon, PVC,

. ® . a & \ &
polychloroprene,  fluoroelastomer  (viton ) uazudanlawafiuainialanafnafasznadalli
polyetherurethanes, polyesterurethanes, polyetherpolyesters iLas polyetherpolyamides YanaAa 9 I8ANN

a e da 2 . o e = . ~ v ad d V
FowmdurRaninfinisidasruninarsuasidnwuziilu niche product n1skAaNIINIAEINIRLua
o , a v ° A Y a e I e A
wisnarviadan nmyndarviedoumursovirldlasnindenldnadineinidnwulfaldd wSananoe
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LDPE fingusnidaTzinaaduvianamadnnnuiountinissudr waoslifiauidenls LOPENR
blends (unadlwaiuaardanaruian

3. Sanuszasn

1. AnwmTeTouwaaiueinna laauanuiauannaaanfinge leniululszing (EVA, PE)
NENNUSNBITN T AN DUNITTIN TR EWENT b

2. dnmiRTpiinanIENusanTINENIT0 MM IRATLasFUURI N avaswa R a Teau e o e

L A

NTah 1
= A “w 5 ' L7 . Ot =y -

3. Anwwnenudiufazwivlenaioluena v Jugwine BSnoedn wasBanmms
- A ' o . P [
denlmluana ffideanumnsalunimadzeiwefimeinauiieionld

4. snilaviSnsde m’mﬁauﬁau’hgné’m‘lnu
1. HENWAEANLAZENY (EVA/ENR uaz LDPE/NR) Tudaindaudis g 1w 90/10, 80720, 70/30 60/40

Waz 50/50 dhuladasnanuuLlla (Brabender™) tﬁnmimﬁtﬁaﬁ’lm'sr’fmﬂuﬂmaqamaawmaﬁn
wazendludiunmens g iU 0.5-3% 'ImEm‘l’J:n'}‘SNﬂuuﬂ.’,ﬁ@l‘iﬂauﬂ’l’)ﬁﬁmuﬂtﬂu Walwlewad
WoSHauATauRIBonad 1% tensile properties IndlAg4 rule of mixture HaitesiFouAnuaia
f1guoIneRmeHautUNaERnGuTU L a’rsmﬁﬁt"fjauiuﬂuLaqamaawmaﬁnﬁa dicumy)
peroxide (DCP) mﬂ.ﬂﬁﬁﬁaﬂm‘[maqam 8481988 DCP Wuaasalsdu uss Muzou anadinsls
gstftataovinlwonsuianaddwldatn iasnuisnauilazdaafidnwnilu compatible
blends
2. %ugﬂ"?;umaami"jmwiw“ﬁwmﬂ‘s:mm1 mm fueiasdafiviandi giu adnwuSanmms
L%aﬂuﬂmaqa dasunameubifumefinunrsudonsaida 1in 5 mm x 70 mm AuaTsauny
:U:vi’]»m‘%nmquﬁnmwm%uﬂmauﬂi:mm 20-25 mm Sonsrorin 1y ﬁaﬁﬂﬁ'wqﬂmfﬁﬁ
sautanaslifisrorBamuiidains vin 60-300% ﬂ'mqué'm’}ﬁ’mwﬁoﬁﬂ
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3. Wiunaseunoniagiuguninidsdasulugaunamnnilane g (stretching temperature) 194 50 —

u

120°C 1178161399 (stretching time) 13w 3-20 min wsFuguedlwibudaiud uiluiwdadu
paszanm 5-10 min unzfunasevesnanagdnsoliade Taarusnvesszozlaniui L) 19
& o a v = a A A & 4 . v o s '
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1ugﬂﬁ 1 :

™ a A o = o - ' w &
rnsiwAurenawnld lasaauguanailumsiaufiuviena29dsit 6 rpm, 8 rpm, 10

-

rpm, 12 rpm Uaz 14 pm uaaIluzLa 2

WHIAILANAINT
L3 =3
Tumsdwiy

Yianan

e o &
gﬂ‘n 2 MWULEAINIINIWLALYIBNARS



1.3.2 35mIinaday

1.3.21 mmaaaumwmmmhmmaéhé"wm'm%'au (Heat shrinkability testing)

1.

ﬁﬁ"ﬁmmﬁ'lﬁmnn'rs%ugﬂﬁmm"}aaé’ﬂﬂ’nuﬁu é}'ﬂLf]wfumﬁauﬁé’nvmuﬂugﬂ%m‘é’ﬂuﬁm&'wm@t 5
mm x 60 mm aNLEUIINIEBREIINY A TaRestaduAz 20 mm a2 @5z pzAananaBuaui
AnualiinszozEuau (L) ﬁ'auﬁm'lugﬂﬁ' 3 ﬂ‘;:nau%unﬂﬁauLﬁwﬁuqﬂmtﬁﬁqﬁﬂﬁﬁﬂﬁmao G
7 4) TaplWTlsznsendnamasy (grip) Wiy 20 mm

gﬂﬁ 3 gﬂ‘hqG'ﬁau’wﬁumaauém%’umimaaum‘mﬂﬁaﬁmm’km”au

317 4 qﬂnsrﬁﬁaﬁ@%mmaﬁ

ynmsBagunasaudasile (gﬂﬁ 5) 1¥dasnilunsdeiiadszanm 70 mmmin  Wasigudnisia
(extension (%)) f'i'lmm'lﬁmuammiﬁ 11, foszuzGudunoudeda L, Aeszufinedasenly nssie
a~ﬁ'mamvmwamaua mwﬁuﬂmaumnmam 2 ﬂsvm'n fe mw"nnm‘lﬂaummnnu T,
1 t, naum,nnmna Fontunouiiin Tua aummwmmaan (specimen heating) Snuszunnits
n.lunnaunaumimnﬂ m‘sawuﬂﬂaamﬂumsmqaaamﬂammm:amumaausumwommwﬂu
Nwaﬁuuwmmmmma‘lu Wasandasimsfbadaoila m‘lummmmumuﬂﬂaaumﬂau'lu.
gunsaluazagmuludould runissiadiila (stretching) 9z ¥nagnasaa3lithin 2 min aaritu
amunwawumuﬂauumuomuamwnu'luaﬂaamnun sUfi 6 meaﬂnsmﬂmumuﬂﬂaaunu

3
v
a

QTHG'I%QH@N e 3'1.]1’1 7 uamunugumu@mummﬂﬁau

L - L
extension (%) = ——2 x100 (1



P a A A v oA
Eﬂﬂ 5 NMNLFRINTIAIEATUNARDUAIBAUD
|

[

;njﬁ 6 qﬁnsrﬁﬁoﬁaﬁuﬂﬂaauﬁﬁfﬁunmaugnﬁaﬂﬂ

o & o A " et e = P a & ' W
m'nunﬂﬂﬂUﬂgnUﬂagluqﬂnim@aUmmu;a'ﬂ‘n 6 'Lﬂaumquuma qiuaandnd qlugau Mnua
& & g, & 9 Y . P >
sz (T, t,) GonTuaouiiin Tuaeunsiasiuanuian (heat stretching) anufiuaaslugn 7
o o, & 2 A & o ' Y & oA . At
v1mmnuuuwuqﬂnsmmmm.aanmngamm:gu‘lummuﬂun (quenching) gawnnisiiudszanm 5
+1°

. % V|
7 7 7
L
L[J e o l—1 > L1 » L1___’ 2
/) / L/
Z 7 7
Specimen Stretching Heating Quenching Heating
Heating (under the grip)  (under the grip)  (under the grip)
Tt Troom, <2 min Ty, ta 5C, 5min Ts, t3
I. Heat stretching 1l. Quenching Ill. Heat shrinking
(M38VDA) (MInaaidu) (M3ouUna)

- ) v Py
gﬂ‘ﬂ 7 MAWLEAITWADUNIINORDUAINY MU0 UNMTRAAIVBITUNARDL



4. LLﬂ:%ﬂﬂﬂaauaanmnqﬂnﬂﬁﬁaﬁﬂ MeBunasavuuld: vnstasceziia (ANBIITININ
R el TG IR At ﬁuﬁﬁLﬁuﬁ?Lm:LﬁB'Jﬂﬂﬁdvﬁﬁqmﬂﬂﬁﬁmlﬂ%nﬂﬁ 6 h Sunszeziedin L,

5, au%umaauﬁqmv\qﬁ@m lurraeng qlugjau Amuasm2ziii (Ts t3) Buntusaniiin Tuaanu
MIMAGIFIEANTEY (heat shrinking) TATTLzHITER IR BIRINEUUTUNARBLTRALSEL S 8T
maauuu‘[ﬁ:ﬁqquﬁﬁauﬂunm 3 h Benssuzvineiia L, GTau.am'LugUﬁ 7

6. au%uwmauﬁqm%qﬁdw ilumen glugay AvruasmMIiu (T, 1) Fenduasuiii duneu
MInaFITIEANTan (heat shrinking) TnTe0zvnI3zRINIABIMINLUUTUNa ROV UALA T 89T
maauuufﬁ:ﬁqmwgﬁﬁawﬂunm 3 h Gunszpzvnsiti L, ﬁmaﬂﬂugﬂﬁ 5

7. dnmwideitdudninada (heat shrinkage, HS) snuENNNTH 2 fWI4m1 Amnesia rating (AR) 310
FUNTIT 3 FNMINagay 3 TWHIBENI TBHHERLAED

Length after stretching (L;) - Length after shrinking (L)

Heat shrinkage (%
ge (%) Length after stretching (L,)

x 100 (2)

Length after shrinking (L) ~ Original Length (Ly)
Original fength (Lg)

Amnesia rating (%) 100 (3)

goandl T, T, uaz T, mw:tﬂuqmﬂqﬁﬁmﬁuﬁiﬁ ﬂ:ﬁﬂ'}'ﬁ:q‘luwan'ﬁmaaa

1.3.2.2 MINAZAVNIIRAG IR AN TOUBINBNEIY
1. datunaseuvionarsliiianuun 50 mm Goneueniseziia L, Janmnadusingudnang
mevanuazfmuadu D,
2. ﬁﬂ%ﬂn@aauaﬂug}’auﬁqmwgﬁuaznmmiamﬁam‘smﬁaﬁﬁmuﬂ'ﬁ Fanraeiaeiunageu
%ﬁaﬂﬂiauﬁqmﬁqﬁﬁaaﬁuﬁ frauaaNUEIIMaIMIRATILTIY L,
3. fwmiinmamdsanuiouramneiluaiilaaisunsn 4
LI - LZ

Heat shrinkage (%) = 7 x 100 4)
1

HIN1IMarausIuIU 5 Twarating

1.3.2.3 MInadauEN AR NNWADILIIAG (Tensile properties testing)
o w o L ' o
imInasay ausnasyw ASTM D412 14 iluntsmaaay 500 mm/min fMataniigas

wldTunaray 10 Iw FIBIUANBAARYAIEN (young's modulus, E) AININRLAY T ANIIN (yield stress,
G,) fNALATHA T IRATIN (yield strain, €,) AIATNAUAIAMA (stress at break, G,) wiafnnanuda

45484 {tensile strength) uazATzozlia o 20719 (elongation at break, £,)



1.3.2.4 MINAFBLANTAA NN UNUABNNIANINA (Tear resistance testing)

Mmmesauiusiatadisaiamassusuifenunuseussas lagldanudlumanasey 500
mm/min AWNINIFIU ASTM D624 die C éfﬂs‘a’aazmuumgm‘ln (ight angle) ﬁ’aaﬁwawﬂagmm:’lﬁu
nagay 10 34 aeudagsauinma Lmzﬁ'uﬁnfhLmﬁogoqﬂﬁﬁﬂﬁﬂﬁuﬁmﬂ'mﬁnmw fwiwd I
FUTUEBMIANING (tear strength) SNUUNNTA 5

F
o= - (5)

g T

s fla SR MUNUABLTIRI (tear strength) Hmiamilu Nimm

A ' . o] ' I
fia fusagega (maximum force) Anaeniilu N
&a dranurwIvastuaiagny Snsaods mm

1.3.2.5 NINAFBUANLANAINTUNITIA8AMNTBY (Thermal ageing testing)

nsmagatasdsRmMudan IUuITIeuaNas§Iu ASTM D573 Iﬂnﬂ’l%unmaamﬂugﬂﬁumm'

PUIAHIINNTIE 6 mm KU1 1.5 mm anluﬁammmﬁu% ﬁqmﬂgﬁ 70°C \Iwaan 7 S ifonsuiaiimun
ﬁw%uﬂﬂaauaanmnﬁauu,a:Lﬁﬂi’i’ﬁqmﬁqﬁﬁaazﬂunmazi'ml'aﬂ 12 h el fuanwussunagey Wt
nasavlnassusutRnNunuAauTIRg lagfedioainds 500 mm/imin TBNUENTRA QamdnRUAY
£ 1.3.2.3 Winufinusuiamainuiflénanmsuuss lassurmla fdudmsaouwud ssvassu’d

' = [ 4
A1 E AAUFUNITN 6 GIU

A-0
Po= 2220« 100 6)
8]
= o o P S 2 .
laosi P fo wWatBusmaufounysemuifvasiudating
o} A9 fnuBIENUAREUNITUNLT
A A ANYBIRNLAREINITUILT

1.3.3 MINTIVEDUAMANHMLE
1.3.3.1 MINAFIUVNITUING 2
aamaiadunauiimnaduitgudnaralszanm 8 em nundszum 1.8 mm ugluwnlsdu
Y331 5 ml ﬁqmvﬁqﬁ 110°C iiluaan 9 h Faiminduneseuaziine 0.0001 g fuandTunmnisuay
P! (degree of swelling) muﬂum‘iﬁ 7 ﬁdi{
wty — Wi

degree of swelling = — (7}
o

- a v a ) a v W @ . ) s ' oy E) w E o Mo
IQEI'YI Wfo SaWIRUNNSULT Lac WfA aa punnaIng l‘lfﬂ’aama"nmum‘mugﬂﬂwLﬂimamlaﬂu‘lﬂmu
Ay, ﬂ‘l 1] s " 4 A
ﬂ"liﬂﬂﬁﬂllﬁ&lllﬂlﬂ‘j NATDL 2 TUGBHIDLTILRT TN IUFLDAL



1.3.3.2 nMYAlANERA8inATA Differential Scanning Calorimetry (DSC)
o _ Qv dl [ o L2 b = L -~ d
HL9 EVA LarBunagauhiIunIsnagarmmaiaonnuian Aemziaisinaiia DSC LWe
- e - v d , a .
mqm%guwaaa.lmmua:ﬂ?mmwﬁn TaulEaamaisanuiaui 2°C/min uaz 10°C/min Basziluang

aosnnd 20-180°C

1.3.3.3 ns53lazralsinaiia Scanning Electron Microscopy (SEM)

a A e : M . o W a ' A e o4
LﬂaElUH"J"ﬁ%(ﬂ')ﬂU"NWJU‘YIEI\‘]ﬂﬂ‘uu’]\lﬂﬁﬂx‘iﬂ@nUﬂﬂﬂdﬂﬁlﬂ‘iiﬂﬁalaﬂ@liﬂuLLUUﬁﬂdﬂi’]@l BURIDUIIN
PR PR |
u?“ﬁ’)lﬂ?’]:ﬁﬁﬁﬂﬂ&l‘ﬁuﬂ I

(%
= w t

1. 'ﬁumamagﬂﬁuLuaef‘?'imumiﬂ@ﬂauauﬁ'ﬁm'\uwum’auidﬁa Winmivinisarasou fa
WSt s ALiaann138iaue (tensile-fractured surface)

2. %uéhatm'ﬁ“lﬁmnmig;mi'aazm'l,u‘lu‘[mwumam‘mnm 20 min LasyNNIRNTIUA (freeze-
fractured surface)

3. Fude maﬁ‘lﬁmnmﬁjuﬁaadwlu"lu[mwum anuiaen 20 min WaxynMIRNYIug (freeze-
fractured surface) udnhlutlussmSuinansanlodidanududu 2% dwaa 12 h deesidlonas
avan bw@oan LLazau‘lﬁ‘"”B'"mTaad'mLﬁaﬁq il 60°C thwan 24 h

4. %uﬁqau'Nﬁ‘lﬁmnmﬁjm‘ﬁarj'm'{uhlmtwwm"uﬂunm 20 min WAZHNNTIANTIWA (freeze-
fractured surface) WauBMBLIRaLBTIaRlAK ﬁ'qmwﬁ 60°C uaz 80°C ulranena9 (1-10 h) Woaia

ST R ENand ladaan au%umuﬁmﬁauﬁqm%gﬁ 60°C «Jura1 24 h

1.3.3.4 MyeTevaluimaiia X-ray Diffractometer (XRD)
r= ~ oo [y B & A ot - A L3 =

I BNTUNaFoLANIWIAR AN 3 om WK 1.8 mm  Yanshstia ¥ Tudasidudnsbe (L)
Wy 200 400% auTuinuiaun1Thalia (specimen heating step) wazauumzia (heat stretching) #i
gonnil 90°C 1fluam 5 min wazldannizniseuna (heat shrinking) #1 (120°C, 1 min) dwuals L,

g A - n“ = . ' ) vd. oo &8 w ¥ o
WL 20 mm iflssninduneseuiuwalngiann Wisansofdalafismnnives Ssdanildavdewiy
A A A a o = - ' o oa a - -y

manstiafianmnd 90°C 1uwaan 5 min ihunessunaumssulia Funasaufiagluaniizie wachu

ar a a o A a W £ & . Py
NARALRSIDUNA TATEVRAILATE XRD IHasnnmidinmeialnaied XRD # 3uiudaslunasay

1 = ] u: - -] o .: = = e d :Yv =
uraing FaldeansaliBunaseuiiaioaluda 1.3.2.1 inmrunareuiaciinszdalninsasiidadl

L » D‘ » Aﬁ" H = Lo ' o ﬂ. - 1} A
anunielalding 1 em Iwvaehdueufiaioulanda 1.3.2.1 azlanundradusuyiong 0.5 cm
-'4 a ' a ' Y o [

Taprirldhadsnagzniramstsiinesinuninanss 50 % wazasilanuntualadi@senuanuning
a A - a 9
Sudwdalianmadidionnuisu

° E = P o = - - ¢ 4 A

Mn1sanwwiviinandnueanefwailasls cuky inundaiuiiadidend Selidrane
A ) Q- /s . L L .
A (wavelength, A) LYfiU 0.154 nm vwiavesdiathadszina 1cm X 1 em (012 x a13) bl

o ' A :r B L2 1 a Id

srathsluatandonuudifmend uazlden 20 lugie 3° 83 70° dnnamidafidudanudundn enu
C Ly

qUNTIN 8 Adth

10



= A
latfl g, P YSunmnan (%)
a_ & Hd e . A e
I, fa wuAldnsmduiiidundn
a X oddg e \ A e o
A fa wunlanmrEuiiluesmugu

1.3.3.5 MsaTziaIEnaile Infrared Spectroscopy (FTIR)

nsAnwmamuduAuzaiulasadsluanaiuenemunlunsmasidisanuiausas
wodofaulifisosfian lnnddatanedmeindasmsinmesiuiadssuno 1 cm X 2 cm (07379 x 8717)
fnsnaseulurisianaiu 4000-400 cm” Fanafia ATR

1.4. uan1InaanIlazIarsalnanIIaany
1.4.1 HANINAFDUANAINITO IBNITHARIAIBANNTDUYDI EVA
1.4.1.1 SnﬁwanﬂssﬁaufﬂefuLaQaﬁﬁﬁiamwmmm’lumsﬁﬂﬁqﬁaum’m%’auﬂao EVA
P & a o o . v
EvA1s fildlummanesinduweiweindsnalinineglizinm 11 % Jsanaiihaziianuaniin
ar 17 [ A A ﬂ't a [ L @ Qe
U Inaa I8N Taw e LU Is AUt mswaﬂuﬂuLaQaa:m'lmmwumm'mlummﬂmmﬂmmmu
a & @ AW, a @ w @ aa
WRAu mnwanmn il TavmmegauldSouifoua s IumInadisagaInyianesd EVA Ao
1fin DCP 13310 0.5 pph (0.5 g ¥ad DCP g 100 g 789 EVA ) warfilaiidin DCP Funassugndsde
. o . e A
(extension) 240% lauiNMIMASBINFNTITAN FAILEAIUANTIN 2 NITUIUNITNARALAMURINITO LN
L*3 9s S 1 z H 8 | * ﬂv = 1
minadidieanuiauiag 3 mumumuuamlugﬂﬁ 7 fip Tusauwinidunisguunagauiionin
. . | a A . A gav e & a = .
specimen heating YNN@MANBULATLINNNIAUG (T, ty) avaz lifiTuaouidlé {Troom) PHABUNFDILTHUNT
. = o $ o ' (4 v ' Lo o o P
heat stretching g nNALAEIETITIAUA (T,, t) Fruduaangaieizondi heat shrinking inhamnyil
RAZLISTATAUA (Ts, t3)

a a a A y s v W e A
AN 2 ﬂ'ﬂﬁwﬂ’ﬂﬂ\ﬁﬂ']?L'ﬁaUIUGINLEQ'ﬂLLRZ T, MFULANTANNINIWANBIDULD EVA ‘ngnﬁwﬂ 240%

DCP content Testing condition Heat Shrinkage Amnesia
{pph) Ti, t, T ts Ta b (%) Rating {%)
70,5 64 11
0 Tom | 80,5 1202 | e | 16
"""" 0.5 B
70,5 70 14
05 Tom | 80,5 202 | n |
"""" 90,5 A
"""" 100,5 R

(* TuanuasEninanTaua)

HAmINaRauadluanT i 2 uannnazuanBninavasnndanloslnanaud SusaiBnine
- . L4 . ¥ -
YNNG heat stretching (T,) sziwimagenlusluanaildilesidudnimmaigaii an 64%
& ar = - PR S | oA o ae R ot -
74% saanfasiumas] mmalhinamadealosluanafiuiu sohmibiiidudbelddnBeusznmivme

o X ’ a ' . ar . W g we A = , . a
ﬁ]?gﬂ'ﬂu ﬁ’]uqmﬂqu T2‘lnﬁwaﬂan’l‘iﬂﬂﬂ‘mmdﬁuﬂﬁ’mty TUITUNEIRITH NN RAUUIIELNAIINNTT
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auﬁqmaqﬁquﬁuiﬂ IWTIZIARABNINAITEY EVA Msvindy 83°c @aysrmmiianmidsinaiia
DSC) mﬂ%aﬂm'[maqaﬁﬂﬁ' EVA vuaaenldadu mseubaiianmizitss hivhiunasaunanin sn
amnesia rating {IuFnUToUABUAMNETITIR IR M IRaduaztaun1aeBia Tuymedl heat shrinkage
Hlun s U R B U A B IREIM IMARINUAMNENINEINTTAIDR a1tk #n heat shrinkage Saiatiln
UINRUE W L, UF8Innan L, Laue Tu g fiein L, anadisndanningn L, Islunsdifidhanefiniswa
né’ugon’i’mﬂumaf‘i‘uﬁu Tumannujen amnesia rating mvesdiAviniugud fe L, widu L, wn
ﬂmumw'iﬂmaqamaawaEma‘fﬁmwmnﬁumﬁsmztﬁu LLcsi'Lumaﬂﬁa.T‘?\a’mﬁmﬂﬁmmumngmﬂﬁ'
wnsitfaspnapatnafiApitos 1y nuacdseirdinoiwedwaiudarsiafiansiu (intinsic property)
LazmM AN MBLAUANAN (residual stress) Lﬂaommnmiﬁuw Wudu drnsiboauntumavanuas
amnesia rating UduantamaifianisbannaTy 97U Eim@'i’n,ﬁ"Uomumaauﬂouanﬁmnwz”laiauqamm
‘Tivumuﬂa"amﬁugﬂ MIRANULARANAT u‘ja'[maqa‘lﬁ%’m’nm"auﬁl,ﬁmwa@ian'mﬂ'éau'l,m azfiams
#T@G'fﬂmi‘lﬁ'ay;‘lmnn:ﬁﬁuqa

1.4.1.2 ANBNAHNIENINAFOUNNADAINAINIIN IWNITRAGIAIL AN TDUVDY crosslinked EVA
o . o = s
nnuantmassvluasni 2 wuhmadealsluanafiuanuansalummadivas EVA
f9iu nIneaedse WIanRenld crosslinked EVA #iit3unm DCP ¥ 0.5 pph Iwmsdnwndniwna
Aem o o P [V o 2 .
amrmmaesauiiisamInad mudsndinsldun T, T, 4, L, uas i, AMnuansadledunagauiinny
240%
PR [ ] a = o o v, o Vae oA
namsnaaaIfiwunasdliidwiramnadl T, fi 90°C uaz 100°C lidnswadauriniu 94
w - i o A A a . a R
wanldgaunnsl T, 1 90°C Yinsnananiednmninazasiialuniseusznitedisia (heat stretching,
- w V i P ' ¢ = w o X o4 g
L,) (FanlBiIa1TzWId 1-5 min NAMINARBILEAI MANTNT 3 wuihlesidudnmInasivawdialdioanin
- 2 X B r e . o . ¥ . .
msauBaiindu nelifasnannisfluanaldiumIndudinanuiaumiuiu wasnmmdalduluana
2 9 e e . A & ' A o w W oW X a A
Fefenulfaea (exibility) Mnndeaadrsnliiasundy Weriimsaunadmaa leuntu Bnnstiniteda
A A & . - ' & @ a w e 1A vt d A v oW
mssubanauuiu vililsanslinadewesouuiu diudndrdusmasunldfdu fanudukas
. A "N A a8 o | [ M -~ = = re -
i1 fawddwrafltlun1savdednasantivaas wdldarslsianuwimanty iwsziduwnisfuulios
. . . \ v e ¥ oy
Wi Mlddunugs wazbimunzandenisih ligimuets lassnidpiiRasaniuit hiaasldiaaniu
myaudain 5 min

d_ a a ’ ' s w w E
AITIN 3 INTRRTEINITIBLTERINMES (t)AeaNlfnnaalsiuanuiaued EVA ﬂgnﬁqﬁm 240%

Testing condition Heat Shrinkage Amnesia Rating
Ty by T o Tty (%) (%)
g, 1 69 -4
90, 2 70 -5
Troom 90, 3 120, 2 71 4
90, 4 72 -4
90, 5 74 -2

Anmdniwazasgmnnilumsauma (T;) lapiRenldznaznmisauba (T, t,) 7 90°C 5 min o
] 4 w . o | A Y
HaNTNARBINURAILUA319N 3 14 crosslinked EVA AlluFanoe DCP windiu 05 pph Gefiafunaay

12



whiu 240% Banldiialunsaunadt 2 min wazusgmnnilumssunasznin 90-130°C nanmmanas
usasluarmof 4 qm‘ugﬁlumsauvﬁ@1Lﬁ'u%uﬁﬂﬁm'm@1@Tﬂﬁu'ﬁuua:nﬁ'ua@mﬁnﬂ?ol.ﬁaqquﬁgmh
120°C &t qm%gﬁﬁﬁﬁqﬂﬁa 120°C %auanmna:lﬁ’mmsmﬁagaqm tal#d1 Amnesia  Rating
lndifnsguidan wammasasreandesiungsj fa eanmgiigetiu Tuanaldsuwdsnmnszquanin
m’tummmlumsm‘éau'l,mmaﬂmaqaga%u mInandusfniy

i = =y et 1 Ot a b A
M 4 amwamaaqmwgn’lumiaum (T,) fagNLAMINARIRILNINNTOUDEY EVA ngnﬁ-&ﬁm 240%

Testing condition Heat Shrinkage Amnesia Rating
T 4 Tt Ta s {%) (%)
90, 2 66 23
100, 2 Al -5
Troom 90, 5 110, 2 72 -4
120, 2 74 -2
130, 2 73 -4

A P ar M w w &
nmInaaafitnuIn anmsAltlunrounedrldldudsanlunisouva (t) a1 mmased
dgolRaflumsnwmaniwaras t, Alldaminadinaddiang EVA siiel@uany (0.5 pph DCP) utsiianlu
[ ., a o a . P v o dw oy [
NIAUNALUEI 1-4 min Renteuziaar iliA® 4 min NS IZRINTUIIINFNIWINTEITIHTT N lATE
o w a a A ' .
nalumslanufaunaiwaiuuinll wantmeaasnaadluensish 5 vimlunsoune liluadanisne

g (% . L . o & ' 9 P .
mmumwsauamaﬁuummy AIBH MINAKDIFES “]vlﬂ 'ﬂ:Laﬂﬂl’ﬂnaﬂlﬂﬂ'}‘iﬂU“ﬂ {t;) N 1 min

4 _a a y s YR v a -
FITHN 5 a‘nﬁwa’lladnﬂ'ﬂuﬂﬂiau%ﬂ (tS) FOFULANTITRANINIDANATOUYDI EVA ‘Y’lgﬂa\‘lﬂﬂ 240%

Testing condition Heat Shrinkage Amnesia Rating
T, 4 oty Tty (%) (%)
120, 1 73 -6
Troom 90, 5 120, 2 74 -2
120, 3 73 -4
120, 4 73 -5

a‘gﬂamazm'smaauﬁmm:aﬂ@i‘h misufiamsldanasfi 90°C 5 min uasRAIEMITELNARTT
147 120°C 1 min Manasesfrinwn i ldiEunasouauiauwihnisdede e nsnasasdallfadinm
anSwazsamssuBunaasuriannIsiie (T, 1) FudIsdns EVA wiieidiea (0.5 pph DCP) nams
nasaIuERIluaTA 6 Lﬁaomngm%n"ﬁnmaumuﬁ‘rﬁ’u (T,) T8 EVA1B fiwsuiy 0.5 pph DCP #
flssunm -20 °C (61 tan O Hldanmsiinmidsmaiia DMTA) uaziSunmdnsdaudradn (11 %)
Foiu Taianazes EVA aiianaleiag aua:ﬁﬂmju‘lﬁﬁﬁam%nﬁﬁaa

% k'l
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A e A & s 0w 4
#3191 6 BNTWATBINMIBLTUNATBY (T,, t,) deauvdnsnadiaisanuiauses EVA 'ngnﬁqu 240 %

Testing condition Heat Shrinkage Amnesia Rating
Tyt To b, Ta by (%) (%)
Troom 80, 5 120, 1 74 6
90, 2 74 8

- - a | o X w H &
mmasesmdufiudsszuzmssdiainiu uasldan1in1ioufiguisiiu iemImassuEas
A o ' , S A M e a o o & P . o a2 X 4
Tuanseh 7 nmsaudagnsnauntsataldlavinlvnmmesninigu (uhihdine nsmedaiutiuile
A A o & 4 v o a A a8 A g - [ a & . o =
ruriidainiu dsgaansaanunned) wsnisdisianntu Tmaqaum‘sam’swmmnw laulnsy
= o ' Py o @ - A d a o I
AAR Lﬂuann:n‘[maqa'lmau Waldduanafauiifivanalunmuaianlnaluena luansdadinimads
a ) A it X o a as ' . w Al w o . =
nau‘lﬂagluamamamgaimmmwmzmmwanwmnn'n ﬂ"m'rmﬂm“n'l@gaqﬂ §a 83% wddpainnsaa
-] - = a' =y & K o An an ) R [ z a Pz 3
fafnganntiesoo % lasnnwedwaiifluirgidsuifiuagiuna deuu nsdasses Ly was L, 39
W v o . ] Y - A o '3 . .y & = ¢
vunrazvinmitaisnaduldauniaslddnfingm ﬁnnmi'ﬂ@aamummuml'magﬂ'imﬁl.ﬂasmummmm
eciidnananindosiaufinzasfilugronm 6 Trluansnnasnmnaaay luamsiial L, ax5uasfings 3
Faludusn aavu nIneasdludaniaszes L, Uaz L, 1u-ﬁ10nmmuﬁs:q‘lﬂﬁ%mm@aaq HANIT
o = s w ' dar W o o o de =l S [ 7
avasaudoyaduaeInsia L, uss L, sl e L, ATONUALALIANTILLIT 6 Tenananu + 1% vinnu
a @, e v ae o o ' ' = » % . A4 o+ a2 a w i o
Seansoldaiialdiufidudaununanimanas aaudi L, Sasuandienuwlugrehnti Sadanlddd

o @ A o ¢« de woa @ A s & PV 4
AANIBART 3 b TITTHAIURHNTIENTIANUN %:'L’ﬁﬂqﬂﬂﬂa'nuf'lU\?']ulutﬂfdﬂ']?'lﬂFJ'H»

o a e Y o ' ' [ W e % El
AMITWN 7 aNdINAUSINITIUTBUNSRAY (T4, L) ﬂi:ﬂ:ﬁ(ﬂ@na JABFNUANIIVNAFIAILAIINIBUT DY EVA 1
anfsba 240 %

Testing condition Extension Heat Shrinkage Amnesia
Tty To by Ty ta (%) (%) Rating (%)
200 70 4
Troom 90, 5 1201 | 30076-)‘_ -1 --------
"""" a0 | e | a4
200 67 2
100, 5 90, 5 1201 | 0 | s | 4
"""" a0 [ TTTre TS
"""" sc0 | s | 3

_ - : .ﬂ Qs
1.4.1.3 aﬂﬁﬂaﬂﬂdl?ﬁ’l‘lﬂﬂ’l'ﬁﬂﬂzﬂﬁNﬂi]ﬂ'l’]Na"I&J’I‘iﬂ1%ﬂ"l‘5Hﬂﬂ'Jé‘1ﬂﬂ'ﬂ"l&l‘?ﬂ%i]ﬂﬂ crosslinked
EVA

P ' F 2 & o - w o ar -y
FIINNINEIDINHTIUIN WU’J’]LIJEJTL‘HLLWH??“@W’JNLl%‘JIﬂNlﬂﬂLﬂElx‘lﬂuaﬂn &lﬂ"lﬂ?:u’im 74%
4 ' i, o e y v a o . - P .-
@I'JEILI’NﬁH'Iu&I’m’m’ﬁL@ISU:J‘ﬁuﬂﬂﬂi!‘.l}ﬂ’.ltlﬂ'ﬁaﬁmna"l 10 min %\"lﬁﬂqﬂqiﬂﬂﬂaGquizﬂzl':ﬂ'ﬂunqsaﬂlﬁ

o X 4 . N > o a X - A .
LANDL ‘]Nﬂ’l@l’)’la’ﬁlf\]:"rl"l‘l‘tﬁﬂ%uﬂml‘!’lil’ﬁﬂﬂiﬂotmﬂf}ﬂtwumu HNMIENTaVE RN (QOOC, 5 mln) &NEnN3

suwade (120°C, 1 min) 1 EVA #linsiéiu DCP 0.5 pph vnmistaunaaay 240% lifinsauauwnasay
risumsaaiie manmasaduaadluaimeh 8 wuindafidudnnassoanuiaulisringin
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ﬂ‘ L = J L) L o w A
f1719N 8 amwamaanmlumwugﬂmaauuwmsmmmUm’msau’uaa EVA 'ﬂgﬂadﬁﬂ 240 %

Compression molding time (min)

Heat shrinkage (%)

Amnesia rating (%)

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

1.4.4.4 BnEnavasl3ains DCP ANAEAMAEINNIHIRNTHAGIAIDANIDUYBI crosslinked EVA

Fansuas EVA waz Dep enufiursoneliluiadaitmmanes (1.3.1.4) lasuunSunm DCP

Wiy 0.5, 1 waz 2 pph ﬁwms?ﬁugﬂmuﬁa“ﬁmuluﬁ'aﬁa 1.3.1.3 hamagaumimessnanuiaulagld
AT iuiuRatuinluda 1.4.1.3 nanisnasausasiua1mefl 9 szfuinSanm DCP 0.5 pph
Lﬁmwalumsﬁﬂﬁlﬁ@n'm%'aaﬂuﬂumqaua:lﬁﬁhmm@éf'sm'uﬁuuﬁuﬁ'un'mﬁmﬁmm DcP i 1 pph
FINMITATIBUNAFB LTI MR DCP 2 pph %% v'm:ﬁmmq'\nnmsﬁm‘n%anTquLaqammﬁn‘lﬂ
amusansnlunsiievasluianaanss

a1318% 9 BnEwaveaUSunm DCP damutianismanalnnnniauged EVA ﬁgnﬁaﬁﬂ 240%

DCP content (pph)

Heat shrinkage (%}

Amnesia rating (%)

0.5

74

-6

1

73

-9

2 Furuyassuinanmsauie

1.4.2 HANINAFDUAMNEINIIO IHNNTHAGIAIEANNIaNYDS EVAIENR blends
1.4.2.1 dnSnavavliaum ENR

P sespune BiasHaN AU M ENR iy 10, 20, 30, 40 usz 50 % L&y DCP 15um 0.5
pph WufiiwinuaiweSiua$ (EVA + ENR) Lﬁaamnﬁaamslﬁﬁn’m"fmu'[uﬂmaqaluwaawa%ﬁmm
iia vnswaneaiEn idesualuiads 1.3.1.2 uaz_ﬁ'\ms%ugﬂwmﬁ'ﬂ'fa 1.3.1.3 HANINAROUNTHAA
SpanudaunaadluaTaf 10 nutmadn ENR lilinadammadivas EVA

A o o \ [y [ Y *» P
A9 10 EnnaunslTuan ENR daruli@manaaiiuanuisuysd EVA/ENR blends ngnﬁaﬁﬂ 400%

ENR content (%) Testing condition Heat Shrinkage (%) Amnesia Rating (%}
(T LTt Tats)
0 80 -1
10 80 -1
20 T 0om’90,5/120,1 80 0
30 80 0
40 80 1
50 79 4 ]
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fmsanmaninavastosiauasanizmssuiunasaunawinmsie Tasanrnmimanssfild
(T Tt/ Tots) B 90,5/90,5/120,1 Wadluasnauil DCP 13u7m 0.5 pph HamINaRaIuFastua TN 11
wmwmmmmmlumsmml.wwulmnamﬁmuuamua‘svmmumwuw USunos ENR laifinaatindl
KdAAaMINAaIUDY EVA uiduiihdanai mudaulpaluianauss EVA frafnanumanTain

MINAAIBENTALIN uanmnumamo EVA ‘Y'I'LML@ISJ DCP %-'Lumwﬁiﬂﬂdﬂﬂiﬂ(ﬂﬂm 300% 'uu'lﬂ

< aa Y 3 P - ' » o
#9719 11 FULUANTIRAATILAMNTBUDE EVA/ENR blends ﬂgnaﬂﬂﬂ?: 2@ INNITNARDINTNIZ
90,5/90,5120,1

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
i0 49 3 56 17 69 14 74 14
30 51 3 58 13 62 25 71 25
50 33 24 60 12 68 " 76 3

*ow ) Iy s - , . .
( #0879 kil DCP, * Twinup asz®I19N1IBuER, HS = heat shrinkage, AR = amnesia rating)

1.4.2.2 inSwavaslInim DCP
-~ ey ' = = 3 .Jd 1 ] =3 a J [
dlasannaulifnnunudaussfsvaswefinaiusugiiiaiansniialianm ENR  1ANTY (WT8
(VIR ~) - = \ o ' i o v e -
14.3) daiu woRiwesnaunazdnwds 1 axifanlddandmnditanm ENR laivfine 30% @15190 12 uEnd
1 s L @ = E‘ s 1 Lol
B mIMasa DA o NI BN D BETHANTIT ENR Y3304 10 wit% Yimian DCP lud3anaidnagiu fa
fa 400% HaMTNAFBLNLTY AnmELalumIasianiu Yianm bep Lifinedanmumansaluns
v A« 3 ] A ) w a
wod miwsuiarnilasnanFnamageulsluanaonafimlndifio i

P o ;A ] R g v -
@719n 12 SnSwazaIdSinor DCP daFuUamInaneua 1 ousad 10%-ENR blend Qna\'ﬂlﬂ 400%

DCP content (pph) Testing condition Heat Shrinkage (%) Amnesia Rating (%)
(T ot Tats)
0.3 80 1
0.5 T oo 90,5/120,1 80 -1
0.7 80 -1
1 79 -1

1.4.2.3 BnBwavasanizmisunaudsiia (T t)
Ifwa Ry aTuaiil ENR USunm 10 wi% uazidia DCP USunm 0.5 pph vivnsnagausninauad
msauwmamo nammﬂaammmlumﬂm 13 msawnumaauuLLmT,me‘lv\mwmmm‘lummﬂ

mamananuaﬂ u.a-'mlnm amnesia rating LWN'J‘.I%ELI’NN’}FI mmﬂmumtwmumu‘s,uuummwwu
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P a a ' s LY Y ] '
17199 13 Andwared (T,.1) aeauliGMInaaIAIDANNTaULBY 10%-ENR blend Qnﬁwmzu:mo 9

T4 T LTt Extension (%) Heat shrinkage (%) Amnesia rating (%)

200 70 -1

Tro0om!90,5/120,1 300 77 -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 511Swmma‘s:num‘st%!aufﬂafmaqa

Mnfinana e mit%auimimaqaﬁa DCP & DCP Lﬂumn%auiuﬂmaqaﬁﬁmaa EVA ud
Lﬂumn‘fmuiuﬂmaqaﬁ'l,ajamaq ENR tilasnnanarnifiasendiadulu ENR ffiama'mﬁuﬁ:ﬁiﬁﬁag’lu
19553UTNR 1ilBs9n ENR @‘i’aaﬁmw‘ﬂauiuﬂmaqaﬁau%aa:ﬁﬂ'ﬁmwummm‘lumwwéﬁmaawaﬁmm‘
HAUAT Imomﬁé’uﬂlﬁanl’imm.%aﬂmﬂmaqadw%’u ENR g 3 7iia Aawladoanlod dustu uazil
uadnLITU %ﬂmﬂ%‘aaJImamﬁmé’ai"{a:'lajmm‘mt%aﬂmlmaqwaa EVA leiap sanu nsnaassied
mslfszuumsidanlnsealszinn fe suuiidesdenlpssiinfiouasszuuifimndeulsisesiia nad
ldmuzduuasAuednsdn arldamuiminoes ENR ﬂ’mgﬂ‘sﬁumﬂumswﬁ 1 dunsdifily pep ald
suminues EVALSE ENR 38 (Ranldwaiiwasnauiid ENR U300 10 wi% mammagouuanslu
i 14 Teyausaiagarinafia EVA ffnméu DCP Usim 05 pph MRsonaninazasnndy
ENR lu EVA

ﬂ- = - A [} L et L 3 .
mief 14 Bndwavasmndevluslusnadesutdnmmadadisauiennes 10%-
© ENR blend fignfiabasznzens g muldaniz (T,,,/90,5/120,1)

Extension
Curing agent 200 % 300 % 400 %
HS AR HS AR HS AR
DCP 70 3 77 4 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

¢k Fragwnaszninansauiie, * 100% EVA + 0.5 pph DCP)
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gnmzminagaviumsn 14 'hiﬁmia;w“n"uﬁ'iazmn'aumsﬁaﬁ@ srpufildinusduagradola
muvinsnasarle tlassnsuneasauriaszwinaniseuia mudn DoP fanuimsduladlamle
mMiasBaifinnnau sunasaylimunsoaedaldnaua 300% awly nsldiuaadaisBuatinion inals
Atulfioiu Tunearausansoadelaiasnin 300% nsld DCP uas DCP Swiufuasiads Widns
wadalwtandoanuussinilowiy EVA lunnscoz@oiia fnhuzduuazfinadssdulwdimmadafissos
Ba 200% WinfuszuUMadonlusdug

nnamsnaaasluensed 14 wassliiFninmuztunssAuefasduliminzanlummbhanidom
fudt Lwima:ﬁmiﬂﬂameiu%umaauriaumsﬁaﬁﬂ Fsovztalvinisaedaldunndu duin inns
naapslagldan1iz 100,5/90,5(120,1 HAMINARBILAAIUETWR 15

]
=

- a a A ' (YN w e P
m3edi 15 Bndnavssszuumsgaslpluanadesuidmnamidaniuiauas 10%-ENR blend Nign
fabaszuzene g meldantie (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 A 75 4 80 5 84 A
DCP + Ph 67 2 76 1 80 2 84 2
(EVA + DCP)™ 67 2 75 4 79 4 83 3

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

i ] , & ' ) @ ° ar = PRy §
PMATN 15 AU m'sqmunﬂaaunaumsﬁaﬁﬂ’mﬂlmzuumu:nuua:ﬁuaanﬁ«nusﬂ"nu
] gk s = e s P A a a = ~ ~ o
FanToaatalad 400% waatndlsfiany ssuufdssidanlniriadosfanuzdunazAuadarsduarlvean
- ' ] N , W . o ' ) [ ' "
MIneaINITTULIN Ltazmmﬁmi‘n@aaann1uﬁn15quﬂ1amonaumsﬁoﬁﬂ sastsliausndbald
(S d 4 a 1 3 s = \ ' a5 Lo a - J -
Tuszpzda 500% ufidsinainsdmusdwnnsgiaaa lldvinldansmesfintuilloszpeivdan
r ¥ . , , . 4 o X e .
LRNNTU UazAn amnesia rating fsngaunn dman pfafinstannAaTuLEn druAuefasduis
' v o A A A - & ) R , Pl \ Y o a
wiheliimnadafiviudissrosBafindu ude) amnesia rating HAngannrudsiu szuuiuziu
u,amé’m&m:m‘smﬂﬁ?goniﬂi:uuﬂ'uaﬁﬂn«%uﬁi:U:ﬁ@l 200-300% w@nIzpzie 400% szuuNuedaly
= 1 s 1] 1] : A ] [ . = rF-9
FuazuaaafnImadIgInd dudunagaufd D litaniussuvanngenlosriiadoinioaassiia oz
a [ - ™ A R . A a wal A - LY
nassansmenInamItnlouny Alluuiiiwinz DCP ﬂﬂlﬂﬁJﬂ’]iLﬁﬂ&JIﬂdTMlﬁQﬁﬁﬂﬂ EVA WULLEHINY
‘;ﬂl 1 L ol ﬂ“ F‘ 1 1] et 1 1
Tuynszuy uana’mumﬁﬂﬂnaLﬁmnmmmaauw‘l:uﬁanumamanaumsﬁaﬁﬂ
'Y a 0 = ‘e a o a - f s P
fmnauudizougneas fe sryufdudnise dutazfuafaisduatnndsras liianiaganlsa
= - 0 - & L ome o M
luanaves EVA winiDwruil amsuedaswe e inanlus et U MInades EVA fild
é = 9 i 1 A 1 1 5 »
imungenlualuans AnTendaysluaimem 11 azdui EVA #lid peP azlumunndslaaaud 300%
& [y &, ar . . A v o a a 3 2 g
IulUlé uananfidinisnasauss amnesia rating 189 EVA Isvlnddsanuwedwainanluszvunliiue

- = [} L A A * A“ * A - c. 13
ANLITDLNILEE faudinmnaaadvasntsei 1 ﬁ]:um?qwﬂun@maunaumsﬁoﬁﬂ‘nqmmqumm’tmi

J = 18 3 - ar s d H
nanasnauit 10°C Aay tLGlﬂﬂ’nmﬂJ’I‘Sﬂ'll'lN']Llr%UULﬂUUﬂﬂlGﬂ%ﬁ:ﬂUﬁud LW‘S']:HNﬂ"I‘JﬂﬂRGdI‘I—L@'}TNﬁ
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o . . A 5 P & . w . o e
7 uaz 13 LLﬁ@w'lvxLﬁu'nmiqwmn@1aauﬁqm%gﬂﬁgﬂua:mhmm'mﬂmaﬂauﬁnﬁau FIHANTNARBD
pl - " a A5 v o 4 . 4 - .

Tuasnef 15 teivuneseuvaswefiwofuanlnssuufitiinuzduedraufivfignaungunnlgenii EVA
o e o . w AN v a A a I's =
fmansabiimsuadiginiiiinmadiues EVA flaimsdraulssluans usswefweinanluszuuh

- - , =l A T i = [l L5 » Ot A 1 a
liRusinistuathafionondungmngiigenin EVA SaguIn IAaIm a2 lna A LIN LA NISRAN IV

TR E y 4 ' g v '
EVA ﬁ'l:uum‘smaaﬂ,mhnaqmm:mmmﬁaﬁﬂ'lﬁmnnm EVA §and1neae waaalviRAwiinmsuan ENR
o H a A a 9 & o W o X 4 W a € -
MR EVA SernumantolusnisasiialauindulasnadldunuialdszuuntsTaam ludonafinansay

Hd . a | A f & a M A Ed o
LﬂuﬂmmumLmm‘lummmwgﬂwaama'§uﬂuﬁ'luﬁmsmaﬂua‘[maqa'lﬂ”lummm W31z ENR Ml¥we
sasnaumedasuhlane Saufnazlfondnuanusaumunfitniizastudafeany udainelsiiata
o o P = o . R o A = a a o '
Hanaiinnuneenunanesousatsiliie Lwa%:‘lﬂwmsmaﬂﬁwamimaﬂnﬂmaqaﬂﬂﬂ
l:: Oy Lx3 £ IGI
AN397 16 LasantamMInasameRussNaufd ENR U3nnm 30 wit% wamsnaaaaiiululu

fiamadonunuwefasususiia 10%-ENR blend fa ssuuhdfign laun DCP taz DCP HanWuaaals
Fu sy ENR 1u EVA LIS aoustainnumunsolunisneninas EVA atnduse ‘qn‘s:vuﬂ’am

. v a4 X PR e o
BRI TNIRAGINLAWAN TEBEHA LAY

M3 IN 16 Eﬂ“ﬁwamaas:uun’m%aulmT;JLaqaﬂ'aﬁm]”ﬁnﬁmﬁ'sﬁ’mmﬂ;ﬁaumaa 30%-ENR blend ﬁgn
fatlaszuzsneg maldaniaz (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 2 *

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

(* freghenasznitaniauia, © 100% EVA + 0.5 pph DCP)

1.4.3 HAaNTINAFOLANDALBINALALNITUINAIVDI EVA uaz EVA/ENR blends
= = | = J
1.4.3.1 SnBnavesyInnna DCP uazaa lun1iduzluas EVA
jUn 8 WunmruaasnnusuRsss R InuuarAueTaaY09 EVA ANl DCP uazll DCP
N & « . o '
153" 0.5 pph (crosslinked EVA) Tﬂumugﬂmunm 10 min A1T1N 17 wasIaNiRnNNNUABLTIRITEY
EVA fifianm DCP 61 91t msida DCP Uianak 0.5 pph vhlddwaqasuacszoziio o 30w 8as9 ud
y a & o 4 - . 2 i
Ak o 3avIe TANTU MIfivagdwaasseanaLiieann DCP vlinisiFausasvesluans (thermal
A A - = ar [} w = A 1]

degradation) aumaammnmsmcﬂaansmwmimnum‘nn@mnmﬂuﬂmaqa DCP YSunm 1 pph 113z
s Sl A HI L - L% A. J ‘:l J
m'l'ﬂmﬁmmmimaaﬂmgomnwaﬂﬁﬂ%ﬂma@laaummmmu W 902@ RUTY TrozIRIlE LU

] I} as o s 1] A n lv-' H 13 - -~ A
wWlhifinetsfiduidysosuifinamudausifienes EVA nyniiuas 1l DCP Bndwavefiinm DCP 0
a o ' = o w . - s X A =
RIS WA aNSENYIUDd EVA LEadua1I9n 18 audtumudan sinuieinydwialan DCP

P - o A -y @ 2an o @ " L aN g

TwiBunafiannwa fe 1 pph lunstifilda 0.5 pph FunasaufiniuaasanDaninfdeanuiiatwiliinmg
=1 ﬂ! 1 . Lo ] ~A
Ww DCP szuznanlunsiugULilinasannudumudantsange
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ANFANMUA NN IR ouLER U TN 19 LAZ 20 IINNANITNARBLAMUENNITO
tumnasmdinanuian wui ﬁﬁtﬂuﬁaﬂﬁﬂ’lﬂ%aNIUQINLQQG'IJBJ EVA datiu 39lalévinnsnesay EVA
lsivdie DCP $unegaufiil DCP U3um 0.5 pph msasuutasmdsmstmssuinni laslanizdiua
ANFUAZAIANINLAU T 90ATIN (T,) fenfutuils 45 — 67 % u’quam"ni.w:ﬁmn%au'[mlmaqmv‘iui‘fu
EWIImMsUNg uiunesoudil DCP 3unm 1 pph Smnfsuudassuiamunusdonssdandemsiy
isBaNIWIaYAY +10 %

A7 19 FUTRAUNIABLIINIUDY crosslinked EVA #aimtiussenpausaun 70 °C Huwa 7

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

10 4432+ 348 | 3.64 +0.21 | 823032 17.98 £ 2.25 610 £ 67

0.5 30 5238+204 | 4472016 | 931 2042 27.22 £ 3.27 592 £ 72

60 5161+331 (450034 | 9511045 2660+ 4.04 571273

10 5623+7.19 | 392+ 0.11 | 7.63 +0.57 29.60 £ 0.97 843 +13

1 30 4704+ 153 [ 339+0.02 | 791+0.22 | 3355+1.35 836 + 10

60 4476+ 181 ] 332+0.16 | 8.12+0.20 | 3548+ 057 783 1

Wnanmgeulosluanamursnasaseyldnnmuiudludinazan EVA #lainis
] a9 W e oo a o = . .
drauloalaiana (EVA Al bep) azazasluwisledufamnnd 110°C muluias 30 min dm
5 @ ' o . , & Y|
EVA fifinnsuan DCP axiimruinduez sz moluwanladufanizdind il aansnagaunsuiuain
v w g o P A o & w
griuves Aot duan 9 b ugadlue1s9n 21 1WalSunm DCP RN U MsUINeIT89 EVA aaad
A = o - & & val ' ar 9 .
WiganndidTinamsgenlluanafindu stozoalumsiunl lilinadanisuiady saandasiunanis
w PP ' - & . . & 1
nagauNTRAGILATENTREINA weavinSFinumagenlosluansduagivgiunm DCP ritwu madn
o a o . o a o o .
maganloslauanaarsszifallnnudaluswivmsnaslweiasmanuoulle Saumpiisswinnanaugs

fiv 140°C

P = LN ' R as . . W
A3 20 MIFsuuUaIRNURAANUGDUTIAITDY crosslinked EVA wasntLnsasaanuian 70 °C
Wutan 7 T

DCP content | Molding time AE AG, Ag, AG, A€,
(pph) (min) (%) (%) (%) (%) (%)
10 33.05 16.67 -12.26 -22.30 -3.79
0.5 30 67 45 -6 23 -8
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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.=i a
AN 21 JSEnsuiuaval crossiinked EVA

DCP content {pph} Molding time (min) Degree of swelling (%)
10 1145
o5 | 0 | 1005
"""""" 0 | 1re
1 10 913
2 10 680

1.4.3.2 dnSnavosdinio ENR
= & 1 L . A
mnnamsmaamﬁnumnunm‘lumwugﬂ wm'mu:nm"luuwamaﬂ‘%mmmimamimimaqa
. ¥ W a e Y 4 . o e
AU MsNaEaLEs el '11a‘l‘n‘mmaaumuzﬂ‘lws:zs:nm 10 min i 31 9 LRAIANUFURUD
FERIIA VLA ULAEANATUAYaINA RN AT HEY waﬁma‘?uaunné’mﬁﬁhuﬁdmLLﬁmﬁnmm:Lﬁunﬂw
- o . &“ a 4 a Vo &£ - . s
MNaUNY crosslinked EVA tufia Ang@nssansdadumisaailuuouiasiny suddnnlsznisizanas
i - X 'Y ] a a W '
SN ENR MiAnTu TIUﬂ:LﬁU@"Ua“l"Dﬂy‘QLLHﬂdluﬂﬁi’ld‘ﬂ 22 n9idin ENR g3vildanusiuniusa
- 42 ¥ L e ; i
MIANTINTHI EVA a9adlazasadauSunsfiifiaiueed ENR Ui saugadluansnan 23 crosslinked
- ar 1] =k a- L] ﬂ. [ 3 s FJ 1 L
EVA Da1aaudunmudansanmadinin EVA ARAYNNY 72.41 £1.62 Nfmm (17799 18) Lidnant
w Ly . e o | " . W 9 o
TuUsNTROIUNUABLTIGY FUTENITIIUNIUAaNITUNLT AL BTauLEaIlRaNT19N 24 waz 25 NS
= s . ' A ' o w . a X [ N ’ -
WA RIBRINTUNLIINNIALINKALANAD I@mma@lam:ﬁmmwu‘lqua@mmu WEGIITWORLNET
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110 WRLANIVLATEA T I0DIR NLFLRNTUm piviunedwainauNll ENR  USuao 40%  Hidn
o o W o a & A [ a P a I o
Waruwlaadmias YSuimnistudivesnafwaiusuidrlndifnanu (@179 26) wedlwainaniinng
vangnn EVA Wnldmunaield twsiz ENR Insuoausaluwisladuunnnin EVA

11 % ENR

15 20% ENR
30% ENR

40% ENR

Stress (MPa)

50% ENR

0 . : e .

] 100 200 300 400 504 600
Strain (%)

= o =1 = & | .
3‘1]'71 9 mwlm’mLﬂu-mwmiuwaawamuas‘wmjmmwugﬂhﬂunm 10 min
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TN 22 mn]'ﬁm"mwu@immawm crosslinked EVA uﬂ:WﬂaL&Iﬂ{Nﬁ&I

ENR content (%) E (MPa) O, (MPa) E, (%) O, (MPa) £, (%)

0~ 3884+ 159 | 3.62%0.32 9.42+081 | 1585+ 1.12 733 + 38
0 3331+119 | 312+007 938+042 | 2314+291 634 + 71
10 2572£1.03 | 292:010 | 1138049 | 16.69 £ 2.30 508 + 58
20 2197+128 | 241+008 | 1098+068 | 1370 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 + 0.97 188 0.07 | 2158242 | 1028 £ 095 466 x 57
50 3.77 + 0.46 1.82+0.11 | 4888+6.05 | 7.08+0.69 445 + 68

(*sanenslid Dep)

P L ' = P 5
AN 23 AMAAUNTUPNITBNTIAVEI EVA et NaaLNINEN

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 3345+ 2.81

fTHN 24 amﬁmmwuﬁmmﬁwaa crosslinked EVA WaznafluasHaunaInIsusMIaduniaiau 70

°C 7
ENR content (%) E (MPa) G, (MPa) €, (%} O, (MPa) €, (%)

0* 46.35 443 | 381 015 | 828 £065 | 1786 £2.01 | 811 £42
0 4432+ 348 | 364 +0.21 8.23+032 | 17.98 +225 610 + 67
10 3144 +275 | 292+006 | 933:069 | 2494+296 775 + 69
20 27.08+221 | 257+003 | 953:074 | 1843172 665 + 66
30 19.73+£218 | 224+010 | 11.44+087 | 1545%2.39 591 + 83
40 1507 £092 | 1732005 | 1151:071 | 1023+ 1.06 474 + 76
50 674130 | 170£0.15 | 26.05+507 | B.76+0.26 573 1 28

(*drasn9lis) DCP)
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AN 25 MAURounlassanunudanTIRIMaansLsavad crosslinked EVA kazwadluainan

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

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 1321 3453 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 2373 28.76

(*dhathalifl oer)

137199 26 SN mMIUINAIT09 crosslinked EVA LATWORLETHEY

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

1.4.3.3 571%wamaa‘s:uumitﬂaufua'[maqa

P v a - i .
EIJTI 10 LLR’ﬂ&ﬂ‘S’]Nﬂ')’]NLﬂu-ﬂ’J']llLﬂ‘iU@]'ﬂENWﬂﬂL&Ia{Nﬁllﬁfl ENR U337 10% auiaainunuds

usIRILERIlMANTIIN 27 woRlnesnRuNN M NzOuLazR uaﬁﬂﬁ"frmzﬁﬁlﬁ'auu"ﬁm’mnwi DTN ﬁa qﬂﬂ’h

Aa - f =t a v Y AdAa f A
uunyus DCP LWUﬂaﬂqﬂLﬂﬂﬁuﬁ:Mﬂqﬁﬁﬂ’lq EVA YN'Y]ULia:vlilﬁﬂ’lil'ﬂﬂutﬂﬂtularlﬂ

20 —— —_
DCP+S
15 - Ph
a DCP+Ph \
-9 DCP
3
D 10 -
£ s
191
5
] . R T T 1"
0 100 200 klili} 400 500
Strain (%)
o v - dr e 4
‘Jﬂ’{l 10 mwﬂmmmu—mwmmwm 10%-ENR blends ﬂl‘ﬁm'a’LﬁBNIUﬂI&llﬂQﬂ

@199
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FIINN 27 FNLRANUNUADLIIAIVEY 10%-ENR blends L8z EVA

Curing agent E (MPa) O ,(MPa) €, (%) G, (MPa) €, (%)
DCP 25724103 | 292010 | 11.38+049 | 1669+ 230 | 508 + 58
S 4551+244 | 369+021 | B20+047 | 2074+ 104 | 808 + 13
Ph 4907 +370 | 4.10£007 | 840075 | 2333185 | 697 57
DCP + S 4863+371 | 3.77+006 | 7.79+068 | 2625+ 154 | 688+ 30
DCP + Ph 4314 £237 | 376+011 | B75+063 | 27.97+473 | 643+ 95
(EVA + DCP)™ 3331+119 | 312:007 | 9381042 | 23.14+291 | 63471
Pure EVA 3884+ 159 | 362+032 | 942+081 | 1585+1.42 | 733 +38

(*100% EVA + 0.5 pph DCP)

gﬁﬁ 11 LEAINIINAINNAU-ANILATUATBINBRNASHANTL ENR USHNmh 30% sNUAAINUNUGAD

o ] a o = i = - o, W a . a
lLiﬂﬂdLLaﬂdluﬂﬂi’N‘ﬂ 28 a“nﬁ‘wE!‘]JEl\‘la"liL'EEmIHﬁIajLaQQLﬂuvLﬂluﬂﬂﬂﬁﬁmU’JnUYma’n?.J’]LLa’Jﬂﬂ ooy

uarAuafastuazlwanuananin bcP

15

12

Stress (MPa)

100

200

DC+S

DCP +Ph

300
Strain (%)

400

500

= @ A e o '
U 11 nrmenudu-auLeTuaTe9 30%-ENR blends Aildmsidanluslaianasig

AN 28 ANURAUNUABLTIAIIEY 30%-ENR blends s EVA

Curing agent E (MPa) O,(MPa) E, (%) G, (MPa) €, (%)
DCP 13334106 | 2.16+0.09 | 1627+124 | 1364+074 | 492+ 41

$ 2724+156 | 3022007 | 11.10+051 | 1095+172 | 414 +61
Ph 33.24 + 1.71 3.31+0.11 998+ 047 | 1027 +095 | 404+ 28
DCP + S 2847 +159 | 3.12+007 | 11.00£069 | 1285198 | 426166
DCP + Ph 2043+1.30 | 296x007 | 1008+049 | 1027 +0.95 | 404 128
(EVA + DCP)™ 3331+119 | 3.12+0.07 938+042 | 23142291 | 634+ 71
Pure EVA 3884+159 | 36220.32 9.42 + 0.81 1585+ 1.12 | 733+ 38

(*100% EVA + 0.5 pph DCP)
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madn ENR asllluBanadiann 30 %) vnlwenuduuszamainion o 2070 anasnnila
Wouny EVA mifilduuas liidin DCP luumefinisifis ENR avlthfoe 10% nauviiwsuidanamudauss
feganin EVA n""u,ﬁan'teﬁ’mn%auimlmaqaﬁmm:au noansTmsuiinulunmasauauFunInes
nsEnunadanLtuie asuaasluaien 29 ssfinint ad ENR anin arudmmudemsiniesans
n’mﬁan'l’ﬁi:uum‘n%aaﬂUaIuLaQaﬁmm:am:ﬁﬂﬁ'ﬂaﬁmﬁnauﬁmwﬁmmuﬁiamﬁnmmﬁ’uﬁuu
fiuFnuas EVA ﬁ‘hi‘lﬁt%auiuﬂmaqa wuda szuumsieilin Jufiadanadimada DCP vl EVA §i

' o ' av a o
ATUAUNUABMTANTINRAGD andhwsziinsiauaan H'Da\'JI&JI.ﬂT]ﬁ‘i’)MﬂUﬂ'l‘iLﬂ@ﬂW?l’ﬂﬂNIHﬂI&ll.ﬂT]‘ﬂ

a7 29 m’mﬁ'mmu@iamiﬁnmmaawaﬁmas‘uamm: 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 + 292
Ph 67.89 + 3.37 5728 +1.28
DCP + S 73.37 £ 482 64.96 £+ 2.73
DCP + Ph 7214 £ 2.87 6225+ 242
(EVA + DCP)* 65.07 + 3.98
Pure EVA 7241 +1.62

(*100% EVA + 0.5 pph DCP)

A 1 ] 1] & 1 3 = d
HANITNARAUANUFIUNIRG D MTLULTIGuA M NTauTDIne S aswauuaasluanseh 30-33
A e . a ' . ] G ' i | ' |
weliihpdansfason sznaienmsuisuulssmasau@iens g smsufsuudaniludrusn deuen
« e o X ' f v ow & A ' ar a
'J'lmazﬁm'smaﬂmeaqawam:ﬂ’mmsuum mmwauwmuﬁqmsnmuTm‘[maqagnﬂw‘%mn@l
'] . . w r ar Y ar A o X @ )
MIFDURABVDINDRNDT M IHMaaae mLn@1‘1@11’1@1’1;}a@;aaa:umLwumu‘luqnszuuua:ﬂ‘naﬂﬂmu
Ao H = - I -~ d i —
oniiuges 30%-ENR blend ﬁlﬁluaamwuazmmn’uﬂumiwaﬂm‘[maqa AINULAY T4 3079 Jhe
- v P ' ' , = o Y ]
mamadfsusdasiiuinan InIdTUINuaTA1AY FIUARINUATIR 19079 Suuiltudfouudaalu
mavan lenfumsiwisuudaslunsuanniaay ﬁﬁumiaam?ﬁlmmwmaﬁﬂq nrsilauiasln
R y ad . Aa A = v -
msuanlaldnansanuinean m@;nﬂmswmn’mﬂauuuﬂmuaunqﬂ

< [ ' w o
#idn 30 ﬁQJU@’Iﬂ’)’lﬂJ'ﬂu@lElLL‘NﬁGﬂENﬂ']mHIJﬁ“ﬂEN 10%-ENR blends

Curing agent E (MPa) O,{MPa) g, (%) G, (MPa) €, (%)
DCP 3144 +275 | 2924006 | 9331069 | 2494+296 | 775+69
S 5123135 | 3.76 013 | 8.17 £ 0.2 2002+ 074 | 782+48
Ph 5183+182 | 396+012 | 836+017 | 2019071 | 782+34

DCP + S 5044 +195 | 366+015 | 8131017 1577 £2.03 | 505z 71
DCP + Ph 5029+204 | 3732011 | 824+040 | 3085116 | 80523
(EVA + DCP)™ 4432 +348 | 364+021 | 8231032 17.98+225 | 610 +67
Pure EVA 4635 +4.43 | 381 +015 | 828 065 | 17.86 £201 | 811 242

(*100% EVA + 0.5 pph DCP)




- = ' . a . y
#7190 31 MIAsULLaIFANUNUEBLIITIRAINTUNITIVaY 10%-ENR blends

Curing agent AE (%) AO, (%) AE, (%) AGC, (%) AE, (%)
DCP 2224 0.00 -18.01 4943 52.56
S 12.57 1.90 -0.37 -3.47 -3.22
Ph 5.62 -3.41 048 -13.46 12.20
DCP + S 372 -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)
@319 32 aNtRaANUABLSIAMEINTUING 9289 30%-ENR blends
Curing agent E (MPa) O, (MPa) €, (%) G, (MPa) €, (%)
DCP 18973+£218 | 2241010 | 11442087 | 1545293 | 591x 83
s 30.13+£202 | 307+020 | 1019+051 | 1478+ 147 | 584 +36
Ph 33.07+224 | 330£0.09 | 999+0.49 B70+1.04 | 416+39
DCP + § 31.33£216 | 3162008 | 10122077 | 1518+245 | 516 + 46
DCP + Ph 30194132 | 309+007 | 1024+036 | 879+064 | 320#34
(EVA + DCP)™ 4432+348 | 3641021 | 823+032 17984225 | 610 + 67
Pure EVA 4635 +443 | 381 +015 | 828 +065 | 1786 +2.01 | 811 +42
(*100% EVA + 0.5 pph DCP)
ﬂ"l?’]dﬁ 33 mmJ'éiuuLuJaaﬁ"m'n;mwiausa?lmé’om‘sﬂm‘i‘wm 30%-ENR blends
Curing agent AE (%) AG, (%) A€, (%) 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 2113
DCP + Ph 2.58 439 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)

o a ] a a . v o
Snumstiudivaswaiwaiuruuaadluanson 34 nanodaied laansof oo
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o a = <
AN 34 NSUANNVAINA[LVDTHEY

Curing agent Degree of swelling (%)
10%-ENR blends 30%-ENR blends
DCP 1496 1385
s x 534
Ph x 676
DCP + 8 X X
DCP + Ph X x

(¥ = jelty)

1.4.4 gansaTsiaumaia XRD
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g'ﬂ'ﬁ 13 XRD spectra 989 50%-ENR biend nay 0.5 pph DCP; (a) fiaunnsaa
&, (b) TEWI1IN1IAIDA 400 %, (C) HRINTTAAG

Pl -
17190 35 ﬂ%mmwﬁnmmwaama{wawuaz 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 i0 19 22 24 24 20 16 13 i3
30 6 15 19 21 15 13 11 4 6

& Lhdu pep, * vermssuiie)
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1.4.5 HaNTIAER A LIATA DSC

' s E Iﬂ 9 .4 - - 3 l‘-" e L2

dnatefiinTzReny XRD W@TIUA1013ATIZRA7 DSC 1NaasI9aauaulan 19y iauYes
Funasaudana1d nanmasasazlluaisien 36 uas 37 Joyaluaseh 37 laainmslEaasimsiy
anusau 2°C/min mininnadia Dsc luanusativenanuianserastumranla drannedia
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XRD fléndmandanning Miflgwinzaanfiarasaulaunaiia XRD azifgTaInunsIaseaat
FRINANGIY FImnNAiia DSC i ssgulamMInNuTanyinuu ms%’aﬁ'ua@ﬁ’wamﬁnuaﬂmaqﬂaj
FunsnaTgavldenunaiia DSC

- L .Y .
177190 36 FNUANIAINIDWDDY crosslinked EVA

Sample AH, (99 T, (°C) T, (C) Crystallinity (%)
EVA' 287.969 - - 100
EVA2 - 83 - 11

Heating rate: 2°C/min

Before stretching 27437 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 24771 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

.
Chowdhury, S.R. and Das, C.K., Structure, shrinkability and thermal property correlations of ethylene vinyl acetate
{EVAYcarboxylated nitrile rubber (XNBR) polymer blend. Polymer degradation and Stability, 2000, 70, 199-204.

2
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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@390 37 aNUEYIeAINTEUTas 10%-ENR blend

Sample AH, g™ T,,(°C) T, (°cy | Crystalinity (%)

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 HaM AT =RAILINATA DMTA
- a s o P o . = N A e d wa
sz unesaudisinaiin DMTA lagdadasinndugummisuiiudlvlouwa 10 mm x
Y ) . W i =
25 mm (0313 x 17) lEMsMameuLLUAY (tension mode) @38mI WA 1 Hz AunuNIRIbiaf 0.01%

al - ) e o o .
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Loss modulus (Pa)

LOOEHT |- e s oo oo i
10%-ENR  30%.ENR
1.00E+09 -
1L.OOE+08
1.00E+07 SDII/D_ENR
|
1.0OE+36 -+ ~ q— e . ; ‘ . .

100 80 60 40 20 6 20 40 60 80
Temperature (°C)

A a - P '
3 15 Loss modulus yoawadimeinsuiiiotSina ENR findulesld DCP 0.5 pph

2.5 - e
ENR
2.0
[~
= 1.5
L
[
= 50%-ENR
[5‘ 1,0 -
30%-ENR
0.5 10%-ENR
0-0 T ] L T T T T T

Temperature (°C)

A o & a & '
30716 tan O yaanadiwasuauiiadianm ENR wuiulasld DCP 0.5 pph

32



0.3

Tan Delta
= I o
[y 'S [}

o
—

0-0 T T H T ol T - 1 T
-100 -80 -60 -40 -20 0 20 40 60 80

Temperature (°C)

UA 17 tan & ves EVA 7l DCP 51t 0.5 pph

713199 38 FAngMRINEIENIIWETY (T,) VBIgAIAII)

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

1.4.7 Hamsiaszviermnana FTIR
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Tannitasitpela Taowdnnsuds EVA uaz ENR shazdhiuldszdunitaiiasaniitadoiwmisessiia
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Wuwadwasuaufisl ENR Y51 30% asifimda ENR uniansh uaziimsinmz@ianu EVA funn
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gﬂ‘n 19 SEM micrographs 289 30%-ENR blend LJURIRWINLAAIINNITANRRINITNAREY
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o o X a - - LY ' . a v o Ve
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uflm ENR ua:ummm'lmymmua'lmam’::n’rsan@ﬂ'gmnwu fia gunnigetuuaziIaIwININ ot lafiany
vadunianganed liinsasse BU898%MA ENR AaldRamhiidsunsdamsanadas MEK ussluunonsdl
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WU IUIAVBITEININALaRaI Nl IaIanawIuIN gﬂw 21 gy 22 Lﬂugﬂmn SEM a4 30%-ENR

blend AaRaLIwIAT 1-5 h ﬁqmﬂqﬁ 80°C uaz 60°C audIau gﬂﬁ 23 \uz1d SEM 189 10%-ENR

A o = - a o oA . a - '
blend Nanatduian 1-5 h fignnil 60°C Liluiihsznmalaiwediwesuauid ENR Yo 50 % L
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Eﬂﬁ 21 SEM micrographs 184 freeze fracture surface 224 30%-ENR blend gnaﬁ'ﬂ
¢a8 MEK 80 °C

(c)5h
31]'?% 22 SEM micrographs 284 freeze fracture surface 284 30%-ENR blend gnﬂﬁﬂ

@8 MEK 60 °C
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(c)5h
Eﬂﬁ 23 SEM micrographs 184 freeze fracture surface 184 10%-ENR blend gnaﬁ’@l

@28 MEK 60 °C

;iﬂﬁ 24 SEM micrographs Va4 freeze fracture surface 289 50%-ENR blend Qﬂﬂﬁﬂ
@21 MEK 60 °C
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Tulasiamnar 1danwodluaiuauiils DCP uaz DCP+Ph é’auamlugﬂﬁ 25 uaz 26 AVUEGY Aaetndlalle
anafan MEK 92 iwinfinminisousin namsasiagaudas SEM vanuaiingunsuenii ENR e
v EVA lifimsusniwgataney
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(c) pasdadia 400%
gﬂﬁ 25 SEM micrographs 184 freeze fracture surface 189 30%-ENR blend & DCP

(c) wasdvtla 400%
o
3‘1J'n 26 SEM micrographs 284 freeze fracture surface 784 30%-ENR blend H&y DCP+Ph



1.4.9 namsi‘fuzﬁrianma
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YT szuunm‘ﬁiaﬂﬂﬂumqaﬁﬁﬁa 32U DCP uaziuaiaisdu 15unm DCP finasldda 0.5 phr

1.4.9.1 EVA W@anu DCP 0.5 phr
o aa = : ]
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¥ X 4« - 4 .
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' P A o . o - e 4 o, 9 o
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=] a ' . y adl v P @ «
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(i) Bndnazasanani lun I nAUnanaWADANNAINNITA IKWNNINARIAILANNTON
14 EVA wauiu DCP 05 phr imaidnamzangmnnilouriiny 105°C, 115°C, 125°C,
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- a o v v i . oA = o & a & [ '3
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' o a o » a o X ' Y A v a

284Y19Na29 38 ‘lﬂmw%’auuazmﬂuﬂummﬂwﬂﬂlmanmwmmnmmwugﬂﬂanmmm wwalwiie

mMIvEoeIluuWITINa (Sujit ef al, 1997)°

P a a LY & [ o ' AW o
A13719N 40 E]"flﬁwa’ﬂa\iﬂ'n3JL%’Jluﬂ']iu'ﬂutﬂu@lE]ﬂ')’]l]m&l']'iﬂl%ﬂ']ﬁ“@l@l?@?Uﬂ')’!lﬁﬂ%"ﬂaa’ﬂ ﬂﬂﬂ:m'nvlﬂ

27N EVA Wauiu DCP 0.5 phr innuidlunisdauiiuviadng g

anuilung \durngudnang ARV DITD Heat shrinkage (%)
VEIEaT (rpm) AguanTadtia (mm) (mm)
UL AUV
6 8.17 £ 0.04 0.62 + 0.05 3011
8 8.19 + 0.06 0.43 + 0.02 48+ 0.9 inam
10 8.18 £ 0.07 0.29 £ 0.02 66 + 0.7

k3 ' Aq oo - v Ve
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a . ar *s L3 A. A‘ A -
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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.

40






= | a [ » = [ 3 - ’ 3 ] Pl A ok s
wEedluasT N 43 Lﬂuﬂmaomm*lmswaaLuamﬁuutaumguunmomuuanammmammL;Jamuunu
EVA UaaunmI18svianunngt EVAINaLLYNG: wasdiinsiassnssssuenaswand adviilwanuaunso

ad oo o w ~ | , oA
Tumsfeiadau uaLRANITUINAINRII B uanmnméumgmﬁnmau.a:n'nwmmaa’namﬂ‘%uumn
a '3 & v P - | o o - a & ' N -
wodwainand lWuasuwdasuntnidaarnndlunsdiulfuiAndu 199 nrie EVA  Aluaesns
= . P
wasuudasunnnin (@15791 40)

o & a An o o & o g - " o
ATNN 43 BNTWATBILITITUTIRENANT Ladd aA T UF LT IRNIRAGISIEANUT U anad 7
TFanuilumsiwiusdinu
anandalu ... ,
. iEREAUEanang AMURUITEINE
ENR {% wt} | n3uwnay " Heat shrinkage (%)
muuanna (mm) (mm)
(rpm}
10 8.18 + 0.07 0.29 + 0.02 66 £ 0.7
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1.4.9.3 NMIVINAIVDINANAN
o ' - X o w & A A a ] W o '
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mm‘:mﬂuﬂa"l@] mmaaumsmum’uamananﬂﬂmnma 14.92 (i) waz EVA 7} DCP 0.5 phr laous

Twmnlaungunnd 110°C ussqa%ﬂumﬂ"bmaa Sanmuclifioda  wuhTunasauAeamsacans
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@aWii 2 HDPE, LDPE uaz LLDPE

2.1 Taguszaed
& o - Aa Lo a “- a ) -
1. ﬁnmaﬂﬁwa-ﬂmmsmaﬂuﬂmaqmnu@1aauummna'ﬂaawamanﬁwnummmwmuuuqa wadan
AUTHAA UM LURATENFUATI waswa S RAUTRaAURWILLINGN

2. ufisuifisuanusualumsreanidisenuiousasauiaiBinavainafafituriiada g lude 1

2.2 #1stadl gunsnl waziniasiio
GREIGEY
1. waﬁtaﬁﬁmﬁmmmﬂmuﬁugq {high density polyethylene, HDPE) avnsmd1 NCX® HF7007
AMATinTIMaLYAAY 5.00 gM10min ANAINRWILIWYTY 0.96 giem’ WEAlABLIEN AR le wina
e
2. woRlafurfintduasouazinnumuind (inear low density polyethylene, LLDPE) Fan19nsein
El-Lene® 2009F faniimyinawiniu 0.90 g/10min f1NURHILLWYIL 0.92 glom’ Haalap

U3 Ingwafiafiau e

3. wadefiawsianunmLIue (low density polyethylene, LDPE 1) #an1an1én E-Lene®1905F
FATMTINaNAL 4.20 g/10min MaMERUILEWYITY 0.91 glem’ WaalapuSem Inowadie
Adw 1@

4. waRiafidugilannumuiuinga (low density polyethylene, LDPE2) Fomamas Polene®D2022
FMABANTIRALYNAY 0.35 g/10min FAMURUILLIWYINY 0.91 g/em’ naalapu3um fidle e

5. lafafinladaanled (dicumyl peroxide, DCP) Sinnuidudu 98% nwialasu$wv DNT Domestic

s F -]
qﬂnimua:tmawa

Wilaunuwite 1.2

2.3 38m1Inanas

2.3.1 n3nds PE uas DCP

» w A - a o ar
MINVIHFY PE Llax DCP ﬂﬂﬂlﬂ‘iaﬂwﬁmmuﬂﬂﬂqm‘ﬂﬂu 150 OC #1%7U HDPE sz LLDPE uas

140 °C & w3SU LDPE1 waz LDPE2 ldanuisevlsiaasiviniu 60 rpm dniuneiweinaumnaiia 14
natlunmsnaau PE Wimdriu %uagiﬁ’wﬁmmaawaawa% i HDPE 4 min LLDPE 3 min us: LDPE 2
min udFafn DCP IFimnsuanaudn 2 min (Bmesanefl) TweRmanauasnnnniadasnausuuila
U ﬂ']'lﬂ‘%'mLﬂuuduﬁ’wl,ﬂ'%aouaaaognnﬁvdumm:ﬁs"au Bunawas DCP fdnasluazfaliumiag pph
(per hundred of PE)

x v d . -
232 m‘s*zmgﬂﬁm*mﬁ'mmsaa DAANMNAH
° F‘ﬂ 9/ A ﬁv Lo s | ﬁ,’ - J ] I d.:l
W1 PE N306oLaT8dUaqgIgnnaua? AMLLUTULRN 5 'uugﬂLﬂuLLNuﬂum'lammUizmm 1.5 mm

IUIR 6 x 6 in AILLHIDIBAVIG ARSI 170 °C (Twaan 9 min I¥Rnudu 200 kg:’o:;m2
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2.3.3 35mnadou

2.3.3.1 MINAFDLAMNEINITO IMATIRAGIAILANUTE (Heat shrinkability testing)
nsnagouanitnisietuneluiate 1.3.2.1 ynuszms snfunsBatunasaudinials

aanilumsfsdatszaim 40 mm/min ﬁauﬁﬁmiﬁaﬁm:Qu'ﬁuﬂmaauﬁa‘mﬂqﬁ T, {Wwas t, Gon

v
y oA

& Y, & . d v 5 . - . &
TUFDUWI VUADUNTIUTUNATOY (specimen heating) Wiasnsainnsastie {stretching) Moo aauu
e o a w ' Y o A o - - w“ f
m‘sﬁqﬁm:mﬂqqumaaua:agmuuﬂn@au MmsdsbanuiifnihTuneseusenunaIngey 2901997
qm‘mqﬁ’uaa%umaauz'faﬂagﬂna’tﬁmﬁugm%nﬂﬁﬁgnauaq‘lu@au wznadlaffwiuauwinanuian 39

' @ vod A A - [ s = o
ﬂ?ULYlﬂ'J’TSJ'SBu‘l@ﬂEJﬂ ﬂ’JUFII‘NL'Jﬂ’m‘ﬁGIGU@]L'Wﬂl%ﬂ@l?"lﬂﬂiﬂ{lﬂ{l‘ﬂ

2.3.3.2 MINAFAUENLAMINNWEBUIIAY (Tensile properties testing)

wmsnesausuitnisnatuisluiite 1.3.2.3 nnthszms

2.3.3.3 NMINAFADUANTAANMSIWINUADNT1IRNA (Tear resistance testing)

msnarausuisnithatunlwinta 1.3.2.4 nniszns

2.3.4 NMIATIVADUQHANEME
2.3.4.1 NINAABVNIIVINAY
ﬁ@ﬁaatmL'ﬂm:.1nauﬁmmmﬁumguﬁnmaﬂs:mm 8 cm AWIUSZIS 1.5 mm WrluwiT lafu

3w 5 ml ﬁqmvxqﬁ 80 °C 1Iwtran 12 h ' %5Y LDPE waz 24 h %50 HDPE uas LLDPE Badwin
ry a ° 4 e
IUNaRaLazLaga 0.0001 g U7 mUSuNmNIUINE) (degree of swelling) MuaUNITH 7

2.3.4.2 MiImszinaismnaia Differential Scanning Calorimetry (DSC)
.« | e oo W a o o
wiNe PE LLGSLLH%W’JE]EJ"IG')LFI‘S'I:ﬁ@I’AUL'ﬂﬂuﬂ DSC L'wamqmﬂ‘gmﬁaaummuauﬁmmuﬁn IGIU

FaasmisifiuanuTaun 2 waz 10 °Clmin 9:Lﬂ'§1:ﬁ'[wﬁnqmﬂﬁﬁ 20-180°C

2.3.4.3 MIIAT12MALINATRA X-ray Diffractometer (XRD)
=y o I i B - ar od A F] A 3 L
wfFurmnanvasweiiwaslavld Cuk, Huundsnfiadofend Felsanueriagu iy
-~ ' y as 0 “q e ' =4 & ar
0.154 nm YWIABIGIBENSYATL em X 1 om (M9 x 117) e lwthladreiuluniaaisauuisfeond

o \ . o & a 54 ~
wazlddn 26 Tugae 3° 89 70° dwrawulasidudanuiiuedan snuaumsh 8 laslfhwminnszaisunu
A Ay v o % o oW W o Ao d A -
Wanniuiildnav 30 28 waasdusdaafuildnnmstafinmsnuszodngu

2.3.4.4 NMIATIVFOUMLIMARANWNAAFATAINTDWIBINAATAT (dynamic mechanical thermal
analysis, DMTA)

Anrsanwiwnsutianiinamigasanuiemdonamans Lm"’mu"guﬂﬂaau{mﬁmﬂugﬂ
arasuiud ldawaanuniie 10 mm wazea 25 mm Sanurwidszanm 1.5 mm 1Fnsmesauuuy

dual cantifiver sa8euf 1 Hz Wafidudnsdedagnaiugulif (strain control) 0.01% Fasgungliums

r o 2 - .
naRauaIue -40 °C 119 100 °C uazdamaiintiusagmnnl 3°C/min
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Ic (110)

2800 —

~

1805 —

I (200)

<00 —

aQ rl!"‘l!!llll|illl|||ll|ll’

10 20 30

Eﬂﬁ 28  mUA@SUIEI PE N6N0MIhaTsReomaia XRD

2.4 HANTNANDY
2.4.1 HDPE

NI AN UFNAUTTZRIININNTRLATANLAT AT HDPE LLﬁﬂJluEﬂﬁ 29 AFNURAIIY
nudausans laun AU o 39aTIN (vield stress, G,), ANULATHA Th IRATIN (yield strain, ), AW
1l th 70279 (stress at break, G,) WASANUIATEA Db 3ADIA {elongation at break, €,) ugnaluensofl 46
wuimaidy DCP i G, Wisuwasliunnin Taazildnagiugas 26-20 MPa luuaadieaiuty
# O, AnduUapwudandniten fApdlenogszwin 18-23 MPa s onuasainadinldtede € ns
\fiw DCP ﬁﬁlﬁﬁn'm%aﬂmimaqmﬁm%ﬂu HDPE 3arnItaaminsalumsiavasfunasausasy uas
fisnaassannBino DeP Adnadll Sadulusanged fo WaanandenToainduacyinlw ductility

GLER

I -

Stress (MPa)

0 oot 1 T T T
0 100 200 300 400 500
Strain (%)

- 5 = P '
7U% 29 nWanau-aAILe 283 HDPE iy DCP TwiSunmans g
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o s . 1 .
f13131 46 ﬂ&l‘lJG'Iﬂ']']&JYMG‘IEII.L‘NﬁMIﬂG HDPE vinas DCP 'l.mﬁ‘mmmo‘j

DCP content (pph) O, (MPa) €, (%) G, (MPa) £, (%)
0 26.27£0.88 16.360.89 21.2146.72 814174
0.05 27.05£0.26 19.823.79 18.23:0.62 238148
0.10 28.50£0.58 24.63+4.21 18.24+0.45 60412
0.25 29.3810.36 25.28+2.22 22.59+2 43 466
0.50 28.6120.72 21.88+3.67 23.45+1.87 37+10
1.00 27 66+0.95 21.33+2.14 22.4243.21 3944

SnSnavesliuim DCP filldannudrumudamsinmneusz/fan snsuandauas HDPE uaed
Tuansnedt 47 ladiu DCP axvldanudumudsnisdnmafiniudoszdunils udrddranaailev
msfis3unm DCP 1%nniiu 1330 DCP Axnni 0.25 pph asvnldaus@flanas luvnefinisnagay
msmuG‘h@T’Jumsn"lmﬁu‘hﬂﬁﬂauanmml,mn@hwmﬂ’%mmn’m%au'[m'[maqa arvezileannngnaz
NIINARBY BN EN

TR 47 anusunuaamMsaniauazlSunumsuaRa e HOPE finas DCP lutfanmsingg

DCP content {pph) Tear strength (N/mm) Degree of swelling (%)
0 156.49+10.15 20
0.05 143.8449.40 20
0.10 178.03x12 .41 18
025 187.59+16.48 18
0.50 151.8118.40 18
1.00 145.56+18.78 20

v w a T v A o 4 a
MINARDLANUEINTTORAGILAMBTAUNN TABIRMITBUIENIZNTNARDINBUZINIUNES
] [V I & a o B - — 7] 3 8
waitmasay amu Rimmesanlasdmiewanizgun)luazimfivauncaufiedldiy HOPE law
dnaldamwgiives T, T, uaz T, ik uazta12ad t, t, waz t, iiwswdsru sudratwnaudsbe
A =) L 1 rad ﬂi oW
(T)) ©1 100- 60 °C 1ilwaan 2 min waz 3 min ¥imsaisdadaatnliiliszusa 300% Namnnives uireu
r ot [ . . v o ' Iy [
BnaT (T,) 71 100-160 °C Thaam 2 min kaz 3 min usudsdwluiuds arssusnBUENIMDNN
a s o “ o 2 i . 4 a o
vasdatnafigniauda fanld HOPE Alufimsnauriy DCP avagay Hamsamasauadursluaind
' a . . o [V ' o el a o
48 wuhamtumsaud 2 min uaz 3 min Wansmznemomwinidawiu dregniFzrdungmnniisan
t o a w4 v da ' . . - ]
W mainhasiansiEogy (deformation) 8uLaINNNMUFUNITENI stress whitening  LilBauf
a & a o v, X = , o = w . & .
gunnigsdun Mldluanafianmadaulna ldinduislifemadogldind wanmeaasiagyldin
ammnnilumrsuTunamauaIsAenlEga 140 — 155 °C % 130 °C daudidniinliisbihinAnson
J L i bl -l Ay L
minaseniiasiugaiaesiinisdaifangangilunisviunasey (Ranlddas 140-155°C lao
fAUALR T, T, 182 T AU WAZLENTBN L, 1, UAT & WAWTWAsIY (2 min) TaMTRadIe ANy
A:: ﬂ- L) s = 8 13 L ‘J‘;
founsruzia 300% wammanauaadiua i 49 splldhanidaungiiaoud 150°C lusduly luni

adanlEhn 150°C iwrzunslssndandnm
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a a v A
A1THN 48 ua’umqmﬂqumaanﬁwmamumwmm HDPE

T, T, (°C) Appearance
100 Exapylt
110 Fu7u
120 Fwdniisy
130 la
140 1o
150 1
155 T
160 T T a (T2)

@137 49 Nmjaqqm‘ngﬁ@iam‘smﬁq@i"'mﬂmu%aumaa HDPE

T T T (OC) Heat shrinkability (%)
140 61
150 4
155 74

J £ 2 H b =1 C:‘ a ar ] e

mvasaniasdiugafiany nisaaiBantmlumsauiunaasy fwuald T, T, uas T, (indu
[" Y P o
150 °C wilstranmad t,, t, uaz t, JaNISHAIIEANSouNTI U 300% HANSNAREILRAIUENT N 50
9 v P - ] [ L) -~
apflehaasldianfi 322 wia 223 Wfiflazfenldiom 322 vilpsnndosnsldinantuniseudu
- | ‘I = 17 L @ :‘ = ﬂ‘ o 1 - o c{
nasaumsasBewmmanios uazlfiaalunssunatiavfige (uianaiinmesasazifanldiaan
) o . .« w @ E 4 - =S f [
@NNWNES 1 min Lm’l:@‘naamﬂ'unm‘lumﬂﬁmm%'auaunqﬂ e lumsldrmasaliaareslfosum
@ o oo e o ‘ [ \ v L w &

Tunslianudowielindasmeinads samszoznaimsldaiudonneunstefonn @) deudheduunn

- [ [ = ' L") -~ i ' o ' @ [

Waldlndidsanunszuiunndarianasamonnuion fivaazgnilabanasmIdasaruiaeuasnanuda

TN 50 WaTaIA lUMINARaIGaMIRaIaIaMINTauT a9 HDPE

t,/ty/t, (min) Heat shrinkability (%)
20212 74
31212 77
2132 73
21213 77
3/3/3 72

P Y A a4, w g W Y
ﬂ'ﬁ"ﬂﬁl(3!ENL'Ua#ﬂu'[zﬂ‘ﬂﬂﬁﬂﬁ'l“ﬂ’ﬂﬂ\'ﬁZszﬂ’]TﬂdU@lﬂBﬂ'ﬁ“@l‘ﬂ?ﬂ']ﬂﬂ'ﬂ&ﬁauﬂad HDPE 1'ﬁﬁ.ﬂ']'1:

T,/TofT5 WU 150/150/150 °C war t/tft, 1¥inny 3/2/2 min Yinmsbaf 200-400% (ldausodetiale
v A P [V 2 - & 4 X e P
JJ"IFII'IT\‘H.) wmwmmwcﬂmmumnmauumgwumaﬁaﬁﬂmnmu @GILKG]G‘['HGI’]TNTI 51
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P = - e a
ATINN 51 Nﬂ'ﬂaﬂlﬁ'”’lmﬂ'ﬁﬂ\'lUﬂﬂﬁﬂqiﬂﬂﬂ'Jﬂ?Uﬂ'}’I&ﬁau’ﬂaﬂ HDPE

Extension (%)

Heat shrinkability (%)

200 69
300 77
400 80

< IS v = S A A '
naaaslfenan T/7,/T, 184 1501150140 °C laslfiiananfuuasAsdad 400% wuitnmsve
ddsanuiausaaniiu 68 % daiu anasfinlEiudete HOPE walunseanisnaaasia aniax
T /T T4 WY 150/150/150 °C wag t,/,/t, \iniu 3/2/2 min

andwazaIiunm DCP ffldanmmasdiuanuiauuss HDPE uaasluansei 52 ¥niimesss

o . 2 f == & . & '

Tuan1iz 15011501150 °C 91 3/2/2 min s08n3715 DCP #3ud 0.25 pph 3wl azm8sEwismsaiie e
iﬁLfJuLWi’]:@T’Jazi'mﬁﬂwmﬂﬁzgamn AUNAINAANULATIS 0V (€,) TAIAIRININ (< 50 %)
%'aﬁw'iﬁ'mmmmm’lumsgnﬁaﬁcﬂa@m nsdie DCP Tuwiliiuvinldanuaunsolunismesisoainy
L3 1 L% el ] J o L A 9 A’ = " r- ] A J
faudldnanandntan msfebaalodranniurinlvwedrleuniu wszlunanaifianissnsoadannin
- = & - el o ¢ o w 4 @ e AW a A
Wagnasdeannau il wiuneunefiuduiasss matﬁuanmmm‘luag’luam’;:auqalﬂ UETTUTNA LilD

v fr s r- 1 = [ Qo -‘: lj Qs R - A r-J 1]
andlRiduniud laanaszifiaaueivamoluuinnin dsimilalduanufouiifisiwadans

] .a ' ' ° w o B e X oA a X
mﬁau‘lﬂﬂmaqa Imaqm:mmmnaumnmw lkamunsonadr lduntusuroeBafnuiu

@397 52 HABelsuIm DCP dansnafieluniuTaunes HDPE

DCP content (pph) Heat shrinkage (%) at extension
200% 300% 400%
0] 69 77 80
0.05 60 69 77
0.10 66 67 77
0.25
0.50 TR T
1.00
242 LLDPE

e ' “ = a ' ama
NAHLARINNUTVRUT I IANUAULAZ A ATIa VB LLDPE waaaluzifl 30 masiEana
» A 1 = - L] Lo ﬂ' 1
nudaLIRIuaaluaTf 53 wudmindu DCP lwen anudu m 103N (G,) Wasuusliann
ar P ' ' o v - w A s
in lapesiisnagiugag 10 - 14 MPa Tusnizfisnarnudu 09 (C,) Tuualiuaasauileidn DCP ann

u (fhawszairnmnso lumsiaanss 88 Aanaie o NN (§,) BATIAIN 1000 % lu LLDPE #
lilddn DCP nRatiusdszunm 600 % waz 156 % waasnudia DCP U3 0.25 pph Waz 1.0 pph
AWRAIAL NMTANAIVBINNNLATUS T4 90110 @I DCP Fifintn dululufem i fuiy HOPE
WAMIAfIRATER Db 99979 283 LLDPE aaadpthonniu Fuiflaseinmsh LLDPE fidnwi strain
hardening LAA%W EnudwRnduiladaunniu) sni Wescata m 39779 8RR FMIANUAU T4 90279
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i Y a A , w ' o &
F9aaRIas 1 HDPE ddnwuzmuFugisannuanadiany LLDPE ati191sfie"uns LLDPE was HDPE
s DCP danslimaFuguuuwanadin (plastic deformation) WIBLiaaRATIN (yield point) Uil
insén DCP

30

0.05 phr

Stress (MPa)

0 T T T . E . I

0 200 400 600 800 1000 1200
Strain (%)

gﬂﬁ 30 NTATINAR-ANETEA B89 LLDPE finan DCP TuiSainuena g

@797 53 RuLEANANUAaUTIRIDEs LLDPE finaw DCP lulSunmes g

DCP content (pph) G, (MPa) E, (%) G, (MPa) £, (%)
0 10.36+0.16 29.85+1.80 24.8322.19 1013470
0.05 10.83+0.26 23.6612.02 23.33v.80 900472
0.10 11.50£0.44 20.84+4 48 19.9242.18 81190
0.25 14.04%1.45 35.5417 67 17.97+0.84 593467
0.50 10.87+0.85 30.5418.54 14.20+1.58 203159
1.00 10.7020.15 22.97¢1.12 12.40£0.81 156426

andnaranliunm DCP fiidaanusumusansanznaussSsn1suiud11ad LLDPE uaad
Tuans1et 54 madu ocp Lilsvildmanudmmudanisanmadowadassanin lanfdnaglugae
109-121 N/mm %ﬁﬂlﬁ'jﬂagluﬁw‘lnﬁﬁmﬁu MIMARaUMILNAT N T lRunaaliAn M
drasaailaidu DCP snnu seaadasfumqugiti Weinmdenlusluanarinin mbimsuandalui
Fasananes EUWAFINNAUSINMMILINTT8s LLDPE @199nHanmsnaassved HOPE fiuaaslums
it a7 a’mﬁ's:q'h lifauuandslufBanmnisuudives HOPE 715 DCP dSanawing giusiu win
fsonanuduadnuas HDPE HUSinmndngsnit LLDPE gain mIlEanzmmasenidipiu 39979
TaAganadamsuanliifuanuuandalu HDPE
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P v \ - o o '
MTRN 54 anusumMudamIanauarU3NmnITUINGI789 LLDPE finas DCP TuuSutmdn g

DCP content (pph) Tear strength (N/mm) Degree of swelling (%)
0 117.35+4.48 182
0.05 120.62+2.42 175
0.10 115.3645.39 163
0.25 113.89+3.71 150
0.50 114.01+1.73 132
1.00 108.50+3.86 104

nMInaFeuLDpIdwRe R TN RNz aNdanITNaFa UENTANTRARIFIBAINTEN N
manaiuiufinasasls HOPE LﬁaamnwaﬁtaﬁﬁuLL@ia:'ﬁﬁ@MQmﬁnwmzﬁhaﬁu FenTitanzny
nasaufiaunzay ludnduardasldanmiznmmesaudsiu insglumal §iid nsldaunasniasued
#19 q%ua%iﬁ'uﬁﬁﬂmaawmaan 1% LLDPE #lifinisiéia DCP @sfiait 300% naassfaniizenss Hams
nasasuaaslua1sof 55

@150 55 aNNEUITOIUMIHARIRILANUSBUTE LLDPE NRNNITNARBUEH )

Condition (T,,t,/T,t/ Tats) 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

aonnd 130°C uaz 135°C tﬂuqm%qﬁﬁmm:au qmﬂgﬁ@ﬁ:’m'jﬂ 130°C itz auiwTzen
dinll dmgongiigenin 135°C mbidnmedaanas fenliasnen 2 min inmzliddoamsldioamn
ity ﬁ'm'ﬁ'nﬂaaﬁﬁ'nﬂ%v'oLﬁalﬂﬁﬁaa;ﬂ’iwztﬁan'l'Eqmﬂqﬁ‘lmm:ﬂ's{l'ﬁhmlumsaumuwhlﬂ nagoy
#11 LLDPE 7lilfinsiia DCP uazfiasatisantyl 300% wansnasasuaasiuensif 56 anasnisay
ﬁﬁﬂﬁ‘l@'\'ﬁ’m'\‘maﬁﬁﬁ?um’lui‘augaqﬂﬁa (T/T Ty) WU 135/135/135 °C uaz (t//t) Lvinny 2/4/1
min saiuazanldanzmmanasiise Wémiudaams LLDPE lutnantiand puENIEMINaaeIlugL
(T1't1rr2l't2rr3!t3)

antwarestianm DCP Ailldansnadadinmaiouues LLDPE uaasluamaft 57 dfmanaaad
W8S (T /Tyt Tats) WinfU 135.2/135,1/135,1 ¢20679710 DCP #audi 0.50 pph Iwldezmiasening
miaada maindunwnzdiaiulanulnzgann Fnena1nNuaIen m 3916 (§,) xfiendnas
nn hlanusansolumsgnisiaaaas nadn DCP wwalitumbianususalunmadadig
audoulianasdnian uwsrmsasindainaunntwhldmadaldnndwswdsaiu HOPE
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i o w Y o '
ﬁ’l?’l@‘ﬁ 56 ﬂ‘)’]um”qﬁﬂlunﬂiﬂﬂﬂ']ﬂjﬂﬂ')']u'iau'ﬂa\'l LLDPE NARAVIENAFTALAT 9§

Condition (T, t,/T,t/T,,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

F179N 57 HawaIliuim DCP fanswadidanauTausad LLDPE

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

(] 69 77 80
0.05 60 69 7
0.10 66 67 77 .
0.25 66 76 AP NAABLEN
0.50 Fusmunnaazdfo
1.00 Fuauaroida

243 LDPE

NTLEAINIIUFUAREIZAIIA TN RLAZAINAINADEY LDPET (faaiin13 imaiiny 4.20
g/10min) Lmﬂﬂugﬂﬁ 31 Arantfnnunudaussasnaadluasef 58 waiinssun1sasfavas LDPE1 &
anwmLTUALIUAL LLDPE falijiinsgaasimnilauiuuasifia stress hardening Louidieanu anfwa
189 DCP fideamuaaunsolumsie €,) ulilummandorusunaiiofiugossiofindnauds fa
1 €, anasmulTNIm DCP filfinin Lt@imia@aa'hj‘gmtsmﬁ'mﬁuﬁﬂﬁn;ﬂu HDPE uaz LLDPE datisin
ANALAU D 90119 (C,) FaAsuntaslunnnin ayluga4 13 - 16 MPa uazfIANALAR T 99ATIN (O,)
Senlnddponudiy wdnssuiladreiu HOPE

Sndwavaaliuim DCP Rfldanmnudumudamsanuiauas Sanmn1suIusiues LDPET uana
lumve#t 59 madiu DCP yhldseusunudanisinuafiadiu mimesaumsuiudadasmnm lsiu

& ¥ L l:i =] lﬁ' o [} =] [}
weadlWiAudnedasiitiutm DCP  fiunnifpawefasildliazanolumnlodu  amisnimaseusita:
a ' . 4 a
susafinluSsliiuamuuandaiiodn Dep eu g

. & v A o v o ws 1

ynnmeaaddssduianisnzfiinaizandan mesaua e NN IIRaR1e8ANNTaUT 8

A9 A ' ° o P | v =
LDPE1 Alsifimadia DCP vmsmanssmgmnadl T, Nimanzanluga 100-120°C Malumseud 2
Waz 3 min Fimadahn 300 % wanInmasasnud gunniin 120°C Mliunumnesmcas mainiee

r-9 = - 'Jﬂ" 1] ﬂ‘ Qo . . AA
lﬂmWﬂ:qmﬂngomﬂﬂ lwdunasauliudnsinafaciuussfole FIug RN 100°C uaz 110°C
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v = da el a .
wldinsusduruinduasly vinnnmaasalnif 100°C uaz 110°C lagdalia 300% WT, =T, = T,

100°C uaz 110°C Uaz t, = 4, = t, = 1 min Ysngi1 Nignail 110°C iansnessunasayszning

nseu faudetnaheungunyil 100 °C UFNIAINITNANT 32% AIUK ﬁatﬁanlffqmmqﬁ 100 °C d w3V

nsneasy LDPE dald

Stress (MPa)

200

—

400 600
Strain (%)

800

1000

1200

3‘1J17i 31 nyeuAR-aueIoa 189 LDPET finan DCP luilBainmdnag

17N 58 sudARMUNUaULTIRenas LDPE1 finan DCP TuilSunmeng g

DCP content (pph} G, (MPa) £, (%) O, (MPa) €, (%)
0 9.3520.13 55.30+8.16 13.98+0.22 967+7

0.05 9.41+0.16 42.16+3.43 12.61£2.42 862+31

0.10 10.170.18 43.6210.42 14.41£.78 99270

0.25 9.4920.09 42.83:0.83 15.95+0.57 1072438

0.50 8.62+0.46 47.23+9.05 14.27£2.19 376479

1.00 9.09112 50.99:+3.49 12.53+0.97 50050

o - ' a a o .
AT 59 ﬂ'}'\u@quﬂquﬂaﬂ'ﬁ'ﬂﬂ'ﬂ'lﬂLLﬂ:lﬁ&l"lmﬂ'l‘iU?“‘ﬂ'ﬁ'ﬂaﬁ LDPEt 7iN®a DCP 1“‘”%3]'\@&@'}\"]

DCP content {pph) Tear strength {N/mm} Degree of swelling (%)
0 156.49x:10.15 gzany
0.05 143.8419.40 i ghil
0.10 178.03£12.41 RZANY
0.256 187.591+16.48 S gH]
0.50 151.8148.40 1,959
1.00 145.56+18.78 1,219




= - o W o 2 A
NAsSIRIIA lUMTaUAMINZEY (t/47,) 71 100/100/100°C §nSUTUNAFaY LDPE1 nandvde
300% HAMINANAILTANIUATTIA 60

@790 60 ArwEnIniumMeammsauianuad LDPET flanmznamaudng g

t,/t,/t, (min) @ 100/100/100°C Heat shrinkability (%)
11111 32
2111 35
3111 36
3/2/1 22
3/3/1 28

wUALIET 34171 'l,ﬁ’mguqﬂ darnasindifsatuie 331 wdamdanldion 31/ §wiunis

sunsaaaly twinslgiiatasndn a:Lﬁu'l,@?ﬁ"umﬂ'nwmmsnlumfmﬂﬁ'm"aUﬂ’;“lﬁﬂ%@ﬁ@ﬂ’ﬂﬂﬂ LDPE1
Xa . o 4 = 0 de a ., - P ' [

Tuanififinvinny 36% Tadudftasun Jahmnenasingunndlumsaune (T,) wuhlddmsme

ﬁﬁqﬁfu fauaasluasaf 61 Faviu snIznIneseuTas LDPE %:T’B’qquﬁ 100/100/120°C uastaan
311 §miumiInasasdio 9l EnSwavestiunm DCP Afldanimasadisauiansas LOPET uanslu
M3f 62 vimanasasluanaz (T /T Ta ts) Wi 100,3/100,1/120,1 Frotnafi DCP Y 1
pph MATTRINMSAID S medniuwsedistuiinlneg Funaseulimunsofabalads 400%
ursunaseuflifinindy DCP arumwnsalunsweddindy HDPE waz LLDPE vhmmasendiou
\n3@ LDPE Lﬁanlﬁ'mﬁ@ﬁﬁmmwﬁﬂgﬁu Waamegarinnumansolummaddionnufauesifiy
gﬁw?a'l,aj

M179N 81 anuEInsolumIrasimiuanuiauses LDPE1 Aantisnasausns g

T/T/T,(°C) @ 3/1/1 min Heat shrinkability (%)
1006/100/100 36
100/100/110 48
100/100/120 58
AT 62 NazadTunm DCP danmmaalaiuanysauyad LDPE1
DCP content (wi%) Heat shrinkage (%) at extension
200% 300% 400%
0 47 57 *
0.05 47 55 *
0.10 48 56 *
0.25 48 51 *
0.50 46 53 *
1.00 * * »

WU ¢ Fwunnauuziide
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N NLESIANL AN AUTTE NI IR IR uLAzAINASUA28d LDPE2  (fnasiinisinainny 0.35
g/10min) u,amlugﬂﬁ 32 gﬂs"wnswﬂﬂ'smﬁé’nwmmﬁauﬁu LDPE1 fisuD@an umudatsidauandlu
3197 63 153 LDPE1 usz LDPE2 nensudausslndiivetu fadh G, uaz G, usissauasnaiiuning
soalenlndifnet we LOPE 2 61 €, dnin LDPET anusuniuseanIsanuiauss LDPE2 fldngandn
LDPE1 imips (97t 64) luvimaatfisnAudusnnisunada Tandl LDPE2 waasnnusmunmudantsii
il lsdulédniy LDPE1 (Wasinsiduy DEP wBinawiiussussoluanmafi 64

0.5phr . 0.25 phr 0.95 phr

0 phr

16

12 -

Stress (MPa)

0 : T T T T . I r M

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

31Jﬁ 32 naMudU-aeTEe Y89 LDPE2 finau DCP uiSunmenag

97 63 auAanunudansifies LDPE2 Anmn DCP luSunmeina €

DCP content (pph) O, (MPa) €, (%) G, (MPa) €, (%)
0 10.22+0.15 26.86+0.22 18.13£1.07 66262

0.05 10.80:0.45 25.19+1.38 18.56:1.18 553£42

0.10 10.38+0.24 25.90+0.63 17.32:0.75 506416

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 359123

1.00 8.8540.15 27.15:0.15 12.27+0.68 186435

@Taf 64 AnusumMuEaMsANMaLaTTINMILINAIYEI LDPE2 fingu DCP Tudiunneing

DCP content (pph) Tear strength {N/mm) Degree of sweiling (%)
0 89.06+5.74 k43gld]
0.05 91.76x1.37 axany
0.10 96.52+2.94 azany
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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' o 4 o o o ' = -~
ANIRARIFILAIINIANT DY LDPEZ (91571 65) #1N7371 LDPEA T!ﬂﬂﬂ'ﬂ:n”ﬁ?ﬂﬂﬂa'ﬂlﬂﬂ']ﬂullﬂz

- y e o oo - 9 A & A a
1530 DCP vinnw l.Lﬂ:ﬂ'n&lﬂ’]lﬂiﬂl%ﬂ’l?“ﬂﬂ?uﬂﬂb‘mﬂ“1.]auﬂ‘U LDPE1 €12 9UNagavutIawaial

' A e v ow &ood - a aa U PO Y '
bCP 1 pph LLﬁ:‘LNEt’I&I’ﬁﬂﬂdeﬂ'n 400% vLﬂ ﬂduul“ﬂl;'lﬁﬁutnﬂuwﬂalaﬂauﬂ\jmu’ﬂuﬂuuaj LDPE 1”

El ° [ = O & L b =2 L) =a s Ad 1 o= .: -3
manznashiiueea N UTIVaRaR IR LA NN N C'NLlll'l’l"al:LﬂBn'L'IiLﬂ?ﬂﬂ&lﬂﬁﬂ‘ﬂuﬂ’l‘ﬂ“ﬂﬂﬂw']ﬂﬂ@'l”l&j

a31971 65 HarasLiSune DCP dantsnaalainnlniauyas LDPE1
Heat shrinkage (%) at extension
DCP content (pph)
200% 300% 400%
0 34 44
0.05 34 49 Funuwia
0.10 35 41 vouzdaiie
0.25 36 48
0.50 34 48
1.00 Furmpauneaida

2.4.4 YSanmwadnvosnodlaiianaiiadng 9

N - a _a a 1 a a A i
MnsasreseulTunswanpawadiafituriiad 9 nudewnanadinuazunasauiiuuinds

o ° 7 a ad ) e = £acd Ed a e
waun DSC ﬂ"]‘r’\uﬁi‘lv’i AH, ABINaRLANAWNINL 290 Jig maﬂmmmmaawaatanaumﬂ’mﬂumdugﬂﬂ

13 WSmuanzondewanaanidianewidiiiny 63%, 28%, 23% Waz 30% &MU HDPE, LLDPE,

LDPE1 U8 LDPEZ @u&19L §miulSunadnuaiusiwiunaraurasnosiafianuaadluarsiah 66

LLDPE

o HDPE =

- &

- ‘g 0.1 phr

2 =53

5 :

E @ phr E

.“'. g o phr

8 0.1 phr =

= g

'E 1 phr = )

3 L]

E =

z

Py T T T
T e . T T i 40
[i] 50 10 150 200 ¢ 8o 120 160 200
Tempersture (°C) Tempersture (°C)
=3 E2
s LDPE1 2 LoP
3 < 1 phe
& &
= 0.1 phr
z 2
E o phr ‘;_: .1 phr
3 o
= =
B =
5 1 phr ﬁ
E = O phr
: :
Zz
T T T T B T i R T
o 5¢ 108 150 200 ¢ a0 80 120 160 200
Temperatuer {°C)

Temperature (*C)

o ' a pa Sd a
Eﬂ'n 33 DSC thermograms 224lLHHHARLANAUNITTUG
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Count

Count

@1319N 66 Hurmdnvaswedilafidusiiads gnmsienmddiunaiin 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

HDPE ﬁﬂ%mmnﬁngaﬁqﬂ drunsdlafauinauoielUSunawanlugalndlaneanu wazmady
' ’ A A E A a
DCP 'Luﬁnamaﬂ‘%mmu’ﬁmm:ﬁgﬂmauma'maawamanﬁummuﬂ IAWABNNAIVEY HDPE, LLDPE ua:
LDPE1-2 wifit 128°C, 120°C uaz 110°C anudau
o = =& g 53 A at = c‘g a4 & As
'ﬂ’lﬂqi(ﬂﬁ'ﬁlﬁﬂﬂﬂiﬂﬂm&!ﬂﬂ@]')ﬂl.ﬂﬂuﬂ XRD 31]7? 34 LLBGNﬂlﬂﬂ(ﬂ‘i&ﬂlﬂﬂwﬂﬁLNﬂ?ﬂ{lﬁ'ﬁu@lﬂu

' a oy . i o M oo e o
St DCP uanaaiu iludedianda i ldvinnisatiowasnagaunineaiaioanuson YSumudnh
Jalduaadluanseh 67

Count

1phr

0.1 phr

0 phr

LDPE}

1 phr

1 phr

0.1 phr 0.1 phr
J& 0 phr 0 phr

Count

= v a ma 4 a
Eﬂ'ﬂ 34 XRD patterns UaHUWAALONAUTIRTUR

&) :4 ] e ] =Y 2 aia. ¥ S = » o " o = r w
JufidinaindSumniniiesnsddismaia XRD  lissasdastuntiiadSumuandan
innlian DSC Aa HDPE wax LDPE1 meﬂ‘%mmm'ﬁn'lna"tﬁmﬁ'uua:ganiwwaﬁmﬁﬁuﬁnaawﬁﬂ R GEY
° a ] v 1l A g G " 3 LY AW - A
DCP Ml Banamimuisuwlasadebifidoddy winmuiwifSanaminildanmsimmzniges
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- . . . - “ . e . . - 2y
wadinitlummnsahunuEsufsuinld ivnsiinmsiadaiu myieliunmedndamnaiia XRD fazdoq
a 2 - & A a ~ W =5 = rs = &
RIoNNFunagaunanfIdauasnaInadIIn Feazdids:lombnndeau

TR 67 umninuamafiefifurfiad gannsiensiamnaia 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

245 gnidnasmanianaiamBdanaia

adpauildainmysiamzdeomaiin DMTA 'umwaataﬁﬁuﬁeﬁ'ﬁﬁmﬂmhgﬂﬁ 35-38 ({ufivin
&§3\nai1 HDPE, LLDPE waz LDPE1 #i.éiy DCP 1 pph e E' uaz E” 'ﬁ'ﬁﬁq@ #un W tan O B89 HDPE
TisngRafidanu husossapvaiunsuddulugae 60 — 65°C LLDPE uansfaunindsuf 75°C uas
90°C ludntnafiil DCP U3unm 0 pph usx 1 pph ;udney Tuwneilufunsustululudognis pcp
13310 0.1 pph LDPE1 usaiunsuituinfitaand 58°C ludzatiefsl DCP 1511m 0 pph Waz 1 pph
dausaatn9Ms DCP USanm 0.1 pph usasfinfinthaannlugas 70-80°C luwme#l LDPE2 uansiinii 60°C
qunﬁmma Hufinsuiuddn Aeunsudtunainls glass transition temperature udLduunIuGFUN
Werdastuanuiuninveanadiofisu lummesssitdasnmsansdnswavaniSunm D Adoansa
il wazaansnagdléi Yianm e ﬁLﬁwiﬁﬁuaaﬂwaﬁﬁuﬁﬂﬁtyﬁaqmé’nwmzﬁmq mﬂn”ﬁtmsu%’&'uﬁ
ﬁaun’rsﬁ@hua@‘ﬁaaﬂaﬂuﬁ"aazmﬁﬁﬂ'%mm DCP wnnwiu a'r-aLﬁemnmiﬁImaqamaéaugnﬁ'ﬂmu'[ﬂi
Tmaqaw%’auﬁ'mﬁﬂn"m%aulmimaqa TwnizAvniseeuuuunsenlweiasusn uasiiasanninis
naRoaiibe 1 Sudediating Snhasiimsanaravinafimilolnewen agrelsiany dwmnd awgLaINMT
naFaUATNENTIN UM IMaFs e RSou T i udaady DCP msSasfduilansludane
$udu st'l:Lﬂumﬁmﬂ:ﬁﬁﬁﬁiﬂ'ﬁ'ﬁhﬂgaLﬁaamnﬁaﬂﬁﬂmwumm'lun’rs’;mﬂ:vi‘
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E’' (MPa)

E” (MPa)

J.O1E+10

HDPE

2.51E+1§

2H1E+10

1.51E+10 -

1.01E~+10 -

5.10E+09 -

1.00E+08 - : , : : -

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

2.50E+09 . e
HDPE

2. 10E+09 -
1.70E+09 -
0 phr

1.30E+09 - 0.1 phr

9.00E+08 -

5.00E+08 - 1 phr

1.00E+08 r T =T T ; T

~44) -20 1] 20 40 60 80 100
Temperature (°C)

0.35 ——

HDPE
0.3 - 0.1 phr

0.25 | 1 phr

0.2 1 0 phr

0 T T | T T T
-40 =20 0 20 40 60 80 100
Temperature {"C)

3‘1]'7% 35 Dynamic mechanical spectra a4 HDPE
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o~
o
B
g
[

E" (MPa)

Tan §

1.01E+10

8.10E+09 -

6.10E+69 -

4.10E+09 A

2.16E+09 -

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

6.10E+08 ——- i e e ey
LLDPE
5.10E+08
0.1 phr
4.10E+08 - 0 phr

3.10E+08 A
2.10E+08 -

1.10E+08 -

1.00E+07 T r T T T T T 1 i
-40 20 [ 20 40 60 30 100

Temperature (°C)

0.35 -

0.3 1

0.25 A

0.2

0.15 -

0.1

0.05 -

T T o T T ! -T
-40 =20 0 20 40 60 50 100
Temperature (°C)

E‘Uﬁ 36 Dynamic mechanical spectra 183 LLDPE
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1.51E+10

LDPE®

1.21E+10

9.10E+09 -

E' (MPa)

6.10E+09 -

J.10E+09

]ph/r'

1.0E+08

0 20 40 60 80 100

Temperature (°C)

1.41E+H09
LDPE1
1.21E+09
1.01E+09 -
8.10E+08 -

6.10E+08 -

E” (MPa)

4.10E+08 -

2.10E+08 -

1 phr

T

1.00E+07 -
-40  -20

T 1 T r—— v T

0 20 40 60 80 100

Temperature (°C)

LDPE1

0 T T T T T T
-40 -20 20 40 60 80 100
Temperature (°C)
'SlJ‘ﬁ 37 Dynamic mechanical spectra 1839 LDPE1
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E' (MPa)

E" (MPa)

1.51E+10¢

1.21E+10 -

9.10E+09 -

6.10E+09 -

3.10E+09 -

1.00E+08
-40

1.41E+09

L21E+09 -

1.01E+09 -

8.10E+08 -

6.10E+08

4.10E+08 -

2.10E+08 -

TTrTTTTTTTI T T T T

-20

I

0 20 40 60
Temperature (°C)

80

—

160

0 phr

1.00E+07 +—— \

0.3 s

¢.25

[ T T T T

80

1] 20 40 60
Temperature (°C)

0.1 phr

1 phr

0 pbr

T T T T T

0 20 40 60 80
Temperature (°C)

160

Dynamic mechanical spectra #803 LDPE2




25 ajUnan1smaaas

1. WoRlaREWMI 4 Tie SeutFidsnanszanuannsonaddIoauTaua AU Susddusuiiainas
#nngsludhlédsil HOPE > LLDPE > LDPE2 > LDPEA

2. miAu DCP ﬁﬁlﬁtﬁﬂmsrﬁau{m{uLaqaluwa?u.aﬁ‘éiuﬁo 4 wiia s ianuulnzannue
ey DCP dnstly uazdonalionuaaninluminasadisaaiananss ammdelidany
uiluiadaniu DOP

3. LDPE 1 waz LDPE2 lumanzasufiasintulfmudunedimesvasadioanusan
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mawﬁ 3 PE/NR blends

31 Yaquszad

AW NN AT DIB D TIUTIRG A FUURTINALALAMUVRINNTD IUATTRASITIaNTausaswaRlad

. a ams ¥ = a
HENTEATIWABRLENAUNS 4 TUS ULRTEIIFIINTG

32a@nadl gunsol uaziaiasiio

Aadl
1.
2.

wadlafiaur 4 via uazledafiulasoanled mu"?aiiquuﬁﬁa 22

psTIImdTianuguaunila (natural rubber, STR5CVE0) Hanumwiiugiiiy 092

glom’ raalanium aruniieng $1ie

nIasLALIa (steric acid) ﬁmﬁ’uﬁtﬂumm’s:@j’u (activator) uasiluansganuadepenaieyinliong

fluda Sasminelen AR N ﬁa'l,wgaﬁmﬁ e

Gasnanlad (zine oxide, ZnO) e white seal fhwinfiduminszdu wialapu3sn Univenture

Public Co., Lid.

fIuenRasnTuawY (antioxidant) &wivenariia Wingstay® L a3 minelag Wafudu fin

wyadiail 4ria

Tetramethyl thiuram disulphide (TMTD) Ynwithihiuesdnss sasmielan Wiugm fia

Iwyadind $rria .

N-cyciohexly-2-benzothaizyl sulphenamide (CBS) Ywihfifluamsdass snuien wisuluatu

e

madaules {curing agent) ¥ 3 Blia fia

8.1 ladafinadeanlse (dicumyl peroxide, DCP) fanututu 98% wdalazguiun DNT
Domestic

8.2 Nzt (sulfur) NEaINNLIENEBRT FNe

8.4 WuadnL3Tu (phenalic resin) wila SP1045 nialag Schenectady International Inc.

(3 a ]
qﬂnsmua:tﬂ‘sawa

| [V | '
i dsnufisayliluiads 1.2

3.338nsnaaes

e & s ' : -] a o VY y ad A
FEmstugtuacitnrsmesandn g lassrulngmieutufiszyliluiade 2.3 dwitmmeasen

]
WATIANN U3

3.3.1 NSRS HANDALNDIHANITHININD RO N ANUAZHNISTINGE

1. w\mwswmﬁlﬁﬁuﬁﬁUm‘s'aamamgnnaa (18 9139)

2. L@y

= oy A v | e 3 @ v
PE ﬂﬁlulﬂiﬂﬂ“auLLUUﬂQﬂﬁlﬁu’]ﬂfﬂa\inﬁwLﬂ’]nU 370 cm T@U‘l'ﬁ filt factor tvi Ay 0.6 ﬂ’l’l&ll.%’)

1 A P & + s o a .
laieasirindu 60 pm Lafildlumwaeuivagiveiiaves PE 1ag HDPE 18ianuszanm 4 min

LLDPE lftianyszanow 3 min was LDPE l#tianuszuno 2 min qm%qﬁﬁ1ﬁﬁu HDPE use LLDPE

winny 150°C @ LDPE lﬁqmngﬁ 140°C
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ad @ ooa w . 1 [3 P
3. ﬁ’lmm‘smmmnuﬂLLa':ma}a\'l'hJLLa:'l’m’Jmlummmawﬂs:mmnm 2 min AMMBINVLINTIHAUNIN

= A =
LGI%I‘JNWBm&lElgNﬁ&Iﬂﬁﬂ%&]']mﬂ’Nﬁﬁiu'ﬂ’lﬂ 10 wt% uaz 30 wt%

=3 & Y o El L [ e A" A : [ a
4. dwalwainauitldaananaTeman LLmﬁ'fhﬁ'ﬂmumiammaadgnnmua:ﬂmﬂmumn*) LNanIY

&
ﬂzmn‘lumwugﬂ

aaa a i e o .~ L - v
5. luns@ndinmdnamrenloslaanases NR duilumsaauda 1 uaz 2 a1 NR uaudidaag

a =) r=l g Ov O P A 2 1 @ € o )
‘hJ mumsmaﬂmnLsmmmummmmlum‘nm 68 mn’aswamalﬂ%uni:mﬂ’maiﬂmn BILIRT

&t & P oa [V o % & a o
m‘nuﬂlum‘maumuaQnuﬁuﬂmao PE @3% HDPE/NR 1‘1:1.7mmumﬂummaunumimuﬁ‘a‘:mm 13

v & LY Fel .
min laz LLDPE/NR I’EL')R’I‘YN‘HN@luﬂ’li“ﬂ&lﬂﬂmﬂﬂ”ﬂﬁ:u"lm 11 min

M 68 ijmmaﬁ?‘su’maﬂauﬂnﬁﬁﬁmnﬁaﬂuﬂumqaﬁﬁ@@ha q
Chemical Loading (phr)
Ph S+T S D
NR 100 100 100 100
Stearic acid 2 2 2 -
Zn0O 5 5 5 -
CBS - 1.5 1.5 -
TMTD - 15 - -
Wingstay L 1 1 1 -
Phenolic resin 6 - - -
Sulfur - 0.5 0.5 -
DCP - - - 0.1,05

o » o ' - 1
ﬂ’muﬂL?Uﬂﬂﬁil‘ﬁﬁ’}ﬂ’ﬁautmﬂ’m AU ITUY Ph, 351U Ph, 72UU S U8 32U S+T

3.3.2 MIHIVUIRA Nﬁﬂﬁy’lﬂlﬂﬂﬁﬂ XRD

s = o = T -4 a4 o, P
T’I'\ﬂ’]ianH’]“'\’UH’?@IN%!}?QGWEQLNﬂﬂﬂﬂl’ﬁ CuKy LﬂulL“aJﬂjlu@TGﬁlﬂn‘ﬁ' PINATNITNUTINRU

1 bt at 1 L 1 s [} A
(wave number, A) LYNY 0.154 nm PwIaTaImIataUszanm 1 cm X 1 em milunhlasiacheluaas

A’ o a5 o 1 [ c‘ o A
BONUUTIFLANS waziruaat 26 lutae 3-70°  dmunsowiswiandnainmsdwmlesldaunis

Scherrer equation (Rande et al., 2005) ﬁmﬂ@lﬂuaumi‘ﬁ 9

] a
Wa D fa vwanan (A)

- ' = JRYE I
k fia sineah lufinslt 1 (Rande et al,, 2005)
- - - . e o
A A0 ANYEIIRREWLAY Cu HFUNINY 1.54 A

kA

B-cosf

0 fa guﬁﬁmﬁammnﬁnﬁo 20 ag;luim 21.21-24.08°

©)

= i ' > ot ) , o d o
B fia full width at half maximum (FWHM} husnanunTaeINg o FI'ILL'H“\!ﬂTGMﬂG?JBOﬂ?’IUQ’G
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MadiImsiiuIm

TS —
5
&
Z
Sl Hew— L2
Z j
- |
H i
.
E J
P
VAR
252 233 29]
20 e
PE Peak angle (20) Peak angle (0) FWHM (B)
HDPE 2151° 21542 = 10.755° 0.0984
- 1 & L3
hdminuaunuluauns 22le
1X1.54 .
D= =15093 A
0.0984c0s(10.755)

34 AN IAaDS
3.4.1 HDPE/NR hlends
3411 aNDREIBING MINAAINILAIINTON UATFIEIMING
ar s @ A o . .
nWuEAIRMURRUEA M -AIGTER uraslugUfl 39 pnemsTsmfildmsann (vielding)
Pl ' = . v a 3 a a e .
fphaldouly  lesasenugmesdneennn  uwaweBiwesHandinelidnpoe  stress  hardening
-] w w - v =X A o4 oa & . ' o o v sy
WWALIAUAL HDPE  Aasmnuduwiuduidadsfiauniulutiinaumsuanin  snasssumailimnis
ANUNUABLTIRIUAZANNIUNMUFBNITANTIAV09 HDPE 8089 snuiuandluasned 69 19535und
»l L7 ar 123 ar A e L] el
Lilévinldaruenisolunmmesadsauiouses HOPE  wisuudasldinmin  fausrasdiuualin
A o A o P i a o &
sapeanFimeefiiviu audeyafiusaluaseit 70 swsssumdlu HOPENR blends Tuwadeit
My w I an a P & & A A A& oA &
Tildgndamlud memadmemeimeinaugiiwmurSinmnsasdatunasey WasnnidafsBaunniu
- - & - r ' X A & e f A v
%:ﬁﬂﬁ’[maqaum'lﬂuLanmmnwu maaghwma:‘lquamnmu WasuausatitNanmInaaa
v . A A % ' - w oA vy a ' ) v o o & o
apifisdosiasninsiiusdindndaldeglusnnzadosinnt  dwaliifanmansusnnivwuacd
L e L A 1 J W
walifnInadd naasulidgiiudan
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30 e e e U,

HDPE

25 - 0 wi%NR
= 20 - 10 wt%NR
g
S 15 30 wt%NR
1771
- f
hd
[# 2] 10

5 R
0 I | o e e e S
0 200 400 600 800 1000

Strain (%)

Eﬂ'ﬁ 39 NTNANUAU-ATIUATHA B89 HDPE/NR blends

My9N 69 amﬁﬂ1'1&mmiamaﬁmazmmﬁmmwiamsﬁnmwao HDPE/NR blends

NR content o, g, o, £ Tear strength
(Wt%) (MPa) (%) (MPa) (%) (Nfmm)

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

10 20.230.64 15.81+1.28 18.41£2.42 690461 137.7947.43

30 12314022 | 16.710.81 16.1041.12 673141 101.87+3.02

HANTATIINALAN BT IWINGIT0IN BRI O THANAIUNADITINTIANBLAAATEULULFBINTIA
uam'lv.gﬂﬁ 40 Mmathalildvinmssiaendasssssumdennly ssdufmiaslansoeFoy laan
uaatﬁum&mﬂmmU’mﬁﬁwmﬁ"f,ﬁ"&'ﬂwuu’mﬁn Fmianaennausmumdsanty lasusiudaatied
faamsasreseudimuudmiimam 2 h sehWidiuanunandvasiufizFmaunnin G'i‘mﬂm'lugﬂ'?";
41 wm’wﬁm‘snszmwaaagmﬂmaﬁﬁumﬁ (zimﬁti‘]ugn%'aﬁ’]uﬁarha) na‘:mnag‘luwlaei atitas {HDPE)
TnpfwaiuainsufiiUSunm NR 10wt LEAIANHTLEAUNIADEI NR Adoudrinan dainves
iWuringuina1Iveseua NR Suwiadnenn (< 05 pm) wazUSunm NR 30 wi% Fanafindt NR &
walngdu Ssmdwdadentronaunaniiuriors famalngnimedweiisuffuTnm NR 10 wit
ﬁ1tﬂ§umaoté’fumguﬁnmwaa‘&m’j’lmdﬁﬁﬁmﬂﬁmm 1.0610.40 um mmﬂmén'mﬁ'lmy"i{uﬁﬂﬁ'ﬁmﬁ

; Binavaawadiausuifl NR 30 wt% sadiaounningasii NR 10 wi%

ATHN 70 ANEINITOIRNITRAAIIEAINNTEUYas HDPE/NR blends

Heat shrinkage (%) at extension
NR content {wt%)
200% 300% 400%
0 69 77 80
10 66 76 79
30 60 75 78
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PSU 0173 15k 10um x2.500 PSU 15k 10um x2,500

“ . s
3UN 40 SEM micrographs 189 freeze fracture surface 289 HDPE/NR blends fiawimsanaina
NR: (a) 10 wt% NR uas (b) 30 wt% NR

PSU 0173 15kV  10um x2,500

15kV 10um
A s e
3U7 41 SEM micrographs va4 freeze fracture surface 789 HDPE/NR blends wasynmsanaiwa

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

A d L2
XRD patterns 189 HDPE/NR blends uaz HDPE ugaaluzifl 42 swavasndnuazdSanouanila
NNMIAATIERMLNAia XRD uaadluaT9n 71 nsmSansnanRansanduniied 20 o dunid

21.3-21.6° uax 23.7-24° Fafuszwwlaseainans 110 usz 200 laonandananazsadussuuuaails
seuin (Bermal-Lara et al, 2006; Mishra et al., 2008)

Count

30 wt%NR

20 (")

311 42 XRD patterns 189 HDPE/NR blends 71 lifimsiauamsiail
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o b 8 El o el Y =l
MININ 71 1E&J'ImﬂaﬂLLﬂ:muﬂﬂNaﬂ'}lﬂﬂzﬁﬂjULﬂTi’N XRD 183 HDPE/NR blends ﬂ‘lll&lﬂ'ﬁlﬂllm‘ﬂﬂll

NR content Extension Peak angle (20) Crystal size(A) Degree of
(wi%) (%) 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 23.88 421 3.64 62
400 21.35 2397 3.1 3.40 63
0 21.39 2373 6.72 5.83 38
100 2137 23.76 6.72 5.83 42
10 200 21.22 23.59 5.51 4.17 60
300 21.32 2369 5.24 4.00 61
400 21.59 23.83 4.33 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 23.88 411 3.11 54

A a X @ v : o a =
WadSunoe NR 1ANTW Sunmnanuainadiatuauilananss 1itasann HOPE Huwefiwashuin
o o = §F e o & A o & o = A e, ' ar a
Twwmzfi NR iluwaiinadodmgu dnimdar3unm NR datu fendumsfudadinvesanedmguli
A A w ~ A a & a 4, & P A s o X w B
fisnannimeday leszozBafinaniu Sunmedndaigiu dWesnnnshbiafigiusmalimolgluana
o a o a = ] & . = a , .
wadlwafiianisdais padiauniamenaidaanndu (Mishra et al., 2002) uasifienisdaunsiu (packing) 184
y X = 2 s & . e A A A '
molgluanagitu (Datta et ar, 1997) faudiluanddoinuimagiinasiusemsiideiinadeyionm
NAN wAUSH AN prmstodage g hifianiwadenumaninlumsmasdsanadowsnnmin nome
nendwansasbadunuinuinnin anuFIRRESER IS RNENRETNIIRARIRI 8RN EU FIUNI0
~ (Y i ’ . A . o .
ebwldnnnagufindni winufsuwlowiugaiavyeluianafioy (Min, 2005) Faduganiash
lunmneduainadineiuay waswainindnuinniasianusmursalunismasasasanuauuinnii
4 a Py ' & e ' Ad . ¥
WaRMswwIaNEnTaInafwaingy WU swIaNaNYeIBuTIegNTIMIAiba m ssoziad1eg §
- ' . o w ' o A ¥ = a
madnnihdudatdeuiinmdsialunndadin Wesniiszosbege g moldluananafiafifians
o - - . X ) . , -
n3semmuiiemanisasbalauiniu (Mishra et af, 2000; Mishra ef al,, 2002) LAz T4 FIHLIRIGINGINH
v e @ ' v a £ v A il e a i - &
'lmnmmsammumaamm'[mlmaqawaamas FINaLAVUWIATDINANT LA DTUIAANAY \iaszpziageiiu (Datta
et al., 1997)

3412 3ﬂ§wamaaa'm%aNfuafmar‘la‘luﬂ'wﬁﬁmnﬁ
o =k 1 Ay, 1 d.d A
ATV U-AT AT HALALAIFNT AR TN UABLTIAIDES HDPE/NR blends fAdlansisanios
a A P =] .
Tmaqa'uaa NR 1iadn99 uaﬂﬂugﬂn 43 TN 72 uas 73 MBINmL NR 10 wt% 1 G, Do9nNnszuums

- v a W v '

l'ﬂﬂlﬂj'rh’luLﬁqﬂﬁﬂ'ﬂﬂﬁlﬂﬂdnu 1 Gb LLae Eb PaATEUL S+T Wasszuy S lﬂﬂqqﬂnqﬂlfzuu Ph uaz3zuy
sl a o, e < o o o o & e ' ~ - 3

D Lﬂ%ﬂﬂ‘i']ﬂﬂuﬂ’n‘ﬂmﬂailﬂumitﬁawIUﬂIuLﬂl‘lﬂ'ﬂm}m NR @HUURUNUANMUNUGSUTIFITaINaALLET
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et s ct ad a3 ) ' ' A . P o,
ngunlTmiHeITIATY LaNSuon NR 30 wi% WuN mﬂ‘namuwatmm'uaowaamamawmﬂﬂmhqn
A a o a ' - = X w oA '
izuumsmaumwﬂmaqa WaannnUInm NR aanandsuaaymazad NR Alngaw Jduiihdaned
A A‘ & [ Y] a " 1 ol +“ n. : ) ] - h
m‘smamrmTuLaqa'lur_mmnmumlmm o, Junwrlinanad udsn O, TuwiliufAndu daud g, {inv
P 4 & | a . wa '
nwu'uuu.a:amawuagnuﬁ“‘:mmmma:s:uunmmaum’m‘[maqa sz11 DCP azvihlWenilasasatiananin
o 1] o 1 %4 » 1 a L) ; ﬂ. J =
NNtk §IUSTUY Ph Mlvenanasionniistuy DCP &8ssy S+T m'lmmmwwulunnmm TEUL S
T § ada W a ' a ot
MIRANRDTRIUNTEAL NR 10 wt% uasvinlidiansdludled19nid NR 30 wtt%

30 e

()
S+T

25 A S

20 0.5%DCP
= Ph
=15 -
1121
5]
=
v

10 4 ca%bee

5

0 S A ,ﬁ

0 200 400 600 800 1000
1 Q,
20 Strain (%}
S+T
(b) L s

154
o
=1
Z
fro- %DCP
= 0,5%]
2] o.l%t?

0 : : : R
0 T 200 400 600 800 1000
Strain (%)

] v = Ao A
ETIJYI 43 ATIHATIMAL-PMULATERUAY HDPE/NR blends Y]i.lﬂ"lﬂ’ﬂﬂﬂ’ﬂ'l’]di”tﬁqalﬂ NR:

(a) NR 10 wi% uaz (b) NR 30 wt%

= a a - . a4 | l
M 72 amwamaumimau{uﬂumqaﬂaauummmnu@lau‘mﬁwm HDPE/NR blends
o
AU NR 10 wt%

Curing system O, (MPa) €, (%) G, (MPa) €, (%)

Ph 20.42+0.12 19.33:0.60 19.68+3.32 552116

S+T 18.3110.42 15.20+1.05 25.51+3.56 919+67

S 17.1121.31 17.02:0.74 22.173.82 824468
0.1%DCP 19.5710.98 23.5614.26 12.31£1.02 6245
0.5%DCP 21.2911.63 29.17+2.00 16.09£1.29 54111
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a “ o a . - v 9 ] - a “ o o [ EY ' v
Ln@lm‘:a@usmmmaamu‘[m'[maqawamuaﬂmuaﬂmU ma'lmqmnqm‘lum‘smmna:mm‘lﬂuau FIHA A
» b - - ) -~ A " ] 3

fanussalummemaananuioniiaannidas (Chowdhury ef al, 2000b) FINAGINEIFIANTEI

NUHAMINARIUANUNUA Eltﬁﬁa\‘l

a a a | . w4 )
MW 75 ﬂﬂ‘ﬁwﬂ‘llENH"I‘:TL'HE]MIUJIMLGQGWBH’WM}W)WAUﬂ‘)’!&liﬂwﬂaﬂ
HDPE/NR blends NiiSunm NR 10 wit%

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

Ph 67 + 13 77+23 7829

S+T 65+22 701+ 46 7829

8 67 27 7218 78 +23

0.1%DCP 54 13 69 £4.0 7713
0.5%DCP 58 + 0.6 MAsERINeUTUR B NI ERI DB

NNMSAnwIENSwateIlIuNm NR WUssuU Ph uas S %atﬂmzuun'}ﬂ%aw’nﬂw@Qa'lua"m
789 NR 1fip9atadip WeRasondiszuziia 200% wuin deSunm NR tindu snenuaansalumme
ddwamnuiauiidnandu aausasluansef 75 uasaised 76 WasanidaBuno NR AN AR
fvvasedmgmuiannin alwanafauuifudatnudarinnsaa woi fusetieunsofifeldunn
o ﬁazﬁﬂ‘lﬁmu[srﬂutaqan.ﬁanwsa'f@ﬁmﬁuﬁu%u dalwanusandnadmilaftonisnads Sudaefaz
musonenavlamnniu sansbisnanusunsalunswedadeanuiaudaRuiueg (Chowdhury et
al, 2000b)

i o - A . v v
M 76 anﬁwammmn’naﬂuﬂmaqamamwmmmumﬂmawaa
Aa
HDPE/NR blends NatUSunm NR 30 wit%

Heat shrinkage (%} at extension
Curing system
200% 300% 400%
Ph 7219 72+18 82"
S+T 6520 65+ 20 78+ 1.8
S 70+ 09 70+ 09 81*
0.1%DCP 42 + 6.6 42 £+ 66 71235
0.5%DCP 60786 6076 Specimens broke

(g * Fudetwmaszwinnsdguanisuiudetinmasiniantatu
"~ o od 2
MptstiiinIInegay 1 3w

A o P Y a & . oo A a4
WarnnsaatanszosBaAuiu WU HDPE/NR blends Aitlszuunmsennrnluanannszuy e

[P Y o X A A oA X ] A a4 A a X o ,
ATINENANTO UM TNaa s sanuTaum R wdassus DD u i nmsasBafimutudona Ivatnlg
I;JLaqam@mwmmammwﬂmsmsﬁeﬁa"l,ﬂmnmu waztalinausaudnasiviie muT‘ﬂmaqaﬁa:
o a A a & o . a [ [y
wepamansuan fdrnziaslngeas (ananGudu) asmumaolgluanawedvasinisdadod
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WutuRazifiamneasuniudan Lﬁaommﬁﬂm‘sﬂmuﬁwaamulﬂmaqawaama{ua:mmwmmuﬁ
enduInganznaunstaba

PNANTANBIENTWATEILSH 1 DCP  BnBwarastSant NR  LazdnEwarasszuunsidonyang
IuLﬂQﬂlu NR fishariuaes HOPE fiflwasannumunsnlumsmasidianinuian sutasuanumusauss
1 wazAuMUNIUAEMIRNTNA WU MaAY DCP wasmsias NR 'I,aj"i.@ﬁi'auﬂi”uﬂgammmmm'lumi
WARIRIBANATaWIEI HDPE 1Andln lotSanos NR i sutBeuanumudaunsaae amusumude
mIanme wazUTunmeintaswadineinauiiinansd nmsieTsin S asinuazawianan wud
HDPE #i1/3unta@nunnnit LLDPE, LDPE1 uaz LDPE2 (@eadunpluiadadaly) sadudevinlven
anuransnlumsmasdsaufeudsunnniwesiweing 3 wite eswnUSnawEnaainsdulade
pinfitelifiamsnada TapBanandnsndiiomar auﬁ;ﬂt%aummﬂul,aqal,ﬁ B3 (Mill, 2005) winwe
Sweiivueisuwaimamasssauouii B andnun Lﬁ?UuLaﬁau’hﬁﬁ;ﬂv‘ftaumﬂﬂmaqamn
anwdeldamuiawmitammadaundui vliFanismedlénin snaldamasunsalummedaiien
gasi ua:Lﬁaﬁnmsznumn%aumwﬂuLaqa WU T2UUPh S2UU S WaT32UU S+T ussiSuim NR 10
wtt Iwausunsolunismasmuanufanfiniy sulRduaunudaus stz auTIUN NG BN
&negenitszuy O

athslsfiany nmsuSsuifisuanumansolummesidionnuiaussninawe e frudisnas
ﬁmm%au‘[nﬂmaqammé’a Wuin m'm?l;JmiL%auTmeaqahi'lﬁﬁ’JULﬁuﬂ’numu’lmlum‘mﬂﬁﬁ ud
Wmaasanudiy lupwdetalanueansosooag

MINATTRNMINamaainnuaumdmamaanimunsasTuawgAnTrunuuIsleiafinuained
watle ﬁﬂﬁlﬁ'nlﬁ]ﬁamwﬁnﬁuﬁ‘s:ﬁdwauﬁ&%anwmwaﬁwaimqmm‘]mﬁﬁﬁﬁu MIANATIEANING
maianuiamBinamansuos HDPE/NR blends lauvinasutlsU3unm NR 0, 10 Uaz 30 wi% LAsWeR
mm‘naué‘fqnamﬁmil,%aumwﬂumqaﬁhmzun Ph wudn iatSunm NR 1faie fnagdaszsuiidnanag
WwmdAnanuiudwagasrady duansluzyd 44 Aueadagumsldinaataswaiinaiinruiuian

ada o

a & . ' L
gAnINTU uszgunniniiingegasesveqasgawiy (maximum ioss modulus) SAniszanm 50°C fauans
o a4 A = ] 5 o a 5 N o y A oar
lugi 45 wazillaRarsnngun 46 wuh dunuandgadnvamedwefusuliusingdumiandaauus:
, M  oad e W \ ' ' w ~ o d -
fiedumiainireday washumismasduniamdgaioiuu bivldadumisndgmnnige

2SOEHID ———— e e ——

2. 10E+10 |

1.70E+10

L30E+10

NR 0wt

9.00E+09 NR 10 wt%

Storage modulus (Pa)

NR 30 wt%
5.00E+09 -

1.00E+09 A T T T T — . ;
-40 -20 0 20 40 60 80 100

Temperature (°C)

31]71 44 Storage modulus 284 HDPE/NR blends nun’m'ﬁa&m’nﬂmﬂqar_l’lx'i@nm:'l.lu Ph
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1.90E+09

1.60E+09

1.30E+09

1.00E+09 |

Loss modulus (Pa)

7.00E+08 -

4.00E+08

1.00E+08
-40

20 40 60
Temperature (°C)

80

/NR 30 wi%

NR 0 wt%

NR 10 wite

U7 45 Loss modulus 189 HDPE/NR blends ﬁﬁn%‘v"ﬁaum’lﬂmaQamaﬁ'}m:‘uu Ph

035

0.3+

Tan &

NR 30 w1%

NR 0 w1%
NR 10 wi

¢ 20 40 60 80

Temperature (°C)

T T

100

gﬁﬁ 46 tan O U8J HDPE/NR blends ﬁﬁn’m*‘fsaum’uﬂmaqa tNIRIETEUY Ph

3.4.2 LLDPEINR bilends

34.2.1 alABana NIMAGIAIBATINTEN UazA T U IN

= s ) ] - ] =t =
mommmmﬁﬂ%auumm’mwmau.*soﬁouﬂzmmwmmu@lam‘mnmmEN LLDPE affd (A171WIN

% . ' LY o A a & a4
77 uaryUii 47) sasiiumbivassmnsnadaipanuiantas LLDPE entSanmensfiiiuim (913190 78)

= e v Y ' =
AN 77 KMU@IFI’J’IMWHWBLl‘iﬁaﬂLLﬂ:ﬂ’J’luﬂﬂu‘n"mmaﬂ"l‘iaﬂ’m&?}m LLDPE/NR blends

NR content o, £, G, €, Tear strength
(wi%) (MPa) (%) (MPa) (%) (N/mm)
0 10.36+0.16 29.85+1.80 24.83+2.19 1013170 117.3514.48
10 9.300.21 22.24+0.84 23.06+1.65 100860 100.9411.54
30 6.94:0.14 24.512.02 17.53£1.10 964156 74.69+2.06
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g s

GkV 10um xn2,5[l[l
(b)
31]"7; 49 SEM micrographs 184 freeze fracture surface 789 LLDPE/NR blends ®a9¥nsanana
NR: (a) 10 wt% NR waz (b) 30 wt% NR

PSU 3934 15kV  10um x2.500

NANTILATIERALINATA XRD u.amluzﬂﬁ 50 LAzAIT9N 79 mMswdSunmuanlaannnisRansmn

L3 1 A = 9 ﬂ. el 3
MunUIvad 20 o 21.3-21.5% uaz 23.6-23.9° Faduszurulasisanand 110 uaz 200 laonanengia
wAaFpIdIuvveailsseniin (Bermal-Lara et al., 2006; Mishra et al., 2008) n3téiy NR Taileivihlguuny
a v oa o Ve ' P AL, o &,
msnszi3eiFanduas LLDPE wasuuiasly udiinadazuiauasninues LLDPE atnsfliipddnnariou
[ & A a4 & a Fa a2 o & 5 o 1A = a 3 -y
uaznaamseabia Tuid NR (Duwediwasiludnin (efmgu) Jevililiunaninvasnedinasnauiian
- . A o s & v w & g - = o o
AARY HANINARBIUANBIALTWLALINUNY HDPE/NR blends snasunslunadaiidulyluiiuandsinud
' Y a v e a @ ' " “
n§1NLA2 11 HDPE/NR blends @786719713 NR 30wt% LAANISULANRNTERINMITMaaadilariinsasie
nnni1 100%  dretnnlglunsiiensidiomaiia XRD azilvwalnginindredrenldvinnmaesay
ANUEINTR UM IRAMITIEANNTEN MITeTsAsumaiia XRD suiludssiimsastagwdsaiuiuns
i 13 A s ' - u: a8 A | 9 J =
naFEUANNEINTA LM INasIeauion admaialvwalnydu mstsdadulyldonunnidu 39
amsmalusznitenisasiiale

Count

10 wt%NR
A —

> Y o
U

0 wt%NR

26(°)

7Uf 50 XRD pattems 424 LLDPE/NR blends filaifimsidumsiadl
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s o o a P - a &
Man 79 BunmainuazsuianandieTeRdaninIas XRD 189 LLDPE/NR blends Alufimsifuanni

NR content Extension Peak angle (20) Crystal size (A) Degree of
(Wt%) (%) 0, 0, 6, 0, crystallinity (%)

0 21.45 2377 11.93 4.32 27

100 21.28 23.58 7.96 4,30 31

0 200 2111 2341 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 2376 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 2150 23.69 413 3.13 40

0 2130 23.67 5.84 3.98 25

%0 100 21.2% 23.58 477 2.83 29

3422 511%wm:mmnéam‘l—ﬂﬂu‘taqa‘lumoﬁﬁumﬁ

NTINATIIAR-AMIULATES LEZARNTANINNWABLIIRIVAINEANAS LLDPE/NR blends fiv3umh
' P iy ' [ o = |
NR @199 Lm'zm:unn'm%aumwﬂumqmnaa NR @riuuansluzufl 51 413197 80 uaz 81 wudi

T NR 10 wt% ¢n G, mamns:unnm%aumwfmaqaﬁsﬁlnﬁtﬁmﬁ'u WAL €, V8ITEUY Ph WD
ganiﬁ:uu S+T 2UU S UAZIEUU D udnUIunm NR 30 wi% WU sianunuasussfevainaiiwaiuay
» as ' - A = as '
299 LLDPE nu NR ﬁma@m‘luqm:nun'm’nawawimaqa WasnnndTuno NR dsnanilauie
= X ' % ' A P ' -
auNNve NR Alngiau dranudumudanis@nmauansluatsion 82 wudt ssuu D IWAR
“ 1 d A' J L7 N A
mumuﬂamsﬁnmmgaqm waziiad3unm NR 1Ruau mmmummam‘sﬁnmwammzuumsmau

11')'\&111] LRQRﬁFﬁR@ﬂG Tvin ANIIYIARDIROBARBINLHNANTNATIUATIANUABUTIAD

(a)
25 A

20 - 0.5%DCP

Stress (MPa)
by

0 - : : S

0 200 400 600 800 1000 1200
Strain (%)

A o - oo ]
;}:ﬁ‘ﬂ 81 nﬂﬂm’]mﬂu-mwmwmm HDPE/NR blends mlmwﬁaum’nﬂmaqalu NR:
(a) NR 10 wt% uaz (b) NR 30 wi%
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]8 . e —————— e e e - .
(b

15 1 . st
. 0.1%DCP

Ph

0.5%DCP

/

Stress (MPa)
pt=]

e —

0 100 200 300 400 500 600 700 800
Strain (%)

317 51 (die)

P A A F . wa .
a3 80 aﬂﬁwamaamsmaﬂuafusaqa@aauuwﬂ’nuﬂuﬂal.l.saﬁwaa LLDPE/NR blends
fiUTunoe NR 10 wi%

Curing system G, (MPa) €, (%) G, (MPa) €, (%)
Ph 8.70£0.22 7.45:0.31 24.53+1.21 105526

S+T 9.65:0.15 4.10:0.84 22.99:0.92 83014

S 9.360.20 4.28+1.58 20.97+1.75 84530
0.1%DCP 12.620.42 20.2120.28 21.19£2.02 57310
0.5%DCP 14.13:1.29 17.85:5.72 21.49:1.26 296156

A. = -y A 1] Ay 1
177 81 a‘nﬁwamaomwﬁau'[mtumqaﬂaﬂmumm’mnumamaﬁwao LLDPE/NR blends
o
AYTLIE NR 30 wi%

Curing system G, (MPa) g, (%) G, (MPa) €, (%)
Ph 5.5620.22 7.43£1.31 15.1541.12 556210
S+T 6.1820.11 4.8020.40 14.6040.37 742430
S 6.0520.24 4.3740.54 13.930.70 55650
0.1%DCP 8.52+0.38 11.99+1.72 17.2211.81 527+48
0.5%DCP 7.30%1.30 16.4122.12 17.35£2.15 70161

P a - - ' v ' a
1319 82 aw'ﬁwEmaam‘smaﬂuﬂuLaqaﬂam'mmumuﬂammnm@mm LLDPE/NR blends

Curing system

Tear resistance {N/mm)}

10 w1% NR 30 wi% NR

Ph 96.66+1.88 77.6614.86
S+T 100.25+3.37 63.91%£1.19

S 97.88+2.85 74.1315.20
0.1%DCP 134.72+7.14 101.7645.92
0.5%DCP 249.22+7 .10 197.6115.80
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TN 84 BnBwanasmsiFenloslulanademnadadisanuieuses

LLDPE/NR blends #3331t NR 30 wi%

Heat shrinkage (%) at extension
Curing system
200% 300% 400%
Ph Specimens broke
S+T 7531139 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

(Mnowe * TudetnaTEriINInesoy 2 iU Sunie 1 Zw)

1OIE+H) -~
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4. 10E+H09 -

Storage modulus (Pa)
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1.00E+08 - ——

NR 0 wt%

0 20

40

Temperature (°C)

~NR 10 wit%

NR 30 wt%

A Aa A >
31]"/1 52 Storage modulus 1849 LLDPE/NR blends numswaum’:ﬂuLaqamammzuu Ph

8.10E+08
6.10E+08
=
& /N'R 10 wt%
v
=S
= NR 0 wi%
= 4.10E+08 -
=1
E
@ NR 30 wt?
&
—
2. 10E+08 -
1.0CE+O7 +- — T T T T : T
-40 =20 0 20 40 60 80 100
Temperature (°C)

E a o
31]71 53 Loss modulus 184 LLDPE/NR blends ﬁum‘n":‘iﬂ&l‘ﬂd‘mt&uaqa BNRILIE LU Ph
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P Aa Ei v
U7 54 tan O 289 LLDPE/NR blends Afinsdauslianasedanszuy Ph

3.4.3 LDPE1/NR blends

HMTITUTAV I FULRA AN UEDUTIFILRT A UFIUNIUABNNIANYIAYY LDPE1 8and0tnd

i 4 . P o o
yn (Eﬂﬁ 556 lLﬂ:ﬁ']i']ﬂﬁ 85) IﬂUa@la-ﬁu’lﬂﬂ?’]waﬂtua%ﬂﬂuﬂl;ﬂ%ﬂuﬁ"ln HDPE uar LLDPE UazJaaasd

A = J . = O Qs ) Ll : » v = -
a3 NI B TUTI AU NAULT WA I NUN LW ALY asnaugaITafinguILa” ﬂ’liLGIZJU"Nﬁ‘ﬁN’H’IGI'l%

LDPE1 ﬁiaa‘nﬁ’ﬂlumiﬂ%'uﬂgemsmﬁ‘s@'ﬁum‘m%amlaa LDPE1 531 MNImsusI@LADs 10 wi% uazde

a o o v [ I & ] o a I3 =
PALWE 200% LN ‘N‘il:ﬁﬂﬁﬂ’l'iﬂﬂ@l’)@ﬂUﬂ?ﬂ&!‘iauuﬂ'uwugd"llu (@]’ljﬁhﬂ’] 86) LUHEIRINWARLANDTHEIY

: a » E . = -y P A v
1 &, W'lﬂ\‘}ﬂU"NEJ'In?ﬂﬂ"ll‘r’ﬂ&]ml]']‘i'ﬂlﬂ‘iﬂ”‘ﬁuﬂ@aaﬂﬂ?ﬁﬂtﬂﬂﬁﬁ‘ﬂ

15

[uny
[

Stress (MPa)

LDPEL1

0 wt%NR

10 wt%NR

30 wt%eNR
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Strain (%)

gﬂﬁ 55 RIS U-ANET S 189 LDPE1/NR blends
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MIWN 85 auﬁ'ﬁm’mﬂuﬁaLmﬁauazmmﬁ’mmudamsﬁnm’mmao LDPE1/NR blends

NR content o, g, O, € Tear strength
(Wt%) (MPa) (%) (MPa) (%) (N/mm)
0 9.356+0.13 55.30+8.16 13.98+0.22 9677 76.81%1.29
10 8.81+0.19 42.19+0.83 10.7610.54 397+30 36.4445.71
30 5.95+1.41 38.71+2.24 5.80+0.17 273425 45.76+2.56

MINN 86 ANMUFINIIOIUMITNAAINI8AINNTEUYAI LDPE1/NR blends

Heat shrinkage (%) at extension
NR content (wt%)
200 300 400
0 47 57 Specimens broke
10 63 Specimens broke
30 Specimens broke

NMIATAFAUMELNADIANTIAIBIANATEULLLUFDINTIAVEI LDPET/NR blends Handdasrinnsanaiad
Wavesunesssumaoanty iudsaiuiy HDPENR blends was LLDPE/NR blends @afiaBunauiuda
awinsanaas liduauniams & LLam'lugaJﬁ 56 A AnuaRuALfGou laifizwietesinlag nasan
Mmmsanateneesssumasen i aromsuwslwundmiduwia 2 h fﬂ:Lﬁu'hm&mammmognaﬁ'ﬂaan‘lﬂ
*rh'lﬁlﬁwﬁaa'haﬁLﬂuagmﬂmmﬁnguuﬁuﬁwmwaﬁmas‘nau é’agﬂﬁ' 57 LDPE1/NR blend Afi5anms

v a ' v o ¥ = -
gUuae (10 wt%) ﬁ]:ua%ﬂ'\ﬂﬂflqﬂﬂu’m{lnau N?.lu’\@]tﬁ“ﬁ’lﬂufjﬂﬂ’NLQﬂUﬂizuqm 183i093 pm Lua
a X = ' v ad da PEEY % '
Uhnmonaiudn (30 wi) aunmasndzlishiniuen  fnsiilunsnan wasifiansmzadioura
a V-4 \ & N .=l v
nszuan Huwalwnu waznsznvedamaislunaves LDPET diafpvsadudigudnanivesaumaea

fflszunm 2.1530.82 pm Funalaitvwiavesaumapislu LDPE1/NR blends fisnlnaininawiazas
aumAu19lu HDPE/NR blends uaz LLDPE/NR blends ﬁtﬂummqﬁﬂﬁauﬁ?ﬁonamm LDPE1 a@ad
3NN31 HDPE uas LLDPE R&N@ANE1955I0T1H %ananil wamsmasssiitiitsuanit LDPET Sanudh
WNUBI9BITNTA I9asnin HDPE  was LLDPE ﬁoﬁti‘]umﬁ:waﬁLa'ﬁﬁ'uu@ia:'ﬁﬁﬂﬂgﬂéﬂﬂmaqaﬁ
UANGI9INH tﬂuﬁmLﬁnmrnh‘lu‘mammr‘nmﬁmﬂ:ﬁﬁwﬁfnimaqamaawaﬁmﬁﬁuuﬁa:ﬁﬁm‘lﬁ’

PSU 3828 15KV T0um  x2.500
(a) (b)

31117; 56 SEM micrographs 184 freeze fracture surface 789 LDPE1/NR blends fiau¥inmsanaiwa NR:

(@) 10 wt% NR uaz (b) 30 wi% NR

10um x2,500
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x2.500

(b)
3‘1]‘17; 57 SEM micrographs 284 freeze fracture surface 189 LDPE1/NR blends #asyinmsanawnsa NR:
(a) 10 W% NR uaz (b) 30 wt% NR

Eﬂﬁ 58 WAAILHWATWNNTIALIUWYBITIFLaNSVas LDPETUNR blends WAz LDPE1 wWuinond
sysumd il Aouurlasdnwaizmsfaiuuses LDPEY wdsiufUsinglu HOPENR blends waz
LLDPE/NR blends enufinsnaaiuds i:u'mimaﬁ'wnﬁnmaawaﬁmai‘ngawaﬁmﬁauﬂ'amag;lu'fno
oo ludidl 20 m 21.3-21.6° uaz 23.6-23.9° Winszwwlasadrandni 110 uaz 200 lapwdndinaiae
Jaisuesauvuasilssenin (orthorhombic) (Bermal-Lara et al., 2006; Mishra et al., 2008)

30 wt%NR

Count

10 wt%NR

0 wt%NR

w

15 25 35 45 55
20 ()

a L - P
37U 58 XRD pattems 183 LDPE1/NR blends Alaifnsdnasned

o e o a e
TN 87 LEAIUWINVBINANUALUS U HANTAIAT I Leeaunaila XRD 289 LDPE1/NR blends i
™ A a a - A da )
fiszpzBadn 9 BndwazassnesssumauasruzianiidevwiandnuazSunmnanvas LOPET 1Inlylu
YuaaLds2i il HDPE/NR blends Ua: LLDPE/NR blends fia mMaidupn9sssusnarliamenanuas
=3 A 8 A J ° W = =] a & ° = I O
Vinonananas LadediauniuazrinldswananaaasuaztSummaniniu desuiodulunansme
a o AN w @ " ' > v a5
Weanwh laussensl3luwadia HDPE/NR blends waz LLDPE/NR blends 34 ldwananddauluni
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lﬂuﬂﬂﬁunuﬂ’]’l 'WE!NI.Nagﬂﬁuﬁ':ﬁ’)’ldWﬂaLaﬂauuﬂ:F_I’Nﬁ‘i‘ill'm(v’l‘ilz‘l&nimﬂumaLﬂ Nk i]:z.lﬂ'!‘a'u[ml.ﬂﬂ

) J L] 1 L] 4 1 - e == o L J
fintu udnliifiusasseneseynineaiauvnniranialuweiaadnay (PE/NR blends) tulasinmsidoi
mmﬁﬂmnwa'ﬁwﬁﬁuﬂnﬂguﬁdma'lﬂwﬁ’v

18— - -
LDPE2 0 Wt%NR
15
|
T 10 wt%NR
Z
[74]
g 7 30 wt%NR
n
6
3 .
n T T T T
0 100 200 300 400 500
Strain (%)

e

600

31]1"'3 59 NIINAULAR-MINUATYA 189 LDPE2/NR blends

A sy ] o ) =
#71379h 88 auu&lmﬁ:J'nu@nmmﬁma:mmmumum anN1IanNe1eVay LDPE2/NR blends

NR content o, E, G, €, Tear strength
(Wi%) (MPa) (%) {MPa) (%) {N/mm)
0 10.22£0.15 26.86+10.22 18.13+1.07 622126 89.06+5.74
10 7.7010.23 6.66+0.89 12.4020.73 324131 42.8614.59
30 5.68+0.10 6.02+0.52 9.23+0.38 325431 53.1512.63
M317 89 anwmanIRlumMIRadITIuauieas LDPEZ/NR blends
Heat shrinkage (%) at extension
NR content (wt%)

E 200% 300% 400%

t

; 0 34 44 Specimens broke
10 51 Specimens broke
30 Specimens broke

LDPE1/NR blends JU7l 62 usasusimmnisideiuudsienduss LDPE2ZNR blends

~ . Y o - [ - | a_ A
anpmrgdiveumasassum@inssaslu LDPE2 ianwmziniloudvnsinglu LDPE1 fa §
17 a w \ 4 - o X A - P ¢ =
minsanan wastaao3yle aweeumalwguuaziiuwidiniwilaiiBumoaiuiin iwnwnz
-3 e Qs O A lﬂl J » ﬂl hod »
apnngsiiamsuaInuawiissnnntBinainnu Aiadpveaduiiguinaavasaymaiiu
da A
LDPE2/NR blends HiUSanmend 10 wt% uas 30 wt% Heindszunm 0.8240.23 pm waz 2.0130.84 pm

s o oA oA . VO ,  om w A o w
AU ‘]N&lﬂ']g\'lﬂ'n HOPE/NR blends waz LLDPE/NR blends uWadaiginItanuamiaimsunu
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39;9 15kV 10um x2.500 .PSU 3925 15kv um

(a) (b)
SEM micrographs 284 freeze fracture surface 984 LDPE2/NR blends faurnsanang
NR: (a) 10 wt% NR L&z (b) 30 wt% NR .

3922 15kV 10um x2,500 x2,500
(a) (b)
SEM micrographs W84 freeze fracture surface ¥a3 LDPE2/NR blends nasmsanana

NR: (a) 10 wt% NR Waz (b) 30 wi% NR

2 o 30 wt%NR
=
o
o
10 wt%NR
0 wt%NR
T T TA“-—- T S
5 15 25 35 45 55

20 (°)

31]1‘7'1 62 XRD patterns 789 LDPE2/NR blends #lifimsifiuansiad
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P a - - a ' -~
AN 90 WEAIBNTWATIUTUIMEIEITUTIALaENNTAIDadaTuIeNAnuAsUTU T MHENYRY
LDPE2/NR blends &3tnal@iionisssumdLssseoziall intwadavuiandnuasSununinyss LOPE2
1 B ar = Y- z I H L
WLALINUALNE R AR AUNIT VTR AUTIIN HAUE

GI < { ‘d 3 ) =
774N 90 U‘%mmwﬁmm:mu’mwﬁmmﬁzﬁm tAI93 XRD 189 LOPE2/NR blends ?11uunwmumsmﬁ

NR content Extension Peak angle (20) Crystal size (A) Degree of
(Wi%) (%) 0, 0, 0, 6, crystallinity (%)
0 21.26 2349 14.33 5.99 33
100 21.26 2349 11.94 5.39 42
0 200 21.34 2358 5.57 2.85 41
300 21.32 2367 512 2.66 40
400 21.38 23.53 2.98 2.25 44
o 21.33 23.51 7.93 7.99 3
100 21.38 23.60 6.72 7.70 30
10 200 21.23 2346 4.57 6.34 32
300 21.48 23.66 3.31 4.69 40
400 _Specimens broke
0 21.30 2355 | 633 3.59 20
100 21.35 23.57 5.36 3.59 34
30 200
300 Specimens broke
400
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a e 1Y (PN ' o | a A Ed a v
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ABSTRACT: Ethylene vinyl acetate (EVA, 18 mol % vinyl
aretate) 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. J Appl Polym
Sei 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 memeory”. 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
EVAZ™? and polymer blends.”® EVA was crosslinked
by irradiation®*”® or dicumyl peroxide (DCP).*>%12
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
reporﬁng 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
oneq. (1%

P= [AE)O] 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 Ty for time !, before stretch-
ing. Specimens wete 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 t, (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 ty {heat shrinking step). Condition of heat
shrink test was indicated as Tqf/T2t2/ Tty Heat
shrinkability was explained in terms of heat shrink-
age and calculated by using eq. (2}

Li—Ls

Heat shrinkage(%) = % 100 2)

2
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)
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; Phﬂlips® TW1830,
Almelo, Netherlands) and a differential scanning cal-
orimeter (DSC; Perkin-Elmer® DSC7, Norwalk, CT).
Degree of crystatlinity 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 AHy of 106%

% KNR
K3 “10% EXR
e 15 - ;
3 - 20%% EXR
) \

5 7Mo% ENR
EH

z i S % BNR

T sims FNR

o 100 I 300 400 So0 60 Teh

Steuin {%e}

Figure 2 Stress-strain curves of EVA and EVA/ENR
blends.
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TABLE III
Tear Strength and Degree of Swelling of EVA and
EVA/ENR Blends Containing 0.5 phr of DCP

ENE Tear strength Degree of swelling”
(st W} (kN m™'} %)
Qv 7241 +1.62 Dissolved
o 65.07 £ 398 1145
10 58.83 £ 1.63 1426
20 5457 + 3.17 1403
30 4856 + 2.37 1385
40 40.35 + 356 1498
50 33.45 1 2.81 1379
9 h,

® Without DCP.

increased iensile strength of EVA (Table 1}, Changes
in tensile properties after thermal ageing of the blends
showed different results as tabulated in Table 1L
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 TIT}.
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 dissclved in hot xylene whereas the cross-
linked EVA showed high degree of swelling (Table
I). The degree of swelling increased from 1145% (0%
ENR) to a maximum of 1498% (40% ENK}). The
increase in degree of swelling of the blends was due
to the addition of ENR. The blend samples became
imegular 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

}"w‘l.. .

o0

L

Degres of swelllng (™)
= E -3 -]
= € & E 8
b o b ke e

i
T
>
i
.
i
I

Time h)

- Figure 3 EfHect of swelling time on degree of swelling of
 EVA.
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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 modutus (£, loss
modulus (E"), and tan 8. 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 & of EVA was very broad
and overlapped with that of ENR, The tan & 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 8 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 EVAI15/
ENR50 blends reported by Mohamad et al.’® [n 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;

AEAS o - L Y
| EVA :
L9 B e
) o : : x
=3 fomeen ~ -
£ : E =
u : — H
o X : [
ke ] -y
i !
i
.. X e _
I ST - R h"--._q_\.__.,h________ _'
DK b S Py C oo
-0 40 .20 ¢ 0 0
Temperature ("C)
(a)
SEH9

th) 10 WENR

L . +I 0.3
_ LEHD ¢ i ]
X | ]
:&. \"\ + B2 3
w . :
RETETE ok T ]
0.5
T '
1 E -+ I; - . . . -. e :.;_._._._._._—" Lo e 0.8
] -4 -24 1] 10 40
Femperature 70}

{b)

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

Urn ¢cgo001L

(©)
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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 grougys 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 pum 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/ a%
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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,#;)
on Heat shrinkability of EVA and the 10%
ENR-Blend Centaining 0.5 phr of DCFP

Heat shrinkage (%) at extension

Heat shrinkage (%)

ENR Extension
{wt ) 100% 200% 300% 4200% Tt/ Tofa/ Tk (%) 0% ENR 10% ENR

o 44 46 - -* Trpn/90,5/120,1 200 70 70
0 44 &7 68 77 300 76 77
16 44 56 69 74 400 80 80
30 51 58 62 71 90,5/90,5/120,1 200 57 56
50 33 &0 68 76 300 68 2y
400 77 74
! Without DCP. 100,53 /90,5/1201 200 67 65
P 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 pm 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
Troomf90,5/120,1 and Extension of 400%

EMR (wt %)

Heat Shrinkage (%)

0 80
1Ly 80
20 &0
30 80
40 80
50 79

Journal of Applied Polymer Science DO1 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 Tyt:/ T4 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 nio 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 VT}. 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 VH}. There-
fore, we selected 1) min as a cure time. Another

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

Cure time Heat shrinkage Degree of swelling
{min) () ()t
10 74 1145
30 73 1095
60 73 1179

: Testing condition = T,.um/90,5/126,1 and 240% extension.
9 h.
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TABLE VIII
Effect of DCP Content on Heat Shrinkage and
Degree of Swelling of EVA

DCe Heat shrinkage Degree of swelling
(phr) () ()"

0.5 74 1145

1 73 913

2 Broken £80

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

concerned parameter was DCP concentration. Table
VIl 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 DCI content but heat
shrinkage was similar. This phenomenon was found
in the 10% ENR-blend (Table 1X). 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 se. 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 T5C 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

133 80 1426

0.7 50 1079

1 7 673

: Testing condition = T\ pum/ 20,5/ 120,1 and 240% extension.
9 h.
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Figure 7 The first heating DSC thermograms of the 10%
ENR-blerwd containing 0.5 phr DCP.
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XRD techniques. For this purpose, the large speci-
mens were prepared because of the limitation in spec-
imen size of XKD measurement. The specimen width
of 30 mm was uscd 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
perfarmed at 100-400%. DSC thermegram 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 technigue,
molecular orientation could be accounted into a part
pf crystallinity and only the amorphous phase will be
in the halo region. It was successful in this study to

Degree of crysiallinity (%}

11 i
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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. 1t is not unusual that degree of
crystallinity after heat shrinking was higher than that
of before stretchinq 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

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

(d} the 30% ENE-blend.
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TABLE X
Effect of ENR on Extrudablity and Heat Shrinkage of EVA Tube

ENR Take-up speed Quter diameter Thickness Heat shrinkage
(wt %) (rpm) {mm) (mmy} (%)
0 10 818 + 0.07 (.29 + 0.02 66 + 0.7
12 Extrudate broke during rolling
10 10 4.60 = 4.08 0.48 £ 003 61 £ 0.1
12 423 =012 0.45 + 0.02 65+ 01
i4 340 = 012 0.37 + 006 73 £ 06
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
seerns that ENR decreased degree of crystaliinity 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.
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ABSTRACT: Ethylene vinyl acetate (EVA)/epoxidized
natural rubber (ENR) blends containing 10 and 30 wt %
ENR were prepared by using an internal mixer. Five dif-
ferent types of curing systems were employed: dicumyl
peroxide (DCP), sulfur (S), phenolic resin (Ph), DCP + §,
and DCP + Ph. DCP could crosslink with both EVA and
ENR while S and Ph were curing agents for ENR. The
DCP system provided the lowest tensile properties and
tear strength because of low crosslinking in ENR phase.
Additien of sulfur or phenolic resin increased the mechan-
ical properties due to a better vulcanization ‘of the rubber
phase. The 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 the mechanical properties than the blends contain-
ing 10% ENR. ENR particle size did not affect heat shrink-
ability of EVA and a well vulcanized rubber phase was
not required for high heat shrinkage. Furthermore, heat
shrinkage of the blends slightly changed as the ENR con-
tent increased for all curing systems. With regard to the
mechanical propertics and heat shrinkability, the most
appropriate curing system was DCP + Ph and in the case
the 10 wt % ENR content produced a more favorable
blend. & 2009 Wiley Periodicals, Inc. ] Appl Polym Sci 000: 000-
000, 2009

Key words: blends; shrinkability; ethylene vinyl acetate;
epoxidized natural rubber; heat shrink

INTRODUCTION

Ethylene vinyl acetate copolymers (EVA) have been
used for many applicatioris due to their vinyl acetate

(VA) content. For example, cc’)polggrr'{_ers: with a low "
VA content (<20%) are isually emiployed as-thermo--;

plastics and those with a higher VA content are used
as oil-resistance elastomers. Blends of thermoplastic
EVA with rubbers have been widely reported, such
as EVA with natural rubber (NR),'® EVA with epoxi-
dized natural rubber (ENR 50, 50 mol % epoxida-
tion),'* " EVA with styrene-butadiene cozgolymer'“(’
and EVA with nitrile rubber (NBR).” ™ There are
many reasons for producing polymer blends, eg.,
cost reduction, improvement of certain properties or
the generation of new products. It has been reported
that the addition of NR to EVA increased the melt
elasticity of EVA and those EVA-rich blends provided
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an increase in the thermal aging of the blends.® The
vulcanizing agents used in those EVA/NR blends
were sulfur and dicumy] peroxide (DCP). Compatibil-
ity of polymer -blends.is. one of the most important
factors’ confrolling, thé mechanical properties of the
blerids. The EV. R'blends are immiscible and in-
compatible; therefore, compatibilization is required to
these blends. Mercaptoacetic acid and sulthydryl
groups have been emplo;/_ed to produce the in situ
EVA-NR graft copolymer.” Although the EVA/ENR
blend is immiscible, FTIR analysis of this blend
showed a weak dipole-dipole interaction of the ep-
oxy groups with acetate groups.'® This implies that
the EVA/ENR blend may be more compatible than
the EVA/NR blend. Furthermore, this assumption
has been supported by their chemical structures
{(being polar polymers}. The tensile properties of the
EVA/ENR blends were improved by using electron
beam irradiation with and without a free radical
crosslinking agent to crosslink the polymers.'>*

Heat shrinkable polymers may be referred to as
shape-memory polymers.?! These polymers could
remember their previous shapes. Once they are acti-
vated with enough heat energy, they return to their
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,
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crosslinking, crystallization, highly oriented amor-
phous chains and the formation of a domain struc-
ture. The extent of shrinking to the original dimen-
sions can be controlled by many methods, e.g., by
heating up to the glass transition temperature and
quenching, melting and recrystallization or melting
and phase separation. The process of returning to the
previous shape requires only a change in physical
structure, but not the chemnical structure of the poly-
mer molecules. Heat shrinkable polymers have many
applications, i.e., toys, containers, sporting goods,
packaging materials, pipe-fitting, electric equipment,
encapsulation, tight insulating covers, and pipe joints.

Heat shrinkability of EVA has been reported for
pure EVA®* and EVA blended with other poly-
mers, ie., I:)()lyethylc-:-n(-:',25'27 polyacrylic rubber,”®
polyurethane,®*°  epichlorohydrin,™  chlorosulfo-
nated polyethylene ™ and carboxylated NBR.*?®
EVA was crosslinked by irradiation””*%%¢ and
DCP. %33 Recently, the mechanical properties
and heat shrinkability of EVA/ENR blends cured
with DCP has been published.”

Although the mechanical properties of EVA/ENR
blends have been reported, there have ot been any
reports on the effects of using different curing sys-
tems or different curing agents on the mechanical
properties and heat shrinkability of EVA/ENR
blends. The goal of the present study was to investi-
gate the effect of different curing systems on the me-

chanical properties and heat shrinkability of EVAY. -
ENR blends. Five different curing systems with three... .

different curing agents that were classified into either
single or binary curing agents have been prepared.
The blends used contained 10 and 30 wt % of ENR. -

EXPERIMENTAL
Materials

Polene® EVA NB8038 with an 18% VA content was
used as received. The melt index was 2.0 g/10 min.
The ENR used was Epoxyprene®50 containing 50
mol % of epoxidation. DCP, sulfur, and the phenolic
resin (SP1045) were used as curing agents. Chemi-
cals used for the rubber compounds included stearic
acid, zinc oxide, calcium stearate, N-cgclohexylben-
zothiazole-2-sulfenamide and Wingstay L.

Blend preparation

The polymer blends were prepared initially by melt-
ing the EVA and then ENR was added until a constant
torque was obtained. After that a curing agent and
other chemicals were added. Blending was achieved
using an internal mixer (Brabender® Mixer 350E Duis-
burg, Germany) at 100°C with a rotor speed of 70
rpm. The total time of blending was approximately 7

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE 1
Rubber Compounding Formulations
Loading

Chemicals ) Ph
ENR 100 100
Stearic acid 2 2
Zn0) 5 ¢}
Calcium stearate 3 3
CBS 1.5 -
Wingstay L 1 1
Sulfur 0.75 -
Phenolic - 6

S, sulfur; Ph, phenolic resin; ENR, epoxidized natural
rubber; CBS, N-cyclohexylbenzothiazole-2-sulfenamide.

min. The blend was removed immediately after blend-
ing in the mixer and passed once through the two-roll
mill to obtain a sheet. There were five curing systems
applied to make the blends including DCP, sulfur (S),
phenolic resin (Ph), DCP mixed with sulfur (DCP +
5), and DCP mixed with phenolic resin (DCP + Ph).
DCP, S, and Ph were designated as single curing sys-
temns while the DCP + S and DCP + Ph were desig-
nated as binary curing systems. In the DCP system,
only DCP was added and its concentration was based
on the total weight of the polymers (EVA and ENR),
referred to per hundred (phr). The concentration of
sulfur and phenolic resin in the single curing system
was based on the weight of ENR. The rubber com-

.pounding formulation is listed in Table L. For the bi-

nary curing systems, the DCT content was based on
the total weight of the polymers while the sulfur and
pheriolic resin contents were based on the ENR con-
tent. Polymer blends consisted of 10 and 30 wt % of
ENR. Compression molded specimens were prepared
at 160°C for 10 min to obtain a 2-mm thick sheet.

Testing

Tensile properties, tear resistance and thermal aging
resistance were carried out according to ASTM
D412C, ASTM D624 (right angle) and ASTM D573,
respectively. Eight specimens were used for every
sample. The tensile properties and tear resistance
were tested at 50 mm/min by using a
LLOYD™LRI0K tensile testing machine (Pareham,
England, UK). Thermal aging was conducted at 70°C
for 7 days in a Geer oven (Tabai Espec., GPHH-100,
Taipei, Taiwan). Changes in tensile properties after
thermal aging were calculated based on eq. (1).

o [A-0
Iﬁ[O]XIOO, 1)

where P is the percentage change in the property, O
is the original value and A is the value after aging.
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AQ1 DIFFERENT CURING SYSTEMS ON HEAT SHRINKABILITY
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Figure 1 Schematic diagram of the heat shrink test.

Heat shrinkability was tested with various testing
conditions. The process of this testing method is

Ft illustrated in Figure 1. The heat shrink test consisted

of three steps: (I) heat stretching, (I1) quenching, and
(L) heat shrinking. Rectangular 5> mm x 60 mm
specimens were used. The specimens may be heated
at a temperature T, for a time #; prior to stretching,.
Specimens were stretched slowly at room tempera-
ture until they reached the required extension (Ly).
The stretched specimens were held in the grips and
heated at the temperature T; for the time f; in the
oven (Step I heat streiching step) and immersed in
ice—water at 5°C for 5 min (Step II: quenching step).
The specimens were released from the grips and
heated again at the temperature T3 for the time f3
(Step III: heat shrinking step). The condition of the
heat shrink test was indicated as Tt/ Tz t2/Ta,ts.
There were two conditions of specimen heating (Ty):

heating at 100°C for 5 min and no heating: The val-..
ues of Ty and h in the second. conditiond were: 27°C ™

(room temperature) and 0 miin, respectivély. -The
speed of streiching was approximately 70 mm/min.
Heat shrinkability was explained in terms of heat
shrinkage and an amnesia rating was calculated
based on egs. (2} and (3}, respectively:

Heat shrinkage (%) = Li-L x 100, (2)

2
Ly - Ly

Amnesta rating (%} = T
0

x 100, 3

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

Blend morphology analysis

The blended samples were immersed in liquid nitro-
gen for 2 h. Then, the freeze fractured surfaces were

Stage: Page: 3

etched with methyl ethyl ketone at 80°C for 1 h fo
dissolve the ENR phase and dried at 60°C for 24 h
prior to coating with gold. The morphology of the
blends was observed with a scanning electron micro-
scope (JEOL® JSM5800LV, Tokyo, Japan).

RESULTS AND DISCUSSION
Mechanical properties of the blends

The main purpose of this study was to prepare
EVA/ENR blends to be used as heat shrinkable
products. It has been established that crystallinity
and crosslinking are very important because they
provide memory points for heat shrinkable poly-
mers. Therefore, it was necessary to crosslink EVA
due to its low crystallinity. DCP is an effective cross-
linking agent for EVA. Crosslink density affects the
mechanical properties of polymers. As a result, the
DCP content should be at an appropriate level based
on its mechanical properties and heat shrinkability.
In the present work, DCP should not be more than 1
phr because DCP is not a good crosslinking agent
for ENR. Although DCP is able to crosslink NR and
ENR, too much DCP will cause thermal oxidation of
NR and ENR during compounding and compression
molding. This was evident from the sticky surface of
the samples. Two concentrations of DCP were
selected in this study: 0.5 and 1 phr. Figure 2 shows
the effect of the DCI’ content on the tensile

o - -
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Figure 2 Tensile properties of EVAs containing different

DCP contents: (a} Young's modulus and stress at break
and (b) elongation at break.

Journal of Applied Polymer Science DOI 10.1002/1a6>g

ID: srinivasanv | Black Lining: [ON] | Time: 13:34 | Path: N:/Wiley/3b2/APP#/Vol00000/092148/APPFile/C2ZAPP#092148

F2



J_ID: ZBE Customer A_ID: APP31577 Date: 8-November-09

30
pepss S
. DCP+Ph ‘ %
TP
- mw- -..~’/<//' T
K v s
z - Th
\:Z (& i .
4 S
= i
E
0 - -
0 240 400 60 80 1onn
Ktrain (%)

Figure 3 Stress-strain curves of the 10% ENR blends
cured with different curing systems.

properties of EVA. The sample containing 1 phr of
DCP showed the highest modulus, whereas the ten-
sile strength of the samples containing DCP was
similar but certainly higher than the one without
DCP. The elongation at break did not change signifi-
cantly with the DCP content. The degree of crystal-
linity of EVA determined by differential scanning
calorimetry was 12%. After adding DCP and other
curing agents, no significant changes in the degree
of crystallinity of EVA were detected. Consequently,
in the present study, crystallization was not a factor
involved in the mechanical properties and heat
shrinkability. Generally, crosslinking enhances the
modulus and the tensile strength of polymers due io
the strong intermolecular bonds. However, little
change in the elongation at break was obfained as
demonstrated in Figure 2(b). It did indicate that

crosslinking played an important role on the modu- -

lus and the tensile strength, but not-on the elonga-
tion at break. The heat shrink test of EVA showed
that it was essential to crosslink EVA. Without DCP,
low heat shrinkage (64%) was obtained. By adding
DCP, the heat shrinkage increased to 74% and 73%
for blends containing 0.5 and 1 phr of DCP, respec-
tively. There was no significant difference in the
heat shrinkability of EVA due to the different DCP
content. This result indicated that optimum cross-
linking of EVA had been achieved with regard to
heat shrinkage. Furthermore, the blend containing 1
phr of DCP became very sticky after compounding
and compression molding. Consequently, 0.5 phr of
DCFP was selected to crosslink polymers in the pres-
ent study,

To improve crosslinking of ENR, sulfur and phe-
nolic resins were employed. The sulfur and phenolic
resin contents were based on the ENR content as
demonstrated in Table T and the DCP concentration
used was based on the polymer weight (EVA and
ENR). Stress — strain curves and tensile properties of
the blends containing different curing systems are
illustrated in Figures 3 and 4, respectively. The ten-
sile behavior of the blends did not change with dif-

Journal of Applied Polymer Science DO 101002/ app
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ferent curing systems and all samples showed duc-
tile fracture. The higher ENR content exhibited
lower tensile properties. The systemn containing only
DCP displayed the lowest tensile properties in both
blends (10% ENR blend and 30% ENR blend}. The
IPh system yieided the highest modulus and this was
slightly higher than the S and the DCT* + S systems.
The stress at break of the 10% ENR blend tended to
change with different curing systems whereas 30%
ENR blend tended to fall in the same range. The
effect of different curing systems on the elongation
at break of the blends was most pronounced in the
10% ENR blend. The S system showed the highest
elongation at break. For the blends containing 30%
ENR, elongation at break was not significantly dif-
ferent with different curing systems. As stated ear-
ler, DCP is not a good curing agent of ENR.

2]
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Figure 4 Tensile properties of EVA/ENR blends cured
with different curing systems: {a) Young’s modulus, (b)
stress at break, and (¢) elongation at break.
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DIFFERENT CURING SYSTEMS ON HEAT SHRINKABILITY

Although the DCP concentration used was sufficient
for curing EVA it was very low and not sufficient to
vulcanize ENR properly. Based on this preliminary
study, ENR containing 0.5 phr of DCP showed very
low torque during testing with the moving die rhe-
ometer (MDR) and it was unable to be prepared as
a normal rubber sheet by compression molding.
Hence, the tensile properties of the DCP system
were lowest among the blends containing 10% ENR.

There are many parameters that contribute to the
mechanical properties and characteristics of polymer
blends such as miscibility, blend morphology, inter-
facial adhesion, size of the dispersed phase, distribu-
tion of curing agents, crosslinking, etc. Crosslinking
in polymer blends is complex when more than one
curing agent is employed or one curing agent can
crosslink two polymeric phases. As a result, the dis-
tribution of curing agents becomes the important pa-
rameter affecting the mechanical properties of the
blends. It seemed that crosslinking by DCP was
more favorable with EVA than with ENR based on
two reasons: the MDR test as stated earlier and the
increase in the modulus and the tensile strength as
shown in Figure 2(a). The distribution of curing
agents in the present blends can be determined indi-
rectly by a standard deviation of the mechanical
properties. It was found that the data in Figure 4

T2 and Table II showed small standard deviations. In

the case of a poor distribution of curing agents, one
may observe large standard deviations in mechanical
properties. Furthermore, sulfur and phenolic resin
cannot be used as a curing agent for EVA. Therefore,
it was expected that a good curative distribution
and good crosslinking in each phase would be
obtained. Among the three curing agents used, only
DCP can crosslink both EVA and ENR. If there was
co-crosslinking between EVA and DCP this would
increase the interfacial adhesion between EVA and
ENR and the mechanical properties of the DCP sys-
tem should be highest. In contrast, the mechanical
properties of the DCP system were not the highest
and tended to be the lowest in many samples. This
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TABLE II
Tear Strength of the 10% and 30% ENR Blends

Tear strength (N/mm)

Curing system 10% ENR blend 30% ENR blend

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 + 5 73.37 + 4.82 64.96 + 2.73
DCP + Ph 72.14 = 2.87 62.25 *+ 242

ENR, epoxidized natural rubber; DCP, dicumyl perox-
ide; S, sulfur; Ph, phenolic resin.

indicated that the interfacial adhesion was not
affected by the different curing systems.
Theoretically, deformation occurs more in the
weaker polymer than in the stronger one. Deforma-
tion in the rubber disperse-phase should be easier
than the thermoplastic phase during load applying
because of its lower modulus compared with the
thermoplastic matrix while both phases received
same loading. To increase the modulus and the ten-
sile strength of the thermoplastic/rubber blends, the
rubber phase must be improved e.g., by crosslink-
ing. By addition of the sulfur and phenolic resin,
better vulcanization in the ENR was obtained lead-
ing to an improvement in the tensile properties of
the blends. Tt was not necessary to investigate the
optimum vulcanization of all curing agents on the
ENR and producing a highly cured ENR was not
the objective of the present study because it was not
useful for heat shrinkability. Furthermore, it was not
required to compare the mechanical properties and
heat shrinkability between a crosslinked EVA and
crosslinked ENR because crosslinked ENR is unable
to be the heat shrinkable polymer. Curing in both
the EVA and ENR improved the tensile properties
as shown in Figure 4 and the effect on heat shrink-
ability will be described later. In the case of the 30%
ENR blends, another parameter i.e., the rubber parti-
cle size must be considered. Figure 5 shows the SEM
micrographs of the blends cured with phenolic resin.

(a)

®) | (©

Figure 5 SEM micrographs of the blends cured with phenolic resin: (a) unetched, 10%-ENR blend, (b) etched, 10%-ENR

blend, and (c) etched, 30%-ENR blend.
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The unetched sample showed a very smooth and
non-textured surface. If there was only slight cross-
linking in the ENR, solvent etching could be applied
to the samples. After etching with MEK, the ENR
particles were removed from the fractured surface to
produce small holes on the surface. With increased
BENR content, the particle size of ENR became much
bigger. All different curing systems showed similar
blend morphology and similar rubber particle sizes.
The average rubber particle size in the blends con-
taining 30% ENR were in the range of 5-10 um
which was an ineffective size for improvement of
the mechanical properties. For this reason, the ten-
sile strength and elongation at break showed little
effect with the different curing systems. The
decrease in tensile properties after increasing the
ENR content was attributed to the larger rubber par-
ticle size. For the 30% ENR blends, the particle size
was the dominant factor in the tensile strength and
the elongation at break of all curing systems, the
lowest initial modulus in the DCP system resulted
from the very low vulcanization in the ENR phase.
Although EVA and ENR are immiscible, there was a
report by Kannan et al.'® that mentioned that the
EVA/ENR blend showed weak dipole-dipole inter-
actions although no chemical interaction was
observed. Furthermore, in the present study, the
SEM analysis also demonstrated the compatibility of
this blend because no texture was observed in the
unetched samples.

The effect of different curing systems on the tear
strength and the thermal aging resistance of the
blends are shown in Table II.and Figure 6, respec-
tively. The DCP systemn still showed the lowest tear
strength in both blends. The curing system" contain-
ing two curing agents provided higher tear strength
in the 10% ENR blend. The higher ENR content
exhibited lower tear strength and tensile properties.
It is believed that the better vulcanization in the
ENR phase governed the tear strength of the 10%
ENR blends whereas the rubber particle size played
a role on this property of the 30% ENR blends, as
was the case with the tensile properties. Changes in
tensile properties after thermal aging relate to chain
scission and crosslinking in the molecules. The posi-
tive values indicated crosslinking and the negative
values indicated chain scission. Both of them are
undesirable as no change or only a small change in
properties i5 required. The results in Figure 6 show
various trends and it is difficult to draw conclusions.
However, the DCP system displayed the highest
tendency for changes, particularly changes in the
modulus, and the phenolic resin system showed the
lowest changes. The thermal aging resistance seemed
to be independent of the ENR content. In general,
the 10% ENR blend showed higher mechanical prop-
erties than the 30% ENR blend, and it was necessary

Journal of Applied Polymer Science DOI 10,1002/ app
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Figure 6 Changes in tensile properties after thermal
aging of the 10% and 30%-ENR blends containing different
curing systems: {a) changes in modulus, (b) changes in
stress at break, and (c} changes in elongation at break.

to vulcanize the ENR phase to improve the mechani-
cal properties. Not only did the curing system have
a dominant effect on the mechanical properties of
the blends but so did the ENR particle size.

Heat shrinkability of the EVA

Heat shrinkability is a property concerned with
changes in the physical performance. Not every
polymer is able to show high heat shrinkability.
Heat shrinkability depends on molecular architec-
ture, sample preparation, and the heat shrink condi-
tions (application condition). In the present system,
the DCP content provided a different molecular
architecture. Sample preparation for testing involved
the percentage of extension (stretching) as well as
the conditions of heat stretching and quenching. The
last step in Figure 1 which was heat shrinking
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DIFFERENT CURING SYSTEMS ON HEAT SHRINKABILITY

TABLE 1l
Heat Shrinkage of EVA with and without DCP Stretched
at 240%
DCP Testing condition Heat Amnesia
content shrinkage rating,

{phr) Tty Tatz Tah (%) (%)
0 Troom 70,5 1240, 2 64 11
8,5 64 16

9, 5 Broken Broken

at step [ at step 1
05 Troom 70, 5 120, 2 70 14
80, 5 71 14
90, 5 74 i
100, 5 74 -2

EVA, ethylene vinyl acetate; DCP, dicumyl peroxide.

T3 represented the application condition. Table Il

shows the effect of DCP on the heat shrinkage of
EVA under various testing conditions. Without
crosslinking, EVA was shrinkable after reheating but
its heat shrinkage was lower than EVA containing
DCP. By increasing the heat stretching temperature
(T3) to 90°C, the EVA without DCP was unable to
proceed. EVA became stronger after crosslinking,
The crosslinked EVA could be processed at a higher
temperature and - heat shrinkage increased slightly
with an increase of the heat stretching temperature.
The temperature at 90°C was very severe for uncros-
slinked EVA because the melting temperature of vir-
gin EVA was 100°C. At 90°C, the molecular move-
ment was high and the molecular flow was more
easily achieved in the uncrosslinked molecules than
the crosslinked molecules.’ Thé heat stretching tem-
perature (T,) could be separated into ‘two levels:
<80°C and >90°C, and there was little effect on the
heat shrinkage at each level. T; showed a significant
effect on the amnesia rating. The amnesia rating
could refer to changes in length after heat shrinking
(L) compared to the original length before stretch-
ing (Lg). A negative value implies that the length af-
ter shrinking is shorter than the original length. This
reflects the non-equilibrium state of the sample prior
to testing. A positive value of the amnesia rating
indicates that there was a permanent extension of
molecules. After annealing (heat shrinking step, T3),
melecular relaxation took place, resulting in a snap-
ping back of molecules to the equilibrium state. The
crosslinked EVA shrank back nearly to the original
length when T, were 90 and 100°C as shown in Ta-
ble III. During specimen stretching, molecular orien-
tation was taking place. When the specimen was
heated at T, molecular relaxation may occur. Higher
temperatures provide more energy for molecular
motion leading to more stress relaxation which can
be attributed to more chain orientation. This resulted
in more driving force to smap back or more heat
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shrinkability. The heat shrink test was performed by
using three specimens for every sample. It was
found that the standard deviation of heat shrinkage
and the amnesia rating values of all samples was
<1. There were many parameters in the testing con-
ditions as illustrated in Figure 1. The optimal testing
condition should be applied for testing the blends.
T, at 90°C was selected although T at 90 and 100°C
showed similar heat shrinkage as illustrated in Table
I[[I. With regard to saving energy and the melting
temperature of EVA, 90°C was a better condition.
Figure 7 exhibits the effect of heat stretching time
{t2), heat shrinking temperature (T3) and heat shrink-
ing time (f;) on the heat shrinkage of crosslinked
EVA. Heat shrinkage increased with increasing !,
and T3. In contrast, t; showed little effect on the heat
shrinkage. Ty produced the maximum heat shrink-
age at 120°C. Consequently, the selected condition of
Tota/ Tatz was 90,5/120,1 in further experiments.
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Figure 7 Heat shrinkage of EVA containing 0.5 phr of
DXCP stretched at 240% tested under various conditions of
Tata/Tats: {a) 90,62/120,2, (b) 90,5/T5,2, and (¢) 90,5/120,43,
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TABLE IV
Heat Shrinkage and Amnesia Ratings of the 10% ENR
Blends Tested at T,oon,/90,5/120,1

Extension
o . 400%

Curing 200% 300% It

system HS AR HS AR HS AR
pCr 70 -3 77 -1 80 -2
S Broken at step I
Ph
DCI + S 71 -2 Broken at step |
DCP + Ph 70 1 75 -1 80 -3

ENR, epoxidized natural rubber; HS, heat shrinkage;
AR, amnesia rating; DCP, dicumyl peroxide; 5, sulfur; Ph,
phenolic resin.

Heat shrinkability of the blends

The heat shrinkage and amnesia rating of the blends
containing different curing systems are displayed in
Tables [V-V1. The blends without DCP were broken
during heat stretching although the exténsion was
low (200%). Keep in mind that the 5 and Ph systems
produced no crossiinking in the EVA matrix. The
addition of sulfur or phenolic resin did not increase
the heat shrinkage of crosslinked EVA, compared
with the DCP system. Furthermore, in some cases
the addition of sulfur lowered the heat shrinkability
of the blends such as some samples of the DCP + 5
system in Tables IV and VI were broken during test-.
ing. These results were different from those of the
mechanical properties. t appeared .that the binary
curing systems did not:improve heat shrmkablllty
but they did increase the mechanical properties of
the blends. Fortunately, the DCF + Ph system pro-
vided similar heat shrinkage to the DCP system and
this binary system also provided better mechanical
properties than the DCP system. Therefore, in the
present study, the DCP + Ph system was the most
suitable curing system for the EVA/ENR blend.

Stage: Page: 8
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Moreover, the amnesia rating of the DCP + Ph sys-
tem was lower than that of the DCP system in the
10% ENR blends as shown in Tables IV and V. This
substantiated the conclusion, in this study, that the
DCP + Ph curing system was the best.

The effect of specimen heating prior to stretching
(T1) is shown in Tables IV and V. Without specimen
heating (77 = room temperature, 27°C), the maxi-
mum extension was 400%. After heating the speci-
men at 100°C for 5 min, the specimen could be
stretched up to 500% causing higher heat shrinkage.
The effect of the ENR content on heat shrinkage
could be deduced by comparisons among the
Tables I1I-VL. Without ENR, the heat shrinkage of
EVA was 74% at 240% extension. There was little
change in heat shrinkage observed at low extension
(200--300%) caused by the addition of ENR (Tables
IV-VI). However, the addition of ENR increased
the extensability of EVA during heat stretching.”
This was attributed to a higher extension and heat
shrinkage suggesting that there was a high inter-
facial adhesion between EVA and ENR which
resulted from the dipole-dipole interaction between
EVA and ENR as stated previously. The present
study showed that the particle size of ENR had a
minimal effect on the heat shrinkability of EVA
although some rubber particles were as large as 10
pm. The rubber particles did not hinder the molecu-
lar orientation of EVA and crosslinking of the rub-
ber particles was not crucial for an increase in the
heat shrinkage of the blends. Another parameter
reported in Tables IV-VI was the percentage of
extension. Obviously, heat shrinkage increased with
incredsing extension. A higher extension provided
more orientation leading to a greater driving force
of retraction or snapping back. In other words,
more orientation provided more internal stress or
more nonequilibrium in the specimens. Once the
molecules received enough heat energy, molecular
retraction to the equilibrium state would occur
immediately.

TABLE V
Heat Shrinkage and Amnesia Ratings of the 10% ENR Blends Tested at 100,5/90,5/120,1
Extension

Curing L 300% 400% 500%

system HS AR HS AR HS AR H5 AR
DCP 65 9 74 8 78 14 83 5
S Broken at step |
Ph
DCP + S 68 -1 75 4 80 5 84 -1
DCP + Ph 67 2 76 -1 80 2 84 -2

ENR, epoxidized natural rubber; HS, heat shrinkage; AR, amnesia rating; DCP, dicumyl peroxide; 5, sulfur; Ph, pheno-

Tic resin.
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DIFFERENT CURING SYSTEMS ON HEAT SHRINKABILITY 9
TABLE VI
Heat Shrinkage and Amnesia Ratings of the 30% ENR Blends Tested at 100,5/90,5/120,1
Extension
200% 300% 400%, 500%
Curing system HS AR HS AR HS AR HS AR
DCP 69 -12 76 -7 50 -6 83 -3
5 Broken at step 1
Ph
DCP + 5 68 -7 75 -6 78 1 Broken at step I
DCP + Ph 65 3 73 G 78 10 81 9

ENR, epoxidized natural rubber; HS, heat shrinkage; AR, amnesia rating; DCP, dicumyl perexide; 5, sulfur; Ph, phenolic resin.

CONCLUSIONS

The effects of different curatives on the mechanical
properties and heat shrinkability in EVA/ENR
blends were reported. The binary curing systems pro-
vided better mechanical properties than the single
curing systems and had different effects on the heat
shrinkability of the blends. The best curing system in
the present study was DCP mixed with phenclic
resin. Tt was essential.to crosslink EVA for high heat
shrinkage and vulcanized ENR was desired for its
high mechanical properties. The rubber content, rub-
ber particle size, and degree of vulcanization of the
rubber phase had no significant effects on the heat
shrinkability of EVA. The 10% ENR blend was more
favorable because the 30% ENR blend consisted of
very large ENR particles that lead to lower tensile
properties. The effect of the rubber content on the
tensile properties produced different results between
the blends that contained 10% and those with 30% of
ENR. It is believed that the tensilé properties.of the
10%-ENR blend were controlled by rubber vulcaniza-
tion, higher vulcanization of the ENR produced
higher tensile properties of the blend. On the other
hand, the tensile properties of the 30%-ENR blend
were controlled by the ENR particle size. This blend
composition provided very large sizes of the ENR
phase, thus the tensile properties did not change sig-
nificantly after adding sulfur and phenolic resin.

The authors thank Dr. Brian Hodgsen for assistance in English.
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AQ1: Kindly check whether the short title is OK as given,

AQ2: Kindiy provide the locations (city/state if within the US, and city/country if outside the US) for all manu-
facturer names mentioned in the experimental section.
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