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Abstract

In this research, sponge based on natural rubber and starch including blowing agent was prepared.
The targets of sponge were well cell distribution, good flexible, light weight, good impact resistance
and biodegradable by soil burial method. It was found that the suitable content of blowing agent was 5
phr. In addition, the amounts of cassava starch were studied at various 0, 10, 30, 50, and 70 phr. The
cassava masterbatch 70 phr was prepared by gelatinized technique. Scanning electron microscopy
(SEM) images show the morphological properties of sponge. It was showed that all sponge had close
cell. With increasing of cassava starch content, their density was increased, but their mechanical
properties were decreased. However, the sponge based on cassava starch gave a higher degradation rate
by soil burial test. The SEM image of sponge after soil burial test for 6 months was observed. It was
seen that the some cells was opened and starch particle was out from sponge surface. The degradation
rate of sponge at 6 months was better than that at 2 and 4 months, respectively. Moreover, the
vulcanization systems of sponge (conventional, semi-efficient and efficient sulphur vulcanization) were
also studied. It was found that the sponge used conventional system gave the best mechanical
properties, but aging properties and degradation rate by soil burial test were the worst. Beside, the three
types of starch (cassava, corn and rice starch) at 30 phr and used conventional system were studied. It
was found that the core starch based sponge gave better mechanical properties than rice and cassava
based. But the degradation rate by soil burial test of corn starch was the lowest rate. However, all three

starches compound were able to well form to be eco-friendly sandal.
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g190d 1 015 Tagwisuunamasuun vedendea 1 015 nuuilsd Tnamwaaid lug luaaiizii
[ o Y =\ J 9 Y v o 4
819 1ALIUAIAIIAITALABUATIUAAD 130 A1aLo VLT NoueuIaaosuunldnay
A = A 9y o Y 1 = S s =
Msadianee Tasdnwinaesdivanuenula laun Taay 5 Tvaduea-wesua lad nfSeuiney
o = q ¥ A Y o Y] ' 9 d v a 1 ) A
nugasauaud lildamsmuanudinuld wua msnanlfduarsduduinuasnuny
Y
wnu ldnsaesriia ldauiaizaganngasaiugu
4 aln @ 4
Khalaf and Sadek (2012) 113 8UA0UWIIAUDI8195TTUHIATINA LRI AT TnaUUIATDIHA L
Qy = =Y 9| a A A Y o 9 1 A A
aovgnnas AnyinsulsUsuavesils vagdnfvesarsmuanudinula wuhauidadana
o o s Y ' s A A Y ' < Y}
anag oasIMstan lugdnas amesagegaanulomulsuandlsdnineg ed1elsnammsldas
AU 13131 Maleic anhydride (MAH) %38 Glycidyl methacrylate (GMA) 1 phr ¥8481378
P Y] [ 1 [ { 1 ] wa A 1
a1 lugnlgeasiaiusgninee1snui 90/10 eU5udjeauiadna uazmsly MAH g 1da
[ <3 { 1
Tugdduazanuuiaiunn My 14 GMA
[ A 4 a $
Tanrattanakul and Chumeka (2010) ﬁﬂkﬂﬂﬁﬂﬁ‘uﬂﬁﬁuuwﬂﬂﬂTW?JL‘VI’OSWQ”IﬁﬁﬂﬁnﬂLL‘iyJQﬁ
o o v o a a 4 ] o v a3
wssynuilaiud il ndanueesssuna lastenasisumanidatouilaiudilzuduilues
A Y] 1 a 4 v ) (% o
AU 18 wunmsnaueasssunansaalsuilaiudrlendudrla i ldanudruniu

1 <

aaia!,mﬂizumﬂqqsﬁu ua ligeiiumianuuiassdomainge luduamianisdosaaroaely
auvosTrludanar wunTudlsiifossssunfogsssumaog 15 phr wzaaienuaniolu 18
dlansi

Pawlikowski (2003) $ausun3Emidan Tau Gusadniiinsneadunsedsusnouniiagas
o o

a 14 U [ 4 d A A ov o [
wuﬂﬂwamaﬂmﬁaaummzwammﬂumamamumawmaa 1 013 vHaBNaTY Wﬁllﬂﬂu%j\i

Tudadau 50/50 Usurmt 15 phr e ldmaunudan uazarsgain lsmui/5uia 2.9 phrfSouiion

12



A o a S o A o A A 9Jaa ] @ 1o 1 Y
@ITWL!'lhl'IJWﬁ@lﬂﬂﬂﬁl’l\ﬁﬂﬂuﬁﬂﬁqﬂmﬂﬂﬂiﬁﬂﬂiﬂﬁiﬂuﬂuﬂ’liﬁl“b'c]faﬂ’li'JiJﬂ’Ut"’lliJ’lﬂ’l ‘W’U'J'lﬁh"i

e

wa

A A ° <3| a J
yy ‘V]ﬂmlﬂ%“ﬂ%%uWulﬂWﬁlﬂuq%iNﬁﬂﬂ@ﬂﬂNﬁﬂﬂu%

o))

U [ A o o s A A A o { @
Materne and Corvasce (2001) SAUAUUTHNAABES BuIAANTIATINEINUNIIAI NEIIADY
% { o a % ' o 2 ay a %
wriagasnilUndanone19snoud uaznaNIIWAVITIABIUUNYDINDA [ailatoanoend Naw
o o 1 =y 4 a o 4
nuufleludaaiu 6040 TutlSurauiioe s phr waziimslgenseasmIulmauassriialadala

(Disulfide) Hazshianoasa lug

'
o = a =

1 [ a 9 4 4 a o [
Corvasce and Fourgon (2005) 52uNUUSHNNABYS BUIdNTUATMEINUMIIAS suE1INDY
o { o a 4 1 [ [] o an 4 a
wiiagasmi lndanene1esnoud taznauIINAY WHIE FAN HAZMANDTHUNVDIND LD
an a 4 o Y ] 1 =y =~ = 9 4
nau'lilaueanegea naunuuileludadiu 6040 TuSurauiies 8 phr tazinsldarseesnilu
a a o o
lasauyiianoddalvla
ad o a a v
4. A uHUMIVY
Aas o a a o dy = (% 1 = %’ a
FautunsmMsIvelulasansiozanyifavene q lumswseneranesinIneesssuma
9| a 1 1 [ dy
wausilerian1g q a19 A9l
4.1 anvfSunasenailFlumseannenarlesiin
o = a ~Aq 9o o o Y A o Y A
mmsanusuesvesenan lgdmsunisoatnnseay 40, 45 uaz 50% Vo1 A
a 4 =y { %’ 3 Ao g 1
gangil 150 'C ienlsmasonsiminzanldorsowilvayidundh luidel Iddenaisyngu
=Y y (= [ 4
Azo-dicarbonamide Taeu)sisumvesarsyiuSua 1, 3, 5 uaz 7 phr Taeldszuumsian lud

° v a Jd o o v o
ﬁ]ﬂﬂ”lll%ﬂuullllﬂﬂﬁ Tﬂﬂl@dﬁflllEl”l\?ﬂ'f)?JW”l’JUﬂﬁﬁlﬁTlJﬂﬁlﬁﬂﬂlﬂﬁ ‘anniﬂﬁllEﬂ\ﬂ!ﬁ%ﬁTiLﬂﬁ@ﬂN@@i

d' IS) ?X’J v dl
Tuasen 4.1 EJGIJLl@]i’JLlﬂTﬁJﬂﬂﬁllﬂ\iuﬁﬂﬂ‘lugﬂ‘ﬂ 4.1

4.2 AnwdnsnavesFinamsynemsimsanenavlo i
= a a (S I @ J a
AnwrdnswavesSuamsyiilu o, 1, 3, 5 uaz 7 phr uazszuumsian lugunuilnd
: a a A a A o 1 1 o J '
suunuasulszaninw uazunulszaninm Tasdonldasansalungudailan lud ldun
4 at . 4. ¢y v
TBBS awgaslua1s i 4.1 druaoumsuanauauaaslugili 4.1 hewasuwiouanla bl

A o a a

A { o ¢ A 0 ° 1 A 0
NAFOU ANUYUAYU aﬂym$ﬂ1jjaﬂ1l1ucﬁ Nnounu 150 C Llaxu’]"lﬂ@ﬂeuugﬂﬂqm?iﬂl] 150 C

U Q Y u
Y

¥ msues suFudedadmsunsnaasvauiaFana 1aun AUty 100% , 300%
7 Y 1 =2 A 9 1 = =
500% Tugae AUATUNIUABIIIAG T282HA U JAVIA LAZANVAIUNIUABNITRNVIA M31T8F1)
[ % [ a %’ [ 4
NAINITNA (compression set) LAZATIVNANHULNNTUFIUING VD810 (@NBULIFAA VIR

s A o A 4 . .
VBILFAARAY TIUIULEAR) AILAT O Scanning Electron Microscope (SEM)
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[

¥ 1 ' '
auiiaanaluszaua IWeraeainn lduanyaziwas uazviaaanaduaue o 114y
9

maeseveaeaiwauuile luiidedalll

]
=

4 s 2
M1 4.1 gasersneunnuaealouinlddnfSunaasy

Ingredient CV-SC Semi-EV-SC EV-SC
RSS 3 100 100 100
ZnO 5 5 5
Stearic acid 1 1 1
TBBS 1 1.5 2.5
IPPD 1 1 1
Supercell SC 0,1,3,5,7 0,1,3,5,7 0,1,3,5,7
Sulphur 2.5 1.5 1

4

ags

- ~ J ¥
iﬂ‘ﬂ 4.1 M3w3eNe19ANNIIUAN DI

_Y
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= a ) d ¢ Y| v o v
4.3 ﬁﬂ‘lsﬂ!‘nﬂ‘lr!ﬂﬂ15!ﬂiﬂ?»lﬂl1\‘1311@'!6]95!!”7]"]5!!1]3%1!@'11]3 a3l

% 9

o ~ 4 I Y o o 9| YR 2 %’
mmsesenamesuungilaiudilenas 70 phr Tagvimsnauudaiudidevasluin
a 1 Y] o [ { 1 o a d o 1y o (%
81955509@ TagazifFsuieuszrinailaiudilendan liihmswad lud suuilaiudnlzvds
d' o a J 1 a Aax = [ dy
Mhad lud Taguaazmaiiaiiisnsessuaail
a o o 2 r a o a
4.3.1 madamswauuiiudznaa lmard Tud luerasssuma
Y
mmﬁmmzi’jmumﬂwm (Natural cassava starch powder, NST) 1JSua 70 phr agluii
=Y o <3 I g’/ v W %’
81391 Tu9 100 phr ¥T1NITNIUAIBANNTI 300-320 50U/11H W1a1 30 WA 1nHUTUAN
9 = 4 Yy 9 Y I F) = Y Y I [
gamBnaFeNnan 158 NMANTY 2 wi% 32 Iailuneuen (coagulum) Tadeuena 1) uumuuig
%’ g‘/ o 1 a I o I
7 1d2819n3AEENAILIIMAIY 9 ATI Mzt weuuEINgurgil 70 'C Wuna 18 32T vz IdiTlu
a Y ] o [ 4 4 Y o & g o Y
osssunanauihiudnlzvaslugdvesnmaoiuund 70 phr lasiimsdsaiminerawnaundls
P P i a 3 o & { .
mapesuunsnla ieaathminnavuan1a (% yield)
a o ) o a 4 ay Aa
4.3.2 madamsuauuihiuasndauvad ludasluihersssuma
[} o U a 4 « .
Tumsessuuilaiudr)endusana lud (gelatinized cassava starch, GST)N318aziden

[ o

Y
il Aohwdlaiudulzndwnasenlvodlugiasuvivaseuilaiudilznasnnududu 5 wie
v

Y Y A

9 a 0 9 kY < 1 a ~ Y
mﬂuuiwmmiaumﬂmgu 90 CWIDUNIUAIYAINLIITOU 200 TOUADUIN Wuan 30 UIN llﬂ

Q

'
v A

I 9 v o [ a s ¥ 9 a 9 Yy a 3 a 9 o
Lﬂustﬂmumﬂzwmmam"lum ﬁﬂiﬁlﬂu@]?ﬂ@mﬁ{]ﬂﬁﬂﬂ HANANUI19TTTUS AN WL 93T

Y
v o

o [ Y o Y <3 1 =~ =1 ?,‘, 2K o @
1enas uanMINIUAIANNIGITOU 400 T0UADUIN 1111281 30 INNNUUITIINMTILAIU
9 v o (% a s Y = 4 ) H @
gnamanuilaiudrlzndurad lug deasazareunadounae 158 aAnuwaudu 2% lagimin
Y a & vy a ¢ vy ¥ [ o 1 v
uassaenaiuuny dreansazanaunadounae 15aoanale11ae 9 A5 LAZLHLENINIBVURA
{ a I @ I a v o @ 4
Nguungil 70°C 1Wunan 18 ¥ Tue ez lAiluessssumanauudoiudilznaslugdvesunmaos
@ Y o 4 3% o 9 2 AN Y A a ¥ o & Ay Y
wung 70 phr laimssaiminnawaudanamesuundn lameaaiinnavuan 1a ( %
yield)
o 4 s Y v o @ A A Y o o ] o o
hnaeesuunguilaiudridends 70 phr Mesou lduvimsdantasnaudivsy
7. H Y ) v { B
wssnenounuansuandlaiudilzva o, 10, 30, 50 wag 70 phr NUSuIUEITY 5 phr Tae1d
o 4 a { 1 o o [
szuumsdan luguuulnd awgasTuaisied 4.2 newhmsuanaueuaza1sail 1gviinislsy
al o 4 o 1 @
anunilauazannnuulssiuvesessssumanewih ldasuniug Tasnsihesurusuniu
2 ~ ) 1 A £ vl v g Y | '
13 NazlFludasgasnuauuAITeIuAaeIgNNad (Two roll mill) 90 1HNIZ8EHIITENIN
2 . a A I = A 14
@nNaa (nip) Uszina 2 Haawas vartlunar 5 nnuazimeaanuuilslsiuvessananes
d 9 1y o (% d' Gl Y K o 1 9 1 = % 9 = [ (%
nungudlaiudrlzvdaneson]ld 3iinsuaneulFauswnenu Tasldan1nz@ernununs
VABTITUIA IUMTUARNTUELALANTIATILINATUANANEITITUNALAZ NN UUNE

9 @ o v 9 9 v d A o w 1 = °
pileudrdevavvialenudumal 2 wn ﬁ’Jua"lﬂ‘]Jﬂ”li(lﬁfﬁilﬂlluﬂxnaTﬂ1§Nﬁ3J N

v
IS (4

P A o A A o I A s A
mmmmﬂummﬂﬂugﬂm 4.1 mmmauwnuﬂllﬂmaaummwuﬂu aﬂymxms:}amllucnm

u
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de’

H Y
guuigil 150 °C wazih lUsavuginguiigll 150 ‘'c lddmsunsonsuaredndmsumsnadon

U

wva A

auiaFana Taun ANURUIY 100% , 300% , 500% INAAT ATUAITUNITUADLIIAT 520289 O
90919 HAZANUMUMUADNITANYIA MIITEFUHAINITNA HAZTATINANHUTNNAUFIUING VD
90’ [ 4 s A o I Y A
8190911 (@NBULITAA VUIAVOIFAAINAY DIUIUYAR) Ad8AT09 SEM
v Y dy o A a G 4 9 =
1NMINAA0 1NN aehmsaenmatia lumsms s dmesuunguileysun
{ o wa A %’ U 4 o
70 phr ATMsNsENedvadlaiuaue vaz I antiaFinavesenaveaii luseava e 114

Y
Tumaessuenaearihweauuils lurvesaly

! A 7 @
ﬂ]iNﬁ 4.2 ’c;fﬂiEJNV\l’ENuWﬁﬁl%lﬁlNNWﬁLﬁ@il!Uﬂ%Ll“ﬂ\?lﬁNWﬂ! 70 phr

Ingredients Weight (g)

RSS-3 100 86 57 29 0
Cassava starch/NR masterbatch'” 0 24 73 121 170
ZnO 5 5 5 5 5
Stearic acid 1 1 1 1 1
TBBS 1 1 1 1 1
IPPD 1 1 1 1 1
Supercell SC 5 5 5 5 5
Sulphur 2.5 2.5 2.5 2.5 2.5

winema szuumsiana luduuuielse@nsam 19 TBBS = 2 phr 118z Sulphur = 1.5 phr

szuumsdam luguuuyszansain 14 TBBS = 4.0 phr 118 Sulphur = 0.5 phr

4.4 An¥dNEWavesszuUMTam luddIamuz U
o 4 Y o ) o A A a Y o
Weanawesuunnauuilaiudidenas 70 phr Meseuainmadanisnauuileiy
) @ a 4 %’ a o = Y o o o A [
dilendunad ludasluiinerssssuna vimsaneSnanilaiudlzudansgau o, 10, 30,
A A 9 3’/ = a a [ s Y o o
50 waz 70 phr NS5y 5 phr n¥oUNIFANBIBNTNAVOITZVUMI Tam ludaieiuzdunas

% 1 a . a a a A o 4
g1sausauulng LLUUﬁQﬂS%ﬁ‘VI‘HﬂTW tazuuulszansain mmmauwnuﬂ"lﬂmaaumm

v [

= v a I

= @ ¢ A 0 o [ ds! a 0 9 o [
HuUAYU ﬂ]&lﬂ!gﬂ1§3aﬂ11u‘;}5ﬂ@mﬁﬂﬂ 150 C Lla$u11ﬂﬂﬂmu5ﬂﬂ@mﬁﬂ 150 C 1¥d115V

Y Rl Q Rl

~ Y

seNTFUAIDE A MS UM INAdoUaNTAFIng Tan AUUUILLY 100% , 300% , 500% Tugad
AMUATUNIUABITIAN 52828 Bl 9AIA HAZAUAIUNIUABNITANYIA MITIFeFUndaINITNa

' v 11y ¥ A Y} a v A
NOULASHAIUVULINIAIYAITHIDU L!a$ﬂ1ilﬁﬂﬂﬁﬂ1Wﬂ'Jﬂﬂ1§ﬂﬂﬂulljlﬂunanl 2,4 110% 6 10U LD
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o o a 3 @ J J ] ° 7.
ﬁﬁ')‘i]aﬂ‘]&lﬂ!%ﬂ’l\?ﬁﬂ!ﬁ’lﬂﬂﬂﬂWﬂl@\?‘il'l\ﬂ/‘l@\ﬂﬂ (@nYULFAR VUIAVDILFATINAY IUIULEAR) @%}'JEJ
A
1399 SEM
) dy o A o J = Y Aq ¥ wa
1NNMINaaedluriIved ‘ﬂgcﬂWﬂ'ﬁmﬂﬂ5$UUﬂ153aﬂ1hluGlfllﬁ$ﬂﬁuWﬂ!L!ﬂﬂﬂiﬁﬁNU@lﬂ’N
Y o

N 2 aa ? A I s o A o D)
t“]Nﬂa‘ll@iElNV‘l@iu1ﬂﬂq@ LLa%EJN“V\'fJ\‘IHWVIVlﬂlJﬁﬂ‘]slﬂ‘lmc]faﬁ UAZUVUIRUBAANTUUTUD Lwauﬂﬂh

Y
TumsessusnaearihwauuilaimazuiladnnIna lusiadesald

=] a A a Y = ?‘;
4.5 finmdnsnavesrtavewildumamdanealesiin

@ 9

Mmmsanuviaveauils 3 wiia 1dun uilafudlends uiladnausa vazuiladnaIna 7

a o I

Ysmar 30 phr Taglszuunistaa ludunulnd whersneuwioud llnaaeuanumiiayil

a 2 ‘

dnvaiznsfanlud fgumngil 150 °C wazihlUsavugiiguugii 150 °C 1Fdmiuesoudu
degdmSumsnadouauiamina Taun AurMuIY 100% , 300% , 500% lugad AW
AUMUADLIIAY 520289 D1 AR HAZANNAIUNIUABNITANYIA MIITeFUNaINITNA NoULAY
wasutadeanudou uazmadouanmdlemsdiau 13iuna 2, 4uaz 6 Moy uazaim
dnumgnedaguinewessalenh @nvuziad vinaveuwadinas s1umwad) denios

SEM

4.6 IMInaaevaNTATING
4.6.1 MINATBUANINHU UL
m’%auﬁuﬁaashqt?m:}’u‘nﬂﬁaummwmuﬂumum@sgm ASTM D-1056 Type 2
class A Tnefasudodaliivug 2x2x0.9 em’ 1951mauFufetnvewdazgas 3 Fu it
vhminTag AT eeiannuaziBon 4 A ﬁuﬁﬂﬁmﬁnmwﬁuwﬂaammu@iazqm waziu
AMUIAUAIN IR ENNST 4.1

NSAIUIN

AMUHUWUY (g/em’) M/V (4.1)

¥ o &

M fo Hninsunaaeu ()
A
vV f

Y
2 US1asrunaaol (cm)

4.6.2 MINATOUAINNUADUTIAN
Yy
SENFUAIEN A TUNATOUANUNUABLTIAININUIATFIN ASTM D-1056 Type 2
v Y
class A Tagthuruesidiumsyugdanuiiuua 13X13%0.2 em’ tazuuia 13X13X0.9 cm’ 41

v o [ @ { o 2 o ] 1 2 o £ o ]
antlugiauuanuy die € aagili 4.2 I9wusuddvewaazgas 5 u udnhyuaredia il
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4 1 ] 3 Aa A
‘V]ﬂ?f’t]‘Uﬁ%ﬁllﬂ%@\‘l‘ﬂﬂﬁﬂﬂﬂ’ﬂu‘ﬂu%@uﬂﬁ\‘] ﬁ?ﬁl@ﬁﬂlﬁ’ﬂﬂﬂﬁa\i 300 uaamm/m“ﬁ LAZITINTURR
< ' o A A s 3 o Y ' = s3 o A
Lﬂuﬂ1h@ﬂaﬁﬂ§$ﬂ$ﬂﬂ 100, 300 iag 500 Lﬂ@il“b’u@] AIMUATUNTIUADLLIIAN Llﬁglﬂﬂﬁlcﬁuﬂﬂﬁﬁlﬂ

Y YAVIN MUTNNTN 4.2 — 4.4

] Y
5 4.2 dnvazdrednFuNaTeugIAUIaLLIY die C
NIAIUIN

Modulus at 100, 300, 500% = F/A 4.2)

A =2 A o q vl A
R] Lli\?ﬂ\iﬂﬂ'lalﬁ“]fuwﬂﬁﬂﬂﬂﬂ 100, 300 e 500% (N)

Y

F
a X 4 o £ SRR 2
A A9 Wu‘ﬂﬁuW@lﬂﬂJ@ﬂ“Buﬂﬂﬁ@UﬂlmgENulllElﬂ (mm")
Tensile strength = F/A 4.3)

=2 A o q 92
® Lﬁ\‘lﬂ\?ﬂﬂflﬂ%ﬂﬂﬂﬁ@ﬂﬂﬂﬂ (N)

L A

=
f
A Y o L o Y 1A 2
o W“LW]W‘L!”IG]WU’ENGHHTM?(@‘U‘UQ!%EN"IJJEJ@] (mm")

% Elongation at break = 100 x (L-L,/L,) (4.4)

=) A v R
L A9 52828A1a394 (cm)

A A v =2
L, A9 328SUANDUAN (cm)

4.6.3 ﬂ7514@?7@11?7371/{5’71;14714@7’%ﬁﬁﬂm@
Y i1
L@f%Elll“lﬂ!@l’)’f)Eﬂ\‘llﬁ@ﬂﬂﬁﬂ‘ﬂﬂ’ﬂué’ﬁu‘lﬂu%@ﬂﬁaﬂﬂﬂﬂ fUINT3 11U ASTM D-1056

v Y
Type 2 class A Tagiiwrueiaiumsiugdoinaivug 13X13X0.2 em’ tagayuia 13X13%0.9
3 v 3 o 2 o [l ~ (=) 1% ~ 9
cm’ MAATIUAATUAIDII VDY (angle) N INTsOEDINATIYN g 4.3 19

U

Y
UIUFUNIDE19 5

£ 1 o £ o 1 Y A 1 =< A o < =
TFUADFAT UITUAIBYI ll']J‘V]ﬂﬁi’]1Jﬂ’JEJLﬂii’N‘VIﬂE‘T’E)‘]Jﬂ'JHJ‘V]Ll@]i’]t!ﬁﬂﬂﬂﬂ’f)@]i”lﬁ’ﬂuﬂ”liﬂﬂ 300
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ABNIINNVIAMNANNITN 4.5

Dimension I millmecbers

|— ————— 10 mm———— e

1. S . ——— -1
A |
‘ FLH/U:\ __"- # /’) —‘Iﬂi.ﬂ e5

25006 /‘\‘ B2E20.

ﬂﬁ 4.3 ﬁﬂ‘]elﬂ!wﬁ’JE]EJN‘Buﬂﬂﬁ@‘UL!‘U‘UiJiJ

NIAIUIN

Tear strength F/D 4.5)
A =2 A o q v
F 79 Lli\‘]ﬂﬂﬂﬂflﬁ‘]fuﬂﬂﬁﬂﬂslﬂﬂ N)

Y
D A9 ANUKLIVIFUNATaUYULSI 1iEA (mm)

4.6.4 mynageuaNuaIsalumsaugindainisna
Y )
m?mwumaamw%mﬂa’o‘ummamﬁa113msﬁugﬂwaqmsﬂﬂmumm;@m ASTM
o 1 A ds! Y 3 (] o £

D-1056 Type 2 class A TﬂEJHHLWLlEJN‘V]NTL!ﬂ"Ii"IJ‘L!gﬂﬁ]"IﬂLlH‘Uu”Iﬂ 13X13X0.9 cm naaluaau
o £ 1 2 o 2 1 o
NATOUUUIA 5X5em”  1FInFUNadoUveaazgas 3 ¥y hyunadeuldlugaginsal

A [ [ ~ ?1’1 o 4 [
‘V]ﬂ'ﬁ@llﬂ’ﬂllﬁ”l?ﬂiﬂ(luﬂ1§ﬂugﬂﬁaﬂﬂ1iﬂﬂﬂ\1§ﬂ‘ﬂ 4.4 fl]"lﬂuuu”l"’ljﬂgﬂﬂimﬂﬂﬁ@ﬁiﬁiul@nﬂﬁ
aa o I < A o Y o 4
AIUANYUNYUN 70°C Wuszeza 72 "]f’JTlN mammzstnammmwuﬂummﬂ;ﬂqﬂmm

0o &£ t4 y 2 { a I
nageusenIINAIBLINFUNATUEDNIINYAgUnTainadouudInIne L iNgurgiteuilumal 30

Y Y EY f o
ui ué”nm’gmwuwawumﬁau 1JLlﬁﬂf’ﬂﬂ’J”IiJW“L!”IGU’ENGIf‘u‘V]ﬂﬁ’ﬂﬂ‘ﬂ\iﬂﬂ‘u‘ﬂﬂﬁ’ﬂﬂ agnaN
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| emTSpacers—.. |

pm=( =l =B

a G4 A @
51/ 4.4 yagnsainadeuanuamisalumsaugudinisna

NIAIUIN

t

t

% Compression set =

v ANUNUINOUNAT DY (mm)

ﬁ’f] ANUNUIHAININATDY (mm)

t A9 ANUHUIVDILNIAY (6.30 mm)

4.6.5 ﬂ757’)@?7’?)1#)751i1/!§\7511?3087ﬂﬁ/?8?)7ﬂ7ﬂ§@u

| |1 Spacers,
- - HI ..'. H
[ N
lest Specrmens : H : ! |
r: — ¥
| i |
i | |
I
10 WO Uy

(t,— tP/(t, —t.) X100

(4.6)

Yy
NTNATOUNITVULIIUDIGNAUNIATIIU ASTM D 573 Iﬂﬂﬁl%}“ﬁuﬂﬂﬁﬂﬂﬂ1u

Yy H
11933714 ASTM D 412 gﬂﬂmua YUIA Die C LAZMINUINTIIU ASTM D 624 wmaammuyuﬁ
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Blowing agent content Mooney Viscosity (ML 1+4) 100 °C
(phr) CV-SC S.D | SemiEV-SC | S.D EV-SC S.D
0 26.60 0.35 26.66 0.21 25.31 0.12
1 27.74 0.08 27.27 0.16 29.73 0.30
3 29.10 0.16 26.63 0.04 27.05 0.48
5 25.01 0.15 26.60 0.14 30.28 0.88
7 25.12 0.21 26.30 0.26 30.76 0.00
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Curing Blowing agent | Scorch time | Cure time CRI Torque

system content (t,) (t.o0) (min") (dNm)
(phr) (min) (min) Min. Max
0 5.45 9.46 24.94 1.11 14.99
1 3.52 7.53 24.94 1.14 15.65
CV-SC 3 2.37 6.07 27.03 1.18 15.44
5 2.16 5.15 33.45 1.00 14.85
7 1.58 4.50 34.25 0.98 13.68
0 8.05 13.08 19.88 1.11 11.67
1 5.43 9.22 26.39 1.15 11.69

Semi-EV-
3 4.09 7.01 34.25 1.08 11.34
SC

5 3.27 5.12 54.05 1.05 10.15
7 2.57 4.38 55.25 0.89 9.72
0 8.40 14.00 17.86 1.03 13.53
1 5.39 10.00 21.69 1.22 12.89
EV-SC 3 3.54 7.10 28.09 1.04 11.93
5 3.05 6.21 31.64 1.10 11.62
7 2.45 4.11 60.24 1.04 10.06
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Compound Densizy 100% mdulus | 300% modulus 500% modulus Tensile strength Elongation at break Tear strength Compression set
(g/cm’) (MPa) (MPa) (MPa) (MPa) (%) (N/mm) (%)
CV-SCO 0.988210.0067 | 0.6110.06 1.7110.13 4.1510.31 10.3311.25 620127 27.1716.82 12.11%0.82
CV-SC1 0.462410.0236 | 0.1810.02 0.57%0.06 1.4510.13 3.2610.50 637125 18.5611.49 73.7613.09
CV-SC3 0.544310.0092 | 0.2310.02 0.5210.04 1.2610.17 4.15%0.38 675128 23.541+1.32 71.8010.39
CV-SC5 0.566910.0105 |  0.2240.03 0.5410.03 1.3910.28 4.3710.37 670157 22.4311.48 81.5410.16
CV-SC7 0.554810.0010 | 0.2110.02 0.6310.05 1.4310.05 3.8810.78 637.5147 19.5710.52 79.11%1.39
SemiEV-SCO | 0.972010.0367 | 0.4010.06 1.07%0.03 2.21%0.36 5.4510.94 665122 22.4810.95 13.9610.17
SemiEV-SC1 | 0.495010.0157 | 0.1610.01 0.4610.02 1.0310.11 3.4210.43 700t0 20.3110.82 66.5612.52
SemiEV-SC3 | 0.519710.0094 | 0.1610.01 0.4210.03 0.93%0.12 3.5310.35 733129 16.8010.80 59.6812.03
SemiEV-SC5 | 0.555610.0109 | 0.1610.01 0.4510.01 1.1110.05 3.9010.60 700t0 13.3810.77 70.081+1.74
SemiEV-SC7 | 0.515210.0257 | 0.1610.03 0.4810.09 0.9410.09 3.8010.66 740142 14.9610.45 69.0412.87
EV-SCO 0.963610.0022 | 0.5610.03 1.3610.07 3.17%0.13 6.1312.45 625129 23.9311.68 8.1810.89
EV-SC1 0.519510.0115 |  0.2610.03 0.5510.03 1.1810.12 3.4710.65 637125 18.1610.53 63.8712.64
EV-SC3 0.550810.0137 | 0.2410.02 0.5910.04 1.21140.15 3.0910.52 65060+ 16.9310.43 52.7212.96
EV-SC5 0.5727140.0027 | 0.2410.06 0.6310.01 1.5410.13 3.7711.38 616129 18.5910.75 61.1311.95
EV-SC7 0.520510.0169 | 0.2010.04 0.5810.07 1.3210.25 3.8910.73 683125 17.7210.66 65.0610.86
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500% Tensile Elongation Tear

Modulus strength at break strength

(MPa) (MPa) (%) (N/mm)
Sponge/NR 7.46+0.82 23.47+1.04 675.00+28.87 27.83+1.28
Sponge/NST 10 10.73+0.22 18.44+0.98 550.00+25.00 25.47+1.01
Sponge/NST 30 11.71+0.31 13.88+0.53 441.67+28.87 19.65+0.66
Sponge/NST 50 - 10.45+0.87 366.67+38.19 17.13+0.44
Sponge/NST 70 - 8.77+0.62 241.67+£28.87 14.76+0.94
Sponge/GST 10 10.47+0.40 20.80+0.76 625.00+28.87 27.66+0.48
Sponge/GST 30 11.92+0.67 15.43+0.53 550.00+00.00 23.01+0.41
Sponge/GST 50 - 10.42+1.02 465.00+£13.69 20.89+0.26
Sponge/GST 70 - 7.29+0.89 330.00+27.39 18.19+0.73
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Cassava starch Mooney Viscosity (ML 1+4) 100 °C
(phr) Ccv S.D Semi-EV S.D. EV S.D
0 25.01 0.15 35.52 2.03 20.91 0.03
10 38.34 0.83 36.41 0.23 20.47 1.7
30 46.49 0.08 44.48 0.03 2291 0.17
50 50.82 0.09 49.96 5.83 21.04 0.23
70 53.88 1.12 62.36 0.54 27.72 0.41
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Curing Starch MB | Scorch time | Cure time CRI Torque
system (phr) (tg,) (t.o0) (min") (dNm)
(min) (min) M, M,
0 3.09 7.36 23.42 1.34 16.33
10 4.12 8.19 24.57 0.59 13.20
CVv 30 4.28 8.33 24.69 0.66 13.22
50 431 9.01 21.27 0.73 13.78
70 4.53 9.23 21.27 0.79 14.07
0 3.07 7.37 23.26 0.69 13.63
10 5.16 10.20 19.84 0.61 13.99
Semi-EV 30 5.04 10.08 19.84 0.76 13.19
50 5.25 10.23 20.08 0.89 14.9
70 5.55 10.39 20.66 1.21 14.85
0 4.15 10.16 16.64 0.64 10.5
10 8.21 17.55 10.71 0.64 11.21
EV 30 8.59 19.44 9.22 0.66 10.45
50 7.42 22.02 6.85 0.54 9.44
70 7.57 22.45 6.72 0.78 10.43
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Cassava Density
; 100% mdulus | 300% modulus | 500% modulus | Tensile strength | Elongation at Tear strength Compression
starch (g/cm’)
(MPa) (MPa) (MPa) (MPa) break (%) (N/mm) set(%)
(phr)
Before Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
ageing
CV-0 0.4587 0.0105 | 0.22 0.03 0.54 0.03 2.8 0.28 437 0.37 670 57.01 | 13.43 1.48 | 32.60 | 0.71
CV-10 0.4751 0.0283 | 0.19 0.02 0.67 0.09 2.1 0.19 2.35 0.17 535 2236 | 1338 | 0.52 | 45.66 | 3.02
CV-30 0.4959 0.0060 | 0.17 0.02 0.59 0.03 1.66 0.10 1.72 0.08 530 27.39 | 13.08 | 0.34 | 61.06 | 2.11
CV-50 0.5668 0.0053 | 0.22 0.02 0.96 0.12 - - 1.9 0.07 375 17.68 | 13.83 | 0.75 | 78.09 1.42
CV-70 0.5968 0.0178 | 0.33 0.03 1.26 0.14 - - 1.9 0.1 325 17.68 | 13.06 | 0.69 | 84.53 | 0.16
After Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
ageing
CV-0A 0.4587 0.0105 | 0.30 0.02 1.07 0.05 - - 3.16 0.47 470 25 11.7 1.13 * *
CV-10A 0.4751 0.0283 0.2 0.02 0.67 0.12 1.59 0.01 1.55 0.17 500 25 10.89 1.43 * *
CV-30A 0.4959 0.0060 | 0.18 0.02 0.61 0.05 1.51 0.08 1.51 0.08 500 17.68 10.8 1.22 * *
CV-50A 0.5668 0.0053 | 0.25 0.05 1.03 0.16 - - 1.45 0.23 400 0 11.39 | 0.83 * *
CV-70A 0.5968 0.0178 | 0.31 0.01 1.15 0.08 - - 1.37 0.6 316.67 | 28.87 | 9.39 0.6 * *
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Cassava starch Density 100% mdulus | 300% modulus | 500% modulus | Tensile strength | Elongation at Tear strength Compression
(phr) (g/cmS) (MPa) (MPa) (MPa) (MPa) break (%) (N/mm) set(%)
Before ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
Semi-EV-0 0.4288 | 0.0090 | 0.17 0.02 0.51 0.06 2 0.07 2.7 0.12 625 0 11.76 1.34 | 36.07 | 0.38
Semi-EV-10 0.4162 | 0.0101 | 0.17 0.29 0.66 0.07 1.78 0.1 1.91 0.31 510 22.36 | 11.94 1.02 | 39.55 | 3.05
Semi-EV-30 0.4826 | 0.0323 | 0.18 0.02 0.82 0.08 - - 1.53 0.08 435 13.69 | 11.17 1.83 | 60.09 1.86
Semi-EV-50 0.5487 | 0.0263 | 0.28 0.02 1.26 0.01 - - 1.7 098 | 391.67 | 1443 | 11.57 148 | 77.46 | 1.53
Semi-EV-70 0.6474 | 0.0129 | 0.53 0.04 1.85 0.08 - - 1.9 0.17 345 20.92 11.2 1.07 | 79.41 3.53
After ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
Semi-EV-0A 0.4288 | 0.0090 | 0.19 0.04 0.59 0.09 1.9 0.04 2.11 0.34 550 17.68 | 10.95 | 0.79 * *
Semi-EV-10A 0.4162 | 0.0101 | 0.16 0.02 0.66 0.03 1.49 0.19 1.49 0.21 500 13.69 | 11.45 1.23 * *
Semi-EV-30A 0.4826 | 0.0323 | 0.19 0.01 0.82 0.06 - - 1.46 0.03 410 22.36 | 10.39 | 0.58 * *
Semi-EV-50A 0.5487 | 0.0263 | 0.31 0.03 1.3 0.03 - - 1.61 0.14 | 391.67 | 1443 | 11.22 | 0.98 * *
Semi-EV-70A 0.6474 | 0.0129 | 0.41 0.06 1.6 0.09 - - 1.70 0.09 315 13.69 | 11.28 | 0.75 * *
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Cassava starch Density 100% mdulus | 300% modulus | 500% modulus | Tensile strength | Elongation at Tear strength Compression
(phr) (g/cmS) (MPa) (MPa) (MPa) (MPa) break (%) (N/mm) set(%)
Before ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
EV-0 0.3626 0.01 0.09 0.01 0.25 0.01 0.6 0.07 1.23 0.08 650 0 7.96 0.1 56.61 | 2.78
EV-10 0.4305 0.01 0.14 0.37 0.42 0.1 1.26 0.34 1.61 0.38 575 0 9.48 1.29 | 39.01 5.02
EV-30 0.4333 0.02 0.16 0.03 0.57 0.09 1.24 0.25 1.29 0.24 520 32.60 | 9.90 1.55 | 63.94 | 5.05
EV-50 0.4162 0.02 0.18 0.02 0.6 0.06 - - 1.14 0.04 465 13.69 | 6.81 0.72 | 68.92 | 0.41
EV-70 0.4817 0.01 0.28 0.03 1.03 0.06 - - 1.23 0.09 390 13.69 | 8.28 0.6 83.44 | 2.24
After ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
EV-0A 0.3626 0.01 0.13 0.01 0.35 0.04 0.9 0.08 1.49 0.14 595 41.08 | 8.80 0.64 * *
EV-10A 0.4305 0.01 0.18 0.01 0.54 0.02 1.62 0.08 1.71 0.06 500 30.62 | 13.47 | 0.79 * *
EV-30A 0.4333 0.02 0.19 0.03 0.62 0.08 1.25 0 1.76 0.11 485 37.91 | 12.04 1.73 * *
EV-50A 0.4162 0.02 0.19 0.02 0.65 0.07 - - 1.04 0.08 400 25 10.13 | 0.88 * *
EV-70A 0.4817 0.01 0.32 0.04 1.1 0.13 - - 1.26 0.12 335 28.50 | 10.88 | 0.68 * *
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Cassava starch 10 phr
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M3197 5.11 guanmasenaveseanesiwanuiswud e vasnacdaau 2 oy

Cassava Weight loss 100% 300% 500% Tensile
Elongation at | Tear strength

starch content (%) modulus modulus modulus strength

break (%) (N/mm)

(phr) (MPa) (MPa) (MPa) (MPa)
Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
CV-0-2M 1.2062 | 052 | 020 | 0.05 | 0.63 | 0.07 | 155 | 024 | 162 | 0.38 | 5125 | 25.00 | 12.32 | 0.35
CV-10-2M 14354 | 028 | 021 | 0.03 | 0.67 | 0.03 - - 1.38 | 0.30 | 437.5 | 32.27 | 11.87 | 0.84
CV-30-2M 2.7912 0.64 0.12 0.01 0.39 0.01 - - 0.86 0.20 450 50.00 | 6.47 0.84
CV-50-2M 54925 | 053 | 0.13 | 0.01 | 0.37 | 0.01 - - 0.74 | 0.09 |418.75| 125 | 6.12 | 0.64
CV-70-2M 8.4853 0.18 0.07 0.01 0.22 0.01 0.54 0.04 0.81 0.09 575 2041 | 3.22 0.28
SemiEV-0-2M | 1.4525 | 0.12 | 0.22 0 051 | 0.02 | 1.35 | 0.01 | 235 | 0.19 |583.33| 14.43 | 10.53 | 0.89
SemiEV-10-2M | 1.4718 0.22 0.20 0.02 0.49 0.01 1.27 0 1.26 0.27 500 43.30 | 8.45 0.15
SemiEV-30-2M | 3.6172 | 0.44 | 0.16 | 0.01 | 0.38 | 0.01 - - 0.92 | 0.09 |458.33| 1443 | 6.78 | 0.80
SemiEV-50-2M | 5.6673 | 0.51 0.11 | 0.01 | 0.32 | 0.02 - - 0.53 | 0.10 | 383.33 | 14.43 | 4.05 | 0.74
SemiEV-70-2M | 11.6992 | 0.68 | 0.10 0 0.28 | 0.01 | 0.72 | 0.06 | 0.74 | 0.05 500 0 476 | 0.22
EV-0-2M 1.5415 0.44 0.11 0.01 0.27 0.05 0.74 0.10 1.66 0.11 625 43.30 | 7.50 0.25
EV-10-2M 1.8443 | 0.31 0.10 | 0.02 | 029 | 0.03 | 092 | 013 | 1.31 | 0.10 |558.33 | 14.43 | 6.31 | 0.63
EV-30-2M 4.9121 0.25 0.08 0.01 0.26 0.02 - - 0.55 0.06 | 408.33 | 14.43 | 4.77 1.14
EV-50-2M 6.8346 | 0.78 | 0.06 0 0.24 | 0.01 - - 0.54 | 0.10 425 25 4.28 | 0.97
EV-70-2M 14.8462 | 0.66 0.07 0 0.17 0.01 - - 0.73 0.04 | 587.5 | 53.03 | 4.01 0.23
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Cassava Weight loss 100% 300% 500% Tensile
Elongation at | Tear strength

starch content (%) modulus modulus modulus strength

break (%) (N/mm)

(phr) (MPa) (MPa) (MPa) (MPa)
Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
CV-0-4M 1.68789 | 0.71 0.23 | 0.02 | 059 | 0.01 154 | 0.03 | 1.86 | 0.08 |537.50 | 17.68 | 12.06 | 0.54
CV-10-4M 210962 | 0.24 | 024 | 0.01 | 0.66 | 0.02 - - 146 | 0.02 |433.33 | 28.87 | 9.21 | 0.01
CV-30-4M 6.22567 | 0.11 0.12 0.01 0.35 0.03 - - 0.79 0.08 | 441.67 | 1443 | 5.57 0.04
CV-50-4M 6.01892 | 042 | 0.17 | 0.02 | 044 | 0.04 - - 0.73 | 0.05 |408.33| 14.43 | 6.56 | 0.07
CV-70-4M 11.7582 | 0.16 0.1 0.01 | 027 | 0.01 | 059 | 0.01 | 0.76 | 0.02 |550.00| 0.00 | 540 | 0.74
SemiEV-0-4M | 1.5918 | 0.41 026 | 0.03 | 0.64 | 005 | 1.74 | 016 | 241 | 0.17 |537.50 | 17.68 | 11.27 | 0.87
SemiEV-10-4M | 1.7324 0.21 0.19 0.02 0.49 0.02 - - 1.64 0.09 | 466.67 | 14.43 | 7.99 0.61
SemiEV-30-4M | 8.4155 | 0.35 | 0.15 | 0.01 | 0.43 | 0.06 - - 0.86 | 0.06 |450.00| 0.00 | 4.53 | 0.55
SemiEV-50-4M | 8.3236 0.43 0.12 0.02 0.32 0.01 - - 0.77 0.09 | 466.67 | 14.43 | 3.71 0.10
SemiEV-70-4M | 13.0910 | 0.33 | 0.13 | 0.01 | 0.34 | 0.01 - - 0.83 | 0.03 [475.00| 0.00 | 4.94 | 0.38
EV-0-4M 2.2034 0.43 0.17 0.01 0.39 0.01 0.94 0.08 1.40 0.06 | 616.67 | 28.87 | 7.44 0.88
EV-10-4M 3.1609 | 052 | 0.19 | 0.00 | 044 | 0.01 122 | 0.00 | 1.14 | 0.32 | 500.00 | 35.36 | 6.03 | 0.47
EV-30-4M 10.5884 | 0.64 | 0.14 | 0.01 | 0.36 | 0.04 - - 0.63 | 0.04 |375.00| 0.00 | 458 | 0.59
EV-50-4M 14.5572 | 0.72 | 0.11 | 0.00 | 0.27 | 0.00 - - 0.58 | 0.09 |450.00| 35.36 | 3.67 | 0.06
EV-70-4M 16.9958 | 0.22 | 0.11 | 0.01 | 0.26 | 0.01 | 0.62 | 0.02 | 0.64 | 0.01 |500.00| 0.00 | 4.54 | 0.01
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Cassava Weight loss 100% 300% 500% Tensile
Elongation at | Tear strength

starch content (%) modulus modulus modulus strength

break (%) (N/mm)

(phr) (MPa) (MPa) (MPa) (MPa)
Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
CV-0-6M 2.1153 0.34 0.17 0.02 0.53 0.06 1.27 0.19 1.91 0.22 | 550.00 | 20.41 | 10.85 | 0.48
CV-10-6M 3.4548 | 0.61 0.18 | 0.01 | 0.62 | 0.07 - - 0.91 | 0.16 | 405.00 | 32.60 | 6.26 | 0.55
CV-30-6M 7.8458 | 032 | 0.11 | 0.01 | 0.29 | 0.01 - - 0.45 | 0.08 | 41250 | 52.04 | 3.61 | 0.10
CV-50-6M 9.3284 | 0.26 0.1 0.02 | 028 | 0.05 | 044 | 0.03 | 044 | 0.05 |460.00 | 62.75 | 3.58 | 0.33
CV-70-6M 16.3254 | 029 | 0.11 | 0.01 | 029 | 0.03 | 058 | 0.05 | 0.63 | 0.05 | 510.00 | 28.50 | 4.22 | 0.16
SemiEV-0-6M | 4.0356 | 0.62 0.1 0.01 | 038 | 0.02 | 1.00 | 0.06 | 1.74 | 0.12 | 550.00 | 17.68 | 8.44 | 0.14
SemiEV-10-6M | 6.1478 | 045 | 0.11 | 0.02 | 0.38 | 0.03 | 0.97 | 0.00 | 0.84 | 0.01 |462.50 | 14.43 | 6.86 | 0.16
SemiEV-30-6M | 7.4971 0.33 | 0.10 | 0.02 | 0.37 | 0.03 - - 0.71 | 0.10 | 450.00 | 25.00 | 4.47 | 0.49
SemiEV-50-6M | 13.7354 | 0.53 | 0.10 | 0.03 | 0.30 | 0.04 | 0.65 | 0.00 | 0.87 | 0.03 |458.00 | 14.43 | 511 | 0.41
SemiEV-70-6M | 17.3891 | 0.41 0.08 | 0.02 | 026 | 0.04 | 0.74 | 010 | 0.77 | 0.11 |530.00 | 44.72 | 4.27 | 0.59
EV-0-6M 6.2475 | 056 | 0.12 | 0.02 | 027 | 0.04 | 060 | 0.08 | 152 | 0.08 |635.00 | 41.83 | 6.75 | 0.86
EV-10-6M 82144 | 022 | 014 | 001 | 039 | 0.04 | 097 | 0.11 1.01 | 0.12 |485.00 | 28.50 | 6.78 | 1.02
EV-30-6M 12.3456 | 0.24 | 0.09 | 0.01 | 0.27 | 0.03 - - 0.55 | 0.08 |420.00 | 20.92 | 3.31 | 0.23
EV-50-6M 17.7647 | 0.33 | 0.06 | 0.01 | 0.17 | 0.01 | 042 | 0.05 | 0.52 | 0.06 |530.00 | 32.60 | 2.71 | 0.29
EV-70-6M 29.9456 | 0.51 0.05 | 0.01 | 017 | 0.01 | 043 | 0.04 | 0.78 | 0.08 |625.00| 43.30 | 3.20 | 0.58
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Rice starch 49.98 4.16 9.05 20.45 1.06 17.36
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Type of starch Density 300% 500% Tensile
s 100% mdulus Elongation at | Tear strength | Compression
at 30 phr (g/lcm”) modulus modulus strength
(MPa) break (%) (N/mm) set (%)
(MPa) (MPa) (MPa)
Before ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
Cassava starch | 0.4959 | 0.06 0.17 | 020 | 0.59 | 0.30 1.66 | 0.10 1.72 | 0.08 530 27.39 | 13.08 | 0.34 | 61.06 | 2.11
Corn starch | 0.5044 | 0.04 0.33 | 0.30 | 096 | 0.16 | 2.28 | 0.09 | 2.37 | 0.06 508 1443 | 11.76 | 048 | 64.48 | 1.32
Rice starch 0.5393 | 0.01 0.29 | 0.30 1.02 | 026 | 233 | 0.33 | 239 | 012 505 27.39 | 15.01 | 0.85 | 57.14 | 2.21
After ageing Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
Cassava starch | 0.4959 | 0.06 0.18 | 0.02 | 0.61 0.05 1.51 0.08 1.51 0.08 500 17.68 | 10.8 1.22 * *
Corn starch 0.504 0.04 0.36 | 0.03 | 0.97 | 0.05 | 255 | 0.10 | 256 | 0.37 |491.67 | 28.87 | 12.99 | 0.69 * *
Rice starch 0.539 0.01 0.32 | 0.08 1.02 | 0.07 - - 1.88 | 0.20 465 | 22.36 | 14.49 | 1.39 * *

womg - higunsagummsnadeula uag * luhnnadeu

66




0.8

0.6
_ | ]
£ |
2 0.4
>
7]
C
(]
[m)]
0.2
0.0

. I : :
Cassava Corn Rice
Type of starch at 30 phr

. a . 1 1 ] ?,‘
E‘IJ‘VI 5.27 Wﬂﬂlﬂ\‘]%ﬂﬂll’ﬂ\iﬁﬂ%ﬂ?ﬂ! 30 phr ADMANUHUIMUUYDIB 1IN D91

(M) ()

&

|
\|
\
_

n
Type of starch at 30 phr Type of starch at 30 phr

H a { 1 ' v o o J ! v J
gﬂﬁ 5.28 waﬂlawuﬂwﬂﬂﬁﬂ?mm 30 phr @IﬂﬂWINﬂﬁﬁﬁMW‘ﬂﬁ (M) HANATDUNDUVULIA LAY

1 1 ?,‘
(V) HANATDUH AU V938 19N0 9N

67



' T
) [_1TS Unageing
N TS Ageing
= % .
- T
5 4- :
o
2 - N
o) -
.a \ -
c
2
(O]
2 2- -
©
(O]
o
0

Cassava Corn Rice

Type of starch at 30 phr

d‘ a Y d' 1 1 Y [ 2K o v J [ 1 [
E‘IJTI 5.29 wavesriauilanysuim 30 phr ADAIANUATUNTIUADUIIANTUNNTNDUUASUAIV LI

Y
V98198911

T T
[ EB Unageing
1200 XY EB Ageing 4

gt
800 + \ i

400 - -

H

i

HH

Relative elongation at break

Cassava Corn Rice
Type of starch at 30 phr

d‘ a Y A 1 ' A o v d [ '
Eﬂ‘ﬂ 5.30 WaveIrUaAul N 30 phr A9 8L EA U IAVIATUNNTNOULASHAIVNLITIVD

Y
g9 ®911

68



T T
[ Tear Unageing
N Tear Ageing

30 i
~ T T
- T
s \ \
2 T +
o
£ 20 \ ]
©
o
q) 1 -
=
E
< 10 i
0 T T

Cassava Corn Rice

Type of starch at 30 phr

d' a Y d' 1 1 9 1 = (% v [ 1 [
3‘]]7] 5.31 HavesrHaulanYsua 30 phr A9AIANUATIUADNITRAVIATUNNTNDULUASUAIV LI

3
u

il

2
N

Y
Y0919 0911
150 T T T T T
. =
© -
n T
© 100+ i
S
n
n
o
Q.
€
o
[&]
2 504 ]
©
o
o
0 T T T T I
Cassava Corn Rice

Type of starch at 30 phr

Aa 9 A 1 (A = o o o J %’
5.32 wavedrdauilanidsum 30 phr aeAmns@ezvaImsnaduinsvessaviea

69



v
v A v

= < A = Yy '
NAITIN 5.15 L!ﬁ%gﬂ“ﬂ 5.27 wenfseumeunsunanilamnunszau 30 phr WUNFAT

H ¥ H L} 1 % 1
AlguilatanrIferano N TANUH UL WNIAD 0.5393 g/em3 Hagega ganiuiladniina

U q U

o o o o w g‘/ ? A <
(0.5044 g/em3) azuilaiudilenda 0.4959 gem) mwdrdy Netliilesniauiladruniivinagia
9 = =2 3 A < ' < = Y v
uilamde 35 luasou Gallvuianigaanni vualamasvoauildinIna (525 lunsou) uag
< A Y o o o o F) 4 g ~
vinadamagyodlaindilzvnas (535 Tuasow) awdau (Nd1wsed uazinona, 2546) N1sh
R YA < A g Y o R Y o a o
vinadiauilalivinaaniziimsnsznelusuvessn ldainane dauilidananszinamsiaving
o @ Aa X ' ) cda 2 A < '
msvereivlosmainatunna1sy dawaldvuaaaanmauiivinamn 1agaNuHEUILLUYDS

PR ,
snonihnldlngega

v o

iIWﬂGni”I\TVI 5.15 uag iﬂ‘ﬂ 5.28 1Wfsunoua lugaadu w‘1/] NOULAZHAIUMTIVOIY

U
]
3 a

b4 1 (4
Woahildulsaeriiadu minwanisnaasanuiiealeahiildudledn Inaz 18a Tugda

e

o o ¢ oy Yy Y o o o o v ¥ A P &
ﬁllWTl‘ﬁqx‘]fIﬂqxiﬂ'Tluﬂﬂslﬂ'Jﬁn gazudaiudilzvas muaiay VlQuLu@QllTﬁ]TﬂTﬂiﬂﬁi”Nl!UllfN

9
QU

= Y 1 a 1 [ 3’/ a a 4 ~ FY 1
wanvosuilwaazyiauanaany Taglurunounsmnamald lun @uasumseseuuilanounay
d' Y 9 v %’ Y| o @ =K A [
lue19) disldianudounnaisazareniuile wuse lalasnuazaaisdiag 59009010 IUDE
A o q ¥ 9 A ' Y3 o a v = o '
aottoazin i Inssaiamelunaneeniueass Inguaunamssaizesdrlvives Tuanaes
~ < Y v o 1 a Y U <3 Y o
luTaaingaeennndauilsdronuse lalasnusznineTuanana Insead s ludiaudle vh
) ) o < 2 < o ' &y 2 o
19 Taseas 1 vutuAMUUVMSI YU ANVLTsAazanEazveIT e lusaunils Yuny
Y] [] [ [ a 1 a a 1 a 3
Jadenareedns laun sasidruvesezii laaaeezii launnau vua sUinuazatiaveil fu
au uilsdnInalidadivveseziladlszuna 28% ganiwdlsdrud (eziilaa 17%) wazuduiv
d1lgnas (eziiTaa 20%) awaray uazuilennsayiy @il ine vazuilsdrud) awwiisuau
[} a Y 1 d‘ 1 9, 1 9 9 o [ = 1 Y %
Wusemana lasaasesas Ageanduianndiusn eilaiudilenae) sedamalvm lugaa
AUNNT éum&mWmu1mmuﬂwniwmmﬂmmmmanwmumﬁuuﬂwnm uazuilaiu
a11)eras muaiay

d

WenfSeumenszriea lugaady Wt nouLa U el auaaz Fia WuEua

@

v W 4 T ] 1 < 8’, g 4 ° a A
‘Via\‘l‘Ull!,ﬁ\‘llJﬂWIll ﬁﬁllW‘V]ﬁgﬂﬂ?Wﬂ@HUNlﬁﬂlaﬂﬁ}@ﬂ 1’1\1ﬁ@ﬁ]Lﬁ@\‘lﬂWﬂﬂ?Wﬂ%@HﬂWiﬁN?ﬂW%ﬂﬂ

v

Aa & a A a o Yya < X [ Y ~ A o A
MIPBNHATU 1NANIARN TesaIneyyadd e lAIeadwNaIna I Tugdanszezsgadil
ANNNFINIINOUUNITY

~ ~ = 1 9 1 SR o v d [

10015190 5.15 waggl 529 nfFeumMeumanuMUMUABIIRITURN TN UIAZHAT

1 [ %’ d' 9 9 1 a % 1 %‘ d' Y Y 9 Y

vuswveseaeninlguilaasiiany snrnansnaasanuneresvesinlsuilarna Tnass 1vien

v ' 2 o oo 7 T Y. o o Y o o A4

ANNAIUMUABIIRAIFUINFgagagen et g uazuiaiudrleras muday naliiiean
= a < { 1 = a @ ' {

nnfsumeziiTaalulaseadwveudauilednInangenin uazdSuamsnaiusesunigs

o J 1 A

' @ AN ¥ a y9 Yy o ! v o Y1 Y ' =2 o
NI ﬂ\u‘ﬁﬁ]Waﬂ"lﬂ@‘ﬁUTEJ"ljﬂJ]QWUﬂUﬂ'lillﬂaﬁﬁ?JW‘V]‘ﬁ ﬁ\iWa(lﬁﬂ1ﬂ3111@]1u7]1u@]@!i3\1ﬂ\1ﬁuw1ﬂ‘ﬁ



1 A o v ~ A <3 90’ A ds!
IFA LATSUZYA U JAVIATNANTIC AN (31]1/] 5.30) LiJ’e)ﬂﬁmLLGINLLNGUENEJNWENHHWNQWH

ﬂ31wﬁ1h15ﬂ1uﬂ1ﬁ§ﬂﬁ]$aﬂﬁ\‘l

KR o o

d‘ =1 1 1 9 1 g [ ] 1 Y 1
WodSeuMeUTeHINMANUAUNIUADUSIASTUHINT NoULas HasUNsIvosuiaay

a 1 A [ ] 1 U [ [ [y c"g 1 1 ] 1 <3 g‘/ ¥
wila nuNautanasiussldmanudiumuaoussdeduinsdinneutus waniios natie1
iesnnanudeouihldmieunamseengiadu uazaelsnieluTuanamanmsaanadanaln
LIIRUABNTAIIUVINAAD

d' d' = 1 9 1 = (% v d
1NN 5.15 uazgdn 531 WHsumesumanudiiumudenIRnvIAduINSNoULaY

9 Yy

v 1 1 %’ A Y Y 1 a ] 1 %,‘ ~ 9 Y
‘WENUNL?\TGUBQEJT\TV\I9\11!11/]1%L!1J\W]1\1611uﬂﬂ1! ﬂTﬂWﬂﬂ151/]ﬂaf’]\T'W‘]J'J”IEJ”I\W‘I@QT“V]GL%LL']JQGUTJHH u

D.

1 v @ g 2. 4 { g o
ﬂ:]”lll@%u‘ﬂ1“ﬁﬂﬂ1§aﬂm1ﬂﬁNWV]ﬁ{QQQQ T]Qﬁu”lilxlﬁﬂﬂll”ﬁnﬂsuu1ﬂl‘ﬂ5ﬂé{ﬁlaﬂ Llazﬁnu’]ul"ﬁaﬁﬂ
J 1 Y {a X J 1 1 % o J
UInNnNN ﬁ]g%jﬂﬂlﬂﬂl:ﬂ\iﬂ]ﬁaﬂm1ﬂﬁlﬂﬂﬁu ﬁ\‘]Wa‘lﬁlﬂ”mQTN@%}]uﬂTu@@ﬂ1§aﬂﬂl1ﬂﬁNWV]ﬁQQQﬂ

A =\ ' 1 Y 1 = o v d [ 1 Y [
LEJBLIFSEJ‘]_IL‘VIEJ‘]_Iiz‘]ri’JNﬂ1ﬂ’ﬂll@nu‘Vl11!@]@?115%ﬂ‘ll”lﬂE‘Tll“W‘V]‘ﬁﬂi’]‘u!,!,ax‘ﬁaQU?JLNGIJBQLL‘]JQLLW

a 1 A [ ] 1 1 1 [ o a"g 1 1 ] 1 I~
AcYURM W‘U31ﬁhﬂ§l‘ﬁﬁ\‘lﬂhli\ﬂﬁlﬂ1?1311!@91}11!1’111!@]@ﬂﬁaﬂelﬂﬂﬁiJWﬂﬁﬁ1ﬂ31ﬂﬂuﬂhlﬁimﬂﬁlﬂﬁl

s ]
(%

Y J
natlonuiiosninanuieuildiienunamseendiadu a1elsneluTuanainansdaviadana
1 1 v o
Tdaanudumugensannaduinianag

A A = 1 = [ % o Jd [
NAITNN 5.15 uazgﬂ‘n 5.32 L‘lﬁ'EI‘UWIEl‘iJﬂ1ﬂ1§L€TEJ§1J?iﬁ\1ﬂﬁﬂﬂﬁ’ﬂJW‘ﬂﬁﬂ@uuﬁ%ﬁﬁiUN

1 %‘ ~ Y Y 1 a (% 1 %’ A Y 9 9 Y A =)
i5aveseaeainnlguiliaeriany MnranisnaassnuNesosinti lguileirue Ianside

o

o o 7o Yy 2 Y Y A o Yt
gﬂ‘ﬁa\‘]ﬂWiﬂﬂﬁN‘WWﬁ g L!ﬁﬂ\‘lﬁl‘ﬁlﬁuﬂﬁﬂx‘lwENHTVINﬁlILL‘IJQﬂl13l%1ﬁ1ﬂ150ﬂu§ﬂﬁﬁ\1ﬂﬁﬂﬂulﬂﬂ

y 9

v A g 1 s g o s 1 ' [ A ' Aa
NI NS IENVIAAANAN LA IUIUEAANNINAI %Gmflim!,ﬂﬂﬂmaagﬁﬂnmﬂgﬂ

a I

o v A 0 ) Y= ' A v
anyazMInaoalszun 30 % NYUHNYu 70 C Wunan 72 ¥ Tug Vlﬂﬂﬂ'ﬂ ff’lll’liﬂﬂugﬂ‘ﬁaﬂﬂWi

U

7o

Y 1 Y = [ % %
ﬂﬂllﬂﬂ mwaiwmﬂmaagﬂwmmsﬂﬂauwmmqﬂ

71



d’ A A %‘ Y a 1 d‘ [ a
M3197 5.16 guUArInavese e mauularian g 9 N5 30 phr nareau

Type of starch Weight loss 100% 300% 500% Tensile
Elongation at | Tear strength

at 30 phr (%) modulus modulus modulus strength

break (%) (N/mm)

(MPa) (MPa) (MPa) (MPa)
Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD Ave SD
Cassava-2M | 2.7912 | 0.64 0.12 | 0.01 0.39 | 0.01 - - 0.86 | 0.20 450 | 50.00 | 6.47 | 0.84
Cassava-4M | 6.22567 | 0.11 0.12 | 0.05 | 0.35 | 0.08 - - 0.79 | 0.08 |441.67 | 14.43 | 557 | 0.04
Cassava-6M | 17.8458 | 0.32 0.1 0.01 0.29 | 0.04 - - 0.45 | 0.08 |412.50 | 52.04 | 3.61 0.10
Corn-2M 1.5643 | 0.14 0.17 | 0.01 0.43 | 0.01 1.39 | 0.02 | 154 | 0.05 | 512,50 | 17.68 | 9.52 | 0.31
Corn-4M 43677 | 0.55 0.19 | 0.04 | 0.50 | 0.01 - - 126 | 0.08 |475.00| 0.00 | 9.71 0.06
Corn-6M 10.9311 | 0.67 0.14 | 0.04 | 0.37 | 0.03 | 1.00 | 0.09 | 119 | 0.09 |533.33| 1443 | 755 | 0.65
Rice-2M 1.5041 0.43 0.13 | 0.05 | 047 | 0.04 159 | 014 | 193 | 017 525 0 8.93 | 0.57
Rice-4M 5.7300 | 0.53 0.19 | 0.02 | 0.57 | 0.04 168 | 033 | 257 | 0.08 |575.00 | 35.36 | 817 | 0.19
Rice-6M 12.8035 | 0.16 0.16 | 0.01 0.51 0.07 - - 110 | 0.08 |455.00| 1118 | 7.25 | 0.86
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Abstract

In this work, the sponge rubbers based on cassava starch masterbatch in latex phase with the
difference technique (non-gelatinized and gelatinized cassava starch) were preformed. The cassava
starch contents from O to 70 phr were also studied. The cure characteristic, mechanical and
morphological properties were investigated. It was found that the scorch time and cure time were
increased with an increasing of cassava starch contents in both techniques. The mechanical
properties i.e., tensile strength, elongation at break and tear strength were decreased with an
increasing of cassava starch contents, except 500% modulus. However, the sponge based on
gelatinized technique gave the better mechanical properties than that of non-gelatinized cassava
starch. The SEM micrographs of sponge NR from gelatinized technique were also able to confirm a
good interfacial interaction between hydrophilic cassava starch and hydrophobic NR.

Introduction

Natural rubber (NR) is the most important in Thailand. Nowadays, they are produced rubber
around 3.6 thousand tons in 2012 [1]. With the great mechanical properties through vulcanization,
natural rubbers have been used in many products in many fields such as gloves, condoms, tires,
rubber part and sponge. Though the natural rubber is a natural polymer, it does not easily to
naturally degrade due to crosslink structure via vulcanization process. Cassava starch is an
interesting natural polymer with an abundant, renewable source, bio-degradable, non-toxic and
environmental friendly. It was used in the important starting material to produce bioplastics or to
compound in other polymer for producing biopolymers. Many researchers also reported the
blending of natural rubber and cassava starch with various techniques due to the problem of a
different polarity of polymer. The modification of natural rubber was preformed to increase the
polarity such as maleated NR [2], NR-g-MMA [3], via epoxidation [4]. The adding compatibilizer
of NR and cassava starch blends were investigated i.e., maleic anhydride and glycidyl methacrylate
[5] as well as maleated NR [2]. The other techniques to achieve uniform dispersion of cassava
starch in latex matrix is directly compounding rubber latex with cassava starch and then co-
coagulating the matrix has been developed [6]. The resulting cassava starch/rubber composites
exhibited better mechanical properties compared with equivalent materials prepared by direct
blending. But the mechanical properties were still low due to poor adhesion between two phases.
However, the improvement of adhesion in both phases were able to modify cassava starch by
gelatinization technique [6]. This technique is popular technique due to easier and more saving. In
addition, the modifier is designed to interact with cassava starch and rubber to prevent hydrogen
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bonding and crystallization of cassava starch and to improve compatibility between cassava starch
and rubber [5].

In sponge rubber application, it has been even reported that the NR and cassava starch blends
were used for preparation of baked cassava starch foams [7, 8], but it has been never reported in
sponge rubber form of the blends. In this study, we are interesting to prepare cassava starch/NR
masterbatch in latex phase with the difference technique (non-gelatinized and gelatinized cassava
starch) and starch contents from O to 70 phr were preformed. The properties of sponge rubber also
were investigated.

Experimental

Materials

Natural rubber (NR): ribbed smoked sheets (RSS-3) and high ammonia concentrated latex
(HA latex) were obtained from Chana Latex Limited, Thailand. Cassava starch was purchased from
General Cassava starch Limited, Thailand. Super cell using as a blowing agent was manufactured
by A.F. Goodrich Chemical Limited, Thailand. The other chemicals in recipes were purchased from
Behn Meyer Chemical (T) Limited, Thailand.

Preparation of cassava starch/NR masterbatch

The cassava starch/NR masterbatch in form of 70 phr were prepared into 2 strategies. The first
method is non-gelatinized cassava starch/NR masterbatch. Natural cassava starch powder (NST)
was added directly in HA latex were mixed and stirred vigorously for 0.5 h and coagulated then
with 2 wt% calcium chloride aqueous (CaCl,).

The other method is the gelatinized cassava starch (GST)/NR masterbatch[6]. Briefly, a 5%
cassava starch aqueous suspension was stirred at 90 °C in a water bath for 1 h until the solution
became transparent. When the solution was cooled to ambient temperature, a cassava starch paste
was obtained. Cassava starch paste and the HA latex with stirring vigorously at the same condition,
and then, about a 2 wt% CaCl, was added to coagulate.

The both coagulum were then washed several times with water and dried in an oven at 80 °C for
18 h. The NST/NR masterbatch and GST/NR masterbatch were obtained, respectively.

Preparation of sponge NR compounding

The cassava starch/NR masterbatch (various cassava starch contents from 0 to 70 phr) and other
chemicals in Table 1 were mixed with a two-roll mill at 50-60 °C by a standard procedure. The
sponge/NST compounds and sponge/GST compounds were vulcanized in a hydraulic press at 150
°C for the optimum cure time.

Table 1. Rubber compounds recipes

Ingredients Weight (g)

RSS-3 100 86 57 29 0
Cassava starch/NR masterbatch'? 0 24 73 121 170
Cure behaviors

Scorch time (min) 1.57 2.03',2.42° 2.15'2.57° 2.15'2.58 2.12'3.04°
Cure time (min) 3.08 3.21',5.47* 3.48'5.57* 3.53',6.00>  3.56',6.29

Ingredients: ZnO 5, Stearic acid 1, TBBS 1, IPPD 1, Super cell 5 and Sulphur 2.5 g
'NST/NR masterbatch
2GST/NR masterbatch
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Figure 1. Cure curve of sponge NR compounds with various cassava starch contents, a) sponge/
NST compounds and b) sponge/GST compounds.

The effect of cassava starch contents on the cure characteristics of sponge NR compounds shows
in Table 1 and Figurel. They show cure characteristic of sponge NR compounds based on both of
NST/NR and GST/NR masterbatches. The scorch time and cure time of sponge NR compounds was
increased with an increasing of cassava starch contents. It may be due to the smaller cassava starch
particles had more hydroxyl groups exposed with the cassava starch/NR masterbatch and absorbed
curing agents[9].
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Figure 2. Mechanical properties of sponge NR vulcanizates with various cassava starch contents, a)
500% modulus, b) tensile strength, c) elongation at break and d) tear strength.

The effect of cassava starch contents (i.e., 0, 10, 30, 50, 70 phr) on the mechanical properties of
sponge NR vulcanizates were studied. Figures 2 (a-d) represented, the modulus at 500%, tensile
strength, elongation at break and tear strength, respectively. It was found that the modulus at 500%
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of sponge NR was highest at starch contents 30 phr due to an increasing of rigid particle filler in NR
matrix. However, the tensile strength, elongation at break and tear strength of the sponge NR were
decreased with an increasing of cassava starch contents. It is due to an agglomerate of cassava
starch particle in to NR attributed to the low interfacial interaction between the cassava starch and
rubber matrix led to mechanical rupture at the blend interface[5]. However, sponge/GST gave the
tensile strength, elongation at break and tear strength a higher than that of sponge/NST. It was due
to a better dispersion of cassava starch in NR matrix as well as better interfacial interaction between
hydrophilic cassava starch and hydrophobic NR could be expected, which would allow an
improvement of mechanical properties of the sponge NR. In addition, the morphologies of sponge
NR with SEM technique in Figure 3 (c and e) were also able to confirm this phenomenal.

Agglomerate

Figure 3. SEM micrographs of sponge NR a) O phr, b) sponge/NST 30 phr, ¢) sponge/GST 30 phr,
d) sponge/NST 70 phr and e) sponge/GST 70 phr.

SEM micrographs of the freeze fractured surface of sponge NR were presented in Figure 3 (a-e).
It was found that the dispersion of cassava starch in the sponge NR was not uniform with the
increasing of cassava starch contents. It is due to differences in polarity of cassava starch and NR
matrix. The closed cell structures from nitrogen gas by decomposition of the blowing agent were
observed in Figure 3 (a-e). The cell size was decreased with an increasing of cassava starch contents
[10-13] due to the increasing of melt viscosity of compound with incorporation of cassava starch.
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Figure 3(b) and Figure 3(d) show the morphological sponge NR based on NST/NR masterbatch
at 30 and 70 phr, respectively. It was seem that the dispersion of cassava starch granule in the NR
matrix was agglomerates in both cases. It was indicated that the interfacial interaction between
cassava starch and NR matrix was poor.

Figure 3(c) and Figure 3(e) show the morphological sponge NR based on GST/NR masterbatch
at 30 and 70 phr, respectively. It was observed that the both cases had better cassava starch
dispersion than NST/NR at the same level of cassava starch. It was mention that the better
interfacial interaction between cassava starch and NR matrix was obtained and allowed the
improvement of mechanical properties of the sponge NR.

Conclusions

The cure time of sponge NR with NST/NR masterbatch or GST/NR masterbatch increased but
the mechanical properties decreased with increasing of cassava starch contents, except 500%
modulus. While the mechanical properties of sponge NR of GST/NR masterbatch a higher than that
of NST/NR masterbatch.
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Abstract

In this work, sponge rubber was firstly prepared by mixing a gelatinized corn starch
and natural rubber (NR) in latex phase that called corn starch masterbatch. They were then
dried in an oven at 80 °C for 18h. The masterbatch was mixed with all chemicals by two roll
mills and Supercell acted as blowing agent. The corn masterbatch was varied from 0 to 70
phr. The compounds were vulcanized by hot hydraulic press at 150 °C. The cure behaviors,
mechanical and morphological properties were investigated. It was found that the scorch time
and cure time were increased with an increasing of corn starch contents. The tensile strength,
elongation at break and tear strength of sponge were decreased with an increasing of corn
starch contents, expect modulus and compression set. In addition, SEM micrographs of
sponge NR and corn starch blends showed a good interfacial interaction between corn starch
and NR and gave a regular cell at the lower 30 phr of corn starch content. However, the soil
burial test of the sponge shows an increase of weight loss with increasing of corn starch

content.



