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ABSTRACT

Preparation of biodegradable sponge rubber based on natural rubber and
cassava starch was studied. Two different techniques to prepare cassava starch
masterbatch with non-gelatinized (NST) and gelatinized cassava starch (GST) were first
investigated. It was found that the mechanical properties i.e., tensile strength, elongation
at break and tear strength of NR sponge based on both techniques decreased with
increasing of cassava starch content. Among both techniques, the sponge based on
gelatinized technique gave better mechanical properties than that of non-gelatinized
cassava starch. Therefore, the GST technique was chosen to prepare rubber sponge.
The content of cassava starch at 0, 10, 30, 50 and 70 phr were the studied with different
vulcanization system Jj.e., conventional (CV), semi-efficiency (semi-EV) and efficiency
vulcanization (EV). It was found that mooney viscosity, cure time and mechanical
properties increased but average cell size decreased with increasing of cassava starch
content. However, the highest tensile strength was observed at 30 phr. In addition, the
NR sponge with CV cured system showed smaller average cell size, better starch
dispersion and higher mechanical properties than those of semi-EV and EV system,
respectively. Heat ageing properties of the NR sponge were also studied. It was found
that the higher modulus at 100, 300 and 500% and tear strength were observed after
ageing. On the other hand, the tensile strength, elongation at break and compression
set were lower. Biodegradable test was performed under soil burial for 4 months. It was
found that the tensile strength, elongation at break and tear strength of NR sponge
without starch slightly decreased, at the same time the sponge NR with starch was
significantly decreased. In addition, the mechanical properties of sponge NR with CV

system gave higher than that of the semi-EV and EV system, respectively.
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6. ANBIBNTWAVBITTUUNTIAAN IUDER 8N AWUAZAITAUTILLLAN o it
- JTUUMTIAA ISLUuUNG (conventional vulcanization system; CV)

- sruumsSaan ludunuelseEnaaw (semi-efficient vulcanization system;
Semi-EV)
- FUUMTIAA LS UUUUSZANTAW (efficient vulcanization system; EV)

7. NAFOURNUAVEILNIABNNIIUG LalA
- mmvxﬁm&uﬁ (Mooney viscosity)

- ANBMLNNTIAN WS (cure characteristic)

8. NAFAUANTANINMIANLAENTANITINaV0I81INIUNNENITTINTN NS
Aaudy 13suasnaILNIsIInaNmMateudsiiae
- ANMNRWILUW (density)

- RNUAMINUABLIIAI (tensile strength)
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sysuTNGFINNTontsaantatdu 3 szuvdenisiaailudszuudnd (conventional
o - 4 | a a o o
vulcanization system; CV) ANTIAAN Sz UUAIUTERNT AW (semi-efficient vulcanization
system; Semi-EV) LAz mMyIaan bdszuuiiUszantaw (efficient vulcanization system;
(ai 1 [ 6 % o % 1 [ [ '
EV) laaunoasin b lunsutessuunsian s ande oo usannuansaasolueng

FITNTIABUIZULN AN FAFIWNIT T TINUZOUNURITLTI AIURAI AN 2.1

13197 2.1 WSunaasmuzounazansadsslumsiaa ludamafiiuzaw [20]

XU TINAN e USunmwituzau (phr)  U3URIIALT (phr)
FTUUMTIR b uuUn@ 1.5-2.5 0.5-1.0
JTUUMTIAAN bb L UUNIUTEENT AW 0.5-1.2 1.5-2.5

TUUNTIAN luuulsEANT AW 0.0-0.2 2.5-35




Wbz Tau o9l heNI5I TN R AUANA AWM NLSU VDI VA BUAY

o 1 A 3 1 A o 6 a v o A 1 ]
81362139019 ndfe nviaan ludszuudn@azldwusenisitenlossrnlngiiiunig
WanlosuuuwadtaN@n (polysulphidic crosslinking) #FIUN1IIAA UGz Uy
daransnmwdnlngazifanusenmadenlosuwuulagaWén (disulphidic crosslinking) L&z

‘V [ a a 1 ' Aa G/ A A
nslaan ludrzuudssintawaulngazifianuwszniaidenlosuuululugadan

(monosulphidic crosslinking) é’dLLﬁﬂﬂugﬂﬁl 2.3

. sfsg\xs Polysulphidic

S S

+ | — ™ S disulphidic

S \
VD=0
cis-1,4-polyisoprene sulphur N/ - / o

s monosulphidic

Eﬂﬁ 2.3 WMo N 9IRS BITNTANURNE D%

msﬁﬁummn%‘auIyaizﬁdwaawﬂISﬁIuLaqamaamal,mn@mﬁ'u RIHA DA
FUUALTINAVBIDNRRINTIAAN b haNa19Inue s lasmiaan ludszuudnfiazinusy
mn%auimmaeﬁm:ﬁuaQ%amamauddwaslﬁauﬁ'@mu%aﬂa L% ATNGIUNIHGIB LT
AIRANNIUNIUADNTANVIALAZANNAIUNUATANA AL FNTA MANTAIUNIUAITAN
Nﬁﬂﬁqmﬂﬁﬁ@‘iwﬁmn Faanimyiaenludseuufelssansnw uaznsiaenludseuud
Uz ANTAIW AUAIULAFNL AN INUNUGanINTEY (heat ageing) NUANAINN LATL
ANNTDYU (reversion) WRZFNLANITAUAINAINITNAVEILNIITABLNINBNFRITZUY Lag
myiaa ludszuuyszantan wldiuzaudasuasldzsansiludSunamnn ilwnnsls
fuzdwiamaitenlosudaziussiUs=ansnnann udsswusznndonlosasiitusdn

El%il,‘ﬁ N LINTORAIFDID AN 22V R eI T RNLARAI LaSUAINNTAUG
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2.2.1 #19W@9n191n8195330B16 (Natural rubber foam)
S A A o = ° P= A
pivasihde ssnneludszneylddislnsaudn 9 Sruamnn dgnialnas
NMATWIALANAE 118199199 AAA A NUNIRNA WIDAAADNULIIEIW LATA1IITHEIN
Aladada §IBHIRUINNITEUUBINAIUILAAIINAIIRUNEN WD IRIRIINAIUINLRININ
a9 HHWBIRNNNLIFTITNTG ’IvaLLsaandn 2 Ussinnasih
1. 9NN IHINUIYITIINT@ (Natural rubber latex foam)
219N 09111NYN NI IS NG LT N TE LI WA THRA NI N AN B IR TN TE Y
é’aagﬂuﬁwma LR IFLFIAULEDET AINUINNLITINY 3 TUADULALA A1 LFLAG
WaIfiwlwin 1A NNIIWG 1aunT1T6 U Wi wWIalANRIINIWANTaanyl I linag
moag}'éﬁ (gel) LLa:miﬁﬁlﬁmawaaﬁnﬁ@mimgﬂ NITUIUNIINRA NN IHIINUI8N9
sysum@smansansataidu 2 35wan 9 aah
1.1 nInansndInasinlasnszuiunnIeuaall (Dunlop process)
B laTuauisunazl TR 19N 09119 N 819 TITNT 1AL A
lna snvaiilalagnsiiieswsuaaed almiaduwasunsnluioslasls
A 3 o v a A o o ' A
wwIasnatuainied lduaduansnyvinlvnasenafianisias lagasnlgiunIzuiwiis
NEaTAD Imﬁw%a‘[mjaaa%@? (sodium silicofluoride) BAIMNUUAN AN BILN1IFUAILED
mgaﬂﬂmm{lf’ﬁm’m%aumﬂvlaﬁw
1.2 mswammawaaﬁﬂmm:mumimmmﬁ (Talalay process)
unszuiwmInaa s Iwe i lasun1IAanduain Joseph Talalay
Ao A A \ ad Ao o | ad o o v a
LaziANTanihedn Freez Process WadziTwaawndudawninizawsal lagazvinlwiie
Wadginalagni1idwasuazyinn1isaaauaw vinluwasensluiinasnaaatduiiusvin
ﬂ’]ia(ﬂqm‘ﬁﬂﬁ"ﬂEldLﬂ"]E]Ei’]GTJ@]L%’J Bl W o9819uT909 NS Eua2I881931aL527i 1w
Wasanmeumansdanwidwaasiausrifutinaarsuanlasantadidldluwasesitian
= a o & & & & o o a v o &< s o
udd thasaniaasuanlasan loalwniadsrinlwwase1afian13aa 16 HadsaIntunasvin
msvﬁuqm%gﬁ“ﬁaaLiT’]Lﬁaslﬁmamoml,ﬁ@msmgﬂ
ALABINNTEUIRNIINRA LA TNIa L agazdn1svinlvwasenaianisiaa
U = [ % (273 6 6 v [ v a d'
AuANNLEWIINNUAITANSUBR b an kaunwnTlTastialwiAan1siaaaun LTl
NIzUIuAUaal wananiuaroIitanfa ﬁﬂﬁmmsnmuqmmm%mLmumawa@ﬁ'wﬁ
Ieaginguaingn mezmuquﬁﬁmﬁﬂmamaammoﬁmlmfﬁLmuﬂ%mmﬁvlﬁﬁnﬂmsa
aruaTadanaslunIzuInen aatl udad19lsRaIUNIZUIRNIINIALAE X TUUADWLEE

AN LU NTUTaWINNNINNTZUIRNTAUFA1
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2. NN BIEINNLIITITUTIALUAY (Sponge natural rubber)
a v a U Qs =1 o'/
sansaaIsaldannisuassdunuiusmaeiivazany lasnaldansy
d' Qs v U ey A oV 6 6 g;
waldsuainudanazlvinalulasian wia mMaaisuawlasantad aandilagluauaan
13NANNTaRlNTZUINNNTIAN LB IR B19IA a U NIIUA N AN UREARARITWATENILN
ﬂauwnuﬁnmamvlwfﬂmwﬁmuwugwu aiumIna s udnauaNuniadge
a ) v :’ A o & 6 A dl s a J 1 <
duarinlweewasindanu s dwaastile 193NNV LILANNAT A L1ITIALTILE
mIoLenaa(l,ﬁ@ﬂ’mmnﬁamﬁmmm%au‘[masmawgnf Tumsassnuwinalunydianswasiin
v A a { o { a a £ o & v
dadansuzuuule NN TN AIVUNANUREATUNNTU FIRUHIT
6 Aa = A di s 1 6 6 A =
wasiianiagUnad uazazliifanuanilenasenededuauugol wasuuulad
o = ey 1 A > € o & o 6 4
TassaPadlwaaan laransanis lagnialuimasannnia i luiitag197aa7 s g19nauin
ﬁEﬂLLuuﬁlﬂ@Uﬁ";‘lﬂﬁ'\‘li’a@;ﬁﬁl,ﬁnaﬁl,wuLTJ@LLa:LLUU'ﬂ@ mwjﬁa:‘lﬁmmsnl,ma"l,@ﬁﬂu 2
FRANITH
1. miv\lu"ﬁﬁ@auw%ﬁ (organic blowing agents)
mwjﬁﬁ@ﬁmmmNaumTﬂuLﬁasmvl,@?ﬁﬁﬂﬁl,ﬁ@msmzmU@Twaa
Wasannadwllatnginigna waztaraan laaziuwiatannlnatfeans miwu‘*ﬁﬁ@'éuﬂ’%ﬁ
FIRINITOULITHA LA LA TIFT N NLANAIIN AT

=

1.1. n@'ymﬁ/ﬁ:nauazfﬁzf (azo compounds) %amwjmﬁ@ﬁ%wg
azla (-N=N-) dsznavaddin ldunialalaasluuwnlud (azodicarbonamide, ADC) Gadl
qmﬁgﬁmmmﬂéﬁﬁ 215°C LL@iﬂ:L’%wﬁﬁvauIWSLauaaﬂmﬁqmwgﬁﬂszmm 140°C uaz
ﬁ)zﬂa'aalﬁ”waaﬂmaamauymiﬁqmwgﬁmsmgﬂ (160°C M%agaﬂdwfu) ADC a4
wWasuiensuaslivinlwensiinausndas wonanit 1ield ADC 7 lnanea (glycols) fiaz
°1hﬂlﬁqm%nﬂﬁmmmaé’mmaﬂs:mm 20-30°C

1.2. ﬂ@'&lﬁ??ﬂ?ﬁﬂ@ﬂ?%[@?[@i (nitroso compounds) ﬁ’ﬁ‘]{‘\jl‘?jﬁ@f:%ﬁ
wylulasla (N-N=0) Usznavagdnldun lalulnslomunziufiadwnasziin (NN-
dinitrosopenta-methylene tetramine, DNPT) %aﬁwl"ﬁﬁ’uashoﬂfﬁ”nmwluq@m%msu
HILRSWANRGN %aau’%uam961'11ﬁﬁ”16ﬁvlu1@iLﬁ)uﬁqmﬂfq}ﬁﬂizmm 120-125°C

1.3. nguvavaunusvaslaasdu (hydrazine derivatives) \iulUwEu
a8 W laaslaé (benzenesulfohydrazide, BSH) %aﬁqm%gﬁm‘samﬂéf’ﬂumaﬁﬂi:mm
80-90°C 'litApusenauaz livlesdinaudndresnsifenlddnsfanitsdawniula
Faln'laas ' lod (benzene-1,3-disulfohydrazide)  @vazisuaarsaalwinelulasiand
aannTszunme 115°C (g9nd BSH) a9 fonlElugn9n o NN BT RRIUN T UIUMS

a _d

waqum%gﬁgq LT moﬁﬁﬂ%mmmiﬁuauga L6
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2. a’liwumﬁﬂaﬁuﬂ%ﬁ (inorganic blowing agents)
uansynddszdninand desldludTanmannis 10 phr 013
% A ' Y A A 6. VA9 oA A &
nzaoal lid Mardeutegn avefunidaulngild de wenlufisuaiivaiua
= & & a s e & &
wadluionluasuaiue lmaonluasuaiue snaalwaiazlimaasuanlasan loa
. =
2.1. wanluisuamsvaiue (ammonium carbonate, (NH,),CO,) D332
uwanddiuauTauatnitn g Nganni 30°C uazuandnTINgmnyil 55-60°C azldrine
= 23 6 6 a 6 1 o %
wadluiiouazmoansuanlaseanboa wonlutiouasuaiuaaznszauluonslabid vl
AV oA ‘o
o lafiynuliadnaue
2.2. wanlufisauluasuaiua (@ammonium  bicarbonate, NH,HCO,)
wand lifouenlufiouszioaniueulasan’sd Nguwnll 60°C
2.3. lmdsnlumsuaiue (sodium bicarbonate, NaHCO,) \Iug13N
Taidunwldlugsanm 5 69 10 phr lodenluasvaiwaduansnaaioaladgetn 9 A

gmunil 100°C LLa:amﬂéf’msmnmﬁ’sﬁqmﬁgﬁ 140°C

2.3 uils (starch) [21]

LLi”JaLﬂumﬂﬂmmmﬁamuagﬂuﬁﬁ%’ufﬁa wulwluuazlugrwnnegladlu
1 I =3 o LY a =1 d'd 6

LREIAIMIT 1% LuAaLazd wilvlwnszuruniinaanunens enslulaiasaniasdlsznay

& A = ' ) Ao A A ' a o
pavasuanlalasian uazaandawdudinlng uaslifaiodudug 1w Tsdw ludu
A | o \ o a < Ao A, A \ a \ &
LNRDLIUDLNIN mmuJomnmwamImmemumuﬂizﬂauauagmmmumﬂ W81
(flour) udiilafaidatunnansaldsdu ludu infaus uazdug gnanasan’y uilsndeds

& Y dld a Ag a 1 6 dl U 6 a Af
WuuilinlianuuIgndgeasisanit aanss (starch) tikasnuiliaasolinnuuIgndys
LLa:LLﬂdam%ﬁﬁEl'dvl,&imuﬂi:mumsl,l,ﬂigﬂ nraaallyazi3andn wils@u (native starch)

walunaassnudnulantleniimsaaudsuasenin uilsaauds (modified starch)

2.31 Tassasantadivasunils (Chemical structures of starch)
ulsiunasnifinannsssuma gmﬁ"ﬂﬂﬁa (CeH1005),, Alassainaiilu
waduwaa113a (polysaccharide) s'fiaL‘ﬂuiwLaqamadﬁﬁmaimaqmam (monosaccharide)
\Banedanue1uWus: O-D-glucose 7IdU#AWd 1-4 linkage lapdaaiannuannnin 10
Imaqa%ﬂﬂ luanadsnanidlavsivsesgluuyldun azlulas (@amylose) uazazlula
WWARY (amylopectin) é’mamlugﬂﬁ 2.4 az'lulawadwduaoloidwuas 5 1muann
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]
a o

{ e o ') ' . A ' d
In1sTaNdanwa 8w O-D-glucose N@UAUS 1-6  linkage Tatduarunidn
Asmuana1aanan (branch) #@nsuaslulas ﬁ]:ﬁLﬁmLL@iVL&iﬁmsJIGﬁsLuLL@ia:mgn’mmaoLLi’Jo
wetdusnolanass (inear) WIadnNusLdntaariNGY ﬁmuwwIwLaqaﬂwaﬂiwaz"luIaLw
AGw ﬂ%mmaﬂsf[aa‘LuLL‘i’]aﬁhumm}:agﬂwn’w 20-30% auniavaduiliniidasin
maaa:ﬂwiaaga%zﬁgﬂs’wwaamgmﬂLLﬂaﬁmﬁmﬁay LLazLﬂugﬂmaﬂ’hLﬁaLﬁwﬁu

a d'd s 1 :; =S Y U 0 T = &
wilirfiaffidadinvatezlulasdr  Dewddreunmeauilisiulngaziiorlulasazidu

6 a ‘ﬂ' = a [ ] o Aa a

asfisznavtesaneslulamadu Wafisumudanmud udezlulaanavuiidninags

' en A & A & ~ & ' A Aa
wndaautauaIuileriang L%E]Gﬁ]’]ﬂL‘lJ%I&ILaqa‘YlEJ’]’JLLaleIuﬁ’IUI‘II@]N%?E]E]’]’%]NT’N
INEILANR Y LazuNIRNalgatagwNIINA1TazLT u"'mﬁmmnﬁaﬂu‘[mwaﬁqun
lalaslagandunis O-d-1,6 nmslL‘ﬂuaﬂuiaaﬁﬁmﬂqﬂmaqaé’u uilednalwe wils
A1281A wilet1Iwng ﬁa:"luiaagaﬂs:mm 28% uil4aNnIINuazRLTw wilaNudUsnas
uiloiwa ¥y Jazlalas Uz 20% wilstamien ez lulas wilsd1alwadiazlula

5909 80%
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€Y 0. -1,4-glucosidic linkage
CH,OH CH,OH CH,OH
H O_ H O H O_ H
v " T
OH H OH H OH H
o o
OH
Amylose
(b)
l I
o}
H H
H—4f OH~—CH,OH H—4f OH~—CH,OH
HO ¥ H HO¥H O
H H
(0] A -1,4-glucosidic linkage o
H H
H—4f OH~—CH,0OH H—4f OH~—CH,0OH
HO¥H O HO-&H
H H
o

& -1,6-glucosidic linkage
CHz CH,OH
O_H

Amylopectin

H

Eﬂﬁ 2.4 (a) lassasvadaslulas uas (b) azlulainadu [21]

6 dl U st o v U =) 1 s = “a
giadsrnavvasutlefiansnurirlvuiouaazoiad1snu Janda
LANGEINHAE LT aunbavmeiden (hot pate viscosity) thauily (texture) aau
. a . K2 dld a 1 g; = wa
& (clarity) uazauLRHaT (stability) lasuilen@lunsuiaudazaisarsid audd 9
d' d' v Y d'd a v al'doa &~ = d' Y
naanaae lasuilsnddTameslulasgs axliaanlanwazuduaziu luamehuils
dnd1dznasiiosntsznavdw 9 1w Jldsduuazluiudrdedidasnin 0.1% uas
Waanadw TelvSumivesniuilsrfiedn 9 snnssaduisdszinnialaaw deuilen
v a Qf = 1 1 a { v [ 1

Idazfinnuuigngs nazvaumindaiondt wandafldaananduizn laslidasiu

o & o + d ) ~ =
nzmwnIven  ansazvadlauilinay wazanveiisesyundaiadiunis ilauis
lagnldazfawratunans aglugag 5-40 luasen uilviudrdenasdoslulasy
Jeh 18-25%
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2.3.2 N3LNALRANA LS (Gelatinization)
TuLaqamamﬂaﬂi:ﬂauvl,ﬂ@T’sw%ivlamaﬂ%aﬁ‘hmuu’mﬁﬁ@Lmzﬁuﬁw
Wtz lalasian ﬁqmawﬁaﬁmauﬁﬁLﬁaﬁmﬂﬂﬁ%‘luﬁ%ﬁu Lﬁ@LLﬂGﬁ]Z@@%ﬂﬁ’]vLéjLuﬂ%N’lm
FNAUTHI NI eI INDIA HIANAIA LGIINANINLAZFILNG LG 8IN NIThLIbaI21N
IuLaqmjaoa:VLuIammzaﬂﬂmwaﬁu’[umuﬁLﬂuwﬁnﬁmﬁuﬁaﬁuazi’lmml,l,uuu%al,m
' S = s o ' = =2 ' o o ° o
liazanlwingn uavinatszdut U luwarwvaadaunileds laidwssidoularing vinla
a A a o ' A P ' a A ' A = ')
Inssuiinwasdluduiiduszdvudesigadaludiufiiuadmgiu @morphous)
{dq/ e e v dl o v = U Y dld L= wa
wazUngnisatfisunsadunaule lagavinldovuksnes lauilendanwmsuasanii@d
5 a 1 { v v a & =) a . . .
SRGEY LL@Lﬁal%mnmamuﬁoqmvx{}u%uw%aqm%gmamﬂwﬁ (gelatinization
temperature) Wusz lalasiaugniate luanavasihazidhivnuny laasendanidudas:
o vV A = ~ & 1 > Qs v o v o
v lrnaniiwasarvaddanilidlisiursndwnau'la mlﬁ%nmwwﬁﬂgﬂmmﬂ
& ~ 1 { > o v
ISJLE\]QE\]“Uadaz‘lwiaaﬁmﬁﬂu’l@]Lﬂﬂﬁ]uLWiaE]mJ’lﬁ]’]ﬂE]‘%ﬂ’]ﬂLL‘ﬂGﬁﬁﬂ’]iU’m@]’JLLE\]Z‘Y]’]SL‘V\
oy A A A £ P ¥ A A ' =
ssazanouilsfianuniiauazanalafiniu fasnluanazvasinfiiniestsau g e
U A v ~ Y =1 d' £ J d nql/d 1 a 6
uiloiviakaad tauisin1Tafa 12 LN TINTZUIBNIIHILNTT L9aG bt
mMIAaaad wsuasdauilutsaantoiin 3 sz é’aua@ﬂugﬂﬁ 25 @a
~ Y Q :/ =) o Qs a & = ]
szﬂ:mﬂLamLuJ\‘mz@Wﬁuu’lvl,@‘i’l,uﬂsmmﬁnﬂ@]ﬂimmvam AMNRHAVDIFITUUINRD DL LA
a' J 1 o 1 d' 1 s A v a g‘ U =3 a a ™ =3 n'
LN LT AL Lmmalamsmumal%qm'ﬂgmmuﬂaaumqm%nﬂuwmdumu AlSu
o A = o o ' = A
vihgazeen 2 dauilsazwasdmatenai LuaamﬂIwLaqamadaz"LuIaa uazazlulaiw
ﬂauludauﬁLﬂuwﬁﬂuazﬁmﬁuﬁaﬁuashmmwulugﬂﬁwmﬂ Lﬁml,ﬂm:@@ﬁuﬁﬂmn
A Iy A £ ' = = Yy A A '
AR BAVDIFIINCA Y BUILLNNUUD ENITINEID LummaumimaUuLLﬂaagﬂﬁaLm:
£ ni a a 2 di v a o =} =3 U 1
TassgFanuuniAian1tdaussveuiulwan lys ba LLﬂZLNBl%QM%QN@]BVLﬂaﬂ Aazidngazee

dl <1 Y A ' dl [ 1 Y nl J
N3 LN@]LL‘].](‘I%ZNE‘.IJT\G‘Y]VLNLL%%?]% NINLALUBILTILNNINNT B
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Jeazh 1 Jzozh 2 Jeozh 3

Re-association jof molecules

Maxirmum (retrogradation ~_ b
> visqosity
@ g:;,”,.
§ ~ Complete
= -s2¢ dispersion
o2l % &5& i Jz-
@ b4}
[
o

&a
O

A
= Pasring termperature Temperature/C

Heat 60 12|0 50
Time

I;o

U 2.5 sraznITiiaLaand tusvaddaunils [21]

2.4 N13HaUAALVAINDALNDS (Polymer degradation) [18]

' a 6 ' & ] =
nalnmydessarsvaswadwas utailu 4 deeinn Ing 9 fa

1. Mmdasaanylalasuas (photodegradation) MItasaaslasuasunLAAIN

A v

M aNRIILaNLINTauTasdanssaslunatg@nnIasaa Nz lawa’ Lwaﬂﬁﬁﬁg

a 1 [}

Warunsanusziadin liudiuss uaninianaldsqyd 1w wadlau (ketone group) atl

e =

a A a

sluimaa%wLﬁamw%aﬂgﬂaﬁﬁuﬁaﬂénf,%'uﬁaﬁ'maama:m@mnmnﬁ'ﬂmaaﬁuﬁ:

U
= ¥ o

& a . & 1 a aaa 1 ] =3 dl
naneiluayuadase (free radical) 9 ladanuLan ey vl gaTendeadneiaiin
WuszLadUBdErda1suanluaneld vinlwiAanisevasansls wanistdasaaaihaz
a £ , @ A v A Ada
el lutadinauas: nasnin nIagnaRaNawNIa

2. maydagaanun Il fisenaandiatu (oxidative degradation) N13tiauEATE

Wul JiTeneandiatuvasnadimed luliTenaidueandiauasluluianavained
& a J U a 1 v a v

Wwastimuntaiialuiesldausisuofegiet g laslsandiaun anusan LLaagﬁ' $#38

ussnwnaduilasoding naduasdsznavlalasidaseanlad (hydroperoxide, ROOH)

Tuwang@nf lidnsdy s TLANLaININrIn AL NANNLET BT (stabilizing additive) W&

LLE\]Zﬂ'J"IZJ%/au’i]&’ﬁ']SLﬁ ROOH LL@mﬁ’JﬂﬂWﬂLﬂuﬂHHaaﬁit RO w8z OH ﬁvL&iLﬁﬁﬂiLLﬁzLﬂT']
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i fAsendanwusziadundunisasuvonlusalswefiwes dliiAanisuansinuas
FLRFUTALTINABENITIA
3. magasaaaruljisen lalaslada (hydrolytic degradation) tfunsgias
a e & A & Iy a & a &
snuvaiwefiainiingamnat niaialud 1w uils walieminad waAuanlaamad we
fnuaiua uazwadgTinu duwlfitenelifensuaninvasmelowafines Ujnsen
=) { =) J QI/ ] | { 4 1 a Aaa
lalasladaiadn laonaldutsaaniiu 2 dezan fe dszianildssisedl fisen
lalavlada (catalytic hydrolysis) wazldldansssljasenlalaslada (non-catalytic
. & L 1 & A dl v 1 aaa a
hydrolysis) @9szinnusngsutsaanidu 2 uuude uounlsmsssdjiselalesladaain
mMuuanlulana (external catalytic degradation)zaswadiwadissliiianmitesaais uaz
wuuhlfaasaljisolalatlsdaanasluluanazaswafiuesios (internal catalytic
degradation) nstsslitianisdesaaslagasivlisenlalesladsanaenend 2
phafa ssssditonlalasladambuionlod  (enzyme) 6199 1o depolymerase,
lipase, esterase WAz glycohydrolase lunsmitdatdunstasaa1an198InIN Laz&15439
U3 lalavladan liltiowlsd (non-enzyme) 11w lanzuaanlad (alkaline metal) @14
. Aa ' [ a A '
(base) uaznIa (acid) Nilagluanizuiedenlusrsumd lunvdiidaidunmsbeasaaang
il dndudjiselalashadsuuunlianialjisomlalaslagaannasluluanavas
a (gj U 1 6 a 1 6 A 6 a I a
waRwainulinyaivandaveimyiasna’ niatelug uialmovesselswafineslu
massdfisendessaadmdjizeonlalaslsada
4. mygegaarsndinmwidunisdessaisveswediainn1Ivinwu e
a a < A & A \ a & a '
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t nd
1 stage 2" stage
other metabolic products
excretion of ﬂ intermediates are
extracellular enzymes / assimilated into the
cells

enzymes attach to the
surface and cleave
polymer chains

short degradation

intermediates are
‘ / dissolved into the
o] medium
3 surface erosion % /"'

4" | water soluble intermediates ]

o»—Z—\’Q\ S,—o

o
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Lﬁ'uﬁmaaﬂ%mmmwjuamm tand RuTuLEntay (wag&'aazauama) fau
Wimolmala tazfame (2009) [28] LN BITNL L AUG IR T TN AT L9 a La3u
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ludluaa1iziinenaila 131nawasnsen (interaction)  5zniN98n9nUwiled1 dIuaasan
snsuzdugIuineiiianguasaynauilingastsanalidhiuszninsenaiouil
d' a U a g/ a Qs 2 d?
T NN oSN AN LTTIA8 876 LS L a N1 879 IN1INTEa 8 a1 aduile 1w ite
dld U o v wa a dl v 1 v 1 thﬁl v < Q
mw@mnmlﬁawummumﬂaﬂ@gamwmﬁ daunizhgaring iuniiniraauds
lassansvasuilauasnuNaENALENIBITNT® Wang kazame (2009) [9] laviuilsiaaan

Auludurinmsaandsuilidrnl jisenesnossniadu (esterification) WENAUWIILI



24

LAAUAIWIEN ﬁnﬂﬁuﬁnmwauﬁumsmﬁém%mm@ﬁmﬂ%aamaaag}ﬂﬂﬁa Tau@Anz
Usansrasuilsaanils nanuinlassgeanuunanvasuilavng ldwnasanaawilsuils
LLa:ﬂJm@agmmaﬁmmamﬂaﬂi:mm 200 W lwuas nyzauaduiihaldaanwiuLite

'
v a

o v va A A' J J a Y Qs 1 d' s
819 Y lARNTALBINALAND B F28NITLNNT WY 8 IUTH L TIAAULT LAZWUINNITZAL 20
v endad A a o aa ' o oA
phr vasuilsaauilsuaaiantanangs b 9ANIARaWAIAIEN Tz Il anaz e laa
ANINLINWANITIVYNNA1I TG W L3 T1921T% n1saanlslasigsrasns
sym@ldiingWeiduses nadaudslassasuildipdjiseeaneSidetu wians
1 AI v L v L U Qs v 1 Y =) Ui &/
Ty nwle mmsnﬂsuﬂ;smmLm'muvl,mzmnLLU&LLa:maﬁssmmhﬁmu
1 v LR a J o U
SINA LA RN ANIILTINAVDIIIADUNIIUA AT b mmmmmﬂszqﬂ@ﬂmmmmmm
da9nThe wazganulszanTnwlunistasaaa lan1931n W wagINT8IuITNANEN
NATDINIINRUEITALANTIA WAL LI TITNTIAUALRINIIDLANU T AN T AWl wnITta
aaneldnaginn lag lzmar uazamz (2012) [35] lanenuiimaeioaiaqizdznay
4 A Ao & A Iy a a Y @ aa A
maammaﬁﬁmmwnam"l,wnmn’mwaml,ﬂomg INTLAILUAILNY 2 3T ANIINEN
LLﬂGﬁ’]ﬂquﬁ’]m\‘iﬁiiwﬁ’]aﬂE]SJW’]’J%GTLLazﬁ’]ﬂ’Ii‘]JNﬁqmﬁ{}ﬁﬁﬂdLf]‘l«LL’JE\]’] 24 TN
LLaz"‘J%'ﬁaaaﬁwmiﬂuﬁwsmﬁiiwmaﬂawwnuﬁﬁqm%gﬁﬂunm 24 T LUINAIINNI
ﬁmﬂﬁmm%’auﬁqmwgﬁ 80°C LLazmswamLﬂam@mlummoﬁﬁm’]@ﬂauwnuﬁmu
I ') o o & 'y & Aa ° &
WWwaan 2 1l ﬁaamﬂmmsmﬂauwnuﬁwauLLinm@maam%mmmwugﬂi@ﬂ
waftianiuuuuliastisduea (coagulant) wazthuHuAs NN INazauMTasRaY Lo
I@ﬂmﬂﬁﬂmiﬂaaﬂuqaLﬂmw:nm 10 AN wazIatinUSu1ns 500 ml LiNaINEIAIN

oA a o ' a6 J 04 14 Y v 04 [l v g’ < & ¥ v
qu%ulu@u I@EI%’]@]’JI’JEI’NWH&J“IJ%N'WJT] g1 FUA T LRI NAIDE NI EINA @]GI%LL‘V\\‘]

=

Naunn AR ILAINUNATDURNTAANUNUBABLITINI NaNTANEIWLIIaAEIUSzNaun

q U q
a J & ad ' v ' =3 04 a &
LATENYUN 2 gkl mmwmumumaLLSdma@aa%aaaﬁﬂmié’]a@mﬂmw:nm 10

s d v & 1 a 1 ' v

U TIuaaslAAUINAANITLINANTLBFAENTINN Ao Wmﬁ (2554) [36] &
= =) a =i a =) a

LAIHULREANENNRUDIUIVIMNINTEAIUA RN vLﬂ@l‘l«L LLﬂzVLﬂI@ISﬁ’]u BRESAN I TUAVD

HNTITNTIR NAUADFNUANNILDUFIAIUNIITINTNDY E]\‘]’S‘QGJ‘L%\‘]]J‘SZT’]E]U NINAFAUNNIE DY

RRWUY}WG%’)JW’IWI@WLﬂﬂﬁﬂﬂ’]ﬁﬁx‘]a% I@UL@%U&I%%&’)QQ’N%%’]@ 150X150X1 Qﬂﬂ’]ﬁﬁ

2D

ARLNAT DITIUIRINITUAW Lmzm%ﬂu%ué";amagﬂﬁmua lanaasNian ntuiinaas

as o ' a & =~ & A v o
N%u@]’)aﬂq\‘]vlﬂﬂﬁ@%aﬂ 9 U7 3$H$L?aq1uﬂqiﬂ@aaULﬂuL’lf}n 1-6 LAY LAIVIDTUNARDU

De Sh.

A

Puann 9 e iduiagraindinliazaraudrouuds nasansuianinnegn
V095U éw%’u%ué’aazhagﬂé’:uLuaﬁnvlﬂmaauawﬂ'@mmﬁmmmiau;saﬁa NANNIANS
Wui ez sTIAuRLIANTY Na09nTl TN TITUTIARNENTUNINTZAB
Usmin lediu uazlalawu AUSunm 30 phr faudanemaoningsniinisldens ENR-

25 uazg1d ENR-50 mum‘s{laUamﬂvlﬁmﬁamwwé‘aﬁlaaumaai’a@y,%aﬂs:ﬂauwujww
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YN AfNaNAURInTzaaslanin ladu wazlalaou ﬁLﬂaﬁ%uﬁmsgryLﬁm{mﬁﬂ
uNNIINTdlend ENR daan Bras uazamiz (2010) [37] ladAnsingisdsznauvadend
sy mMaAnumluLsadglas (nanocellulose) Aa3udnlasnsnIwKENENE95TINT AL
\raglasiaines (cellulose whiskers) I@ﬂ?iﬂmﬂ'%mmwmgiaa%ama%ﬁ 0, 2.5, 7.5 UaY
125 % lagiwin  desuiianisdosaanslanisdrnin lasfidsnmsmegeuesit 1
shanslouuiedt 50°C 1wnan 24 $alus udasiminarotnanawiledn anniuinan
Talundoswang@n 100 n5u Jeaunuw 3 cm  udrharegrailsanlunaasnaradng
wisNlianuananfifudiuun 1 aw. ﬁwmism{mﬂi'mﬁ"a%’nmmwu%u fazoziianln
mManasay 4 ailen ﬁﬁé]"samﬁumﬁn 5 flenwarednainduananauiandedan
L{'mé"uua:amﬁaﬁqm%nﬁ 50°C 1lwaan 24 $alas uazsandasinwin wansaneila
ﬂ'%mmmaaLﬁmgiaaﬁamaiﬁluﬁuddwa‘lﬁmuagé’auaz@hmwﬁmmu@aLLiaﬁoLﬂ'uﬁu
audeu saunistasaanslanieiinnnasannisieaunuineesssusan L
Lsﬁagiaﬁmﬂa%ﬁiw:nmﬁaau 4 §and siminmely 19 % TupmeRensssTuman
Laméﬁagiaaﬁmﬂa%ﬁ 7.5 uaz 12.5 %lagiinwin simsnwgly 62 was 71 % anudne
LﬁadﬁnﬂLmagiaaﬁamﬁmmsnﬂayamuma%amwvl,@ﬂ%aﬂd’lmaﬁiimr]m@mﬁmnﬂ
nmIvilnavasadunidludu lulldennAbraham uazamz (2012) [38] lddnsnistes
amU"L@de%’smwmaﬁa@;L%aﬂizﬂamjaamo'ﬁssmw@ﬁumiwﬁﬁaﬁgiaaﬁm’%w%ﬂm
Nauﬁuﬁwma'ﬁﬁum@ﬁ’uuﬂmsﬁaQiaaﬁmum:mumswawLLUUIGﬁﬁLﬂ‘ﬂ (sonication)
I@yﬁnmﬂ%mmmimmgiaaﬁ 25, 5 75 uaz 10 % lasshwein wasSeuiiouns
smdﬂﬁa@L%aﬂs:ﬂauﬁw’mms‘i’amvl,wﬁl,l,a:ﬁ"l;imumﬁamvl,wf dasNUANTHaLRANE
Tgnsdanin lasiistnmasauasit s9iininaaes uazualudininuosfonis
MINEAIATS sz 70 % LLa:ﬂguﬁaﬁmqammau darariwllin
fhatnsTwndainrannass g&lﬁuﬁaﬁqmgﬁﬁao inludsimin uasnageuauaaIN
dumudanssfy nansansmidesaaslansdinwnuinisgdlsznauanng
ﬁs‘mma*ﬁvmmumsi’am‘lwﬁmmmsz}aﬂamU"lﬁma%amwﬁgaﬂdﬁ'a@;L%aﬂszﬂawaa
BNIBITNTIAN NI WNTS 8N L LLazLﬁaﬂ’%mmmaamimmaQTamﬁu%uwuhﬁﬁaqL%a
U32naupa98195330 a7 L1 s T an lud wazen953sumansuwnsTaan luds
LU@%LG‘EuﬂﬁQQJL‘ﬁﬂm{mﬁfﬂmﬂﬁumuﬁﬂﬁu dauSpufisuiuen sy aa lidauwnlu
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3.1 @15

3.1.1 971953INT1G (Natural Rubber, NR) THA8NIULNBINAIWTH 3
A o & ' o A A b4 a & a a
Janwoztduurduwsrsuiy I8as1 IWedaniaian g SLABNIRY
anisn ‘vﬁaLﬂmﬂﬁaﬂﬁumaﬁﬂ’%@ﬂ:ﬂuagjﬂ%mmﬁﬂﬁale@TLL@i@Taavl,&iﬁiamgwad Lidida
NIURTAFIRNUINVULHALIT A% UnLNWIN TR arIan 1aluwe1supnatadnaninia
2 J =3 v £ Y A A 1 1 g 1 ci 2 =1
TIAILRZIAIVWLANID 16 LadasdUSIN I LININATIY 10% Vadalrat19NLaad LT il
s 1 % A =1 1 A A :’ v % AaAa 1 R o U o
ﬁgmumuvl,mmamaq@mumuumaLqu #1910 FAaTILAdaINR LuAUAanGY  TEvin
v A I a Kgﬁ £ ™ a 3‘ a 6 A" =3
RN U WA R LN ATAIAURAN LN TLATNENINaIN WA laY aRNIniaaunlwan Uszing
Ing
3.1.2 #1819533016 (Natural Rubber Latex, NRL)
fanvuziurannainitader sliauanlafiogs (High  Ammonia
Concentrated Natural Rubber Latex, HA Latex) IR I R (Dry Rubber
Content, DRC) U3szanmh 60% a9U3unmpadudininua (Total Solid Content, TSC)
Usz3n0h 61-62% LAUTNENRNINALLaN UL 0.7% lavinninfiduwafinasasdunan
TuniaeTaneinadiin NaalasuSEnazusiing 9w 100 Uszinelng
3.1.3 NIAELALIN (Stearic acid)
= - & = a 1 g‘ A :’ b
Janwumstiunandan lazansiin ug@ﬂmaqa C17H3sCOOH #n#tn
Imaqa WL 284.48 NYN/LAA AAMURWILLL LYNNY 0.847 n%’u/gﬂmﬂﬁmuamm f
70°C ANABULANT LAY 69.6°C 01080 LYy 383°C lﬁﬁﬂﬁﬁwﬁLﬂuaWSﬂszﬁu 6
o ] 3 v J a 6 A o @
mumﬂmmmumu ﬂ’i]vLWHﬂileJ ne Usznelng
3.1.4 aznw (Sulphur, S)
FanuacidurasndifinaasNduaan ﬁmﬁfﬂimaqa WinAU 32.065 NI/
Tua JAUAMILLL LYY 2.08 ﬂ%’&l/gﬂmﬁﬁmuamm 0WADUINAT LHINAY 115.21°C
Iaudaaivinny 444.6°C lEvinninniduz1sdaan lud wdalasuSen suauiad s10a

Uszinelng


http://en.wikipedia.org/wiki/Molecular_formula
http://th.wikipedia.org/w/index.php?title=1_E-26_kg&action=edit&redlink=1
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3.1.5 &3daanlwa (Zinc Oxide, ZnO)
tanwasidunianninasdoaiun ﬁwmﬁn‘[maqa WAL 81.408 NI/
lua fanunwiuu iy 5,606 NTN/ANUNATIIRANAT IARABNLNRAT LHAD 1975°C
(FR1867) 9ALfaa 1Ay 1975°C  (FanBen) I%ﬁmﬁ']ﬁﬁumim:@ju NAAlasuSEn
Univenture Public Co.,Ltd. Uszind lng
3.1.6 Difatuulalinaslodafluzlugd (N-tert-butyl-2-benzothiazole  sulfenamide,
TBBS)
Janwastdwladuam ﬁg@lﬂmaqa C11H14N,S, fl:mﬁfﬂimaqa Winnu
238.37 NSW/LUA AMUAUILUY LYINAY  1.26-1.32 NIN/ANUIATITUALNAT IANADULAAT
Winiu 344.1°C 7 760 Hadluassan aLfeq vy 105°C T ms A wanseanss
NAAlaUSEN Univenture Public Co. Ltd. Uszineineg
3.1.7 udsuatznas
HuuleRanwasedunn ilotiion Al anunwuse iy 1.45-
1.64 ﬂ%'wlgﬂmﬂﬁlfnuamm anNovalanisduidznad innu 5-35 tuasan wils
W%ﬂuﬁ%zmﬂ@]:ﬂa%%éﬁﬁ]’mLL‘]J’J‘LLE\]E]EIE]%iLL@iLﬁaqm%ﬂ“ﬁ‘IJE]dE?(’ISLL?J’J%aE]Ugd‘ﬁuﬂizu’lm 60-
70°C (%ua%iﬁ'umﬁ@mamﬂa) Iviminiluansen naalasuSsn  Genneral
starch.,Ltd. Uszinebng
3.1.8 lolalwsRadlfadlfiadalaozldn (N-isopropyl-N-phenyl-p-phenylenediamine,
IPPD)
fanwasdudadinans dgasluana  CygHieN, ﬁmﬁhhmqa WiNALY
226.31 N3W/LNA AMURUILUL WNAY 1.04 ﬂ%’@J/gﬂmﬂﬁLeﬁu@mm I0NABULNATD LYiIINY
72-76°C YaLfiaq vy 161°C 1 1 fadwasdsan Mvmihdidussilasnwnsifoy
NAAlA8LS¥N Univenture Public Co.,Ltd. Uszinebne
3.1.9 &3
- alalaasluw laud (azo-dicarbonamide, ADC) Aans ot dunsfiriaad
f%on19n138191 Supercell SC pawnndlunissanuea iy 130-165°C T dn

m‘i‘l{‘\ll NAAlaUUSHN Afg A.F. Goodrich chemucalsco.,Ltd. Ussinelineg

o}

O

31 3.1 lassaamainiivad super cell


http://en.wikipedia.org/wiki/Molecular_formula
http://en.wikipedia.org/w/index.php?title=IPPD&action=edit&redlink=1
http://en.wikipedia.org/wiki/Molecular_formula
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- lalulnsloiwunziufiaduinaszdu (N,N-dinitrosopenta-methylene

>

tetramine, DPT) danwmsziiunsfinios IEviwihiduansy

ON
\N/\N

g)

N
N\/ \
NO
U7 3.2 Ta39aF9MaaTv09 b NIl wunz L unaf b na Tl

3.1.10 uAALTENARD 3¢ (Calcium chloride, CaCl,)
danustdunaadun ﬁmﬁnimaqa Winnu 110.98 nYd/lua faaw
RUBUB 1IN 2.15 ﬂ%'u/gmmﬂﬁwﬁu@mm ANABULAG? winnu 772°C ﬁgmaa@ WY

1935°C 1T nin A wa139Ua211 879

3.2 qﬂmtﬁuazm%m:ﬁa

3.2.1 a‘nﬁwmuquqmﬂgﬁ (water bath) fi%o Thermo scientific 3000 Waalay
USEn brwauiide $1na Uszinalng

322  10399TIANNAZLENA 2w 3% GF-3000 NAAlaE USHN A&D {11@
ﬂs:mmﬁﬂ]u

323 adasiaanunwineiifisaatilad (verier caliper) aAwazidaa 0.01 mm
wAalag Teclock” Co., Ltd. $% SM-112 dsznadiu

324 19399TINNAZLELA 4 FIUNIS U AB 204 NAAlaE USHN Mettler Toledo
e dssinasdsmaiuaua

3.2.5 qaé’a%ué’aamagﬂﬁmuaﬁuuu Die C l¥&mIuaasuaIasnsne aan lud
@WNIAIU ASTM D412 LNENARAUANUNUABLTIRS (Tensile  strength) NOQAH
(Modulus) 1asi§udnsta ok 90214 (Elongation at break)

3.2.6 qaé’w%ué’aasiwe%m%’umaaummﬁmmmiamianmmmuyu (Angle) a1
N191331% ASTM D624 LONARBUANNTIWMUADNIIENINA (Tear strength)

32.7 gaulvwianiwy 53 Aas ﬁﬂ'@amzmﬂmmmﬁ”mlmﬁamquqmvxgﬁlﬁ
m*?iéim%’ul%au%ué’mshaLﬁialmﬁmmifam"lwfﬁqm%gﬁ 110°C HAalasuSTEN

memmert USsineLeaIuis
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3.2.8 m‘%ﬁaammmaaannﬁy\‘] (two roll mill) 3% YFM 160 B Lﬂuqﬂmrﬁﬁl‘ﬂumim
NENYISURZEITLANANS 9 LT1a8N% gﬂﬂé@ﬁﬁ%ﬂi’]%g%ﬁﬂﬂﬂ 6 1 AW 15 fin
U2 an mgmﬂ’ﬁmﬁ'uéﬁslé'm']L§a§nﬂ'§aﬁﬁ1@ia§ﬂﬂ'§a%é’a (friction ratio) L¥inNU
1:1.2 WAalas USHN Yong Fong Machinery Co., Ltd.Uszinadu

32.9 gauniis ila Gear aging 34 GPHH-100 sansnauguamnni ldlugag
&y'al,wiqm%n“ﬁﬁaawﬁa 300°C é’agﬂﬁ 33 gnsulflunstussensiienasauauilia

\F9na WAALay USHN Tabai Espec Corp. Useineilu

§ELLUGEAR OVER

gllﬁ 3.3 gautulisniia Gear Aging

3.2.10 LAYBINARDULIAINTIAAT LUTURILN (Moving die rheometer, MDR 2000)
3% 36AIG 2953 lEd1nTurIIaINTIaan lud (cure time) WAZIANMNIENYBIL IR
fNWua (scorch time) ﬁdgﬂ‘ﬁ 3.4 WAalae USHN Alpha Technologies Services Inc.

Uszinaanizaiuim
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P a a €
Ell"/l 3.4 Lﬂiﬂ\‘m@]ﬁﬂ‘ﬂL’Jﬂ’]ﬂ’li’)ﬂﬂ’?vl.%ﬁ“ﬂ 83879

3.2.11 @388 (compression molding) 31 LCC 140 iulaTasdadniusnens
AW lagltzuulalasan Twarnusouaqylnia AUAFIFA 200 Alansu/a1nd
~ { v =) 2 a a @
LA ATND AN NNNUUIA 45%45 cm” NAGLA8USHN TANG-MASTER Co., Ltd. U3sine
v o o A a o A oo, ' = ° '
lewiu asgUf 3.5 wnzanwmzdhAlFhananuadwmannnd wm 3 uindszny 3Unsg
{ { 2 2 I
FRABNVIIA 13x13 cm” AIWAWD 0.2 cm UAZTUIA 13x13 cm” AINAWY 0.9 cm G931
3.6

Eﬂﬁ 3.5 La3adaaiin (compression molding)
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U7 3.6 ansmzhfldannunu 0.2 cm ($18) waz 0.9 cm (127)

3.2.12 1A30INATBUAMUNUADULIIAG (Tensometer) instron 3 3365 G93UN 3.7
fmiuldnasaunnunudawssds (Tensile strength), Wa@aa (Modulus), iasiGudnsta
W 39219 (Elongation at break) LAZAUAIUNIUGDNIIANYA (Tear strength) V84

A20819819IRAN LT WA LAULSEN Buaatan 3Na Utzine ng

srteeeen

P = ' =2
Ell“/l 3.7 LATNNARALAINNUADLLIIA

3.2.13 @asadannuiedianasewlulasalay (Scanning Electron Microscopy, SEM)
Hundasganraidianaseuniifnasrensligariviuieias TEM  (1a%09 SEM 8
MaspensgIgalszums 10 W) aa37 3.8 Mgy lalasnisasiaia
A & A o & a @ o R o = AN o A
BlanasaunaziauanAuiIN284 dra819NiMIETIe SsnwileanniaTas SEM

Hazfunwanwmzaay 3 §6 Tiasweisiis 200,000 win lglunsdnsgmgiuingrvas

g9 DI
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U7 3.8 1n3esaunuibadianasanlulasalay (Scanning Electron Microscopy, SEM)

3.3 A5n1saBnnITNaAaad

3.3.1 AN¥IBNENAVDINARANITASUNRITINRAEHAINIFLADIHUNT NANA
v
AadNUAL1INaIBIINY 195 IINTIANFNBITINBE1UZrAY
NNTLATHN LN AIHINE N TITNT AR FULTls T a1 Uz rasvinlalasnis
a o o [ 6 6 U o =1 a a [
LNl N nE U rasunaiaasuund laglaviinisdnemaianisiaIounilann
o e 6 6 Id a A a a Cd o el 6
fuznasnaeasuungaantdu 2 wmekafe tnadani1stasuundINnaIUsnasugLaas
wunguwuy laiaandlug (non-gelatinized cassava starch technique, NST) waztnaianis
a Y £ ° % 6 6 Aa 6 . .
@SN U UL RAINFLABTUUNTUUULIANG el (gelatinized  cassava  starch

technique, GST) Ainaaziduaash

3.3.1.1 muassauilaiuiznasnamaasuunsuuuliaad lud [39]

ﬁwmu,ﬂoi’fué’]ﬂwﬁaNauaﬂm{ﬂmamiumamug@lﬂumswﬁ 3.1
wiaunudslunaniufinnusisey 200 saudauwf s 30 wifl wdinnssuea
enssTsumadsmsasasuaadounaalsdanududn 10 wi% udadaonsduunn
demIazansunaduunaelsdaandsiivans 9 A%y u,axﬁnLLNumamamLﬁaﬁqmwgﬁ
70°C Juiaan 18 Talus azldiluenssssumansuuiloiundznasuaaasuundlu
Usnmuilasugntznas 70 phr uazldvinnsssinninonanauuilaanaieafuundnas
auuFIE W Lo S FudNanEa (% vyield) 7ildAe 94.23% lasfmsswiondosidued

a o P
NRNRAAIRUNITN 3.1
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NI WITH
WS TuaNanae = (NANRATIV/HANAAAINNOR)) X100 (3.1)
NANRADIY Ao HAAA T ldanMInaaes
NRHBAGINNT 1) R HAAA T I AN M IS W BANNRN NS

3.3.1.2 Mol NUA UL RAINRLA DT L UNTUULLIANG LS [13]

L@‘%wﬁ’]LLi’Jﬂﬁa;Ji‘lugﬂmsu"u’maamim‘ﬁu 5 wt% lagudiinnan 1330

N3y m’l,dsl,wﬁaagmﬁﬂmwm 5 803 Tonilaiudrtznas 70 n3u (@ailu 70 phr) inlalu
mﬁ"aagﬁl,ﬁﬂumﬂﬁulﬁmm%”auﬁqmﬂgﬁ 90°C ’Luemﬁﬂmquqmﬁgﬁ NIDNNIUAIL
Q dl =1 1 = ] = g: v & Qs dl a Y v
luwaniunau3I7au 200 saudaw 1uwan 30 wn @]ﬂ%LEJ%@]’JY]QﬂL%QSJ%EN e
LY a 6 A a 1 6 6 3 L 3’ a a
wilaaan@ludg wIaSunin 8STLNEY (starch paste) WAITINLITIINTG 167 DT
(Aaidu 100 phr) awgasluanef 3.1 inasluuilaamdludwiauniudsluianiud
ANNLIITU 400 JaUGAWIN LUWIAN 30 N WAIKINL1ITIINTIANFNLTINUE1UZ RS
LR L ANFIINITILAIAILRITAZ AL LARLTLN AR bIAANNLTUTU 10 Wt% LAIIALNI
Huldn sSvsacasuaaounas lsaeana 8t naty 9 A39 LaZILRBIUNaLLRIN
annd 70°C 1Twtaa1 18 T lud Az latdne19ssTuTanauuils NndUenasunaiaas
wUNT LS milaiudUsnas 70 phr wazlavinmsssininonsngunilsnnsaasiund

ARIDUUAIR WIS TURHANRS (% yield) N laAa 97.09%

YA DWNITLAIUNLIINDNNIIUAN DN
o U 6 {ai % 1 a o @ d' A
WINRULTI AN RO SLUNTN e n LaazNaiaa uRITan 3.3.1.1 wia
3.3.1.2  AUANSONNWAVLIILNUINAIWTY 3 uul,ﬂ%awmwauaadgﬂnﬁamﬂﬁfmaw
aIaiianugasluasnem 3.1 Tau T AR LN TNENAILRAI LA 3.2 B19naw
wnuﬁﬁ"lﬁé’ﬂi’ﬁqm%gﬁﬁaa 1wan 24 Tu9 Aawnazin lwiguian13iaa ldua
p9Ngunni 150 C d181a309 Moving die rheometer (MDR) lagaziadaaniudu
MM LU (scorch time, Tep) 3L bdALIAINITIAANIUS (cure  time, Tep) ANATANT
{ =) Q v = g; o J v { Q v {
nagaunasuylilunida 3.34 %aomnuummaﬂawwnmﬂﬂmugﬂmUm‘%aaammﬁ
RITR 150°C @nduATNIInagauNasue by luwada 3.3.5 lagldiinuwia 13x13x0.2
3 { YV o Qs : Q @ A v 1 = {
cm NaldgmsumaassusuwnasaulunTesNtatzing laun wag}aaﬁszmﬁﬂ 500
6 & 6 U ] = 6 & 6 A % ] =
wWaiidud anudumudaussds wasidudnistia m 90210 uazanudunudansin

P10 LAZATIVAN WU WFUTIUINNVRIE 1IN IIMLATEY SEM
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A & Y 6 a o o o o
1371490 3.1 g@jﬂqﬂﬂawwq?uﬂmﬂ\‘]En\‘]waﬂu’nﬂﬂqvl;uéﬁqﬂLLﬂ?ﬂiNWMLL{I\‘]Nua’]ﬂzﬁﬂﬂ@?SJ

ARANLANA1IN

1* step NRL/cassava starch master batch

Chemicals Dry (phr) Wet (g)
60% NR latex 100 167
cassava starch NR/masterbatch”’ 70 1400

2" step Chemical compounding

Ingredients Weight (g)

NR/MB NR/MB NR/MB NR/MB NR/MB

0 10 30 50 70
RSS-3 100 86 57 29 0
starch/NR masterbatch’? 0 24 73 121 170

Ingredients: ZnO 5, Stearic acid 1, TBBS 1, IPPD 1, Super cell 5 and Sulphur 2.5 g
1non-gelatinized cassava starch/NR masterbatch

2gelatinized cassava starch/NR masterbatch

TN 3.2 AAUTUAUIUMIHRNEIIABNNIURDBIIN B9

ATRADUNTHEN 138 (W)

vaud LIl w1UsnasunaiaasuunGIINNULI9 0
WHWSNATUT I 3

& Zinc oxide 2
1& stearic acid 3
& % sudrsaaulian 5-6 ass 5
& TBBS 7
& Antioxidant 9
& % eudneaavluan 56 a3s 11
& Blowing agent 13
& Sulphur 15

NINAA HIUQNNAY 6 A39 17
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1 e

P a a ) ¢ &
3.3.2 AN¥IBNENAVDITTULNIIIaM InBNANaAaaNTAaIa19N DIk N9
533NTANENLTIN WAL
INNANINAFIUAITEN 3.3.1 WUIIMIOIUNLTITREUnadaRIADT
WUNTUUULARNA b AN N1TN T80 90waNUrnasluendsssumaaninnig
a U Cd o e 6 6 1 a 6 g: =3 A % a =
L3N LTI WA U HAINIRLA DT LUNTUUL Laa@ s advwiasifanltinaianisiassy
U L o L 6 6 a s Ced o o 6 6
Wil RAINIRLA DS LUNTULULIAE bt bvn3tas il ndlsvasnnaaasuunt
LN DAN N BNTWAVDITZULUMTIAA bTo08 R1302L59/Muzon laandazszuultaasnain
R1IATI/ANZOW 995 ITULM TR MTLUUUNG Mo aI182% 1.0/2.5 S2UUNTIAAT b
& =) =) U Qs 1 = =Y a U
LUUAIUTERNTAIWITaAINEIW 1.5/1.5  UaZIzUUNIIIaaT bSuuulseansawle
AIIEI% 2.5/1.0 lauuaazszuun13I a1 lud lavinn1sdnenUSunmuil s inanlsnaan
32U 0, 10, 30, 50 L@z 70 phr a9uaadluansdn 3.3 lunsieTonensnauniuawasin
o g; ai a o @ d' J Ay L% a (d'd
veuawaawnasune I lunatan 3.3.1 Iumﬂugﬂﬂjuﬂ@ﬁamﬂmmuwwwwumwwm
0.9 cm LNaMNIIMAFEUANNIAIFIUS1INDIHN ASTM D-1056 L@lLn A uAmwILn
Nagasfszuziia 100, 300 UAz 500 Wastiud ANNFIUWNUaansIad tlasiauan1stia o
90919 ANNFIUNIWADNIIANUA m’mmmmiumsﬁugﬂ%é’amin@ NINAWLRZRRS
NNTLNLIIGILAINTI LANAROUFNTANITHAHFAY LANIITIATN Laun13HIauas
asung 13 luiatan 3.3.6-3.3.9 audau

AN319N 3.3 gmmdﬂamwnuﬁmaa 19N 91 AN bt N TUSu il sl ualz vasuag

FTUUMTINAN IUBUDLeng o

Ingredients Dry weight (g)

Cv-MBO CV-MB 10 CV-MB30 CV-MB50 CV-MB 70
RSS 3 100 86 57 29 0
Cassava starch 0 24 73 121 170
masterbatch

Ingredients: ZnO 5, Stearic acid 1, 78BS’ 1, IPPD 1, DPT 5 and Sulphur2 2.5¢g
napLng " °Semi-EV (SE-MB 0-70 phr) used TBBS and Sulphur = 1.5, 1.5 g
EV  (EV-MB 0-70 phr) used TBBS and Sulphur = 2.5, 1.0 g



36

wa ~ & YV 4'
3.3.3 MINATBUFNUAANNUIHAVBILADNNIIBAAILLATDI Mooney
viscometer
PNINAROLALLATE Mooney viscometer @14U419331% ASTM D 1646
Aad Qs 6 > 1 n‘y dl a v gﬁ N g; v Y
1TnIdaInaunIIUe 100 N3 WHIBNNAINgINNEWas 10 AT LARZATI NI
gratdumanuarlanaudldlvg waluasen 10 lvlaasansaanudluidn wazinllae
Wualatanagey 2 au Lfﬂugﬂaoﬂaulﬁﬁl,ﬁumgmﬁﬂmawhﬁu 1.75 97 Vwnn 12-
v A o . & A & o , o ' o
12.5 N¥N FUMBIITUNEILNZIATINGNI AIL1909NAN7 1 30 wIN AawiNINARALUREN
g; A { Y o v g: 1 1 { v o é
Anuniauassd nuwdaiaiasldinnunsiasdids 9 aundasnts i lsiaa$ds
Hiunsasdtguwnndndasnisnasay tuiaan 15 waf VIRAAUNUBUDILILADT LT
> 1 { o Aq/ = 1 : A = Qs
mamaﬁlngmaﬂmaLLazuwu@laama'é‘nmuwmmawuu‘[umaﬂuanwm:ﬂs:nunu

nvwiilaiaasldlgluaaiasas Lﬂ%aaazﬁuﬁﬂwaaaﬂmagjilugﬂmmm%ﬁ@guﬁﬁaﬁ

NIIANWIT
A A o
AMUAUAY Wb = ML (1+4) 100°C (3.2)
M Ao Mooney viscosity U838
L e Munyuawalng hldnunyuwamnaidnliliagansal )
1 da nandwmndinltlunsdusenaudweios
4 fa nmLflumﬁlﬂumﬂamﬂ%méhig;uma

100 @@ qmﬁgﬁm%’lumimaau

Y] v 6 I3 {
3.3.4 NINAFDUANHMZNITIAAT IWTVDILIADNNIINANI1ULATDI MDR
#nInaseudIuiAIed MDR 2000 @uN1AI31% ASTM D 2084-95 &
ad o & v & a2 o o 2 A& o ' & a
'Jtﬁmsmsmﬂamwnu@mmLﬂugmanawm%un 4-4.5 N3N LU WTHNI0E19 NV e
| e, v & . ™ N 4 ¥
1309 IAFUUAIAIANE1 9 AUNARINTT TNTUA28E191NIDULTLADTTIHIUNTAS
mﬁqnmgﬁ 150°C 1ilwtaa1 15 w1 m%aw:ﬂ'uﬁﬂwaaaﬂmimm:"ﬁ'@@hl,l,iaﬁ@@‘hq@
(Minimum torque) Aussdagiga (Maximum torque) AnasuawnTIaaT lud (scorch
time, ts,) LIAINNTIAAN LT (cure time,tyy) BAZATHEATINTIAAT LU (CRI)

NIATUITH
ATREATINNTIAAN b = 100/(tgo_ts2) (3.3)
too da e lum e lud

A a o &
tso A8 LIV Liumﬂamvl‘uﬂi
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3.3.5 mIassndwnasaulaglrinszuInn1san (compression molding)

o o & 6 o o 3 % '
mmu%uﬂ@aaummmmm@ 13X13X0.2 cm azlmmaﬂauwnu@ima:

gmwhﬁ'u T,@m‘hmaﬂauwnu@ilﬁia:gmm%’aﬂizmm 27 N34 UGS RTUTUNARAUN LT

wwe 13X13X0.9 cm’ azlﬁmmauwnmﬁwiazgmvlmmﬁ'u LEUIIADUNIIUAVD
seuumyiaa lusuuuing suumsiaenluduuuielssansnmw wazszuumyiaenlud
wuudsransmwiiseauUSinauilesugrenas 0, 10, 30, 50 uaz 70 phr a7 (57, 57,
57),(54, 51, 50),(73, 64, 60), (80, 74, 66) WAz (86, 78, 76) NN ANKIAL UAIIAGIE
Qﬂﬂﬁﬂuﬂﬂwaaﬁﬁu'su 6 38U LL@i"ﬂdmluLﬁ’wﬁﬁwmsq’mﬂunm 15 w11 mnfuﬁwmsﬁugﬂ
I@]Ul%ﬂizuauﬂwsé'@LﬂuLLNuﬁasjm'%laaé'@ﬁqmﬁn“ﬁ 150°C @NLIAINNTIAAN S (cure

time, Too) 71 9aNLAT09 MDR

3.3.6 MINAFaUANIALBING
3.3.6.1 NMINARALANRWILLL
L@%yw%uﬁaashaﬁm%’umaaumwwmLmumwmmgm ASTM D-1056
Type 2 class A lasdasudaasnsliivme 2x2x0.9 cm® s wmindneianivesudas
593 3 i antaimeinlaslfietastonnuazidon 4 drunis Tuiininminvesiunagey

mam@ia:gm LAZINANANTWI AN AN VAL UUANFNNITN 3.4

NIAWITH
Density = M/ (3.4)
Density Ao aunwILn (g/em’)
M Aa dhmindunesey (g)
Y% A8 PSunassunasey (cm)

3.3.6.2 NMINARALUAINNUGADLTIA

LATHNTUAIDENS a%m%’umaaummﬂmiaLLsaﬁomummgm ASTM D-

o » & 9 3
1056 Type 2 class A I@mnLmumaﬁmumsmugﬂmnmem@ 13X13X0.2 cm™ Waz

3 o o a { Yo 2 o '

PUIA 13X13X0.9 cm m@]mﬂugﬂ@mummu die C mgﬂﬁ 3.9 1w nwdua08191049
Lm'azgm 5 T LA TUA20819 M NARIUAIULATAINAFALANNNWGAILTIAS 28
aa31152lwn1389 300 FadLuaT/uwN LLa:‘nmmwmﬂu@hua@é’aﬁswzﬁ@ 100, 300 LAz

¢ = & o ' = ¢ = & A A
500 tUaTLTUG AMNATBNINGDLIING LaZLUDILTUGNITEN 30710 @NFNNIIN 3.5-

3.7
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gﬂ‘ﬁ 3.9 é’ﬂwmzﬁaasm%umaaugﬂﬁmummu die C

NIATUITH

Modulus at 100, 300, 500% = F/A (3.5)
F o Ae ussdsivnliBunaseuda 100, 300 uaz 500% (N)
A fe Aufinthdavestunaseuvaesslifa (mm’)

Tensile strength = F/IA (3.6)
F o Ae ussdsirliBunagouana (N)
A fe Aufirihdavestunasauvasslifa (mmd)

% Elongation at break = 100 x (L-Lo/ L) (3.7)

A A ]
L A9 IxULUANNIAY (cm)

L, fa szaciianandd (cm)

3.3.6.3 MINAROUANMUAIUNUABNITANVIA
LASUNT W9 RO NATDLANNEIUN UG BNNTENYIA AINIATFTIN
ASTM D-1056 Type 2 class A I@Uﬁ’nmumaﬁmumiﬁugﬂmﬂLﬂwm@ 13X13X0.2
cm’ LATTWIA 13X13X0.9 cm’ mé’mﬂuéfwﬁué”mmauum@ (angle) AliTsasunase
Y é’@gﬂ‘ﬁ 3.10 1491w ns ue10819 5 %u@iaqm idudaadns Tunasaudioiaies
NAFALANUNUAILTIAINNTII 1 UNNTE9 300 DaRLNATANT Tufindussdesirin1¥au

o A I | o ] @ \ a A
AIDUNANVUIA LWau']ﬂ’]'ﬂvlmﬂﬂ’]ujm%qﬂqﬂjqwﬁqu'ﬂqu@]aﬂf]iﬂﬂmq@]@nuﬁwﬂ"ﬁﬂ 3.8
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Dimension o milimeters
I' —————— 100 mm. - —
| [ B 8 il
\ |
‘ R15:0.00 \\<--"—~—\_ 19+ 0.05
L

gﬂ‘ﬁ' 3.10 é’ﬂwm:ﬁ'sama%umaammugu
MU
Tear strength = F/D (3.8)
F o Ae ussdsirliBunagouana (N)

D  fa anunwvastunaraumzdd bita (mm)

3.3.6.4 ms‘maaummmmmhmsﬁugﬂ%é’amsﬂ@
LATUNTWADENILN aﬂ@aaummmmmlumsﬁugﬂ‘ﬁé'omimﬂ Ay

o i & Y
EV RS ASTM D-1056 Type 2 class A I@ﬂ%ﬂLLN%U’NﬁN’]%ﬂ’ﬁﬁl%Eﬂ’fﬂ’?ﬂL‘]J'Wl‘W]@]

13X13X0.9 cm’ e A InGATUNAROLUUA 5X5 cm’ I%ﬁmm%yumaawauwiazgm
3 4, ﬁw%umaaulaﬂu‘q@qﬂﬂmimaaummmmmlumsﬁugﬂ%é’amﬁﬂ@é’dgﬂ‘ﬁ' 3.11
mnffuﬁﬂ"g@qﬂmtﬁmaaulzﬂmmaumuquqmﬂgﬁﬁ 70°C Wiuszoziaan 72 alug Wi
mmwznmmwﬁmu@LLﬁaﬁT’g@qﬂmtﬁmaauaaﬂmﬂLmauﬁﬂ“?jwumaauaaﬂmﬂm
qﬂmnimaauLLﬁaé?ﬁTaVHﬁqmﬁgﬁﬁaaLflunm 30 Wil U TAA IR TRNaFe L
T nFNANM RN T I T UNARELTI N aUNAROY UazHAINAFaULANAA Lo AW awn

mm’mmmmlumsﬁugﬂ%é’amin@@nmmmiﬁ 3.9



NIIATUITH

% Compression set =

3.3.7 MINAFDUNITUNLIIVDILWAILDINAT D

gﬂﬁ 3.11 mqﬂnmimaaumwummmlumsﬁugﬂ%é’amiﬂ@

oo OPACers - __

Test Sp ecrmens

to
t
t,

==
T FE=H
QI T

(to — t,)/(t, — t,) X100

Ao ANURINauNagay (mm)

Ao AMURWIRAINIINAFEL (Mmm)

Ao ANMURWITBILTIIA (6.30 mm)

40

NINAFAUNITLNLIIIVDILAWNIAIZI% ASTM D 573 lagldTunasay

ANANATIH ASTM D 412 UauILAs 2u1a Die C UAzaNINI3 % ASTM D 624 Tu

é’f’aaﬂwaLLuuguﬁ"LﬂﬁiaUUWﬂmsayu mmesaungunnd 70°C 1fwyzoziaan 72 Talug

slugjfﬂmi'a (Gear oven) LaATUMARATNTUNARBLYINNINAFOLAMNNUNIUADLIIA

AMUAIUMUADNIIANTIA G282ATINITLIT 300 FARLNAT/UIN LAZNAROLANNFINITD

luﬂwsﬁugﬂﬁé'anﬁﬂ@ AN e USauAgUNUAIRNT AN WAITLNLTI AIUIEAIAINIT

4 R/
LWRYBLYRINUFUNITAI A1

NIATUITH

O » W ©

D) Db D2 I
© ©

©

[(A-O) /O] x 100
WasiSudmsiasuuag

FUUAVAILNIRRINITU VLTS

FUUAVAILNINDUNNTLNLTS
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3.3.8 NMIATVANBMULNWTMFIWING VI8N BIRIAILLATDI SEM
MTUNARBUNHIUNNTNAFELANMNIUNIUABLTIAINGaa 8 uTand
ANNANALAIATIUA 0.5 LTUALNAT LAIKNINNTIRAABE1IAILBUNINGILARBY (stub)
AautunAaasunLrianadnisdszdasdamndnnlassvunriina snfasnasaniuie
MUY AN T wlunsaa watnTuaag9nNAnuaInIfe laginii
o {o £ o @ & & = o v o \
MUNRNTUABUS NRIMNBUIBUIZU 5 W AN UIDUAY LRILTINaILnRes
(stub) NAATUAIETHVTBEUED  BaINBWINTUA18819 lauRY Tauduruasau
v = Qs 1 dll o 9/43/ a a @A o U ) a v

gavhpzaImuaisudiadiiiarliiuilguant@i ni dananufiadenas (Au)

A A A A A ' o \ oA &
wwiaadlanltlunsanuRnisanin Sputter coater lap@1881932319 13717 anode wazlane
flfanu (Targer) affi17 cathode lunisanuazgaemasanliadluaniizgyyine
32@U 0.1 Torr udbinszualWiuazdaasfwarsnaw (Ar) 11Ul chamber lagfine
a1inauaziafeanlUNIl cathode uazruuHunashliuandnduluana nyzaislm
chamber W&1608 § LARDLAILUAIDLN AMURUNITBIRIALATBL LRI 10-20 nm

a o vV A J { v 3 | 1 U I

nsaunainld azvihldiian1s Charge up Tsnwildazimduussaiedniuge

1 Y a o v a = ) A [ a a
widaunuiinldasildgyidenoaziee lasiniaefeunasduia 120 3w
s N laTaan BN IFmaIwIngaiaieIas SEM  vnmsiaamaisaslag

{ . A [ (Y ' (Y o 2] °
\ady (average cell size) Tailumyiaduruguinarvaadduladiunis uazduon

A & o . 'Y )

1aa (cell count) Tatdusuiruiwasds 1 cm 289ANLIAIBL AIWNIATIZIH BS
4443-Part 1:1988

3.3.9 n1Inadaunstagaat lan1edInIna8ISn1389G® [40, 41]

I@mm%w%uﬁaasiwa%m%’ummaummﬁﬂuwﬁu@iaLquﬁa IS AN MR

MUMudan1Iana mnfuﬁw%ué’aaﬂﬂaiﬂﬁaluﬁguaumm@ 4X1 m’ Fa1udnanin
SUTUL 20 cm é’mamlugﬂﬁ 3.12 szpzanlunsnasautduian 1-4 1Heu ¥inn3Ie
ﬂfmﬂ 9 2 1% LSRNl A" LAz MMNNTDINAUNATDLNN Fend ud T
maau%wqﬂ 9 Lﬁaum*’ﬁuéf’mshaméﬁm{ﬁLLazﬁwmmazm@ﬁaULLﬂiwmgwLLﬁaaULLﬁo
Tuianauft 50°C wninsunagauTinwinasf niu wmasinsnAnellana

gUNIN 3.11 LAZHNUNAFELAMNUAIBNNUABLIIRNG LAZAMNA UM UABNNTANT A
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NIAWITH
Q = A(g—B(g) X100 (3.11)
B (9)
Q Ao vihweinfively (%)
da hwminnewnasey (g)
B da swinwaimaseu (g)

20 cm

gﬂﬁ 3.12 vxqumaaumm’aﬂaa'mvl,él”ma%an'IWIQalmsrihau
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UNN 4

Naﬂ’]‘i‘nﬂaBGLLR&%%’]‘SE\;‘ENGT‘I’]‘S‘V]Q@BG

= a a o o o ¢ & a '
41 Naﬂﬁsﬂﬂﬂqlﬂﬂ%ﬂﬂqslmiﬂ&lLL{I\‘]&l%ﬁ'\ﬂzﬂad&nal(ﬂaillﬂ‘n‘ﬁﬂ&lﬂa(ﬂa

ANUAVIL1INDINUIINYSIINTIANANLITINWE UL KA

Y @ o [ & ed A o @ o [ & &
WUV BRIUZRIINIRLODTLUNTN LG TN LTIV WY R AINIRLADIULUNT
AMNNARBANILaTIN LI N B U naINRI AT LUNT UL 1319816 ls wazinafianiy
=} U > o a a 6 g’ a U 6 & 6 a d' 2=
3ol waUenadnuulaand ludalwing9sssuma ladasifudnanaanlaaa
94.23% WAz 97.09% @INAIOU LATLNEIIWNININNYNITITNTIANINA UL INY
o o & ea o ' A o A '
fuznannaaaiuundildnnudazinafia laold supper cell FTadusynguiales
laaSlumlad AUSum 5 phr wazudsdSunauidssiudrdznasns=au 0, 10, 30, 50
uaz 70 phr mudtmmaaasluiidan 3.3.1.1 uaz 3.3.1.2 MNBUNAROLANLAG 9

1eNamInaaaIndih Aa

7N o 6 s 3
411 aNiJ@lﬂ']‘J'Jaﬂ']I%sﬁ?la\‘lEl']ﬁﬂaﬂ%']ﬂa&ﬂ']')%ﬂ
[N [ 6 g/ &a a o}
ﬂ@ﬁaﬂﬁ&lﬂ@]ﬂqi']ﬂﬂqquéﬁmﬂx‘iﬁl']ﬂWElx‘i%'\ﬂﬂ&lW']')%@‘ﬂqm‘ﬁﬁ&l 150 C

ANITNNINARIN 3.3.4 NANIINARAIN LALRAIATNATTIN 4.1 LLazgﬂ‘ﬁ 4.1-42
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n‘ A s 6 3’ €dl a LY s
A13797 4.1 FUUANIIIRAN IuTUaIu1IWaInInauw IIna NLUTUSu il I w

fULRNIN I NARANUANGIIN W

Formulas T, Teoo M, M, M, -M, CRI
(min) (min)  (dN.m) (dN.m) (dN.m)  (min")
Sponge/NR 1.57 3.08 0.13 8.50 8.37 66.23
Sponge/NST 10 2.03 3.21 0.12 9.30 9.18 84.75
Sponge/NST 30 2.15 3.48 0.06 11.35 11.29 75.19
Sponge/NST 50 2.15 3.53 0.15 11.80 11.65 72.46
Sponge/NST 70 2.10 3.56 0.12 12.10 11.98 68.49
Sponge/GST 10 242 5.07 0.15 6.29 6.14 37.74
Sponge/GST 30 2.57 5.42 0.23 6.01 5.78 35.09
Sponge/GST 50 2.58 6.00 0.32 6.10 5.78 29.24
Sponge/GST 70 3.04 6.29 0.39 5.82 5.43 30.74
14
12 -
10 -
£
Z - /\
5 .
g —sponge NR
= 4 sponge/NST10
—sponge/NST30
2 - —sponge/NST50
—sponge/NST70
0 - T T T T
0 3 6 9 12 15
Time (min)

Eﬂﬁ 41 sanemeMIIan luduassnswasinaaunIInan wl S ailsandlnad

v a a ' a €
a7 ULﬂﬂ%ﬂﬂWiL@]iﬂNLLUUVLNL‘ﬂ@’]@]vlusﬁ
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sponge/GST10

Torque (dNm)
i =N

2 —sponge/GST30
—sponge/GST50
—sponge/GST70
0 | T T T T
0 3 6 9 12 15

Time (min)

gﬂ‘ﬁ' 42 AaNHMEMIIANT b UaI819N a9 A UNIIUA N TSI eI a1 Uz nad

MUNATRANITLASULLLLARNG biseh

PMNNANMINABDIIUAT1T9N 4.1 LLazgﬂﬁ 4.1-4.2 UROIWOANTINNITIA

mvl,wﬁﬁ'qmﬁgﬁ 150°C Vo989 N DA UNIIUA N MTULII N WAL HAINIRLADTULNT
PMNABANITLATINLUULULAIRA LT LA NABRANITLOTUNULLULIAA LT LANE b1
o a o ' A ' a v 6 ' v 6 v
Auadl@uanwnainfe a1atsudaan iug wazdiiarlunisiaan ludaww Lk
AI &’ a LY L% o > d' AI J 5’; p‘i’ d' 1 6 o A v
LN A NS Db 9N WA YT ARINL AN 1 mumamaamnwﬁmmﬂamamjaﬂgﬂ
(-OH) Muirvasaymauilsiinsgaduasdnsaljisennlsluszuumsiaenlud
ROAARBINUKNANITNARDIVDY Khalaf Wae Sadek (2012) [11] ld@nung@nIsun13ia
A IS8 I819A NN I UANLATE N NRILTIT M INaUa N EN eI TITNTG way Wu
WaTATE (2009) [13] laANHINGANTINANTIAAN MBUBIN1INBNNIIUANLATLHRNN
wila T2 IWaNIRLADTLUNTUUULIANE L lueaa laTuiieas ladu
d' a = n:al > 6 % 6
WardSeuisuiansudaalug waztailwnisiaa luduassns

WagthAauNMIRAN LTLII AU HRI NI RLADTULUNTANNUGAZINATA WLIINITLOTIN
LLuuLﬁ]mavlwfﬁmgandnﬁﬂﬁaﬂ NIHALIHIIN IUTZRINIINITLARNG LB LATIRI

Y =) L QI g/ =) 1
mamﬂw:gﬂLLmﬂaaﬂIﬂquﬂQu 80N NNTUY B gURYH LazUIILSawl T2
Fudu  szwdnslianaieuvesdauils [35] vildWuszlalawauluieuilagn
o =3 a g/ [ [=4 LY o Y A I o
MatasrunsnisiinldsansaulauilsvinliAanisurawaadunalilasigssuwen
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s v & . o val [l a A a J =
ﬂaﬂ'ﬂ’]ﬂﬂ%‘l@uﬂu amylose L8z amylopectin aanmmlvmmﬂamaﬂémamuwwma

o v, Qo Qs 1 na' J
‘Y]']lﬁﬁﬂ’]ig]@]‘ﬁﬂﬂ'ﬁ(ﬂ')LiGLWN?I‘Ha

4.1.2 anBInavasgenaInIIan lud
° e o A A € & & o
I@ymmsmaauawmwa@aamw:m 500 LUa3LTHa AMNATWNY
AanIIad LWasiEuan1ta 90919 LAZANATWNIUADNITANVIAVBIL NN BINNIR

AN IUTAILRAIA1T19N 4.2 a3l 4.3-4.6

AN 4.2 ’NTALTINaTaIs1IWaItiTaa tudNulsUSu muils a1l nasaae

inadafiuand1anu

500% Tensile Elongation Tear

Formulas Modulus strength at break strength

(MPa) (MPa) (%) (N/mm)
Sponge/NR 7.46+0.82 23.47+1.04 675+28.87 27.83+1.28
Sponge/NST 10 10.731£0.22 18.44+0.98 550+25.00 25.47+1.01
Sponge/NST 30 11.71£0.31 13.88+0.53 525+28.87 19.65+0.66
Sponge/NST 50 - 10.45+0.87 366+38.19 17.13+£0.44
Sponge/NST 70 - 8.77+0.62 241+28.87 14.76+0.94
Sponge/GST 10 10.47+0.40 20.80+0.76 625+28.87 27.66+0.48
Sponge/GST 30 11.9210.67 15.43+0.53 550+00.00 23.01+£0.41
Sponge/GST 50 - 10.42+1.02 465+13.69 20.89+0.26
Sponge/GST 70 - 7.29+0.89 330+27.39 18.19+0.73
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421 mwwﬁﬂguﬁwaamowaaﬁ,’mauwnuﬁ

A

an A A g & o
ﬂ@aﬂuauu@]ﬂ'ﬁ’]uﬁu@auumaﬂ ﬂqﬁwaﬂuqﬂﬂwwqﬁu@]ﬂqmﬂﬂm 100°C

U

ANNATNIINARAIN 3.3.3 NANIINARAIN WGULFAIAINAITINN 4.3 LLQ:EU“?] 4.8

A1319N 4.3 mm%ﬁ@guﬁmaasmwaaﬁnﬂauwnu@?ﬁLLﬂsﬂ‘%mmLLﬂaﬁuémwé'a
VYBITTULMTIAAN MDA

Formulas Mooney viscosity

ML 1+4 (100°C)

CV-MB 0 54.5+0.1
CV-MB 10 59.71+0.2
CV-MB 30 60.7+0.2
CV-MB 50 65.4£0.1
CV-MB 70 69.9+0.4
SE-MB 0 47.6+0.3
SE-MB 10 58.0+£0.5
SE-MB 30 60.7+0.2
SE-MB 50 63.8+0.1
SE-MB 70 65.9+0.1
EV-MB 0 50.8+0.1
EV-MB 10 53.710.2
EV-MB 30 56.8+0.3
EV-MB 50 60.7+0.2

EV-MB 70 62.4+0.1
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A3 4.4 ANBINIIINAN IS UaILINBIRIAa NI IBAN LU TSN el
MULRRIVBITTUUNN TN LUBULUANS 9

Formulas t, t.o0 M, M, M, -M, CRI
(min) (min) (dN.m)  (dN.m)  (dN.m) (min™)
CV-MB 0 2.31 5.25 0.47 13.38 12.91 34.01
CV-MB 10 3.27 7.28 0.38 14.51 14.13 24.94
CV-MB 30 3.49 8.06 0.48 14.25 13.77 21.88
CV-MB 50 3.24 7.59 0.59 14.21 13.62 22.99
CV-MB 70 3.22 8.31 0.69 15.22 1453 19.65
SE-MB 0 2.48 4.28 0.41 11.60 11.19 55.56
SE-MB 10 4.26 7.23 0.37 11.88 11.51 33.67
SE-MB 30 4.57 7.54 0.46 11.20 10.74 33.67
SE-MB 50 4.31 7.40 0.56 11.79 11.23 32.36
SE-MB 70 4.14 7.34 0.70 12.03 11.33 31.25
EV-MB 0 3.07 5.52 0.39 11.16 10.77 40.82
EV-MB 10 5.10 9.26 0.40 11.82 11.42 24.04
EV-MB 30 5.47 10.16 0.36 11.00 10.64 21.32
EV-MB 50 5.26 10.16 0.53 10.84 10.31 20.41

EV-MB 70 5.01 10.19 0.56 10.88 10.32 19.31
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Closed cell
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Closed cell

c) EV-MB 30 phr
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P = o & Y 6 a
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Formulas Average cell size ([lm) Cell count (cell/cm)
CV-MB 0 30361 377
CV-MB 10 247+49 5114
CV-MB 30 204+39 7414
CV-MB 50 156422 7816
CV-MB 70 125+19 8419
SE-MB 0 325+53 3616
SE-MB 10 304148 50+4
SE-MB 30 251141 7018
SE-MB 50 232427 7416
SE-MB 70 208+38 775
EV-MB 0 552173 30+6
EV-MB 10 36472 4916
EV-MB 30 326150 5816
EV-MB 50 234+46 62+3

EV-MB 70 183+37 714




Average cell size (LLm)
w
3
1

-o-CV
-a-Semi-EV

-a-EV

o

10 30 50 70
Cassava starch content (phr)

64

gﬂﬁ 416  VWALTARLa8IRLaI9N 89T RA IE LU TUS I el a1 nad

PBITEUUNTIAAN ITUULAN

110

100

90

80

60

40 4

30 -

Cell count (cell/cm)

20 A

10 -

--CV

-8-Semi-EV

---EV

o

10 30 50 70
Cassava starch content (phr)

gﬂﬁ 417 FwIntTanvaIsInaItinIan ludnulsUsanosilsiwaUenaduadszuy

MIINAN MUTUULAN



65

INNANINN 4.5 LLazgﬂﬁ 416 WAY 417 URAIUWIALTANLAULDRY

. o 6 g’ = o‘n:l' %
(average cell size) WRzINWIWLBARN (cell count) 284819089 Ian lugn lrsruy
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MoAalduIn §eanaaINUNANIINARIVEY Ariff Lazamse (2008) [30] betaToaed
Wa9tNe195TsNTAINTAa1 9 lagldszuunsiani lusdaiaansaatse/miusamn
wodsranasihfildannsssumadwendladnidinmnganenlad 25 lua
Wasidud (ENR-25) fUsunmnsiienwuszidauloslusnsfinnnninensnassinflaan
P9FITNNTIALNTA SMR-10 UAT SMR-L aNURAU FIHNALAUVUALTAR LasladsI9f

& A Ao & P
m%’]@’lLﬂﬂWq@ LLE]&N%']%'J%L‘D’@QSJ'W]Y]Q@

A 3/ (% 6

4.2.4 anvcBInavasasnaInIYaa lwd
TaaiNTNIINAFALAINURI L uagé’aﬁswzﬁm 100, 300 W&z 500
1S FWAAIMNAIUNIBAD LTI AMVFIWNIWGINITANTIA LAZAUEINITO LAY

ﬁugﬂ%é’am‘m@*’uaamaWaaﬁﬁam‘lwﬁ AIUFAIlUANT19N 4.6 u,a::yJﬁ 4.18-4.25
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Density 100 % 300 % 500 % Tensile Elongation Tear Compression

Formulas (glcm3) Modulus Modulus Modulus strength at break strength set

(MPa) (MPa) (MPa) (MPa) (%) (N/mm) (%)
CV-MB 0 0.4615+0.03  0.23+0.05 0.64+0.09 1.6210.15 2.18+0.27 525+28.87 13.40+1.35 38.57+3.18
CV-MB 10 0.4247+0.02  0.26+0.02 0.7040.06 1.59+0.13 1.78+0.04 505+11.18 11.22+1.24 50.66+4.15
CV-MB 30 0.5257+0.04  0.41+0.03 1.0910.04 2.80+0.09 2.90+0.23 505+11.18 13.87+0.04 85.89+3.82
CV-MB 50 0.5737+0.06  0.46+0.04 1.45+0.07 - 2.5840.10 413+25.00 15.10+0.67 91.85+2.38
CV-MB 70 0.6029+0.05  0.58+0.03 1.81+0.07 - 2.3510.10 350+0.00 14.26+1.12 93.66+2.38
SE-MB 0 0.4673+0.01  0.210.01 0.54+0.06 1.31£0.16 1.8040.06 570+27.39 10.89+1.06 36.71+£1.96
SE-MB 10 0.4257+0.03  0.17%0.02 0.4410.04 1.09+0.08 1.49+0.07 570+11.18 9.38+0.72 69.69+0.55
SE-MB 30 0.4842+0.01  0.28+0.01 0.78+0.06 1.904£0.19 2.28+0.10 505+11.18 10.52+0.60 84.63+1.22
SE-MB 50 0.5429+0.02  0.42+0.03 1.2340.08 - 2.23+0.09 415+13.69 12.34+0.36 88.73+0.81
SE-MB 70 0.5262+0.02  0.56+0.02 1.68+0.06 - 1.9110.21 375+0.00 11.23+0.50 93.53+0.65
EV-MB 0 0.4756+0.03  0.18+0.03 0.43+0.03 0.99+0.15 1.9240.35 638+25.00 11.67+0.89 34.77+0.96
EV-MB 10 0.3878+0.00 0.1740.02 0.4410.04 1.05+0.12 1.39+0.13 555+11.18 9.70+1.11 58.40+5.15
EV-MB 30 0.4739+0.03  0.31%0.02 0.87+0.04 2.26+0.22 2.1610.30 500+0.00 10.4040.41 78.70+3.63
EV-MB 50 0.4738+0.00 0.41%0.02 1.24+0.08 - 2.02+0.18 400+0.00 9.48+0.82 82.46+1.99
EV-MB 70 0.5902+0.01  0.52+0.04 1.60£0.09 - 1.85+0.10 350+0.00 10.33+0.40 83.49+4.12
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Formulas

CV-MB 0

CV-MB 10
CV-MB 30
CV-MB 50
CV-MB 70
SE-MB 0

SE-MB 10
SE-MB 30
SE-MB 50
SE-MB 70
EV-MB 0

EV-MB 10
EV-MB 30
EV-MB 50
EV-MB 70

100 % Modulus (MPa)

300 % Modulus (MPa)

500 % Modulus (MPa)

Before aging After aging Changed (%)

Before aging After aging Changed (%)

Before aging After aging Changed (%)

0.23+0.05
0.26+0.02
0.41+0.03
0.46+0.04
0.58+0.03
0.21+0.01
0.17+0.02
0.28+0.01
0.42+0.03
0.56+0.02
0.18+0.03
0.17+0.02
0.31+0.02
0.41+0.02
0.52+0.04

0.28+0.04
0.31+0.01
0.36+0.02
0.56+0.01
0.69+0.01
0.22+0.03
0.18+0.01
0.29+0.02
0.31+0.01
0.45+0.02
0.19+0.02
0.18+0.01
0.37+0.02
0.34+0.01
0.49+0.02

+21.74
+19.23
-12.20
+21.74
+18.97
+4.76
+5.88
+3.57
-26.19
-19.64
+5.56
+5.88
+19.35
-17.07
-5.77

0.64+0.09
0.70+0.06
1.09+0.04
1.45+0.07
1.81+0.07
0.54+0.06
0.44+0.04
0.78+0.06
1.23+0.08
1.68+0.06
0.43+0.03
0.44+0.04
0.87+0.04
1.24+0.08
1.60+£0.09

0.83+0.12
0.88+0.03
1.02+0.08
1.71£0.04
2.12+0.16
0.56+0.07
0.48+0.02
0.80+0.03
0.93+0.06
1.43+0.08
0.50+0.07
0.47+0.03
1.07+£0.09
1.05+0.03
1.52+0.07

+30.71
+26.44
-6.26
+18.41
+16.78
+3.70
+8.14
+2.31
-24.23
-14.80
+16.74
+7.24
+22.48
-15.14
-4.64

1.62+0.15
1.59+0.13
2.80+0.09

1.31+0.16
1.09+0.08
1.90+0.19

0.99+0.15
1.05+0.12
2.26+0.22

1.72+0.33
2.25%0.07

1.42+0.04
1.20£0.08
1.92+0.02

1.27+0.10
1.18+0.06
2.60+0.34

+5.65
+41.41

+8.07
+10.68
+1.05

+28.28
+12.57
+14.77
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Formulas

CV-MB 0

CV-MB 10
CV-MB 30
CV-MB 50
CV-MB 70
SE-MB 0

SE-MB 10
SE-MB 30
SE-MB 50
SE-MB 70
EV-MB 0

EV-MB 10
EV-MB 30
EV-MB 50
EV-MB 70

tensile strength (MPa)

elongation at break (%)

tear strength (N/mm)

Before aging After aging Changed (%)

Before aging After aging Changed (%)

Before aging  After aging

Changed (%)

2.18+0.27
1.78+0.04
2.90+0.23
2.58+0.10
2.35+0.10
1.80£0.06
1.49+0.07
2.28+0.10
2.23+0.09
1.91+0.21
1.92+0.35
1.39+0.13
2.16+0.30
2.02+0.18
1.85+0.10

1.26+0.15
2.37x0.17
2.18+0.19
2.84+0.24
2.26+0.18
1.99+0.07
1.47+0.06
1.92+0.02
1.66+0.06
1.58+0.15
1.59+0.29
1.33+0.10
2.23+0.21
1.57+0.08
1.72+0.18

-42.31
+33.75
-24.64
+10.16
-3.91
+10.86
-1.55
+0.14
-25.85
-29.23
-17.53
-4.74
+3.24
-22.31
-7.26

525+28.87
505+£11.18
505+£11.18
413+25.00
350+0.00
570£27.39
570£11.18
505+£11.18
415+13.69
375+0.00
638+25.00
555+11.18
490+22.36
400+0.00
350+0.00

420+75.83
515+£13.69
475+17.68
415+13.69
320+£27.39
575+25.00
555+£11.18
490+13.69
415+13.69
315+22.36
535+22.36
540+22.36
480+27.39
380+44.72
320+£27.39

-20.00
+1.98
-5.94
+0.61
-8.57
+0.88
-2.63
-2.97
+0.00

-16.00

-16.08
-2.70
-2.04
-5.00
-8.57

13.40£1.35
11.22+1.24
15.10+0.67
13.87+0.04
13.81+0.82
10.89£1.06
9.38+0.72

12.34+0.36
10.09+0.18
10.87+0.14
11.35+0.76
9.70+1.11

10.40+0.41
9.48+0.82

10.09+0.32

14.96+0.47
11.39+0.78
17.72+0.07
15.15+0.97
15.34+0.74
10.97+1.89
10.12+0.65
12.98+0.46
13.47+0.33
10.89+0.68
11.76x1.11
9.96+0.38

13.10+1.68
9.67+1.23

11.77+0.64

+11.64
-4.37
+17.35
+0.35
+7.54
+0.74
+7.90
+5.19
+9.14
-4.93
-2.89
+2.70
+25.96
+1.94
+13.92
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Formulas compression set (%)
Before aging After aging Changed (%)

CV-MB 0 38.57+3.18 34.35+0.91 -10.94
CV-MB 10 50.6614.15 46.01+1.85 -9.18
CV-MB 30 85.89+3.82 81.22+0.74 -5.44
CV-MB 50 91.85+2.38 87.65+0.53 -4.57
CV-MB 70 93.66+2.38 89.91+1.31 -4.00
SE-MB 0 36.71+1.96 37.33+0.25 1.69
SE-MB 10 69.69+0.55 56.06+3.64 -19.56
SE-MB 30 84.63+1.22 89.88+1.13 6.20
SE-MB 50 88.73+0.81 91.01+1.47 257
SE-MB 70 93.53+0.65 96.27+0.14 2.93
EV-MB 0 34.77+0.96 33.19+1.40 -4.54
EV-MB 10 58.40+5.15 56.49+1.87 -3.27
EV-MB 30 78.70+3.63 77.39+5.55 -1.66
EV-MB 50 82.46+1.99 82.30+0.97 -0.19
EV-MB 70 83.49+4.12 86.67+0.91 3.81
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Weigth loss (%)

Formulas 1 month 2 months 3 months 4 months
CV-MB 0 1.25 1.35 1.66 1.87
CV-MB 10 0.18 0.23 0.71 1.21
CV-MB 30 0.24 0.63 1.85 3.45
CV-MB 50 1.44 2.10 3.60 9.79
CV-MB 70 1.33 2.36 16.16 15.37
SE-MB 0 1.14 1.32 1.88 2.32
SE-MB 10 0.88 1.01 1.75 2.52
SE-MB 30 0.42 1.84 2.52 3.76
SE-MB 50 0.89 2.86 6.75 8.94
SE-MB 70 2.95 6.01 14.24 15.81
EV-MB 0 1.69 2.08 242 3.1
EV-MB 10 1.12 2.20 1.83 3.36
EV-MB 30 1.29 3.17 4.99 5.20
EV-MB 50 2.34 4.90 9.44 10.35

EV-MB 70 2.99 6.62 13.17 14.55
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300 % Modulus (MPa) Tensile strength (MPa)
Formulas 0 month 1 month 2months 3 months 4 months 0 month 1 month 2months 3 months 4 months
CV-MB 0  0.64+0.09 0.40+0.03 0.53+0.02 0.55+0.05 0.54+0.04 2.18+0.27 1.7310.24 1.84+0.23 1.84+0.29 1.73+0.22
CV-MB 10 0.70+0.06 0.86+0.03 0.95+0.03 1.05+0.04 1.01+0.02 1.78+0.04 1.63+0.09 1.85+0.21 1.88+0.20  1.46+0.23
CV-MB 30 1.09+0.04 1.63+0.14 1.65+0.07 1.50+0.07 2.1240.20 2.90+0.23 2.22+0.24 1.92+0.18 2.14+-.17 2.08+0.42
CV-MB 50 1.45+0.07 2.01+0.03 2.14+0.08 2.05+0.04 1.75+0.03 2.58+0.10 2.17+0.19 2.21+0.14  2.29+0.17 1.71+0.09
CV-MB 70 1.81+0.07 2.41+0.06 - - - 2.35£0.10 2.38+0.08 2.51+0.08 2.29+0.32  1.62+0.05
SE-MB 0  0.54+0.06 0.40+0.04 0.49+0.08 0.41+0.05 0.43+0.04 1.80+0.06 1.44+0.15 1.77+0.35 1.76%0.39  1.94+0.12
SE-MB 10 0.44+0.04 0.72+0.04 0.96+0.07 0.83+0.02 0.7940.01 1.49+0.07 1.96+0.21  1.94+0.04 1.84+0.16  1.53+0.20
SE-MB 30 0.78+0.06 1.38+0.09 1.48+0.08 1.00+0.04 - 2.2840.10 1.54+0.17 1.59+0.26  1.48+0.14  1.39+0.22
SE-MB 50 1.23+0.08 1.65+0.02 2.15+0.14 1.53+0.24 - 2.23+0.09 1.99+0.29 1.59+0.12 1.57+0.18 1.40+0.25
SE-MB 70 1.68+0.06 2.14+0.08 2.26+0.13 1.58+0.06 - 1.91+0.21  2.25+0.33 2.01+0.20 1.75+0.37 1.47+0.21
EV-MB 0O  0.43+0.03 0.41+0.05 0.36+0.03 0.34+0.05 0.35+0.04 1.92+0.35 1.59+0.36 1.27+0.17 1.56+0.31  1.69+0.22
EV-MB 10 0.44+0.04 0.61+0.04 0.64+0.01 0.69+0.06 0.62+0.03 1.39+0.13 1.77+0.17 1.56+0.10 1.64+0.16  1.27+0.07
EV-MB 30 0.87+0.04 1.37+0.08 1.35+0.02 1.60+0.08 1.60+0.07 2.16+0.30 1.97+0.38 1.64+0.22 1.94+0.08 1.81+0.18
EV-MB 50 1.24+0.08 - - - - 2.02+0.18 1.52+0.13 1.86+0.15 1.46+0.24 0.81+0.12
EV-MB 70  1.60+0.09 - - - - 1.85+¢0.10  1.54+0.07 1.80+0.24 1.61+0.20 1.05%0.03
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Elongation at break (%) Tear strength (N/mm)
Formulas 0 month 1 month 2months 3 months 4 months 0 month 1 month 2 months 3 months 4 months
CV-MB 0  525+28.87 580+27.39 565+22.36 600+61.24 575+30.62 13.40+1.35 14.03+0.90 12.92+1.70 14.51+1.06 12.40%1.65
CV-MB 10 505+11.18 430+20.92 445+11.18 450+50.00 390+41.83 11.22+1.24 12.13+1.46 10.49+1.06 10.03+0.70 9.18+1.14
CV-MB 30 505+11.18 345+27.39 330+11.18 320+20.92 315+48.73 13.87+0.04 12.40+0.17 12.18+1.19  8.17+0.84 9.62+0.76
CV-MB 50 413+25.00 325+20.41 306+12.50 306+12.50 300+0.00 15.10+0.67 10.78+1.15 12.91+1.26 11.51+0.41  6.63+0.55
CV-MB 70  350+0.00 292+14.43 250+0.00 242+14.43 200+0.00 14.26+1.12 14.71+0.56 15.84+1.48 12.90+1.29 11.97+1.30
SE-MB 0  570+27.39 595+27.39 600+17.68 625+25.00 610+13.69 10.89+1.06 12.12+0.11 11.24+1.79 11.16%1.76  11.80+0.87
SE-MB 10 570+11.18 5304£20.92 580+27.39 505+11.18 440+13.69 9.38+0.72  10.92+0.41 12.34+1.26  9.02+0.61 8.87+1.13
SE-MB 30 505+11.18 340+22.36 325+30.62 330+27.39 255+11.18 10.52+0.60 9.43+0.87 10.22+0.93  7.08+0.62 8.07+0.43
SE-MB 50 415+13.69 295+27.39 285+37.91 285+22.36 255+11.18 12.34+0.36 11.17+1.20 12.50+0.58 10.35+0.50 8.84+1.02
SE-MB 70  375+0.00 290+22.36 280+44.72 280+27.39 220+27.39 11.23+0.50 12.68+1.13 13.52+0.97 13.02+1.42 10.73+0.60
EV-MB O  638+25.00 600+17.68 570+27.39 610+13.69 615+13.69 11.67+0.89 11.46+0.74 10.33+1.22 10.92+1.52 9.71+1.04
EV-MB 10 555+11.18 520+11.18 500+0.00 500+0.00 445+27.39 9.70+1.11  12.79+0.66  8.09+0.55 9.85+0.49 7.89+0.48
EV-MB 30 4904+22.36 385+37.91 355+27.39 350+0.00 350+35.36 10.40+0.41 10.20+0.71 10.50+0.82 10.15+1.50  6.49+0.53
EV-MB 50 400+0.00 260+22.36 265+22.36 233+14.43 213+14.43 9.48+0.82 11.04+0.62 11.54+1.45 10.21+0.87 5.27+0.19
EV-MB 70 350+0.00 245+11.18 235+22.36 240+22.36 170+27.39 10.33+0.40 12.76+0.78 13.03+0.98 11.20+1.43 10.39+0.37
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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 0 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
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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
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and more saving. In addition, the modifier is designed to interact with cassava starch
and rubber to prevent hydrogen 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 0 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
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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 0 24 73 121 170

masterbatch1 2

Cure behaviors

Scorch time (min) 1.57

Cure time (min) 3.08

1 2 1 2 1 2 1 2
203'2.42° 215 257° 215 258" 2.12'3.04
321" 5.47° 3.48' 557 353 .6.00° 3.56 6.29°

Ingredients: ZnO 5, Stearic acid 1, TBBS 1, IPPD 1, Super cell 5 and Sulphur 2.5 g

1NST/NR masterbatch
?GST/NR masterbatch



111

Results and discussions

14 8 -
2 17 b)
=10 - T %
:_E' E
S s N £
- o
@ | re
g_ 6 - ==sponge NR S —Ssponge/GST10phr
E 4 | sponge/NST10phr g » sponge/GST30phr
—sponge/NST30phr - b —sponge/GST50phr
2 —sponge/NST50phr
—5ponge/GSTT0phr
0 —sponge/NST70phr 0 -
T T
0 3 6 9 12 15 [} 3 6 9 12 15
Time (min) Time (min)

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 Figure1. 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].



112

14 30
= /NST & b sponge/MST
1 |a I sponge g 5 |” n
= 10 M sponge/GST E M sponge/GST
w | £ 20 -
e °
ERN 5 15
b [ b
e & A -
=, 2 10
-] N —
£ 7,
S 2 A <
n o oo
10 30 50 7 0 10 30 50 70
Starch contents (phr) Starch contents (phr)
800 40
"y 00 c) I sponge/NST E- d) M sponge/NST
3 i
% &00 [l spongelGST é 30 B sponge/GST
o
5 500 | et
T a0 4 ‘é 20
c
2300 - g
=
5200 - 9 10 -
: :
2100 4
w =
0 1]
70 0 0

10 30 50 T
10 30 50
Starch contents (phr) Starch contents (phr)

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% 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
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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) 0 phr, b) sponge/NST 30 phr, c)
sponge/GST 30 phr, d) sponge/NST 70 phr and e) sponge/GST 70 phr.
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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.

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.

Acknowledgement: We are extremely grateful to the Prince of Songkla University, Hat
Yai, Songkhla 90112, Thailand for providing financial support through the contact no.

SCI570078S-1.
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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 ie.. 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

All rights reserved. No part of contents of this pafer may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www. ttp.net. (ID: 110.164.162.41-25/04/14,11:32:53)
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bonding and crystallization of cassava starch and to improve compatibility between cassava starch
and rubber [3].

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 0 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 (CaCly).

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 2.0372.427 21572577 21572587 2.1273.047
Cure time (min) 3.08 321'5.47°  348'5577  353'.6.00°0  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

*GST/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, ¢) 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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Songkhla 90112, Thailand for providing financial support through the contact no. SCIS70078S-1.
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