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Abstract

The effects of different types of starch, including rice flour, cassava and sago starch on
mechanical, physical and biodegradation properties of NR latex vulcamzates were studied. The
starch was used as filler in vulcanized patural rubber latex at loading levels of 0, 5, 10, and 15
phr. As the results showed that the tensile strength and modulus at 300% strain of vulcanized NR
latex tended to decrease with increasing amount of starch, while elongation at break increased.
Based on scanning electron microscope images, the sago-vulcanized NR latex composite showed
that the good filler-rubber interaction, embedded and evenly dispersed in NR. For FTIR analysis
showed the similarity the molecular of structure of starch and NR in all compound. The starch
content at 15 phr in vulcanized NR gave the highest swelling. The sago-vulcanized NR latex
composite gave the highest water absorption with tended to increase with increasing the duration
of buried in soil. Moreover the protein content of the composite before buried was higher than

that of the composite afier buried. The rice flour-NR composite gave the highest protein content.

Keywords: sago starch, rice flour, cassava starch, composite, natural rubber latex
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50% A Fuiwz iU (Sulphur) imthidlumsasgi Tasflidnuuzdumdimies ia

¥
=4

o [ = oA d ar as =]
g lagusdndnn IWs dandauumys

= = ar

50% AINOFFU YA A B ¥(Zinc DietnylDithiocarbamate, ZDEC) iumsmiinidny e

S @

Flunsdu hifinduiignEdludsihmbidluasdnsddiialfaseriaa ludrdu

= |

o 9 = 1 9 g @ o [] aoer o dw d (Y
sldnsasglvessnaiaiu ldizvuiadmine Tasusinann TS dandauunis

q

il
=S =

50% AaInesHU e 181 1 M (Zine-2-Mercapto Benzothiazole, ZMBT) 1iluansiaiinii
as =t 1 A ° Y A ar t o = a oA Y o
dnvaziluneden hifindausihmhidluasans s anlumsinadfnindan lud
@ @ o (] o oar o g d a ar ~
IprusasIvig lasuTamann IW5 dandauumys
a S a o 4 L 3 A = A 1
50% AMINBSTUFIAeen ¥ (Zine Oxide, ZnO) Hdnyuziuniaz®eaiidyy i
- ¥ A ﬂ o P A= a oA a Fd @
azmoinihmihiidhumsnizqu (Activaonniavuluilfaiensdan ludiasu 9a
o ] I W d" ad s ar =
fhelag dsunann 15 sanda uunys
50% AdWe3 T & W nea(Lowinox® CPL) ilusuiufvesiuealasiidnyuzitiuned
ynguhvinndiumsdiumums deranmuesens (Antioxidan) lurihens sasmiing
Taw uSinann 1§ danda uumys
10% Inumaaen laasenlod (Potassium Hydroxide, KOH) Taailumsilszneulansen
lrl s o AW d d _a ' o W A [y P H
wave Inumaduiiansuziluiagunygu ivthidluas iy pa Tuhasnaniy
@ (] o oo ) d o o Qs o A ]
uils sasmiheTas uSHnnyIng srda Sandadesin
20% Tnunatdes Todten(Potassium Oleate Solution) 1 uvaunarfimasslaimiim
Auamsiunnuadss Iiuties sasmniales USEmsing s1ta savdareslnil
HARITEAITUBIUA (Calcium Carbonate, CaCO,) Tianymziflumadun Tastaeglunqu

E )
Az s dasmineTag usEndnn 15 Sandauumyjs
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b 9 o

(13) Famwea (Vultamol) anyusiliaaditata i ifluaissionszeieda sas1ming
oo -9} c{ ad as as =)
Tag 15459 and W5 Sandauunys

4) wuTnludiaad Bentonite Clay) fHanuaziuansdim imhidluasdeatunis

¥
ar a A

anaznauvesmsmiifieglugilvesmisnvivassd sasmireTaouSndnd Tné
JanIauUUNY;

(15) aaalsnedu (Chiorofrom) v unarla fuaissudvenhnaiesaszaunisia
alugvenhionaws faanlud sasimineTas 1Wdnnying iva s dadealu)

(16) Tngdu (Toluene) 11T udrviazarslumsnaceunis uinnesveaHum (Swelling
Resistance) 3a911118 Tag u3inneIng $1ia saniaFoalmi

(17) nyagasa (Sulfuric Acid)armdudu 98% IifludrdesmalunsnaaeuvnlSuw
Tisau dadmiite Tasuitn uSim uninnld @szma’lne) sida

(18) selnleSdaida  (Copper  Sulfate) rﬂuﬁms'ﬂﬁ&ﬁmlﬁﬂ?tn‘lumstiaﬂ‘?;mm
sasmuelag U5HN unuuln Alszmalne) $10a

(19) msisalaser Taoldas asdlulesdaa (Copper Sulfate) uaz Tm@ousaida
(Sodium Sulfate) Tusas1dau 120 meflumssalfiialfnd o1 lumsdessunusa
e Tagusan u3dn ununls @szmea’ng) $109

(20) nMiaEA (Methyl RedX iHududiames luns lamsnniSina luTasion sasimiing

Tagu3sn v3En uninn s alszma'lng) 5109

5.2 35M3

s21 Aniimaedeiudldadilaemskanhndy sazliaiudewiel
uflafanisazanoda Tasasgungivasroud 45 esnmaiBos AU Vulamol riefleafuns
anaznauysautle

522 AnuitmswiolaiudulindiTasnauiindu nagdaauZewie 1w
uflaRanisnzatoda Taonsgumglvazaaud 45 eseusaidon By Valamol iifetlaatuns
anaznauvedutluiag Bentonite el dudlufnmsnszarwd Idau

523 AnudimaeioundliangTasmsdame ssuilesnnudlimgiidnuasdiu
dladisivuaIng uazudanmfeldunanilimginasd 181955 madanlaanainms

e =t - o o
wasnmanilugluuuamune vy
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nsiai 25% uilsdhah 20% uilasiudnlendy | 10% ullange
"3n) "33) n5%)
thndu 67 67 85
10% KOH 3 B 3
Vultamol 5 5 1
Bentonite - 5 1
37U 100 100 100

*ualuwasasusaiaiiuna 24 92 Tus

5.3 mamssumnaniilugluundave’

s

WU

a e 2 a ow [ %
mawseuasmiidiniusanhandunsiugiiiiusasusiaeg suiudesding

wisnIdeglugivesdoumeisuiiosnnmsiniinld aunsaazans18lunir uazhiaanse

a 4 o as 1‘ x o or o/ o oo
ﬂ‘iSi}'lfm’éulﬁ’lﬁﬂ‘Llﬂ.’l.lNﬂijﬂl!u’lfl?ﬁiﬁﬂﬁ'iﬂ‘%ﬁﬂxﬂﬁﬂ’éﬂu llﬂzﬁﬂﬁzﬂﬂuﬂﬂ‘ﬁﬂizﬂ'ﬂ‘ﬁﬂ"lTﬂu

MINUYeIMsIAlaAAY

uag ldndanaein hinsmuniwdeinsdivelsdesinisua

=] a (] a o
maail vilvineeymadnas Tlesmadumssenszngdnazansilestunisanazneuas

H A a o 2 Al Y L a
Tilie Iesmiifilsz@niamlumahan ddssiudF s uemnaii lasdnsueaiia (Bal

£ Y q' v ar é g 1 as =y - | v =,
mill) Iﬂﬂﬂxcl‘if‘izﬂznﬁﬂuﬂ'liﬂﬂﬂl!ﬂﬂﬁNﬂlﬂ“h’i‘l‘llllﬂﬁﬂ‘l]‘b’u@ﬂﬁ)ﬂﬂﬁ!ﬂmmat‘ﬁuﬁ

MM 2 gasmsmIsuATIWE I FUAMZEY 50%

mand dadaums (phr) Vv inlFa3a(n3w)
N U (Sulphur) 50 500
Bentonite 1.0 10.0
Vultamol 1.0 10.0
ih 48 480

valwasssusatiadluna 72 ¥l




a 4 a o o d A
MIWN 3 JATMTATIUATINITIFUUBABUUN 50%

13

asndl daaI1uas (phr) smvinlda3an )
uxaduilN (ZMBT) 50 500
Bentonite 1.0 10.0
Vultamol 1.0 10.0
ih 18 480

valumSssueatiaiiuna 24 $2719

~ <4 a & A
314N 4 TAaIMIATIUANND IFUIFAADY 50%

msai daa1ues (phr) ﬁmﬁnﬁﬁa(ﬂ%ﬁs)
HEARDT (ZDEC) 50 500
Bentonite 1.0 10.0
Vultamol 1.0 10.0
W 48 480
ualuniesueaiiaiiuna 24 $aTu
MR 5 gaTMIIEIaNAmNBIFUIAAIS I UBIUA 50%
M d@aaIuMn s (phr) vt l¥e3amdn)
uRaFsumveIua 50 250
Bentonite 1.0 5.0
Vultamol 1.0 5.0
1 48 240

ualuwasasueatiailunal 24 ¥ 719

P - a dd A o o
AN 6 q@ﬂ'iﬂh‘!ﬂ‘iﬂllﬂﬁ!‘ﬂﬂi‘lfuclﬂﬁﬂi’)ﬂll‘lfﬁ 50%

msadl dadIuas (phr) whininlFaTamsn)
L o 3 :
F4n00N 1A (Zinc Oxide) 50 500
Bentonite 1.0 10.0
Vultamol 1.0 10.0
1 48 480
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valunissueaiailunal 24 ¥ 719

Al 7 gasmstouAameisudinea s0%
sl daaIuans (phr) vnvinlée3am)
%W118a (Antioxidant CPL) 50 500
Bentonite 1.0 10.0
Vultamol 1.0 10.0
i 48 480

ualwnsequsaiiailunal 24 2719

M 8 gasmsmssuasazats IwumendouToden 20%

A IUNAN

ar \J ‘0‘ L7 ar
damulaginmin(n )

Twunendeu Toden

20.0

¥
1l

80.0

mseanTasas T iuuased¥anudeuor Plae)yigungi 45 ssruraidon

; z N . 2
el Inumaidon Tedenazasaa laaoavy

M 9 gasmamssuasazasTnmason laasenlad 10%

[ 1 s ¥ :’ L7 ar
AIUHAN daaaulamihwiin )
Twimoeulaasen lad 10.0
i 90.0

5.4 M IBRAUULGATHAN A

a ow Ca tY ar A ow < T 4 a
maeennuugaskaatuaiien iivinzandusdadusinoufuie 174

a o Sl =1 o & v ar 9 P A o
AAANUANUAMMMUBYIITANGU uazminzdmiuns 1FuRuwiieyiinsuea

- e g ar T 1] H ~
famsmiindninhonanaasudumsiaiilasaaumiaily o gas nazliungungli 25 sam

1 z at s 1 1 1 -7
iaisen lasudazgas lunsnaassaz IS ananindlafiudnds lusasrdruiinandrady
mehnsnSsuisuauiavenhenudannmaauiindl tazuduesi 1dusinnnsey
o AR é a P w oA A . -4 o

nasnnuuiMInaneuaas liMeiuiimuefsudeszdns 2 Tavhmismitssaslunden

; z 2wy o i g2 o+ ; Al
wrunsziiies udiasiia 1y 1 99 Tue e lhhnasmddewnilleulugeufiguugiinande
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o & 3 v as ~ = = o + ) a
Aussazvusgiugunginaianaad lusve il dundazsiia Taogasildluniimanes

TUAAIATIATIWN 10-11

M9aH 10 gasmsiEUERIUNY

Whenauazen s dmtinuta (phr)
@3 C1) (@03 C2)

60% 1henatu 100.00 100.00
50% unadrauns usua - 30.0
(Calcium Carbonate)
10% Twumaidonlaasenlud 02 0.2
(Potassium Hydroxide)
20% TwunaiFouTeden 0.2 0.2
(PotassiumOleate)
50% Fereen lud (Zinc Oxide) 1.0 1.0
50% U¥ARDY (ZDEC) 1.0 1.0
50% ux¥adUTIA (ZMBT) 0.5 0.5
50% FH10A (Antioxidant CPL) 1.0 1.0
50% AU (Sulphur) 1.5 1.5

*MINYIMA Cl AD gasMsyRueaIuauNo Filler)

WINBIMA C1 A gATMIHMALENAIIRI(CaCO,)




mnan 11 gasmsviwduasiifidlahuansdaudy
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vmaazansinil Yimitnutia (phr)
gﬁ‘i gﬁﬁ gﬁ‘i gﬁ‘j gﬂ‘i i'lﬁ‘i g’ﬂi 'gﬁi CS Q’B‘I‘!
RF5 | CS5 | SG5 | RF10 | CF10 |SG10 | RF15 15 SG 15
60% et 100.0 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
25% uiladhudh 5.0 : v 10.0 . . 15.0 - -
20% uilaiu . 5.0 . - 10.0 - » 15.0
filevas
10% uilverig - - 5.0 - - 10.0 - - 15.0
10% Twanan@eule | 02 | 02 | 02 0.2 02 0.2 0.2 02 0.2
asonloa
(Potassium
Hydroxide)
20% Tnumandoule | 02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
aen
(PotassiumOleate)
50% Fafinon loa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
(Zinc Oxide)
50% LLBARD % 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
(ZDEC)
50% LA uTIf 0.5 05 | 05 0.5 0.5 0.5 0.5 0.5 0.5
(ZMBT)
50% HFRUOA 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
(Antioxidant CPL)
50% fMuzau 1.5 1.5 Ly 1.5  isp] 15 1.5 1.5 L5
(Sulphur)

*aneme RF 5 Ao 5mnandlatnis 25% # 5 phr

winama CS 5 fe Yinandlaiudulzwas 20% #1 5 phr

WInema SG 5 Aie Usunmntleang 10% 7 5 Phr
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=5 ¥ ) " 9 ) nll J ar 7 ey
5.5 msﬂnummmuﬂamwmﬁmﬂumsmmu 1‘1&1‘%311mﬂllﬂﬂﬂﬁﬂu flaaUUANII

MEMN aULAFING HaznIstosaa1EmIaa I nnvedueuena Yaa lud

5.5.1 MIATBUNENS

G so‘ d o A [ 3‘1 o ’; &l 9/ t
MIENINABUNTIUA AININN 2 HaInNUUE A IUAN TRy

ey =) @ s as o o Qs
neaugiides Hunar 15 $lwe wazvaaevszAuMsTam luddonasTsedy &

swazea luigeh 3.5.2 Asuti liheFaudluneiugng

60% 11839

= o
10% Tnunanaan laasen lua

20% Inunaixey Toden

i

= o
50% Fansan lua

25% uiladady, 20% udlaiudilenas, 10% uflame, uaaSouaivena

Y

50% HAAADY

|

d ad
50% tEARULN

I

50% FNoa

!

50% AU

¥ o d

L= & ¢§ ﬂlsﬂ’ = s a v
e Mifluszozna 15 $3Tue e lihoaianis as lus deu

o 1 Asl‘ A A
maﬂuuﬁammuﬂizmawummn

1 - ¥
MANA 2 Ry MIIAI JUUYWNABUN TJ‘L[%{
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5.5.2 manageusziumsTanludvenihensneuniuddanaolswods
(Chloroform Test)
(1) dshesitIdnamsinfiinas 10 faddas mldasudinmeivine 50 finaans
@) fey 9 mansTsveduashlmhealuilinas 10 Taadas v q i (Faaau
1:1)
@) mudaaiadaite iheasudaiiudeu
@) asvaeufeusdiIdlasdunadnyaznisdadaiienesnsnduite sansaan

A3 1N 12

a @ o ¥ A o
MINN 12 ﬁﬂ'l':lfl!Zﬂ'li‘l]'iJﬂ’J“U'EN‘L['!ﬂNm‘El’i’lﬂﬁﬂ‘lJﬁ'JﬂﬂﬁﬂTiﬂﬂin

Chloroform seaunsYan lud ANHAUZNITIUNT UazdnHazRou Ml
No. g4 1iIBRIEABBN nu

S 1A - & e 9 A 2 A A W ¥

No.1 g limamsdamug | ansudadludewiionidaonezia | 19004

=)
29 ﬂ[ﬂﬂﬂ?ﬂm%!‘ﬂu 43 9

No.2 inansdam lus gasudatuiludeudieonsdasan: | 1914
d & vd Qs
finting daven lalantisaazyasenINny
= ar o & w o 4

No.3 man1sdan lushlu gnsudnuiudoudionstaoan: | 1498
AaNa VIAAIVONINAUNUN

No.4 man1sdam lusinn o lifanmssudmdudiudou naz | 19408
a = =1 o +
il atludiadng uansau

5.5.3 YUADUMIIA I HUAULINETTNEA

e % sy ¥ H & so‘ o/ [ 9 ¥

inheuaeuwnudn ldonmsiulisaimin dszainu 95.0 a¥u udamin

o ] dsl' 3’4 2 v b a o ar Y o

sadlundennrunszidiesTasasia i ifihnusednlszine 15 $aTus wdsnninh
=] ' i & 9 [ i -

vasaurunsuiied Id hleuludeuTasulidradh vazudluiudnlzndszordigumgii 60

ssrusaiva duuilinguzeungungii 70 sswuwaidva szoznm 24 $aTue udnh

by )

Ay od + .i’ v [~1 9 =y & as -:;
ﬁsmmaﬂﬂmnunammuﬂi:mﬂﬂﬂuﬂu mumaimlﬂ&mﬂmiﬂummumwn3

aa
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d. I & o > & 3 o w
[AIgULaABNNILIUBY + MANUTLD A FIUTIHNADUNIIUA 95 NTU

v

x . 2 X
RN «—— | mihsuaeummua aslundeansziiies

!

3
i lleuludeu —> uATFUNULEN

!

E
ihdua Tusgion

d! o o < v ar o
2NN 3 am‘umsmsammumnam"lueﬁ

QI

5.5.4 NIINATBUANTAT I ITY

1. msnageuiBnamesmdslutheg (Total Solid Content, TSC) Yimsnaaey Tassain
gndunFina 2.0 a5 adhumaafiazemsatiudimhmind Idudadmihndudnionite
thennsznedaiamaandanninhhleuiigungi 40 eswaden Sunar 30
wielfeanta nazheneiintada ety Taaanausu (Desiccator) titeIenaiud e

Y . o & o A ~ s ™ ' o A
qainesi 1@ hisahminwenSsudsniminvessaneveuTassnaawaunisi 1
Thwinmandae

TSEar-—~— 5 v -0

o

TR O BN TR T

2. AsNaaeLl3aNaniiea1uia (Dry Rubber Content, DRC) ¥nisnaaon Tagtiniea
dumasluiinmesifFinas 100 fiadaas Uszanm 20 Taaaasudamnsaesdanduty 10%

o e P Y 4 o o ¥ = -~ [ ¥y, H
Yias 10 iadaas adhiluianeiimihow Budadedudnihonamaliusnigui

o = < % @ o ot YV a?,’ o ¢¥ %‘1 a
QUUNU 40 A UBUBH ﬁ)uﬂszmmmwumnmﬂuﬂﬂu uazinirla 9 INAVUINUUUN

a

9 .:i

deauish Iduisadiansedianiianunun 2 Hafwas drurus)vazewdiginlawda

<1 ~ - o o X . i 2
i ldenludeuiguugil 50 ssruvaiFon Wuna 24 42101 ndsnmbmheeiintudad

¥
=

g : 4 $ Yo 4
nalildiouluTaganamdu esiceaton) Huna 2 $2Tna udnined I hlFahminde

4 sd oA v 4
ﬂ']u'Jﬂ!lﬂﬂil“ﬁuﬂluﬂﬂ’lai!ﬂﬂﬁ’]nﬁuﬂ1f'ﬂ 2

gl )
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L | Y
UTHUMUDITIUH

DRC(%) =——————x100
umineaily
? A . . S a Qq ot w s
3. f1AUn A (Viscosity) naaau Tasnistiniwisasunnua (hilamsdaaudy) 5

& a4 a ¥ + ~ oA o
500 A5 uaztgneunuanRIniwiluaazsiian 15 phr Y51 500 nSuNaeURIY
. . a o o g H & a o
1A393 Brookfield Viscometer 1a8411115188a% 2144 (Spindel) iminzaudsazidenyiud e’
o a A £ 4 A 1 A R A w
@adusudunsn uaziden it i 20 seuderi #elunmsnaassezideniauduvuia

Lv1 Tasiufinfanumilageqainiesangany
5.5.5 nmaceUAnHMzAMg 1IN vBailGY

naney TaemsdeindesganssmiDiAnasouuudeIniI@  (Scanning  Electron
Microscope, SEM) Tagtiwidladraud nazuilaiudnlsndasouruazinsa 100 Mesh #3910
v lleuie larawiu Ao hiAauu swub ndmnthaihlindoudaeness dauulle
mgudsnminammeisu manmeisuihmaadumaadeitlleyldiuudaaenly
Whuein A @auy swb udniluindeudsanesd uazdesdrondeefimasusa 2,000

1 Ai _ i ) t; Ll g
i meguinaeymanilduvewtlwans siiafez@uas e
) ar ol = ] ar d
5.5.6 ﬂﬁ‘l’]ﬂiﬁ’]ﬂi’lﬂ‘ﬂmzﬂﬂéﬁ THINGVSINHUENIIan ﬂu“ﬁ

naaeulaonisdeIndesganssmidiinasewuuaeInsIA  (Scanning  Electron
Microscope, SEM) Tagdnasumaneniiiving 1x10 ssuanias guaaluluTasimuman udain
§ua1u1ﬁﬁﬁﬂﬂmzmsqﬁqa wdannfudadiviiisesinvestuanmdineasuy sub el
infoudaomead nazahFuaitdldeslundesiiiididevens 500 i iieasanaeumsila

a o ' A oA [ a o
aveseymalanilaazetia@uas i lunsiuensam Tud

5.5.7 Manaas uaulAEng
Qe = " p o o A o
1. AMTTNATOUANURAUTIAY (Tensile properties) Mnisnaaeu lasaasunaaainily
a/ & 4 ar A’ s H % g 1
suduua¥1insesdaFumaaeunul Die C A30 WA 4 $112u 3 FunaaeuTaslfinies
Tensile Testing Machine Taa149a51321un1384 500 mm/min e umaiiug anmdumu

115994 (Tensile Strength) MBAAAN LUz TR 300% Nazizesda o 1A%19 (Elongation at Break)

..(2)
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. L\T b B

-

IS | IR D
B8
— Rt |
\ G (Rad) §
bo— e o

e (G L

"
A;. .qy a . = as = o o =
MAHN 4 Funaaeuzilduwa Die C (rInmasasva1unInNg Inonuailaaiil. 1.1 1)

ueg;é’a (Modulus)
o Fm
uBQad (Modulus) =— #1(3)
A

Taan F_=usanmidensdaesn 300% (N)

-=i 9 a -:? 2
A = NUNUIAAUBIFUNATDL(mm )

ANUMUMUADITIAT (Tensile strength)

! Fu
Tensile strength =— L (4)
A

Tagd F,=115904g4qa (N)

gk it AR
A = HuNMNAAveIFUNA oL (mm’)

anuanelundaeua (Elongation at break)

L-L0
Elongation at break (%) =—— x100 2:(5)
Lo

P ' A & A A
Tﬁﬂ‘n L=ANUgMITERINUAUUTUNATILUDIAIUUA (mm)

E
L, = AUINITHINVALUTUNATBUNBUIINII A

5.5.8 NSNATDUANIANIINENN

a PR P ' a A ar 1 ' - o

L msasavamnzimilansuveantlwdazstiandsdreglunrivenssssuna Saa lud
damees  WiEenswarenidususaaninlasalall  (Fourier Transform  Infrared
o g, Y @ oo %
Spectroscopy, FTIR) ¥iimisnaasu Taminieamaslumaa (Plae) szana 1 Foulde faih

@ lll d 9 & o ¥ ar W ¥ . Y 9 1
aauas llianieare ihaensznedmdsnminhlleuldudades o asnukugseen
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wudnhaadudlseaumifu lasldafoamilutlzfauduaisiumifuiaeuting uai o

. i
FTIR Tagldauaduang 4000-400 cm’

2. MINATBUAVIAMNIUIUNBY (Swelling Behavior) MTNATBUMIAINNUAIUNIUNIIUIY
wosve AN suATan Tus TuTngdu (Toluene) naeuTaaimriuesFunacenin
dali'ldving 1x1 wudnas udani lifuimindrantosdmeiion 4 dumiandanimiy
ﬁﬁ;umﬁeu‘lﬂm}miﬂmqﬁu Wuszozinat 30 Wi 1 ¥aTua 2, 438, 12, 24, 78 uag 120
FaTue awidy Tashdunaaeueenindaihminawnadanansnnis Sz manm
e IFuANT VNG (Swelling, %) nazamMUMLUMTIFON T84 (Crosslink density) A4

AUNIN 6 1AL 7 AR

(Wi-Wo)
Swelling (%) = %100
1

Crosslink density = —————

Swelling (%)
Tagh
Wi = dmiinFunaasumaius Ingou (A3)

- g 1 1 = o

W0 = iminvsssunaaeuneuuy Tngau GED)

3. ﬁuﬁﬁms@ﬂcﬁuﬁw (Water Absorption) U8atHUe133 A ud naaenmsdefiszezina
10, 20 Hag 30 Ju nagenTasmsriwrdusaddduad sndaundalfiduing 1x1 wuRiuas
ildsuhmindaondesdmeiion 4 dumis udamamimihdunaaeunsadluthndy #
TZO21901 24, 48, 72, 96 AT 120 52 Tue awdwy udnhFunaseuesnInda ina
szeznadenaBnate "15}&ﬂ:ﬂ"mmﬁ1sﬂa§1c§u§n1sawﬁm§1 Water Absorption (%) 1ag

ATUMUAWANNITN 3.8 MBATINABUDAT NI dBsaA YU am ludvdafaasluay

(W, - W)
Water Absorption (%) = x 100 ...(8)
Wy

Tagh
£

¥ o~ Al 1 gu‘ 0./ Qs
W, = imlinFunaaeunadusiindy (n51)

< as 2 v R4 ) as
WO = MrnUnusdyuUnagaunsuuyuInauU  (AT)

5:(6)
8.5
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5.5.9 msnaasuifSunadilsauanuuaiise

a‘d af

9
Fmsaeseim llsaudie35imanvia (Kjeldahl Method) Hiuasunsiie
] 9 M m v % =Y v
1. Fenaimineanuusy 0.1 asulaly Micro Kjeldahl Flash @uansts
Ufisenaalszneudas aednleddama (Copper Sulfate) g TaRousama (Sodium Sulfate)
Tusasiaaulaofsings 1:20 vierimin 0.65 niu naudunsadaysea 2.5 adaas
2. Wadeusunssnemsazaeladiudd@en (wie'hilid) 1¥naulszanm
1 92Tue azRes hififimiesseu 9 umisey
Ey ¥ ¥ Q‘f‘ _~ o e
3. asnalidundnihividensdreindu 10 inddas
4. mmsazate lalumisanauraaionru leviInseulduds 30 urd &g
gy ¥ 4 a aa &
M¥UZAIBUINAY 2-3 diaaans Uszanm 2-3 aTa
5. vwaaudigivuussynsaussn 10 Tadaas tazasazaismTana 2-3
noa 1uasinau ] (ed ldilmovasaguadluasazais)
6. 1AUA3AZAY 67% NaOH 10 findaas aslwmieanau udrdredrmirhi
(AU 5 aaaas
1 z 3 Q‘J
7. asglf loviduaseenauansitiuna s ui
4’ 9 o o 4‘. & 9 ] -
8. taeuwaudgiruysesiumisnnau Wilaenasaegmileaisazais
aauae 1 Wi ud lihnduiedralarevasanda
9. hmrazawila i lmasadumsazmonsadans adudy 0.01 N a8
a d' a A A
yagA msazaeldsunadisniludug
10. %11 BLANK andtnaasauynedis ua lildansdaedans

s B inumsazmnnasgunsasafailfunslamsa Tldnoum
WS luTnsiou udguft Kjeldahl factor Ferunasveslulasmululisavediosa 16
I&itluATalsAune (Crude Protein)
(A-B)xCx0.014x100

% lulasiau (Total Nitrogen) = ...(10)
D
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% Crude Protein = % Nitrogenx6.25 (1)

Taa

-y

A =inddasvesmsayaloniasgiunsasayin 01 usiuea f

Tansniudieds

B = i{laddasvesmisazalguiasgiunsadayin 0.1 uesusad

lawsniu Blank

C = MuiudursImsazmimnasgIUnsAFaia

o as

¥ 1] al
D = U1MUNAI9818 (N5H)

5.5.10 M SNATBUANTAN1SEDUAAIANIITIMN

snaaen Tasmaudusisiaa ludidailuzdduua Tud 1 uaawaradndmsu
Ugndu hiniiduussgey Taeldiinawdnlszana 57 wudmms duszazinm 10,20 uaz 30
ar o o "f,‘ & as a 4 3’; 4!( Yo A ] As(‘
Muawady Tagsainlszanw 1,000 Hadaas dilaniaz 1 a5 e Auiinugusu
w ¥ a & . o 2 ¥ % g9 ‘ 4 o
vaaIMunuFuOuawIzsznaMfnuue lashiunundni ifazeranesu 1 ase uds
3.4 oa 2 o 2 o & j ‘
dudaothinaudn 1 asyiFamnanuazerasuaulduiudnizuaunldhinadeuai
o

W9 5.5.7 quUAFINg 5.5.8 auianemann uaz 5.5.9 s ldsduainuuaiisoves

[ [ 4 LY =
ueiugadam lusuasfdaqu
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a e a d aer
6. HANTIIVUUASIVITUHNANTIIIVY

1. anvavedrhenaty

¥ ) Qs t
rnhenstustiauen Tuiisge (HA-ltex) 1maaoumniaag 9 andinsnaaeslu

[
9 =

W
199 3.5.4 lananisnaaauaias 11

1 o -
MINN 13 naesauiiavenihedusianey Tuilsga

anua HA-Latex
¥
YT 1NV WIININUA (%TSC) 63.69
] 9
13 1nauiton i inaviua (%DRC) 64.40

i : g & y 8 Gz N
s n 13 wuinlSnuvestesnavualuihaety  sawduasoug fdlu

o i o ' A S & A
yoandauaz hildosdisrgeninBnaniiesnanfaianuae  Fufluwadiesnan  luns
¥ K 1 *
M%DRC vz l¥nsasudaimmiziisnunniu diuduszgaiasennua Joi1lv hiliad

171 %TSC

2. aulAUeRNIE RN IUA

2 A a P = ' A o
ihenduiduaisal vaziwiladazstianliuw 15 phr inmaaeunaiuiia
&21817383 Brookfield Viscometer lagidonaiin (Spindel) ju LV1 Amuanrwiiiseuluns
@ o 4 v =% -1 1 | 9 -
MUYV, 20 soudBUIN Tamiunndinumilagage Tdnanmsnaasaniui s

; ; 2 ! " ’
VIR 5 wunenuviiaveiingduiiannaninihesneunIuAIaz hawa
oom A : 2 ; :
uflwdazwiiaffzunm 15 phr iiesninnsnszarsveseymngeluthansmsiinzminaus
4 ¥ ¥ 1 -, 1] '6 Ll g
yurAnumiiavesienaeunnud tasihonantludazsiialinanunilagininigma
9 4' ?u‘ P = = T o A o o 4
v esnnlheirauasaiivas hihnilwdazatia savasmiin ldvnmsidames
. ¥ 4 [ t 1 P v ¥ Y
FuFadimsuamimazeasoy q whldde Saderalimarumilan lddninhasiu e
=Y Y LYY 1 z 9/ s-.i A v = v g 9/ «:in
nosanytaduauauily  wuimhasuirauilagiinmumilaganinhoedui@a
ufhdd  vasnflaiudulends  awdwy  dissnnuflimgiilundleniians Tulaasad
o £ a o P Y a = s aa
usgnsuazgaiigaluussamns lulamsait Idnnsssund  wazlinnumilngsga  d@son
Faunhnnt nazAuiite wamduwd. 2556) TaoudliangiitSinmes ulae (55-75%) fiq

" ar ar I3 s g
rawdladadr 25%) nazufloiudulzuds (28%) Suildlisrwannsalunsgesiniuag
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o ] =4 o o x ~ d &
msneadvesgenudiantleddr  wezdanilofudnlondy  Fwwuzdouaamessunils
an weuilagezuanainms lasuusudeunnueaiia Wuselalasnumeluluana e

o e [ ] [~ o a 9 ] a A g -
luTaauazes luTamaaunsamivegludiauilignime  ildinanylaasenganiludase
o ’é 9 w e ] a, cin g [~ = as cg
fwwnn - Twanavewhvzhdudumy laasendafivaszll Wanilimgihansnesdiiu

. 2 3
Tuanauudiuvewiliivgaesnin aumilaue e 999gayu (S. Wattanachant, et al.
2002) iedinsudnymzndugmIneweadianildundazsiiaonmuin 6 wuiwna
= . | v e A o vooa 20 a o
sunnvsulianilsdulinadeninumilaveniens  Tesnunudautlsmgfiorhnsamnes
& A Y A A . w ¥ < 9 oa ¥ udy AR & '
suvziisnyuzduntiadionh llnaudnhodadnohes]dd  smumiiadegeau dau
' as a o s ?,
diaudladrusiiiuinaeymadaniudasilaiudulndfohldaunsasaandiuiiens1d
N o Qs ’a’ 1 ,ﬂ’ ol
andtuflanloiudnlends  anwunilaveuhormauniladiisitsganinhoawaudlaiu

w A A - i
dilzuds nazusanntionndluraiissnnlunszinumswisuasuviuasy (Suspension)

& 1
uflathadmazilaiudulzuduiildanudeu hitseuvpiinafanaadlus  @ilsdrad
72.2 °C, nilaiudnlzuda 70 °c) il himasiuse lalasmusennadluazasdadiondla i

% g o = 1A o - o’ ] o
AT DEATUUN !Mﬂl!‘ﬂ@%\ﬂiﬂﬂﬂﬂ]iﬂﬂ\iﬂ? ﬂ1ﬁ1ﬁﬁﬁ1¢lllu“ﬁﬂﬁhlﬁﬁuﬂuﬁm (Azura et al, 2012)

250 +

Viscocity (cP)

CPD NRL NRL+RF N S NRLASG

X ¥
MUN 5 ANURITAVDINYNABUNIIUA
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3. aagnanm

= w v =1 Y] o a o
panms ey eianyazgilinweadanilenud  uiloiudnlznds  uadanilama
o= @ U | 0 @ [ 1 v
meldnanaganssmisIaNaTauILUABINTIA (SEM) NAadvg 2,000 M1 1agfInuaa
o & 1t w L1 o 9 o @ [ P A o a ot
dnamian 15 kv wuwaniladhadiidasusgidsamaan lsesda dwaadlunni 6)
1 o s il as & as [ 1 a9/ & - a 9/ =1
aryuanilniudnlendslidnvazsiliwnan  vazdmulasmuniisasiidnyuziwaziises
s as { a ) L as
aa aaaadtunud 6b) naziflanilsengaziizilswaauuazdnlawdadndidnyusmiiou
@ e P gf 1 [~ 9 = ] [
speanaataadlunmn 6c) wennnuunwuIndanilimaivinalvaina @lszam 1025
=1 kY 9 @ & o =]
L) andladudy @lszina 5-10 pm) vilaiudwlzudsalszainm 5-15 pm) nazifauilimg

Dispersion (5-10 |Am) awaay

= as 1 [~ = a o ar =y
w6 dnvazgiiveadianiladu ) ol o) nilaiudalznds o uilaang @) nilanaa

o & 4 ' = J Ao w *
THOTVTU lﬁﬂﬁ@ﬂﬂqﬂiﬁﬂﬁﬂﬂﬂﬂﬂiﬁﬁﬁ@!ﬁﬂ@iﬂu!lﬂﬁﬁﬂaﬂi]ﬂ (SEM) N 1aauang 2,000 1
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mwd 7 msflsdrvessumanianilanznmsnszanedrlussues @) uilaiid o) nilaiu
dlzuds (o) uilamg iedeenaldndesganiseniaiinaseunuudeaniia (SEM)

NAIBIVEIY 500 1M1

4 - as « as
mnnmR 7 nsaenzinsdidveseymadianilaazniinszaeda lugnaveanils
1 = N Qs a o 1 o o o Y = a
naazstiaiaganyuzndug I e U an lug mazanudinu ldve sty
T = 4 v =t Z ar =4 =
uilanaazaiia  winwHursssemaneasulimaiu nsdiiveseymanionilaiinaw
mivaue niznenhenEssuna laanhudusansauuilinaduazailaidnlouas a
3 i o o ! =} a0 A @
uaadlumwil 7(a) uaz 7(b) awddy WisunandanlimgonmionTasnsvidame s
= g & o = o & dsh i Yo ¥
naziivinasymaianas Falunsziumsidmmessutiu waniliog lduanuseunay
- = yod = & A T i B =2 Y et
nsuReunnueala Iailudamesvuniledu er lilnauiinieadeaunsaainu laa
as 9; 9 c %," Y a o -y d‘.d
A aumaveadlimgaunsod hlunsnlueynmvenuiensldiRasuns R ona
: 5 v o 9w o o & a g
senineymanaaed uandussirauilenaduesuilaiudulzvdniu ssdunamiuiims
a v 4 Y-V~ :
dsveseumadenilihimiiawe  sudwiludou  ifieannlunszanumsaionms
- 3 L} -y = =
nuInasy (Suspension) uilaiuliarmdouitsguuginismanaaid lug wiladad 72.2
s a o o A @ 1 [~ 3
°c, niliudnlznas 70 °c) W hinavius: lalasmusznhadluazons daoilahi
sl =) = 1 a @ LRPN =y d
aunsagaguii danilavdhimaniswesas saz himamawama lud (Azura er al., 2012)
A FIRL o b =2 9 =3 1 ) = o oy
diorih llpauiuimndadamaldeyninvsadianila hisnnsad llums avazimasuasnso
AUy InYaimala
4. auUANIIAG (Tensile Properties)
vwrugadam ludn@nmsanduoiladhad  eflaiuduliads  vazeilanay
310 5, 10 1Az 15 phr 1IMATDUANIALTIAIANINATIIU ASTM D 412 Tasiliuasuns

naaeuaIven 5.5.7 ldnaniimansinamsed 14
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NANIRH 14 hwndsunsanuduiussenivgasseiiduasdnduniliria
' P @ o = a A A
a9 9 N7 5, 10, uaz 15 phr HUAIMNUAIUMUITIAL WoadaNTzovda 300% nazszos
A Y =
do m 9av1e Tadanmd &

H 1 U [ ' as S
VINATNA 14 1AZMHA 8(a) MAIRIRMRUNTUNS IRsVRnsuaTaa Tudh
aundlertioats o Afsanm s, 10 nag 15 phr w1 gasos@AAIFINA UBIUATIA AL
b 2 o 1 = oy LS :’; 4?!‘ & = o ar
AMUMUNTRNIIgas i hiduansaaay  Nsilidlesnnuna@sumivenaiiuasd
a " a . . & A Y o e '
@ulszian lie3mse (Nonereinforcing filler) @i laseadedr eumaivinalug Tas
= a 9/ 1 0 ] o 9 =2 :i
symavamaFsNmsvaai llunsnegsznaseo o lanavessns villdussdamiion
1 1 al o [~ H *
senInme e luanaveseanad AAUAINYWS Wwouiinn1sTlaaaal AANATHN LN
asdsnaasan e denosansiiavewdmuigasaii@uasdnduniliang (s6) 1w
Taannudumuns weganhgasmsi@uasandmilaiudwlznds ©s) sazddhras
+ ¥ = o o
(RF) awdwy iesnnuilimgaunsosaihiuldanmnems  lusuzes oudamessu
o <t =4 =1 £
symaveuiauilimguanivinadnas G-10 dm)  eymavesdiauilaageunsamlal
= as == Qb o = U gt v 9 =
umsnlueymasuiaduasiso ldanueynnvesssisdmaldmnanudumuns daga
ansagnas ldnndnsuzmesduguinnveailadunwi 67 udszlimmnudunimsg
=8 ; v :i L= o s ré 4‘ (=Y a A g A
AN gAseaN hirAumsaua iHipanngaseei liRumsaaauiilFananiiesnei
A Tuanavessnauninsaisssdnueiaiiusufisuannsaannanvuzfdadadewa
Tennudumunsdegs winAnsamBuuedls wuinBinafdasaldmanudumnu
usstsgagadwivgassidumsdudunilaiod ®F) Ao M 10 phr gaseiay
msauauuilaiudnlznds €s) Ao MBua 5 phr nozgasnidumsavaunilang <)
f9 N1f511 5 phr dnsoeding 183 Vnadlaiinadesnimdrumuns s e laudlely
inwiina  uilufensfiudy  aneznou  dusadwiueumavinalvgy Tldavaans
t& v ] V- | ar (] o = =
waeu lnavesmeldTuanasn  Tuanasn hiaunsadaizssienaiuszdounazannin
R N XK 1 9 9 = 'g 1 d‘l 1 @ S :i
yurastavawalimanudmunsaaed naielamsauauuilalwBnannmngaues

deraldminnudumunssaaga lilde



M5 14 aiausIaverHue I aa lud

IR

aas Tensile strength Modulus at 300% | Elongation at break
(phr) (MPa) (MPa) (%)
No Filler 27,9342 18 1.62+0.07 750 + 31
5 3.79+0.70 1.96+0.12 691 + 13
RF 10 9.82+0.57 1.9+0.04 608 + 18
15 8.97+0.64 1.78+0.08 452 + 44
5 11.84+0.18 1.4140.03 691 £5
CS 10 1634235 1.69+0.12 686 + 71
15 10.47+0.85 1.6+0.05 598 +£23
e 14.59+1.66 1.4+0.04 691 + 48
SG 10 9.96+0.53 1.33+0.03 667 + 22
15 8.92+0.07 1.2740.04 646 = 15
CaCoO, 30 22.27+0.64 2.61+0.07 629+21

30
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and 8 mavesSinanils nazrtisvewilidenuniaiFana (a) MANNAIUNIWSIAT (b) A

A A 5
bptiAT Rl ﬁ;l{?ﬂﬂﬁ Hag (c) nﬂﬁﬂﬁ‘nsgﬂﬁﬂﬂ 300%
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210AN3197 14 AR 8(b) naasAUNU sz I egassiuanilariia
@14 9 151 5, 10 ag 15 phr AUszozda o 9auIA WuNMSEEzda 2 9A11A Y98 1T
n’;d‘ =y =1 I'd 1 'o ] P LI=-Y s Zt .2" é'i =l
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o [~ a  a L= =1 9 (] + T
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o 4 t T of
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c'ﬂ as ! ai T A o & [=1 3 ti 1 4!1
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. < a & gt e o = A a
meolsTuananstanamanaeu lua laadedwaliszeza o gavage waziiledasan
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o v 4 1 a i =
1 werae Wity dienilnfFananies maldTuanavesnaianisadou vl lda sedaliszey
P} ] 4‘ A A 43 1 ) A a :::.
e u yanage sadislFnamsaufuilaniuyu vuissestia o it liunanng
ieanniisSinuvessasdadutlain eymavewdlee: hildavmsindeulnavesms
T Taanaoa ifaaa limivaue dedswalimszozta o yauanaad
1AM WA 14 BTN 8(c) HAAMBANNIZIZTA 300% YBAKUEINIAA
Jud wudeadafiszezia 300% finuaTiunaaas Taswiwegaanazostia 300% vaigas
nan@AaEua i veuaiifge  ilesnnuaaFsuniiveuaiiuasduduiivinaeynia
' 1 i a * < A & o A
vinalva nazldluiSanudiann Ae #i 30 phr damaldasiinmndaniuiu vegdanszezta
<= Y s P (=Y a o ' o A =y = ::
300% vageaw hlde dwsugaseni hikunsdvdunudwegdanszazia 300% NA16
A o A P a P g A A . A& a
dissnniiiFnudisssinnn Tuwanaouiemsmaeulnalda ianwdaugu dfewasan
) v A A 9 9 s d‘ = d’ A a
siinueanilinud gasoiauthdasliveadanszezda 300 % moAiga gassan@Ey
o ar =t o o ¥ cgl'. 4 o o o =]
uilaiudnlzudwazuilimgaziidnansawdiy  natidissnnnlefidudainiluninues
utladhad 38%) iifFanannndy uflaiudulznds 37%) nazufleang (15-22%) Fenanilu
=] =S o s [ 1 A = - oA oo 1
uanvziumumdaswiuseguesmo s Tuanaiia Twanalinis saiSasFanuedaihy
= 4 - * ; Q' 3 as i
sulioy (Azura et al, 2012) dieworsenifSinanils winwieBnadlamuiu vegdan
~ E". g} Fg 4 1 b ' ﬁ‘ 3
szoztia 300% iuua Iiufiaaas Nstidssnniidiu lilsmanunaiu symaventlad il
unsnluTwanasn audanguueseisaaas syniaveilalildauasndainsdinayms

4 ) ) a ) ; 3
waou'lnrvesmolaTaanao dewaldifan i lisivaueduluasaads

9 9 ]
nninhrunaaeunriatazFnandleing q Tid@uanniinslude

o 3 o Qs < as ~
N 3.5.10 H@aIUBNNATBDUTUUALITIAY hlﬁ'ﬂﬂﬂx‘lﬁ'liﬁclﬂ 15



A519R 15 AN umuLsaasvesurueIian luavdefaduseziaa 10, 20 uaz 30 3u

Jzgza 10 20 30
AST}Y
- i) Tensile Modulus Elongation Tensile Modulus Elongation Tensile Modulus Elengation
” strength at 300% at break strength at 300% at break strength at 300% at break
i (MPa) (MPa) (%) (MPa) (MPa) (%) (MPa) (MPa) (%)
(phr)
No Filler 26.40+1.50 | 1.96£0.05 | 733 £14.00 | 25.50£1.70 | 2.00£0.03 | 73+17.00 | 23.00+2.30 | 1.72£0.13 | 729 £1.00
5 20.37+£0.39 | 2.64+0.02 | 591 £8.15 18.99+3.03 | 1.96+0.08 | 612+23.55 | 21.19£0.69 | 1.89+0.08 | 564 +30.38
RF 10 19.37+0.93 | 1.57+0.09 | 645 +25.98 13.79+£3.30 | 1.82+0.29 | 655=15.52 | 21.38+0.81 | 1.74+£0.07 | 568 +20.29
15 7.37+£0.18 | 1.57+£0.02 708 £7.75 13.59=5.31 | 1.46£0.24 | 672+12.49 | 10.55£5.44 | 1.74£0.18 | 623 +33.20
5 19.41£4.85 | 1.60+£0.05 | 654 = 18.01 21.76£1.99 | 2.72+0.05 | 619+19.66 | 19.97£1.87 | 1.79+0.06 | 572+ 27.30
CS 10 14.7940.22 | 1.49+0.02 | 666+ 18.01 | 20.66+12.23 | 1.58+1.72 | 628+6.05 | 13.31+0.53 | 1.65+0.12 | 586 +39.06
15 12.03£0.21 | 1.33£0.02 | 707+39.01 | 12.200.10 | 1.47+0.02 | 699+ 15.76 | 12.28+0.22 | 1.65+0.05 | 634 = 5.51
5 19.90+3.49 | 1.49+0.05 | 569+16.49 | 15.57£0.53 | 1.48+0.08 | 594=27.66 | 16.26£1.93 | 1.62+0.05 | 543 +£29.45
SG 10 10.96+2.19 | 1.37£0.04 | 699£5890 | 11.77£0.57 | 1.50+£0.05 | 603 =13.79 | 10.69£1.19 | 1.540.04 | 552+5.83
i1 8.2542.65 | 1.29+£0.06 | 730+12.09 | 10.66+0.62 | 1.44+0.06 | 632+1541 | 9.68+1.26 | 1.53x0.03 | 636 +5.44
CaCoO, 30 23.80=1.40 | 2.96+0.03 698 £41.00 | 23.00+0.80 | 3.36£0.06 | 677+10.00 | 21.50£1.90 | 2.61=0.10 | 662 =27.00
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25
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Tensile strength (MPa)

gasensiszaznalsdu (1v)

CaCo,

mndl 9 armduiusrzvingasesiiduuilsriinaw o 105010 5, 10 nag 15 phr vdsds@uszozIn 10, 20 uag 30 1 AUAIAINATUNIUUTIA

HIELYIF
& RF 5 phr B CS 5 phr B SG 5 phr © CaCO, 30 phr

B RF 10 pht = CS 10 phr SG 10 phr ' NF 0 phr

RF 15 phr © CS 15 phr SG 15 phr
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3.50

3.00

Modulus at 300% (MPa)

2 R o
gmmaﬂﬁzﬂxnmﬂmu (31—!)

mud 10 anuduiussznitgarnsiduilestiadis q A5 s, 10 wag 15 phr waede@uszeziaal 10, 20 nag 30 Ju duAwegdanszezda
300%

VNELH)
@ RF 5 phr W CS 5 phr B SG 5 phr © CaCoO, 30 phr

“ RF 10 phr # CS 10 phr © $G 10 phr ' NF 0 phr

RF 15 phr - CS 15 phr SG 15 phr
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Elongation at break (%)
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|
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RE | cs SG f CaCO3

gassiiszeznadedu (Ju)

w11 mmﬁ’uﬁ’uﬁ%:w.iqumaﬁtﬁuuﬂwﬁmm o 5w 5, 10 uay 15 phr vdafs@uszezing 10, 20 nag 30 Tu fuszeria o gaua
W8
@ RF 5phr B CS 5 phr B SG5phr - CaCO, 30 phr
RF 10 phr © CS 10 phr SG 10 phr “ NF 0 phr

RF 15 phr i CS 15 phr SG 15 phr
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o t 9 = A a @ A 9/ 1
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5. FTIR

o a v & o % a v o o o=t v 9 A
i]"iﬂm’i‘*nﬂﬁﬂﬁ]!ﬂi1$ﬂﬁ1ﬂy‘ﬂﬂﬂ‘b’uiu‘u1813’3?1?11 lwls aITMInaaauluwIven

558 1!%Nﬂ AINATBLAIAIT 1N 16

si = o [ o f =
MINN 16 ﬂ’!iiQlﬂi1$ﬂﬂuﬂﬂﬂﬂfu1uu’]ﬂ1€‘ﬁ‘§§3d“})’1ﬁ

Wave Number (cm’) Assignment
3000-2815 Methyl group —CH,
1645-1605 Vinyl group ~C=C-

VNN 12 naamlaaiuuedtine s su A lagmuaiuiieglugae 3000-

2500 em ' iflumsnaasdruiiflufsd ey metyl (-cH) Niflussflszneulumala

WANUBILN Hozmuniufieglugis 2000-1500 cm” ilunsuaasmy Vinyl group (-C=C-)

yosiuszgusamiveulumaTandnuesens (Kang et al., 2000)

Transmittances (%)

-

30
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i

i h. L i L
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MANA 12 FTIR d1)aaiueeatiieanssumna (Kang ez al., 2000)
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Wave Number ((:m-l) Assignment
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6. AUIANITUINNBINDUAIAY
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8. M3gaduI1 (Water Absorption) veauuenaantlud
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MBina 15 phr imeasumsgasnihmauinsdedwiiuszazina 10,20 uag 30 Tu Taadl

VUADUNINATDUANTITDN 5.5.8.3 TAHANIITNARDIAI
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Introduction

The green technology used m solving the solid waste
disposal problem is attracting great interest on the level of global
researching. Since 20% of materials found in solid waste are
natural rubber latex ((NRL) products [1], producing the
biodegradable materials is one of the solutions in solid waste
management. The microbial are the decomposer in spite of the fact
that the polymer is resistant o microbial degradation. So, several
researchers [2-4] have utilized starch as an additional medium in
facilitating biodegradation process. Starch has been widely used
NR latex compounds due to its matwal availability,
biodegradability, and low cost. Starch can be easily subjected to
chemical changes. In addition, it consists of an inextricable protein
that resides in its granular structure. Soil microbes produce an
enzyme for hydrolysis of amylose and amylopectin [5-7] which
construct the backbone chain of NR latex composites. According to
Buléon et al. [6], these macromolecules are compacted in a layered
sphere shape, where the crystalline and amorphous layers are
arranged alternately in stacking order.

In this study, starch fillers such as sago starch (SG), rice

analyze the functional group of the composites filled with various
types of starches.

3) SEM analysis

A scanning electron microscope (SEM - JSMS410-LV,
JEOL, Japan) was used to analyze the surface morphology of the
composites in order to provide insights on the interaction between
filler and matrix, filler distribution and surface roughness of the
composites. The composite sheets were immersed in liquid nitrogen
and then broken to produce fracture surface specimens before
coating with a layer of gold. The coated samples were then inscried
into the microscope and images of the samples were taken at 500
magnification.

4} Tensile test

Tensile tost was carricd out using the Universal testing
machine (INSTRON 3366) according to ASTM D412, The NRL
composite sheets were cut into dumbbell shapes before subjected to
the tensile machine. The crosshead speed for the tensile machine
was set at 500 mm/min. Five samples were tested and the average
of the values was taken,

5) Degree of

measurement

Cured test pieces were immerse in water for equilibrium water
absorption. The percentage of water absorption was estimated from
an eguation (1}

equilibrium  water  absorption

%swelling = (T22) x 100

b &

(n

W, is the original weight of the sample and W is the weight of
dried residual sample after immersion for 5 days.

flour (RF) and cassava starch (CS) were added into the latex and T?“"“ 1. Eeiipounding " Kampiintions. -olfESR VR

stirred at room temperature. The compatibility of the different types : ompc?sne&

of starch with NR latex on the mechanical and morphological | & i Dry weight(phr)

properties of its composites was then investigated. RF5| CS5]|SGS|RFI0| CF10{SG 10 [ RF15| CS 15/ SG 15
64.4% 100 | 100 | 100 | 100 100] 100 100 100 100

Experimental Latex

Materials: Concentrated NR latex was supplied by Lucky 25% RF $0 | - - | 100 - = 15.0 2

Four Company (Nontaburi, Thailand). The latex was analyzed to 20% CS ! L E 0.0, - = 15.0

ensure that the properties were in accordance with ASTM D1076- 10% SG = Z 5.0 il - | 100 4 5 15.0

10. Dry rubber content (DRC) and total solid content (TSC} of the IodkOoH) 02 | 0.2 |0 . | e

latex were 64.40% and 68.69%, respectively. Rice flour (amylose B 20% 02 | o2 fiR INEE, | Y02 | g0 3 o e
orassmum

contents was 25%) was purchascd from Prasopphol Company Cileats

(Chiang Mai, Thailand). Cassava starch (amylose contents was 0% Zn0) iR | NOEL 1o (VLo | Lbienn ;) 10 1.0

20%) was purchased from Bangkok Starch Industrial Company [™5¢%ZDEC| 1.0 | 1.0 | 1.0 | 1.0 [ 1.0 [ 1.0 | 1.0 | 10 | 10

Limited (Nakomprathom, Thailand). Sago starch was purchased 0% ZMBT] 05 1 05 1 05 | 05 | bS5 0.5 0.5 05 05

from S. U. V. Intertrade (Nakomprathem, Thailand). S8ago starch 50% CPL 10 {10101 10f10] 10 1.0 1.0 1.0

{amylose contents was 35-75%) filler dispersion was prepared by 50%S BV 1.5 | iSRS .5 1.5 1.5 1.5

grinding the mixture of sago powder and dispersing ingredients in a

ball will for 24 h. The dispersing ingredients were vultamol (1%
wt/wt), bentonite clay (1% wt/wt), 10% potassium hydroxide, KOH
(3% wt/wt), and distilled water (85% wi/w1). All other rubber
ingredients used were commercial grade, supplied by Lucky Four
Company (Nontaburi, Thailand).

Preparation of NRL composites: Table 1 shows the
formulation of NR latex compounds used. All ingredients including
the starch fillers were mixed simultaneously at room temperature

Results and Discussion

1.  Viscosity measurement
Based on Figure 1, the viscosity of all starch filled
latticc was lower than thosc of NRL due to the dispersion process
which had more than 75-80% of water. Moreover, sago starch filled
latex gave the highest viscosity than others becanse sago starch had
more amylose content than rice flour and cassava starch,

for 1 h. The mixmure was cast on glass platc and then dricd in hot air
oven at 80, 70 and 60°C for sage starch, rice flour and cassava
starch, respectively, for 12 h. The formed composites were stripped
off the plates and stored in a refrigerator for further testing.

Characterization of NRL and its composites:

1) Viscosify measurement

The viscosity of NRL compound was measured by Brookfield
viscometer (LV-1 Spindle) at 20 rpm. The measurements were
taken afier addition of 13 phr of each starch.

2) FTIR analysis
FTIR analysis was conducted with a Perkin Elmer Spectram One to
recognize the functional group presented in NR latex composites.
The wave number range from  4000- 550 em™ was selected to

respectively. The higher amylose content in starch causing the
absorption of watcr and resulted in the increasc of starch swelling,
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Figure 1. Viscosity of natural rubber latex with added 15 phr
starches.

2. FTIR analysis

FTIR was used to analyze the chemical structures of the
starch~NR composites, as shown in Figure 2. The characteristic
peaks at 2800-2960 cm ' represent the steiching behavior of
methyl and methanc group. At 1440-1500 cm”, thee is the
vibration of methane and methyl group. The vibration of double-
bonded carbon in the rubber backbone chain is observed at 780-520
em’'. The presence of the three types of bonding characteristics
confirms the cxistence of isoprene monomer in the vubber backbone
chain. For starch, the most significant charactenstics are presented
at 1010-1190 ¢cm™ where the vibrations of an unsymmetrical
C-0-C bond and C~0 bond of primary alcohol are defimed. At
780-920 e, characteristics of the peuks are presented, as well as
the vibration of methane group m starch. And the peaks at 1600—
1770 cm™ represent the vibration of C—O chelate aldehyde group
[8, 10]. These analyses confirm that all starches are similar in terms
of molecular bonding presences.

%T
B 8 & 2 28 2 8 8

ot
=

0 i T - A —

4000 3500 3000 2500 2000 1500 1000 500
Ware Number (cm)

of rubber—filler bonding, and increase rubber—filler interactions
[11]. Sago starch showed the better dispersion and tensile properties
than ricc flour and cassava starch duc to the formation of sago
starch’s granular stucture embedded into the latex film surfaces
which acts as the reinforcement fillers upon application. The
addition of rice flour and cassava starch conuibuted to the
formation of sedimentation at the edge of composites.

4.  Tensile test

Figurc 4(a) shows the cffects of starch contents (0, 5, 1¢ and
15 phr) and starch types on tensile strength of the NR composites. It
was observed that the tensile strength of unfilled NR eomposite was
272 MPa. Addition of starches, the tensile strength abruptly
deereased because the strain-inducced crystallization was hindered
from starch particles. However, SG 5 showed the highest tensile
strength and Elongation at break due to the SG having betier
interaction with NR than those of CS and RFE, respectively. The
interaction between starch and latex was depended on amylose
content, The amylose was responsible for bonding formation
between latex molecular structare particles and hence contributes to
latex-starch compatibility [9].The elongation at break seemed to
decrease with an increase in the starch content. It was found that the
ingrease in filler content resmlted in the reduction of the
deformability of a rigid interface between the filler and rubber
matrix [10].

st -
Leen BROEEY

Figure 2. FTIR characteristics of starch-NRL composites.

3. SEM analysis

Bascd on Figure 3, the sago starch, rice flour and cassava
starch showed the particle size of 10-40, 5-10 and 5-15 pm,
respectively. The SEM micrographs also revealed that the starch
filler particles were embedded in NR matrix. The starch was
applied to fuse and conuribute into NR latex system and integrity
which the starch granular would break and release the amylose and
amylopectin. The chains of amylose and amylopectin will react
with the amorphous and crystalline rcgions to gencrate the
interaction with the rubber backbone chain.

For the starch to fuse and contribute to NR latex system and
integrity, the starch {iself must break its granular structure and
release chains of amylose and amylopectin in the amorphous and
crystalline regions to interact with the rubber backbone chain. By
revealing further hydroxyl group in the chain, more hydrogen
bonding can occur within the rubber chain, and more water
molecules can be released. This will enhance the networking mesh

Yoea GORALS

Figure 3. SEM analysis of starch-NR composites; (a) Sago starch
(b) Rice flour and (c¢) cassava starch
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5. Swelling behavior
The water absorption of the 15 phr starch-NR composites is shown {a) 3 7
in Figure S. The watcr absorption of unfilled NR showed the lowest l
value compared to other samples due to the absence of hydroxyl 30 4
group from starches. After adding the starches in NR composites, e SG RF — CS
the water absorption were increased due to hydroxyl group with aiag
hydrophilic starch on melecule of water. The highest water g |
absorption was observed in samples i the presence of RF and 5G = J‘
after immersing in water for 4 days. This explains that RF at the £ ‘
cdge of sample (from SEM} cxhibits good watcr solubility and 8 i
leads to excellent absorb the water. In the case of SG, it can be 2as i
explained similarly in viscosity measurement. SG has highest =
amylose content. The higher amylose content in starch causing the E R
absorption of watcr and resulted in the inerease of starch swelling. ) 1
Conclusions [
The types and contents of starch offered different propertes. For 3 ~1
types of starch, based on SEM analysis of the disruption of sago i
granular surfaces, the NR latex composites showed the good 0 3
interaction between rubber and Sago. The good interaction was 0 5 10 15
represented by the high value of viscosity measurement and the p—— T

highest tensile strength was observed. The phenomenon was
observed through SEM, which showed that the addition of rice flour
and cassava starch contributed to the formation of sediment at the
edoe of composites. FTIR apalysis showed the similarity of (b)ggg
molecular bonding presented in all compounds, although the
composites were prepared using different types of starch. In
medium water, the water absorption of starch NR commposites 800 -
increased as hydroxyl group from amylose in starch. The starch NR
compesites displays easily degrade in soil.

600 -

500

Elongation at break (%)

&
T

200 T T
[} 5 10 15

Starch contents (phr)

Figure 4. Effects of vanous fillers on (a) tensile strength and (b)
elongation at break of starch-NRL composites.
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Figure 5. Water absorption of starch-NRL composites.
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Introduction

Despite the fact that natural rubber {NR) is well known to
exhibit outstanding properties, such as superior elasticity and
resilience, offensive odour emitted from natural rubber products
and from their materials during drying, storage, mastication, and
curing has been a major cause of unbearable environment. Many
researchers reported that chemical components of offensive odour
or obnoxious odour were aliphatic and aromate hydrocarbons,
derjvatives containing nitrogen or sulphur, aldehydes, and ketones.
Especially, low molecular weight volatile farty acids were believed
o be the major cause of offensive odour, They explained that
obnoxious odour was due to incomplete degradation during storage
and thermal degradation during the processing of non-rubber
components, such as carhohydrates, proteins, and lipids.!"™!

Hoven et al."! studied the reduction of offensive odour from
natural mubber by using odour-reducing substances, such as
chitosan, zeolitel3x, and activated carbon black, 10 adsorb
physically and/or chemically. From gas chromatography and gas
chromatography-mass spectrometry investigation, they reported the
significant reduction of the quantity of low inolecular weight
volatile fatty acids, such as acetic acid, in the presence of chitosan
and zeohtel3x, They also concluded from an olfactometry test that
activated carbon black was a potential odour-reducing agent due to
a highly porous structure and large surface area. Siuce those odour-
reducing materials were expensive, they were unpopular in rubber
processing.

Perlite is a generic term for naturally occurring siliceous rock
that is able to expand that has increased porosity upon heating. It is
evident from an x-ray diffractometer that perlite has the basic
compaosition of about 72 wi% Si0,, 14 wi% AhLO;, and a few wi%
of other metal oxides and alkalis.”™ Expanded perlite is cheap and
used widely in the construction industry and in agriculture, and can
be used as an adsorbent for environmental protection.”" In the
present work, the reduction of the unpleasant smell from natural
rubber vulcanizates was investigated using perlite as an odour-
adsorbing filler. Perlite was incorporated into highly odorous
Standard Thai Rubber 20 (STR20) and Ribbed Smoke Sheet 5
(RSS5). Perlite content was varied at 0, 10, 20 and 30 phr. A
sensory method and the GC-MS technique were used to
qualitatively measure the efficiency of odou rreduction. The effect
of perlite content on mechanical properties of cured rubber, such as
tensile strength, elongation at break, hardness and abrasion
resistance was investigated. Comparative properties of natural
tubber vuleanizates filled with perlite and clay were also examined.

Experimental

Materials. All formulations of NR compounds had the same
composition, except for the amounts and fypes of fillers. The
amount of perlite ranged from 0 to 30 phr. Thus, the samples were
named as control, P10, P20, and P30, respectively.  For
comparative studies, loading of 30 phr china clay, commercial
filler, was denoted as Clay30. The other ingredients in the rubber
compound were (in phr): rubber, 100; stearic acid, 2; Zn0, 4;
tetramethylthivram  disulphide (TMTD), 0.5; dibenzothiazyl
disulphide (MBTS), 1; Lowinox® CPL, 1; und sulphur, 2.5, All
muxing ingredients were used as received and purchased from
Lucky Four Co. Lid. {Thailand), except for RSS5 obtained from a
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