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ABSTRACT

Objective of this research is to develop a bleaching agent for a pale crepe rubber
production to replace an imported commercial one and to design a semi-batch reactor as a
guideline for the production and quality control. Three major topics are investigated including (1)
a preliminary study of latex properties and effects of the commercial agent, (2) effects of
bleaching blends on the properties of rubber sheets, and (3) an economic study. Experimental
results show that, sodium sulfite is a proper anticoagulant than ammonium hydroxide. Because it
provides the average Lovibond color of the rubber sheets corresponding to Standard Thai Rubber
(STR), and requires less coagulation time up to 7 times. In this study, the amount of the
commercial agent is required about 0.10% by wt. per dry rubber content (DRC).

The results also show that a chemical peptizer cannot be used as the bleaching
agent since it cannot dissolve well in the rubber latex. In addition, it is found that M1 has a
bleaching efficiency higher than M2 with 1:9 weight ratios of mercaptan and an organic solvent,
the proper amounts of M1 and M2 are about 0.18% and 0.30% by wt. per DRC, respectively. The
reason is that a thiophenol group used in M1 has higher chain transfer constant than an alkylthiol
group used in M2. Furthermore, a mooney viscosity of the rubber sheets can be improved by
adding a surfactant in the bleaching blend for reducing a disruption of rubber molecules. In
economic point of view, both bleaching blends have lower cost than the commercial one then they

are hopefully alternative bleaching agents in pale crepe rubber manufactures in Thailand.

Keywords: pale crepe rubber, bleaching agent, thiol, semi-batch reactor
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Constituent Proportion / % (m/m) on whole latex
Total solid content, TSC 27-48

Dry rubber content, DRC 25-45

Proteinaceous substances 1-1.5

Resinous substances 1-2.5

Ash Uptol

Sugars 1

Water ad 100

N Blackley 1997
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Uszum 35%uazaun lulyerlszum 65% TaoArvesoyn1ne1aligoiy (Membrane) 0
o J o
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1198n31 1% STR XL
12% STR 5L
88% STR 5

2% RSS 1
1% RSS 2
80% RSS 3

15% RSS 4
2% RSS 5

euni 1%
HIUATHU
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YIUATNE

20% STR 10
80% STR 20

oendn 1%
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foanan 1% snenenluingw

70% erunswAhaaasia
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2.1.4 asg1uenaueiilng (Standard Thai Rubber)
Tagdommuauasgiuvesoaur Inonaas 13 luasiei 2-2

M1519% 2-2 YomruaNIATTIUeLRY Ine

Latex Latex / Sheet Lump / Sheet
Parameter STR |STR STR |STR |STR |STR
STR 5 |STR5CV
XL 5L 10 10CV |20 |20CV

Dirt retained on 44m
0.02 0.04 0.04 0.04 0.08 | 0.08 | 0.16 | 0.16
aperture (max. % wt.)

Ash (max. % wt.) 0.40 0.40 0.60 0.60 0.60 | 0.60 | 0.80 | 0.80

Nitrogen (max.% wt.) 0.50 0.60 0.60 0.60 0.60 | 0.60 | 0.60 | 0.60

Volatile matter (max. %
0.80 0.80 0.80 0.80 0.80 | 0.80 | 0.80 | 0.80
wt.)

Initial plasticity (PO) (min)| 35.00 | 35.00 | 30.00 - 30.00 30.00

Plasticity Retention Index
60.00 | 60.00 | 60.00 60.00 50.00 | 50.00 |40.00| 40.00
(PRI) (min)

Colour Lovibond Scale

4.00 6.00 - - - - - -
(individual value max.)
70 (+7,-5), 60 65
Mooney, Viscosity ML
- - - 60 (+7,-5), | - +7- - | (+7.-
(1'+4") 100 C*
50 (+7,-5) 5) 5)
white
light | light | white on white
Colour Coding Marker blue brown| on red
green | green green on red
brown

A http://www.thaihua.com/v4/en/factory/standard-thai-rubber.php
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N [ o a <3 4
(Conjugated double bonds) Neenue109 11 Wuszinatilulas Iuwes (Chromophore)
s ° { g { ' .
asilszneumesuatunuluasendazimihnnduaisuan/asuais T (Chain transfer
o Y , ~ v ¥ v a a
agent) 19892111019 1ATIATINUSZAUDUADUYNAYRIUA-UA Ts U InduaIAI8nIsINANDd
14 a v o 1 v 1% [
WSV YNADHTE (Radical polymerization) FININHUTLHUUDADUYNAADNUITOINIT 8

Wuszazi liiineraluia (M. B. Smith and J. March 2010)
WWWYQQ

A 9 A
mulsznoun 2-7 naadlasaainInanavouual-un lsnu

111 : School of Chemistry University of Bristol 2010
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Taganmsauauansiasnud war-ualsnuiuaivisaazaie’laly
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A158La89UNTE (Organic solvent) Tagmsueniual-ua IsAuiua s ldaaismsanaaie
. 4 { a 4
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Y
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4 a a o
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4 4 a 14 4 . . .. e
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wa-un 151 99A1NFINIA (biomass) Il 1HBIABNNIY (semi-permeable membrane) O
9 1 = a Aa o A A F) g’/ [} A
@18 (Rose 1994) LANTUIUMILEALIA-UA TsAUNANTIAsna ULy Tz auney

v A d‘

o Jq Y = ¥ A A o 9
L!"I‘JJT]Ji$Qﬂ@i“ﬁiﬂﬂﬁuﬂﬂmﬁi-uﬂii°VI‘L! 20NVIINUIIINTITUFIANDINIIAT LUDIINNAUNU

Y
A o

1 4 ] ¥ [
Q’\‘lL‘Viil'l&ﬂ‘UﬂﬁZ‘U’JUﬂﬁﬁg]}fNﬂ"lﬁﬁ'ﬂm‘ﬂgn-!,l,ﬂIiﬁulﬁ@ﬁ]'lﬁu"lﬂ wonnndienaalanyue

Sunoaaess Usznoudisaislsznounaiivauas lifivamausu Suunseniiogm
nsazareiannsaasauenua-un 1siuesnnmioaaa'ld

Wititsuwannakul tazaaiz (2008)1d@n1AsiesaauInisaendae
Lﬂ%uw%maﬂmmﬁasaui;m (Centrifuge) 1J'5m;]iﬁmﬁﬂmiuﬂm‘?ummﬁmnaemﬂuﬁm

1 =

2 A y A g 1 SO U A 19 ¥ v IA A~
FU A ﬂfu‘mﬂuﬁ’mmmaumﬂmﬂ, %34 (Serum) Llagﬁ']u‘ﬂllN‘lﬂfﬂTQUUﬂﬂﬂﬁﬁuﬂiJﬁTiﬁ
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A < o Y A Y A %’ aly ¥ 1am A
IHADIUUIDN ﬂﬂﬂf:’ﬂllﬁﬂLLEJﬂﬁTi‘VIGl?iﬁ’mﬁ@Q@E]ﬂiﬂﬂuﬂlN‘ﬁiiﬂﬂﬂﬁulﬂ LUAIBNITLHIYILLYN

¥ a < g ] A o a
m&m‘ﬁﬁmﬂﬁﬁ'ﬁﬂmwmmiaugﬁuu"lummm%zumﬂﬁuﬂizmumiwaﬁmumwmn

v
v a9

A Y A = < o ¥ A da
HBINNAUNUUBDIUATOIUHIGILINANWTITOUFIUUNAUNUNGILASADINITIATDINUUUIA

U

Tngmnlumsldlugaamnssumsnanas

Y QJ

NMsauauansiasnmertesnumsenduaznszurunsvonanun

Y]

a A J ' g I i 1% S
ansiins laoau luguuilumsenmdule Tavdulsenounanlumswendveuduleniu

d s 4 . =2 a Aq 1 A A wa
wilumsisznovnlodoon lad (Peroxide) esanussasil uaza s ldiNoNuamauIA
91 (Thompson 2002 11@¢ Danjo 2004) TagnuNMIAN a15Wond1A® (Bleach precursor) 7
I a 14 a 14 1 o w
FumnwedwesvseIaneawes (Copolymer) adluasnondaziremdansuanisnld lag

1q ¥ a a A =S k) . 1 < o A o [
lildguungiilumswendigednaie (Madison 1996) 8613 l3Amumsiiormsalidmsy

y Aan 1 % 1
Wonmidule 14 lunmsvenmirenernsgihniljnsersunssneiuseguosoynineianas
danaldanidvesenaldounladla
a a 4 a I aan { a .
msinanedwesuveyyadaszilulfnsennldoyyadase (Free radical)
3 wad aaa . = Y o (aaa o s a g v &
Hua73i5u1)n581 (Initiator) ¥99219111YN517D woUBINBS (Monomer) (AAIT]UBYIUT
799'1 (Reactive Species) Nasninalfnserns l11a Tasarsuanlasudiola (Chain
a 14

transfer agent) 92 19 1umsnIUguuIaTuiana (Molecular Weight)ypaneaines a1suan-

{ 1 o a L a . . a s o o
nasuaels szidr )i ldine msduganisianIa (Termination) ¥o3 wodAwoiNM1AY
a a ) [] a 4
3 Ia (Growing polymer) ¥l amnsoniuquulaluanavesao lswoaimes (Polymer
chain) MuAeINs Tasasnliniiainsi lun1sérearo Ta (Chain transfer constant) Nge9z19n

wlfAzenl83aai37 (Odian 2004)

J

' I a o Jd <
a151unqulsooa (ThiolMercaptan) 1T uesounsoniidamosiilu
o 9 9 [
29Alsenou (organosulfur compound) Tﬂiﬁﬂ’i?ﬁﬂlﬂﬁﬂ‘ﬁ@ﬂﬁﬁ]%ﬂﬁ%ﬂﬂﬂ@]?ﬂﬁllu sulthydryl
A 1 S A 9 1 A A
(-C-SH 30 R-SH) Tagaslungu lsesasziinnsilunmsdreaelageigaiioanainaiy
< o ' A I Ay & X
WO UTE S-H Tungy sulthydryl NHAIWUT 590108111109 (Odian 2004) Tae 15000
a Y 3 1 A o [ a
Hewlmiluaiulsznovlumsenadmiunssuiumsnansans w1
. Y= =2 a aan 1
LMK. Tillekeratne tazamz (1987) laansinena lnmsnalfnsersznang
@ < a a 4
Aromatic Thiols (mercaptans) Auladiua-ualsiiu Tagna lnmsimanedwesuuveyya

a . . . = ? a ann Yo dy
952 (Radical polymerization) ¥sdnsaagiliuneulumsinalfnze ldast
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FUAUAIINITUANTA18A101)N38100NF1ATU (auto-oxidation) VDILLAI-
= 19 a 9 a A v A A A I A
unlshiunueendulueimadredninaninisdyd mailuTuananloyya
I ~ . A s s . .

INB30ONE (Peroxy radical, R-000) tiazineioon laa (Peroxide, R-0O-R])

4 < 3 ~ [ = v A a3
mslszaeumesoon luaitluasisznoun luades ausaaaredunailu

)]

YyAvaneNY (Alkoxy radical, R-00) uu Tuanaveuuai-ua Tsiiu

o A . A A (a19]
EJH?J“Q anny (Alkoxy radical, R-OO) ‘]JLlIlImQQﬂJE]\?LiJG]W-L!,ﬂITI/]uL"IJTI/H
Aan o 4 a I
‘]J ﬂimﬂﬂmaqall‘ﬁaaa (Thiol, R-SH) Glumiﬂizﬂammam‘ﬂAmummﬂu

1
A . . A a < v aAd ..
oyyals0a (Thiyl radical, R-S0) Tasoyya'lsdalluaa5i5y (Initiator)

URN3eMTUNUN (Substitution reaction) 551119 1500anULA T5HU

P

nnuueyya lsoavzidumuiuaziiaeiuszguuuaouynaveun Isiu
= A A a a I o w J A '
Fagunufsuavetonya lsdaunnzansamialas lulesviongusig

] ] Y
amldinea ldunaau
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CH,
CH,
CH CH._ CH_ ;
@CH”’CH\C{" “~cH? l«f' SeHA 24,
CH, CH, CH, 3
f-Carotene
e
~C=CH CH=CH-—-(:~ ~C['H~w
! 00-
('?H 3 (I,H 3 CH 3 CH 3
~C=CH —CH CH‘:;‘(—-CHM — “~C—CH (H» CH= ( ([H*"
0 00.
|
O
w'(|f|"l (-—CH-—( H- CH“C'"w
Peroxids
woide  bo. CH, CH,
nl
. 7
~~A=CH—CH—CH=C- CI'va + *-C|H~*(l‘=(‘H —CH- -CH=(I‘-~
0. 00. CH, CH,
CI*HJ R_SHJ (I:H" R
*~C==CH—-CH—CH =C—CH-—-~ + R— “CH-—C=CH,
| {thiyl l’ddlCdl’ | |
00. CH,
+
where R—SH = H,CSH o
Any Caroienod Il
CH, L (‘H—CH=—-‘-C"-"
CH,
Carbonyl compound
Y
CH, S HyC CH,
|
CHy .y CH CH CH CH CH ,CH CH _CH
& = &
; iCH” \cl’ “cH \?ﬁ “cH \(I" ~cH \c"’ ScH
CH; CH, CH, CH,
Thiol substituted J#- (arolcnc
e s o
Disulphide formed

§ a Aaa ' L]
nnilsznouh 2-8 Llﬁmﬂa"lﬂmﬁlﬂﬂﬂgﬂifﬂix‘ﬁ”ﬂﬂ Aromatic Thiols (mercaptans) AU AT

=
a1-ua Tsnu

Henr'quez tazaae (2003) laAnyinganssuveslsesa (Thio) aoexiinfe
157eWuoa (thiophenol) az 0av1An1500a (aliphatic thiol) MY uansuanlasueels i

a a 4 a J {
ﬂmﬂﬂwaamamuu@uy‘a@aizﬁumf)xﬂ%ﬂW (acrylamide) 11@g 1-vinyl-2-pyrrolidone 9
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gangiilumsifalgnsed 25 ¢ Tasmnasnlunsdredis s aunsanilaain Mayo plot Ha

=2 ! . . A o [ ~ 9 [ ds@l '

MSANBINLAN reactive species Y94 15900 Ao WSz —SH tazamnai lunsdrode Taaziueg

nulassadwveslsena Taglaseaduunlslotlueassldmnsnlumsdreaslangani
Taseaanuuezavhanlseea

. . P = a ' =

Valdebenito 1182 Encinas  (2005)  IAANHIDINOANTIHUYDI HYUNUTN

{3 1 1 a a 4
(4-substituted)  v0151oMluea NWuarsuanasuarels Tumsinanediues laouas
o a 1 {
(Photopolymerization) ¥84 8zA3a1 Jua uag wiamn lasian (methyl methacrylate) A1 11
mMstheae Tsaunsan Iannaumsves Mayo namsaneinuNmashlumséeans Tgves

4 2}/ 42’ [ ya (] ~ 9
VOUBMBINIPITIUBIAUANNANITD TUMI I nasouveInyunun Ty Tasaai1avesds
H 1 ] A 2 4 [ Y~

uandeudole Tagazliaunuiuilelngulio@nasouluTaseadia (electron  donating

[ LA 2 1 a 1 H [ [ $

group) Taengjunuiiiunqueszdilu (NH,) sz ldamenlumsdromelgganiilaseadei

= [ A Y =X 1 PR a Ya 3 1 A

TutivununluTaseadede 10 1 luneuomesnidowiia M3 1HoIanATOUYDINGUNUN

H 1 H @ 4 I g‘/
TuTaseadwvesasuanildsuais Tsazinerdosnu Inseas1anianuiluaaly tansition
% d‘ o 7 d' o g/ 9 1 =1 = [

state  agalsndrngidivuatuasulumsdrearslsveslsleuoane n1sada

TaTa3191 (H-abstraction) YBIWUTE S-H
I
De Le Fuente ita¢ Madruga (1999)15ﬁﬂy1ﬂ151%} n-dodecanethiol 1lu@15
d' (] a a 4 a ~ 1 d'
vanasuaelglumsinanedwesveannamm lnsan uag a'lasu (styrene) Tasarnanlu

9 1 Y = = 2
ﬂ”lifﬂEJE"H?JT"BE"H?JT?ﬂ‘lﬁiflﬂiﬂﬂﬁllﬂﬁ"ll@ﬁ Mayo IﬂEJ?JﬂTiL‘]J%EJ']JmEJTJNa"U’EN‘]JﬁHm

'
v aAa

. .. A A o Y A g Aaan Aa a ' a ~
2,2j-azobisisobutyronitrile NN UAITFUUHNT01 Tagnmsinaneamesazina lumwudu
A a - = T A Y v ldy [N =y
(benzene) NgaIngil 50 C wamsaneiwuNamnsilumsdremels: luyuegnuilsumues
v aAd Aaa ] A 9 ' a - A ' a A
arsinlgnien Tasmasnlumsdremelslumsmnaa lasuazlinunnnmsnamiamwm
lnsiandia 20
= %,’ 9 14 g}/ a9y A = =\ @
msvendihendlemstsgneuwesindunuiuivedo Ao o1vlinsaanou
Twanavesswiauale M ldannunilavessrsanas i ldauduiavessrunswi 143
A [ g’/ =3 A v A Y %} A Y A A
AuanAanas AuiudsaIsideniugerai i linnuniage uaziveaailym
@ 1 = a 2K a 1 9 =2 A g’/ o Y A
AINAMTMIIANAITAALUTIAIAI (Surfactant) 5IUAE FA150AUTIAIAITUIETIIMIN N TUNS
] P . s 2 o Y A o Y a
a319'luarad (Micelle) 1ag vioaveIuOUOINDS (Monomer Droplet) o lumsinna

I X 1
iluneaaned (Colloid) Tae Turanaveuuam-ualsiumazweimlunuluaiswendds hisou

E 1 a aaa { o
11 (Hydrophobic) 92141 11/egluluead uazifaljnsermsunuilulusadaweaasly
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= o Y (g Y ~ aan 2 a a
ﬂ1Wﬂ’i$ﬂ’éJ‘]J1/] 2-9 ‘1/1ﬂ,‘ﬁa@ﬂﬁﬁﬂﬂﬂuiumf}ﬁﬂl@ﬂﬂﬂaﬂl’lﬂ Iﬂﬂliﬂﬂﬂaﬂ‘ifﬂu’ﬂ NITNANDA

4 a v o
IV VONAYY (Emulsion polymerization)

& Surfactant Molecule
® |nitiator Molecule

. /. Micelle Formation
p

Jpnlymeﬁzatim
,-"’ . .\
I

H a a 4 a v o
ﬂ'lW‘]Ji$ﬂ’EJ‘]Jﬁ 2-9 UHUMWUAAINTINANDALNDTUUUDNATY (Emulsion polymerization)

NN : http://en.wikipedia.org/wiki/Emulsion_polymerization

[ d o (Y] dJ
2.4 99U nsaaHSumMsNaNe a3 (Polymerization reactor)

v ‘]J a t4 =2 J A o

Y1 3 o a SAq Yo a Y
tvlfnssinvunsaoiionivldidudslfnsanldnungarianiialy

9
=y [

gadmnssuall onnegaionldludeslfianismaaiivaz lunszuaunismedinin
. . a2 9 o o a G4 & A ¥ Ao
(Biotechnological Process) 8118 N131191Uv03091 JAsaluunIneiiiesdulianyaenis
Y] ¥
MOUMNETENINMIINOUIUUNE (Batch  operation) U151 Ivadeiio
. . [ ) aan (% % Y Y 9 ] 4
(Continuous operation) NA13A8 @157 1HAT81 (Reactand)danila B Joulvidhlilogluaseq
a g0 k) Y o Aaan % X 9 4 a 4 1 4
Ufnsainon udrvedloumsigasednamii A Wl lwaseslgnssinuuaeriiios wie
Y = v A Y o < 'y A Y
Howiluszezg argnmsileuars B msmausziluuuung uadighmsileuais A ms
o <3| A A o 2. o 2 1 A .
ezt naaeiiioddeGsnmahauuuuiin mshauuuuneaeiied (Semi batch

o o a 4 o a
operation) nIoM I UUULaLINGY (Fed-batch operation) (’ini]u 1JYDIUIYING12544)
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[ a G4 . ' 4
YoRAvems 19091/7nsaiuunNaseriied (Saarland University 2010)

1. ewsanuguanududuvesmsilaseniomuanuanisalums
A .. ann
1APNATI (Selectivity) VOUHNIEN
Y o aan =Y 9 d‘ %
2. awnsoileuaisilgnselulsuadesqmeniununisnszaigdives
alsenovlunansual la
9 A a é’ a Aaan v . .
3. @IoAILANANUIOUTINATUIINMSNAYHNT1 1A (Exothermic reactions)
= d' a 2’/ Y d’ o aan d' a éf
4. @WITONANALIAITHHYDIAIAGUNTINUNAT&T (Substrate) NIAATUIIN
a J 4
98UN30 (Organism)¥3otou 1] (Enzyme) 14
° A o oA a 2 9 1 ° Aan A A P
5. ensmhdanuaiinedueen 1d luszrieinlgaseniemunouno s
(conversion) AZANNAINITO IUMTADNATT
= d' o aan d' o Y a Y
6. vianiagINIsazanvedasilgnsenenszmldinansaaisdiniinny
Fou'ld (Thermal decomposition)

° o ' 4 <3
7. fniniﬂﬂ’]a@\‘iﬂ'lﬁVn\?WULLUUUlﬁaﬂﬂLﬁ@Qiumuqﬂlaﬂ“”]Vlﬁj

S :/{Rr ./
|
|
i

ﬂﬁumsmﬂgmm | udrRaousmrinjiio I L
- - o
fanuilanau I anm-am’tu-un...nﬂﬂntm l HARNUMNYINIIDDN
: masAutiuey i
f f A
Faviligisen fuamlins

dl o d' a 4 é 1 d' ] ]
Mwlsznoun 2-10 Lm’ﬂﬂfﬂﬁ‘ﬂNTL!“Uf]\i!.ﬂifN‘ng]ﬂ3ﬂ!LL‘]JUﬂQﬂ’E]LquGluG]S’NL’JaWING]

{ a J [ a
N1 - 31591 YydrmeIne 2544

o a d o o a Aaaa a 4 1 Y I 1
fN‘l]gﬂﬁﬂ!ﬁTﬁ“i‘Uﬂﬁ'Lﬂﬂ‘ﬂ;]ﬂﬁEJTW@ﬁlﬂ@iﬁ'ﬂﬂiﬂuﬂﬂ@ﬂﬂqﬂlﬂu3 nay

[] (% a o . . ..
Glﬁ‘ﬂJu“] Ao mﬂgﬂﬁ MULVUNE (Batch reactor), Continuous-flow reactor with out-back mixing (4a1g
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@ a PR 1
Continuous-flow reactor with back mixing Tneavilfnsaiiuamisall Idnannaregisraas

v { 9 w [ a 4 o a 4
vina Taganlsnianudidaylumsesnuuudelgnsaine vunavesdslgnsal  (Reactor

a

size), narlunszuIums (Residence time), gﬂgmumimuwﬁu (Mixing patterns) 102 QUUNN

U

v (a ¢ { v (& ¢33 o I A
Tudagnsal (Temperature profile) Taglumsiazesnuuudslgnssiiuduilunszdesadia

o ) [ o o A A é’ [ a 4 o g’/ =1 9
BI04 (Model) dmsusingmsaidrngimadiunmeludalfnsal Tasnundraseiuila
1 o v o a L4 . S ° <3| o
naegunuuad M un§nsaliall (Chemical reactor) HUHUVTI@0INITIT UMDV
( ,
VYD WAUNAAAAS (Chemical kinetics), MINANVDIVOI 1A (Fluid mixing), M3t/asuuila
YOIANIANIINIYAIN (Change in  physical properties) Hag N335 IuveIgUNYil
(Temperature variation) (Brooks 1997)
A Y a Aa o a A o A A 9 [ a 4 = 1 A A 9
NANMITUANANTUAINUFANTIRsNAIToINUNIURATalLDUNIRDIIDIN 1%
a a 4 Aa v o 1
TuszuumsnanedamesuuUdNa®i WU Vern Lowry (2002) 149t UnseUIUMTHUL
v [ 9
naaeiiealunisnan 8191adu (diene rubber latex) Iaslumswanealaduuuauiiuagla

a = a ES Y Yy ~ o Y 9
NITVIUNMTNAALVUNE (Batch process) Gﬁﬂﬂ?ﬁWﬁ@LlUUﬂguuﬂﬁﬁlﬁﬂﬁﬁJﬁ@uﬂ’gﬁ‘ﬂflﬁ@]ﬂﬂ

v
a4 v ]

[ 4 1 o v .
f]’lﬂﬂf;lﬂﬂﬁmcluﬂ’]ﬁﬂf')ﬂﬁz‘ﬂ’lflﬂ'ﬂll%jﬂu HNAIGIUFUNU !lagwaflUﬂﬁgﬂ'}uﬂ'ﬁ (Reaction
. A = Y o J Y a o I 3 o 9 1
time) NUIU ’E)ﬂ'VNEN‘W']JfN]lﬂWaG]ﬂm"ﬂV]?J@Hﬂ1ﬂ6llu1ﬂlﬂﬂﬁl1u3uu1ﬂ (GUUTQ’E)HﬂTﬂu@ﬂﬂ')W

ol & & A o JAy 1y . v & =2 vy
500A) ¥udunansauain lideens (Undesirable product) ANUU Vern Lowry e ldvenuuy
Y

a é 1 d' ﬁ' 9 =
nszUIUMIHAAUUUNNapuNonn Ty uraill

o Y a 2 9 [ Aa o
NIZUIUMININUIzYszneuaIe thnvearalsuauasludaljnsa lay

Y P aw a J . 2 4 .
vouraIzllseneuale U1, 217ad llioos (emulsifier) tiag Taduuousiuos (Diene monomer)
a @ ' [ a 4 {

TaoauTudnsidin 50-80% vesSuasvesdlfnsel udrvellonveunarilsznou liidre

= 14 o aAd aan =~ Y < (Y a ¢ A a
laduuouswed nazaisiulfnse TasvzimsInanuduunaalfnsalivoangungiives

9 v
youran Mniuazalfnsenieludalinsallasezinal§isowlasu laduneuewes 11

@ 4

< [ a 4 1 a
4 80% TagTuauaziSnasgameziilu 80% veslSuasvesdvljnsal Taenudwaasiuai
A : J 4 =~ 3 o ° A A [ A A
n1dnszuunuuneneilowzlvnIareseYN1ATE NI 600A-1200A tazlinaadmusind

:; 1 o Y 1 a 1Y o g),z 3’, & 1 4
YUIAVDIDUNIAFINIT S00A UBYNIT 10% VDINAANUNNITINA %ﬂmizummummmﬁawz

Q
]
adA o 1

v 0 q 9 ) Y { ¥ J :
Idgamgiinginiuuunzildszunszueanudouldndsnundesni TaalonfFouieoy

U

sasIManalfnsemunszuutuuNaeiiesn: 19easimsinaljnseniigenimuuns uay

a9 '

o Y [ a2 9 X2 A 9 Aa A Ao ~

galdanuauniosndnale seuvLuUNInotie sz Idesnlianurianad lagazinau
A Y ' . . J ] a1 A [ . .

NiA108NI1 200 centipoises 1asaIUlnQazliA1ANKUATUEIE 50-200 centipoises 1UN

Yy o (a ¢ & ES v A A= L. v ¥ A
@li\ielluJﬂQﬂQﬂﬁmllﬂﬂﬂg'ﬂ31ﬂuu%31ﬁﬂ31uﬁu@w@‘1ﬂﬂﬂ 300 centipoises 611’??’]'31%5@14“613&1]@
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= o o £ 2 1 A Y o =
llﬁﬂ‘ﬂ!‘ﬂEJUﬂﬂﬂigﬂﬁuﬂ'ﬁllﬂﬂﬂgﬂﬂqﬂuu ﬂﬁg’ﬂTL!ﬂTi!LUUﬂQﬁﬂluﬂﬁuuﬂ\i“}f’Jﬂﬁﬂhl,@'f]u

S " Aa ann = 9
Nﬂu’ﬁ)m’ﬁ)ﬁﬂllll!ﬂﬂﬂaﬂ‘if]'l’é)ﬂﬂ')ﬁl
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J ad a v
Jaq guUnsamaziEmsIde

o J =
3.1 a9 Qﬂﬂﬁm!!ﬁ$ﬁ15!ﬂ3~l

3.1.1 JagAvuazasnll

1. 1heesssumn@Anig RRIM 600 m1naiuenuinaumiinedodsvaaiung

2. TaReudta’lid (Sodium sulfite, Na,SO,) #an 1ag13HN Merck KGaA Co.,Ltd.
Uszimaeosutl

3. TwReuuag luda’lud (Sodium metabisulfite, Na,0.S,) Wan 1ag13Hn Merck
KGaA Co.,Ltd. Uszineeasull

4. nsavlefiin (Formic acid, HCOOH) WaalaguFtn Merck KGaA Co.Ltd.
Uszimaeosutl

5. 2-Mercaptobenzothiazole Wan 1AgUSHN Merck Schuchardt OHG Co.,Ltd.

szimeneosuil

QIQJPLSH

Alszaui 3-1 nandlngaa319ue92-Mercaptobenzothiazole

6. 1-Dodecanethiol Wa®lagUSHN Merck Schuchardt OHG Co.,Ltd. Uszine

=
DTN

MWSH

Alsznoui 3-2 uaadlasaad19ued 1-Dodecanethiol

23
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7. 4-Methylthiophenol Wan 1AgUTHN Merck Schuchardt OHG Co.,Ltd. Uszind

mwiszaeuh 3-3 analasaa319ved 4-Methylthiophenol

=
ITUU

8. asvenaeaufed1euas (Cureobleach)
I { a A
@erTovay WuaisvondnldlunszuiunsnansUAINYII Wan
A o [ I { A a
Tas UTHN Livogen Industries (PVT) Ltd. Uszimaaiaan wazilundenldlulsemaduie
=% a S A = % a
Aiaan oulatlde uuade wazdszme Ine Tagiiugadmnssumsnansiansnunlulne
9 a A ~ ~ A A a ~
wly arsenaferTevamiesrtia@enrlunsHane AT nYyI? 15190 3-1  uaag

] =Y go} v 1
aulszaeunazdSuia (% lasiiniin) vesaudszneuluaisenaferTovay Iae

v A o 9

' { o 1 <3 4
aulseneundnanminnlumsendveudedlouds nae arslsyneuwesuailuny

g

(Mercaptan)
M3 3-1 Bnavesasdsznovluasdondife) Toude
a131l52neu il Ysum (%)
cl o
o SH
Cl o] msvlend 35
Pentachloro thiophenol
(Grey Solid, mp ~ 223-227 °C)
CHyétiéHg-gT\(\:/}—fOCHgCHz}—zOH
CH; CHs, L
AITAALLIIAINT 25
C8 — alkylphenol ethoxylate
(Commercial name IGEPAL CA-210)
Hydrosulfurized Heavy Naphtha 1Mazay 40




10.

11.

10.

11.

12.
13.

14.

25

Hydrosulfurized heavy naphtha & %‘Uﬂﬂm]‘lglﬂﬂ%ﬁ%mﬂ%ﬁﬂ Asia Pacific
Petrochemical Co., Ltd.
Octylphenol Ethoxylate Wan 1AgUTHN Dow Chemical Co.,Ltd.

3 9
HINAU

o o A A
3.1.2 ’Jﬁ@ Qﬂﬂimllﬁmﬂ’iﬂﬁh’ﬂ
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q U
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A preliminary investigation of using blended bleaching mixtures
in pale crepe rubber manufacturing

Rattanan Singthuean* ', Pornsiri Kaewpradit' and Sukritthira Ratanawilai'

' Department of Chemical Engineering, Faculty of Engineering,
Prince of Songkla University, Hat Yai, Songkhla, 90112, Thailand
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Abstract

This research aims to investigate effects of two blended bleaching mixtures on
bleaching pale crepe rubber. Thiol is an efficient chain transfer agent, and widely used as a
component in a commercial bleaching agent in rubber industry for bleaching carotenoid
pigments presented in natural rubber latex. It disrupts double — bonds conjugation of the
pigments in the rubber latex obtaining a color change from red to colorless. Two blended
mixtures have been investigated including (1) M-1 consists of aromatic thiol and
hydrosulfurized heavy naphtha, and (2) M-2 consists of aromatic thiol, nonionic surfactant
and hydrosulfurized heavy naphtha. Experimental results have shown that both bleaching
mixtures could provide pale crepe rubber sheet corresponding to Standard Thai Rubber
(STR). The results have also been compared with ones obtained by using a commercial
bleaching agent. The suitable amounts of both mixtures are 0.018 grams, where as the
commercial bleaching agent is required 0.035 grams. It has been found that the amount of the
blended mixtures used in a bleaching step is up to 48% less than one of the commercial agent.

Keyword: nonionic surfactant, aromatic thiol, chain transfer agent, bleaching process, natural
rubber latex

Introduction

Pale crepe rubber has been
produced from latex in which the yellow
coloring pigment has been removed by

the world's largest exporter of pale crepe
rubber but nowadays, Sri Lanka has reduced
production capacity due to the lack of latex.

The thiol is an efficient chain

bleaching agent in bleaching process [1].
Carotenoid pigment, the long chain of
alternating double bonds (conjugated), is
responsible for the orange color of the latex.
Most carotenoids absorb photons in the blue
region of the visible light spectrum, and
consequently appear to be yellow [2].

Pale crepe rubber is widely used
for high quality products such as
pharmaceutical articles, light coloured and
transparent goods, adhesives, tapes, tubings
and derivatives such as chlorinated rubber.
In Thailand, there has been a growing
interest for pale crepe rubber in the country
however the  pale crepe  rubber
manufacturing has required pale latex and
bleaching agent in the manufacturing
process. The only available source for
bleaching agent is from Sri Lanka which is

transfer agent. The weakness of the S-H
bond and the high reactivity of the thiyl
radicals are two important parameters of
chain transferring efficiency [3],[4],[7]. The
thiol is widely used as a component in a
commercial bleaching agent in the rubber
industry for disrupting carotenoid pigments
presented in natural rubber latex. Peroxy
radicals formed on the carotene molecule
undergoing auto oxidation under the
influence of UV light initiate radical
formation on the thiol. The radicals combine
with the unsaturated carotenoids resulting
double-bonds conjugation disruption, and
performing the colorless compound. On the
other hand, thiol also disrupts the bonds of
the rubber molecule resulting physical
property reduction of the bleached rubber
sheet [5].



It is expected that the nonionic
surfactant could improve a chain transfer
rate of the thiol and also help protect
rubber’s molecule against thiyl radical due
to a micelle formation. A surfactant
molecule is composed of two basic parts: a
water-soluble (hydrophilic) head group and
oil-soluble (hydrophobic) tail group. In
aqueous solution, surfactants aggregate into
structures called micelles, where the
hydrophobic portions (thiol and carotenoid
pigment) of the molecules have been
protected [6].

This research aims to investigate
effects of two blended bleaching mixtures
on bleaching pale crepe rubber. Two
blended mixtures have been investigated
including (1) a mixture — 1 (M-1) consists of
aromatic thiol and hydrosulfurized heavy
naphtha, and (2) a mixture — 2 (M-2)

consists of aromatic thiol, nonionic
surfactant and hydrosulfurized heavy
naphtha. Nevertheless, natural rubber

bleaching agent will be even more
predominant if Thailand can develop
specialty bleaching agent for pale crepe
rubber processing and will lead to a value
added of natural rubber products.

Material

Fresh latex used in this study was
obtained from regularly tapped rubber trees
(clone RRIM 600) at the adjoining Prince of
Songkla University, Thailand. Sodium
sulphite, sodium metabisulphite, formic acid
and aromatic thiol used in this study were
mainly obtained from Merck Chemical
(Thailand). Nonionic surfactant was from
Dow Chemical Company and commercial

bleaching agent was from Livogen
Industries (Pvt) Ltd.
Experimental
Bleaching process
1) The fresh tapped latex is filtered by
using sieves to remove other
impurities.
2) Afterward it is immediately

preserved by adding 0.1% by
weight (wt.) of sodium sulphite
(2%wt.) per volume (vol.) of the
latex.
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3) The preserved latex is further
diluted to be 25%wt. of dry rubber
content (DRC) per vol. by adding
distilled water. The added volume
of the distilled water can be
calculated as shown in Equation (1).

Vg xDg
w — DS F

)

Where; Vy = volume of distilled water (ml)
Vr = initial volume of latex (ml)
Dr = initial dry rubber content
(%wt)
Dg = final dry rubber content (%owt)

4) Sodium metabisulphite (2%wt.) is
added 0.05% by wt. per wt. of the
latex.

5) The latex is then bleached by using
the commercial bleaching agent, M-
1 and M-2.

6) The latex is further coagulated by
adding 0.35%wt. of formic acid (2%
wt.) per wt. of the latex.

7) A coagulated rubber sheet is dried

in an oven at 40 C for 3 days to get
a solid rubber sheet.
Analysis method

Measurement of Mooney Viscosity
(ML1+4) has been carried out by using a
Mooney Viscometer MV2000 according to
ASTM D1646. Twenty five grams of the
rubber sheet sample have been divided into
two equal portions. The samples have been
preheated at 100 C for 1 minute, and
sheared continuously for 4 minutes. The
values of the moony viscosity should be 60
— 65 mooney units corresponding to
Standard Thai Rubber (STR) for the pale
crepe rubber sheet.

Measurement of Color has been
carried out by using Lovibond according to
British Standard 1672. A dried latex film has
been compared with a series of Lovibond
color glass standard, holding the comparator
facing a standard source of white light.
Corresponding to the STR, the pale crepe
rubber color should be less than 3.0
lovibond units.



Results and Discussion

Effect of thiol types

In this study, the effect of thiol types
in the commercial and the blended
bleaching agents have been investigated.
Both mixtures have same components of the
aromatic thiol, nonionic surfactant and
hydrosulfurized heavy naptha.

—a—M-2

Commercial bleaching agent

Color

0 0011 0.018 0.028 0.032 0.035 0.046 0.053
Weight of thiol (g)

Figurel: Color of the rubber sheet bleached
by the commercial bleaching agent and M-2

Figure 1 illustrates the average color
of the pale crepe rubber sheet bleaching by
the commercial bleaching agent (including
thiol type 1) and the M-2 (including thiol
type 2) at different weights of the thiol. The
x-axis represents the amount of the thiol
component in the mixtures and the y-axis
represents the average color of the bleached
rubber sheet. Figure 2 shows the deviation
of mooney viscosity of the bleached rubber
sheet. The y-axis represents deviation of
mooney viscosity from one of non-bleached
rubber sheet (blank) in percent.

3 —o— Commercial
25 bleaching agent

——M-2

: ./

,_.
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— /

(Percent)

— /
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0 0011 0.018 0.028 0.032 0.035 0.046 0.053

=

Deviation of mooney viscosity

Weight of thiol(g)

Figure 2: Deviation of Mooney viscosity
(ML1+4) of the rubber sheet bleached by
commercial bleaching agent and M-2
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The experiments have shown that
the average color and the mooney viscosity
tend to decrease by increasing the amounts
of the thiol component in both bleaching
mixtures. The thiol molecule has been
activated by UV light performing thiyl
radical. The radical disrupts the double —
bonds conjugation of carotene pigments in
the rubber latex obtaining a color change
from red to colorless. More amounts of the
thiols, more colorless of the rubber sheet.
However the excess thiol amount could
decrease the mooney viscosity of the rubber
sheet [5].

In case of using 0.035g and 0.053¢g
of the thiol type 1 in the commercial
bleaching mixture, the pale crepe rubber
sheets have the Lovibond color value less
than 3.0 corresponding to the STR as shown
in the Figure 1. However the mooney
viscosity value in case of using 0.035g of
the thiol type 1 has lower deviation from its
blank than one of using 0.053g as shown in
the Figure 2. Then, the proper amount of the
thiol type 1 in this case is 0.035 g.

The thiol amounts of 0.018g,
0.028g, 0.035g and 0.046g in case of
bleaching by using the M-2 could provide
the pale crepe rubber color less than 3.0.
However more amounts of the thiol type 2
tend to decrease the value of the mooney
viscosity. Thereby in this case, the chosen
amount of the thiol in the M-2 is 0.018g.
The results in Figure 1 have also shown that
the color of the rubber sheet is about 1 time
lower than ones bleaching by the
commercial agent in all cases. This is
because chain transfer constant of the thiol
type 2 has higher values than one of the
thiol type 1.

The chain transfer constant depends
strongly on a structure, and radical
displacement reaction of the thiol molecule
[4]. Even both thiol types are thiophenol
group, but the 4 — substituents are different.
The substituted molecule of the thiol type 1
is CI" but one of the thiol type 2 is CHy
which has higher electron donor ability [3],
[4], [7], [8]- This results more reduction of
the rubber sheet color if the M-2 has been
used for bleaching.



Effect of nonionic surfactant

It is well known that the thiol is
the efficient chain transfer agent. It disrupts
the double-bonds conjugation of the
carotene pigments in the rubber latex under
the UV condition performing the colorless
rubber sheet. However, it could disrupt the
bond of the rubber molecule resulting
physical property reduction of the bleached
rubber sheet [5]. In this study, effect of
nonionic surfactant amount on the bleaching
process has been investigated. Two blended
mixtures have been compared including M-
1 (excluding the surfactant) and M-2
(including the surfactant). It is noted that
both mixtures compose of the thiol type 2.

4
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Color
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Weight of thiol(g)

Figure3: Color of pale crepe rubber sheet
bleached by M-1 and M-2
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Figure 4: Deviation of Mooney viscosity
(ML1+4) bleached by M-1 and M-2

Figure 3 and Figure 4 exhibits the
average color and the deviation of the
mooney viscosity respectively of the pale
crepe rubber sheet bleaching by M-1and M-
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2 at different weights of the thiol, in which
component ratios of the mixtures keep
constant in all cases. The results have shown
that the rubber sheet color could reach the
STR in cases of adding 0.018g, 0.028g,
0.035g, and 0.046g of the thiol. The rubber
color values bleaching by M-2 have slightly
lower than ones bleaching by M-1 as shown
in Figure 3.

In addition the deviations of the
mooney viscosity from their blank are lower
in cases of adding the thiol higher than
0.018g, in which the surfactant amount is
higher than its critical micelle concentration
(CMC). The micelles enclose the carotene
and the thiol particles performing the
improvement of the rubber sheet properties
[6], [9]. The chosen thiol amounts of both
mixtures are 0.018 grams in this case.

Conclusion

The addition of bleaching agents
obviously affected to the color and mooney
viscosity of pale crepe rubber sheet. More
adding the bleaching agents including
commercial one, blended M-1 and M-2,
more reducing the values of the rubber sheet
color and mooney viscosity. Considering the
effect of the thiol types, it has been found
that the thiol type 2 which composed in the
blended mixtures provides the improvement
of carotene double-bond conjugation
disruption. This is because its chain transfer
constant is higher than one of the thiol type
1 which composed in the commercial
bleaching agent.

Considering the effect of nonionic
surfactant, experimental results have shown
that the properties of the rubber sheet could
improve by adding the surfactant higher
than its CMC due to micelle formation. The
chosen thiol amounts of both M-1 and M-2
are 0.018 grams, whereas the commercial
bleaching agent is required 0.035 grams. It
has also been found that the amount of the
blended mixtures used in a bleaching step is
up to 48% less than one of the commercial
agent.
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EFFECT OF BLEACHING MIXTURES ON
PROPERTIES OF PALE CREPE

Rattanan Singthuean*, Sukritthira Ratanawilai and Pornsiri Kaewpradit
Department of chemical engineering, Faculty of Engineering , Prince of Songkla University, Thailand
* rattanan.s@hotmail.com

Abstract: This research aims to investigate effects of
different bleaching mixtures on properties of pale crepe
rubber sheet such as color and mooney viscosity. The
study includes of different thiol types i.e. thiophenol and
alkylthiol, and weight ratios of the thiol and an organic
solvent. Experimental results have shown that all blends
could give the color and mooney viscosity corresponding
to the requirements of Standard Thai Rubber (STR).
However, it has been found that the mixture which
consists of the thiophenol could provide higher bleaching
efficiency than the other ome. This is because the
thiophenol has higher chain transfer constant than the
alkylthiol.

Key Words: Thiol / Bleaching /Pale crepe rubber

1. INTRODUCTION

Natural rubber is required in the manufacture of
many industrial and consumer products. Since it was
introduced in Thailand during the early 1900s, the
country has grown to become the world’s largest
producer and exporter of natural rubber with 6,756,000
acres under cultivation and 2.73 million tons of rubber
was exported from Thailand in 2009 [Information from
Rubber Research Institute of Thailand, Ministry of
Agriculture and Cooperative]. Natural rubber latex can
be made into various products with different processing
method such as concentrated latex, rib smoked sheet, air
dried sheet, block rubber and pale crepe rubber.

Pale crepe rubber is widely used for high quality
products i.e. pharmaceutical articles, light coloured and
transparent goods, etc. It is produce from latex of which
the yellow coloring pigment such a carotenoid is
transformed by applying the bleaching agent in bleaching
step. Since the carotenoid, which contains sequences of
conjugated double bonds, could absorb photons in the
region of the visible light spectrum. It then consequently
appears to be yellow [1], and accordingly gives orange
color of the latex.

In a rubber industry, thiol is commonly used as one
component in a commercial bleaching mixture. Since it
has weak S-H bonds, consequentially give high reactivity
of thiyl radicals. The thiyl radicals further disrupt the

conjugated bonds of the carotenoid pigments in natural
rubber latex under UV light providing colorless
compound [2].

The aim of this research is to investigate effects of
different bleaching blends of the thiol and an organic
solvent (Hydrosulfurized heavy naphtha) on properties
such as color and mooney viscosity of pale crepe rubber.
The study here includes of two types of thiols (M1 and
M2) with 3 weight ratios of the thiol and the organic
solvent contents (1:9,1:12 and 1:15 w/w).

2. MATERIALS

Fresh rubber latex used in this study has been
obtained from rubber trees of clone RRIM 600, Amphur
Hatyai, Songkla province, Thailand. Chemicals i.e.
sodium sulphite, sodium metabisulphite, formic acid,
thiophenol and alkylthiol are mainly obtained from
Merck Chemical Ltd. The composition of six bleaching
mixtures are shown in Table 1

Table 1. Different bleaching mixtures

‘ ] Weight ratio (w/w)

Mixture Thiol type Thiol  Solvent
MI-1  Thiophenol 1 9
MI-2  Thiophenol 1 12
M1-3  Thiophenol 1 15
M2-1  Alkylthiol | 9
M2-2  Alkylthiol 1 12
M2-3  Alkylthiol 1 15

3. EXPERIMENTAL

3.1 Bleaching process. [Information from The Rubber
Estate Organization, Ministry of Agriculture and
Cooperative. ]

1) The fresh tapped latex is filtered by using sieves
to remove other impurities.



1) Afterward it is immediately preserved by adding
0.1% by weight of 2%wt. sodium sulphite per
volume (vol.) of the latex.

2) The preserved latex is further diluted to be
25%wt. of dry rubber content (DRC) per wt. of
the latex. by adding distilled water. The added
volume of the distilled water can be calculated as
shown in Equation (1).

_ Ve XDp
=D

w F

M

Where; Vy = volume of distilled water (ml)
Vr = initial volume of latex (ml)
Dr = initial dry rubber content (%wt)
Dg = final dry rubber content (%wt)

4) The volume of latex used in each batch is 400 ml.

5) 2%wt. sodium metabisulphite is added 0.05% by
wt. per wt. of the latex.

6) The latex is then bleached by the bleaching
mixture (M1-1, M1-2, MI-3, M2-1, M2-2 and
M2-3).

7) The latex is further coagulated by adding
0.35%wt. of 2%wt. formic acid per wt. of the
latex.

8) A coagulated rubber sheet is dried in an oven at
40°C for 3 days to get a dried rubber sheet.

3.2 Analysis method.

Measurement of mooney viscosity (ML1+4) has
been carried out by using a Mooney Viscometer
MV2000 according to ASTM D1646. 25 grams of the
rubber sheet sample have been divided into two equal
portions. The samples have been preheated at 100 C for
1 minute, and sheared continuously for 4 minutes. The
values of the moony viscosity should be higher than 65
mooney units corresponding to STR for the pale crepe
rubber sheet.

Measurement of color has been carried out by using
Lovibond according to British Standard 1672. A dried
latex film has been compared with a series of Lovibond
color glass standard, holding the comparator facing a
standard source of white light. Corresponding to the
STR, the pale crepe rubber color should be less than 3.0
Lovibond units.

4. RESULTS AND DISCUSSION

4.1 Effect of thiol types on the properties of rubber.

In this study, the effect of thiol types between the
thiol type 1 (M-1) and thiol type 2 (M-2) have been
investigated. Both mixtures have the same weight ratios
of the thiol and the organic solvent contents, 1:9 w/w.
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Fig.1. Color of pale crepe bleached with different thiol
types, i.e. M1 and M2, in thiol:solvent (1:9, w/w).

Table 2. Mooney viscosity (ML1+4) of the rubber sheet
treated with different thiol types, i.e. M1 and M2, in
thiol:solvent (1:9, w/w) (mean =+ standard deviation).

Mixture  Weight of bleaching  Mooney viscosity
mixture (g) (mooney unit)
0.00 63.59+0.45
0.10 63.53+0.18
0.18 62.9840.35
M-l 0.28 62.45+0.58
0.35 62.35+0.33
0.45 62.38+0.33
0.00 64.97+1.36
0.10 63.94+0.49
M1 0.18 64.09+0.23
0.28 64.22+0.48
0.35 63.84+0.78
0.45 64.06+0.55

Figure 1 illustrates the average color in Lovibond unit
of the pale crepe rubber sheet bleached by MI-1
(including thiol type 1) and M2-1 (including thiol type 2)
at different weights of the bleaching mixture. The x-axis
represents the amount of the bleaching mixtures and the
y-axis represents the average color of the bleached
rubber sheet. Table 2 shows the mooney viscosity in
mooney unit of the rubber sheet treated with different
thiol types, i.e. M1 and M2, in thiol: solvent (1:9, w/w)
at different weights of the bleaching mixture.

The experiments have shown that the average color
tends to decrease by increasing the amounts of the
bleaching mixtures. The thiol molecule has been
activated by UV light performing thiyl radical. The
radical disrupts the double — bonds conjugation of
carotene pigments in the rubber latex obtaining a color
change from red to colorless. More amounts of the thiols,
more colorless of the rubber sheet [2].



It is shown that the pale crepe has the color value less
than 3.0 corresponding to the requirements of STR by
applying > 0.18 g of M1-1 and > 0.28 g of M2-1 and the
mooney viscosity of bleached rubber sheets could reach
the requirements of STR in all case. In this case the
proper amounts of the bleaching mixtures are 0.18 g of
M1-1 and 0.28 g of M2-1. The results in Figure 1 have
also shown that the color of the rubber sheet bleached by
M1-1 is about 1 time lower than ones bleached by M-2-1
because the mixture containing thiophenol type (M1) has
higher Dbleaching efficiency than one containing
alkylthiol type (M2).

The chain transfer constant depends strongly on a
structure, and radical displacement reaction of the thiol
molecule [4]. The thiol type of the M1 is thiophenol but
the thiol type of the M2 is alkylthiol which has lower
electron donor ability and higher energy of S-H bond.
[31, [41, [5], [6]. This results show more reduction of the
rubber sheet color if the M1 has been used for bleaching.

4.2 Effect of weight ratios of thiol and solvent and
weight of the mixtures on the properties of rubber.

In this case, effect of weight ratios of thiol and
solvent and weight of the mixtures on the properties of
rubber has been examined by using three bleaching
mixture concentration, 1:9, 1:12 and 1:15 w/w. The six
blended mixtures have been compared including M1-1,
M1-2, M1-3, M2-1, M2-2 and M2-3.
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Fig.2. Color of pale crepe bleached with different weight
ratios of thiophenol and solvent and different weight of
the mixtures.

106

40 +
235 1
_23_0
32.5 -
£20
Elj -
210 -
?D_S

0000.100.180.280330.350380.430450480.53
Weight of bleaching mixture (g

Fig.3. Color of pale crepe bleached with different weight
ratios of alkylthiol and solvent and different weight of the
mixtures.

Table 3. Mooney viscosity (ML1+4) of the rubber sheet
treated with different weight ratios of thiol (thiophenol
and alkylthiol) and solvent and different weight of the

mixtures(mean =+ standard deviation).

—+—DM2-1

Mixture  Weight of bleaching = Mooney viscosity
mixture (g) (mooney unit)

0.00 64.40+0.61

0.18 63.75+0.13

M1-2 0.23 63.90+0.35
0.28 63.48+0.21

0.33 63.18+0.86

0.38 63.67+0.78

0.00 64.33+0.60

0.23 64.01+0.13

MI1-3 0.28 63.96+0.38
0.33 63.92+0.21

0.38 63.91+0.31

0.43 63.86+0.34

Blank 64.15+0.91

0.28 63.62+0.01

M2-2 0.33 63.73+1.04
0.38 63.25+1.27

0.43 64.2610.11

0.48 64.20+0.58

Blank 64.84+0.89

0.33 63.18+0.06

M2-3 0.38 63.40+0.26
0.43 63.50+0.57

0.48 63.47+0.27

0.53 63.25+0.25




Figure 2 and figure 3 exhibit the average color in
Lovibond unit of the pale crepe rubber sheet bleached by
M1-1, M1-2, M1-3 (including thiol type 1) M2-1, M2-2
and M2-3 (including thiol type 2) at different weight
ratios of thiol and solvent and different weights of the
bleaching mixture. The x-axis represents the amount of
the bleaching mixtures and the y-axis represents the
average color of the bleached rubber sheet. Table 3
shows the mooney viscosity of the rubber sheet treated
with different weight ratios of thiol (thiophenol and
alkylthiol) and solvent and different weight of the
mixtures.

The results have shown that the color of rubber sheet
could reach the requirement of STR by applying > 0.23 g
of M1-2,>0.28 g of M1-3, > 0.33 g of M2-2 and > 0.38
g of M2-3 and the mooney viscosity in mooney unit of
bleached rubber sheets could reach the requirements of
STR in all case. In this case the proper amounts of the
bleaching mixtures are 0.23 g of M1-2, 0.28 g of M1-3,
0.33 g of M2-2 and 0.38 g of M2-3.

It is shown that the color value increase with the
decreasing of the weight ratios of thiol to solvent. In
addition, it decreases when the weight of mixtures
increase and the rubber color values bleached by M1-1
have slightly lower than ones bleached by M1-2 and M1-
3 in the same way as M2-1, M2-2 and M2-3 due to the
higher thiol concentration.

5. CONCLUSION

The addition of bleaching mixtures obviously
affected to the color of pale crepe rubber sheet. More
adding the bleaching mixtures, more reducing the values
of the rubber sheet color.

Considering the effect of the thiol types on the
properties of rubber, it has been found that the
thiophenol which composed in the M1-1, M1-2 and M1-
3 provided the improvement of carotene double-bond
conjugation disruption. This is because the chain transfer
constant of thiophenol is higher than alkylthiol which
composed in the M2-1, M2-2 and M2-3.The chosen thiol
amount of M1-1 is 0.18 g, whereas the M2-1 is required
0.28 g which 56% higher than M1-1.

Considering the effect of weight ratio and solvent on
the properties of rubber, experimental results have shown
that weight ratio of thiol obviously affected to the color
of pale crepe rubber sheet. The color value tends to
increase with the decrease of the weight ratios of
thiophenol to solvent.
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