
 

    (1) 

  
 
 
 

 

 

       Bleaching Agent Development and Semi-Batch Reactor Design 

      for Pale Crepe Rubber Processing 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
Rattanan  Singthuean 

 

 
 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of  

Master of Engineering in Chemical Engineering 

Prince of Songkla University 

2554 



 

(2) 

   
 

    
   

 

 
  

  

.. 
 

 

 

 
  

 

.. 
 

 

 
 
 

 

 
...  

 
 

 
 

 

 
 

 

 
( )

 
 

 
 
                   

   



 
 

(3) 

 

�•�º�É�°�ª�·�š�¥�µ�œ�·�¡�œ�›�r  �„�µ�¦�¡�´�•�œ�µ�­�µ�¦�¢�°�„�­��̧Â�¨�³�„�µ�¦�°�°�„�Â�•�•�™�´�Š�ž�’�·�„�¦�–�r�Â�•�•�„�¹�É�Š�˜�n�°�Á�œ�º�É�°�Š�­�Î�µ�®�¦�´�•�� 
�������������������������������������������������������������������������„�¦�³�•�ª�œ�„�µ�¦�Ÿ�¨�·�˜�¥�µ�Š�Á�‡�¦�¡�…�µ�ª 

�Ÿ�¼�o�Á�…�¸�¥�œ   �œ�µ�¥�¦�´�“�œ�´�œ�š�r���­�·�Š�®�r�Á�™�º�É�°�œ 
�­�µ�…�µ�ª�·�•�µ  �ª�·�«�ª�„�¦�¦�¤�Á�‡�¤�¸ 
�ž��̧„�µ�¦�«�¹�„�¬�µ  2553 

 

�•�š�‡�´�—�¥�n�° 
  

�Š�µ�œ�ª�·�‹�´�¥�œ�¸�Ê�Á�ž�È�œ�„�µ�¦�«�¹�„�¬�µ�„�µ�¦�¡�´�•�œ�µ�­�µ�¦�¢�°�„�­��̧­�Î�µ�®�¦�´�•�Ÿ�¨�·�˜�¥�µ�Š�Á�‡�¦�¡�…�µ�ª�Á�¡�º�É�°�š�—�Â�š�œ
�„�µ�¦�œ�Î�µ�Á�…�o�µ�­�µ�¦�¢�°�„�­��̧Á�•�·�Š�¡�µ�–�·�•�¥�r���Â�¨�³�„�µ�¦�°�°�„�Â�•�•�™�´�Š�ž�’�·�„�¦�–�r�Â�•�•�„�¹�É�Š�˜�n�°�Á�œ�º�É�°�Š�Á�¡�º�É�°�Á�ž�È�œ�Â�œ�ª�š�µ�Š�Ä�œ
�„�µ�¦�Ÿ�¨�·�˜�Â�¨�³�‡�ª�•�‡�»�¤�‡�»�–�£�µ�¡�…�°�Š�¥�µ�Š�Á�‡�¦�¡�…�µ�ª���Ã�—�¥�„�µ�¦�«�¹�„�¬�µ�Â�•�n�Š�°�°�„�Á�ž�È�œ�������­�n�ª�œ�®�¨�´�„���‡�º�°����������
�„�µ�¦�«�¹�„�¬�µ�‡�»�–�­�¤�•�´� �̃·�Á�¦�·�É�¤�˜�o�œ�…�°�Š�œ�Î�Ê�µ�¥�µ�Š�Â�¨�³�Ÿ�¨�…�°�Š�­�µ�¦�¢�°�„�­��̧Á�•�·�Š�¡�µ�–�·�•�¥�r�����������„�µ�¦�«�¹�„�¬�µ�Ÿ�¨�…�°�Š�­�µ�¦
�¢�°�„�­��̧š�¸�É�Ÿ�­�¤�…�¹�Ê�œ���Â�¨�³�����������„�µ�¦�«�¹�„�¬�µ�š�µ�Š�Á�«�¦�¬�“�«�µ�­�˜�¦�r���Ÿ�¨�„�µ�¦�«�¹�„�¬�µ�¡�•�ª�n�µ���Ã�Ž�Á�—�¸�¥�¤�Ž�´�¨�Å�¢�—�r�Á�®�¤�µ�³�­�¤
�­�Î�µ�®�¦��́•�Ä�•�o�¦��́„�¬�µ�­�£�µ�¡�œ�Î�Ê�µ�¥�µ�Š�¤�µ�„�„�ª�n�µ�Â�°�¤�Ã�¤�Á�œ��̧¥�¤�Å�±�—�¦�°�„�Å�Ž�—�r���Á�œ�º�É�°�Š�‹�µ�„�¥�µ�Š�Â�Ÿ�n�œ�š�¸�É�Å�—�o�¤��̧‡�n�µ�­��̧�
Lovibond �š�¸�É�Ÿ�n�µ�œ�¤�µ�˜�¦�“�µ�œ�¥�µ�Š�Å�š�¥����STR) �Â�¨�³�Ä�•�o�Á�ª�¨�µ�Ä�œ�„�µ�¦�‹�´�•��̃´�ª�œ�o�°�¥�„�ª�n�µ�™�¹�Š�������Á�š�n�µ���Ä�œ�„�¦�–��̧œ�¸�Ê
�ž�¦�·�¤�µ�–�…�°�Š�­�µ�¦�¢�°�„�­��̧Á�•�·�Š�¡�µ�–�·�•�¥�r�š�¸�É�Á�®�¤�µ�³�­�¤���‡�º�°���ž�¦�³�¤�µ�–�����������������Ã�—�¥�œ�Î�Ê�µ�®�œ�´�„��̃n�°�Á�œ�º�Ê�°�¥�µ�Š�Â�®�o�Š�� 

�‹�µ�„�„�µ�¦�ž�¦�³�¥�»�„��̃r�Ä�•�o�­�µ�¦�Á�‡�¤�¸�¥�n�°�¥�¥�µ�Š�Á�¡�º�É�°�Ä�•�o�Á�ž�È�œ�­�µ�¦�¢�°�„�­��̧��¡�•�ª�n�µ���Å�¤�n�­�µ�¤�µ�¦�™�Ä�•�o
�¢�°�„�­��̧¥�µ�Š�Á�‡�¦�¡�…�µ�ª�Å�—�o�Á�œ�º�É�°�Š�‹�µ�„�Å�¤�n�­�µ�¤�µ�¦�™�¨�³�¨�µ�¥�Å�—�o�—�¸�Ä�œ�œ�Î�Ê�µ�¥�µ�Š���Â�¨�³�Ÿ�¨�„�µ�¦�¢�°�„�­��̧—�o�ª�¥�­�µ�¦�¢�°�„�­��̧š�¸�É
�Ÿ�­�¤�…�¹�Ê�œ���¡�•�ª�n�µ���­�µ�¦�¢�°�„�­��̧•�œ�·�—��M�����¤�¸�ž�¦�³�­�·�š�›�·�£�µ�¡�Ä�œ�„�µ�¦�¢�°�„�­��̧š�¸�É�—��̧„�ª�n�µ�•�œ�·�—��M�����Ã�—�¥�ž�¦�·�¤�µ�–�š�¸�É
�Á�®�¤�µ�³�­�¤���‡�º�°���ž�¦�³�¤�µ�–�����������������Â�¨�³���������������Ã�—�¥�œ�Î�Ê�µ�®�œ�´�„��̃n�°�Á�œ�º�Ê�°�¥�µ�Š�Â�®�o�Š���˜�µ�¤�¨�Î�µ�—�´�•���š�¸�É�°�´�˜�¦�µ�­�n�ª�œ����������
�Ã�—�¥�œ�Î�Ê�µ�®�œ�´�„�…�°�Š�­�µ�¦�Á�¤�°�¦�r�Â�‡�ž�Â�š�œ�˜�n�°��̃´�ª�š�Î�µ�¨�³�¨�µ�¥�°�·�œ�š�¦��̧¥�r���š�´�Ê�Š�œ�¸�Ê�Á�œ�º�É�°�Š�‹�µ�„�Ã�‡�¦�Š�­�¦�o�µ�Š�Â�•�•�Å�›�Ã�°
�¢��̧œ�°�¨���Ä�œ�­�µ�¦�¢�°�„�­��̧�M�����š�¸�É�¤�¸�‡�n�µ�‡�Š�š�¸�É�Ä�œ�„�µ�¦�¥�o�µ�¥�­�µ�¥�Ã�Ž�n�š�¸�É�­�¼�Š�„�ª�n�µ�Ã�‡�¦�Š�­�¦�o�µ�Š�Â�•�•�°�´�¨�‡�·�¨�Å�›�°�°�¨�Ä�œ�­�µ�¦
�¢�°�„�­��̧�M�����°�¸�„�š�´�Ê�Š�¡�•�ª�n�µ���„�µ�¦�Á�˜�·�¤�­�µ�¦�¨�—�Â�¦�Š�˜�¹�Š�Ÿ�·�ª�Ä�œ�­�µ�¦�¢�°�„�­��̧š�¸�É�Ÿ�­�¤�…�¹�Ê�œ�š�Î�µ�Ä�®�o�Ã�°�„�µ�­�Ä�œ�„�µ�¦�˜�´�—�­�µ�¥
�Ã�Ž�n�…�°�Š�¥�µ�Š�¨�—�¨�Š���Á�ž�È�œ�Ÿ�¨�Ä�®�o�‡�n�µ�‡�ª�µ�¤�®�œ�º�—�¤�¼�œ�¸�Ž�¹�É�Š�Á�ž�È�œ�‡�»�–�­�¤�•�´� �̃·�š�¸�É�­�Î�µ�‡�´�•�…�°�Š�¥�µ�Š�Â�Ÿ�n�œ�­�¼�Š�…�¹�Ê�œ���Â�¨�³�¡�•�ª�n�µ
�­�µ�¦�¢�°�„�­��̧š�¸�É�Ÿ�­�¤�…�¹�Ê�œ�¤��̧¦�µ�‡�µ�˜�Î�É�µ�„�ª�n�µ�­�µ�¦�¢�°�„�­��̧Á�•�·�Š�¡�µ�–�·�•�¥�r���‹�¹�Š�¤��̧‡�ª�µ�¤�Á�ž�È�œ�Å�ž�Å�—�o�š�¸�É�‹�³�œ�Î�µ�¤�µ�Ä�•�o�Ä�œ
�°�»�˜�­�µ�®�„�¦�¦�¤�„�µ�¦�Ÿ�¨�·�˜�¥�µ�Š�Á�‡�¦�¡�…�µ�ª�Ä�œ�ž�¦�³�Á�š�«�Å�š�¥������ 

 

�‡�Î�µ�­�Î�µ�‡�´�•���¥�µ�Š�Á�‡�¦�¡�…�µ�ª���­�µ�¦�¢�°�„�­��̧��Å�›�°�°�¨���™�´�Š�ž�’�·�„�¦�–�r�Â�•�•�„�¹�É�Š�˜�n�°�Á�œ�º�É�°�Š 
 



 
 

(4) 

 

Thesis Title  Bleaching Agent Development and Semi-Batch Reactor Design for           

                                    Pale Crepe Rubber Processing 

Author   Mr. Rattanan Singthuean 

Major Program  Chemical Engineering 

Academic Year  2010 

 

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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2-1 cis- trans-1,4-polyisoprene      4 
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2-4             12 
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2-8 Aromatic Thiols (mercaptans)       17 
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2-9  (Emulsion polymerization)  19 
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3-1 2-Mercaptobenzothiazole        23 

3-2 -          23 
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DRC  =  Dry Rubber Content  

M1-1  =  Mixture type 1-1  

M1-2   =  Mixture type 1-2 

M1-3  = Mixture type 1-3 

M2-1  = Mixture type 2-1 

M2-1  = Mixture type 2-2 

M2-3   =  Mixture type 2-3 
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. . 2444 

. . 2434 2552  

16.89   3.16 

32.91 

2.73 41,352  (  2554) 

 

 

(Concentrated 

latex) (Rib Smoked Sheet) (Air Dried Sheet) (Block 

Rubber) (Crepe Rubber)

 

(  2554) 
rubber rubber

10 ( ) 

300 /

(

 2552)

(
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(Cureobleach)  
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1.2  
 

1. 
 

2. 
 

 
 
 
 
 



3 
 

1.3  
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ULTRA PEPTM 96  

3. 
 

4. (Color) (

)  

5. 
( ) (Mooney Viscosity) 

6. 2  
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1.  

2.  

3.  
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2.1  
2.1.1  

5 8 C5H8 

200,000 400,000 

 (  2549)  

Hevea Brasillensis 
cis-1,4-polyisoprene 2-1 ( ) 

Gutta percha 

Balata trans-1,4-polyisoprene 2-1 ( ) 

cis-1,4-polyisoprene

(Young 1991) 

 

 

 

 

 

 

   
2-1 cis- trans-1,4-

polyisoprene 
: Young 1991 

 

0.975-0.980 pH 
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6.5-7.0 12-15 (centipoises) 

(Blackley 1997)  

 

2.1.2  

   

2-1  

 

2-1  

 

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 Up to 1 

Sugars 1 

Water ad 100 

: Blackley 1997 

 

2.1.4  

  
35% 65% Membrane) 

 3  (  2525)

 

 

1.  (Rubber hydrocarbon)  96% 
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(isoprene)  cis  1, 4 

( -terminal) (Monophosphate group)

(Diphosphate group)

(Phospholipid) (Ionic linkage)  

(Hydrogen bonding) ( -terminal) 

 2006  

2.  (lipids)  3 % 

 ( -lecithin) 

 

3.   1%  

 - ( - globulin) 

 

   

 

(Electrophoretic)  

 

3 (  2525

 2553)  

 

1. (Serum) 1.02 

 1% 

(Quebrachitol)  (Amino acid) 

2. (Lutoids) 

-
- (B-Serum) 

(Polyphenol oxidase) -
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3. (Frey wyssling)

(Carotiniod) 

 

 

2.1.3  

2542 100% 92% 8% 

90% 

90% 97% 

2% 

1%  (  2554) 
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92% 8% /

10% 90% 90% 10%

2% 97% 1% 1% 20% STR 10
80% STR 20 1%

1%
70%
10%
10%
10%

1% STR XL
12% STR 5L
88% STR 5

2% RSS 1
1% RSS 2

80% RSS 3
15% RSS 4
2% RSS 5

 

 

2-2  

:  2542  
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2.1.4 (Standard Thai Rubber)  

 

2-2 

 

2-2  

 

Parameter 

Latex Latex / Sheet Lump / Sheet 

STR 

XL 

STR 

5L 
STR 5 STR 5CV 

STR 

10 

STR 

10CV 

STR 

20 

STR 

20CV 

Dirt retained on 44m 

aperture (max. % wt.) 
0.02 0.04 0.04 0.04 0.08 0.08 0.16 0.16 

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. % 

wt.) 
0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 

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

Plasticity Retention Index 

(PRI) (min) 
60.00 60.00 60.00 60.00 50.00 50.00 40.00 40.00 

Colour Lovibond Scale 

(individual value max.) 
4.00 6.00 - - - - - - 

Mooney, Viscosity ML 

(1'+4') 100 C* 
- - - 

70 (+7,-5),  

60 (+7,-5), 

50 (+7,-5) 

- 

60 

(+7,-

5) 

- 

65 

(+7,-

5) 

Colour Coding Marker blue 
light 

green 

light 

green 

white on 

green 
brown 

white 

on 

brown 

red 
white 

on red 

: http://www.thaihua.com/v4/en/factory/standard-thai-rubber.php 
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2-3  

 

2-3  

 

  

( Lovibond) 3 

( Mooney) 65 

 

 

2.2 (Pale/Sole Crepe Rubber) 

2.2.1  

RRIM (Rubber Research Institue of Malaysia) 

RRIM 600 

 

2-3   
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2-3  
 

(  2524 

 2552) 

1. 
(Sodium sulphite, Na2SO3) 0.02%-0.1% 

(Ammonium hydroxide) 0.02% 

(Formalin)

0.02% 

 

 

 

 

 

Na2S2O5 

 

Na2SO3 

 

1.  

2. DRC (25%) 

3. Enzymatic reaction 

4.  

5.  

6.  

7.  
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2. (Sieve) 60 . 

(Dry Rubber Content, DRC) 25% 

 

 
 

2-4  

:  

 

3. (Sodium metabisulphite, Na2S2O5) 

(Enzymatic Reaction) 

 2-5% 

0.05% - 0.10% 

 

4. 0.1%  

5. (Formic Acid) 

2-5% 0.35% 

1% 6-8 

 

6. 
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2-5  

:  

 

7. 
38-40 6-10  

 

 
 

2-6  

:  

 

2.3 (Bleaching) 

-
b-

-

-
2-7 (Pigment) -
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(Conjugated double bonds) (Chromophore) 

(Chain transfer 

agent) -
(Radical polymerization) 

 (M. B. Smith and J. March 2010) 

 

 
 

2-7 -   

: School of Chemistry University of Bristol 2010 

 

-

(Organic solvent) -

(Dichloromethane) (Chloroform) 

(Halogen organic solvent) (Jaeger 1966) -

(Acetonitrile) (N-methylpyrrolidone)  

 (N,Ndimethylformamide) (Zajic 1960) 

-

-  (Hills 1989)  

- (biomass) (semi-permeable membrane) 

 (Rose 1994) -
-

-

-  
Wititsuwannakul (2008)

(Centrifuge)

, (Serum)
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(Peroxide)

 (Thompson 2002 Danjo 2004) (Bleach precursor) 

(Copolymer) 

 (Madison 1996) 

   

(Free radical) 

(Initiator) (Monomer) 

(Reactive Species) (Chain 

transfer agent) (Molecular Weight)  -

(Termination) 

(Growing polymer) (Polymer 

chain) (Chain transfer constant) 

 (Odian 2004) 

(Thiol/Mercaptan) 

(organosulfur compound) sulfhydryl        

(-C-SH R-SH) 

S-H sulfhydryl  (Odian 2004) 

 
L.M.K. Tillekeratne  (1987)

Aromatic Thiols (mercaptans) -

 (Radical polymerization)  
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1. (auto-oxidation) -

(Peroxy radical, R-OOÖ) (Peroxide, R-OO-R¡)  
2. 

 (Alkoxy radical, R-OÖ) -  

3.  (Alkoxy radical, R-OÖ) -
(Thiol, R-SH) 

(Thiyl radical, R-SÖ) (Initiator) 

(Substitution reaction)  

4. 
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2-8 Aromatic Thiols (mercaptans) 

-  
 

(2003) (Thiol) 

(thiophenol) (aliphatic thiol) 

(acrylamide) 1-vinyl-2-pyrrolidone 
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25¯C Mayo plot

reactive species SH 

 

 
Valdebenito Encinas (2005)              

(4-substituted)  

(Photopolymerization) (methyl methacrylate) 

Mayo 

(electron donating 

group) (NH2) 

10  

transition 

state 

(H-abstraction) S-H 

De Le Fuente Madruga (1999) n-dodecanethiol 

(styrene) 

Mayo 

2,2¡-azobisisobutyronitrile 

(benzene) 50¯C 

20  

 (Surfactant) 

(Micelle) (Monomer Droplet) 

(Colloid) -
(Hydrophobic) 
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2-9

 (Emulsion polymerization)  

 

 
 

2-9  (Emulsion polymerization)  

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

 

2.4  (Polymerization reactor) 

(Biotechnological Process)

(Batch operation) 

(Continuous operation)  (Reactant) B 

A 

B A 

(Semi batch 

operation) (Fed-batch operation)  ( 2544) 
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(Saarland University 2010) 

1. 
(Selectivity)  

2. 
 

3. (Exothermic reactions) 

4. (Substrate)

(Organism) (Enzyme)  

5. 
(conversion)  

6. 
(Thermal decomposition) 

7.  
 

 
 

2-10   

:  2544 

 

3 

(Batch reactor), Continuous-flow reactor with out-back mixing 
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Continuous-flow reactor with back mixing

 (Reactor 

size), (Residence time), (Mixing patterns) 

(Temperature profile) 

(Model) 

(Chemical reactor) 

(Chemical kinetics), (Fluid mixing), 

(Change in physical properties) 

(Temperature variation) (Brooks 1997) 

  Vern Lowry (2002) 

(diene rubber latex) 

(Batch process) 

(Reaction 

time) (

500Å) (Undesirable product) Vern Lowry

 

, (emulsifier) (Diene monomer) 

50-80% 

80% 80%  

600Å-1200Å 

500Å 10% 

200 centipoises 50-200 centipoises 

300 centipoises 
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3 
 

 
 
3.1   

 

3.1.1   

1. RRIM 600  

2. (Sodium sulfite, Na2SO3) Merck KGaA Co.,Ltd. 

 

3.  (Sodium metabisulfite, Na2O5S2) Merck 

KGaA Co.,Ltd.  

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

 

5. 2-Mercaptobenzothiazole Merck Schuchardt OHG Co.,Ltd. 

 

 

 
 

3-1 2-Mercaptobenzothiazole 

 
6. -  Merck Schuchardt OHG Co.,Ltd. 

 

 

 
 

3-2 -  
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7. 4-Methylthiophenol Merck Schuchardt OHG Co.,Ltd. 

 

 
 

3-3 4-Methylthiophenol 

8.  (Cureobleach)  

 

 Livogen Industries (PVT) Ltd.

3-1 

(% )

 

(Mercaptan)  

3-1  

 
   

 
Pentachloro thiophenol 

(Grey Solid, mp ~ 223-227 °C) 

  

 

 

 

C8  alkylphenol ethoxylate 

(Commercial name IGEPAL CA-210) 

  

Hydrosulfurized Heavy Naphtha   
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9. Hydrosulfurized heavy naphtha Asia Pacific 

Petrochemical Co., Ltd. 

10. Octylphenol Ethoxylate  Dow Chemical Co.,Ltd. 

11.  

 

3.1.2  

 
1. (Beaker) 50, 250, 500, 800, 1000 2000  

2. (Cylinder) 250 500  

3. (Pipette) 1 5  

4.  (Dropper) 

5.  (Stirring rod) 

6. (Magnetic bar) 

7.  (Heater & Stirrer) 

8. 4  

9.  

10.  

11.  

 

 
 

3-4  

 

12.  

13.  

14. Mooney Viscometer (MV2000) 
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3-5 (Mooney Viscometer,MV2000) 

 

15. Lovibond 

 

 
 

3-6 Lovibond 

16.  

 

 
 

3-7  
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17. (Two-roll mill) 

 

 
 

3-8  

 
3.2   

Hydrosulfurized heavy naphtha -

 Hydrosulfurized heavy naphtha 200 15 

3-2 

Hydrosulfurized heavy naphtha 
 

3-2  

 

 
 

 
 

 

Hydrosulfurized heavy 

naphtha 

M1-1 4-Methylthiophenol 1 9 

M1-2 4-Methylthiophenol 1 12 

M1-3 4-Methylthiophenol 1 15 

M2-1 1-Dodecanethiol 1 9 

M2-2 1-Dodecanethiol 1 12 

M2-3 1-Dodecanethiol 1 15 
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3.3  

3.3.1  
 

 
3.3.1.1 

 
 

1.  RRIM 600 ( , Dry Rubber Content

(DRC)  

2. 2 1) 

2% 0.05%  2)

5%  0.20% 

200 

5  

3. 25%   

200  5  

 

 

 

 

 

 

4. 10

 

5. 400 (392 ) 98 

(25% DRC)  

6. 
200 15 
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7. 2% 

0.05% 200 

5  

8. 2% 

0.35% 200 

5  

9.  

10. 2 

1 1  

11. 40 3  

12. Lovibond 

 

3.3.1.2  

 

 

1.  RRIM 600 (  

2. 2% 

0.05% 

200 5  

3. 25%   

200  5   

4. 400 (392 ) 98 

(25% DRC)  

5. 2% 

0.05% 200 

5  

6.  200 

5  0.05 0.08 0.09 

0.10 0.15  
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7. 2% 

0.35% 200 

5  

8. 1.30  

9. 2 

1 1  

10. 40 3  

11. Lovibond 

Mooney Viscometer MV2000 

 

3.3.2  

 

 

1.  RRIM 600 (  

2. 2% 

0.05% 

200 5  

3. 25%   

200  5   

4. 400 (392 ) 98 

(25% DRC)  

5. 2% 

0.05% 200 

5  

6. ULTRA PEPTM 96 0.10 

3-3 200 5 
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3-3  

 

 ( ) 

1 2 3 4 5 

M1-1 0.10 0.18 0.28 0.35 0.45 

M1-2 0.18 0.23 0.28 0.33 0.38 

M1-3 0.23 0.28 0.33 0.38 0.43 

M2-1 0.10 0.18 0.28 0.35 0.45 

M2-2 0.28 0.33 0.38 0.43 0.48 

M2-3 0.33 0.38 0.43 0.48 0.53 

 

7. 2% 

0.35% 200 

5  

8. 1.30  

9. 2 

1 1  

10. 40 3  

11. Lovibond 

Mooney Viscometer MV2000 

 

3.3.3   

(Iteration) 
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3.3.3.1 

 ( 2548) 

 

  P  = 1 bar 

  T  = 25  
    = 20  

       Stainless steel (304) 

(Ultimate stress, Sultimalte) stainless steel  540 N/mm2 

(Yield stress, Syield) stainless steel  200 N/mm2 

(Stress plate, Splate)    103 N/mm2 

(Design temperature, Tdes) Tdes = T + 30 = 55  

(Design pressure, Pdes)      Pdes   = 1.1Pmax = 0.11 MPa 

 Double melded butt joint  

(Joint efficiency, f) 0.75 

(Design stress, Sdes) 

 

MPafSS yielddes 75.9375.0200
8

5
*

8

5
=³³==  

MPafSS ultimatedes 25.10175.0540
4

1
*

4

1
=³³==  

MPafSS platedes 25.7775.0103* =³==  

77.25 MPa  

 

 

3

1
=

t

a

D

D
 , 1=

tD

H
 , 3

1
=

tD

E
 , 5

1
=

aD

W
, 4

1
=

aD

L
 



33 
 

 
 

3-9  (McCabe 2005) 

 

 

 1:1 20  
 (Dt)  

 

m
V

Dt 293.00254.0
785.0

020.0

785.0
333 ====  

 

 (Dt)  30  

 (H)  

 

HDV t
2785.002.0 ==  

mH 283.0=  
 

 (H)   40  

   10  

 (Da)   10  

(W)    2  

(L)     2.5  

 (t) 

MPaSdes 97.225.770385.00385.0 =³=³  
  0.0385Sdes ² Pdes 
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mm
PS

DP
t

desdes

des 215.0
2.12

=
-

=  

  0.215+1 =1.215 mm 

 ( ) 2 mm. 

2 mm. 

pitched-blade turbine 
 

 

 
 

 

3-10  

 

 

 

 

 

 

20  
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3.3.3.2  

 

1.  

2. 2% 

0.05% 200 

5  

3. 25%  

200 5  

4. 25% 8 

 

5. 2% 

0.05% 200 

5  

6. 200 

5  

7. 2% 

0.35% 200 

5  

8. 1.30  

 

 
 

3-11  
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9. 2 

1 1  

10. 40 3  

11. Lovibond 

Mooney Viscometer MV2000 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

4 
 

 
 
4.1  

 
 
4.1.1  

(Sodium sulfite

(Ammonium 

hydroxide)  

2 

0.05% 

 0.20% 

 

 

4-1  
 

 
 

( ) 
1.  25 
2.  180 

 

4-1

4-2
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180 

7 4-1

48 

8  

 

4-2  

 
  

1.  4.5 

2.  15.0 

  

15 

3 

4.5 4-2 (Carotenoid) (Pigments) 

(Frey wyssling)

(Serum)

(  2524)

( 2553) 

 
4.1.2  

(Cureobleach) 

0.10-0.15% (Dry rubber content, DRC) 
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(Standard 

Thai rubber, STR) 3 

(Mooney viscosity) 60 

4-1 Lovibond 

X 

0.05 0.08 0.09 0.10 

0.15 98 Y 

Lovibond 6 

4-2 

X 

0.05 0.08 0.09 0.10 0.15 98 Y 

Mooney viscometer MV2000 2  
 

 
 

4-1  0.05 0.08 

0.09 0.10 0.15 98  
 

 

0.0
1.0
2.0
3.0
4.0
5.0

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

( )
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4-2 

0.05 0.08 0.09 0.10 0.15 98  
 

(Mercaptan) (Chain transfer agent)

(auto-oxidation) 

(Thiyl radical) 

(Conjugated double bonds) 

(Pigments)

(Tillekeratne et al. 1987  Singthuean et al. 

2010) 0.10 0.15 

3 (2.58 2.08 ) 

0.05 0.08 0.09 

3 (3.50, 3.25 3.08 )  

0.15  60 

52
54
56
58
60
62
64

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

( )
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STR 

0.10  

 
4.2  

 

 

 
4.2.1  

(Chemical peptizer) 

(Processing aids) 

(Chemical scission) 

(Mastication) 

(Aromatic 

mercaptan) Zinc salts of fatty acids Dibenzamido  diphenyl disulphide (Kaplan 1978)

-

ULTRA PEPTM 96 4-3 

 

 
 

4-3 ULTRA PEPTM 96 
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20 

50 

100 

4-4 

20 (Hexanes)

20 

4-5

 
 

 
 

4-4  

 

 
 

4-5  
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4-6

4-7 4-3 

 ULTRA PEPTM 96 Lovibond 

Mooney viscometer MV2000  

ULTRA PEPTM 96  0.10 98 

9.7 8.7 

  

 

4-3 ULTRA PEPTM 96  
 

 
 

  

1.  60.51 9.7 

2.  61.59 8.7 

*  

 

 
 

4-6 0.10  
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4-7  
 

ULTRA PEPTM 96 

 

 

4.2.2 2-Mercaptobenzothiazole  

2-Mercaptobenzothiazole 4-8 4-4

0.40 

0.50 98 Lovibond 6 

 

 

4-4 2-Mercaptobenzothiazole  

 
  

1.  3.47 

2. 0.40   3.40 

3. 0.50  2.89 
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4-8 2-Mercaptobenzothiazole  

 

2-Mercaptobenzothiazole

0.50 98 

3 2-Mercaptobenzothiazole

 
 

4.2.3 4-Methylthiophenol (M1) 

  
4-Methylthiophenol (M1) M1

3-2 4-9 

X 

M1-1 M1-2 M1-3 Y 

Lovibond 6 4-10 

X Y 

Mooney viscometer MV2000 

2  
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4-9  

M1-1 M1-2 M1-3 98  
 

 
 

4-10  

M1-1 M1-2 M1-3 98  
 

 

0.0

1.0

2.0

3.0

4.0

5.0

0.00 0.10 0.20 0.30 0.40 0.50
( )

M1-1 M1-2 M1-3

56
58
60
62
64
66
68

0.00 0.10 0.20 0.30 0.40 0.50
( )

M1-1 M1-2 M1-3
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M1-1  4-Methylthiophenol

(Organic solvent) 1:9 M1-2 M1-3 

 4-Methylthiophenol 1:12 1:15 

4-9 

STR 0.18 0.23 

0.28 M1-1 M1-2 M1-3  

3 

M1-1 4-10 

 

 

 
 

4-11  

M1-1 98 196 245  
 

4-11

M1-1 98 196 245  

4-5 

M1-1 (x) 0.40 98 

(y) -1.806 196 245 

y = 1.3795x2 - 4.7338x - 0.1334
R = 0.9814

y = 11.714x2 - 12.191x + 2.1757
R = 0.9969

y = 16.286x2 - 18.477x + 4.3354
R = 0.9853

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6

M1-1

98 g 196 g 245 g
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(y) -0.826 -0.449

M1-1 0.40

4-12 

 

 
 

4-12  

M1-1 98 196 245  

 
 

4-5 M1-1 
 

( )  X Y 

98 y = 1.3795x2-4.7338x-0.1334 0.40 -1.806 

196 y = 11.714x2-12.191x+2.1757 0.40 -0.826 

245 y = 16.286x2-18.477x+4.3354 0.40 -0.449 

 

56
58
60
62
64
66
68

0.00 0.10 0.20 0.30 0.40 0.50 0.60
M1-1 ( )

98g 196g 245g
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4-13 

M1-1  

 

4-13

98 M1-1 0.187 

196 245 M1-1 0.376 0.461 

2.5 STR 

M1-1 

4-14 (1) 

 

                                           (1) 

 

y M1-1 ( ) 

x ( ) 

 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

0.00 0.10 0.20 0.30 0.40 0.50 0.60
M1-1 ( )

experimental 
(98g)
experimental 
(196g)
expeimental 
(245g)
calculation (98g)

calculation (196g)

calculation (245g)
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4-14 M1-1  
 

(1) M-1 

2.5 

M1-1 

1,960 M1-1 3.20 

2.5 (1) 3.72  

 
 

4.2.4 - (M2) 

- (M2) M2

3-2 4-15 

M2-1 M2-2 M2-3 X 

Y 

Lovibond 6 4-16 

M2-1 M2-2 M2-3 X 

y = 0.0019x + 0.0048
R = 0.9994

0.00

0.10

0.20

0.30

0.40

0.50

0 50 100 150 200 250 300

M1
-1

(
)

( )
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Y 

Mooney viscometer MV2000 2  

 
 

4-15  

M2-1 M2-2 M2-3 98  
 

 
 

4-16  

M2-1 M2-2 M2-3 98  

0.0

1.0

2.0

3.0

4.0

5.0

0.00 0.10 0.20 0.30 0.40 0.50 0.60
( )

M2-1 M2-2 M2-3

56
58
60
62
64
66
68

0.00 0.10 0.20 0.30 0.40 0.50 0.60
( )

M2-1 M2-2 M2-3
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M2-1  -
(Organic solvent) 1:9 M2-2 M2-3 

 - 1:12 1:15 

4-15 4-16  

0.28 

M2-1  0.33 M2-2   

0.38 M2-3 3 

STR M2-1 

 

4-17

M2-1 98 196 245  

4-6 

M2-1

M2-1 (x) 0.40 98 

(y) -0.642

196 245 (y)  

0.218 1.061

4-18
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4-17  

M2-1 98 196 245  
 

4-6 M2-1 
 

( )  X Y 

98 y = 2.6425x2-3.2373x+0.2305 0.40 -0.642 

196 y = 16.286x2-21.014x+6.018 0.40 0.218 

245 y = 12.857x2-20.3x+7.1237 0.40 1.061 

 
98 

M2-1 0.314 196 

245 0.571 0.711 

2.5 STR 

 

y = 2.6425x2 - 3.2373x + 0.2305
R = 0.9332

y = 16.286x2 - 21.014x + 6.018

y = 12.857x2 - 20.3x + 7.1237
R = 0.9737

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

M2-1

98 g 196 g 245 g
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4-18 

M2-1  

 

 
 

4-19 M2-1  
 
 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.00 0.20 0.40 0.60 0.80 1.00
M2-1 ( )

experimental (98g)

experimental (196g)

experimental (245g)

calculation (98g)

calculation (196g)

calculation (245g)

y = 0.0027x + 0.0488

0.00

0.20

0.40

0.60

0.80

0 50 100 150 200 250 300

M2
-1

(
)

( )
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M2-1 

4-19 

(2) 

                                           (2) 

 

y M2-1 ( ) 

x ( ) 

 

1,960 M2-1 

2.5 5.60  

(2) 5.34 

 

M1 M2 

M1 M2  

Sakdapipanich 

(2007) 

 

 

4.3 M1 M2 
2

 M1-1 M2-1 1: 9 

M1-1 4-Methylthiophenol

M2-1 - 4-20 

M1-1 M2-1 M1-

1 M2-1 0.10 0.18 0.28 0.35 0.45 98 

X Y 

M1-1 M2-1 Lovibond 6  
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Tillekeratne (1987)

M1-1 

M2-1 

2  

 

 
 

4-20 0.10 0.18 0.28 0.35 

0.45 98  
 

(Chain transfer 

constant)  

(Thyl radical) 

(Conjugated bonds) 

(Odian, 2004) 4-

Methylthiophenol (Phenol) 

(Thiophenol) (-CH3)  

-
(Aliphaticthiol)

(electron donor)   (Scudder , 1992)

0.0

1.0

2.0

3.0

4.0

5.0

0.00 0.10 0.20 0.30 0.40 0.50
( )

M1-1 M2-1
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-SH 

Valdebenito and Encinas, 2005)

 

 

De La Fuente Madruga (1999), Hutchinson (1995) 

Valdebenito (2005) n-do  4-Methylthiophenol

(Methyl methacrylate) 

4-Methylthiophenol 14 n-
do 0.525 De La Fuente 0.678 

Hutchinson) 4-Methylthiophenol

M1-1 M2-1 -
(Singthuean et al. 2011) M2-1 M1-1

55% STR 

 
4.4  
 

M1-3 

M2-3 

M1-3 0.28 M2-3 

0.38  Octylphenol Ethoxylate 
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4-21 

M1-3 98  

 

 
 

4-22 

 M2-3 98  

 

0.0

1.0

2.0

3.0

4.0

0 1 2 3 4 5
(CMC)

0.0

1.0

2.0

3.0

4.0

0 1 2 3 4 5
(CMC)
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4-23 

M1-3 M2-3 98  

 

4-21 4-22 

M1-3 M2-3 

1 2 3 4 5 CMC (Critical Micelle Concentration) 

1 CMC  120 ppm X 

1 2 3 4 5 CMC Y 

M1-3 M2-3 

Lovibond 6 4-

23 

M1-3 M2-3 X 

1 2 3 4 5 CMC

Y M1-3 M2-3 

Mooney viscometer

MV2000 2  

M1-3 M2-3 

60
65
70
75
80
85
90

0 1 2 3 4 5
(CMC)

M1-3 M2-3
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-
 (Odian 2004)

400 

(98 ) -

 

 

  
 

4-24 100 ¯C 

M2-1 M2-1   
 

43 M2-1 11 

Octylphenol Ethoxylate 8 

M2-1 

M2-1

 

( )      
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4-25 - 

 
 

4-25 

-

 

-
-
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4.5  
 

4-7 M1-1 M2-1 

 
 1 ( )  ( )  ( ) 

1.  1460 150 219 

2. M1-1 2000 - - 

3. M2-1 510 150 77 

 

4-7 M1-

1 M2-1 M1-1 1 

M2-1

150 216.384 M2-1 150 

216.384 (

) -

M2-1 3 M2-1 

3  
 

 

 

 

 

 

 

 



 
 

5 
 

 

 

5.1 

 

1. 

3   

2.  

0.10 98  

 

5.2  

1. ULTRA PEPTM 96 

ULTRA 

PEPTM 96 ULTRA PEPTM 96 

  

2. 2-Mercaptobenzothiazole

2-Mercaptobenzothiazole

 

3. 4-Methylthiophenol (M1) 

-  (M2) 
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M1-1 0.18 98 

M1-2 0.23 98  M1-3

0.28 98 

M2-1 0.28 98  M2-2

0.33 98 

M2-3 0.38 98  

4. 

M1-1 M2-1 98 196 245 

 

5. M1-1 M2-1  

M1-1 M2-1 

98 196 245   

 

                                           (1) 

 

y M1-1 ( ) 

x ( ) 

 

                                           (2) 

 

y M2-1 ( ) 

x ( ) 

 

6. 

M1-1

M2-1 

2  (Chain 



65 
 

transfer constant)  

M2-1 (electron donor) 

M1-1 -SH 

-

 

 

7. 

 

 

-

-  
 8.  

M2-1 

3  
 

 
1. 

(Initiator)

 

2. 2 M1-1

 

3. 
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4. 
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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 
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 

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
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]. 
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It is expected that the nonionic 
surfactant could improve a chain transfer 
rate of the thiol and also help protect 

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.  

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). 
 

          

VW = VF × DFDS VF  

      (1) 
 
Where; VW = volume of distilled water (ml) 

 VF = initial volume of latex (ml) 
         DF = initial dry rubber content 

(%wt) 
 DS = final dry rubber content (%wt) 
 

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. 
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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.  
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Figure1: 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. 
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Figure 2: Deviation of Mooney viscosity 
(ML1+4) of the rubber sheet bleached by 

commercial bleaching agent and M-2 

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 0.053g
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 Cl- but one of the thiol type 2 is CH3

-

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. 
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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.  
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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-

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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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 one. 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 

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 
 

Mixture Thiol type 
Weight ratio (w/w) 
Thiol Solvent 

M1-1 Thiophenol 1 9 
M1-2 Thiophenol 1 12 
M1-3 Thiophenol 1 15 
M2-1 Alkylthiol 1 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. 
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Department of chemical engineering, Faculty of Engineering , Prince of Songkla University, Thailand  

* rattanan.s@hotmail.com  
 

 



105 
 

 
 

 

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). 
 

 

          

= ×
 

 (1) 
 

Where; VW = volume of distilled water (ml) 
  VF = initial volume of latex (ml) 
  DF = initial dry rubber content (%wt) 
  DS = 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, M1-3, 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. 

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 

mixture (g) 
Mooney viscosity 

(mooney unit) 
 
 
 

M1-1 

0.00 63.59±0.45 
0.10 63.53±0.18 
0.18  62.98±0.35 
0.28 62.45±0.58 
0.35 62.35±0.33 
0.45 62.38±0.33 

 
 
 

M2-1 

0.00 64.97±1.36 
0.10 63.94±0.49 
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 M1-1 
(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].  
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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 bleaching 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. 
[3], [4], [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.

 
Fig.2. Color of pale crepe bleached with different weight 
ratios of thiophenol and solvent and different weight of 

the mixtures. 

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). 
 
Mixture Weight of bleaching 

mixture (g) 
Mooney viscosity 

(mooney unit) 
 
 
 

M1-2 

0.00 64.40±0.61 

0.18 63.75±0.13 

0.23  63.90±0.35 

0.28 63.48±0.21 

0.33 63.18±0.86 

0.38 63.67±0.78 
 
 
 

M1-3 

0.00 64.33±0.60 

0.23 64.01±0.13 

0.28 63.96±0.38 

0.33 63.92±0.21 

0.38 63.91±0.31 

0.43 63.86±0.34 
 
 
 

M2-2 

Blank 64.15±0.91 

0.28 63.62±0.01 

0.33  63.73±1.04 

0.38 63.25±1.27 

0.43 64.26±0.11 

0.48 64.20±0.58 

 
 
 

M2-3 

Blank 64.84±0.89 

0.33 63.18±0.06 

0.38 63.40±0.26 

0.43 63.50±0.57 

0.48 63.47±0.27 

0.53 63.25±0.25 
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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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