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Carbon Black/Silica Master Batch 
From Fresh Natural Rubber Latex

Rosamma A le x*, K .K  Sasidharan* and Thom as Kurian** A m p  K u m a r C handra '

A new process fo r  production o f  carbon hiack/silica master batches with enhanced mechanical properties has been 

developed. The unit operations in the process are the preparation o f  filler dispersion, in presence o f  suitable surfactant, 

addition o f  the dispersion to the fresh natural rubber latex under stirring, coagulation o f  the mixture by the addition 

o f  acid, dewatering o f  the coagulum, and drying to obtain filler incorporated NR. Mixed filler containing master batch 

prepared by the new process showed good cure characteristics as compared to the dry rubber incorporated mix. The 

mechanical properties like tensile strength, modulus, tear strength, abrasion resistance and hardness were superior 

fo r  the vulcanizates prepared by the new method. The heat build -  up values were considerably low fo r  the latex filler 

master batches. Comparatively better ageing resistance was also recorded by these vulcanizates. The improvement in 

mechanical properties shown by the silica/carbon black master batches over the conventional mill mixed compounds 

was attributed to better filler dispersion evidenced from  the result offiller dispersion data.
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INTRODLfCTION

The leve l o f  d ispersion o f  fille rs  
lik e  carbon b lack  and s ilic a  in  a rubber 
m a tr ix  is an im portan t issue in  a large 
va rie ty  o f  rubber products Further,
there are issues such as a ir p o llu tio n  
and h igher energy consum ption  when 
incorporated in  d ry  rubber. D u ring  
the conven tiona l m ix in g  process 
s ilica  is h ig h ly  aggregated due to  
f i l le r - f i l le r  in te raction  resu lting  in 
a d ispersion w h ic h  is no t favorable 
fo r re in fo rce m e n t‘s’. In  the case o f  carbon b lack, p roduction  
o f  la tex-carbon b lack  m aster batch b y  the ad d ition  o f  carbon 
b lack as a s lu rry  has been suggested as one o f  the m ethods 
to  avo id  some o f  these problem s. One o f  the approaches 
fo r  p ro du c tion  o f  carbon b lack  m aster batch was by  m ix in g  
N R  la tex w i ^  carbon b la c k  s lu rry  and then coagu la ting  the 
m ix tu re  chem ica lly . W ith  th is  process the coagu la tion  and 
m ix in g  tim e  w ere  higher^^\

I t  has been reported tha t the coagu la tion  tim e  o f  
la tex  is reduced due to  presence o f  suitable surfactants 
W hen carbon b lack  and s ilic a  f i l le r  incorporated la tex  is 
coagulated q u ic k ly  b y  ad d itio n  o f  acids i t  is  expected that 
the  f i l le rs  are u n ifo rm ly  d is tribu te d  in  rub be r m a tr ix  as 
com pared to  conven tiona l coagu la tion  methods. There has 
been no system atic s tudy oh the  p ro du c tion  o f  f i l le r  batches 
fro m  fresh na tu ra l rubber la tex th rough  a q u ic k  coagu la tion  
process. In  th is  paper an a ttem pt is made to  prepare la tex 
carbon b lack /s ilica  dua l f i l le r  m aster batch fro m  fresh N R  
la tex  b y  a m od ifie d  coagu la tion  process.

Experim ental
 ̂Fresh na tura l rubber la tex used in  the study was obtained 

from ' the R ubber Research Ins titu te  o f  Ind ia , K o ttayam . H ig h  
abrasion f iim a c e  b lack  Q ^330) was obta ined fro m  M /s . P h illip s  
Carbon B la c k  L im ite d ,.^ o c h i,  Ind ia . P recip ita ted s ilica  used 
was U L T R S IL  V N 3 . O th e r ingred ients used w ere  rubber 
grade chem ica ls. The  suJfactant used was based on a lk a li salts 
o f  fa tty  acids.

TECH UPDATE

Preparation o f  carbon black m aster batches by quick  
coagulation method.

D ispers ions o f  carbon b lack  and s ilic a  were prepared 
separately b y  the  conven tiona l b a ll m il l in g  process in  presence 
3 f a su itab le  surfactant. T he  d ispers ion  was added s lo w ly  in  
;o fresh na tura l rubber la tex under s tirr in g  and coagulated by 
addition o f  acid  to  produce the f i l le r  m aster batch. In  th is  new 
ne thod  the f i l le r  la tex m ix tu re  is coagulated c h e m ica lly  a lm ost 
im m ed ia te ly  a fte r ad d ition  o f  acids.

T he  coagu lum  was washed w e ll to  rem ove the ac id  and 
dried in  an a ir  oven m a in ta ined at 70®C. The fille rs  were 
ncorporated in  la tex so as to  have leve ls o f  40 -50 parts per 
lund red  parts o f  d ry  rubber (ph r). The d ried  rubber was m ixed  
is per fo rm u la tio n  g iven  Tables la  and lb ,  and vu lcan ized  by
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conven tiona l methods. A  con tro l 
m ix  w ith  load ings o f  40 ph r and 50 
p h r f ille rs  added b y  conventional 
m i l l  m ix in g  process was also 
prepared. The cure behav io r was 
determ ined us ing m o v in g  die 
rheom eter M onsanto (M D R 2 0 0 0 ) 
at 150"C. The pa rtic le  size o f  
f i l le r  d ispersion and latex was 
determ ined based on dynam ic 
lig h t scattering technique, using 
a M a lv e m  Nanosizer, U .K .
F ille r  d ispersion was studied 

on vu lcan ized f ilm s  us ing D ispers ion  A na lyse r from  Tech 
Pro U S A . The M echan ica l properties the ageing tests were 
de term ined from  re levant A S T M  standards.

Results & Discussion  
Coagulation Characteristics

The pa rtic le  size d is tr ib u tio n  o f  carbon b lack  d ispersion, 
s ilica  d ispersion and la te x -fille r  m ix tu re  is shown in 
F igures I a 1 b  and 1 c. B oth  s ilic a  and carbon b lack  dispersions 
contains f i l le r  pa rtic les  that have com para tive ly  lo w e r size 
(average 100 nm ). The pa rtic le  size o f  fresh N R  la tex- 
carbon b lack s lu rry  m ix tu re  varies from  about 90-6000nm . 
T h is  shows tha t a fte r ad d itio n  fille rs  to  la tex the size o f  f i l le r  
pa rtic les  increased to  a sm all extend due to  a certa in  degree 
o f  aggregation. H ow eve r it  is expected that there is u n ifo rm  
m ix in g  o f  f i l le r  in  the la tex stage.

F ille r  d ispers ion-fresh la tex m ix tu re  coagulated 
im m ed ia te ly  on ad d ition  o f  acid  leav ing  a c lear serum. On 
ad d ition  o f  surfactants to  latex they cause displacem ent 
o f  p ro te in  and get s trong ly  absorbed on  rubber partic les. 
In  th is w ay the p ro te in  s tab ilized la tex gets transform ed 
in to  a surfactant s tab ilized  system. O n add ition  o f  acids to  
surfactant con ta in ing  la tex the absorbed anions react w ith  
acid  to  fo rm  un-dissocia ted surfactant, and deprive  the latex 
partic les o f  stab ilizers. A s  a consequence, latex coagulates 
im m ed ia te ly  Due to  q u ic k  coagu la tion  it. is expected tha t the 
u n ifo rm ly  m ixed  carbon b lack  rem ains unaggregated du ring  
coagu lation and fu rthe r processing.



Vulcanization Characteristics
The cure characteristics are shown in  Tables 2a and 2b. 

In  the m aster batch m ixes con ta in ing  40  ph r o f  s ilica/carbon 
b lack dual f ille rs  a com para tive ly  h ighe r torque is recorded 
when the carbon b lack  content is higher. In  the same f i l le r  
load ing  the master batch recorded a h igh e r rheom etric  torque 
and lo w e r cure tim e  as com pared to  d ry  rubber m ixed  one 
show ing  h ighe r leve ls o f  vu lcan iza tio n  at 40  ph r and 50 
p h r concentra tions o f  fille rs . For pure s ilic a  system a lo w er 
m in im u m  torque and lo w e r scorch tim e  is recorded fo r  the 
m aster batch as com pared to  m il l  m ixed  one. W hen surfactant 
( fa tty  ac id  soap) is added to  la tex  i t  disperses u n ifo rm ly  in  latex 
due to  absorption on rubber partic les. D u rin g  coagu la tion  the 
surfactant gets converted in to  the correspond ing fa tty  acid. 
T h is  helps in  bette r vu lcan iza tio n  characterizes o f  rubber as 
fa tty  acids are activa tors o f  vu lcan iza tion

.Mechanical Properties
The vulcanizates prepared f i’om  master batches by the 

new  m ethod showed h ighe r tensile  s trength h igher m odulus, 
hardness, tear strength a long w ith  lo w e r heat b u ild -u p  and 
abrasion loss. (Tables 3a and 3b). The Im provem ent in 
m echanical properties is a ttribu ted to  be tte r f i l le r  dispersion 
and h ighe r leve l o f  vu lcan iza tion . The f i l le r  dispersion 
characteristics are presented in  F igu re  2a and 2b. C om para tive ly  
better d ispersion and lo w e r aggregation is shown b y  master 
batch m ix  as com pared to  m il l m ixed  one.

The  m echanical properties obtained a fte r ageing the 

samples at 100"C /3days are g iven  in  Table 4. The m aster batch 
m ixes showed a h ighe r tensile  strength and m odulus compared 
to  conven tiona l m ixes. The enchancement in  m echanical 
properties and ageing behaviors is a ttribu ted due to  be tte r f i l le r  
d ispers ion a long w ith  h igh e r leve l o f  cross lin k in g

Conclusion
A  u n ifo rm ly  m ixed  f i l le r  d ispersion and la tex in  

presence o f  suitable surfactant coagulates q u ic k ly  an 
ad d ition  o f  acids. T he  f i l le r  m aster batch prepared b y  this 
new  m ethod shows enhanced cure  characteristics, f i l le r  
d ispers ion and superior m echan ica l properties as com pared 
to  con ven tion a lly  prepared m ixes. T h is  is a s im p le r and 
cheaper m ethod o f  m aster batch prepara tion  as comp?u:ed to  
the ea rlie r methods.
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Table 1 a F o rm u la tio n  o f  the m ixes fo r  the  m aster batch

In g re d ie n t Q u a n t ity

N R  f i le r  master batch ♦ 100

Z nO 5

Stearic A c id 1.5

H S * * 1

M B T S  * * * I.O

D P G  * * * * 0.2

Sulphur 2.5

*  exc lud ing  f i l le r
* *  2 .2 .4 -tri m ethy l -  1 ,2 -d ihydroqu ino line  

M ercapto  benzoth iazole d isu lph ide  
* * * *  D iphe ny l guan id ine



Table l b  F o rm u la tio n  o f  the  m ixe s  fo r  the  c o n tro l m ixes

Ingredient Quantity
N R 100

ZnO 5

Stearic A c id 1.5

HS 1

H A F  B la ck /s ilica 10/30,0/40,25/25,30/30

D E G “ 1

M B T S  * * * 1.0

DPG * * * * 0.2

Sulphur 2.5

D ie thy lene  g ly c o l

Table 2a Cure characteristics at 150*C of mixes 
with 40 phr fillers

Parameters
M aste r batch (S ilica /carbon  

b lack)

M i l l  m ixed  
(C o n tro l)  

S ilica /carbon 
b lack

10/30 20/20 30 /10 40 /0 10/30 40/0

Torque 
M ax, dN m

19.44
1

20.01 17.06 23.51 14.96 18.98

J Torpue 
M in , dN m

C6K ^ r.(5J cr.ST f .4 7 t,0 8 5.89

O p tim um  
cure tim e  
t^ ,  m inutes

6.19 7.31 6.51 7.0 6 A 1 8.54

Scorch 
tim e, tSj, 
m inutes

1.0 1.29 1.38 1.39 1.01 2.08

Table 2b C ure  characteristics at 150< ] o f  m ixes 
w ith  50 ph r f ille rs

Parameters M asterbatch M i l l  m ixed

S ilica /ca rbon  b lack 25/25 25/25

Torque M ax, dN m 22.67 21.03

Torque M in , dN m 2.43 2.39

O p tim u m  cure tim e , t ^  
m inutes

9.39 9.06

Scorch tim e , ts^, m inutes 1.41 2.06

Table 3a Mechanical properties of the mixes with 40 
phr fillers

Parameters M aste r batch M i l l  m ixed  
(C o n tro l)

S ilica /
carbon
b lack

10/30 20/20 30/10 40 /0 10/30 40/0

M odu lus
300% ,
M Pa

17.5 14.03 7.0 4.22 10.8 3.0

Tensile
strength,
M P a

27.6 28.2 30.6 27.6 26.6 21.5

Elongation 
at break,%

400 560 550 7.0 550 8.54

Tear
Strength,
kN /m

86.9 70.7 75 70 80.8 53

Hardness, 
Shore A

68 64 58 58 58 54

Heat

up,AT,”C
r V  ' f ( Z  ' X T (S  (

A brasion
loss,
mm^/h

98 118 140 153 no 270

Table 3b Mechanical properties of the mixes with 50 
phr fillers

Parameters M aste r batch M i l l  m ixed

S ilica /ca rbon  b lack 25/25 25/25

M od u lus  300% , M Pa 10.8 7.2

Tensile strength, M Pa 27.3 24.5

E lo ng a tion  a t b reak, % 570 620

Tear S trength, k N /m 103 88

Hardness, Shore A 66 58

Heat B u ild 'U p ,A T ,°C 16 21

D in  abrasion loss, 
mm^/h

107 143



[UPDATE »
Table 4 Mechaoical properties of the vulcanizates after ageing at 100*C for 3 days

Parameters M aste r batch M i l l  m ixe d  (C o n tro l)

S ilica /ca rbon  b lack 10/30 20 /20 30/10 40 /0 25 /25 10/30 25/25 40 /0

M od u lus  300% , M Pa 16.6 10.9 6.25 5.6 8.58 10.5 6.85 3.0

E longa tion  at break, % 336 480 520 600 525 510 590 650

Tensile strength, M Pa 21.3 22.3 26.7 23 24.5 22.6 21.6 15

F ig  1. P artic le  size o f  (a ) carbon b lack  in  the  carbon 

black, d ispe rs ion (b ) s ilica  in  the s ilic a  d ispers ion , (c )  rubber 

pa rtic les  and dispersions o f  carbon b lack  and s ilic a  (20 /2 0 ) in  

la te x - fi lle r  m ix tu re .

F igure  2. D ispers ion ra tin g  25/25 s ilica /carbon  b lack  m ixes.

a. M aster ba tch  X  =  8.8 Y  =  9.3

b. M i l l  m ixed  X  =  7 Y  =  9.2

( Y  =  10 denotes no agglom erate) X  denotes f i l le r  d ispersion 
and Y  denotes agglom erate d ispersion. Partic les above 23 
m icrons is considered as an aggregateO
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