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S u p e r i o r  p r o c e s s i n g  (S P ) n a t u r a l  r u b b e r  w a s  p r e p a r e d  b y  b l e n d i n g  d i f f e r e n t  p r o p o r t i o n s  o f  f r e s h  a n d  
r a d i a t i o n  v u l c a n i s e d  n a t u r a l  r u b b e r  la te x ,  f o l l o w e d  b y  c o a g u l a t i o n  a n d  d r y i n g .  T h e  M o o n e y  v i s c o s i ty  o f  S P  
r u b b e r  i n c r e a s e d  a s  t h e  p r o p o r t i o n  o f  c r o s s - l in k e d  r u b b e r  in c r e a s e d .  C r o s s - l in k e d  a n d  u n c r o s s - l i n k e d  r u b b e r  
b l e n d e d  in  2 0 /8 0  p r o p o r t i o n  (P 2 0 ) r e c o r d e d  v e r y  g o o d  m e c h a n ic a l  a n d  p r o c e s s in g  c h a r a c t e r i s t i c s  c o m p a r e d  
to  p u r e  N R . T h e  b e t t e r  p r o c e s s in g  c h a r a c te r i s t i c s  w e r e  a t t r i b u t e d  to  t h e  h ig h e r  v i s c o u s  n a t u r e  o f  t h e  m o d i f ie d  
r u b b e r  in  g u m  a n d  c a r b o n  b la c k  f i l le d  m ix e s .  I t  w a s  o b s e r v e d  t h a t  th e  P 2 0  r u b b e r  h a d  a  h i g h e r  le v e l  o f  
v u l c a n i s a t i o n  t h a n  th e  p u r e  N R . T h e  i m p r o v e d  p r o c e s s a b i l i ty  a n d  v u lc a n i s a t i o n  c h a r a c te r i s t i c s  w e r e  e n s u r e d  
f r o m  t h e  a n a l y s i s  o f  v is c o e la s t i c i ty  c u r e  c h a r a c te r i s t i c s ,  p h y s i c a l  p r o p e r t y  e v a l u a t i o n  a n d  f i l le r  d i s p e r s i o n  
c h a r a c te r i s t i c s .  B le n d in g  o f  f r e s h  n a t u r a l  r u b b e r  la te x  a n d  r a d i a t i o n  v u l c a n i s e d  la te x  in  s u i t a b l e  p r o p o r t i o n s  
o f f e r  a  v e r y  s im p le  m e t h o d  to  p r o d u c e  S P  r u b b e r  w i t h  e n h a n c e d  p r o c e s s in g  c h a r a c te r i s t i c s  a n d  m e c h a n ic a l  
p r o p e r t i e s .

K e y w o r d s :  R a d i a t i o n  v u l c a n i s a t i o n ,  N a t u r a l  r u b b e r  la te x .  P r o c e s s in g  r u b b e r ,  V is c o e la s t ic i ty .

INTROD UCTIO N better processing properties. (George et a l,
^  , , , „ , , , 2000). Generally there is little loss of physical
The latex which ,s called prevu canised the final vulcanisate but they

latex becam e indispensable for the improved processing characteristics
manufacture of latex products like toy to retain dimensional stability, 
balloons. Rubber band, gloves, latex foam gp ^^^ber is prepared using latex cross-
etc. Later an application of this cross-linked  ̂ by sulphur and accelerators in the
latex as a process aid (called superior latex stage. Field latex suitably compounded
processmg rubber) in the form of dried the various compounding ingredients
rubber after coagulating the latex blend of jg steam heated using a water bath to the
uncrosslinked and cross linked latex was desired level of crosslinking, cooled and
explored. (Karunaratne and Fernando, then intimately mixed with the required
1985). The Superior Processing (SP) rubber quantity of fresh field latex. The blended
consists of well mixed vulcanised and latex is coagulated with acid.
unvulcanised rubber. They can be i .. i_ i- i j  u, , . , . ., NR latex can be cross-linked  bycompounded in the manner sim ilar to  ̂ j-  • r,. ̂   ̂ , , , . , exposure to gamma radiation in presence of
ordinary grades of natural rubber, with sensitizers. The latex is called



radiation vulcanised natural rubber latex 
(RVNRL). This latex has several advantages 
over conventional sulphur vulcanised one. 
The advantages include better latex stability 
(longer shelf life possible), less or toxicity 
(free from nitrosamines and accelerators 
induced allergies), better clarity of products 
(better colouration), cleaner industrial 
effluents (less environmental pollution), 
lower ash content (less environm ental 
pollution), absence or of toxic gases on 
com bustion (safer disposal of used 
products). An advantage of crosslinking by 
radiation vulcanisation is the degradation 
of proteins to water soluble hydrolytic 
products that can be easily removed during 
coagulation. (Keong, et a l, 2009; Varghese 
et al., 2003; Makuchi, 2003).

Partial removal of proteins from latex 
is know n to im prove the dynam ic 
properties of rubber vulcanizates. Sulphur 
prevulcanisation involves preparation of 
different compounding ingredients, its 
addition to latex without affecting colloidal 
stability and heating the compounded latex 
at higher temperature. So it is expected that 
blending of cross-linked and uncross-linked 
rubbers based on RVNRL would offer better 
mechanical and dynamic properties than 
blend of cross-linked and uncross-linked 
rubbers based on accelerated sulphur cross- 
linked system. The work presented in this 
paper is an attempt in this line.

M ATERIALS AND M ETHODS

Field latex collected from the RRII 
Experiment Station was used as the raw 
material. The latex was irradiated with y 
radiation using the Pilot plant facility of 
Rubber Research Institute of India. The 
irradiation was carried out in presence of 
n-butyl acrylate as a sensitizer having a total 
dose of 15 kGy. The fresh latex is mixed with 
RVNRL at d ifferent proportions and

coagulated with 5 per cent sulphuric acid 
and made into crepe and dried at 70 ‘'C to 
obtain modified rubber. The proportion of 
uncross-linked/cross-linked rubber was 
100/0, 80/20, 60/40, 40/60, 20/80 which are 
designated as PNRL, P20, P40, P60 and P80 
respectively.

The stability of latex in terms of zeta 
potential was studied using Zeta Analyser 
MALVERN Nano-S. The particle size of latex 
was determined using a MALVERN Nano-Z 
particle size Analyser.

Properties of the rubber were determined 
using standard test methods. The Mooney 
viscosity was determined using Mooney 
viscometer model V-MV 3000. The other 
processing related param eters were 
determ ined using RPA 2000. Cure 
characteristics, dynamic and mechanical 
properties were evaluated as per standard 
m ethods. The filler- filler interaction 
characteristics were studied by evaluating 
Payne e ffec t  using DMA 50 N and filler 
dispersion was assessed by using a Dynisco 
Dispergrader Plus. Ageing studies were 
done as per the standard ASTM method.

RESULTS AND DISCUSSIONS  

1. Stability of latex

It was observed that radiation 
vulcanized latex could be mixed well with 
fresh NR latex without affecting colloidal 
stability. The zeta potential values are shown 
in Table 1. The latex samples remain stable 
while blending resulting in uniform mixing 
of latex. A high zeta potential is shown by 
fresh field latex. The zeta potential is slightly 
lower for RVNRL and blends. Earlier 
reports show that fresh latex has a higher 
zeta potential than concentrated latex 
(from which RVNRL is prepared) due to the 
higher proportion of phospholipids, 
carbohydrates and proteins inherently



T a b le  1. P r o c e s s i n g  c h a r a c t e r i s t i c s  o f  n a t u r a l  r u b b e r  l a te x

P a r t i c u l a r s M o o n e y  v is c o s i ty  
M L  (1+  4 ) a t  10 0  "C

Z e ta  p o t e n t i a l  
m V

M e a n  p a r t i c le  
d i a m e te r ,  n m

P 2 0 6 7 -51.95 4 3 8

P 4 0 68 -4 8 .3 4 5 5

P 6 0 7 2 -4 8 .8 5 0 0

P 8 0 8 0 -5 6 .4 5 1 0

N R  a lo n e 8 7 -6 2 .9 5 2 0

R V N R L  a lo n e - -5 8 .9 3 8 0

present. (Jitalda et al., 2011). The average 
particle size of pure RVNRL, fresh NR latex 
and blended latices vary from 380 nm to 530 
nm. (Table 1) There is no noticeable level of 
aggregation of particles, as the particle size 
changes only marginally after blending.

2. Raw rubber properties

The raw rubber properties of the 
blended rubber are shown in Table 2. It is 
observed that the gel content, acetone 
extractables. In itial plasticity  (Pq) and 
Mooney viscosity increased with increased 
proportion of cross-linked rubber. However 
PRI was not influenced with higher 
proportion of cross-linked rubber. The 
higher amount of acetone extractables in 
blends of cross-linked and uncross-linked 
could be associated with the non-rubber 
ingredients formed in latex during its

processing into RVNRL or due to the added 
ingredients like fatty acid soaps etc.

Mooney viscosity depends on factors 
like molecular weight, molecular weight 
distribution, branching, green strength, gel 
content etc. and as such cannot characterize 
the viscous and elastic response separately. 
A material of less elasticity can have better 
processing characteristics. (Jiri Malac, 2011)

3. Processing characteristics

The Mooney viscosity values are given 
in Table 1. The Mooney viscosity that gives 
an insight into processability ranges from 
67-72 for pure NR and NR mixed with 20 
and 40 per cent cross-linked NR. The 
difficulty of mixing SP 80 is due to the 
comparatively higher viscosity because of 
the presence of cross-linked rubber as 
Mooney viscosity is inversely correlated to

T a b le  2 . R a w  r u b b e r  p r o p e r t i e s  o f  b l e n d s  o f c r o s s - l i n k e d  a n d  n o n - c r o s s - l i n k e d  r u b b e r

N R L /
R V N R L

S a m p le
n o ta t i o n s

G e l
c o n te n t

(% )

A c e to n e
e x t r a c t

{%)

I n i t i a l

p l a s t i c i t y

(Po)

P la s t i c i ty  
r e t e n t i o n  

I n d e x ,  P R I

M o o n e y  
v i s c o s i ty  M L  

(1-^4) 1 0 0  "C

1 0 0 /0 P N R L 1 .4 2 2 .1 7 4 3 9 5 70

8 0 /2 0 P 2 0 9 .8 7 2 .7 0 44 73 72

6 0 /4 0 P 4 0 3 4 .3 3 2 .71 52 8 3 77

4 0 /6 0 P 6 0 5 4 .5 4 2 .2 9 59 8 6 8 3

2 0 /8 0 P 8 0 7 3 .0 3 2 .3 4 70 8 3 9 6



processing characteristics. Mooney units are 
recorded at comparatively low shear rates 
while RPA testing is conducted at very high 
shear rates and better knowledge about 
processing characteristics of rubbers can be 
obtained using Rubber Process Analyzer. 
(Dick and Liotta, 2004; Stevens and Dick, 
2001).

The RPA frequency sweep measured at 
100 per cent strain for tan 5 and elastic torque

F ig . 1. R P A  f r e q u e n c y  s w e e p  o f  r a w  N R  a n d  b le n d s  
o f  r a w  a n d  c r o s s - l in k e d  N R  f o r  s '  a t  a  s t r a in  
o f  10 0  p e r  c e n t .

are shown in Figs. 1-2. As a general 
observation elastic torque S' increases with 
frequency. The elastic responses remained 
are almost the same for pure NR and for the 
blend containing 2 0  parts of cross-linked 
rubber. The elastic torque recorded for mixes 
containing 40 and 60 parts cross-linked 
rubber was only slightly higher compared 
to pure NR (Fig. 1). However P80 recorded 
a very high elastic torque. Hence it is 
expected that it is very difficult to process 
P80. As seen from Fig. 2 a higher tan 6  is 
shown by both pure NR and NR containing 
20 parts cross-linked rubber. Rubber 
samples that have higher tan 6  and lower 
elastic torque are known to have better 
processing characteristics than natural 
rubber samples with lower tan 6  when 
samples of very close Mooney viscosities are 
compared. (Stevens and Dick, 2001).

The plots of elastic torque versus strain 
percentage are given in Fig. 3. At lower and 
at higher strain percentage NR and NR 
containing 2 0  parts cross-linked rubber 
showed almost same S'. Earlier reports show 
that rubbers with comparable Mooney 
v iscosities can show a d ifference in 
processability and the rubber that records 
higher elastic torques at higher strains have 
lesser sticky nature during processing. It was

c /5

oj 15H
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•B e j 
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n r  
— IH ”  N R  20 

N R  40 
N R  60 

•••♦••■•NR 80
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S e t  f r e q u e n c y  (H z )
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F ig . 2 . R P A  f r e q u e n c y  s w e e p  o f  r a w  N R  a n d  b le n d s  
o f  r a w  a n d  c r o s s - l in k e d  N R  a t  a  s t r a i n  o f  100 
p e r  c e n t .

F ig . 3 . R P A  s t r a i n  s w e e p  a t  a  f r e q u e n c y  o f  0 .1  H z  o f  
r a w  N R  a n d  b l e n d s  o f  r a w  a n d  c r o s s - l in k e d  
N R .



observed that mixing ease remained the 
same up to 60 parts cross-linked rubber 
while for P80; the mill breakdown was very 
less due to the very high Mooney viscosity.

4. Processability of compounded rubber 
with relation to viscoelastic parameters

The RPA frequency sweep for 
compounded rubber (Table 3) measured at 
a strain level of 1 0 0  per cent noticeably 
higher tan 5 for P20 and P40 compared to 
NRL (Fig. 3). At higher frequencies also a 
higher tan 5 was shown by P20 and P40 but 
there was lower difference in the tan 8  values 
for the different mixes.

When tested at lower amplitude for 
strains in the viscoelastic region of P20 
recorded a noticeably higher damping than 
ISNR 5 at higher frequencies (Fig. 4). 
However at lower frequencies the tan 8  was 
higher for NR compared to P20.

It is known that the elastic response can 
vary when rubber is tested at different 
strains. The rubber molecules are more

T a b le  3 . F o n n u l a t i o n  of  A C S  I  a n d  c a r b o n  b l a c k  
f i l l e d  m ix e s

S e t f r e q u e n c y  (H z )

F ig .  4 .  R P A  f r e q u e n c y  s w e e p  f o r  t a n  8  o f  
c o m p o u n d e d  N R  a s  p e r  A C S l  f o r m u la t io n  
f o r  N R  a n d  b l e n d s  o f  r a w  a n d  c r o s s - l in k e d  
N R  a t  a  s t r a i n  o f  1 0 0  p e r  c e n t .

I n g r e d i e n t s A C S l C a r b o n  b l a c k  f i l le d

R u b b e r 1 0 0 1 0 0

Z n O 6 5

S te a r ic  A c id 0 .5 1

M B T * 0.5 -

A n t i o x i d a n t - 1 .2

S R F  b la c k - 4 0

N a p t h e n i c  o il - 2

CBS** - 0 .9

S u l p h u r 3 .5 2 .5

* M e r c a p to b e n z o th i a z o le
* * C y c l o h e x y lb e n z o th ia z o l e s u l f e n a m id e

entangled in the viscoelastic region (6.98%) 
while at higher levels (1 0 0  %) there is no 
entanglement of NR molecular chains and a 
better understanding of processability is 
obtained when tests are conducted at high 
strains.

A similar observation is seen for plots 
of elastic torque versus frequency. A lower 
S' was observed for P20 and P40.

These data show that there is higher 
viscous component for P 20 compared to NR 
that corresponds to lower dies-well during 
processing operation like extrusion and 
hence better processing characteristics.

It is well known that RPA measures both 
elastic and viscous properties. The torque 
transmitted through the sample is measured 
as complex torque S* which is the sum of 
elastic component S' (elastic torque) and 
viscous component S" (viscous torque).

S'/S" = tan S ----- (1)
So a higher tan 6  or lower S' corresponds 

to more viscous com ponent in the 
viscoelastic material. A low die swell is well 
known to correlate with higher viscous 
component in the viscoelastic material.



T a b le  4 . C u r e  c h a r a c t e r i s t i c s  o f  A C S l  m ix e s

P a r t i c u l a r s  T o r q u e m in im u m ,  d N .m T o r q u e  m a x i m u m  d N .m O p t i m u m  c u r e  t im e  m in u te s

A C S l C a r b o n  b la c k A C S l C a r b o n  b la c k A C S l C a r b o n  b la c k

P N R L  0 .2 0 1 .2 0 4 .2 4 1 6 .2 0 2 1 .2 2 8 .7 8

P 2 0  0 .1 6 1 .76 6 .9 6 1 7 .7 9 2 8 .6 4 1 0 .8 0

P 4 0  0 .5 2 2 .6 3 4 .2 4 1 8 .3 2 2 4 .0 8 1 0 .9 8

P 6 0  0 .5 7 2 .7 5 5 .0 8 1 7 .4 3 2 9 .6 5 1 1 .06

P 8 0  1 .0 0 2 .1 5 5 .0 3 1 5 .7 0 2 9 .6 5 9 .91

T a b le  5 . M e c h a n i c a l  p r o p e r t i e s  o f  c a r b o n  b l a c k  f i l l e d  m ix e s

P a r t i c u l a r s P 2 0 P 4 0 P 6 0 P 8 0 P N R L  ( P u r e  N R )

M o d u l u s , M P a 2 .7 7 2 .9 5 2 .9 8 2 .6 9 2 .4 4

T e n s i le  s t r e n g t h ,  M P a 2 4 .4 9 2 2 .61 22 .61 2 1 .3 7 2 0 .0 9

E lo n g a t io n  a t  b r e a k ,  % 61 5 5 8 0 5 8 5 5 8 5 6 4 0

T e a r  s t r e n g t h ,  k N /m 113 1 0 8 9 8 8 3 8 3

H a r d n e s s , S h o r e  A 62 6 2 62 6 0 5 8

D I N  a b r a s i o n  lo s s ,  m m " 135 1 3 2 133 1 44 12 5

C o m p r e s s i o n  s e t ,  %  2 2  h  a t  7 0  °C 4 0 .9 4 1 .5 4 2 .6 4 2 .2 4 1 .0

H e a t  b u i l d - u p ,  " T , °C 18 19 18 17 17

S o lv e n t  a b s o r b e d ,  %

( a f t e r  2 4  h o u r s  in  t o lu e n e ) 192 1 9 0 183 1 80 19 3

S e t f r e q u e n c y  (H z )

R P A  f r e q u e n c y  s w e e p  fo r  S ' o f  c o m p o u n d e d  
N R  a s  p e r  A C S l  f o r m u l a t i o n  a t  a  s t r a i n  o f  
1 0 0  p e r  c e n t .

5. Cure characteristics

The cure characteristics as per ACSl 
and carbon black filled mixes are shown in 
Table 4.

As observed higher crosslinking is 
observed for P20 both for ACSl mixes and 
in carbon black filled mixes. However as the 
amount of cross-linked rubber increases the 
level of vulcanization does not improve. It is 
already observed that due to high Mooney 
viscosity there were difficulties during mill 
mixing. It is expected that cross-linked rubber 
contains predom inantly carbon-carbon 
crosslinks with small amount of grafted 
sensitizer. The latex is colloidally stable and 
during mixing it is expected that they mix 
very homogeneously. TTie reason for a higher 
level of cure is not very clear but there is the



E ' T 6 0 " C

F ig . 6.

S e t f r e q u e n c y  (H z )

R P A  f r e q u e n c y  s w e e p  f o r  t a n  5  o f  
c o m p o u n d e d  N R  a s  p e r  A C S l  f o r m u la t io n  
a t  a  s t r a i n  o f  6 .9 8  p e r  c e n t .

S e t f r e q u e n c y  (H z )

F ig . 7  R P A  f r e q u e n c y  s w e e p  f o r  S ' o f  c o m p o u n d e d  
N R  a s  p e r  A C S l  f o r m u l a t i o n  f o r  N R  a n d  
b l e n d s  o f  r a w  a n d  c r o s s - l in k e d  N R  a t  a  s t r a in  
o f  6 .9 8  p e r  c e n t .

possibility that some non rubber ingredients 
present in radiation vulcanized latex like the 
fatty acids formed during the processing of

D y n a m i c  s t r a i n  

F ig .  8 . P a y n e  e f f e c t  o f  d i f f e r e n t  v u lc a n iz a te s .

RVNRL could activate the cure. It is well 
known that during preservation of latex by 
ammonia the phospholipids hydrolyze to 
form free fatty acids.

6 . Physical properties

A higher tensile strength, tear strength 
and modulus is shown by P20 in comparison 
w ith control NR. The filler dispersion 
characteristics as obtained from a Dispersion 
Analyser are given in Table 6 . The filler 
dispersion characteristics as obtained from 
measurement of Payne effect is given in Fig. 
The data from the curves of elastic modulus 
versus frequency and the rating from 
D ispersion A nalyser show that 
incorporation of cross-linked rubber did not 
adversely affect filler dispersion.

The enhancem ent in m echanical 
properties could be attributed to higher level 
of crosslinking and good filler dispersion.

T a b le  6. F i l l e r  d i s p e r s i o n  u s i n g  D i s p e r g r a d e r
T e s t  p a r a m e t e r P 2 0 P 4 0 P 6 0 P 8 0 P N R L

X = 7 .6 X =9.0 X = 8 .6 X =8.2 X = 7 .3

Y = 9 .9 Y = 10 Y = 10 Y = 10 Y = 9 .8

D is p e r s io n  % 9 9 .5 9 9 .9 9 9 .9 9 9 .9 9 8 .0



C O N C L U S I O N

Blending of radiation vulcanised 
natural rubber latex (RVNRL) with fresh 
field latex in definite proportions followed 
by coagulation and drying gives a modified

form of rubber that has enhanced processing 
characteristics. This modified form of rubber 
containing 2 0  parts of cross-linked and 80 
parts uncross-linked rubber exhibits very 
good mechanical properties as compared 
to conventional natural rubber.
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