
isa
G R A FT  CO PO LY M ERISA TIO N  O F A C R Y LO N IT R ILE  W ITH 

N A T U R A L  R U B B E R

By

N . M . C l a r a m m a ,  G . R a j a m m a l  a n d  E. V. T h o m a s  

(Rubber Research Institute o f  India, Kottayam 686 009, India)

INTRODUCTION

G raft copolymers are  particu la r k inds o f  polym ers in  which a  second m onom er is 
copolymerised with an  existing polym er. W hen vinyl m onom ers are  polym erised in 
presence o f jia tu ra l rubber (N R ) under su itable cond itions, some o f  the  new polym eric 
chains formed, gebattached to  rubber molecules and a  g raft copolym er is obtained. Tiiese 
graft copolymers h a ^ a .  com bination o f  p roperties o f  bo th  n a tu ra l rubber and  the vinyl 
polym er. In th is  way thV p tonerties  o f  natu ra l rubber can  be widely m odified according 
to  the nature and quan tity  o T th c  g raft copolymer.

Polymerisation reactions o f  various vinyl m onom ers dispersed in  n a tu ra l rubber 
latex have been reported  (Bloomfield e t al 1954. Buriield & N g 1975, R ?jim m al et al 
1980). Ths m ^st prom ising graft cop Dlym^rs based on n a tu ra l rubber, so fa r obtained 
are those derived from  m ethyl m ethacrylate and  styrene. A crylonitrile (A CN ) when 
grafted w ith natural ru b b ;r , gives a  reinforced m ateria l w ith  im proved resistance to  oils 
and solvents (N aunton 1961). G raft copolym ers o f  n a tu ra l rubber contain ing  acrylonitrile 
have been m ade from  latex (Fernando e t a l 1978).

Polym erisation o f  acrylonitrile m onom er to polyacrylonitrile using potassium  per* 
sulphate/sodium  bisulphite in itia to r system has been reported  (Sorenson & Cam pbell 1961). 
This paper discusses the  standard isa tion  o f  a procedure fo r g raft copolym crisalion o f 
acrylonitrile w ith n a tu ra l rubber in latex stage, using potassium  psrsulpliate/sodim n 
bisulphite in itia to r system. T he technological p roperties o f  the  resu ltan t p roduct have 
also be^n evaluated in  com parison w ith , those o f  natura l rubber and  n ilrile  rubber.

m a t e r ia l s  a n d  m e t h o d s

Field latex collected from  R R II Experim ent S tation and acrylonitrile (R eagent G rade) 
were used as the  S tarting  m aterials. O ther chemicals like  sodium  lauryl sulphate, po ­
tassium  persu lphate and  sodium  bisulphite w ere o f  A R  grade.

A crylonitrile was g raft copolym erised w ith n a tu ra l rubber field latex using potassium  
persulphate/sodium  bisulphite in itia to r system. F o r evolving the  optim um  conditions 
for the g raft reac tion , the following factors were studied.

C oncentration o f  la tex  stab iliser

A m m onia is the m ost suitable preservative for natu ra l rubber latex. But polym erisa­
tio n  o f  acry lonitrile  is inh ibited  by am m onia (M ark  e t a l 1964) and  hence am m onia was



ao t used us the preservative for n a tu ra l rubber latex in  the present study. The suitability 
o f  o ther stabilizers like ethylene oxide condensate (V ulcastab LW ) and  sodium  lauryl 
sulphate a t different concentrations (2 • 5 to  7 - 5 ph r) was studied. The recipe used for 
the study was as follows :

Ingredients Parts by Weight
Dry fVet

Field latex (3 5 % D R C ) 100 286

A crylonitrile 66*7 66-7

Siabilisec varying varying

Potassium  persulphate (20 %) 5 25

Sodium bisulpiuie (10% ) 2 5 25

Tem perature —  Room  tem perature (30®C) 

Pei iod o f reaction  — 24 hrs.

Field Latex was suitably stabilised  and  acrylonitrile, afte r rem oving inh ib ito r, was 
added to  the  la tex  w ith  s tirring . W hsn  com plete d ispersion was effected potassium  per­
sulphate as a  20 % solution was stirred  in . S tirring was continued for 30 m inutes. Sodium 
bisulphite as a  10 % solution was th en  added w ith stirring . The reaction  vessel was closed 
and kept undisturbed  fo r 24 hrs. T he reacted  la tex  was then  coagulated using 10 % cal­
cium chloride solution. T he coagulum  was filtered, washed, dried  and weighed.

C onceiilra lion  o f in itia to r

Tlie above reaction  condition  was used fo r fixing up the concentration  o f  initiator. 
Stabiliser used fo r the  study was sodium  lauryl sulphate a t a concen tration  o f  7 ' S phr. 
The concentration  o f  in itia to r was varied  from  1 to  6 p h r o f  p o ta s s im  persuIphate/0 - 5 
to  3 p h r o f sodium  bisulphite. The yield o f  the p roduct ob ta ined  in  each case was noted. 
Results obtained are given in Table I.

Table I. Effect o f  concentration o f  initiator on yield

C oncentration o f in itia to r (ph i) Y ield
K ,S ,0 g/NaHS03 (% )

1-23 /0 '62 61*0
2 '46 /1 -23 61-5
3-69/1*84 88-6
4*92/2.46 96.0
6-15/3*07 96*5
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P eriod  o f  reac tion

The reac tion  was allow ed to continue for various periods o f  tim e keeping all other 
conditions constan t, as s ta ted  earlie r. The concentration  o f  in itia to r used was 5 phr 
o f  potassium  persuIphate/2-5  p h r o f  sodium  bisulphite. The products obta ined  were 
ex tracted  w ith petro leum  e th er to rem ove free  n a tu ra l rubber an d  then  w ith  D im ethyl 
formam ide to  rem ove free polyacrylonitrile and  the  am ount o f  g ra ft p roduct obtained  
was calculated. T o ta l yield in  each case was also noted . The d a ta  ob ta ined  are given 
in Table 2.

T able 2. Effect o f  iime o f  reaction on yield and amount o f  graft product

reaction Y ield F ree  N R Free poly A CN G raft prod
(hr) (% ) (% ) (% ) (% )

I 7 8 0 65 8 22*2 1 2 0
l i 82-4 62-7 24*0 13-3
2 89*5 57-7 27-3 1 5 0

90 0 5 5 8 28*4 15-8
3 92 0 52-8 30-7 16-5
5 92-8 52-9 31-2 15-9
7 91-9 52-7 31-2 16*1
9 95-5 52-3 31-3 16*4
24 96 0 51-5 32 0 16*5

Eflfect o f varying acry lonitrile  contcnt

The reac tion  was carried  o u t by varying th e  am ount o f  acry lonitrile  (N R  : A CN  — 
90 :1 0 , 80 :2 0 , 70 : 30, 60 ; 40) and  the  yield o f  the  reaction product was determ ined in 
each case. R esults arc  given in  Table 3.

Table 3. Effectofconcentration o f  acrylonitrile on yieid

N R ; A CN Y ield (% )

50 ;5 0 96-2
60 :4 0 96-5
70 :3 0 96 9
80 :20 97*5
90 :10 98-5

G raft reaction  was conducted by m ixing n a tu ra l rubber latex and  acrylonitrile in  the 
ra tio , N R  : A C N  «  60 : 40, a t the  selected conditions and  the technological properties 
o f  the  p roduct were com pared w ith those  o f  n a tu ra l ru b b er and n itrile  rubber (chem aprene 
N  —  3309). C om pound recipe is given in  Table 4. The tensile Strength, elongation 
a t b reak , m odulus a t  100 % elongation, ageing resistance, tear S trength, hardness, resilience 
and com pression set w ere determ ined as per IS 3400. Percentage swell in petro l and hy­
draulic oil w ere determ ined as per ASTM  N o : D  471 - 79.



Ingredients P a rts  by weight
I I I  III

N a tu ra l rubber 100 — —

N itr ile  rubber 100
G raft rubber — 100
Z inc O xide 5 5 5
Stearic acid 1 1 1
S R F  black 50 50 50
D B P — 5 5
A rom atic  O il 5 —

CBS 3 -5 3 -5 3 -5
Sulphur 0 -5 0 -5 0 5

O ptim um  cure tim e
O ptim um  cure tim e a t 150®C (m inutes) 13

RESULTS AND DISCUSSION

20*5 9 5

I t  was observed th a t  the  reac tion  m ixture w as stable when sodium  lauryl sulphate 
a t a  concen tra tion  o f  7 • 5 p h r was used. The resu lts o f  the  study fo r fixing up  the opt imura 
concen tration  o f  in itia to r, as given in  Table 1, Show th a t up to  a  concentration  o f  5 phr. 
o f  potassium  pcrsulphate/2»5 phr o f  sodium  bisu lph ite , yield is increasing and afte r 
th a t the  increase in  yield is n o t m uch appreciable. So optim um  concentration  o f  in itia to r 
w as fixed as 5 p h r o f  potassium  persulphate/2  *5 p h r o f  sodium  bisu lphite. F rom  Table 2 
it  is seen th a t as the  tim e o f  reac tion  is increased, th e  yield o f  the product is also increased 
an d  yield is m axim um  a t abou t 9 hrs. T he m axim um  am ount o f  g ra ft p roduct ob tained  
is 16*5% and fo r th is  a  m inim um  tim e  o f  3 h rs is requ ired . In  the  present study the 
reac tion  m ixture was kep t overnight. T he results o f  the yield ob ta ined  by varying Acry- 
lon itrile  C onten t, as given in  Table 3, show th a t under th e  ^elected conditions m ore 
th a n  96 % yield is ob ta ined  fo r all the  concentrations studied.

The physical p roperties o f  th e  vulcanisates prepared  from  N a tu ra l R ubber, n itrile  
R ubber (A C N  C onten t 33% ) and  g raft rubber (obtained  by m ixing N R  and ACN  in 
the  ra tio  60 :4 0 ) are  given in  T able 5. I t  is seen th a t hardness and  m odulus a t 100% 
elongation  o f  th e  g ra ft rubber a re  superio r to  those o f  n a tu ra l rubber and  n iirile  rubber. 
The resistance to  swelling in  oils and solvents o f  the  g raft rubber is m uch higher than  n a ­
tu ra l rubber b u t low er th an  th a t o f  n itrile  rubber. T hsre  is reduction  in prope ties like 
tensile s treng th , e longation a t b reak , ageing resistance, te a r  strength  and  resilience for the 
g raft rubber.

A lthough a  high percentage recovery o f  96%  is ob ta ined  as a  resu lt o f  the  reac tion  
only 16*5% o f  the  reac ted  product is existing as g raft acrylonitrile. The rest o f  it may 
b 3 p resen t as free polyacrylonitrile . The varia tion  in  some o f  the  physical p roperties 
fo r th e  p roduct developed m ay be due to  th is.



ST.
No. Physical properties I II III

1. M odulus a t 100% E longation (kg/cm^) 15-5 13 50
2 . E longation a t b reak  (% ) 610 675 200
3. Tensile strength  (kg/Cm^) 210 , 120 75
4. After ageing a t 70°C for 96 hrs.

(a) R etention o f  M odulus a t 100 % 
elongation (% ) 100 95-2 100

(b) R etention o f elongation a t break  (% ) 90 95 77
(c) Retention o f  Tensile strength  (% ) 98-5 100 85

5. H ardness (shore A) 52 57 88
6. Resilience ( %) 57 38*5 32
7. Com pression se t (% ) 21 30 46
8. Tear strength (kg/cm) 60 53 37
9. Swelling in  p e tro l a fte r  70 h rs. (% ) 195 21 90

10. Swelling in hydraulic o il afte r 70 hrs (% ) 40 0-5 12-6

CONCLUSION

A  m ethod for the  p reparation  o f  acrylonitrile graft natu ra l rubber was standardised 
using potassium  persulphate/sodium  bisulphite in itia to r system. Oil and solvent resis­
tance o f  natu ra l rubber is substantially  im proved by grafting with acrylonitrile. The 
physical properties like hardness and m odulus are enhanced. P roperties like tensile 
strength, elongation a t break, ageing resistance, te a r  strength  and resilience are slightly 
lowered. The procedure gives a round  17 percent o f  g raft rubber.
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DISCUSSION

Q — Lal DE A lw is, (Chemanex L td.) : 0 )  H ave the  studies o f  graft copolymerisation o f  acrylom trile 
w ith N R  bw n  scaled up  for commercial p roduction?

(2) W hat are its applications an d  advantages over N R  ?

A — N . M . C l a r a m m a ,  (R R II) : (1) Percentage o f  copolym erisation is only 16*5%. Hence this pro­
duct is no t a  substitute for nitride rubbers where resistance to solvents is concerned.

(2) F urther work is in progress to  increase the degree o f  coplymerisation.


