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ABSTRACT

S tre s s  r e la x a tio n  of s e lf -v u lc a n is e d  e p o x id ise d  n atu ral ru b b e r  (E N R )- 

ca rb o x y la te d  n l t r i l e  r u b b e r  (XNBR) blend under d iffe re n t ageing 

co n d itio n s ’ l ik e  aqueous a c id , aqueous a lk a li  and hot a i r  h a v e  been 

stu d ied . *The unaged s e lf-v u lc a n ise d  blend l ik e  conventional ru b b e r
4

v u lca n isa tes  show ed two re la x a tio n s  in the tim e range of 10 s e c .  

Compared to XNBR v u lc a n isa te s  the blend show ed a much low er d ecay  

of s t r e s s  w ith  tim e. The s e lf-v u lc a n ise d  blend show ed b e t te r  ageing 

re s is ta n c e  tow ards a c id , a lk a l i  and hot a ir  as r e f le c te d  from  te n s ile  

p ro p e rtie s  • and s t r e s s  r e la x a tio n  s tu d ie s . T h is  could  be a ttr ib u te d  

to the v ario u s s tr u c tu r a l changes taking p la ce  under th e  d iffe re n t 

ageing co n d itio n s .

INTRODUCTION

S e lf-v u lc a n is a b le  ru b b e r  b len d s is  a novel c la s s  of ru b b e r  b lend s 

which c r o s s lin k  by th em se lv es  without the a id  of v u lcan isin g  agents

when h eated  a t h ig h  tem p eratu res. E xam p les are  b len d s based  on
1 2  3 4ENR , XNBR , p o ly ch lo ro p re n e  (CR) and h yp alon  . The c h a r a c te r is -

—  0 7
ation^, p olym er f i l l e r  in te ra c tio n  and rh e o lo g ic a l a s p e c ts  of s e l f -

v u lca n isa b le  b in a ry  ENR-XNBR blend h as been docum ented. In th is

communication we r e p o r t  th e  re s u lts  of our s tu d ie s  on ageing and

s tr e s s  r e la x a tio n  c h a r a c t e r i s t ic s ,  of th is  b len d .

EXPERIMENTAL

Form ulation of th e  m ixes are  shown in  T a b le  1 . B o th  ENR and XNBR 

were f i r s t  in d iv id u a lly  m asticated  on a la b o ra to ry  s iz e  two r o ll  

m ixing m ill fo r  about 1 min e a ch . The m astica ted  sam p les of the 

two ru b b e rs  w ere blended to g eth er in equ al amounts on th e  m ill 
fo r  a fu r th e r  p erio d  o f s ix  m inutes, x h e  f i l l e r  ISAF b la ck  was added 

a f te r  b lending th e  two r u b b e r s .



E Ec X Xc Exb E x b is  20

ENR-50 100 100 __ 50 50
XNBR (K ry n a c  221) — — 100 lOO 50 50
Na2C03 0.25 0 .25 — - - — —
ZnO 5 5 5 5 “  —
S te a r ic  a c id 2 2 2 2 — —

ISAF b la c k __ 20 20 — 20
A ro m a tic  o i l — 2 — — —̂ —
D io c iy l p h th a la te 2 — —
TM TD^ 1 .6 — — — - - —
MBS^ 2.4 1 1 1 — —
S u lp h u r 0 .3 2.B 2 .4 2 .4

A iRiramcthyl thiuram dlsu lphide. 
b N -oxydielhyiene ben20thiazole-2-sulphenam ldc.

S tress , relaxation  and ageing studies were carried out using dumpbell 
shaped test specimens.The samples were subjected to the following 
three d ifferent ageing conditions.
1. Air ageing at 70®C for twelve days, in an a ir  oven.

2. Aqueous acid aesing. 25% HCl, at 70°C for seven days.

3. Aqueous a lk a li ageing, 25% NaOH at 70®C for seven days.

RESULTS AND DISCUSSION

Plots of ( a  is  obtained from the maximum stress at t = 0 ,
when the desired stra in  is  reached, (r is the s tre ss  at subsequent 
times) versus log (tim e) for the unaged vulcanlsates are shown in 
Flpure 1 .S tre ss  re laxation  param etrrs* obtainedB^'e shown In Table 2.

Tlmt. attendB ** »0* *6*
PiO 1 o <1 BflllA))

em ilogarithinic plots of s tre ss  decay as a function 
of time for the gum and filled  vulcanlsates



The s t r e s s  r e la x a t io n  b eh a v io u r of a l l  unaged v u lca n isa te s  could

be f i t te d  on tw o s t r a ig h t  l in e s  a s  o b serv ed  e a r l i e r  fo r  u n filled  ru b b e r  
9 -1 2v u lca n isa te s  , The e x is ta n c e  o f a second lin e  w ith  s lo p e  low er 

than th e  f i r s t  lin e  in d ic a te d  two re la x a tio n  m echanism s operatin g  

in th e  tim e range s tu d ie d . The f i r s t  re la x a tio n  could be due to
Q

sm all seg m en ts  o r  dom ains o f m olecu lar ch a in s  and the second due
13to rearrangem ent o f m olecu lar ch a in s  o r  aggregates . I t  was o b serv ed  

th at tim e a f t e r  w hich  th e  s lo p e  changed was high fo r  ENR and low 

fo r  XNBR. w h ile  th e  blend  had a value w hich was in betw een th e  

two s in g le  r u b b e r s .  T h e  co m p a ra tiv e ly  h ig h  s t r e s s  re la x a tio n  could

be due to  th e  h ig h  h y s t e r is e s  caused b y  ion ic c ro s s lin k s in  XNBR^^’ ®̂

T ab le  a : Ageing and s t r e s s  re la x a tio n data of th e  te s t  v u lc a n isa te s .

Sample C onditions M odulus, MPa 
300%

T e n sile
s tren g th

MPa

Elongation 
, at b re a k ,

%

Slop e of log log 
p lo ts  o f s t r e s s  
re la x a tio n  data

E O rig in al 
A ir 70®C/12 d * 
Acid 70®C/7 d 
A lk a li 70°C/7 d

1 .5 0

1 ,4 0

3 .3
1 .4
6 .4  
2 .1

590
250

15
440

0 .0 1 2
0 .0 1 0

0 .0 1 6

Ec O rig in al 
A ir 7 0 '’C/12 d 
Acid 70°C/7 d 
A lk a li 70°C/7 d

6 .2

7 .5

2 5 .5  
9 .0  
0 .5

1 7 .5

790
280

7
580

0 .0 2 0
0 .0 3 1

0 .0 2 5

X O rig in al 
A ir 70"C/12 d 
Acid 70°C/7 d 
A lk a li 70°C/7 d

5 .5
6 .3

6 .3

1 5 .1
1 1 .0

4 .0
7 .2

600
430
192
335

0 .0 4 1
0 .0 4 7

0 .0 3 3

Xc O rig inal 
A ir 70®C/12 d 
Acid 70®C/7 d 
A lk a li 70“C/7 d

1 0 .4
1 6 .0

2 3 .5
2 3 .3  

8 .0
1 3 .4

570
405
173
268

0 .0 5 9
0 .0 6 6

o .'b s i

Exb O rig inal 
A ir 70®C/12 d 
Acid 70'>C/7 d 
A lk a li 70‘>C/7 d

2 .3 2 .7
2 .6
3 .0
2 .3

350
190
181
155

0 .0 1 7
0 .0 1 2
0 .0 2 4
0 .0 1 6

E x b is  20  O rig in al
A ir 70°C/2 d 
Acid 70°C/7 d 
A lk a li 70"C/7 d

7 .8

9 .6  ■

9 .6  
1 1 .0

6 .6  
9 .9

360
280
145
307

0 .0 2 4
0 .0 2 4
0 .0 3 5
0 .0 2 8

* d a y s . 

AIR AGEING
S tre s s  r e la x a t io n  data o f a i r  aged sam ples a t 70°C fo r  12 days is  

shown ^n 2 T h e b len d  show ed b e t te r  re ten tio n  of te n s ile
p r o p e r t ie s  th an  th e  co n tro l ENR v u lcan isa tes-



ACID AGEING

The blend  v u lc a n is a te s  showed a much le s s  s t r e s s  d ecay  than the 

co n tro l m ixes in  th e  tim e range stu d ied  2 ) .  T h e ENR v u lcan isa tes

a fte r  a c id  ageing becam e v e ry  b r i t t l e  and could not b e  s tre tch e d  

to 150% s t r a in .  The XNBR v u lca n isa te s  a lso  show ed poor s t r e s s  r e ­

la x a tio n  p r o p e r t ie s .  T h is  b eh av io u r could be c o r r e la te d  w ith  s tru c tu ra l 

changes occu rin g  during ageing as r e f le c te d  from te n sile  p ro p e r tie s . 
ALKALI AGEING

The Changes in  both  te n s ile  p ro p e rtie s  and s t r e s s  re la x a tio n  is  le s s  

prom inent a f te r  a lk a l i  ag ein g . The s t r e s s  r e lx a tio n  of a ll  m ixes show 

c lo se  s im ila r i ty  to unaged v u lca n isa te s  ( T a b l t  2 ) .  However, a lk a li  

ageing in c re a s e s  th e  d ecay  of s t r e s s ,  as o b se rv e d  from T ab le  2 .  

.’h is  b eh av io u r c o r r e la te s  w ell with the aged te n s ile  p ro p e r tie s .

CONCLUSION

The b len d  v u lc a n isa te s  showed two r e la x a t io n s  l ik e  the conventional 

ru b b e r  v u lc a n is a te s , in  th e  tim e range s tu d ie d .

Ageing s tu d ie s  under d iffe re n t ageing con d ition s l ik e  hot a i r ,  acid  

and a lk a l i  show ed th a t  the blend tiad b e tte r  r e s is ta n c e  to ageing 

than co n tro l s in g le  ru b b e r  v u lc a n isa te s . T h is  could be a ttr ib u te d  

to th e  s tru c tu ra l ch an ges occu rin g  during th e  d iffe re n t ageing co n d itio n s.
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