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In troduction

B lending o f  rubbers is extensively used in the industry to achieve desirable combinM ion of 
properties at a  reasonable cost. In rubber b lends it is im perative that both the com ponent rubbers are 
vulcanized  alm ost to the sam e extent and are also vulcanized to one another across the interface to 
obtain acceptable physical properties. Due to the higher solubility o f sulphur in unsaturated rubbers 
and the g reater affinity  o f  m any accelerators for m ore polar m bbers, significant d ifference in the 
cross-link  density  o f the phases o f rubber blends can result. In addition, if the rate o f  vulcanization 
varies considerably  betw een the elastom ers, depletion o f the curatives in the  faster curing 
com ponent can cause curative m igration and further cure im balance. W hen the com ponent rubbers 
are  technologically  com patible and having com parable cure rates it is not too d ifficult to achieve 
acceptable  vulcanisate properties as in the case o f blends like NR^PB or SBR/PB which are widely 
used in tyre treads. It is m uch m ore difficult to achieve useful blends o f NR with specialty rubbers 
like n itrile rubber, epoxidised natural rubber (ENR), EPD M , butyl rubber etc. due to high level o f 
incom patibility , large differences in curative m igration or cure rate betw een elastom er. Recent 
sm dies have show n the im portance o f identifying cure system s which will give near even cross-link 
d istribution  in e lastom er blends containing rubbers differing in polarity (1).

EN R50 is a  chem ically  m odified form  o f NR (having 50  m ole % epoxidation) having oil 
resistance com parable to  that o f NBR and air imperm eability close to that o f  butyl rubber (2). 
R ecendy it has been reported that blending o f 20-50 parts o f  EN R50 with N R  could reduce the air 
perm eability  o f N R  from  half to one fourth o f its original value (3). These blends were vulcanized 
using  a peroxide system . Due to the widely differing polarity o f these rubbers, com m ercial 
u tilization o f this finding recquires proper selection o f sulphur based cure system  to achieve 
desirable vulcanisate properties. The present study reports the influence o f  the type o f  accelerators 
on the cure characteristics and gum vulcanisate properties o f the N R /E N R50 blends. T he effect o f 
cure  tem perature (140 -  I70°C) on vulcanisate properties o f these blends was also studied.

Experim ental

T he rubbers used in this study were NR (ISNR5) and epoxidised natural rubber w ith 50 
m ole % epoxidation (ENR50), both produced at the pilot plant facility at the R ubber Research 
Institute o f India. O ther ingredients were standard com m ercial grade chemicals.

N R and EN R  50 m asterbatches were prepared according to the form ulation given in T able 
1 using  a laboratory type Banbury internal m ixture at 40“C, 70 rpm  for 5 minutes. C ross blending 
o f the m asterbatches were also carried out using sim ilar conditions for 2 m inutes. Curatives were 
added in a  two-roll m ill. Tables 2-4 give the curative form ulations used. A  semi-EV cure system  
with sulphur; accelerator ratio 1.5:1.5 was used. CBS was arbitrarily selected as the ba,se 
accelerator and sam e m olar concentration of other accelerators were used. In a sim ilar m anner, the 
level o f  secondary accelerator was selected as O.I phr TM TM  and sam e m olar level was used for 
all o ther secondary accelerators.
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C u re  ch arac te ristics  w ere d e te rm in ed  usin g  a M o n san to  R h eo m eter RlOO and the t 
sam ples  w ere  cu red  to  its o p tim um  cu re  tim e ( t^  m in). V u lcan isa te  p roperties o f  the blends were 
d e te rm in ed  as p e r A S T M  standards. F o r co m pounds p repared  usin g  selected  cure system s th  ̂

estim a tio n  o f  cu re  lim e and vu lcan ization  o f  the test sam ples w ere  carried  out at 140 150 160 t   ̂
170®C. ’ ’

R esults and  Discussion 

C ure  charac te ris tics  and  vulcanisate p roperties

T h e  cure  charac te ristics N R  and E N R 50  gum  co m p o u n d s and its 50:50  blends are given in 
T ab le  5. T h e  cu re  rate  is substan tia lly  h igh  fo r E N R  (C R I=  4 4 .4 ) than  for N R  (CR1= 26.7). Though 
the m echan ism  o f  vu lcan ization  in these  rubbers a re  essen tia lly  sim ila r, EN R  cures faster as the 
iso lated  dou b le  bonds react m ore rap id ly  than co n tinuous do u b le  bonds (4). C B S and MBS based 
com pounds show  com parab le  cure  lim e .T he m ax im um  to rque a tta ined  in these  system s were also 
com parab le  show ing  that the n um ber o f  cross links form ed are  com parable . DCBS based 
com pounds cu red  at a  m uch s low er rale excep t D C B S /T M T M  system  T h e  m axim um  torque 
atta ined  w ere a lso  m uch less w hen  com pared  to  the o th er tw o system s.

Tensile properties

T able  6  show s the  vulcanisate  p roperties o f  N R and E N R  5 0  cured  using  CBS and its 
b lends cu red  using  d ifferen t acce lera to r system s. Both N R  and E N R  show  high gum  strength due to 
their ab ility  to  strain  c rysta llize . A m ong  C B S  system , those  b lend  vulcanizates cured using CBS 
plus secondary  acce lerato rs show ed h igh tensile  streng th , 24.8-27.1 M P a. M odulus and elongation 
at b reak  are  h igh  and com parable . From  th ese  resu lts  it can  b e  a ssum ed  th at CB S based accelerator 
system  cou ld  generate  fairly  even d istribu tion  o f  c ross-links in both N R  and E N R  phases.

A m ong the  M B S  series, M BS alone and M B S /T M T M  system  show ed  low er tensile values 
w hile M B S /D P G  and M B S / M B T S system s im parted  h igh tensile  streng th . M odulus values were 
a lso  low er w hen M B S alone was used  w hile  o ther system s show ed com parab le  m odulus values. All 
vu lcanizates prepared using  D C BS based  acce lerato rs show ed  low er tensile  properties because of 
the low er level o f  total c ross links form ed. T h is  is ev iden t from  the low er m odulus values as well us 
from  the low er m axim um  rheom etric  values.

T ea r streng th

E xcept in D C BS system s tear strength  values are  h igher than  th at o f  the individual NR and 
EN R 50 gum  vulcanizates. Such synerg ism  in tear streg th  is reported  earlie r also in heterogeneous 
rubber b lends (5). Such im provem ent in tear strength properties o f  the  b lend  is attributed to a better 
intercross linking betw een phases. T hus the blend vulcanizates p repared  using  cure systems 
C B S/T M T M , C B S/D PG  and M BS /M B T S w hich  show ed h igher tensile  strength and high leai" 
strength indicates that its tw o phases cross linked evenly  and m ight have sufficien t inter cross 
link ing  at the interphase.

O th er vulcanisate p roperties

T able  7  give b lend  vulcanizate  properties other than  tensile  and tear strength. Shore A 
hardness o f  the blend vulcanizates prepared  using  CB S and M BS based cure  systems arc 
com parab le  w hile that o f  D C BS based cure  system  was low er. EN R show ed  considerably higher 
com pression  set w hen com pared  w ith N R vulcanizate. In blends, the com pression set varied 
dep en d in g  on the type o f  accelerators used; low est for C B S/T M T M  system  and highest for DCBS
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Effect o f cure tem perature

From  the forgoing discussion it can Ik  seen that the best tensile, tear strength properties 
and low er com pression set values were obtained using CB Sm vlTM , CBS/DPG and MBS/MBTS 
system s. In order to study the effect o f  cure tem perature on vulcanisate properties of NR/ENR 50 
b lends, these blends were cured at 140,160 and 170 C also.

F ig .l show s variations o f tensile strength with cure temperature. Tensile strength was 
com parable  w hen cured at I40“C-I60»C. M odulus at 300% elongation also showed similar trend 
Fig. 2  show s the effect o f  cure tem perature on tear strength which indicates that in all three systems 
the h ighest value was obtained for vulcanisates cured at 150"C and then decreased when the cure 
tem perature is increased. Com pression set values were generally lower for samples cured at 140 
and 150 C  com pared to that cured at 160 and 170 "C (Fig.3). These results show that, though the 
best results w ere obtained at 150 C, the effect o f cure temperature on vulcanisate properties were 
m arginal for the three cure system s studied except at !70"C. This in turn indicates that the diffusion 
and partitioning o f  curatives between NR and ENR 50 was not significantly influenced by cure 
tem perature.

Conclusion

T he effect o f type o f accelerators on cure characteristics and vulcanisate properties of 
50:50 blend o f N R /EN R50 was studied. Three different sulphenamide accelerators; CBS, MBS and 
D C BS w ere used as prim ary accelerators at equim olar concentrations along with TMTM, DPG and 
M BTS as secondary accelerators. CBS/TM TM , CBS/DPG and M BS/MBTS systems showed better 
tensile and tear strength properties compared to that of NR and ENR 50 gum vulcanisates. Other 
physical properties were in between that o f NR and ENR 50 vulcanisates. Vulcanisate properties of 
the  blend using  these systems cured at 140 to 160°C were comparable and that cured at 170°C 
show ed reduction in properties indicating that curative migration was not significantly influenced 
by tem perature. DCBS series showed poor properties compared to two other systems.

sr; v a .e s  ,„
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T a b le t : Formulation for NR and ENR master batches

Ingred ien ts A m ount, p h r

NR 100 -

ENR50 -- 100

Calcium stearate - 5

ZnO 5 5

Stearic acid 2 2

Antioxidant HSL 2 2

T able  2 : CBS cure system T able  3 : MBS cure system

C uratives A m ount, p h r C uratives A m ount, phr

S 1.5 1.5 1.5 1.5 S 1.5 1.5 1.5 1.5

CBS 1.5 1.5 1.5 1.5 MBS 1.43 1.43 1.43 1.43

TMTM - 0.1 - - TMTM - 0.1

DPG - - 0.11 DPG - - 0.11

MBTS - 0.17 MBTS - - 0,17

T able  4 : DCBS cure system

C uratives A m ount, p h r

S 1.5 1.5 1.5 1.5

DCBS 1.97 1.97 1.97 1.97

TMTM 0.1 - -

DPG - 0.11 -

MBTS - - 0.17
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T a b le  5  ; C u re  c h a ra c te r is t ic s  o f  tlie b len d s

C o m p o u n d M in im um
T o rq u e ,

dN .m

M axim um  
to rq u e , dN.m

C u re  tim e, (95, 
m ln

C u re  ra te  
Index

NR 7.0 59.75 1 2 .8 26.7
E N R  50 3.0 41.0 6.5 44.4
CBS 3 43.0 9.0 40.0
C BS/TM TM 3.5 44.0 7.5 50.0
C BS/D PG 4.0 45.0 7.5 44.4
C BS/M BTS 3.0 43.0 9.0 40.0
M BS 2 .0 43.0 9.75 25.0
M B S/TM TM 2.5 45.0 6.75 33.3
M BS/D PG 2 .0 44.0 9.25 26.6
M B S/M B TS 3.0 46.0 9.0 26.7

DCBS 3.0 27.0 27.0 5.0

DC B S/TM TM 3.0 27.0 8 .2 21.5

DCBS/D PG 4.0 33.0 27.0 4.2

DCBS/M BTS 2.5 35.0 16.5 8.3

T a b le  6  : T e n s ile  an d  tea r  s tren g th  o f  N R /E N R 5 0  b lends (50 :50)

S am p le T ensile
s tre n g th ,

M P a

MlOO,
M Pa

M 200,
M Pa

M 300,
M Pa

EB,
%

T ea r
stren g th ,

N/m m
NR (CBS) 2 2 .1 0.98 1.52 2.23 616 33.0

ENR50CCBS) 2 0 .0 0.96 1.52 2 .1 620 26.0

CBS 2 2 .0 0.94 1.42 2.08 647 45.5

CBSyTMTM 27.1 1.01 1.58 2.4 653 45.3

C BS/D PG 26.0 0.94 1.45 2.15 680 51.1

CBS/M BTS 24.8 0.97 1.49 2.19 669 44.2

M BS 15.7 0.873 1.34 1.97 615 33.5

MBSATMTM 16.0 0.98 1.54 2 .2 1 605 42.8

M BS/D PG 24.1 0.94 1.45 2.14 675 40.8

M BS/M BTS 27.9 0.99 1.53 2.3 6 8 8 44.3

DCBS 6.54 0.663 0.93 1.29 611 14.0

DCBSyTMTM 1 2 .2 0.78 1.13 1.61 636 26.6

D CBS/DPG 12.4 0.77 1.13 1.61 638 18.2

D CBS/M BTS 16.8 0.75 1.13 1.63 6 6 6 22.7
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T able  7 : Vulcanisate properties of NR/ENR50 blends

Sam ple H ardness 
Shore A

Com pression 
set, 70“C / 22h

H eat build 
u p / C

Resilience,
%

N R  (C B S) 34 19.9 4 76.0

E N R 5 0  (C B S ) 35 41.7 13 31.9

C B S 29 44.6 9 51.2

C B S /T M T M 30 26.9 9 51.2

C B S /D PG 30 36.1 9 45.7

C B S /M B T S 29 33.6 9 50.0

M BS 32 31.4 12 50.6

M B S /T M T M 31.5 34.0 10 44.0

M B S /D P G 31.5 36.2 9 55.0

M B S/M B T S 32 33.2 9 45.2

D C BS 24 55.4 14 49.4

D C B S/T M T M 28 54.6 14 50.8

D C B S/D P G 26 56.4 15 44.6

D C B S /M B T S 28 44.0 11 48.8
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Rg I.V aria lio ns of tensile stregthof NFVENRSO 
blends w ilh  temperature

30 -----------------------------------------------

150 160 170

Tenperature. OC

■ CSSAMTMbCBS/DFG DMBSflVBTS I

Fig.2 Variations of tear strength of NR/ENR50 blends 
with cure temperature

160
Temperature, OC

I ■ CBS/TVrrM □  CBS/DPG □  MBS/MBTS ]

Fig3: Effect of cure temperature on compression 
setofNR/ENRSO biends
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