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Epoxidized natural rubber and carboxylated nitrile rubber can be blended and vulcanized during moulding 
without addition of any curative. Such a blend system of self-vulcanizable rubber is completely miscible 
as is evident from differential scanning calorimetry and dynamic mechanical studies. Physical properties 
of the blends are comparable to those of conventional rubber vulcanizates. The blends are reinforced on 
addition of reinforcing carbon black filler.

(K c > n o rd s ; epoxid ized  n a h ira l rubber: carboxylaCcd n itr ile  rubber; self-vu lcan izab lc  rubber blend; m iscib le  rubber blend)

IN T R O D U C T IO N

It has been reported earlier that carboxylated nitrile 
nihbor (XNMR) is vulcnnizahic hy epoxy resin* and 
c|)(>xi(li/ctl nalurnl nihhcr Ix* vukani/cd l>y
dibasic acids^. Accordingly the blend of carboxylaled 
nitrile rubber and epoxidized natural rubber was studied 
to examine the vulcanizing ability o f one rubber by the 
functional group of another rubber. In (he present 
com m unication we report the results of our studies on 
X N B R -E N R  blend. We designate such a system as a 
sclf-vulcanizable rubber blend. No curative was used.

E X P E R IM E N T A L

X N B R  used was Krynac-221 (Polysar Limited, O ntario, 
C anada), containing high level of carboxylated monomer 
and nictlium high bound acrylontlrile level. PNR used 
was L N R -50 (M alaysian Rubber Producers' Research 
Association. U K ), with 5 0m o l%  epoxidation. Both ENR 
and X N BR  were first masticated in the 1 4 x 6 in 2-rol! 
mixing mil! for 6m in each, M jisticated samples were 
blended on the mill for a further period of lOmin. 
Rheographs were taken at 140 C  on a M onsanto 
Rheom eter R -100. The blends were vulcanl/ed during 
moulding for 45n iin  at 140 C. The following physical 
properties of the vulcanizates were determined according 
to Standard m ethods: stress-strain (Zwick U T M , A STM  
D 412-87); tear (Zwick U T M , A STM  D 624-86): hardness 
(Shore A, A STM  D 2240-86); resilience (Dunlop tripso- 
metcr. BS 903: Part A8: 1963, method A); compression 
set (A STM  D 395-85, method A and method B); heat 
build-up (Goodrich (lexometer. A STM  D 623-78); 
abrasion resistance (Cryodon-Akron Dupont abrader,
BS 903: Part A 9: 1957, method C ). Por swelling studies 
the vulcanizates were swollen in chloroform  for 48 h and 
the percent increase in weight due to solvent swelling was 
noted.

D ynam ic mechanical properties (damping) were 
measured using a Rhcovibron model D D V  III-E P  at a 
strain amplitude of 0 .0025 cm and a frequency of 3.5 Hz.

*  'I<) V. !m m  c o rr c s p o n d c n c c  sh ou ld  be ad d ressed
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The procedure was to cool the sample to — 100 C  and 
record the measurements during the warm up. The 
temperature rise was T’C m in

D .s.c. ineasinonicnts were run on a DuponI dilTorcnlial 
scanning calorim eter model 910 in niln>gcn alniosphcrc. 
G lass rubber lransiliot\ temperatures ( 7 of the samples 
were taken as the midpoint of the step in the scan, run 
at a heating rate o f 1 0 X m in “ ‘ .

R E S U L T S  AN D D ISC U SSIO N

Form ulation o f the two blends and the physical 
properties of the moulded blends arc .shown in I'ah lel. 
Blend A contains X N B R :E N R  in the ratio l(K):50. Blend 
Ap is similar to blend A, but contains 45 parts by weight 
o f IS A F  carbon black.

Rheographs of the two blends at 140 C  arc shown In 
riffiirc  I . Increase In rhctmieter torque with vulcani/alion 
time indicates progressive crosslinking o f (he system. As 
we shall discuss later, one blend constituent gets 
vulcanized at 140 'C  by the other com ponent. The higher

T a b le  1 C o m p o s itio n  a nd  p roperties  o f  E N R  -X N B R  blond moulded  
a t 140"C  fo r 4 5 m in

IMcnd d csictu ilion

A A,

C o m ^ s i l io n  (p arts  w e ig h t)
E N R -SO
X N B R KXl \W
IS A F  c a rb o n  b lack - 45

P roperties
1 (X )%  m odu lu s  ( M P a ) 1.02 1.57
T e a s ilc  s lrc n g tli ( M I ’ a ) .V70
E lo n g a tio n  a t b re ak  ( % )
T e a r  streng th  (k N  m  ' ' ) 14.40 ?s.oo
C o m p re s s io n  set a t c onstan t stress ( % ) I I 14
C o m p re s s io n  set at constant s tra in  ( % ) 20
H e a l b u ild  up  (A 7  ) at 5 0 "C  ( C ) :4 40
R c s ilic n te  ( % ) (0 47
H ard n ess  (S h o re  A ) 43 55
S w e llin g  in  c h lo ro fo rm  (percen t increase 872 517

in  w e ig h t)
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Ki}*urf I Riicographs of blends A and A , at 140 C

I'ubli- 2 nircct of mouUliiig'vulciinizalion time on physical properties 
of black-llUcJ X N im  IIN K  blend (AJ

Moulding/vulcanizing time 
(min)

i i ) 45- 90

J.15 J.57 3.57
20.17 20.56 19.28

737 538 374
41.75 38.00 33.02
44 40 30

9.3 3.6 0.76
44 47 48

652 51? 426

Physlc;il pro}vrJy

Modulus i i l J00% !>irajn (MPa) 
Tensile strength (MPa) 
filongation al break (%)
Tear rcs.i}.tance (k N m ‘  ‘ )
Heat build-up at 50'C (AT) ('C ) 
Dynamic set (%)
Resilience (%)
S\\ellin(i in chK>rofoim (percent 

increa.se in wei^ilit)

“ Values also reported in ' I ’liMe I

toixitic valtic in (he ease of hicnd Â . is similar to (hat 
ill a eonvcntioiutl rtibbcr sysleni in Ihc sense (hal 
reinforcing carbon black increases the torque value due 
10 high polymer filier interaction. Results of physical 
properties and swelling studies, as discussed later in the 
paper, further substantiate these findings. Marching 
mcreasc ii) modulus with cure lime as shown in the 
rheogiaphs implies that the cure reversion is absent and 
the vulcanizate network is thermally stable.

Physical properties of (he blend vulcanizate, as 
summarized in 7'i:j/>/c' / ,  shows that gum blend vulcanizate 
shows poor physical properties. However, addition of 
reinforcing carbon black filler increases the tensile 
s(rcni5ih more lhan 5 times, tear resistance more than
2.5 times and abrasion resistance about 4 times. As 
expected, addition of reinforcing carbon black increases 
modulus and hardness and causes reduction in resilience. 
High hysteresis of (he filled system causes an increase in 
licai build-up and compression set. Reduction in percent 
swelling in solvent (chloroform), from 872%  for the gum 
system to 527%  for the filled system, shows increased 
restriction to solvent swelling due to polymer-filler 
in(crac(ioii.

The degree of crosslinking can be changed by varying 
(he curing or moulding time. Table 2 shows that with 
iiicreasc of cure (inie, percent swelling decreases due to 
iho increase in crosslink density, which causes f()rma(ion 
of ;j si^ihlcr network resulting in low dynamic set, low 
heat build-up in Cloodrich llexometer test, lower 
clongalion a( break, higher modulus and higher 
resilience. However, (ensile strength was not greatly

affected. Tear strength decreased at higher curing lime. It 
has been reported that undercuring results in higher tear 
resistance^.

D.s.c. thermograms of EN R , XN BR  and blends of 
ENR and XN BR  are shown in Figure 2. Glass transition 
temperatures of the systems arc summari/ed in Tobk'3. 
The 7js of ENR and XN BK were delected al - 14.5 and 
—25 ‘̂C and the blends A and A  ̂ showed values al
— 19 '̂C. The occurrence of single in the blend and the 
transparent nature of the gum blend indicate complete 
miscibihty of EN R and X N B R . This is also evident from 
the dynamic mechanical analysis. F igu re3 shows the plot 
of damping (tan (5) at different temperatures. Both single

Table 3 Glas.s transition teniperalurcs as olitaincd from
differential scanning calorimetry studies

Rubber/blend

XNBK 
ENR 
Blend A 
Blend A..

T ,( C)

25
-  15
- i9 
-19

-100 - S O  I

T E M P E R A T U R E C t )

SO

Figure 2 D.s.c. thermograms of XNBR. ENR and XNBR ENR blends 
(A and A^)
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Figure 3 Damping (Ian 8) plots for XNDR, ENR and ENR -XNBR 
blend

components and the blend A register maxima in the taj 
5 value almost al the same Icmpcralurc varying IxMwcci
— 1 and — 2.5°C . However, the damping peak of th 
blend occurred in between the individual componenl 
and the peak width or broadening is smaller in the ca: 
of the blend as compared (o XNHR and HNU. Th 
indicates that blends of XN BR and l-NR form a miscib 
system.

The present investigation shows that carboxylatei 
nitrile rubber and epoxldized natural rubber form 
miscible blend system which is self-vulcanizable in tl 
absence of curatives and the black-filled system exhibi 
reinforcement similar to conventional rubbers. Durin 
vulcanization, carboxyl groups of XN BR react wit 
epoxy groups of ENR to form ester crosslinks.
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