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Natural rubber, styrene-butadlene rubber, and polybu­
tadiene rubber were used to replace part of the butadiene- 
acrylonitrlle rubber in a 70/30 butadlene-acrylonitrlle rub- 
ber/poly(vinyl chloride) blend. Such replacement up to 15% 
of the total weight of the blend Improved the mechanical 
properties, while decreasing the cost of the blend. Styrene- 
butadiene rubber could replace butadiene-acrylonitrile 
rubber up to 30% of the total weight of the blend without 
deterioration in the mechanical properties.

INTRODUCTION

Blending of polymers for property improve­
ment or for economic advantage has gained 

considerable importance. Poly(vinyl chloride) 
(PVC) homopol)oner is a stiff and brittle mate­
rial. For many applications, therefore. It is use­
ful to blend PVC with other polymers or copol­
ymers In order to improve its properties. One of 
the most suitable modifying additives is buta­
diene-acrylonitrile rubber (NBR) (1). NBR acts 
as a permanent plasticizer for PVC in applica­
tions such as wire and cable Insulation, food 

italners, pond liners used for oil contain- 
I nt, etc. On the other hand. PVC improves 
dzone. thermal aging, and chemical resistance 
of NBR in applications such as fuel hose covers, 
gaskets, conveyor belt convers, printing roll 
covers, etc. (2). Because of good NBR/PVC com­
patibility, their blends can be prepared in any 
proportion with predictable properties (3).

Common rubbers such as natural rubber 
(NR), styrene-butadiene rubber (SBR), and poly- 
butadiene rubber (BR) are not likely to be com­
patible with either NBR or PVC (4) and. hence, 
the effect of modifying an NBR/PVC blend by 
any of them cannot be easily predicted (3). In 
this study, NBR up to 30% of the total weight of 
a 70/30 NBR/PVC blend Is replaced by NR, SBR. 
and BR while the amount of PVC stays con­
stant, and the properties of the vulcanlzates are 
compared. Magnesium oxide (MgO) and zinc ox­
ide (ZnO) combination in presence of stearic 
acid recently has been shown to be an efficient

stabilizer for PVC, particularly in PVC-based 
blends (5-7). Hence, this stabilizer was used in 
this study.

EX PER IM EN T A L
Materials

’ On leave from Rubber Research Institute of India. Kottayam 6 ^  009. India.

The polymers used in this study were:
PVC (powder; suspension polymer; K value

= 65)
NBR (33% acrylonltrile; Mooney viscosity, 

ML(1 + 4 ) atlOO^C, 40.9)
NR {Mu, =  7.70 X 10®; ISNR 5 (Rubber Re­

search Institute of India); Mooney vis­
cosity, ML (1 + 4) at 100“C. 85.3)

SBR (23.5% styrene; Mooney viscosity, ML 
(1 -1-4) at 100®C, 49.2)

BR (97% 1, 4 (cIs); Mooney viscosity, ML 
(1 + 4 ) at 100®C, 48.0).

Studies on a Brabender Plasticorder
An attempt was made to determine the rela­

tive effect of substituting part of NBR in a 70/ 
30 NBR/PVC blend with NR. SBR, and BR on a 
Brabender Plasticorder Model PL3S (rotor 
speed: 30 rpm, sensitivity 0-5000 metergrams, 
mixer temperature 160®C). The total weight of 
polymers taken for each run was 40 g. In addi­
tion to the polymers. 4 parts of MgO per 
hundred parts of PVC resin (phr), 4 phr ZnO, 
and 3 phr stearic acid were added as stabilizer 
for PVC. Initially, the mixing characteristics of 
an NBR/PVC blend that contained 70% NBR (of 
the total polymer weight) was studied. NBR w£is 
added initially and homogenized for 2 min, then



PVC together with its stabiliser was added. The 
blending was contained for 10 min after the 
torque passed the maximum value.

The blending characteristics of the terpoly- 
mer blends, made by replacing NBR partly (30% 
of the total weight of polymers) by NR. SBR. and 
BR, were Investigated next. NR. SBR. or BR was 
added initially and homogenized for 2 min. then 
NBR was added and mixed for another 2 min. 
Next PVC along with its stabilizer was added. 
After the torque passed the maximum value, 
the blending was continued for another 10 min 
as before. The Brabender torque curves along 
with the amounts of polymers added are shown 
In Fig. 1.

Determination of Mechanical Properties
For measuring the mechanical properties, an 

NBR/PVC blend containing 70% NBR (of the 
total polymer weight) was also chosen as the 
standard. The effect of modifying this blend by 
NR. SBR, and BR on the mechanical properties 
was determined by replacing parts of NBR (15% 
and 30% of the total polymer weight) by each of 
these rubbers and then measuring the change

in the properties. However, the polymers were 
not melt mixed for preparing the test samples, 
since the Brabender studies have shown that 
melt mixing leads to some degradations partic­
ularly In the NR. SBR, and BR phases. Hence, 
NBR/PVC blend alone was made on a Brabender 
Plastlcorder initially at the optimum tempera­
ture (7). together with the stabilizer for PVC (4 
phr MgO. 4 phr ZnO. and 3 phr stearic acid). 
The terpolymer blends were then made by add­
ing NR, SBR, or BR to the NBR/PVC blend on a 
warm laboratory mixing mill. The vulcanizing 
agents for the rubber(s) were also added on the 
mill. The formulations employed for the prepa­
ration of the various compounds are shown in 
Table 1.

The cure characteristics of the compounds 
were determined at 150®C on a Monsanto Rhe­
ometer Model R 100 [Table 2). Test samples 
were vulcanized up to the respective cure time
at 150®C.

The tensile properties were determined on '< 
Zwick Universal Testing Machine as per ASTM 
D 412 (1980). Tear strength of the samples was 
determined as per ASTM D624 (1981). The
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Fig. I . Brabender torque curijes o f the polymer blends. Weight in grams o f each polymer added Is shown uJifhtn parenthe­
ses. Times marked In the abscissa refers only to the torque curve of the NBR/PVC blend. For the others, zero starts from  
the point marked A. Scale, however, is the same.



hardness of the samples was measured and 
expr;essed in Shore A units. The swelling char­
acteristics were determined in chloroform, tol­
uene, and an aromatic oil as per ASTM471 
(1983). The properties of the blends are shown 
in Table 2.

RESULTS AND DISCUSSION
The Brabender torque curve for the NBR/PVC 

blend in Fig, 1 may be explained as follows: 
NBR is added in the region C to D and, hence, 
the torque rises. Once the addition is complete, 
the rubber homogenizes and the .torque begins 
to decrease at D because of mechanochemlcal 
degradation. PVC is added at E and because of 
its melting, the torque rises to F. Again, there

Tablo 1. Formulations Used for Preparation o f Test Samples.

Polymer Weight Percentage o f Total Polymers

C
SBR.

orBR

NBR

30.00

0.00
15.00

30.00

70.00
55.00

40.00

(for NBR/PVC blend)
(for blends containing 15% of NR, 

SBR. or BR)
(for blends containg 30% of NR, SBR, 

orBR )
(for NBR/PVC blend)
(for blends containing 15% of NR, 

SBR. or BR)
(for blends containing 30% of NR. 

SBR. or BR)
Total 100.00

Stabilizers for PVC
Parts Per Hufidred 

Parts o f PVC

MgO (light magnesia)* 4.00
ZnO (white seal)* 4.00
Stearic acid* 3.00

Curatives for the Rubber(s)

Parts Per Hundred 
Parts o f Total Rub* 

ber(s)

ZnO (white seal)* 2.50
Stearic add* 1.50
CBS**
TMTD*** ( 0.20 J
S* v V

* Rubbvr g rsd *.
** N < ycto lw xyl-2- b a n ie tM u y1 suH cnam M *; A lka li A  C lw n to a l Corp. o f indta Ltd . 
■** Tatram attiyl tM uram  d ttuM da; AlakH *  C lw m lca l Corp. o f In d ia Ltd .

Is a tendency for the torque to drop slightly up 
to G. However, the rate of decrease in torque 
from F to G is much less than that from D to E 
indicating that PVC offers good protection to 
NBR against the degradation, obviously because 
of the compatible nature of the polymers. There 
is also no visual evidence for any degradation 
of the blend during blending.

A comparison of the four torque curves In 
Fig. 1 indicates that maximum torque rise from 
E to F occurs In the case of the NBR/PVC blend. 
This shows that even though the same amount 
of PVC (12 g) was added in each case, the max­
imum amount melted in this case showing 
again the good compatibility of NBR and PVC. 
These observations might indicate that the rel­
ative compatibility of PVC with the rubber(s) 
may be approximately estimated from the fol­
lowing factors:

1. Amount of PVC melting (torque rise from 
E to F)

2. Amount of protection offered by the PVC 
phase against the degradation of the rubber(s) 
(rate of decrease in torque from F to G compared 
with the rate of decrease from D to E and visual 
examination of the blend for any color devel­
opment during the test run on the plasticorder). 
The former (1) is likely to give more useful in­
formation if similar tests are conducted at a 
lower temperature, and the latter (2) is if the 
tests are conducted at a higher temperature.

In the case of NR/NBR/PVC blend, the addi­
tion of a mere 12 g of NR initially produces a 
fast rate of degradation, as seen from the torque 
curve from B to C. This is due to the high 
molecular weight of NR. When NBR is also 
added, the net rate of decrease in torque from 
D to E increases because of the larger amount 
of rubber. With the addition of PVC. the torque 
rises from E to F. However, this difference In 
torque is less than that observed in the case of 
the NBR/PVC blend. Further, the protection of­
fered by PVC against the degradation of the 
rubbers seems low, judging from the rate of 
decrease in torque from F to G, indicating poor 
compatibility. The degradation of the blend in­

Table 2. Properties of Blends.

NR/NBR/PVC SBR/NBR/PVC BR/NBR/PVC

NBR/PVC 15% NR 30% NR 15% SBR 30% SBR 15% BR 30% BR

Tensile strength (MPa) 10.3 13.0 8.4 11.0 11.6 12.3 5.6
Elongation at breai< (% ) 513 550 350 488 510 515 230
Tear strwigth (N/mm) 45.90 55.75 32.82 42.72 41.0 42.40 28.9
Hardness (Shore A) 58.0 57.0 56.0 62.0 62.0 60.0 62.0
Swelling ir ^ x :

(EquiKbrium wt -  original wt) x  100

origirial weight
(a) chloroform 732.03 667.57 639.10 710.67 664.6 617.86 596.18
(b) toluene 148.00 165.40 190.80 155.50 164.80 162.40 172.50
(c) aronr^atic oil 1.39 4.44 9.28 7.19 13.40 5.34 9.33

Cure Characteristics:
(a) scorch time (mts.) 6.50 5.50 4.50 e.oo 7.00 6.50 5.00
(b) cure time (mts.) 12.00 8.50 7.50 12.00 10.60 10.00 8.00
(c) Reversion (no. of units dropped 

in 5 mts.)
Nil Nil

1.0
Nil Nil NH Nil



side the plastlcorder also could be observed vis­
ually from the color development.

In the case of SBR/NBR/PVC blend, the initial 
rate of decrease in torque from B to C is very 
little because of the low molecular weight of 
SBR. However, with the addition of NBR, the 
degradation becomes obvious (D to E) because 
of the greater amount of rubber. But with the 
addition of PVC, the rale of degradation is re­
duced (F to G) indicating better adhesion be­
tween the phases in this case than In the NR/ 
NBR/PVC blend. However, the rise in torque 
from E to F is similar to that pf NR, and there 
is visual evidence for slight color development 
Indicating lesser compatibility than in the blend 
of NBR and PVC alone. The behavior of the BR/ 
NBR/PVC blend is similar to that of the SBR/ 
NBR/PVC blend, but indicates lower level of 
blending.

An examination of the tensile properties of 
the blends shows that when the NBR/PVC blend 
Is modified with NR, SBR. or BR at 15% level, 
the properties are Improved. It may be Inferred 
that at this level the incompatibility of the pol­
ymers does not seriously affect the mechanical 
properties. As expected, the NR/NBR/PVC 
blend shows the maximum tensile strength and 
elongation (8-10). However, when NR or BR Is 
present at 30% level, the tensile properties de­
teriorated severely, obviously indicating the in­
compatible nature of the polymers. This shows 
that the optimum amount of NR or BR that can 
be added to NBR/PVC blends is much less than 
this quantity. SBR, which has similar tensile 
properties as NBR. exhibits more or less steady 
behavior even when added at 30% level. This 
again shows that SBR blends better with NBR/ 
PVC blends than NR or BR and that SBR could 
be added to the blend in larger amounts than 
NR or BR. The tear strength of the blends also 
shows a similar trend as the tensile properties. 
SBR and BR blends show a higher hardness 
than the NR blend, as expected (8-10). The 
swelling index values show that the swelling 
rates of NBR/PVC blends In polar solvents like 
chloroform can be reduced by the addition of

NR, SBR, or BR. Considering the enormoCis 
swelling rates of NBR in polar solvents (1 l)^this 
could be an advantage in some applications. 
However, there is some increase ir’ *he swelling 
rates of the NBR/PVC blends in nonpolar sol­
vents and oils with the addition of NR, SBR, or 
BR as shown by the swelling index values of 
the blends in toluene and an aromatic oil.

CONCLUSIONS
The study helps to draw the following conclu- 

sions:
1. NR. SBR, or BR can replace NBR In NBR/ 

PVC blends for proi>erty Improvements 
and for economic advantage. Among these 
three rubbers. SBR can be added in larger 
amounts than NR or BR.

2. The compatibility of elastomers with PVC 
can be roughly estimated using a Braben- 
der Plastlcorder

3. MgO and ZnO combination in presence of 
stearic acid can act as an efficient stabi­
lizer system In PVC-based blends.
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