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Morphology and mechanical properties of blends of isotactic polypropylene (PP) and nitrile rubber (NBR) 
have been investigated with special reference to the effects of blend ratio. Morphological observations of 
blends showed a two-phase system, in which the rubber phase was dispersed as domains in the continuous 
PP matrix at lower proportions of NBR (550%). The 30/70 PP/NBR blend was found to exist as a co- 
continuous system. Attempts have been made to correlate the changes in morphology with properties. The 
mechanical properties of blends were found to depend on the blend ratio.Various composite models, such as 
the series model, the parallel model, the Halpin-Tsai equation and Coran’s model, have been used to fit the 
experimental mechanical properties. The effect of concentration ofmaleic-modified polypropylene (MA-PP) 
and phenolic-modified polypropylene (Ph-PP) as compatibilizers on the morphology and mechanical 
properties of the blend was also investigated. The compatibilizer concentrations used were I, 5, 10 and 
15 wt%. The domain size of the dispersed NBR particles decreased with the addition of a few per cent of the 
compatibilizer followed by a levelling off at higher concentrations. The levelling off was an indication of 
interfacial saturation. The mechanical properties of the blends were improved by the addition of the 
compatibilizer followed by a levelling off at higher concentrations. The levelling off was an indication of 
interfacial saturation. The mechanical properties of the blends were improved by the addition of the 
compatibilizers. The experimental results were compared with the current compatibilization theories of 
Noolandi and Hong. 
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INTRODUCTION 

Thermoplastic elastomers (TPEs) possess the excellent 
processing characteristics of thermoplastic materials at 
higher temperatures, and the wide range of physical 
properties of elastomers at service temperaturelp5. 
During the last few years, a large number of studies on 
thermoplastic elastomeric blends have been reported6-12. 
A thorough understanding of the blend morphology is 
important, since the properties of polymer blends are 
strongly dependent on the blend morphology’3-‘7. 

Most of the polymer blends are found to be 
incompatible. These incompatible blends are character- 
ized by a two-phase morphology, narrow interphase, 
poor physical and chemical interactions across the phase 
boundaries and poor mechanical properties. These 
problems can be alleviated by the addition or in situ 
formation of compatibilizers or interfacial agents”>19. 
According to Paul and Barlow2’, the addition of a 
suitably selected compatibilizer to binary immiscible 
blends should (1) reduce the interfacial energy between 

*Present address: Rubber Research Institute of India, Kottayam- 
686009, India 
i To whom correspondence should be addressed 

the phases, (2) permit a finer dispersion during mixing, 
(3) provide a measure of stability against gross segrega- 
tion, and (4) result in improved interfacial adhesion. The 
effect of addition of block and graft copolymers as 
compatibilizers in binary polymer blends has been 
studied in detai121-27. Recently, the reactive compatibi- 
Jization technique has been nsed for compatibilizing 
polyethylene (PE)/polystyrene (PS), polypropylene (PP),’ 
nylon-6 PS/nylon-6, PPjPE, PS/EPD 
systemsi8-35. 

and NRjPP 

Finally, thermodynamic theories concerning the 
emulsifying effect of block copolymers in polymer 
blends have been developed by Leibler36’37, and Noo- 
landi and Hong3x-4a. 
Hong38-40 

The theory of Noolandi and 
states that localization of some of the block 

copolymer at the interface results in a lowering of the 
interaction energy between two immiscible homopoly- 
mers, broadening of the interphase between homo- 
polymers, and a decrease in free energy, and ultimately 
limits the amount of copolymer present at the interphase. 

Blends of nitrile rubber (NBR) and PP combine the 
oil-resistant properties of nitrile rubber and the excellent 
mechanical and processing characteristics of PP. They 
can be successfully used for high-temperature, oil- 
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resistant applications. However, these blends are found to 
be immiscible and incompatible. They are characterized 
by a sharp interface, coarse morphology and poor 
physical and chemical interactions across the phase 
boundaries. Although some studies have been 
reported4114’ on the thermodynamics, structural proper- 
ties and compatibilization of NBRjPP blends, detailed 
investigations relating morphology to the properties and 
compatibilizing efficiency to the nature and concentration 
of the copolymer are lacking. The purpose of the present 
study is to investigate systematically the influence of 
blend ratio on the morphology and mechanical properties 
of NBRjPP blends. The effects of concentration of two 
compatibilizers, maleic-modified PP and phenolic-mod- 
ified PP, on the morphology and mechanical properties of 
the blend were investigated quantitatively. The experi- 
mental results were applied to test the current compati- 
bilization theories of Noolandi and Hong. 

EXPERIMENTAL 
Materials 

Isotactic PP (Koylene M3060) with a melt flow index 
of 3 g/l0 min was supplied by IPCL, Vadodara, India. 
NBR, with 32% acrylonitrile content, was supplied by 
Synthetics and Chemicals, Bareli, U.P., India. 

Maleic-modified PP (MA-PP) was prepared by melt 
mixing PP with maleic anhydride (5 parts), benzoqui- 
none (0.75 parts) and dicumyl peroxide (3 parts) in a 
Brabender Plasticorder at 180°C (ref. 11). Phenolic- 
modified PP (Ph-PP) was prepared by melt-mixing PP 
with dimethylol phenolic resin (Sp-1045; 4 parts) and 
stannous chloride (0.8 parts) at 180°C (ref. 11). 

Blend preparation 
The blends are referred to as PO, PjO, PsO, PTO and Piso, 

where the subscripts denote the weight percentage of PP 
in the blend. These blends were prepared in a Brabender 
Plasticorder (model PLE-330) at a temperature of 180°C. 
The rotor speed was 60 rev mini’ and the blending was 
carried out for 6 min. The compatibilizer concentrations 
used were 1, 5, 10 and 15 wt%. 

Physical testing of the samples 
The samples for physical property measurements were 

prepared by compression-moulding the mixes at 180°C 
in a hydraulic press into sheets with dimensions 
15 cm x 15 cm x 0.15 cm. The tensile property measure- 
ments were done on a Zwick Universal Testing machine 
(model 1474) using dumb-bell shaped specimens at a 
crosshead speed of 500 mm min-‘, in accordance with 
ASTM D412-81. The tensile impact strength of the 
samples was measured on a Ceast Impact Tester (model 
6545/000) using dumb-bell shaped specimens. The hard- 
ness of the samples was measured using shore A and 
shore D Hardness Durometer. The crystallinity of the 
samples was measured using a Perkin-Elmer DSC 
differential scanning calorimeter. The weight percentage 
crystallinity of PP was determined from the ratio of the 
heat of fusion of the blend to that of the 100% crystalline 
PP (aHpp = 138 Jg-’ (ref. 43). 

Morphology studies 
The samples for morphology studies were prepared by 

cryogenically fracturing the samples in liquid nitrogen. 
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The fractured end of the sample was kept rmmersed III 
chloroform for two weeks. The samples were then dried 
in an oven. For morphology studies, samples (the NBR 
phase was preferentially extracted) were sputter-coated 
with gold and photographs were taken in a JEQ‘L 
scanning electron microscope. The domain size was 
measured from the scanning electron photomicrographs. 
Several micrographs were taken for each blend and 
about 100 domains were taken for number-average 
domain diameter measurements. The apparent domain 
diameter was obtained from the measurement of hole 
diameter obtained as a result of the extraction of the 
rubber phase. 

RESULTS AND DISCUSSION 
Processing characteristics 

The processing characteristics of the blends haye been 
studied from the Brabender Plastographs. The torque- 
time and torque-temperature relationships obtained 
from Brabender plastographs are shown in Figure 1. In 
all cases, the mixing torque falls rapidly up to 3 min of 
mixing time and then levels off to give uniform values at 
the end of the mixing cycle, indicating a good level of 
mixing. Favisi7 has reported that the final morphology 
of the blend is strongly influenced by the time of mixing. 
All the blends show a higher mixing torque than PP, and 
the torque is found to increase with increase in NBR 
content. This is due to the higher melt viscosity of NBR 
as compared to PP. This result clearly indicates that all 
the blends have higher melt viscosity than PP. It is also 
seen from Figure I that the mixing temperature of the 
blends increases with increase in NBR content. This is 
due to the fact that high shear forces are involved as the 
NBR content increases owing to its higher viscosity as 
compared to PP. 

2Wr_Tempera[ure --- Torque - 

d 
.Ploo 4P70 XPSO ??P30 

I 

Time (min) 

Figure 1 Brabender plastograph showing the variation of mixing 
torque and temperature with time of mixing 



Morphology of the binary blends 
The morphology of heterogeneous polymer blends 

depends on blend composition, viscosity of individual 
components and processing history. Danesi and Porter14 
have shown that for blends with the same processing 
history, the morphology is determined by the melt 
viscosity ratio and composition. Generally, the least 
viscous component was observed to form the continuous 
phase over a larger composition range44. 

The scanning electron micrographs of blends P,s, PSO 
and PsO, from which the NBR phase has been extracted, 
are shown in Figures 2a to c. In the PTO blend, NBR is 
found to be dispersed as domains in the continuous PP 
matrix. This is due to the higher melt viscosity and lower 
content of NBR compared to PP in the blend. As the 
rubber content in the blend increases from 30 to 50 wt% 
NBR, the average size of the dispersed NBR phase 
increases from 5.87 to 17.90 pm. The bigger particle size 
of the rubber phase with increase in rubber content is 
attributed to the reagglomeration or coalescence of the 
dispersed rubber particles. The occurrence of coalescence 
at higher concentrations of one of the components has 
been reported by many authors45-47. In the PsO blend, 
both NBR and PP phases exist as co-continuous phases. 
This is associated with the higher proportions of NBR 
and low viscosity of the PP phase. 

Mechanical properties 
The properties of rubber-plastic blends are deter- 

mined by (1) material properties of rubber and plastic 
phases, (2) rubber/plastic proportions, (3) the phase 
morphology, and (4) the interaction at the interface48. 
The stress-strain curves of the Piso, PTO, PsO, PsO and PO 
blends are shown in Figure 3. From the stress-strain 
curves it is possible to determine the differences in the 
deformation characteristics of the blends under an 
applied load. The stress-strain curve of PP is similar to 
that of a brittle material. It shows very high initial 
modu.lus with a definite yield point. The addition of NBR 
changes the nature of stress-strain curves considerably. 
The stress-strain curves of PP and blends containing a 
higher proportion of PP have distinct elastic and inelastic 
regions. In the inelastic region they undergo yielding. 
The elastic moduli of the blends are found to be 
considerably reduced with the increase in rubber 
concentration. The improved rubbery behaviour of Psa 
blend compared to PTO and Psa can be explained in terms 
of the phase inversion of NBR from dispersed to 
continuous phase on passing 
stress-strain behaviour of NB 
linked soft elastomer. 

Table 1 and Figure 4 show the variation of mechanical 
properties as a function of weight percentage of NBR. 

Figure 2 Scanning electron photomicrographs of NBRjPP blends from which I%BR was extracted with chioroform. (a) 30/70 NBR/PP blend: NBR is 
dispersed as domains i.n the continuous PP matrix. (b) 50150 NBRjPP blend: NBR is dispersed as domains in the continuous PP maerix. (c) 70/30 NBR/ 
PP blend with co-continuous morphology 
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a PI00 
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x P50 
a P30 
@@ PO 
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Figure 3 Stress-strain curves of the samples 

Pure isotactic PP has the highest tensile strength and 
Young’s modulus. From the table it is seen that with 
increase in NBR content, the tensile strength and 
Young’s modulus decrease. The strength of NBRjPP 
blends depends on the strength of the PP phase, which in 
turn depends on the extent of crystallinity. It has been 
observed that the crystallinity of the blend was decreased 
by the incorporation of NBR (Table 2). Martuscelli et 
aL4’ have shown that the spherulite growth of isotactic 
PP in blends with rubber is hindered by the presence of 
the rubber phase. Hence the observed decrease in tensile 
strength and Young’s modulus with increase in NBR 
content is due to the presence of the soft rubber phase 
and fall in crystallinity of the PP phase. It can be noticed 
from Figure 4 that the tensile strength-composition 
curve shows a negative deviation, i.e. blend properties lie 
below the additivity line. The observed negative devia- 
tion is due to the poor interfacial adhesion between the 
non-polar PP and polar NBR phases, which causes poor 
stress transfer between the matrix and the dispersed 
phase. A clear change in the slope of this tensile 
strength-composition curve is seen between the compo- 
sition range 50/50 PP/NBR to 30/70 PP/NBR. The 
observed change in slope is attributed to phase inversion 
of NBR from dispersed phase to continuous phase. This 
type of slope change in a mechanical property-composi- 
tion curve has been re 

I$ 
orted by Danesi and Porter for 

the PP/EPDM system . 
The elongation at break of the PP/NBR blend is found 

to increase with the addition of 30 wt% NBR and after 
that it decreases with increase in rubber content (Table 
I). The elongation at break also shows negative 
deviation. This decrease in elongation at break at 

Table I Variation of mechanical properties with blend composition 

50 
m Tensile strength (MPa) x Shore A 

Weight % NBR 

Figure 4 Effect of weight percentage of NBR on tensile strength and 
shore A hardness of NBRjPP blends 

Table 2 Crystallinity of PP/NBR blends 

Composition Crystallinity (%) 

PlOO 55.3 

Q70 33.9 

PSO 20.9 

p30 13.7 

higher rubber content is due to the poor interfacial 
adhesion between the homopolymers. 

From Table I it is also seen that the tensile impact 
strength decreases with the addition of NBR up to 
50 wt %. In immiscible blends, the tensile impact strength 
usually depends on the particle size of the dispersed 
phase. Smaller and uniformly distributed particles are 
more effective at initiating crazes and terminating them 
before they develop into catastrophic sizes. The decrease 
in tensile impact strength in PP/NBR blends up to 
50 wt% NBR content is due to the poor interfacial 
adhesion and bigger particle size of the dispersed NBR 
phase, as seen in the scanning electron photographs of 
PTo and Pso blends. The poor interfacial adhesion causes 

Property PlOO p70 

Composition 

p50 p30 PO 

Tensile strength (MPa) 35 18.30 9.20 3.50 0.475 

Young’s modulus (MPa) 500 250 135 47 I.5 

Elongation at break (%) 15.6 95.58 43.45 38.64 1267 

Tensile impact strength (Jm-‘) 1110 1008 920 1448 _ 

Hardness shore A 95 95 93 83 28 

Hardness shore D 55 55 45 18 - 
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premature failure as a result of the usual crack-opening 
mechanism. Karger-Kocsis et dsO have shown that with 
increase in particle size of the dispersed rubber phase, the 
tensile impact strength of the PP/EPDM blend decreases. 
Above 50 wt% NBR content, the tensile impact strength 
is found to increase sharply. This sharp increase in 
impact strength may be due to the continuous nature of 
the NBR phase, which forms a co-continuous structure 
with the plastic phase (J?gwre 2). Similar results were 
reported in the case of the PIP/EVA system5”. 

From Table 1 it is seen that the addition of 30 wt% 
NBR does not change the hardness. However, further 
addition of NBR decreases the hardness. The hardness- 
composition curve shows a slope change beyond 50 wt% 
NBR (Figure 4). The reduction in hardness and the slope 
change in the curve at higher proportions of NBR 
(>50%) can be explained by the phase inversion of NBR 
from dispersed to the continuous phase on passing from 
the 50/50 PP/NBR to the 30/70 PP/NBR blend. It is 
interesting to see that the hardness values show a positive 
deviation. 

Various composite models, such as the parallel model, 
the series model, the Halpin-Tsai equation and Coran’s 
equation, have been used to predict the mechanical 
properties of these blends. The highest-upper-bound 

* EXPERIMENTAL 

* WALPIN-TSAI EQUATION 

-m- CORANS EQN. n=2.2 

VOLUME FRACTIQ 

Figare 5 Experimental and theoretical values of Young’s modulus as a 
function of volume fraction of NBR phase 

Figure 6 Scanning electron micrographs of 30/70 NBRiPP blend compatibilized with MA-PP: (a! 1% MA-PP; (b) 5% MA.-PP; (c) iO% MA-PP; /d) 
15% MA-PP 



Study of PPINBR blends: S. George et a. 

Figure 7 Scanning electron micrographs of 30/70 NBRjPP blend compatibilized with Ph-PP: (a) 1% Ph-PP; (b) 10% Ph-PP; fc) 15% Ph-PP 

& Ph-PP 

?? MA-PP 

I I I I 
0 5 IO I5 

Weight % of compatibilizer 

Figure 8 Effect of compatibilizer concentration on the domain size of 
the dispersed phase of 30/70 NBRjPP blend 

parallel model is given by the rule of mixtures: 

M=M154 -t-M2452 !I1 

where M is any mechanical property of the composite, 
MI and Mz are the mechanical properties of components 
1 and 2, respectively, and C#I~ and & are the volume 
fractions of components 1 and 2, respectively. This 
equation holds for models in which the components are 
arranged parallel to one another so that an applied stress 
elongates each component by the same amount. The 
lowest-lower-bound series model is found in models in 
which the components are arranged in series with the 
applied stress. The equation for this case is: 

1/M = &/Ml + 42/M2 (2) 

According to the Halpin-Tsai equation52’53: 

Mr/M = (1 + AiBi&)/(l - Bi&) 9) \ 

Bi = (M,/M~ - 1)/(M1/M2 -I- Ai] (4) 

In the Halpin-Tasai equation, subscripts 1 and 2 refer 
to the continuous phase and dispersed phase respec- 
tively. The constant Ai is defined by the morphology of 
the system. For elastomer domains dispersed in a 
continuous hard matrix, Ai = 0.66. 

For an incompatible blend, mechanical properties are 
generally between the parallel model upper bound (iMu> 
and the series model lower bound (ML). According to 

4410 POLYMER Volume 36 Number 23 1995 



Goran’s ecluation@: 

M = f(MrJ - ML) + A!& (5) 

wheref’ can vary between zero and unity. The value off 
is a function of phase morphology. The value off is 
given by: 

f’= k;In(nVs + 1) J (6) 

I 

-4 1_ 
-5 i 
0 

A 

I I i I 
2 4 6 8 IO 12 14 

I$, x 100 

Figure 9 Effect of voiurne fraction of compatibilizer on the particle 
size reduction of 30/70 NBRjPP blend 

A 0% 

Q I% 

e 10% 

:ei 
3 2 4 6 8 60 

Domain size (pm) 

Figure 10 Effect of MA-PP concentration on domain size distribution 
of 30/70 NBRjPP blend 

I I I I I 

0 2 4 6 8 10 

Domain size (em) 

Figure II Elect of Ph-PP concentration on domain size distribution 
of 30/70 NBRjPP blend 

where n contains the aspects of phase morphology, and 
vH and I’s are the volume fractions of the hard-phase 
and soft phase, respectively. The change in J?” with respect 
to Vn is greatest when Vn = (n - 1)/n, thus the value of 
(a - 1)/n could be considered as the volume fraction of 

ard-phase material that corresponds to a phase inversion, 
Figure 5 shows the experimental and theoretical curves 

of Young’s modulus as a function of soft-phase volume 
fraction. It can be seen that experimental data are very 
close to Coran’s model, in which n = 2.2. The value of 
IZ = 2.2 corresponds to VH = 0.545, as the hard-phase 
volume fraction that corresponds to a phase inversion of 
NBR from dispersed phase to continuous phase. This 
result is consistent with our experimental results from 
morphology and mechanical property studies. 

~Q~PATIBILI~ATIO~ 
kforphology of compatibilized blends 

The effect of MA-PP and Ph-PP as compatibilizers on 
the morphology of the 70/30 PP/NBR blend is shown by 
the scanning electron micrographs of Figures 6 and 7, 
respectively. Figures 6a-d show blends containing 1 %, 
5%) 10% and 15% MA-PP compatibilizer, respectively, 
and Figures 7u-c show blends containing I%, 10% and 
15% Ph-PP compatibilizer, respectively. The morphol- 
ogy of an uncompatibilized blend has been given in 
Figure 2a. From the scanning electron micrographs it is 
seen that the size of the dispersed N R phase decreases 
with the addition of modified polymers. This reduction in 
particle size with the addition of modified polymers is 
due to the reduction in interfacial tension between the 
dispersed NBR phase and PP matrix. 

The average domain sizes of the compatibilized blends 
were analysed as a function of compatibilizer concentra- 
tion (Figure 8). The average domain size of the 
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MA-Modified PP 

Figure 12 Reaction scheme for the maleic anhydride modification of polypropylene 

unmodified blend is 5.87pm. From Figure 8, it is seen 
that in the case of MA-PP compatibilized blends, 
addition of 1% MA-PP causes a reduction in domain 
size of 35%. Further addition of MA-PP does not change 
the domain size considerably, but a levelling off is 
observed. In the case of Ph-PP compatibilized blends, the 
average diameter of the dispersed NBR phase decreases 
up to the addition of lOwt% Ph-PP. With lOwt% Ph- 
PP, the domain size is reduced by 77% of the domain size 
of the unmodified blend. However, further addition of 
compatibilizer increases the domain size. The equili- 
brium concentration at which the domain size levelled off 
can be considered as the critical micelle concentration 
(CMC), i.e. the concentration at which micelles are 
formed. Generally, CiVC is estimated from the plot of 
interfacial tension veYSz.0 copolymer concentration. Since 
the interfacial tension is directly proportional to the 
domain size, the estimation of CMC from the plot of 
domain size veTSUS concentration is warranted 4. The 
CiVC indicates the critical amount of compatibilizer 
required to saturate unit volume of interface. The 
increase in domain size above CMC may be due to the 
formation of micelles of compatibilizer at the continuous 
PP phase. Several authors have reported on the 
interfacial saturation of binar 
addition of compatibilizersX;‘?F~ gt$,pY iti 

Prud’homme27 reported that in PS/poly(methyl metha- 
crylate) blends at lower concentrations of copolymer, 
the dispersed phase size decreased linearly with 
increasing copolymer concentration, whereas at higher 
concentration, it levelled off. Noolandi and Hong also 
suggested that there is a critical concentration of block 
copolymer at which micelles are formed in the homo- 
polymer phases. All the above experimental observa- 
tions, including the present study and theoretical 
predictions of Noolandi and Hong, suggest that a critical 
concentration of compatibilizer is required to saturate 
the interface of a binary blend. Above this critical 
concentration the compatibilizer may not modify the 
interface any more, but forms compatibilizer micelles in 
the bulk phase. 

The interfacial saturation point can be further 
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explained by Taylor’s theory. In Taylor’s theorys7 of 
particle deformation, the critical Weber number, We, is 
given by the equation: 

we = 17,,dni 
27-12 

\ / 

where Q, is the viscosity of the matrix, dn is the number- 
average diameter of the dispersed phase, q is the shear 
rate and 712 is the interfacial tension. From the equation 
it is clear that there is a critical value of We below which 
there is no particle deformation and, as a result, a critical 
particle size. At this point the compatibilizer attains the 
maximum possible interfacial area and therefore there 
must be a maximum quantity of compatibilizer required 
to saturate the interface. 

The theories of Noolandi and Hong can be applied to 
these highly incompatible PP/NBR blends for concen- 
trations less than CMC. According to them the inter- 
facial tension is expected to decrease linearly with the 
addition of compatibilizer below CMC, and above the 
CMC a levelling off is expected. The expression for 
interfacial tension reduction (av) in a binary blend A/B 
upon the addition of divalent copolymer A-b- 
by4’ : 

b = d~cKV2x + l/G) - l/Z, exdGxPf1 (81 
where d is the width at half-height of the copolymer 
profile given by the Kuhn statistical segment length, #, is 
the bulk volume fraction of the copolymer in the system, 
x is the Flory-Huggins interaction parameter between A 
and B segments of the copolymer, and Z, is the degree of 
polymerization of the copolymer. According to this 
equation, the plot of interfacial tension reduction versus 
4, should yield a straight line. Although this theory was 
developed for the action of symmetrical diblock copo- 
lymer A-b-B in incompatible binary systems (A/B), this 
theory can be successfully applied to other systems in 
which the compatibilizing action is not strict1 bv the 
addition of symmetrical block copolymers 5x *. . Since 
interfacial tension reduction is directly proportional to 
the particle size reduction, as suggested by WU~~, we can 
replace the interfacial tension reduction term by the 
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Figure 13 Reaction scheme for the dimethyloi phenolic resin modification of poiypropylene 

particle size reduction (Ad) term in Noolandi and 
IIong’s equation. Therefore: 

Ad = ~4kKl/2x + 1/Z,) - ~/GwG%d2)1 (9) 

where K is a proportionality constant. 
The plot of particle size reduction as a function of the 

volume percentage of compatibilizer is shown in Figure 
9. It can be seen that at low copolymer concentrations 
(below the CA&C), d decreases linearly with increasing 
copolymer volume fraction, whereas at higher concen- 
trations (above the CMC) it levels off, in agreement with 
the theories of Noolandi and Hong. 
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Figure 14 Effect of compatibilizer concentration on the tensile 
strength of 30/70 NBRjPP blend 
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Figure 15 Effect of Ph-PP concentration on the modulus at 5% and 
10% elongation and tensile impact strength of 30/70 NBRjPP blend 

The domain size distribution curves for the MA-PP 
and Ph-PP compatibilized blends are shown in Figures 10 
and 11, respectively. In the case of the unmodified blend, 
a high degree of polydispersity is evident by the large 
width of the distribution curve. With increasing con- 
centration of compatibilizer (Ph-PP and MA-PP), the 
polydispersity decreases, as evident by the decrease in the 

width af the distribution curve. :n the case DI’ tile 5%-W 
compatibilized blend, a very narrow distribution is 
obtained with the addition of 10% Ph-PP. Willis and 
Favis35 have also shown that the addition of compati- 
bilizer to polyolefin/polyamide system not only reduces 
the dimensions of the minor phase, but also results in 
uniform distribution of the minor phase. 

The mechanism of compatibilization and the differ- 
ence in the behaviour of MA-PP and Ph-PP as 
compatibilizers in NBRjPP blends can be explained as 
follows. In the MA-PP, maleic anhydride groups are 
grafted onto the PP chain backbone” as &own in Figure 
12. The compatibilizing action of MA-PP is due to the 
dipolar interaction between the maleic anhydride groups 
of MA-PP and NBR. This causes a reduction in 
interfacial tension, which reduces the domain size of 
the dispersed phase. In Ph-PP, dimethylol groups are 
grafted onto the PP chain, as shown in Figure 13. At low 
concentration of Ph-PP (<5%), the compatibilizing 
action is only due to the bipolar interaction between 
the dimethylol phenolic groups and NBR. But on 
reaching 10% Ph-PP concentration, there is a possibility 
of the formation of graft copolymer between Ph-PP and 
NBR”, as shown in Figure 13. This graft copolymer acts 
as an emulsifier at the interface and thus reduces the 
interfacial tension, leading to small and uniform 
distribution of the NBR phase as seen in the scanning 
electron micrograph of the 10% Ph-PP compatibilized 
blend. 

Mechanical properties of compatibilized blend.7 
The mechanical properties of immiscible polymer 

blends are affected by the addition of compatibilizers. 
Figure 14 shows the variation of tensile strength of the 
70/30 PP/NBR blend with weight percentage of two 
compatibilizers, Ph-PP and MA-PP. With increase in 
compatibilizer concentration the tensile strength is found 
to increase up to lOwt% of compatibilizer and then 
levels off for both compatibilizers. This increase in tensile 
strength is due to the increase in interfacial adhesion 
between PP and NBR phases which is evident from the 
scanning electron micrographs. The highest tensile strength 
of the 10 wt% Ph-PP compatibilized blend is due to the 
lowest particle size of NBR domains in this system. In the 
case of MA-PP compatibilized blends, the increase in tensile 
strength is due to the increased dipolar interaction between 
the MA-PP and NBR phase, which causes an increase in 
interfacial adhesion between PP and NBR phases, although 
there is no reduction in particle size with the increase in MA- 
PP concentration beyond 1%. Similar results have been 
reported for the Nylon/PP system2’. 

The variation of tensile modulus at 5% and 10% 
elongation and tensile impact strength with the Ph-PP 
concentration is shown in Figure 15. The tensile modulus 
is found to increase with increase in concentration of Ph- 
PP up to IO%, and after that it levels off. 

From Figure 15 it is seen that the tensile impact 
strength of the blend increases significantly with the 
addition of up to 10% Ph-PP, and after that it decreases 
drastically. This result is consistent with the literature 
reports on the increase of tensile impact strength with 
reduction in particle size of the dispersed phase. The 
reduction in tensile impact strength for the blend 
containing 15 wt% Ph-PP is due to the formation of 
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compatibilizer micelles in the homopolymer phases. 
Similar results have been reported for the low-density 
~olyeth~~lene/polydimethylsiloxane system5’. 

CONCLUSION 

hology and properties of thermoplastic elasto- 
mers from nitrile rubber (NBR) and polypropylene (PP) 
have been studied, with special reference to the effects of 
blend ratio and compatibilizing agents. The processability 
characteristics analysed from the Brabender plastographs 
show that the viscosity of NBRjPP blends increases with 
increase in NBR content. The morphology of the blends 
indicates a two-phase structure in which the rubber phase is 
dispersed as domains in the continuous PP matrix at lower 
proportions of NBR, and the size of the domains increases 
with increase in rubber content. At 70 wt% of NBR, it also 
forms the continuous phase, resulting in a co-continuous 
morphology. The mechanical properties of the blends are 
found to be strongly influenced by the blend ratio. The 
Young’s modulus, tensile strength and hardness of the 
blends were decreased with increase in NBR content. The 
tensile impact strength decreases with up to 50 wt% NBR 
content and after that it shows an increase. In general, all 
the mechanical property-composition curves show a 
change in slope after 50 wt% NBR. This is associated 
with the change in morphology of the blends. A negative 
deviation from the additive line was observed for all 
mechanical properties except hardness. Various composite 
models have been used to fit the experimental mechanical 
data. The tensile strength and Young’s modulus of the 
blends could be predicted by Coran’s equation. The 
phenolic-modified PP and maleic-modified PP are found 
to act as compatibilizers in PP/NBR blends. With increase 
in concentration of compatibilizers, the domain size of the 
dispersed NBR phase decreases, followed by a levelling off 
at higher concentrations, which is an indication of 
interfacial saturation. The theories of Noolandi and 
Hong predict a linear decrease of interfacial tension with 
compatibilizer volume fraction for concentrations less than 
the CMC. Considering the fact that the interfacial tension 
is directly proportional to the domain size, it is 
demonstrated that the experimental data are in agreement 
with these theories. The mechanical properties of the blend 
are found to increase with the addition of compatibilizers, 
followed by a levelling off at higher concentration. 
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