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Abstract

The thermal stability of isotactic polypropylene (PP)/nitrile rubber (NBR) was studied using thermogravimetry. The effects of blend ratio,
compatibilisation and dynamic vulcanisation on thermal stability were investigated. The addition of nitrile rubber to polypropylene was
found to improve the thermal stability of polypropylene. The compatibilisation of the blends using phenolic modified polypropylene and
maleic anhydride modified propylene has increased the degradation temperature and decreased the weight loss. The dynamic vulcanisation of
the blends also improved the thermal stability. The melting behaviour was investigated by differential scanning calorimetry for the binary
blends. The crystallinity of the blends decreased with increase in NBR content. The crystalline structure of the blends was investigated using
wide angle X-ray scattering. The polypropylene and the blends exist in thea-monoclinic form as shown by the presence of four maximas.
The compatibilisation of the blends did not affect thea-monoclinic crystalline structure. The addition of NBR to polypropylene increased the
interplanar distance.q 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Recently, the commercial importance of polymer blendsare
increasing high since the performance of polymers can
improve by simple blending in order to fulfil industry’s need
for high performance materials. However, many of these high
molecular weight polymers are immiscible and incompatible
which lead to poor final properties [1,2]. Compatibilisation by
the in situ formation of an interfacial agent and dynamic
vulcanisation, i.e. vulcanisation of rubber phase in blends
during mixing, of polymer blends were found to improve the

properties of immiscible polymer blends by providing stable
morphology, and good interfacial adhesion [3–6].

In order to develop durable industrial products it is neces-
sary to investigate the thermal stability of these blends.
Thermogravimetric analysis can be used as a way to
measure the thermal stability of polymer due to the simpli-
city of this weight loss method [7,8]. The thermal degrada-
tion of polymer blends was investigated by various
researchers using the thermogravimetric method [9,15].
The blending of a polymer with other polymers has stabilis-
ing as well as destabilising effects. Grassie et al. [9]
reviewed these stabilising effects of blending. The complete
degradation of PMMA into monomers on heating can be
considerably reduced by blending with other polymers.
The destabilising effect of PVC on the degradation of poly-
mers was also investigated. Varughese et al. [10] reported
that, the blending of ENR with PVC reduced the rate of HCl
elimination in the first degradation step of PVC. The thermal
degradation behaviour of blends has been used to identify
SBR/BR blends from SBR based compounds by Amraee et
al. [11] from the ratio of the peak heights of DTG peaks. The
effect of miscibility of polymer blends on thermal degrada-
tion behaviour was investigated by Lizymol et al. [12]
Among the different blends studied PVC/EVA, EVA/SAN
and PVC/SAN, the thermal stability was improved in the
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case of miscible PVC/EVA system. In immiscible EVA/SAN
and PVC/SAN blends there was not much improvement of
thermal stability as a result of blending. Subhra et al. [13]
reported that blends of ENR with poly(ethylene-co-acrylic
acid) showed the existence of single phase at low concen-
trations of ENR, i.e. at 10, 20 and 30 wt%, as shown by the
two-step degradation that exist in these blends.

In polymer blends with a crystallisable component, the final
properties are determined by: (1) mode and state of dispersion
of rubbery domains in the crystalline matrix; (2) the texture,
dimensions and size distribution of spherulites of the matrix;
(3) the inner structure of spherulites, i.e. lamellar and inter
lamellar thickness; (4) physical structure of inter spherulitic
boundary regions and amorphous inter lamellar regions; and
(5) the adhesion between the rubbery domains and the crystal-
line matrix [14–17]. The effect of the nature of crystalline
structure and the extent of crystallinity on the properties of
various polymer blends was investigated [18–28]. Martuscelli
et al. [18,19] investigated the nucleation and growth of spheru-
lites in various rubber/plastic blends. Hlavata et al. [20] inves-
tigated the change in crystalline structure of iPP on blending
with two thermoplastic elastomers, butadiene–styrene (BS)
and hydrogenated butadiene styrene rubbers (HIS). The pure
polypropylene and blends with BS and HIS showed the
presence of hexagonalb phase along with thea-form. The
thermal and crystallisation behaviour of EVA/NR blends was
investigated by Koshy et al. [21] The crystallinity of the blends
decreased with increase in NR content, and the interplanar
distanced values increased on the addition of NR indicating
the migration of NR phase into the interchain space of EVA.

The effect of compatibilisation on the crystallisation beha-
viour was studied by Santra et al. [22]. They reported that the
crystallinity of LDPE/PDMS rubber blends increased upon
compatibilisation using ethylene methyl acrylate copolymer.
Wu et al. reported that in PA-6/SEBS blends [23], the
compatibilisation using maleated SEBS changes thea-crys-
talline form of PA-6 in binary blends to a mixture ofa- and
g-crystalline forms. The effect of dynamic vulcanisation on
crystallinity and crystalline structure was reported for
dynamic vulcanised PP/EPDM blend [24,25].

Blends of polypropylene with nitrile rubber possess the
excellent processing characteristics and mechanical proper-
ties of polypropylene with the oil resistance and flexibility
of NBR. However, these blends are incompatible and
require compatibilisation for better properties [29]. In this
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Fig. 1. IR spectrum of maleic anhydride modified PP.

Table 1
Formulation of dynamic vulcanised blends

PS PC PM

PP 70 70 70
NBR 30 30 30
Sulphur 2 – 0.1
DCPa – 2 1
TMTDb 2.5 – 2.5
CBSc 2 – 2
ZnO 5 – 5
St. acid 2 – 2

a Dicumyl peroxide.
b Tetramethyl thiuram disulphide.
c N-Cyclohexyl benzothiazyl sulphenamide.



laboratory, we have investigated the effect of compatibilisa-
tion and dynamic vulcanisation on morphology and various
properties [30–32]. However, no attempts have been made
so far to investigate the thermal and crystallisation beha-
viour of PP/NBR blends. In this paper, we have studied
the thermal properties of uncompatibilised, reactively
compatibilised and dynamic vulcanised PP/NBR blends.
The crystalline structure of both uncompatibilised and
compatibilised blends was also investigated.

2. Experimental

2.1. Materials

Isotactic polypropylene (Koylene M3060) having an
MFI of 3 g min210 was supplied by IPCL, Baroda.
Acrylonitrile co-butadiene rubber (Chemaprene N3309)
with an acrylonitrile content of 34% was supplied by
Synthetics and Chemicals, Bareli, UP, India.
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Fig. 2. Thermograms and derivative thermograms of PP/NBR blends: (a) P100; (b) P70; (c) P50; (d) P30; and (c) P0.



Maleic anhydride modified polypropylene (MA-PP)
was prepared by melt mixing PP with maleic anhydride
(five parts) benzoquinone (0.75 parts) and dicumyl
peroxide (three parts) in a Brabender Plasticorder. The
IR spectrum of the maleic anhydride modified polypropy-
lene from which the unreacted maleic anhydride was
extracted using acetone is shown in Fig. 1. The peak present
at 1710 cm21 indicates the presence of carbonyl groups
originating from maleic anhydride grafted on PP. The
phenolic modified polypropylene (Ph-PP) was prepared
by melt mixing PP with dimethylol phenolic resin

(SP-1045) (four parts) and stannous chloride (0.8 parts) at
1808C.

Blends of PP and NBR were prepared by melt mixing PP
with NBR in a Brabender plasticorder (PLE-330) at a
temperature of 1808C. The rotor speed was 60 rev min21

and time of mixing 10 min. In compatibilised blends, the
compatibiliser was added prior to the addition of NBR. The
compatibiliser concentration was varied from 1 to 15 wt%.
The dynamic vulcanisation of the blends was done by using
three crosslinking agents, sulphur, peroxide and mixed
system consisting of sulphur and peroxide. The formulation
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Fig. 2. (continued)



used is shown in Table 1. The binary blends were designated
as P100, P70, P50, P30 and P0 where the subscripts denote the
weight percentage of PP in the blend. The Ph-PP and MA-
PP compatibilised P70 blends were designated as PP70x and
PM70x, respectively, wherex denotes the weight percentage
of compatibiliser in the blend.

2.2. Thermogravimetric analysis

The thermogravimetry and derivative thermogravimetry
were carried out in a Perkin–Elmer TGA7. The samples
were scanned from 30 to 6008C at a heating rate of
108C min21 in nitrogen atmosphere.

2.3. Differential scanning calorimetry

The melting behaviour and crystallinity of PP/NBR
blends were studied using a Perkin–Elmer DSC thermal

analyser. The samples were scanned at a heating rate of
108C min21 in nitrogen atmosphere.

2.4. Wide angle X-ray scattering

The crystallisation behaviour of PP/NBR blends was
analysed on a wide angle X-ray diffractometer using copper
k∞ radiation in the 2u range of 5–308.

2.5. Scanning electron microscopy

The morphology of the samples was analysed using scan-
ning electron microscope. The samples for morphology
measurement were prepared by cryogenically fracturing
the samples in liquid nitrogen. The NBR phase was prefer-
entially extracted from these samples using chloroform.
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Fig. 2. (continued)

Fig. 3. Schematic representation of the mechanism of degradation of PP.



3. Results and discussion

3.1. Thermal degradation

Thermograms and derivative thermograms of pure PP,
nitrile rubber and their blends are shown in Fig. 2a–e,
respectively. In the case of PP, the weight loss is very low
up to 2508C. Hence, the sample can be considered as stable
up to this temperature in nitrogen atmosphere. The degrada-
tion of PP, which starts at 2508C was completed at 3858C.
This weight loss in this region, 250–3858C, corresponds to
the formation of volatile products which arise from the
random chain scission and intermolecular transfer involving
tertiary hydrogen abstractions from the polymer by the
primary radical. The degradation products of PP involves
monomer, 2-methyl-1-pentene, 2,4-dimethyl-1-heptene,
2pentene and isobutene. The mechanism of degradation of
PP can be represented as shown in Fig. 3.

The degradation of nitrile rubber was in two stages. In the
first stage, which starts at 414.78C leads to a weight loss of
80.37% and completed at 526.768C. In the next stage, the
degradation started at 543.68C and completed at 6338C with
a weight loss of 11.86%. Hence nitrile rubber is stable up to
4158C. The two step weight loss in NBR was due to the
degradation by the random chain scission of butadiene
and acrylonitrile parts in NBR.

In the case of blends, the incorporation of NBR into PP
was found to improve the thermal stability of PP. The incor-
poration of 30 wt% NBR increases the initial degradation
temperature from 250 to 3808C, while further addition of

NBR, i.e. at 50 wt% NBR, the initial degradation tempera-
ture shifts to lower side to 3088C. It is interesting to note that
in P50, the degradation was in two steps, while in P70 and P30

the degradation was in one step. This indicated the better
interaction between PP and NBR in P70 and P30. In the case
of polymer blends, the thermal degradation depends on the
morphology and extent of interaction between the phases.
The morphology of PP/NBR blends are shown in Fig. 4. In
P70 and P50 NBR is dispersed as domains in the continuous
PP matrix and in P30, NBR also forms a continuous phase
along with the PP phase, resulting in a co-continuous
morphology. As the weight percent of NBR increased
from 30 to 50 wt%, the size of NBR domains increased
from 5.87 to 18.7mm. This increase in domain size at higher
loadings of NBR is due to the coalescence of NBR domains.
Hence, as the concentration of NBR is increased from 30 to
50 wt%, the interfacial area decreased and this reduced the
extent of interaction between the phases. The interfacial
area per unit volume of the blend for the blends was
calculated using the following equation [33] :

A� n × 4pR2 �1�
whereA is the total area occupied by the dispersed phase,R
the radius of the dispersed phase particle andn the number
of particles of the minor phase per unit volume of the blend,
which can be estimated from Eq. (2):

n� fd

4=3pR3 �2�

wherefd is the volume fraction of the dispersed phase. The
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Fig. 4. Scanning electron micrographs of PP/NBR blends: (a) P70; (b) P50; and (c) P30.
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Fig. 5. Thermograms and derivative thermograms of Ph-PP compatibilised P70 blends: (a) PP7007.5; and (b) PP7010.

Table 2
Degradation temperature and weight loss of PP/NBR blends

T0 (8C) Tdegr. (8C) Total weight loss
(%)

Weight loss at 3008C
(%)

Weight loss at 4008C
(%)

Activation energy
(kJ mol21)

P100 250.81 353.33 97.85 16.67 100 24.82
P70 380.36 472.61 93.89 1.04 10.07 42.33
P50 308.29 520.51 460 575 93.84 2.08 25.69 24.8
P30 382.7 480.87 89.62 1.38 6.94 66.14
P0 415.71 543.65 480.93 577.21 92.23 1.38 3.82 58.81
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Fig. 6. Thermograms and derivative thermograms of MA-PP compatibilised P70 blends: (a) PM7005; and (b) PM7010.

Table 3
Thermal properties of compatibilised PP/NBR blends

T0 (8C) Tdegr. (8C) Total weight loss
(%)

Weight loss at 3008C
(%)

Weight loss at 4008C
(%)

Activation energy
(kJ mol21)

P70 380.4 472.6 93.89 10.07 98.6 42.33
PP707.5 343.85 475.71 94.98 13.88 96.52 37.09
P7010 380.36 475.86 96.18 6.25 98.61 53.67
PM7005 364.17 474.09 94.33 10.42 97.92 46.05
PM7010 380.36 474.32 94.32 7.64 98.61 51.06



interfacial area per unit volume of the blend is decreased from
2:92× 103 to 1:55× 103 cm2 on increasing the concentration
of NBR from 30 to 50 wt%. The increased thermal stability of
the blends, compared to PP may arise from the interaction of
radicals formed during degradation of PP with nitrile rubber.
Hence, the observed decrease in initial degradation
temperature of P50 can be attributed to the decreased inter-
action between PP and NBR phases. At 70 wt% NBR, due to
the co-continuous morphology, the possibility of interaction
further increases andT0 also showed an increase.

The degradation temperature corresponding to the main
weight losses obtained from DTG curves are given in Table
2. The weight loss corresponding to different temperatures
and the initial degradation temperature was also given in the
table. The degradation temperatures of PP is at 353.338C
and that of NBR are at 480.93 and 577.28C. The blends
show intermediate values. Among the different blends, the
P50 blend shows the lowest degradation temperature. The
total weight loss and percentage loss at various temperatures

of PP degradation was also decreased upon the incorpora-
tion of NBR.

3.2. Effect of compatibilisation

The thermograms and derivative thermograms of 70/
30 PP/NBR blends compatibilised with phenolic modi-
fied PP and maleic anhydride modified PP are shown in
Figs. 5a and b and 6a and b, respectively. The peak
corresponding to the major weight loss in DTG curves
are shifted to higher temperatures upon compatibilisation
using both Ph-PP and MA-PP. Table 3 shows the degrada-
tion temperature and weight loss at different temperatures
for the compatibilised blends. It can be seen from the table
that the degradation temperature corresponding to the major
weight loss increased on compatibilisation. The percentage
weight loss at different temperatures decreased upon
compatibilisation.

The improvement in degradation temperature on
compatibilisation may arise from the better interactions
between PP and NBR, which is evident from the micro-
graphs given in Figs. 7 and 8 for Ph-PP and MA-PP com-
patibilised blends, respectively. From the micrographs, it is
seen that the size of the dispersed NBR domains decreased
as the addition of maleic anhydride modified PP. This is due
to the dipolar interactions between the maleic anhydride
groups of PP (Fig. 9) with polar NBR. In Ph-PP the com-
patibilising action arises from the graft copolymer formed
between Ph-PP and NBR (Fig. 10), which will locate at the
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Fig. 7. Scanning electron micrographs of Ph-PP compatibilised blends: (a) PP7007.5; and (b) PP7010.

Fig. 8. Scanning electron micrographs of MA-PP compatibilised blends: (a)
PM7005; and (b) PM7010.

Fig. 9. Schematic representation of the maleic anhydride modification of
PP.



interface between PP and NBR phases. This will increase
interfacial adhesion and interfacial area (Table 4) which
leads to better interaction of radicals formed during degra-
dation of PP and NBR. This type of improvement in degra-
dation temperatures upon compatibilisation of immiscible
polymer blends has been observed [34].

3.3. Effect of dynamic vulcanisation

The vulcanisation of rubbers, generally improve the
degradation temperature since, more energy is required to
break the bonds formed during vulcanisation. Figs. 11a–c
show the thermograms and derivative thermograms of
dynamic vulcanised P50 blends. The P50 blends were vulcan-
ised using sulphur (PS), peroxide (PC) and a mixed system
composed of sulphur and peroxide (PM). The data obtained
from the thermograms and derivative thermograms are
given in Table 5. From the table it is seen that, the initial

degradation temperatureT0 is shifted to higher temperatures
upon vulcanisation. The degradation temperatures corre-
sponding to the two weight losses also show improvement
upon vulcanisation. The initial degradation temperature is
highest for mixed system crosslinked samples and the
lowest for sulphur cured system. The peroxide cured system
take an intermediate position, i.e. the degradation tempera-
ture follows the order PS, PC, PM.
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Fig. 10. Schematic representation of the dimethylol phenolic modification of PP and formation of graft copolymer between PP and NBR.

Table 4
Interfacial area per unit volume in PP/NBR blends

Sample Interfacial area× 1023 (cm2 cm23)

P70 2.92
PP7007.5 8.66
PP7010 12.04
PM7005 4.58
PM7010 4.40



This behaviour can be explained by taking into con-
sideration the type of crosslinks formed. The crosslinks
formed during vulcanisation using different vulcanising
systems are shown schematically in Fig. 12. In sulphur-
cured system, the flexible and more heat sensitive mono
or disulphidic linkages are formed, while in peroxide
cured system, a more stable C–C linkages are formed. In
mixed cured system, both –C–C– and –Sx– linkages are
formed. Among the –C–C– and –Sx– linkages, more
energy is required to break –C–C– linkages. Hence, the
initial degradation temperature (T0) is lowest for sulphur-
cured system, which contains –Sx– linkages. At high
temperatures, the PP undergoes depolymerisation in
presence of DCP as shown below

Hence, in peroxide and mixed cured system, the PP phase
was degraded during vulcanisation. Since among PM and
PC, the degradation must be more in the PC system with
high DCP content, which in turn reduces the initial degrada-
tion temperature PC, though it contains more stable C–C
linkages compared to PM.

The degradation temperatures corresponding to the two
weight losses of the PS system are higher compared to the
PM and PC systems. The lower degradation temperatures
for PC and PM may be due to the degradation of PP, at the
time of dynamic vulcanisation as explained earlier.

The activation energy for the degradation of the homo-
polymers and blends was determined using the Arrhenius

equation,

ln W � A 2
2:303E

RT
�3�

whereW is the weight loss at a temperatureT in Kelvin and
E the activation energy. For the measurement of activation
energy, the weight loss at different temperatures were
considered so that the measured activation energy give a
crude average over the energies at all the complex reactions
occurring in the different materials at different temperatures.
Among the blend compositions, the PP shows the lowest
activation energy, and NBR the highest (Table 2), i.e. PP
is more susceptible to degradation than NBR upon increas-
ing temperature. The P50 blend shows the lowest activation

energy among the blends, which also indicate the lowest
interaction between PP and NBR in the blend.

In compatibilised blends, the activation energy increases
which shows the better interaction (Table 3). However, on
dynamic vulcanisation, the energy decreases for the
peroxide-cured system. This indicates that the degradation
of PP is enhanced in this system in presence of DCP (Table
4).

3.4. Differential scanning calorimetry

The melting behaviour of PP/NBR blends was analysed
using DSC. The DSC traces of the binary blends are given in
Fig. 13a–e The results obtained from the analysis of these
traces are given in Table 6. From the table it is seen that the
heat of fusion corresponding to the melting endotherm
decreases upon the incorporation of NBR in to PP. The
heat of fusion values depend on the crystallinity of the
material. Hence, the crystallinity of these blends can be
calculated fromDH values as the ratio of the heat of fusion
of the blend with that of the 100% crystalline PP�DHPP�
38 J g21�: It can be seen from the table that the crystallinity
of the system decreases with increase in the rubber content.
This indicates that the crystallisation behaviour of the
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Table 5
Thermal properties of dynamic vulcanised 50/50 PP/NBR blends

T0 (wt%) Tdegr. (8C) Total weight loss
(%)

Weight loss at 3008C
(%)

Weight loss at 4008C
(%)

Activation energy
(kJ mol21)

PS-50 314.56 495.00 93.90 13.89 83.33 29.08
567.12 623.86

PC-50 324.7 483.47 93.62 19.44 84.03 22.85
552.2 596.95

PM-50 340.24 482.27 90.47 14.58 83.6 28.92
564.98 615.91

Table 6
Melting characteristics and crystallinity of PP/NBR blends

Tonset (8C) Tm (8C) DH (cal g21)

P100 431.81 441.5 18.45
P90 432.66 441.11 12.97
P70 432.3 439.93 10.88
P50 430.79 437.34 8.53
P30 433.84 440.08 3.7



system was affected by the presence of nitrile rubber.
Martuscelli et al. [18,19] have made detailed investigation
on the effect of rubber phase on the crystallisation behaviour
of thermoplastic elastomers, and observed that, the rubber
particles are present in the inter and intra spherulitic region
of the crystalline phase plastic. Hence the observed decrease
in DH values and crystallinity (Fig. 14) is due to the fact that
the formation of crystallites in the blend was affected by the
presence of nitrile rubber. Again the melting temperature
corresponding to the melting endotherm, also decreases
upon the incorporation of rubber to PP. In the case of

compatible blends, the decrease in melting temperature
is related to the extent of interaction between the
components according to Flory–Huggins theory [35].
However Stolp et al. [27] reported that, in the case of
incompatible blends, the melting point decreased since
the noncrystallisable component retard the crystal growth,
which leads to unperfect crystals. Hence, the observed
decrease in melting temperature on the addition of NBR is
due to the impediment caused by NBR to the crystal growth
of PP 3.5 wide angle X-ray scattering.

The properties of thermoplastic elastomers with a
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Fig. 11. Thermograms and derivative thermograms of dynamic vulcanised P70 blends: (a) PS; (b) PC; and (c) PM systems.



crystallisable component depends on crystalline struc-
ture, semicrystalline morphology and the crystallinity
of the blends. The WAXS have been used to investigate
the crystalline structure of PP/NBR blends. The X-ray
diffractograms of binary PP/NBR blends are shown in
Fig. 15. The isotactic PP generally has three types of
crystalline structurea, b and g forms depending on the
crystallisation conditions. The WAXS spectrum of PP
shows four maxima corresponding to the 110, 040,
130 and overlapping 131, 041 and 111 planes, which
are characteristics ofa-monoclinic structure at 2u of
14.1, 16.8, 18.5 and 21.28, respectively, in X-ray
diffractograms. The incorporation of NBR into PP did
not affect the crystalline structure of PP, i.e. the blends
also exhibit thea-monoclinic structure. In PP, the highest
intense peak is that at 2u of 14.18, however in the case of
blends, the highest intense peak is that at 2u of 16.88. Table
6 shows the results obtained from the analysis of WAXD of
PP and the binary blends. The addition of 30 wt%. NBR into
PP increased the interplanar distance (d value). This indi-
cates that rubber particles are present in the intra spherulitic
structure of PP. As the concentration of NBR increased to
50 wt% and above thed value decreased. The decrease ind
values at higher concentrations of NBR, may be due to the
occlusion of rubber particles in inter spherulitic regions due
to the large size of NBR at higher concentrations. In P30 also,
the interplanar distance decreased than that of PP, which
also indicates the absence of rubber phase in the spherulitic
structure. The crystalline structure of PP/NBR blends is
schematically represented in Fig. 16. The crystallinity of
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Fig. 11. (continued)

Fig. 12. Schematic representation of the different types of crosslinks formed
during dynamic vulcanisation.
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Fig. 13. Differential scanning calorimetric curves of PP/NBR blends: (a) P100; (b) P90; (c) P70; (d) P50; and (e) P30 blends.

Table 7
XRD data of PP/NBR blends

Reflection P100 P70 P50 P30

2u (8) d (Å) 2u (8) d (Å) 2u (8) d (Å) 2u (8) d (Å)

110 14.05 6.30 13.99 6.33 14.04 6.31 14.08 6.29
040 16.85 5.26 16.77 5.29 16.85 5.26 17.09 5.19
130 18.52 4.79 18.5 4.79 18.50 4.79 18.66 4.75
111 21.22 4.18 21.68 4.09 21.14 4.21 21.53 4.13
% Crystallinity 54.23 53.26 40.17 32.9
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Fig. 13. (continued)

Table 8
XRD data of Ph-PP compatibilised 70/30 PP/NBR blends

Reflection P7001 P7005 P7010 P7015

2u (8) d (Å) La 2u (8) d (Å) La 2u (8) d (Å) La 2u (8) d (Å) La

110 14.06 6.26 0.9 14.03 6.31 0.85 14.04 6.31 0.9 13.99 6.33 0.95
040 16.84 5.26 0.8 16.77 5.29 0.72 16.84 5.24 0.7 16.77 5.28 0.8
130 18.53 4.79 0.7 18.48 4.79 0.6 18.51 4.79 0.6 18.49 4.79 0.75
111 21.19 4.19 1.4 21.69 4.09 1.4 21.22 4.19 1.35 21.65 4.11 1.35

a The value ofL is measured in arbitrary units.
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Fig. 13. (continued)

Fig. 14. Variation of crystallinity,DH andTm with wt% of NBR.



the blends was also calculated using Eq. (4).

Xc � Ic

Ic 1 Ia
�4�

whereIc and Ia are the integrated intensities corresponding
to the crystalline and amorphous phases, respectively andXc

represents the degree of crystallinity. The results are given
in Table 7. From the table it is seen that the values are higher
than that obtained from DSC measurements.

The effect of compatibilisation of 70/30 PP/NBR blend
(Table 8) with phenolic modified PP and maleic anhydride
modified PP on the WAXD pattern is shown in Figs. 17 and

18. The compatibilisation in PP/NBR blends did not affect
thea-monoclinic structure of PP. However, in literature it
has been reported that the compatibilisation of the blends
leads to a change in crystalline structure [23]. The data
obtained from the WAXD patterns are given in Tables 8
and 9. From the table, it is seen that the compatibilisation
of the blends using phenolic modified PP reduced the
interplanar distance corresponding to different planes. The
width at half height (L) for different reflections were also
calculated, and it was observed that the peak width at half
height which is the measure of spherulite size decreased
upon compatibilisation. Hence, the size of spherulites
increases upon compatibilisation since peak width at half
height is inversely proportional to spherulite size. These
observations indicate that on compatibilisation of PP/NBR
blends using Ph-PP and MA-PP lead to a better crystallisa-
tion of PP component.

4. Conclusion

The thermal degradation of PP/nitrile rubber blends was
investigated using the thermogravimetric method. The
incorporation of nitrile rubber into PP improved the thermal
properties of PP. The initial degradation temperature of PP
was increased upon blending with nitrile rubber. Among the
three blend compositions, the P50 blend showed the lowest
degradation temperature. The thermal behaviour of various
blend compositions was correlated with blend morphology.
The weight loss corresponding to different temperatures was
also decreased upon blending. The effect of compatibilisa-
tion of PP/NBR blend using phenolic modified PP and
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Fig. 15. Wide angle X-ray diffractograms of PP/NBR binary blends.

Fig. 16. Schematic representation of the crystalline structure of binary PP/NBR blends.

Table 9
XRD data of MA-PP compatibilised 70/30 PP/NBR blends

Reflection PM7001 PM7005 PM7010 PM7015

2u (8C) d (Å) 2u (8C) d (Å) 2u (8C) d (Å) 2u (8C) d (Å)

110 14.03 6.31 14.03 6.31 14.07 6.29 14.08 6.29
040 16.82 5.27 16.84 5.27 16.85 5.26 16.86 5.26
130 18.49 4.79 18.53 4.79 18.55 4.78 18.52 4.79
111 21.22 4.19 21.33 4.16 21.29 4.17 21.79 4.08



maleic anhydride modified PP on thermal degradation was
also investigated. The compatibilisation increased the
degradation temperature. The dynamic vulcanisation of
the blends using sulphur, peroxide and mixed system

consisting of sulphur and peroxide improved the thermal
stability. Among the three vulcanised systems, the mixed
vulcanised system showed the highest degradation
temperature and sulphur-cured system showed the lowest
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Fig. 18. Wide angle X-ray diffractograms of MA-PP compatibilised P70 blends.

Fig. 17. Wide angle X-ray diffractograms of Ph-PP compatibilised P70 blends.



value. The thermal behaviour of three types of dynamic
vulcanised blends was correlated with the type of crosslinks
formed. The melting behaviour of binary PP/NBR blends
was also investigated using DSC. The melting tempera-
ture and heat of fusion values were decreased on the
addition of NBR. The crystallinity of PP/NBR blends
also decreased with increase in nitrile rubber concentra-
tion. The crystalline structure of PP/NBR blends was
also investigated. The pure PP and the blends showed
a-monoclinic structure as shown by the presence of four
reflections corresponding to the four planes. The com-
patibilisation of the blends did not affect thea-monoclinic
crystalline structure of PP. The incorporation of nitrile
rubber into PP was found to increase the interplanar
distance, which indicated the presence of rubber phase in
intra spherulitic regions.
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