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Abstract

The thermal behaviour of nitrile rubber (NBR)/poly(ethylene-co-vinyl acetate) (EVA) blends was
studied by thermogravimetry. The effects of blend ratio, different crosslinking systems (sulphur,
peroxide and mixed), various fillers (silica, clay and carbon black) and filler loading on the thermal
properties were evaluated. It was found that the initial decomposition temperature increased with the
addition of NBR to EVA. Among the various crosslinking systems studied, the peroxide cured sys-
tem showed the highest initial decomposition temperature. This is associated with the high bond dis-
sociation energy of C—C linkages. The addition of fillers improved the thermal stability of the blend.
The mass loss at different temperatures and activation energy of degradation were also studied. The
thermal ageing of these blends was carried out at 50 and 100°C for 72 h. It was seen that the proper-
ties are not affected by the mild ageing condition. Also, the peroxide cured system was found to ex-
hibit better retention in properties, than other crosslinking systems.

Keywords: nitrile rubber and poly(ethylene-co-vinyl acetate), thermal ageing, thermogravimetric
analysis

Introduction

The thermal degradation of polymers is an important subject as it covers a broad
field, ranging from the development of thermoresistant polymers and ablation prob-
lems to the stabilisation of thermolabile polymers. Thermogravimetric analysis (TG)
has proved to be a successful technique in determining the thermal stability of poly-
mers and polymer blends. The knowledge of how polymers breakdown on heating
takes place is important when these materials are processed and produced for use.
The threshold temperature for the breakdown determines the upper limit of tempera-
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ture in their production [1]. Under different environmental conditions most polymers
and their products gradually lose their useful properties as a result of polymer chain
degradation. Heat is one of the degrading agents and its effect can be studied by ther-
mal ageing.

The thermal stability of individual polymers is greatly influenced by blending. It
strongly depends on the interactions of the component polymers. The thermal stabil-
ity of poly(vinyl chloride)/epoxidised natural rubber (PVC/ENR) blends is greatly in-
fluenced by the interaction between PVC and ENR, which is a miscible system [2, 3].
A comparison of thermal behaviour of miscible and immiscible blends was reported
from this laboratory by Lizymol and Thomas [4]. In the case of completely miscible
PVC/EVA system, the thermal stability of PVC is considerably improved by the ad-
dition of EVA. But in the case of partially miscible PVC/SAN and completely immis-
cible EVA/SAN blends, the decomposition behaviour of individual polymers is re-
tained in the blend. The thermal property of a blend of PVC/EVA/SAN is also re-
ported by them [5]. In this ternary system there is a thermodynamically miscible re-
gion in which PVC acts as an interfacial agent for the immiscible SAN/EVA system
and the overall thermal stability of the ternary blend is superior to the homopolymers
and PVC/SAN and SAN/EVA blends.

Nando and co-workers reported on the thermal behaviour of blends of poly(eth-
ylene-co-acrylic acid)/epoxidised natural rubber [6] and ethylene methyl acrylate
(EMA) copolymer/poly(dimethyl siloxane) (PDMS) rubber, which exhibited syner-
gism in thermal and physicochemical properties [7]. Thermogravimetric analysis of
aromatic polyoxadiazole/polyamide-6 shows that the temperature of degradation of
PA-6 in the blends decreases with the addition of more than 10 mass% of poly-
oxadiazole [8]. Amraee et al. [9] used thermogravimetric analysis for the quantitative
and qualitative identification of SBR/BR blends. They also checked the uniformity of
mixing and differentiated oil extended SBR from non-extended SBR.

During thermal ageing main chain scission, crosslink formation and crosslink
breakage can take place. It is also possible that the existing crosslinks may break and
a more stable type of crosslink can be formed. The extent of change in property is
governed by the relative ratios and magnitudes of such reactions. Recently, Thomas
and co-workers have reported the ageing of polymer blends and composites [ 10—12].
The addition of poly(vinyl chloride) to nitrile rubber yielded advantages in thermal
ageing, ultraviolet and ozone resistance [13]. Noland et al. [14] noted that the ultravi-
olet degradation of the poly(methyl methacrylate)/poly(vinylidene fluoride) blends
are consistent with that of the two components considered separately. Weatherable
film applications of this blend are possible because of the high resistance of both the
components to UV degradation. Blending of natural rubber and polybutadiene has
shown various advantages including heat stability and abrasion resistance [15]. The
photodegradation of ethylene vinyl acetate copolymer/poly(vinyl chloride) and nit-
rile rubber/poly(vinyl chloride) blends has been studied by Skowronski et al. [16].
The thermo-oxidative ageing of rubbers is reported by several authors [17, 18].

Acrylonitrile butadiene rubber has excellent oil resistance and abrasion resis-
tance but poor ozone resistance. Poly(ethylene-co-vinyl acetate) offers excellent
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ozone resistance, weather resistance and mechanical properties. The morphology,
mechanical properties, viscoelastic response, reprocessability, tear resistance, melt
flow behaviour and swelling resistance of NBR/EVA blends have been reported ear-
lier [19-22]. The aim of the present work is to study the effect of blend ratio, cross-
linking systems, and fillers on the thermal degradation of NBR/EVA blends. The in-
fluence of these parameters on the thermal ageing of the blends is also investigated.

Curing systems were carefully selected to generate semi and full interpenetrat-
ing polymer structures. A full interpenetrating polymer network consists of an inter-
woven crosslinked polymer network while in a semi-interpenetrating network only
one of the polymer is crosslinked [23]. Dicumyl peroxide can be used for the cross-
linking of both NBR and EVA. Hence in the peroxide cured system, both NBR and
EVA phases are crosslinked. This results in the formation of a full interpenetrating
network. But sulphur can crosslink only NBR and not EVA due to its saturated back-
bone structure. So in the sulphur cured system only one phase, i.e., NBR is cross-
linked and results in the formation of a semi-interpenetrating network. A mixed cure
system, containing both peroxide and sulphur, was also selected for an effective cur-
ing of both the phases. The mixed cure system results in the formation of a full inter-
penetrating network.

Experimental
Materials

NBR (Aparene N 553 NS) having 34% bound acrylonitrile content was supplied gra-
tis by Gujarat Apar Polymers Ltd., Mumbai. EVA (Pilene-1802) having 18% VAc
content was procured from PIL, Chennai. The basic characteristics of NBR and EVA
are given in Table 1. The rubber chemicals such as dicumyl peroxide, zinc oxide,
stearic acid, mercaptobenzothiazyl disulphide (MBTS), sulphur and fillers such as
high abrasion furnace black (HAF), semi-reinforcing furnace black (SRF) etc. are of
commercial grade.

Blend preparation

The blends of NBR/EVA with different crosslinking systems and blend ratio were
prepared on a two-roll mixing mill having a fraction ratio 1:1.4. The compounding
recipes of the blends are given in Table 2. The different crosslinking systems used,
viz., peroxide system (DCP), sulphur system (S) and mixed system (DCP+S) are indi-
cated using P, S and M respectively. The compounds with peroxide cure systems are
designated as N P, N,,P, N, P, etc. The subscripts indicate the mass percentage of
NBR in the blend, i.e., N, is pure EVA, N, is 30/70; NBR/EVA and so on. The perox-
ide cured 50/50; NBR/EVA blend (i.e., N, ,P) was selected to study the effect of fill-
ers. The different fillers used such as HAF, SRF, silica and clay are designated as BH,
BS, S and C, respectively. The loading is indicated by prefixing numbers. The com-
pounded blends were then compression moulded at 160°C for optimum cure.
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Table 1 Details of materials used

Materials Characteristics Value Source
Nitrile rubber volatile matter/% 0.130 Gujarat Apar
Aparene N553NS  antioxidant/% 1.400 Polymers Ltd.,
organic acid/% 0.250 Mumbai
soap/% 0.004
mooney viscosity/ML .4 100°C 40.000
bound acrylonitrile/% 34.000
intrinsic viscosity/dl g' 1.527
Poly(ethylene-co-  melt flow index/g 10 min™' 2.000 Polyolefins
vinyl acetate) density/g (cm®)™! 0.937 Industries Ltd.
Pilene (1802) vicat softening point/°C 59.000 Chennai
vinyl acetate/% 18.000
intrinsic viscosity/dl g' 0.170

Table 2 Compounding recipe for NBR/EVA blends

Peroxide Sulfur Mixed

Ingzedi ents/ system system  system 10 10 10 10 20 30
phr P) (S) ™) S C BS BH BH BH
Polymer 100 100 100 100 100 100 100 100 100
Zinc oxide - 5.0 5.0 — - - - -
Stearic acid - 1.5 1.5 - - - - -
MBTS" - 1.5 L5 - - - - -
Sulfur - 1.5 1.5 - - - - - -
DCP*® 4.0 - 4.0 40 40 40 40 40 40
Silica - - - 10.0 - - - -
Clay - - - 10.0 - - -
SRF - - - - 10.0 - -
HAF - — — - - 10.0 20.0 30.0

*Parts per hundred rubber by mass; "mercaptobenzo thiazyl disulfide; “dicumyl peroxide

Thermogravimetric analysis

A delta series-TG 7 was used to obtain the thermogravimetric (TG) and derivative

thermogravimetric (DTG) curves. Samples were scanned from 30-750°C at a heating
rate of 10°C min ™.
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Thermal ageing

Test samples were heated at 50 and 100°C in an air-circulating oven for 72 h. After
being cooled down and conditioned at room temperature, the dimensions of each
specimen were measured. The tensile properties of these samples were determined
according to ASTM D412-87 using an Instron Universal Testing Machine (model
1121) at a crosshead speed of 500 mm min™".

Crosslink density determination

The crosslink density of the unaged and aged samples was determined by the swell-
ing method. The samples were allowed to swell in cyclohexanone and the equilib-
rium uptake is noted. The molecular mass between the crosslinks is calculated using
the following equation:

0o pre”® O
M = L 0 (1)
Snﬂ«m+m+ﬂﬁg

where p, — density of polymer, V, — molar volume of solvent, @ — volume fraction of
polymer in the swollen mass, x — interaction parameter. ¢ and X are given by the fol-
lowing equations.

m
P

= 2
"

+W2E
Pr P

where W, —mass of polymer, p, — density of polymer, /¥, — mass of solvent at equilib-
rium, P, — density of solvent.

Y 5,-5,)° 3)

=034+
X RT

where 0,, &, — solubility parameter of solvent and polymer, respectively.
From the molecular mass between crosslinks, the crosslink density, is calculated
using the following equation

v =1/2M, (4)

Results and discussion
Thermogravimetry
Effect of blend composition

The thermogravimetric plots of peroxide cured EVA and NBR are given in Figs 1
and 2 respectively. Two regions of degradation of EVA are evident (Fig. 1). The first

J. Therm. Anal. Cal., 63, 2001



754 VARGHESE et al.: THERMAL AGEING

TG curve
DTG curve
100
751
X
@
& 50+
=
25 A
0 L, . .
30 150 270 390
Temperature/°C
Fig. 1 TG and DTG curves of peroxide cured EVA
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Fig. 2 TG and DTG curves of peroxide cured NBR

step degradation starts at about 310 and is completed at 427°C. The second stage deg-
radation occurs in the region 446—538°C. The former stage of the degradation is due
to the elimination of acetic acid from the vinyl acetate sections of the chain and deg-
radation of polyethylene segments. The degradation of polyethylene segments is sen-
sitive to the presence of branches and oxidised structures. Even at temperature much
lower than the onset of volatilisation (occurs at about 370°C), polyethylene segment
in ethylene-vinyl acetate segment shows a decrease in molecular mass due to scission
at these structures which provide weak links. The later stage of degradation is due to
scission of polyene left after the first stage of degradation [1].
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The mass loss observed during the first and second stages are 18.7 and 79.4% re-
spectively. About 1.9% remains as residue above 538°C. The mass loss observed at
350°C is 4.81% and that at 475°C is 43.5%. In the DTG curve (dotted line), the major
peak is observed at 493°C which corresponds to the scission of conjugated polyene
left after the first stage of degradation. A small peak corresponding to the deacetyla-
tion and degradation of polyethylene is observed at 387°C.
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Fig. 3 Variation in 7 and T, with mass% of NBR

In the case of nitrile rubber (NBR) also a two-step degradation is observed
(Fig. 2). Due to the presence of acrylonitrile and butadiene units in nitrile rubber, deg-
radation occurs via a two-stage mechanism [9]. The first step degradation is from 427
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to 536°C and the second step from 584 to 706°C. A mass loss of 80.5 and 18% are ob-
served during the first and second steps of degradation respectively. About 1.5% re-
mains as residue above 692°C. The mass loss observed at 350°C is 4.8% and that at
475°Cis 33.1%. In the DTG curved (dotted line), a major peak at 488 and minor peak
at 638°C is observed. The peak at 488°C is mainly due to the degradation of buta-
diene segments which will be completed around 500°C and the peak at 638°C corre-
sponds mainly to the degradation of acrylonitrile segments. In general, the degrada-
tion behaviour of the blends is marginally different from that of the individual com-
ponents. It has been reported that the thermal stability can be improved by the incor-
poration of a second polymer [24]. The initial and final decomposition temperatures
and mass loss at different temperatures of the blends are given in Table 3. As the
NBR content increases, the initial and final decomposition temperatures increase
slightly. The initial decomposition temperature (7,) and the temperature of 50% de-
composition (7%,) is plotted as a function of blend composition in Fig. 3. Both 7, and
T,, show a negative deviation from the additivity. In Fig. 4, the residue mass at differ-
ent temperatures is plotted as a function of blend composition. At 350°C, the residue
mass of the pure components as well as the blends are nearly same. At 450 and
500°C, a slight increase in the residue mass is observed with the increase in the mass
per cent of NBR.

Table 3 Decomposition temperatures and mass loss of different NBR/EVA blends

Decomposition temperature/°C Mass loss/%
Sample .
initial final at 350°C  at475°C total
Blend ratio NP 311 537 4.83 43.45 98.11
N3P 341 544 4.81 33.79 93.85
NsoP 337 538 5.52 3891 89.44
N7P 342 655 4.14 42.07 98.22
NP 426 705 4.83 33.11 98.45
Crosslinking ~ NsoS 321 541 6.21 42.76 96.14
systems Ns5oM 334 554 6.21 39.31 86.49
Fillers 10S 334 544 5.52 33.11 91.31
10C 340 541 4.82 3241 91.43
10BS 342 560 4.14 31.72 85.29
10BH 320 558 4.14 27.59 98.83
20BH 328 559 4.82 25.52 98.84
30BH 333 567 3.75 25.00 72.01

Effect of crosslinking systems

For the different crosslinking systems the initial decomposition temperature is 321,
337 and 334°C for the sulphur (S), peroxide (P) and mixed (M) cure systems, respec-

J. Therm. Anal. Cal., 63, 2001



VARGHESE et al.: THERMAL AGEING 757

tively (Table 3). Here the peroxide cured systems shows the highest initial decompo-
sition temperature indicating a good thermal stability. This can be explained on the
basis of the structure of networks (Fig. 5) formed during vulcanisation. The C—C link-
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Fig. 4 Variation in residue mass with mass% of NBR
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Fig. 5 Schematic representation of the nature of crosslinks
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ages in the peroxide cured system are less flexible with the highest bond energy
(85 kcal mol ™). The mass loss observed at 350 and 475°C is given in Table 3. Here
also the peroxide cured system shows the lowest mass loss at a particular tempera-
ture.

Effect of fillers

In the case of filled NBR/EVA (N,,P) system, the initial decomposition temperature
of silica (10S) and HAF (10, 20 and 30 BH) filled systems decrease and that of clay
(10C) and SRF (10 BS) filled system increase. But there is increase in the final de-
composition temperature on addition of filler in all cases. With increase in filler load-
ing (10, 20 and 30 BH) there is an improvement in the initial as well as final decom-
position temperatures. In the case of all the filled systems DTG curves exhibit two
peaks — a minor one around 390°C and a major one around 500°C. From Table 3, it
can be seen that the mass loss at 350 and 475°C is low for all the filled systems com-
pared to the unfilled one (N, P). This indicates the improvement in the thermal stabil-
ity of the system with the addition of fillers.

Activation energy of degradation

The activation energy for the degradation process (temperature range 350-500°C)
was calculated from the Arrhenius relationship.

Table 4 Activation energy for degradation and property retention after ageing for NBR/EVA

blends
Samples Activation energy E,/kJ mol ' a ﬂlzf;egn;iiﬁg :tl ;%I(I)S:(l? E(:;e;l 2g;1h/%
NoP 247 91
N3P 3.01 92
NsoP 3.60 97
NP 4.21 94
NigoP 3.19 90
NsoS 2.94 80
NsoM 291 85
10S 3.20 81
10C 2.79 74
10BS 2.82 76
10BH 2.94 79
20BH 2.33 80
30BH 1.85 84

J. Therm. Anal. Cal., 63, 2001



X=X expB—

VARGHESE et al.: THERMAL AGEING 759

H 5)

O RT O

where X is the mass loss at a particular temperature, X, a constant, £, the activation
energy; R, the universal gas constant and 7, the absolute temperature. The activation
energy for the degradation process of all the systems is given in Table 4. It is seen that
the blends exhibit higher activation energy than the pure components indicating the
thermal stability achieved by blending. Among the various crosslinking systems, the
peroxide cured system shows the highest activation energy for the process. This is
due to the nature of networks (Fig. 5) and its respective bond length and bond energy
as explained earlier. In the mixed cure system, both types of linkages are present and
its activation energy is close to that of the sulphur cured system. Among the various
fillers used, the silica filled system shows the highest activation energy.
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Fig. 7 Effect of crosslinking systems on the tensile strength of unaged and aged samples
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Thermal ageing

The results of thermal ageing of NBR/EVA blends as a function of blend composi-
tion, crosslinking systems, filler type (at 10 phr loading) and filler loading (HAF) are
presented in Figs 6-9 respectively. In all the cases except sulphur cured system
(Fig. 7) a marginal increase in the property is observed after ageing of the samples at
50°C. This is due to the additional crosslinks formed during thermal ageing as evi-
denced by the crosslink density values given in Table 5.

Table 5 Crosslink density values of NBR/EVA blends

Crosslink density10*/mol cm™

Samples

Unaged Aged at 50°C Aged at 100°C
NP 16.88 16.97 16.69
N;oP 5.21 5.32 5.20
NsoP 2.84 3.02 2.84
NP 0.60 0.69 0.56
NjgoP 0.95 1.07 0.89
NsoS 3.01 2.94 2.84
Ns5oM 3.25 3.37 3.02
10S 4.12 423 3.98
10C 4.02 4.19 3.94
10BS 428 433 4.15
10BH 4.55 4.62 4.42
20BH 5.01 5.09 4.97
30BH 5.07 5.14 5.03

P I_-|.|'|'i.l‘l\.l'.il'.| CINGED AT 500 EAGED AT 100 |
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i B - = w E l'-l.
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ERE e | ]

Fillyra! 801 phv oaaiing
Fig. 8 Effect of fillers on the tensile strength of unaged and aged samples
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1000
[>€UNAGED +AGED AT 50°C -+ AGED AT 100°C]|
800
R
2 600
8 \
°
<
S
K
9 400
&
w
200, A
0
0 20 40 60 80 100

EVA content/mass%

Fig. 10 Effect of blend composition on the elongation at break of unaged and aged samples

There is an increase in crosslink density of the samples, except sulphur cured
system (N,,S), after ageing at 50°C. In the case of sulphur system, the S—S crosslinks
are more flexible with the lowest bond energy (57 kcal mol ™). They can be easily dis-
sociated by thermal energy. Therefore in sulphur cured system, the property decrease
as a result of ageing. It is important to notice that in all cases, the properties decrease
after ageing at 100°C. This is due to the disintegration of crosslinks at an elevated
temperature. The crosslink density also decreases after ageing at 100°C (Table 5). Af-
ter severe ageing condition at 100°C, the sulphur cured system retains only 80% of
the property. For the peroxide and mixed cure systems, the retention in property was
97 and 85% respectively. This implies that, among the different crosslinking systems,
peroxide cured system exhibits the best retention in property even after severe ageing
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Fig. 11 Effect of blend composition on the Young’s modulus of unaged and aged samples

condition. This is due to the thermal stability of the peroxide cured system as evident
from the TG studies discussed above.

The retention in property of all the blends is given in Table 4. The effect of blend
composition and ageing on the mechanical properties of NBR/EVA blends is given in
Figs 10 and 11. In Fig. 10, the elongation at break shows an initial increase followed
by a decrease at 50/50 : NBR/EVA blend composition. After 50/50 composition it
again shows an increase. The decrease in elongation at break of 50/50 composition is
associated with the co-continuity of the two phases at this composition [19]. Since the
two phases are co-continuous the interfacial interaction is higher at this composition
leading of a decrease in extensibility. The Young’s modulus increases with increase
in EVA content (Fig. 11). The sample aged at 100°C exhibits a lower Young’s modu-
lus than those aged at 50°C and unaged samples. However, the property is not much
affected by the mild ageing condition.

Conclusions

The thermogravimetry and thermal ageing of NBR/EV A blends have been carried out
with special reference to the effect of blend ratio, crosslinking systems, fillers and
filler loading. Both NBR and EVA exhibited a two-step degradation process. As the
NBR content in the blend increases, an increase in the initial and final decomposition
temperatures is obtained. Among the various crosslinking systems, the peroxide
cured system shows the highest initial decomposition temperature indicating a better
thermal stability. The activation energy of degradation for the blends was higher than
that of the pure components indicating the enhanced thermal stability by blending.
Among the various filled systems, the silica filled system showed highest thermal sta-
bility. After mild ageing condition (50°C for 72 h) properties are not affected, for all

J. Therm. Anal. Cal., 63, 2001



VARGHESE et al.: THERMAL AGEING 763

the systems. However, under severe ageing condition (100°C for 72 h) a deterioration
in property was observed due to the degradation of the crosslinks. The crosslink den-
sity values are in accordance with the above observation. The peroxide cured system
exhibited a better retention in property even after severe ageing condition.
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