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Differential scanning calorimetry (d.s.c.), X-ray, dynamic mechanical and microscopy studies were carried 
out using a series of blends of natural rubber (NR) and ethylene-vinyl acetate copolymer (EVA) in the 
crosslinked and uncrosslinked states. The crosslinking system (sulfur, peroxide and mixed) and blend ratio 
do not influence significantly the melting temperature (Tin) of EVA. The decrease in percentage crystallinity 
of EVA with NR content is related to the incomplete crystallization, as indicated by the lower heat of 
fusion (AH). The glass transition temperature (Tg) of NR in the uncrosslinked blend did not change 
substantially and this indicated incompatibility. However, in the case of crosslinked systems, depending 
on the type of crosslinking agents used, the Tg of the NR phase in the blend was shifted to higher 
temperatures. This has been explained with reference to the predominant crosslinking of the NR phase. 
From X-ray diffraction patterns, the interplanar distances (d values) were calculated. With the addition 
of NR there was a tendency for the d values to increase in all systems. The crystallinity was measured by 
X-ray and the results were in line with those of d.s.c, measurements. The dynamic mechanical properties 
such as tan 6, storage modulus and loss modulus of the blends were evaluated. The existence of separate 
Tg values in dynamic mechanical thermal analyser studies indicates that the blends are incompatible. The 
morphology of the uncrosslinked blends has been studied by scanning electron microscopy. 

(Keywords: blends; d.s.c.; crosslinking systems; X-ray analysis; d.m.t.a.; natural rubber; ethylene-vinyl acetate copolymer) 

I N T R O D U C T I O N  

The concept of appropriately combining two or more 
different polymers to obtain a new material system with 
the desirable features of its constituents is not new. Over 
the years, numerous systems based on the chemical 
combination of different monomers through random, 
block and graft copolymerization methods have been 
developed with this goal in mind. For  similar reasons, 
the coatings and rubber industries have blended together 
different polymers and particularly over the last decade 
the interest in polymer blend systems as a way to meet 
new market applications with minimum development 
cost has rapidly increased. This approach has not been 
without its difficulties and has not developed as rapidly 
as it might, in part because most physical blends of 
different high-molecular-weight polymers prove to be 
immiscible. That  is, when mixed together, the blend 
components are likely to separate into phases containing 
predominantly their own kind. This characteristic, 
combined with the often low physical attraction forces 
across the phase boundaries, usually causes immiscible 
blend systems to have poor mechanical properties. Even 
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for immiscible pairs, proper control of phase morphology 
during processing and addition of compatibilizing agents 
can improve the interfacial situation. 

In recent years the technical literature on this subject 
has expanded greatly, as evidenced by the appearance of 
several research papers, books and proceedings of various 
conferences 1-6. Martuscelli et  al. 7"8 have reported on the 
thermal behaviour and morphology of rubber-plastic 
blends. According to them, fundamental information 
about the miscibility of blends and the phase diagram of 
the components in the molten state could be obtained 
from these studies. Locke and Paul 9 studied the dynamic 
mechanical properties, thermal behaviour, adhesion 
characteristics and morphology of ternary blends to 
examine the effectiveness of a third component as a blend 
modifier. Kuriakose and De 1° and Thomas et  al. l l  have 
also investigated morphology, miscibility and mechanical 
properties of various thermoplastic elastomer blends. 

Recently, blends of natural rubber (NR) and 
ethylene-vinyl acetate copolymer (EVA) have gained a 
lot of interest. These materials combine the excellent 
ageing and flex crack resistance of EVA and the good 
mechanical properties of NR. In this laboratory, we have 
already studied the mechanical properties, vulcanization 
kinetics, rheological behaviour and ageing properties of 
these blends 12-16. The present study explores the 
miscibility, morphology, crystallization and dynamic 
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mechanical properties of NR-EVA blends with special 
reference to the effects of blend ratio and crosslinking 
systems. 

EXPERIMENTAL 

Materials 
Natural rubber (NR) conforming to ISNR 5 was 

supplied by the Rubber Research Institute of India. 
Ethylene-vinyl acetate (EVA Exxon 218) was supplied 

by the Exxon Chemical Company, Houston. The vinyl 
acetate content of EVA is 18% by weight, its melt flow 
index is 1.7 g per 10 min and the Vicat softening point 
is 64°C. All other additives such as dicumyl peroxide 
(DCP), zinc oxide (ZnO), sulfur, and dibenzthiazyl 
disulfide (MBTS) were of commercial grade. 

Blend preparation 
The blends were prepared in a laboratory model 

intermix (Shaw Intermix KO) set at a temperature of 
80°C and a rotor speed of 60 r.p.m. NR was masticated 
for 2 rain and then blended with EVA for 2.5 min. The 
final temperature of the blend inside the intermix was in 
the range 110-125°C, depending upon the blend ratio. 

The blends contained 0, 30, 40, 50, 60, 70 and 100% 
by weight of EVA and were designated A, D, E, F, G, 
H and J, respectively. The blends were compounded in 
a two-roll laboratory mill as per the test recipes given in 
Table 1. The compounds which contained the sulfur cure 
system were designated A1, Dx and F1 and those with 
DCP as A 2, D2, F2, Hz and J2. Compounds which 
contained the mixed cure system consisting of sulfur and 
DCP were designated as A 3, D3, F3, H3 and J3. The 
proportions of sulfur and DCP in the mixed cure system 
did not correspond to the proportions of NR and EVA 
in the blend because their distribution in these two 
elastomers can be different 12. As given in Table 1, the 
mixed cure system contained the sum of the curatives 
used for the sulfur and DCP systems. The objective of 
taking these three cure systems was to study the responses 
of polysulfidic, carbon-carbon and mixed crosslinks 
towards thermal and dynamic mechanical effects. The 
compounded blends were vulcanized to optimum cure in 
a steam-heated hydraulic press at 160°C to get the 
required test samples. The blends with 50% or more of 
EVA could not be vulcanized fully with the sulfur system 
and hence could not be evaluated for physical properties. 

The blends were characterized by differential scanning 
calorimetry (d.s.c.), X-ray, scanning electron microscopy 
(SEM) and dynamic mechanical thermal analysis 
(d.m.t.a.). 

Table 1 Formulations of mixes in g per 100 g of rubber 

Sulfur DCP Mixed 
Ingredients system system system 

Polymer 100.0 100.0 100.0 
Zinc oxide 5.0 5.0 5.0 
Stearic acid 1.5 1.5 1.5 
Styrenated phenol antioxidant 1.0 1.0 1.0 
Dibenzthiazyl disulfide 0.8 - 0.8 
Dicumyl peroxide - 4.0 4.0 

(40% active ingredient) 
Sulfur 2.5 2.5 

Differential scannin O calorimetry 
The thermal behaviour of the blends was studied with 

the help of a Perkin-Elmer DSC-4 thermal analyser. The 
samples were inserted into the apparatus at room 
temperature and immediately heated to 200°C at a rate 
of 40°C min-1 and kept for 1 rain at this temperature 
in order to remove the volatile impurities. The samples 
were quenched to - l l 0 ° C  at the rate of 320°C min -1. 
The d.s.c, scan was made from -110 to 120°C at the 
rate of 20°C min- 1. The glass transition temperature of 
each sample was taken as the midpoint of the step in the 
scan. The peak maximum from the d.s.c, curve was 
considered as the melting point. 

X-ray study 
In order to find out the degree of crystallinity and the 

amorphous content of different blends, X-ray diffraction 
patterns of the samples were recorded with an X-ray 
diffractometer using Ni-filtered CuK~ radiation from a 
Philips X-ray generator. The angular range was 5 to 40 ° 
(20). Samples of the same thickness and the same area 
were exposed. The operating voltage and the current of 
the tube were kept at 55 kV and 190 mA, respectively, 
throughout the course of the investigation. 

The X-ray diffraction patterns of the samples were 
separated into two parts, crystalline and amorphous, by 
taking natural rubber as fully amorphous. The areas 
under the crystalline and amorphous portions were 
measured in arbitrary units, and the degree ofcrystallinity 
X c and the amorphous content X a of the samples were 
calculated using the relations 

X c - 
Ic + Ia 

Ia 
X a - 

la + l~ 

where I~ and I a represent the integrated intensities 
corresponding to the crystalline and amorphous phases, 
respectively, i.e. the areas under the respective curves. 

Dynamic mechanical thermal analysis 
Dynamic mechanical measurements were carried out 

on a dynamic mechanical thermal analyser (Polymer 
Laboratories) consisting of a temperature programmer 
and controller. This instrument measures dynamic 
moduli (both storage and loss moduli) and the damping 
of a specimen under an oscillatory load as a function of 
temperature. The experiment was conducted in uniaxial 
tension mode from - 8 0  to +20°C at a frequency of 
10 Hz at 0.325% dynamic strain with a programmed 
heating rate of I°C min-1. Liquid nitrogen was used to 
achieve subambient temperatures. The mechanical loss 
factor tan 6 and the dynamic moduli E' and E" were 
calculated with a microcomputer. 

Scannin9 electron microscopy 
The SEM observations of the blends were made 

using a JEOL 35C scanning electron microscope. One 
end of the uncrosslinked blend in cylindrical form was 
kept immersed in benzene for about 48 h to extract the 
NR phase. These samples were then dried at 40°C in an 
air oven without disturbing the extracted surface and 
their surfaces were examined under the SEM for the 
morphology study. Photographs of the extracted surface 
were taken at 1000 × magnification in all cases. 
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Table 2 T h e r m a l  p r o p e r t i e s  o f  N R - E V A  b l e n d s  

Uncrosslinked blend Crosslinked blend" 

Properties A D F H J D 1 F 1 D 2 F 2 1--I 2 D 3 F 3 H a 

Heat  of fusion AH (cal g -1 )  _ 1.8 3.7 4.8 5.2 1.9 3.6 1.9 4.6 3.9 1.9 4.7 4.3 

Peak temperature  T m (°C) - 85.3 84.9 83.9 86.7 85.3 85.0 81.0 81.5 79.4 81.4 81.6 82.0 

Onset of  glass transition (°C) - 6 7 . 4  - 7 1 . 2  - 7 0 . 3  - 7 0 . 2  - 3 5 . 7  - 6 9 . 1  - 6 7 . 9  - 6 5 . 7  - 6 5 . 4  - 6 5 . 0  - 6 4 . 4  - 6 5 . 5  - 6 6 . 0  

Glass transition ~ NR phase - 65.3 - 66.3 - 66.9 - 66.5 - 58.0 - 54.6 - 63.8 - 62.7 - 63.0 - 57.1 - 53.4 - 43.8 
[ 

temperature  Tg (°C)J EVA phase . . . . .  27.0 . . . . . . . .  

Crystallinity (%)  - 11.2 23.3 29.0 32.1 11.6 22.2 11.5 28.4 24.1 11.7 29.0 26.6 

°The subscripts 1, 2 and 3 stand for sulfur, peroxide and mixed cure systems, respectively 

RESULTS AND DISCUSSION 

Thermal properties 
The thermal properties of NR, EVA, and crosslinked 

and uncrosslinked blends were analysed by d.s.c. The 
melting temperatures T,~, fractional crystallinities Xc, 
heats of fusion AH and glass transition temperatures Tg 
of the blends are reported in Table 2. 

D.s.c. results for the uncrosslinked and crosslinked 
blends are given in Figures 1 and 2, respectively. The 
peak point temperature of the thermogram was taken as 
the melting point Tin. It is interesting to note from Table 
2 that in the case of uncrosslinked and sulfur-crosslinked 
blends, Tm is almost independent of composition. 
However, a slight decrease in melting point is observed 
in the case of peroxide-cured and mix-cured blends. 

The area of the melting endotherm is also calculated 
and reported as the heat of fusion AH. The fractional 
crystallinities of EVA in the blends are calculated from 
the AH values on the basis that EVA has an 18% vinyl 
acetate content 17. It is seen that the fractional 
crystallinity Xc and heat of fusion values decrease with 
increase in rubber content for similar conditions of 
crystallization. The crystallinity of EVA was found to be 
32%. With gradual incorporation of NR, the crystallinity 
of EVA comes down to 29.0% for 30:70 NR:EVA, 13.3% 
for 50:50 NR:EVA and 11.6% for 70:30 NR:EVA 
blends. Martuscelli 8 has shown that crystallinity is 
affected by blend composition and crystallization 
conditions such as temperature, pressure, orientation, 
molecular weight and diluent. The crystallization of the 
EVA segments is controlled by the segmental diffusion 
rate of the other polymeric chains. The separation is 
enhanced as the NR content is increased. Incomplete 
crystallization thus leads to a decrease in AH and, hence, 
crystallinity. 

The glass transition temperatures T, as obtained from 
the d.s.c, measurements are reported in Table 2 for 
crosslinked and uncrosslinked NR-EVA blends. The Tg 
values of pure NR and EVA are found to be -65.3°C 
and -27.0°C, respectively. In the case of uncrosslinked 
NR-EVA blends, the glass transition temperature of NR 
was found to be -66°C. It is interesting to note that the 
T, value of the NR phase remains almost constant with 
increasing composition. The Tg of the EVA phase could 
not be detected in the blends using d.s.c. However, 
d.m.t.a. (see later) could detect the T, of EVA. 
It seems that the T, values of the two phases in the 
uncrosslinked blends do not undergo substantial shifts. 
These observations, coupled with the fact that T m remains 
more or less constant with increase in NR content, 

A 

TEMPERATURE °C 

F i g u r e  l D . s . c .  t h e r m o g r a m s  o f  u n c r o s s l i n k e d  N R - E V A  b l e n d s  

He 

F 

^i 
,,=,~ 

N 

-g000 -70.00 -SO00 -30.00 -I000 1000 3000 5000 ?0.00 
TEMPERATURE °C 

F i g u r e  2 D.s .c .  t h e r m o g r a m s  o f  c r o s s l i n k e d  N R - E V A  b l e n d s  

indicate the fact that the blends are incompatible or 
immiscible 18. 

It is interesting to note that in the case of crosslinked 
blends, depending on the type of crosslinking system used 
(sulfur, peroxide or mixed) the Tg of the NR phase 
undergoes a substantial shift from its normal position to 
a higher temperature (Table 2). Generally, the 
introduction of crosslinks increases the Tg value due to 
the restriction of the segmental motion of the polymer 
by the crosslinks. When sulfur is used as the crosslinking 

3430 POLYMER, 1993, Volume 34, Number 16 



Effect of blend ratio and crossfinking on properties of NR-EVA blends. A. T. Koshy et al. 

system, the NR phase is preferentially crosslinked. D C P  
crosslinks both the phases. In the mixed system, sulfur 
crosslinks the NR phase and D C P  crosslinks both the 
phases. In the case of the 70:30 NR:EVA blend, the Tg 
values of the NR phase in the blend for the sulfur, 
peroxide and mixed crosslink systems are -58 .0 ,  - 6 3 . 8  
and -57 .1°C,  respectively. The Tg of the natural rubber 
phase in the uncrosslinked 70:30 NR:EVA blend is 
- 6 6 . 3 ° C .  This suggests that the increase in the Tg of the 
NR phase is at its maximum when the mixed system is 
used as the crosslinking agent. A similar behaviour was 
observed for 50:50 and 30:70 NR:EVA blends. 
Therefore, it can be concluded that the mixed system 
predominantly crosslinks the NR phase and the 
crosslinking efficiency of the three systems in the NR 
phase varies in the order mixed > sulfur > peroxide. Since 

s.oo ~o.'oo ls'.oo 2c;.oo 

Figure 3 

T 

35 

co 

51 i i 
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X-ray diffraction patterns of uncrosslinked NR-EVA blends 
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Figure 4 X-ray diffraction patterns of crosslinked NR-EVA blends 

Table 3 Crystallization characteristics of the blends 

Crystallinity X c d values 
Sample reference (%) (~,) 

Uncrosslinked 
Sample D 10.3 4.164 

3.799 
2.499 

Sample F 24.6 4.164 
3.796 
2.493 

Sample H 26.5 4.164 
3.786 
2.483 

Sample J 36.4 4.164 
3.776 
2.473 

Crosslinked" 
Sample D 1 7.6 4.165 

3.800 
2.494 

Sample F 1 20.1 4.164 
3.797 
2.493 

Sample D 2 7.6 4.164 
3.799 
2.495 

Sample F 2 20.4 4.165 
3.798 
2.493 

Sample H 2 22.6 4.165 
3.777 
2.473 

Sample D 3 7.7 4.166 
3.800 
2.495 

Sample F 3 20.4 4.164 
3.799 
2.495 

Sample H 3 22.1 4.165 
3.776 
2.473 

"The subscripts 1, 2 and 3 stand for sulfur, peroxide and mixed cure 
systems 

the resolution of the equipment used for the study was 
only up to 15 nm, the Tg corresponding to the EVA phase 
could not be detected and therefore the extent of 
crosslinking in the EVA phase could not be derived. 

X-ray diffraction analysis 
Figures 3 and 4 depict the X-ray diffraction patterns of 

uncrosslinked and crosslinked blends. The results of the 
X-ray analyses of the samples are given in Table 3. From 
the table it can be seen that the degree of crystallinity 
X c of EVA is 36.4%. This is higher than that obtained 
by d.s.c, measurements. The value of Xc depends very 
much on the method of preparat ion of the sample and 
the technique of measurement 19. The decrease in 
crystallinity caused by natural rubber is due to the 
addition of an amorphous  component  which migrates 
into the crystalline phase of pure EVA, reducing the 
crystalline domains of the pure EVA sample. The 
introduction of crosslinks further reduces the crystallinity 
of the system. This is due to the fact that the crosslinking 
system arrests the regular arrangement of the crystalline 
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regions within the sample 14. The interplanar distances 
(d values) are reported in Table 3. With the addition of 
natural rubber there was a tendency for the d value to 
increase in most systems. This suggests the migration of 
the NR phase into the interchain spaces of EVA. Similar 
observations have been reported in the case of NR-PE 
blends by Roychoudhury et al. 18. 

Microscopy studies 
Figure 5a is the photomicrograph of blend G, the 

composition of which is 60:40 EVA:NR. The holes seen 
on the surface are formed by the extraction of the NR 
phase. At this blend ratio NR remains as dispersed 
particles in the EVA matrix. The sizes of the dispersed 
particles are also small compared with their sizes in those 
blends which contain a higher proportion of NR. As the 
proportion of NR in the blend is increased to 50% (blend 
F), the sizes of the holes have increased several-fold 
(Figure 5b). The boundary of EVA that separates the 
holes has narrowed down to a thin layer. When the 
EVA:NR ratio is 40:60 (blend E), this narrow boundary 
layer is broken since it is unable to withstand the forces 
due to the swelling of the NR phase (Figure 5c). It is 
possible that in blends E and F both NR and EVA form 
continuous phases because of the higher proportion of 

the NR phase and the lower melt viscosity of the EVA 
phase 14. The photomicrograph of the 30:70 EVA:NR 
blend shows aggregates of EVA domains lying on the 
benzene-extracted surface (Figure 5d), indicating that 
phase inversion has occurred in the blend and EVA forms 
the dispersed phase at this blend ratio. Thus, the 
morphology of uncrosslinked EVA-NR blends appears 
to be such that the EVA forms the dispersed phase when 
its proportion is below 40% and NR forms the dispersed 
phase when its proportion is 40% or below. In the range 
of 40:60 and 50:50 EVA:NR both the polymers remain 
as continuous phases to give an interpenetrating 
structure. 

Dynamic mechanical properties 
The dynamic mechanical behaviours of crosslinked 

and uncrosslinked systems are shown in Figures 6 to 17. 
The glass transition temperature was selected at the peak 
position of tan 6 and E" when plotted as a function of 
temperature. The Tg values of all the systems are given 
in Table 4. 

The tan & values of uncrosslinked blends as a function 
of temperature are given in Figure 6. It is seen that pure 
NR exhibits a transition at -46°C. For pure EVA the 
transition is detected at -10°C. All the blends exhibit 

Figure 5 (a) Photomicrograph of blend G. (b) Photomicrograph of blend F. (c) Photomicrograph of blend E. (c) Photomicrograph of blend D 

3432 POLYMER, 1993, Volume 34, Number 16 



Effect of blend ratio and crosslinking on properties of NR-EVA blends." A. T. Koshy et al. 

1 20  

0.96 

0.72 

048 

0.24 

0.00 
-80 

A g 
D ~. 
F • 

-30 20 
TEMPERATURE, °C 

30 

24  

18 

.o 
c l . 2  
t~ 
F- 

0,6 

0.0 
-80 

A~ D 
D, A 

F, • 

A 

~ . - - ~ y . ~ ,  , - ~ . ~ - ,  , , o - - - ~ , - - , - ~  

-30 20 
TEMPERATURE, °C 

Figure 6 Effect of temperature on the loss tangent of uncrosslinked 
N R - E V A  blends 

Figure 9 Effect of temperature on the loss tangent of sulfur-cured 
N R - E V A  blends 

10' 

10 ~ 

10' 

£ 

- -10  ~ 

10 S 

-80 

• ,  i 10 ~ 

A 
=-| 

-30 20 
TEMPERATURE, oC 

Figure 7 Effect of temperature on the loss modulus  of uncrosslinked 
N R - E V A  blends 

10 = 

I0' 
£ 

~J 

I0 '  

-80 

10' 

i 

-30 20 
T E M P E R A I U R E  °C 

Figure l0 Effect of temperature on the loss modulus  of sulfur-cured 
N R - E V A  blends 

10 9 

10' 

#_ 

uJ 
- -  107 

10 = 

-80 

D . \ °  ~]  
F • ~ o  / 

1 
H v 

J * 

-30 20 
TEMPERATURE,°C 

Figure g Effect of temperature on the storage modulus  of 
uncrosslinked NR EVA blends 

109 

g. 

w 10 ' 

106 

i 

-S0 -30 20 
TEMPERATURE, °C 

Figure 11 Effect of temperature on the storage modulus  of 
sulfur-cured N R - E V A  blends 

POLYMER, 1993, Volume 34, Number 16 3433 



Effect of blend ratio and crosslinking on properties of NR-EVA blends." A. T. Koshy et  al. 

3.0 , 3.0 

2.4 

1.8 

,,o 
c l . 2  

0.6 

0.0 
-80 

Az o 
D2 A 

Fz • 
H= • 

/ \  
"\ J 
\ 

_ 

-30 20 
TEMPERATURE,°C 

2.4 

1.8 

~2 
c 1.: 

0.0 
-80 

A~ D 
D~ A 

FJ • 

Ha • 

/,-=~ J3 + 

! f \  \xo. 
-30 20 

TEMPERATURE, °C 

Figure 12 Effect of temperature on the loss tangent of peroxide-cured 
N R - E V A  blends 

Figure 15 Effect of temperature on the loss tangent of mix-cured 
N R - E V A  blends 

10 lo 

\~.\._ ---.~-~ 

F= • """-- -0 ~ o - -  

H2 • 
J= ÷ 

10' 

10 ~ 

#_ 

- -10'  

10' 

i 

-80 +30 20 
TEMPERATURE, °C 

Figure 13 Ef fec t  of temperature on the storage modulus  of  
peroxide-cured N R - E V A  blends 

101 + 

10+ 

10 + . ~ * + + 
#_ 

m 

106 

-1 10 s F~ • 

R= • 

J= ÷ 

; , 
-80 -3 20 

TEMPERATURE, oc  

Figure 16 Effect of temperature on the loss modulus  of mix-cured 
N R - E V A  blends 

10 j 

101 

Fz • 

Ha • 
Jz + 

10' 

w 

10 S 

i 
-80 -30 20 

TEMPERATURE, oc  

Figure 14 Effect of temperature on the loss modulus  of peroxide-cured 
N R - E V A  blends 

101° 

10' 

10' 
#_ 

107 

10 + 

-80 

= ------o..... 

H3 • 

J3 ÷ 

I 
- ~  20 

TEMPERATURE, 

Figure 17 Effect of temperature on the storage modulus  of mix-cured 
N R - E V A  blends 

3434 POLYMER, 1993, Volume 34, Number 16 



Effect of blend ratio and crosslinking on properties of NR-EVA blends: A. T. Koshy et al. 

Table 4 Dynamic mechanical properties 

E" peak E" peak 
temperature temperature 

T s, Tg, of NR of EVA 
NR phase EVA phase tan 61,,= x E tan 62max transition transition 

Sample reference (°C) (°C) NR phase (kJ mo1-1) EVA phase (°C) (°C) 

Sample A (0:100) -46.3 - - 211.12 - -55.0 - 
Sample D (70:30) -46.3 - 0.856 205.50 - -51.0 - 
Sample F (50:50) -50.0 -10.9 0.400 178.45 0.200 -51.0 -20.4 
Sample H (30:70) -51.7 -10.1 0.165 191.29 0.200 -51.0 -20.4 
Sample J (100:0) - 10.0 - 0.144 - -20.0 
Sample A1 -42.0 2.200 204.62 - - 51.1 - 
Sample D 1 --42.3 1.020 170.89 - -48.0 - 
Sample F 1 --43.6 -5.0 0.880 161.46 0.280 -45.0 -20.0 
Sample A 2 --45.0 - 2.200 209.84 - - 53.1 - 
Sample D 2 --46.0 1.040 218.23 - -52.6 - 
Sample F 2 - 48.0 - 10.0 0.440 176.05 0.224 - 50.0 - 20.0 
Sample H 2 --47.5 -8.0 0.224 216.35 0.400 -46.3 -20.0 
S a m p l e  J 2  - - 10.0 - - 0.251 - -20.0 
S a m p l e  m 3 - 39.8 - 2. I00 192.73 - - 48.7 - 
S a m p l e  D 3 --37.5 0.184 186.57 - -42.6 

S a m p l e  F 3 - -  36.0 - 10.0 0.475 228.01 0.304 - 41.0 - 20.0 
Sample H 3 -- 37.0 - 10.0 0.240 237.65 0.264 - 40.0 - 20.0 
S a m p l e  J 3  - - 10.0 - - 0.250 - - 29.1 

two t rans i t ions  co r r e spond ing  to the N R  and  EVA 
phases ,  which indicates  the incompa t ib i l i t y  of the two 
componen t s .  As c o m p a r e d  to the d.s.c, results,  the 
dynam ic  mechan ica l  analysis  (d.m.a.)  t h e r m o g r a m s  
exhibi t  t rans i t ions  at  h igher  t empera tures .  This  shows 
the difference in response  of  the molecu la r  segments  of 
the sample  t owards  d .m.a ,  and  d.s.c, analysis  condi t ions .  
I t  can be seen tha t  the tan  6mx due to the N R  phase  
decreases as the EVA conten t  increases,  and  the decrease  
is much  sha rpe r  when the EVA conten t  is 50% or  more ,  
where EVA forms a con t inuous  phase.  

As expected,  the loss modu l i  (Figure 7) sharp ly  increase 
in the t r ans i t ion  zone unti l  they a t ta in  m a x i m a ;  they then 
decrease with increas ing t empera tu re .  The  Tg values 
ob ta ined  f rom the E" versus t empe ra tu r e  p lo ts  are a lways  
lower  than  those  ob ta ined  from tan  6max (Table 4). The 
sharp  loss peaks  indicate  tha t  the system c o m p o n e n t s  are 
incompat ib le .  Figure 8 shows the elastic modu lus  E '  for 
var ious  b lends  over  a wide range  of  t empera tu re .  The  
curves for all the compos i t i ons  have three dis t inct  
regions:  a glass region,  a t rans i t ion  region  ( leathery 
region),  and  a rubbe ry  region.  Since the exper iment  was 
not  pe r fo rmed  above  20°C, the h igh - t empera tu re  viscous 
region was no t  ob ta ined .  I t  is seen tha t  the s torage  
m odu l us  decreases  wi th  increas ing t empe ra tu r e  due  to 
the decrease  in stiffness of  the sample.  The  decrease  is 
sha rp  in the case of  h igh -NR blends.  

The  dynamic  mechan ica l  p roper t i e s  of  c ross l inked 
systems are  shown in Figures 9 to 17. The  i m p o r t a n t  
p roper t ies  are  l isted in Table 4. I t  is seen that ,  as 
c o m p a r e d  to the uncross l inked  blends ,  the Tg values of  
the N R  phase  increase  sharp ly  in the case of 
sul fur-cross l inked and  mix-cross l inked  systems. F o r  
example ,  the Tg of  uncross l inked ,  pure  N R  is - 4 6 . 3 ° C .  
The co r r e spond ing  values for sulfur-cured,  peroxide-  
cured and  mix-cured  systems are  - 4 2 . 0 ,  - 4 6 . 0  and  

- 39.8°C, respectively.  Similar ly,  for the 70:30 N R : E V A  
blend the Tg values of  the N R  phase  in the uncross l inked,  
sulfur-cured,  pe rox ide -cured  and  mix-cured  systems are 
- 46.3, - 4 2 . 3 ,  - 46.0 and  - 37.5°C, respectively.  This 
suggests tha t  the degree of cross l inking of  the N R  phase  
is at  a m a x i m u m  in the case of the mixed cross l inking 
system. However ,  the Tg of  EVA does  not  show a 
subs tan t ia l  shift with respect  to crossl inking.  This  fur ther  
suggests that  in N R - E V A  blends  the extent  of 
c ross l inking  of  the N R  phase  is subs tan t ia l ly  higher  than  
tha t  of  the EVA phase.  This  is assoc ia ted  with the faster 
cur ing na tu re  of the N R  phase  as a result  of the high 
level of unsa tu ra t i on  in the i soprene  units.  

In  some recent  s tudies on s imilar  systems it was 
in te rpre ted  tha t  the shift in Tg values is due  to interface 
cross l inking  which results  in some type of compat ib i l i za -  
t ion 2°. However ,  in the case of the N R - E V A  system all 
the cross l inked systems show two t rans i t ions  corre-  
spond ing  to the EVA and  N R  phases.  Therefore,  the 
cross l inked system c ompone n t s  are  incompat ib le .  
However ,  the observed  shift in the Tg of the N R  phase  
as seen f rom d.s.c, and  d.m.t .a ,  s tudies m a y  be assoc ia ted  
with the p r e d o m i n a n t  cross l inking of tha t  phase  and  not  
due to the compat ib i l i z ing  act ion.  

The t an  6ma x values of  bo th  the N R  and EVA phases  
increase with cross l inking (Figures 9, 12 and  15). The 
in t roduc t ion  of crossl inks also increases the s torage  
modu l i  of the b lends  (Figures 11, 13 and  17). The  
ac t iva t ion  energy E of the t rans i t ion  of the N R  phase  
has been ca lcu la ted  f rom the Arrhen ius  equa t ion  by 
p lo t t ing  log(frequency)  aga ins t  the rec iprocal  of  abso lu te  
t empe ra tu r e  and  f inding out  the s lope of the s t ra ight  line 
ob ta ined .  These  d a t a  are given in Table 4. It  can be 
not iced  tha t  in mos t  cases, except  for the mix-cured  
system, the ac t iva t ion  energy decreases  with increas ing 
EVA content .  
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Effect of blend ratio and cross/inking on properties of NR-EVA 

C O N C L U S I O N S  

The thermal behaviour, morphology,  crystallinity and 
dynamic mechanical properties of blends of natural 
rubber and ethylene-vinyl  acetate have been investigated 
with special reference to the effect of blend ratio and 
crosslinking systems. The d.s.c, and d.m.t.a, results show 
that the blend components  are incompatible in the 
crosslinked and uncrosslinked states. The predominant  
crosslinking of the natural rubber phase as a result of 
the addition of sulfur or mixed crosslinking agents can 
be analysed by the shift in the glass transition temperature 
of the natural rubber phase towards higher temperatures. 
The addition of natural rubber to EVA decreases the 
crystallinity of the samples, as endorsed by d.s.c, and 
X-ray analysis. The morphology of the blends, as studied 
by scanning electron microscopy, consists of a two-phase 
structure in which the natural rubber phase is dispersed 
into domains at its lower proportions.  In 40:60 and 50: 50 
EVA :NR blends both phases exist as continuous phases. 
Phase inversion is observed when the proport ion of EVA 
is less than 40%. 
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