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Aharad: Blends o f Natural h ibhcr (N R )  and ethykne-vinyl aceiale (E V A ) , in vaiying proportioni, were prepared with three different 
cure sysfems and evaluated fo r phyficat properties. Most o f the im portant technofogrcal properties w«re better Tor the biends vutc«nized 
using the mixed cure system compared with those cured with D C P . T h e  blends showed better abrasion resistance, higher hardness, 
modulus and tear resistance as the proportion o f E V A  increased.

1. Introduction

\  large number of polymer blends have been developed 
c g the course of the past Tivc years in difrerenl branches of 
industry. At or below room temperature, elastomer blends remain 
in seperstle phases, of which minor component forms a dispersed- 
phasc. Size and dislribuiion of ihe dispersed phase depend on 
several factors such as mooney viscosity, density and solubility 
parnmetor of Ihe components, rale of shear during blending and 
temperature. I’roperiies of eiastomer blends depend not only 
upon the si/.c of the dispersed pha.se, but also on the extent of cure 
of each. Ii is common practice to prepare and use of blends of two 
or three elastomers so as to achievc desired processing charac- 
teristies and physical properties. DIcnds of NR and EVA arc being
u.scd for m«my ctpplicalions, such «k fixrtwcar, aiWcs, etc. A sys- 
icmaiic study on ihe influence of different cure systems and blend 
ralloon the engineering properties of NR-IIVA blends is lacking, 
iĵ thispiipcr the influence of different crosslinking systems with a 
view to suggest a cure system suilable for piirticular blend rniio 
which has ihc desired physical propertjes.

2.Experifnent
M iite r iu is  used

Nil used for the Study wsts ISNR_5 and the IiVA employed 
(*!xxon 2J8 having vinyl acetate content 18% by weight. AH 
cdienis are of commercial grade.

Prepuriition of bi«nd.s
'I ho blends are nrepared in a laboratory model jniermix Kt 

al a leinperature of 80 ( and a ralor speed of 60 rpm. NR was 
masticiiu'd for 2.0 mir • d blended with EVA for 2.5 min. Ihe 
blends were compounued in a two roll mixing mill as per the te.sl 
recipe in I'abte 1. Compounds which contained sulpher curc 
system were designed Al, Bl, Cl... and those of DCP as A2, B2, 
C2...ell-.

Cx)nipounds which contained mixed cure system consisting
of S and IX'P Al, B3, C3....The b:ends were moulded to
optimum cure in a steam healed hydrautic press al 160̂ C Blends 
with 50% or more of EVA could nol be vulcanised fully vwih 
sulpher, and hencc could nol be evaluaied for physical propcrlies. 
'ITie physiail properties are evaluated according to ASTM stand- 
ards.

3. Results and Discussions

Tensile strength, modulus and elongation
The changes in tensile strength, 300% modulus and elonga- 

lion al break with increase in EVA content in the blend and the 
efTect of ihe three differeni cure sysiems on ihesc properlies are 
shown In Figs. 1,2 and 3 respeciively. 1'ensile Mrength of those 
blends which contained sulphur and mixed curc ^tcms was 
maximum when the proportion of NR in the blend wa<: in the 
range of 70 to 80 percent, whereas the tensifc strength of the DCP 
cured blends increased steadily with increase in EVA content in 
the blend. Whch ihe proportion of the minor component in the 
blend is In the range of 20 to 30 per cent, it remains as dispersed 
particles and the bulk of the curative gets dispersed in the con­
tinuous phase. In the present ca.se, this is more pronounced 
because sulpher is highly reactive with NR and not ai all cfTectls-e 
in curing EVA. 'lliis will facilitate migration of sulphur which is 
dispersed in the EVA phase to the N R phase during vulcanization. 
Ihusa higher extent ofcrosslinkingof ihe NR pha.se ofihe blends 
B to D may be the reason for the observed higher (ensile values 
of these blends In the case of sulphur and mixed cure sysiems.

Al higher profx>rlions of NR in the blend, the tensile strength 
values were In the order: sulphur cure ) mixed cure) DCP cure, 
’{'his observation am be explained biised on the type of crosslinks 
normally obtained when such systems arc u.sed. In sulphur cure 
with conventional dosage, the crosslinks formed arc mainly 
polysulphidic in nature wherea.s, DCP curc gĥ s carbon-carbon 
type crosslinks. The more flexible polysulphidic linkages facilitate 
higher extensions and higher tensile strength during stretching by 
reforming the ruptured crosslinks in preferred configurations 
whereas the less flexible C>C type linkages provide only lower 
tensile strength'.,In the case of the mixed cure system there is a 
possitMlity that both the types of eorsslinks are formed and the 
blends attain a higher crosslink density compared lo the other cure 
systems. When hitxed crosslinks are present, (he tensile strength 
will t>e lower because of the unequal distribution of k)ad during 
stretching This explains the lower tensile strength of the blends 
cured with the mixed cure system compared with that of the 
sulphur cured blends . Ihe higher flexibility of the polysulphidic 
linkages is also evident from the higher elongation at break of the 
blends cured with the sulphur and the mixed sysiems compared 
wiih ihose containing DCP (Hg. 3).
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R g  1.Effect o f b land  ratio and  cura syatam  on tensile 
strength

Fig S.Effect o f blend ratio and oure system  on 300%  
m odulus

R fl S.Effect o f blend ratio and cure system on elongation  
a t break
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Ftg 5.Effect of blend ratio ar>d cure system  on hardness

Fig 4.Effect of blend ratio and cure system on rebound  
resilience

R g  6.Effect of blend ratio and cure system on compres* 
Sion set
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R g  7.E ffect of blend ratio and cure system  on abrasion 
loss

R g  S.Effect of blend ratio and cure system on tear 
strength



Ingredients Sulphur
system

DCP
system

Mixed
system

Polyrner 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
Dibenzothlayl disulphide 0.8 • 0.8
Dicumyl peroxide 4.0 4.0
(40% active ingredient) 
Sulphur 2.5 • 2.5

In the ease of blends such as those of NR and EVA, crosslink 
density measurement by the normal swelling method is very dif- 
ncuU bccimse of the wide difference in solubilities and polymer* 
solvent interaction parameters of the components. However, 
indirect evidence of a higher crosslink density can be obtained 
from the modulus values. Figure 2 shows higher modulus values 
for ihcwc blends cured with the mixed cure system compared with 
(h(^ of the sulphur and DCP cured blends at higher proportions 
of NR. 'Iliis observation is further supported by the higher 
rebound resilience values of the blends having mixed cure system 
(Fig. 4) compared with those of the blends having the other two 
cure systems. For blends having a higher proportion of EVA also, 
the mixed cure system gave higher ien.site strength than DCP and 
comparable mixiulus and resilience values.
lla rd n esN

Hardness of the blends having th9  different cure systems is 
shown in Fig.5. Hardness increased with increase in the propor­
tion of EVA in the blend. The change in hardness is more sharp 
in blends Hand Fcompared with the other blends. This is because 
in these blends EVA also tends to form a continuous phase since 
its melt viscosity is much lower than that of NR. In hardness 
measurement, the deformation involved is only at the surface and 
FVA can form an outer layer during processing. This is the reason 
for the more or less similar hardness of the blends from F to J. The 
mixed cure .system gave higher hardness in the case of the blends 
having higher proportions of NR, bccause of higher extent of 
crosslinking.
C om press ion  set

Compression set of the blends is found to increase as the 
proportion of EVA in the blend increased (Mg. 6 ) which is due to 
the thermopiasiic nature of EVA. For blends A to O the sulphur 
cure system causcd higher set compared with the other two, 
because of the predominance of polysulphidic crosslinks and also 
due to the pre.scncc of the uncrosslinked EVA phase. It is expected 
that at the level of 40 per cent EVA in the blend, it can also form 
a aintiunuous phase because of its lower melt viscosity. Between 
mixed and DCP cured blends, a change in the compression set 
paitcrn w.is observed at 60:40 NR:EVA (blend E). The mixed 
cure system which caused higher compression set for blends A to 
E, showed lower set for blends G to, J compared with the DCP 
cured Wends. Hfends A3 to E3 contained polysulphidic as Well as

carbon-carbon tyfx: crosslinks and hence showed higher set values 
compared with blends A2 to E2 which contained only C-C 
crosslinks. In blends G to J, NR remained as the dispersed phase.
It is possible that the continuous EVA phase of the blends G3 to 
J3 attained higher levels of crosslinking than blends 02 to J2 as it 
is well known that in peroxide vulcanization of EPDM and EVA, 
sulphur can activate the reaction to produce higher extents of 
crosslinking 3. The dispersed NR phase also can have a higher 
extent of crosslinking due to higher solubility of sulphur in this 
rubber.
T e a r  an d  ab ra s io n  resistance

Tear resistance of the blends followed similar trend as that 
of tensile strength (Fig. 7). As the proportion of EVA increased, 
the tear resistance also increased for the blends with DCP and 
mixed cure ^tems. I'he mixed cure system showed better tear 
strength compared with DCP cure system at almost all blend 
rati(». In tbe case of abrasion rc.sistance also, as the proportion of 
EVA increase<̂ , the blends showed better resistance to abrasion 
(Fig.8 ). The behaviour of the mixed cure system was different in 
blends ha>dng higher proportions of NR and EVA. When the 
proportion of NR was higher (blends A to D) this system causcd 
better resistance to abrasion than the DCP cure system. I lowê  
this trend was reversed in blends E to J, in which the DCP cu»c 
system gave better abrasion resistance. A similar trend was seen 
in compression set which was already explained on the basis of the 
type of crosslinks and extent of crosslinking attained by using the 
mixed cure system.

Conclusions

The following conclusions emerge from the present inves- 
tigaticms:

1. EVA increases tear resistance, modulus, hardness and 
abrasion resistance of natural rubber and adversely affects com­
pression set and rebound resilience at all proportions of the two 
polymers.

2. A mixed cure system consisting of DCP and sulphur gives 
better technological properties in NR-EVA blends compared with 
DCP alCH)e,ê cially at higher proportions of NR in the Wend.

3. At higher piioportions of EVA, DCP cure better abrasion 
resistance compared to the mixed cure system.
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