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Aharad: Blends of Natural hibhcr (NR) and ethykne-vinyl aceiale (EV A), in vaiying proportioni, were prepared with three different
cure sysfems and evaluated for phyficat properties. Most of the important technofogrcal properties w«re better Tor the biends vutc«nized
using the mixed cure system compared with those cured with DCP. The blends showed better abrasion resistance, higher hardness,
modulus and tear resistance as the proportion of EV A increased.

1. Inboductaan

\ large number of polymer blends have been developed
c  gthe course of the past Tivc years in difrerenl branches of
industry. At or belowroomtemperature, elastormer blendsrenain
inseperstle phases, of which minor component forms a dispersed-
phesc. Size and dislribuiion of ihe dispersed phase depend on
several factors such as mooney viscosity, density and solubility
pammetor of Ihe cormponents, rale of shear during blendingand
tenmperature. I'roperiies of eiastormer blends depend not only
upon the si/.cof the dispersed pra.se, but alsoon the extent of cure
of each. li iscommon practice to prepare and use of blendsof two
or three elastomers so as to achievc desired ing charac-
teristiesand physical properties. Dicndsof NR and EVA arcbeing
uswd for mumy cpplicalions, such « fixrtwear, aiV\cs, etc. A sys-
icrmaiic studyon ihe influence of different cure systermsand blend
ralloon the engineering properties of NR-11VA blendsis lacking,
ij”"thispiiper the influence of different crasslinking systemswitha
view to suggest a cure system suilable for piirticular blend miio
which has ihc desired physical propertjes.
2.Experifnent

Miiteriuis used
Nil used for the Studyvsts ISNR_5 and the 1iVA employed
C¢an 218 having vinyl acetate content 18% by weight. AH
ddienisare of commercial grade.

Prepuriition of bi«nd.s

'I ho blends are nrepared in a laboratory model jnienmix Kt
al a leinperature of 80 ( and a ralor speed of 60 rpm NR wes
mesticiiud for 20 mir « d blended with EVA for 25 min. Ihe
blends were compounued inatwo roll mixing mill as per the ted
recipe in I'abte 1 Compounds which contained sulpher curc
systemelvlvere designed Al, BI, Cl... and those of DCP as A2, B2,
C2...dl-.

CX)nipounds which contained mixed cure system consisting
of Sand IX'P  Al, B3, C3....The bends were noulded to
optimum cure inasteam healed hydrautic press al 160"C Blends
with 50% or more of EVA could nol be vulcanised fully wih
sulpher, and hencc could nol be evaluaied for physical properlies.
'ITie physiail properties are evaluated accordingto ASTM  stand-
ards.

3. Resulits and Disaussias

Tensile strength, mpdulus and elongation

The changes intensile strength, 300% nodulus and elonga-
lion al break with increase in EVA content inthe blend and the
efTect of ihe three differeni cure sysiens on ihesc properlies are
shown INHgs. 1,2and 3 respeciively. 1'ensile Mrength of those
blends which contained sulphur and mixed curc ~tcms wes
meximum when the proportion of NR in the blend va< in the
range of 70to 80 percent, whereas the tensifc strength of the DCP
cured blends increased steadily with increase in EVA contertt in
the blend. Whch ' ihe proportion of the minor component in the
blend is In the range of 20 to 30 per cent, it renains as dispersed
particles and the bulk of the curative gets dispersed in the con-
tinuous phese. In the present casg, this is more pronounced
because sulpher is highly reactive with NR and not ai all dTectlse
incuring EVA. 'lliis will facilitate migration of sulphur which is
dispersedinthe EVA phaseto the NR phase duringvulcanization.
Ihusa higher extent ofcrosslinkingof ine NR pha.seofihe blends
B to D nmay be the reason for the observed higher (ensile values
of these blends In the case of sulphur and mixed cure sysiens.

Al higher praberlionsof NR inthe blend, the tensilestrength
valueswere In the order: sulphur cure ) mixed cure) DCP cure,
"{'hisobservation am be explained biised on the type of arosslinks
normally obtained when such systerrs arc used In sulphur cure
with conventional dosage, the crosslinks formed arc mainly
polysulphidic in nature wherea.s, DCP curc gh'™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 systemthere isa
possitMity that both the types of earsslinks are formed and the
blendsattain a higher crosslink density compared lo the other cure
systerrs. When hitxed crosslinks are present, (he tensile strength
will te loner because of the unequal distribution of Kjad during
stretching Thisexplains the lower tensile strength of the blends
cured with the mixed cure system compared with that of the
sulphur cured blends . The higher flexibility of the polysulphidic
linkages isalso evident from the higher elongation at break of the
blends cured with the sulphur and the mixed sysiens conpared
wiih ihose containing DCP (Hg. 3).



Rg 1l.Effect of bland ratio and cura syatam on tensile
strength

Rfl S.Effectof blend ratio and cure system on elongation
at break
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Ftg 5.Effect of blend ratio ar>d cure system on hardness

Rg 7.Effect of blend ratio and cure system on abrasion
loss

Fig S.Effect of blend ratio and oure system on 300%
modulus

Fig 4.Effect of blend ratio and cure system on rebound
resilience
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Rg S.Effect of blend ratio and cure system on tear
strength



Ingredients Sulphur  DCP  Mixed
system system system

Polyrner 1000 1000 1000
Zinc oxide 5.0 5,0 5.0
Stearic acid 15 15 15
Styrenated phenol antioxidant 1.0 10 10
Dibenzothlayl disulphide 0.8 - 0.8
Dicumyl peroxide 4.0 4.0
(40% active ingredient)

Sulphur 25 - 25

Intheease of blendssuchas those of NR and EVA, arosslink
density measurerment by the normral swelling method isvery dif-
noul becinee of the wide difference in solubilities and polynrer*
solvent interaction parameters of the comporents. However,
indirect evidence of a higher crosslink dersity can  be dbtained
from the modulus values. Fgure 2 shows higher modulus values
for ihonc blends cured with the mixed cure systemconmpared with
(h(” of the sulphur and DCP cured blends at higher proportions
of NR. 'lliis observation is further supported by the higher
rebound resilience values of the blends having mixed cure systemn
(Fig. 4) compared with those of the blends having the other two
cure systens. For blends having a higher proportion of EVA also,
the mixed cure systemgave higher iendite strength then DCP ard
conmparable mixiulus and resilience values.

llardnesN

Hardness of the blends having thy different cure systerrs is
shown in FHg.5. Hardness increased with increase inthe propor-
tion of EVA inthe blend. The change in hardness is nore sharp
in blends Hand Fcompared with the other blends. This isbecawuse
inthese blends EVA also tends to form a continuous phase since
its melt visoosity is much  lower then thet of NR. In hardness
measurenent, the deformation involved isonly at the surface and
FVA canforman outer layer during processing. Thisisthe reason
for the more or lesssimilar hardnessof the blends fromFto J. The
mixed cure .systemgave higher hardness in the case of the blends
having higher proportions of NR, bocause of higher extent of
crosslinking.
Compression set
ion set of the blends is found to increase as the
proportion of EVA inthe blend increased (Mg. s ) which isdue to
the thermmopiasiic nature of EVA. For blends A to O the sulphur
cure system causcd higher set conpared with the other two,
because of the predominance of palysulphidic crosslinksand also
dueto the pre.scnocof the uncrosslinked EVA phese. It isexpected
that at the level of 40 per cent EVA inthe blend, it canalso form
aaintiunuous phase because of its lower nelt viscosity. Between
mixed and DCP cured blends, a change in the cormpression set
paitcm wiis observed at 60:40 NR:EVA (blend E). The mixed
cure systemwhich caused higher conmpression set for blends A to
E, shoned lower set for blends G to, J conpared with the DCP
cured Wends. Hiends A3 to E3 contained polysulphidic as Wall as

carbon-carbontyfx: crosslinksand hence showed higher set values
compared with blends A2 to E2 which contained only C-C
aosslinks. Inblends G toJ, NR renained as the dispersed phese.
It is possible thet the continuous EVA phase of the blends G3 to
J3attained higher levels of crosslinking than blends 02 to 12 asit
iswell known thet in peroxide vulcanization of EPDM and EVA,
sulphur can activate the reaction to produce higher extents of
arosslinking 3. The dispersed NR phese also can have a higher
extent of crosslinking due to higher solubility of sulphur in this
rubber.

Tear and abrasion resistance

Tear resistance of the blends followed sirmilar trend as thet
of tersile strength (Fig. 7). As the proportion of EVA increased,
the tear resistance also increased for the blends with DCP ard
mixed cure ~tems. I'ne mixed cure system showed better tear
strength compared with DCP cure system at alnost all blend
rati(». In the case of abrasion rcsistance also, asthe proportion of
EVA inoreese<?, the blends showed better resistance to abrasion
(Fig-s ). The behaviour of the mixed cure systemwas different in
blends hecdg higher proportions of NR and EVA. When the
proportion of NR was higher (blends A to D) this systemcauscd
better resistance to abrasion than the DCP cure system | loae™
this trend wes reversed in blends E to J, inwhich the DCP cuc
systergave better abrasion resistance. A simvilar trend was seen
inconpression set whichwes already explained on the besisof the
type of arosslinks and extent of crosslinking attained by using the
mixed cure system
GCoclusios

The following conclusions emerge from the present inves-
tigatias:

1 EVA increases tear resistance, nodulus, hardness and
abrasion resistance of natural rubber and adversely affects cont
pression set and rebound resilience at al proportions of the two
polyrrers.

2. A mixed cure systemoorsisting of DCP and sulphur gives
better technological propertiesinNR-EVA blendscomparedwith
DCP alCH)e,e"cially at higher proportions of NR in the V\erd.

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