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Effect of Silica on Mechanical Properties and Degradation of Na­
tural Rubber/Ethylene-Vinylacetate Copolymer Blends
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NR • Ethylene-vinylacelale copolymer • Blend • 7-radiation • Ozone re­
sistance
NR • Ethylen-Vinylacetat-Copolymer - Verschnitt ^-Strahlung • Ozon- 
bestandigkeit

Blends ol NR and ethylene-vinylacetate copolymer (EVA), having different 
proportions of the components were prepared in an interna) mixer and their 
vulcanizates evaluated for technological properties. The effect of preci­
pitated silica on the properties and degradation of the blends was studied at 
different loadings. Results Indicated that precipitated silica improved tear 
strength and did not atfoct tensile strength of the blends having a higher 
proportion of NR. Silica adversely affected most of the technological proper­
ties. except compression set of the EVA rich blends But. it improved the 
resistance to degradation by >-radiation and ozone, of the NR/EVA blends.

Die WIrkung von KieselsSure auf die mechanischen Eigenschaften 
und die Ozon- und Strahlenbestandigkeit von Verschnitten aus Na- 
turkaulschuk und Ethylen-Vlnylacetat-Copolymer
Verschnitte aus NR und Ethylen-Vinylacetat-Copolymer (EVA) mit wechseln- 
den Anteilen der beiden Komponenten wurden in einem Innenmischer her- 
gestellt Die physikalisch-iechnologischen Eigenschaften und die Strahlen- 
uni (bestandigkeit der unterschiedliche Mengen gelillter Kieselsdure
eni den Vutkanisate wurden untersucht. Gefallte Kieselsdure verbes-
sert in Verschnitten mil einem hohen NR-Antetl die WeiterreiBtestigkeit, ohne 
die ̂ eiBfestigkeit zu beeintrdchtigen, verschlechtert aber in Verschnitten mit 
einem hohen CVA-Gehalt alle uniersiuchten Eigenschaften mit Ausnahme 
dos Oruckvorformiing'.iontn Die Bof.l/indigkcit geqen > Strnhlung und Ozon 
wird durch gefallte Kieselsdure erfidhl.

1 Introduction

Blending of polymers to achieve diverse technological require­
ments has become a common practice today. Blends of NR and 
CIS.1-4 polybuladiene rubber (BR), NR and ethylene-propylene 
diene rubber (EPDM), nitrile rubber (NBR) and poly (vinyl chlo­
ride) and that of NR and polypropylene [1 -4 ] are some ex­
amples in this line. Selection of elastomers for blending is to be 
done with utmost care, in order to minimise problems such as 
phase separation, cure rate mismatch and preferential migra­
tion of compounding ingredients to one of the components of 
the blend, which usually results in very poor mechanical proper­
ties for the blend. NR has excellent mechanical properties and 
good orocessability. However, its resistance to thermal ageing, 
higi 3rgy radiation, oxidation and ozonolysis is very poor,
du€ >e presence of reactive douWe bonds m the main chain.
Properties of ethylene-vinyl acetate copolymer (EVA) depend on 
its vinylacetale content. If the vinyiacctate content is lower, i.e., 
in the range of 1 5 -3 0 % , it behaves as a thermoplastic 
elastomer. This copolymer has a saturated backbone structure 
and heiice exhibits excellent weathering, oxidation and ozone 
resistance. To some extent, it has thermoplastic processing 
bharacteristics. too. Hence, it is expected that useful blends 
;}ould be devaloped of NR and EVA if it is possible to combine 
[he good properties of both these elastomers. W e have already 
reported (5} the effects of three different curing systems on the 
fiiinetics ot vulcanization and mechanical properties of NR/EVA 
blends. A mixed cure system, consisting of sulphur and dtcumyl 
peroxide, was found to give better technological properties for 
NR/EVA blends and hence this system was selected for the 
sresent work.

Ml rubber compounds normally contain some filler, either rein- 
drcing or non-reinforcing. Effects of fillers on processability and

mechanical properties of elastomers have been thoroughly ex­
plored and can be predicted with good accuracy. However, in 
elastomer blends, the effects of fillers are quite unpredictable, 
since several factors such as distribution, dispersion and inter­
action of the filler with the components of the blend may vary 
widely. In this work, our observations of the effect of precipitated 
silica on mechanical properties and degradation of NR/EVA 
blends are presented.

2 Experimental
2 .1  M a te r ia ls  u s e d

NR. used for the study was ISNR-5 grade. EVA, having vinyl-acetate 
content of 18%, used for this work was Exxon 218 of Exxon Chemical 
Company, USA. Precipitated silica. Insil VN 3 , was supplied by Degussa 
AG. Fed. Rep. of Germany. All other ingredients such as dicumyl per­
oxide (DCP) having 40 %  active ingredient, sulphur, stearic acid, zinc 
oxide, accelerators etc. were commercial grade rubber chemicals.

2 .2  P re p a ra tio n  a n d  c o m p o u n d in g  o f b le n d s

Blends of NR and EVA were prepared in an internal mixer (Shaw KO 
Intermix), set at a temperature oi 80*0 and speed ol 60 rpm. NR was 
masticated for Z.0 min and then EVA added and btended for another 
2,5 min. The blend was sheeted out in a two-roll mill and again btended 
in the intermix for 1,0 min and finally shcclcd out on tfie mill. Olends 
containing 0, 20. 40. 50, 60, 80 and tOO% of EVA were prepared and 
these were designated as A, C, E, P, G, I and J. respectively. Com­
pounds of the blends were prepared as per the formulations given in 
radte 1. For compounding those blends in which the proportion of EVA 
was 0 0 %  or more, the rolls of thn mill were wirmed by passing «!leain, 
to at>out SC ’C. Optimum cure times of the blends were determined at 
160^0 using Monsanto rheometer 100. Vulcanisales for various tests 
were prepared in a steam heated hydraulic press set at 160‘’C. Test 
specimens were punched out from the vuteanised sheets for tensile and 
tear strength tests.

Table 1. Fomiulatk>ns 

Ingredients FIHer loading phr
So S,5 S4.

Polymer 100 100 100 100
2nc oxide 5.0 5.0 5.0 5.0
Slearic acid 1,5 1.5 1.5 1.5
MBTS 0.8 0,8 0.8 08
Sulphur 2,5 2.5 2.5 2.5
Dicumyl peroxide 4.0 4.0 4 0 4,0
Styrenated phenol 1.5 1.5 1.5 1.5
Precipitated silca (INSfL VNj) 0.0 15.0 30.0 45.0
Naphthenic oil 0.0 1.5 3.0 -1.5
Dlethylerie giycol 0.0 1.0 1.5 r,o

2 .3  T e s tin g  o f  th e  s a m p le s

Properties such as tensile strength, tear strength, hardness, compres­
sion set, etc. were determined according to the relevant ASTM/B.S. 
procedures and abrasion resistance was tested according to DIN 53516 
procedure. Ozone resistance of the blends was tested by exposing 
samples to ozonised air having 50 pphm ozone concentration, at a tem­
perature of 38 “C. »n a fî AST ozone test chamber. Resistance to high 
energy radiation was studied by exposing tensile test specimens to 
7 -rays from a **Co source and then finding out the percentage retention 
of tensile strength. The reinforcing activity of silica in the pure compo­
nents of the blends (Compounds A and J) was itetermined by finding oul 
the volume traction ot rubber o( the unfilled (V.. J  and silica tillod (V,,) vul­
canizates swollen in xylene, according to the method described by Ellis 
and WeWmg (61. A plot of Vĵ /V̂  against 6 ’ * was made and the slopes of 
the straight lines calculated, z is the weight ^ractnn of filler in the vul- 
canizate. Higher sk>pe indicated better reinforcing activity [71.



2 R esu lts  and  d iscu ss io n
3.1 Effect of silica on tensile and tear strengtii

Effect of loadi'io of silica on the tensile strength of NR/EVA 
,s srcwr r  ’ g u n  ’ ‘Ij a -v.. sfi'ca 3t-

lected the tensile strength of the blends. However, loading upto 
30 phr did not seriously affect the tensile strength of those 
blends which contained a higher proportion of NR. But in EVA 
rich blends, silica reduced the tensile strength even at 15 phr 
loading. From Figure 2, it is clear that tear strength increased 
with increase in proportion of EVA in the blend. Addition of silica 
increased the tear strength of those blends which had a higher 
proportion of NR. But in EVA rich blends, tear strength de­
creased with the addition of silica.

Sll.inA COMTEVT

—  E V A  C O N IE N T . 'A  —
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Figure 2. Change of tear strength with blend ratio and silica content

The above observations on tensile and tear strength of silica 
filled NR/EVA blends can be explained based on the morphol* 
ogy of the blends and distribution of the filler in each phase of 
the blend. W e have already reported that in NR/EVA blends, 
EVA also formed a continuous phase when its proportion was 
4 0 %  or more, due to Its lower melt viscosity and that NR re­
mained as dispersed particles when its percentage was 40 or 
below (8]. It is also well known that silica has better affinity to­

wards polar polymers and preferentially gets distributed into the 
polar component of the blend (9, 10). Considering the aoove. it 
Is possible that silica got distributed preferentially in the EVA 
phase o’ those blends in which EN'A a'sc f:>’ne^  ? 
phase (blends E to Jl, lflpniir;tl riinpp*; o» ’hf* ifi:^;r5Mt hn*'*'. 'n 
tained by plotting against e • (F/gofe 3) tor the silica lilted 
EVA and NR compounds, especially in the region of higher sil­
ica loading, indicated that reinforcing activity of silica in both the 
polymers is almost same. But it is already established that 
strong physico-chemical interactions between filler and polymer 
can reduce the extent of crystallization of the polymer [11]. 
Hence, the basic reason for the lower tensile and tear strength 
of the silica filled EVA and blends containing higher proportion 
of EVA appears to be due to lower extent of crystallization of the 
EVA. For NR and NR rich blends, silica improved the tear 
strength and tensile strength due to reinforcement of the NR 
phase. However, lower tensile strength of the 45 phr silica 
loaded blends which contained a higher proportion of NR, re­
mains unexplained.
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Figure 3. Plots of V,(/Vrt against e - *

3.2 Modulus, hardness and abrasion loss

The modulus and the hardness values shown in Figures 4 and 5 
respectively, increased with loading of silica and this effect was 
more pronounced in blends A to F  in which NR remained as a 
continuous phase. The increased modulus and hardness was 
due to reduced elasticity of the filled blends. For NR (com­
pound A) abrasion loss reduced with loading of silica due to its 
reinforcing effect. But in blends as well as in pure EVA (B  to I 
and J )  addition of silica increased abrasion toss {Figure 6). This 
observation again pointed out the fact that the expected prop­
erty increase due to reinforcement of the EVA phase was offset 
by the reverse effect caused by the decrease in the extent of 
crystallization of the EVA phase. This is furtlicr supported by the 
compression set behaviour of the silica filled NR/EVA blends.
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Figure 4. Change of modulus 300 %  with blend ratio and silica content 

3.3 Effect on compression set

Figure 7 shows the compression set behaviour of silica filled 
NR/EVA blends. Compression set of NR (compound A) in-
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Figure 7. Change of compression set with blend ratio and silica content

creased with loading of silica filler, which is typical for com­
pounds containing high reinforcing filler. However, (his 
tendency was reversed from blend E  onwards in which EVA also 
showed phase continuity. In these cases, compression set was 
lower for the blends when filler loading was increased. For crys­
tallizing elastomers, it is reported that compression set values 
decreased when the crystallizing tendency was reduced

(12-141. In the present case also, strong physico-chemical 
interaction between EVA and silica might have adversely af­
fected the extent of crystallization of the EVA phase, which re­
sulted in tower compression set values of the blends, as the filler 
loading was increased.

3 .4  E f te c l o n  ra d ia tio n  re s is ta n c e

Retention of tensile strength of silica filled NR/EVA blends, after 
exposing the test samples to 20 Mrad of 7-radiation, from a ®°Co 
source, is presented In Figure 8. As the EVA content increased, 
resistance to degradation by y-radiation also increased as evi­
denced by higher retention of tensile strength. This effect was 
found to be more pronounced In blends E  to I in which EVA 
formed a continuous phase. Silica enhanced the resistance to 
degradation by radiation and this effect increased with loading 
of silica. During irradiation by 7-rays two types of reactions take 
place, i.e., degradation and crossiinking of the polymer chains. 
When the former reaction predominates, the strength of the ma­
terial is decreased. Precipitated silica Is found to favour the 
second type of reaction, as shown by better tensile retention of 
silica filled NR, EVA and their blends.
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Figure 6 . Change of retention of tensile strength with blend ratio and 
silica content

3 .5  E ffe c t  o n  o z o n e  re s is ta n c e

Figure 9 is the photograph of samples exposed to ozonised air 
for 8 h (top) and 85 h (bottom) respectively. In the unfilled blend 
(C3S 0) small cracks were initiated after 8 h of exposure. This 
sample developed deep cracks as seen in the photograph alter

C 3 S 0  O3 S 1S C jS a o

Figure 9. Photograph of blend C  (80:20, N B :EV A ) having different silica 
content after 6 h and 65 h of exposure to ozonised air



85 h of exposure. On the other hand, samples CgSjg, C3S 30 and 
C3S45 which contained 15, 30 and 45 phr precipitated silica re­
spectively, did not develop any crack during this period. Addi­
tion of silica increased the modulus of the blend and reduced its 
elongation. Hence, the stress required to produce the critical 
stra*n. necessary for the ozone attack to take place, might be 
much higher in silica filled blends.

4  C o n c lu s io n s

In NR/EVA blends, precipitated silica improved the tear strength 
and did not affect the tensile strength when the proportion of NR 
in the blend was higher, Addition of silica adversely affected the 
tecf-nological properties, except compression set, of the blends 
having a higher proportion of EVA. Silica imparted resistance to 
degradation by 7-radiation and ozone, for NR/EVA blends.
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Hinweise ’ Notes
!m VDI-Handbuch Reinhaltung der Luft sind in den Monaten Juni bis 
August folgendeVDI-Rlchtlinien erschienen:
VDI2114 - Emissionsminderung. Thermische Abfallbehandlung, Ver- 

brennung von Hausmiill und hausmulldhnlichen Abtdllen, 
Juni 1992. Ersetzl den Entwurt vom Mflrz 1989.
Blatt 1 PrOfung von Filtermedlen. Juni 1992, Entwurf 
Abgasreinigung durch Chemisorption. Juni 1992. Ersetzt 
den Entwurf vom Marz 1990.
Blatt 1 Messen von Innenraumluftverunroinigungen. All- 
gemelne Aspekte der Meflstrategie, Juni 1992, Entwurf 
Emissionsminderung. Aniagen zur Herstellung von Indu- 
strieruBen (Carbon Black). Juli 1992. Ersetzt den Entwurf 
vom August 1984.
Erfasson luftlremder Stoffo, August 1992, Ersetzt den Enl- 
wurf vom M§rz 1990,

Vertrieb: Beuth Verlag. Postlach 11 45, W-1000 Berlin 30.
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