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Effect of SilaneCouplingAgenton Mechanical Properties and Poly- 
mer-Filler Interaction in Silica-filled Epoxidised Natural Rubber

R . A lex and N. M . M athew , Kottayam  (Ind ia) and P. P. D e  and S. K. De, Kharagpur (India)

T h e  e ffect of a  s ilane  coupling a g e n t on po lym er-filler in teraction and  
physical properties of s ilica-filled E N R  has t>een e v a lu ated . It w as found that 
silane coupling a g e n t im proved the  po lym er-filler in teraction a nd  im parted  
b etter physical properties.

Der EinfluB des Silan'Kupplungsmittels auf die mechanischen Ei- 
genschaften und die Polymer/Fullstoff-Wechselwirkung In Kiesel- 
sdure-gefiillten epoxidlerten Naturkautschukmlschungen

D er EinfluB d es  S ilan-K upplungsm itte ls  a u f d ie  Polym er-Fu lls to ff-W echsel- 
wirkung und d ie  physikalischen  E ig en schaften  von K iesetsdure-gefiillten  
E N R  w urde untersucht. E s  w u rd e  g e fu n d en , daB d a s  S ilan-K upplungsm itte l 
die  Polym er/Fu lls to ff-W echselw irkung und d ie  physikalischen  E igenschaften  
verbessert.

butyl rubber respectively. It has also been reported that E N R  
can undergo strain crystallisation [3] and has the unique ability 
to be highly reinforced with silica fillers in the absence of 
coupling agents [4]. In the present paper, we report the results 
of our studies on the effect of silane coupling agent on vulcan­
ization, polymer-filler interaction and physical properties of sil- 
ica>filled E N R  with 25 m o l%  epoxidation. Earlier Pal and De  
have reported similar studies with E P D M  and N R  [5, 6].

2  E x p erim en ta l
The formulations of the mixes are given in Table 1 and their cur­
ing characteristics, as obtained from Monsanto Rheometer R- 
100, in Table 2. The mixes were prepared on a laboratory mixing 
mill and moulded to optimum cure at 150®C in a steam healed 
hydraulic press. E N R  of 25 mol %  epoxidation, obtained from 
the M alays ian  R ubber P rod u ce rs ’ R esearch A ssoc ia tion  
(MRPRA), was used for the study. Physical properties of the vul- 
canizates {Table 3) were tested a s per the following standards:

1 In tro d u c tio n

Epoxidised N R  (ENR) is prepared by the partial epoxidation of 
N R  latex with a peracid. The preparation and properties of this 
modified form of N R  have been reported earlier [1, 2]. E N R  with 
50 mol %  epoxidation (ENR-50) has oil resistance and air per* 
meability comparable to that of medium acrylonitrile N B R  and

Table 1. Formulation of mixes

Stress-strain
Tear
Hardness 
Resilience 
Compression set 
Flex cracking 
Heat build-up 
Abrasion resistance 
Ageing resistance

ASTM D 412-87 
ASTf^ D 624-86 
ASTM D 2240-86
B S : 903: Part A 8 :1963 (Method A) 
ASTM D 395-85 (Method B)
B S : 903; Part A10; 1956 (Method A) 
ASTM D 623-78
B S : 903: Part A 9 ; 1957 (Method A) 
ISO 188-1982 (E)

1 2 3 4 5 6 7 8  . 9 10 11

ENR-25 100 100 100 100 100 100 100 100 100 100 100
NajCOg 0,25 0.25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25
Zinc oxide 5 5 5 5 5 5 5 5 5 5 5
Stearic acid 2 2 2 2 2 2 2 2 2 2 2
Ultrasil V N 3 - 5 10 20 30 40 5 10 20 30 40
Si-69* - - - - - - 0 ,25 0,5 1,0 1,5 2 ,0 .
Naphthenic oil - 0 .5 1 2 3 4 0,5 1 2 3 4  <
TMTD® 1,6 1.6 1,6 1,6 1.6 1.6 1,6 1,6 1.6 1,6 1.6
WOR® 2,4 2.4 2,4 2 ,4 2,4 2 .4 2,4 2,4 2.4 2,4 2.4
Sulphur 0,3 0,3 0,3 0,3 0,3 0 .3 0.3 0,3 0.3 0,3 0,3

*Bi8(triethoxysilylpropy1)tetrasu!phide - ‘*Tetramethylthiuram disulphide -  '^N-oxydiethylenebenzothiazole-2-sulphenamide

Table 2. C u re  characteris tics

1 2 3 4 5 6 7 8 9 10 11

Minimum torque at 150 "C  in dN ' m 5.0 5,0 5,0 8,0 11,0 12,0 5,0 5.5 8,5 10,8 12,3
Maximum torque at 1S 0 ‘*C in dN - m 49 56 59 72 76 81 56 64 76 88 98
Scorch time at 150 *C  in min 5,75 6,0 6.0 5,5 5,0 4,45 6,0 5,0 5,5 4,25 3,5
Optimum cure time at 150 **0 in min 13,25 14,0 14,75 13,0 9,5 8.5 15,25 13,0 12,25 12,5 15,0
Mooney scorch at 120 **0 in min 40,0 38,0 41,0 35,5 28,5 25,75 38,0 28,5 27,5 24,5 21,0

Table 3 . Physical properties  o f th e  vu lcan izates

1 2 3 4 5 6 7 8 9 10 11

Modulus 3 0 0 %  In M Pa 1,52 1,96 2,60 4 ,03 5,10 7,70 2,82 3,60 5 ,36 7 ,73 10,58
Tensile strength in M Pa 9,47 10,10 13,20 16,60 17,60 19,50 10,00 12,30 17,40 15,00 16,40
Elongation at break in % 700 657 650 690 550 520 550 525 550 420 415
Tear strength in kN/m 20,8 26 ,4 32,0 48,0 50.0 58.0 29 ,4 39,0 49 .0 55,0 57 ,0
Hardness in Shore A 30 35 39 48 54 60 38 42 50 57 63
Rebound resilience at 40  °C  in % 80 74 74 71 65 60 74 73 72 70 67
Compression set in % 13 14 14 17 20 22 13 13 16 17 18
Abrasion loss in cm^/h 16,20 15,50 13,30 2,80 2 .80 2,30 16,00 11.39 2,78 2 ,56 1,88
Flex cracking resistance, time for failure
in min (no. of cycles per min «  300) 462 293 181 176 175 40 232 165 82 70 40
Heat build-up at 50  "C , A T  in ^C 9 12 13 15 21 27 9 14 15 17 20
Dynamic set (after 25  min) in % 1,10 1,60 1.73 2,48 3,46 4,80 0,95 1,10 1,37 1.38 1.72



2.1 Polymer filler interaction
The extent of poiymer-filler interaction was assessed  using 
Cunneen-Russei equation [7]

(1)

where and are the volume fractions of rubber in the un­
filled and filled vulcanizates respectively, z is the weight fraction 
of filler in the vulcanizate and a and b are constants character­
istic of the system. By plotting Vf̂ /Vrf against e~^, a and b were 
determined from the slope and intercept respectively. The 
higher the value of a, the higher is the poiymer-filler interaction 
and hence the higher the reinforcement [8].

2.2 Determination of volume fraction of rubber (v̂ )
The volume fraction of rubber, Vp was calculated from the equi­
librium swelling data by the method reported by Ellis and W eld­
in g  [9], which takes into account the correction of swelling incre­
ment with duration of immersion after the equilibrium has been 
attained.

(D-FT) • Q,-V = ____ --------------------------- (2)
 ̂ {D-FT) er“^ + A o - e r ^

where T  is the weight of the specimen, D its deswollen weight, F 
the weight fractions of insoluble components and Aq the weight 
of the absorbed solvent, corrected for the swelling increment; 
Qr and Qj are the densities of the rubber and the solvent re­
spectively. Chloroform was used as solvent in the present study.

3 Results and discussion
3.1 Cure characteristics
It has already been reported that a conventional sulphur curing 
system for E N R  results in vulcanizates with poor ageing charac­
teristics [4]. Therefore, an E V  formulation suggested by B aker et 
al. [2] was used in this study. The cure characteristics of the var­
ious mixes are given in Table 2. It is found that the addition of 
precipitated silica increases both the minimum and maximum 
torque. The increase in maximum torque is more prominent in 
the presence of the coupling agent {F igure 1). This can be attrib­
uted to the formation of strong coupling bonds a s discussed lat­
er. Scorch time progressively decreases with the addition of sil­
ica, but coupling agent is found to decrease it further, indicating 
early onset of curing reactions. The optimum cure time is also 
found to decrease with the addition of filler. However, the

coupling agent is found to increase it in mixes containing high 
proportions of the filler.

3.2 Reinforcement characteristics
The plots of Vrc/Vrf against e "^  according to the Cunneen-Russel 
equation are given in Figure 2. The curve for the mixes con­
taining coupling agent (Si-69) show s a  higher slope indicating a 
higher degree of poiymer-filler interaction brought about by the 
coupling agent. All the silica-filled mixes obey the Cunneen- 
Russe l equation (Figure 2).

Figure 2. Plot of versus e " *  according to Cunneen-Russel equa­
tion (eq .1)

For mixes without Si-69:

V.
(3)

(4)

iiME. MtNines
Figure 1. Rheographs of the mixes 1 ,4 ,5 ,1 0  and 11

=  1 ,17e -* -  0,25
Vrf

For mixes containing Si-69:

=  1,5 e - "  -  0,52
Vrf

3.3 Technical properties
That silica reinforces ENR-25  and additional coupling bonds are 
formed in the presence of the coupling agent is evident from the 
following observations. Addition of silica increases the tensile 
modulus and hardness of E N R  and the increase is more signifi­
cant in the presence of the coupling agent. A lso elongation at 
break decreases more in the case of mixes containing the 
coupling agent. Tensile strength and tear strength increase on 
addition of silica, but the coupling agent does not have any ap­
preciable effect on these properties. Earlier G elling  [10, 11] re­
ported that the stereoregularity of N R  is unaffected by epoxida- 
tion and he observed very high tensile strength for gum  E N R  
vulcanizates. The strain-crystallising character of E N R  was also 
confirmed by X-ray diffraction study [3, 4]. However, the results 
obtained in the present study do not fully support this view.

Abrasion resistance is found to increase progressively with the 
addition of silica and the coupling agent improves it further. Flex 
cracking resistance decreases a s silica is added to E N R  and the 
reduction is larger in the presence of the coupling agent a s the 
vulcanizates become stiffer.

Expectedly, heat build-up progressively increases with silica 
loading but the presence of coupling agent is found to decrease 
it. This is believed to be due to the formation of covalent bonds 
between silica particles and rubber through the coupling agent. 
For similar reasons both dynamic set and compression set in­
crease on the addition of silica but the addition of coupling 
agent improves the set behaviour remarkably.



3.4  Ageing resistance
The changes in tensile properties of the E N R  vulcanizates after 
ageing at 70 ®C for 96 h are given in Table 4. The results in­
dicate that ageing resistance of silica-filled E N R  vulcanizates is 
not influenced by the addition of coupling agents.

Table 4 . A geing  ch aracteris tics  o f vu lcan izates

\ 4  5 9

Change in modulus in %  7 ,1 8  I t , 6  12,0 8 ,8  10.S
Change in tensile strength in %  - 1 , 7  - 5 . 9  - 5 , 8  - 4 , 5  -  4 ,7
Change in elongation at b r e a k i n g - 4 , 4  + 3 ,6  - 5 , 3  - 2 , 8  -1 4 ,6

4 Conclusions

Addition of reinforcing silica filler to E N R  causes improvement 
in physical properties due to polymer-filler interaction, which 
gets further strengthened In presence of silane coupling agent.
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