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fh-oduction

• M ost o f  the  rubber products are m ade to  m eet the requirem ents o f  specific  applications, 
^ n l y  through reinforcem ent usually  w ith particulate fillers. A m ong conventional particu la te  
S Je rs , silica is com parab le  to carbon b lack  as an im portant re inforcing  fille r used  in the  rubber 
miJustry. Recently the use o f  silica is increasing due to the characteristic  properties it o ffers to the 

jbber product such as high tea r strength, good abrasion resistance, low  heat build  up  and ageing 
sistance*. In tires, use o f silica as a reinforcing filler in p lace  o f  carbon  b lack  could  reduce its 

)jling resistance^. S ilica as a reinforcing filler in rubber also has som e d isadvantages like poor 
ocessability, cu re  retardation  and inferior technological properties. U se o f  silane coupling  agents 

have been found to contro l these detrim ental effects^’**. H igh cost o f  silane is a lim itation  to  its large 
‘ale use. R ubbers d iffe r in their silica reinforcing capability  depend ing  on its m olecu lar 

i n s t i tu t io n  viz, natural rubber (N R ) and styrene butadiene rubber (SB R ) being  non-po lar 
^hydrocarbon rubbers are less reinforcing than polar acry lonitrile  butadiene rubber (NBR)^. 
[However in ail these rubbers silanes are to be used  for getting  m axim um  reinforcem ent.

£ p o x id ised  natural rubber (EN R ) is a  m odified form  o f  N R  m ade by epox id is in g  NR. 
rlier w orkers have reported that epoxy group o f EN R  can react w ith the silanol g roup  o f 

5ilica6,7. It is know n that silica exhibits better reinforcem ent in E N R  than in N R 8 . E N R  can be 
[■^considered as functionally  sim ilar to silane coupling agent, as it also  is b ifunctional viz, the epoxy 
Jgroup capable o f  reacting  w ith silanol group and the unsaturation capable o f  fo rm ing  su lp h u r cross 

^•links w ith the bulk  o f  the rubber. Edw ard et al have reported  that im proved silica  re in fo rcem ent 
‘“icould be achieved in epoxy functionalized N B R  and SB R  over the un m o d ified 9 ,10.

The w ork  reported  is based on the observations m ade from  the studies on the use  o f  EN R  
jin small quantities as a re inforcem ent m odifier in silica filled N R , S B R  and N B R  in com parison  
p a th  the corresponding  silane m odified  system s.

[Experimental 

Materials

Natural rubber: ISN R -5 obtained  from  cr^imb rubber factory. R ubber B oard, K ottayam . S tyrene 
^butadiene rubber : S B R  1502, m anufactured  by M /s. Synthetics and C hem icals, B areily , India, 
^ c ry lo n itr ile  bu tad iene  rubber : A parene N  423-N S, m anufactured  by G ujarat A par Po lym ers 
W dia), having acry lon itrile  conten t o f  33% .

^Epoxidised natural rubber: E N R -50 (50  m ol-%  epoxid ised  natural rubber -  p repared  at R ubber 
l^ s e a r c h  Institu te o f  Ind ia  by epoxid ising  N R  latex  using perform ic acid  generated  in s itu ' *). 
E ^ c ip iia te d  silica; U ltrasil V N 3, m anufactured  by D egussa (India).
'  agent; S i 69 (B is (3-ethoxy propyl) -  silyl tetra sulfide), m anufactured  by D egussa  A G .
1 ingredients used  w ere o f  rubber grade.
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♦. form ulation  o f  the  m ixes m ade are  g iven  in T ab le  1, 2  and  3. T he ru b b er or 
co m b in a tio n  o f  rubbers w ere  initially  e ither m astica ted  o r m astica tion-cum  b len d in g  w as d o n e  in a 
labo ra to ry  tw o  roll m ill fo r  5 m inutes. T h e  resu ltan t m ateria l w as used  fo r fu rther m ix ing  in the 
in ternal m ixer. A ll the ingred ien ts except the  cu ra tives w ere  nnixed in  th e  in ternal m ix er set at 
40®C, 60  rpm  fo r 10 m inutes. C urative addition and  final hom ogen ization  w as done in the tw o  roll 
m ix in g  m ill.

Physical testing

C u re  characteristics o f  the com pounds w ere  determ ined  using  a  M onsan to  R heom eter (R- 
100) a t 150®C, T est sam ples w ere m oulded u sin g  an elec trically  heated  hydrau lic  press to  their 
re sp ec tiv e  op tim um  cu re  tim es at 150°C. V ulcan ized  sam ples w ere  tested  fo r stress- strain 
p ro p ertie s , tea r streng th , resilience , hardness, hea t b u ild  u p , com pression  se t and  age ing  resistance 
as p e r  the  respective  A S T M  standards. A brasion resistance  w as tested  as p er D IN  53516.

Volume fraction of rubber(Vr)

T h e  volum e fraction  o f  rubber in the sw ollen  vu lcanisate w as determ ined  by the 
e q u ilib riu m  sw elling  o f  the  vulcanized sam ple p ieces in to luene  at 30®C, accord ing  to  the  method 
suggested  by E llis and  Welding*^.

Dynamic mechanical analysis

D ynam ic  m echan ical analysis w as carried  ou t using  D M A  2980, D ynam ic m echanical 
an a ly zer (T A  Instrum ents, U .S .A ) at a frequency o f  I H z and a  heating  ra te  o f  1 C /m inute.

Results and Discussion
/

Cure characteristics

T h e  cure  characteristics o f  the various com pounds m ade from  the th ree rubbers viz, NR, 
S B R  and  N B R  are g iven  in T ab le  4, 5 and 6  respectively . W ith  N R -S ilica  system s the maxim um  
to rq u e  show ed  a sligh t decrease w ith EN R  addition o f  up to 20  parts, w hile  silane m odification 
show ed  an  enhancem ent. T o rque  enhancem ent m ight have occurred  as a  resu lt o f  the ex tra  cross 
links fo rm ed  betw een the su lphu r in the coup ling  ag en t and  the rubber chains. N o significant 
d iffe ren ce  w as no ted  fo r the  scorch  and  cure tim e o f  E N R  and  silane m odified .

W ith  S B R -S ilica  and  N B R -silica system  th e  m in im um  and  m axim um  to rq u e  increased 
w ith  E N R  addition. T h is  m igh t have resulted  from  th e  additional ru b b er to  ru b b er cross links 
fo rm ed  betw een  the m ajo r ru b b er phase and E N R , e ith e r independent o r zinc com pound assisted 
reac tio n ’’*̂ . E N R -silica  reaction  also may have con tribu ted  to the to rque enhancem ent. Z inc oxide ; 
a lso  is k n ow n  to enhance  the v iscosity  o f  silica  filled ru b b er com pounds^. F o r the E N R  m o d if ie d  j  
S B R /silica  and  N B R /silica  com pounds, scorch and  cu re  tim e decreased  w ith E N R  i n c o r p o r a t io n ,  j  
C u re  re tardation  caused by the  polarity  o f  silica su rface  go t m asked  by E N R  and the fast curing^ 
n a tu re  o f  E N R  over S B R  and  N B R  m ight have reduced  the  scorch and  cure tim e. -J



ivloduius, tensile strength  and elongation  behaviour o f  the silica filled vu lcanisates from  
and N B R  are g iven in figures 1,2 and 3 and that o f  the corresponding  silane  m odified

■ . jgj are given in T ab le  7. M odulus and  tensile  strength increased  w ith E N R  incorporation  
the three rubbers w ith m arked im provem ent obtained fo r the N B R/EN Rysilica system ., 
tion at b reak  (EB), in  general decreased  w ith  E N R  incorporation  fo r all the th ree rubbers and 

is com paratively h igher fo r the E N R  m odified N BR. W ith  incorporation  o f E N R  in 
J / i l ic a  and SB R /silica system s, the im provem ent in stress-strain  properties w ere alm ost at par 
itb that obtained using a silane coup ling  agent at 2%  concentration (based on filler). In  the case of 

g/EN R/silica system , properties c lo ser to  that obtained using  a h igher concentration  o f  siiane 
pling agent ( 8 % on filler) could  be achieved.

V ariations in tear strength and abrasion loss fo r different com positions o f s ilica  filled N R , 
3 R and N B R  are given in  figures 4  and  5. C orresponding values o f  the  silane m odified  are given 
Table 7. For all the three rubber- silica  system s, tea r strength and abrasion resistance im proved 
th ENR addition over the unm odified  vulcanisates. T ear strength values obtained  fo r various 

ms m odified using  E N R  at op tim um  concentration  w ere alm ost c lo ser to those o f  the silane 
ified vulcanisates. A brasion loss values o f  the EN R m odified N R /S ilica  and  SB R /S ilica 
ms are com parable to  those o f  the 2%  silane m odified system , w hile the corresponding  

IVSilica system  show ed better abrasion resistance.

H ardness increased and the  resilience  decreased  with E N R  addition  (F igures 6  and  7). 
Values o f hardness for the EN R  contain ing  sam ples are com parable to those obtained fo r the silane 

^m o d ified  system . R esilience values o f  EN R  m odified vulcanisates w ere low er than those  obtained 
>r the s i l i i e  m odified. H igh  dam ping  nature o f  E N R  m ight have caused  the lo w er resilience

(exhibited by those sam ples conta in ing  it. S ilica filled N R vulcanisates show ed a m arginal increase 
in heal build up w ith EN R  addition  (F igure 8 ). H ow ever heat build  up decreased  w ith the 

;orporation o f  EN R  in SBRysilica and  N B R /silica vulcanisates. R espective silane m odified  
irsiem show ed the low est heat build up (T able 7). F o r the EN R  contain ing  N R /silica  vu lcanisates a 

^uu-ginal rise in com pression se t over the unm odified  w as observed. W hile , fo r the silane m odified  
/silica system , set decreased considerably . E N R  m odified S B R  and N B R  exhibited  low er set 

lue, com parable to  that o f  the silane m odified  (F igure 9 and T ab le  7). T hese  variations could be 
le to  the d ifferences in the chem ical constitu tion  o f the rubbers and the resultant inter- rubber 
itcractions occurred in the blend system '^.

^olume fraction o f  rubber(Vr)

A  com parison  o f the V r values o f  the th ree  silica filled  rubber sam ples is given in  figure 10 
the respective silane m odified  in T ab le  7. A n enhancem ent in V r w as obtained fo r all the EN R  
lified sam ples. The increase in V r m ight have resulted from  the cross - links form ed betw een  

:lhe nibber-rubber and o r rubber - fille r in teractions. W ith  EN R  m odified  SB R  and N B R , V r values 
com parable to those o f  the silane m odified.

Ageing resistance

H igh tem perature resistance o f  the  se lected  vulcanisates w as assed  by ageing  a t ICKy’C  fo r a 
^ n o d  o f  48 hours. Results obtained  are g iven in figure 11 and 12. B oth  in m odified  and  
f  system s, m odulus increased  after ageing. H ow ever, the aged m odulus values are h igher

faft sam ples o v er the unm odified . F o r all the three rubbers, tensile  strength obtained
L r ageing w as com parable fo r the respective E N R  and silane m odified  and  the  unm odified.



\

In th e  field  o f  tires, silica  reinforcem ent o f  rubber is im portan t as it o ffers  low  rolling  
resistance . ̂ Wet grip and  low  ro lling  resistance are im portant requirem ents fo r tires . It is d ifficu lt to 
ach iev e  these  tw o properties together. T an 5 at 0° C  and  60° C  can be taken  as a m easure  o f  wet 
g rip  and  ro lling  resistance respectively^. H igher the tan 5 at 0° C* better the w et g rip  and  lesser the 
tan  6  at 60® C , low er w ill be the ro lling  resistance. T an  5 values o f  the  silica  filled  N R  and SB R  
m o d ified  w ith  E N R  and  silane in com parison  with the unm odified  is g iven  in figures 13 and 14. It 
c a n  b e  observed  that w ith E N R  incorporation tan 5 a t 0® C  enhances and  that the  value a t 60® C  is 
n o t a lte red  m uch. B y E N R  incorporation , in addition  to the betterm ent ach ieved  in silica 
re in fo rcem en t, w et grip  also  can be im proved w ithout adversely  affecting  the  ro lling  resistance.

Conclusions

Incorporation  o f  E N R  into  silica filled  N R ,S B R  and N B R  has im proved  its reinforcing 
cap ab ility  in these rubbers. T he enhancem ent o f  technological p roperties m ight hav e  resulted  from 
th e  m odifica tion  o f  the interface betw een silica  and  the m ajor rubber phase by  E N R . It also  might 
h av e  con tribu ted  to the n ibb er-fille r bonding and o r rubber-rubber bond ing  as is indicated  by the 
h ig h e r V r values.

In  the  tire  field  applications, E N R  m odified  silica com posites can enhance  the  w et grip , 
w ith o u t adversely  affecting  the ro lling  resistance.
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Ingredients

iral rubber (ISNR 5)

rubber (E N R  50)

agen t (S i 69)

10

0

A2

97.5

2.5

A3

95

A 4

90

10

A5

85

15

A 6

80

20

A7

10

0

1

A 8

100

tV com pounds given in T ab le  1 a lso  contain  the ingredients given below .
'inc oxide 5, stearic acid 2 , N aphthenic  oil 5, N -cyclohexyl-2 -benzthia2 yl su iphenam ide (C B S)
U  Diphenyl guanid ine (D PG ) 1.5, su lphur 2.5 and  ultrasil V N j 50

^Cr

^hle 2 ;  Formulation of mixes (SBR based)
Ingredients^ B1 B 2 B3 B4 B5 B 6 B7 B 8

"Stytene bi-tadiene rubber (SB R  -  1502)

n

1 0 0 97.
5

95 90 85 80 1 0 0 1 0 0

Epoxidised natural rubber (HNR 50) - 2.5 5 1 0 15 2 0 - -

Silane coupling agen t (Si 69) - - - - - - 4

[Zinc oxide 5, stearic acid 2, N aphthenic oil 10, N -cyclohexyI-2 'benzth iazy l su iphenam ide (C B S) 
Diphenyl guanid ine(D PG )2, su lphur 2  and ultrasil VN 3 50

^Table 3 ; Formulation of mixes (NBR based)
In g re d ie n ts* C l C2 C 3 C4 C 5 C 6 C 7 C 8

Acrylonitrile bu tad iene rubber (N -423- 
NS)

1 0

0

97.5 95 90 85 80 1 0

0

1 0 0

1 Epoxidised natural rubber (E N R  50) - 2.5 5 1 0 15 2 0 - •

Silane coupling agen t (Si 69)
___ 1- ■ 1 1  ^ 1

- - - - - - 4

O- - ....... ................ ............. ...... .. .
[Zinc oxide 4, stearic acid 1, D ioctyl p thalate  5, N -cycIohexyl-2-benthiazyl su iphenam ide (C B S) 1, 
. Diphenyl guanid ine (D PG ) 1.5, su lp h u r 1.5 and  u ltrasil V N 3 50

^ a b l e  4  : C u r e  c h a r a c t e r i s i tics (A ][ to  A 8 )
In g re d ie n ts* A1 A 2 A3 A 4 AS A 6 A 7 A 8

Minimum torque, dN .m 8 8 8 8 8 1 2 1 2 6

Maximum torque, dN .m 92.5 92 92 8 8 8 8 8 8 92 1 0 0

Scorch time (tsj) at 150®C 2.5 3 3 3 3 3 2 3

^ im u m  cure time itw) at 
150®C

5.5 6 6 6 6 6 5 7



In g re d ie n ts *  ' B1 B 2 B3 B 4 B5 B 6 B 7 B 8

MimmumTtorq^fc, dN .m 14 17 16 16 16 15 14 16

M ax im u m  to rq u e , dN .m 90 94 95 96 94 93 96 112

S co rch  tim e (ts j)  a t  150°C 9 8.8 6.5 6 7 7.5 6 6

O p tim u m  cu re  tim e (1%) at 15.5 15 11.5 11 • 13 13.5 n . 5 13.5
150°C

T a b l e  6 : C u r e  c h a r a c t e r i s t i c s  ( C l to  C 8 )
In g re d ie n ts * C l C 2 C 3 C 4 C5 C 6 C 7 C 8

M in im u m  to rq u e , dN .m 21 26 26 26 26 27 17 14

M ax im u m  to rque, dN .m 98 98 98 102 105 106 100 114

S co rch  tim e (ts j)  a t 150°C 8 6 6 5.5 5 4 5.5 4.5

O p tim u m  cu re  tim e (tw) at 49.5 32 32 30.5 27.5 25.5 39 34
150°C

Table 7 : Technological properties (silane modified)
P ro p e r ty N R /S ilica S B R /S ilica N B R /S ilica

A7 AS B 7 B 8 C 7 C 8
M o d u lu s at 300%  elongation , 
M P a

12 15 10 15 9.6 12.8

T en sile  streng th , M P a 27 27.5 16.6 20 24 24*

E lo n g a tio n  at b reak , % 530 470 479 286 557 446

T e a r  streng th , K N /m H I n o 51 57 68 65

A b rasio n  loss, mm^ 144 n i 125 92 82 79

H ardness, S h o re  A 66 72 66 70 72 72

R esilience , % 60 59 59 58 43 44

C o m p ressio n  se t, % 24 25 18 16 33 31

H ea t b u ild  up , °C 23 24 34 30 65 61

V o lu m e frac tion  o f  rubber (V r) 0.163 0.179 0 .229 0 .267 0.337 0.348



^ ^ i a l l o n  of modulus with ENR content

10 15 20
Paris ol E l«  per 100 rubber

.NR/Silica N B R /S ilica

Fig.2: Variation of tensile strength with 
ENR content

.s 10 s

S 10 IS 20
Paris o( ENR per 100 rvbbar

, 3: Variation of elongation at break,(%) 
with ENR content

0 & 10 IS 20 zs
Parts of ENR per 100 rubber
-MVSilca -S8R/«IIC« -̂ eFVSilica

Fig.4: Variation of tear strength with ENR 
content

S 10 IS 20
PstU of ENR per 100 rubber

-ffVSiDca -SSR/SiBca -t«fVSiDca

Flg.5: Variation of abrasion loss with ENR 
content

5 10 15 20
Parts of ENR per 100 rubber

-rfVSIca •SSR/SiDca -hCfVSilica

Flg.6 Variation of hardness with ENR 
content

5 10 IS 20
Paris of ETA per 100 rubber

-MVSiltci -SBFVSifica -heR/SilIca

FIgJ: Variation of resilience with ENR 
content

& 10 i» so
Pansol ENR per too rubber '

-r«VSiHca -SSFVSiBca -hen/siuca

Flg.8: Variation of heat build up with ENR 
content

5 10 IS 20
Parts of EW^ per 100 rubber

25

-NFVSiOca -SBft^SiRca -reR/Sllica
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Fig.9; Variation of compression set with 
ENR content(70*'C, 22 hrs.)

S 10 IS 20 
Parts of ENR par 100 rubbar

2S

-iWSibca •SSR/SOica ■heiVSlia

Fig.10: Variation of Vr with ENR content

10 15 20
Pans of ENR per 100 rubber

-MVSBca -SSR^Sibca •r«R̂SiVca

Fig.11: Effect of ageing on modulus 
(100'*C, 48 hrs.)

A1 AS AS B1 B5 B8 Cl 05 C8

□Urtagatf sAgod

Fig.13. Dynamic mechanical anaiysis(NR/Silica)

Ftg.12: Effect of ageing on tensile strength 
(100®C, 48h)

A1 AS A8 B1 BS B8 Cl C5 C8

□ Lhaged ■ Agad

Fig.l4. Dynamic mechanical ana}ysis(SBR/Sili(M
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