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The rnechanisrn responsible for the greater irnprovement in the
rnechanical properties of styrene-butadiene rubber brought about
by rnodified lacs (lacs treated with epoxy resin or ethylene glycol)
cornpared to straight lac has been investigated. The superior
perforrnance of modified lacs has been found to be due to less of
interference in vulcanization by them as cornpared to straight shellac.

JT was reported in earlier communi-
I cationsr-r that modified lacs, such
- as those obtained on treating lac
with epoxy resin or ethylene glycol improve
most of the mechanical properties of
st5rrene-butadiene rubber (1502) to a greater
extent than straight shellac. This paper
gives the results of a strr.dy on the mecha-
nism of the resulting reinforcement by
determination of the crosslink density from
equilibrium swelling and estimation of the
free sulphur left after vulcanization when
shellac or modified lacs are incorporated.

Experimental procedure

The composition of the base mix was:
StSrrene-butadiene rubber ( 502), 100; zinc
oxide,4; sulphur,2; stearic acid, 1; phenyl
p-naphthylamine (PBNA), l; and cyclo-
hexyl benzthiazyl sulphenamide (CBS), 1.5
parts/100 parts rubber. Shellac or modi-
fied lac was used in the proportion of 0, 2.5,
5 and 10 parts/100 parts rubber. The
methods employed for mixing and vulcani-
zation were the same as in the earlier studyr.

Free sulphur was estimated according to
BSI method BS 903 (1958)5 and the cross-
link density by the method of equilibrium
swelling in pure benzene using the equation

of Fl:ry ald Rhenner as described by Joseand Banerjee6.

Results and discussion
The variation in
the number of
types of lac at t
and 10 parts/100
Fig. 1 (A,B). ft is seen that the amount
of free sulphur at a particular cure time is
more in samples in which shellac is used
than in samples without any shellac. Also,
at that cure time, for increased amount of
shellac, the free sulphur content also in-
creases, indicating that shellac interferes
in the reaction of sulphur with rubber.
However, the interferenie is less with both
ty_pes of modified lacs, viz. epoxy resin and
ethylene glycol modified lacs, the last one
giving the best results in this respect.

typgs of lac ethylene glycol
modified lac he best resutts
followed by modified lac;
straight shell

*Present address: P. and D. Division, Fertilizer Corporation of India Ltd, Sindri.



STYRENE.BUTADIENE RUBBER: PART V-MECHANISM OF REINFORCENIENT

t
l
I
A
l

U
U
E
I

s
E
ac
l

U
U
EI

Fig. l -Variation 
is the free sulphur cotrtent and number of crosslinks-in styrene-butadiene^rubber

"oit.ioiog 
different types of lac'with period of cure [Proportion. of- lacs: (A) 5 parts/100 parts

rubber; ana 1n; 10 parts/100 parts rubberl

As reported earlierl-4, modified lacs improve
most of the mechanical properties of
styrene-butadiene rubber (1502) to a greater
eitent than straight shellac. The results
of the present study show that it is so be-
cause the interference in vulcanization due
to shellac can be overcome to a great
extent by its modification. This may be
due to the fact that the modification of
lac results in lowering the acid value (the
values being 40'0 {or epoxy resin modified
lacl, 32.0 fdr ethylene 

-gtyiot 
modified laca

and 70-72 for straight shellac?).
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