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Graft copolymerization of shellac with ethyl acrylate or a mixture of ethyl and rnethyl rneth-
acrylates in aqueous amrnoniacal medium yields a product whose filrns (air-dried and baked)
exhibit improved heat, water, impact and chemical resistance as well as adhesion, flexibility
and !,loss cornpared to films of shellac. In respect of scratch hardness, however, the lraft copoly-
mer filrns show inferior perforrnance cornpared to shellac films. In peneral, Sraft copolymers
prepared using mixtures of ethyl and methyl rnethacrylates are inferior to those prepared using
ethyl acrylate alone.

OR its'outstanding properties, such as gloss,
toushness and remarkable adhesion to a

^ variety of surfaces, shellac finds extensive
use in surface coatings for protection, decoration
and electrical insulation. Several investigators have
attempted to overcome its limitations, such as low
softening point and poor water resistance. It has
been modified with sulphurl, thiourea2, rrreaz,
melamines, cashewnut shell liquida, urea sulphites,
etc. The latest trend is to modify it either by
admixture with a synthetic polymer6'7 or to graft
copolymerize it with synthetic monomers or their
mixturess,e. For example, lac has been modified
with spirit-soluble (butylated) melaminel0 and urea
formaldehyde resinsll to produce air-dried and
baked films respectively of outstanding water (blush)
resistance and improved heat resistance. Lac has
also been graft copblymerized with ethyl and methyl
acrylates through the intermediate hydroperoxides.
It has also been copolymerized with these monomers
in the presence oi redox catalvstse. Outstanding
film properties have been claimed for the products.

There are no references in literature to the hydro-
peroxide of lac, except in one patents. Information
available about the oDtimum conditions for the
production of the hydrbperoxide is rather meagre.
This, being an essential prerequisite for further
graft copolymedzation, was studied in detail in this

th ,3*l
th in the
presence^ of sodium sulphoxylate formaldehyde.
The graft copolymer was reclaimed from the res-ult-

ing insoluble product v'as analysed and found. to
have a hydroxyl value of 25,76 and an acid value of
3.39. These values indicate that the lac was in a
combined state, or in other words, a graft of the
vinyl polymer had formed on a shellac backbone.
Further'evidence for graft polvmerization of the
vinyl monomers on lac was obtained as follows.
Art emulsion polyrner of ethyl acrylate only was
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fAir-dried films were tested after 7 days'ageing and baked fiIms (at 100"C. Ior t hr) tested after 24};:r of baking]
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Drepared by the usual technique and mixed. with an
immoniacal solution of lac in the same proportion
in which these had been determined for the graft

Experimental Procedure

a mercury seal stirrer and an inlet tube
oxvgen. 

-The 
flask was immersed in a t

baif, maintained at 50'1 1'C' Ox13e

t

Results and Discussion
mechanism of
passed into a

ditions, it get

RH f Or+ROOH
Shellac Shellac h-vdroperoxirl e

This shellac hydroperoxide then breaks up into
two free radicals, either one of which can initiate
the polymerization of vinyl monomers. Shellac
grafts result as follows:

ROOFI>RO*+*OH
RO* + nCHr: CHX + RO(CHr-CHX),I-

Free radical trIonomer Gra{t polymer chain

The chain then -qets stabilized by one of the

also perfectly tack-free.
Hirdness - Scratch hardness of the films (on tin

panels) was determined by a Shesn automatic
scratch hardness tester. The scratch hardness of

the mirture of ethyl acrylate
ate, there is actualll,' a droP
hardness, excePt when ethYl

acr]'late and methyl methacrylate are Present in the

cases.
Water resistance_The water resistance of the films

on glass slides
rY temPerature
r dried as weil
action for one
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$,eek, when 45-60 per cent of ethyl acrllate on the
weight of lac u'as grafted; further increase il the
proportion of ethyl acrylate during graft copolv-
merization decreased the water resistance. $hereas
in the case of a mixture of ethvl acrl'late aud methvl
methacryLate the air dried fiims of onll' one parti-
cular composition, ethyl acrylate: methyl methacrv-
late::50:10 were found to be rvater resistant.
Baking improved the films of other cornpositions.

Heat resistance- Heat resistance was determined
by placing a beaker containing water, kept boiling
by an immersion heater, over the French polished
surface on wood. The extent of sticking and dis-
figuring of the surface, when the beaker was remo\,-
ed after 2 min. r'as noted. The data presented in
Tables 2 and 3 shos' that there is a substantial im-
provement in this respect in the films of the graft
copolymers as compared to those of the parent lac.-Glosr 

- 
.|he gloss of the air driecl filmi on French

polished wooden panels was measured by Lange's
glossmeter. The gloss of the films of the graft
copolymers was superior to that of films of the
parent shellac in all cases.

Chen+ical and solteytt resistance - In addition to
water resistance, baked films oI the ernulsions were
found to resist the action of spirit, benzene, toluene,

etc., for more than
n dil. alkali and dil.
films, however, did
the above chemicals

and solvents.
The above results indicate that the sraft co-

polymer emulsion of shellac with ethyl acrllate is a
substantial improvernent over the parent lac in all

respects. particularlr- u'hen it is used as a French
polish lor t'ood. The perfornrance of the baked
films is rather disappointing in respect of scratch
hardness. \\rith the possible exception of the pro-
portion' of 50 parts of ethyl to 10 parts of methyl
methacr):late, mixtures of ethyt acrylate and methSzl
methacrr4ate are inferior to ethvl acrvlate as far as
graft poi-vmerization rvith lac is concerned.
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