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Polyesters based on glycerol and mixtures of phthalic anhydride, and adipic acid or maleic
anhydride, are compatible with shellac especially in aqueous ammonical medium. For optimum

performance for use in surface coatings, the aliphatic and aromatic

polyacids are best used

in equimolecular proportions and the varnish blends made containing 75 parts of shellac and
25 parts of the polyester. Improvements in properties are most marked only in baked films, the
outstanding improvement being in respect of elasticity.

MODIFICATION of shellac with
its erstwhile rivals viz. synthetic
resins, have recently been shown
to result in films of improved pro-
perties. Typical examples are the
modification with urea/formalde-
hyde résin'® melamine/formalde-
hyde resin®* and epoxy resin®®,
apart from copolymers obtained
from acrylamides, etc.’~'°.

Polyesters are modern synthetic
resins, finding increasing use in sur-
face coatings and particularly for
solventless coatings, where they are
used as a solution in a polymeris-
able monomer, namely styrene, and
cured in situ by the presence of ini-
tiators, accelerators etc. Wide vari-
ations are possible in the proper-
ties and performance of polyesters
by varying the polyols, saturated
and unsaturated polyacids or their
mixtures used and their propor-
tions. It was therefore considered
that a study of the modification of
shellac with such polyesters would
be of interest, to see how far such
modifications would improve the
film properties of either.

Shellac, a natura] resin of wide
use in surface coatings, has limita-
tions, viz., comparative brittleness,
low softening point and poor resist-
ance to water and alkalies.
Improvements in the film and
moulding properties of shellac by
incorporation of polyesters based
on glycerol and poly-glycerol, and
saturated and unsaturated poly-
acids have been referred to in lite-

rature’®. Improved film proper-
ties have also been claimed by the
incorporation, into shellac varni-
shes, of oxygen convertible poly-
esters based on hexamethylene gly-
col and maleic anhydride®. These,
however, being patents not much
information is available about the
properties of the various composi-
tions and the optimum conditions
under which these are to be pre-
pared, blended and used necessitat-
ing a systematic study. The results
so far obtained are indicated be-
low.

According to the former patent,
suitable polyesters for incorporation
into shellac varnishes are produced
from glycerol and phthalic anhy-
dride with a proportion of aliphatic
acids, saturated or unsaturated, to
improve the flexibiliy of the poly-
ester. Attempts were therefore
made, first, to prepare polyesters
based on these constituents with a
view to correlating the film proper-
ties of lac varnishes modified with
the different polyesters produced
and in different proportions.
Preparation of the polyesters and
shellac/polyester varnish blends

The polyesters described, in the
above mentioned patents, were pre-
pared under the simplest of condi-
tions viz. by heating together the
various constituents, viz. glycerol
as the polyol and phthalic anhy-
dride and the aliphatic acid in an
open vessel, in an oil bath. For
the sake of uniformity and repro-

ducibility, the size of the batch
(and reaction vessel), the temper-
ature and speed of stirring, were
kept as uniform as possible. By
this, variation of chain length and
degree of cross linking were mini-
mised. Adipic acid was used as
the aliphatic poly-acid and 109%
excess of glycerine over the calcu-
lated quantity was used, as usual.
The heating (at 180-190°C) was
continued till the product lost its
stickiness but was still soluble in
alcohol and/or acetone and tend-
ency for gelation had not set in
(Table I). The resulting clear
colourless resins were dissolved in
alcoho] together with a proportion
of acetone or methyl isobutyl ke-
tone to obtain clear solutions of a
non-volatile content of 259%. De-
waxed lac varnish, in alcohol of the
same concentration was separately
prepared and the two mixed in
different proportions to yield var-
nishes (of 259 non-volatiles) con-
taining lac and polyester in different
proportions.

It was noticed that the blends
were never perfectly dlear, irres-
pective of the amount of ketone in-
corporated and consequently the
films were also not perfectiy clear
and homogeneous but somewhat
translucent.

As the polyesters had substantial
residual acidities vide column 8
Table I), the possibilities of using
them in aqueous (ammonical) solu-



TABLE I
Preparation of polyesters

__Composition — Parts equivalent Properties of the
Aliphatic acid used polyester produced.
=
:g e E Time ol cooking at N
@ = 2= i 180-190°C. Minutes. =
e £ b =9 S 5
Z € 4 £z 2 5% = 2
5 S = =5 < @3 < 2
1, Sa i 0.75 Adipic 0.25 165 108  A.cohol + Ketone
acd
2. S8 1 0.50 5 0.50 150 83.8 L 2
3. SC 0.25 - 0.75 130 76 B ,.
4. UA 1 0.75 Maleic 0.25 255 94 5 s
anhydride
5. UB 1 0.50 = 0.50 240 78 M »
6. UC 1 0.25 % 0.75 300 63 -,, 5

tion, along with aqueous (ammoni-
cal) shellac varnishes was also in-
vestigated. There is no reference
in literature to these aqueous var-
nishes. These polyvesters could be
readily dissolved in ammenical wa-
ter and. unlike their zicoholic coun-
terparis, the resulting  solutioms
fnrmed clear blends on mixing with
agusous =hellac varnishes. Blends
of the above varmishes containing
different proportions of the poly-
esters and lac were then prepared.
Here again, the concentration was
maintained at 25 per cent solids.

Film properties

Film properties of all these var-
nishes were then examined and
three sets of films were made, both
on glass and on tin panels. One
set was allowed to air dry, at room
temperature for seven days before
the tests. Another set was baked at
100°C for ome hour and the third
at 150°C for 30 minutes, both these
sets being tested 24 hours after the
baking.

Iz was seen (vide Tables II and
LI : the incorporation of the
polyester is definitely advantageous
both in spirz amé in aqueous var-
nishes. Although, the spirit var-
nish blends gave iransivcent films
the films from aquecus varnishes
were perfectly clear, glossy and
homogeneous. The optimum pro-
portion, in both cases. appeared

to be 75 parts of lac to 25 parts of
the polyester. The polyester pre-
pared using 0.5 equivalent of phth-
alic anhydride and 0.5 equivalent of
aliphatic acid produced somewhat
superior films than the pelvesters in
the other proportions.

Modified with such a polyester in
the above proportion, films of lac
varnishes showed a 50 to 70 per
cent improvement in scratch hard-
ness, especially on baking and sub-
stantial improvement in elasticity
in all films (as can be expected). In
regard to water resistance, however,
the air dried films were inferior to
those of unmodified dewaxed shel-
lac varnish. Improvement in this
was obtained only on baking at
100°C in the case of spirit based
varnishes, and at 150°C in the cae
of the water based ones.

Polyesters using unsaturated
aliphatic acid

The possibility of further im-
provement by the substitution of
unsaturated acid, was next investi-
gated. Polyesters were prepared
using maleic anhydride in place of
adipic acid described above (UA,
UB and UC of Table I). The re-
sulting products were then blended,
as before, with lac varnishes, both
in alcohol and in aqueous ammo-
nia. It was found that the blends
in organic solvents and the films

produced from these, were cloudy
and translucent whereas in aqueous
ammonical medium, homogeneous
and clear blends were obtained
which also gave clear and transpar-
ent films.

The film properties were next
studied. 1t was seen (vide Table
IIT) that, in these cases also, the
optimum proportion was 75 parts
of the polyester. There did not ap-
pear to be much difference in the
performance of the polyesters pro-
duced using different proportions
of the aliphatic and aromatic poly-
acids. Although for use in aque-
ous media, the proportion of 25
equivalents of the former to 75 of
the latter appeared to be somewhat
superior. The improvement in res-
pect of hardness was of the same
order as with the saturated acid
polyesters, as far as spirit based
varnishes were concerned, although
in the case of the aqueous var-
nishes, the improvement was some-
what less, the improvement in res-
pect of elasticity was equal in both
cases. In regard to water resistance,
the air dried films were again in-
ferior to those of wummodified lac,
and similar to the films of the
saturated acid polyester blends. In
respect of the baked films, the im-
provement was somewhat superior
as even films baked at 100°C (for
1 hour) were perfectly blush resist-
ant on 24 hours continued immer-
sion.



TABLE NI

Film properties of dewaxed lac — saturated polyester combinations in

spirit and aqueous varnishes

Composition Scratch Flexibility Water Resistance
of blend hardness, in kg.
Time for initial Recovery time, in
- - 2 Baked at g Baked at blush in hours hoursf:y after
% —:' % :E Z - _g y = ok i hours immersion.
s 2 £ & = 3 z g §awaiw_— e o
A 3 7 a < o - < - - 100°C 150°C 100°C 150°C
spirit varnishes
S A 100 0 0.6 0.6 0.7 CP (@) CcpP 4.5 6.0 6.0 0.58 0.50 0.50
75 25 0.7 0.9 0.8 P P P 0.25 NB NB 0.17 - —_
50 50 0.7 0.9 1.0 TP TP P 0.25 050 NB 0.17 0.17 —
25 75 0.6 0.8 0.8 TP TP P 025 0.75 1.0 0.17 0.17 0.25
0 100 0.6 0.6 0.6 TP TP TP 0.25 050 0.50 0.17 0.17 1.0
SB 75 25 1.0 0.9 1.2 P P P 0.25 NB NB 0.25 — —_
50 50 0.8 0.9 0.8 P P P 0.25 0.33 NB 0.17 0.41 —
25 75 1.0 0.8 0.9 P P P 0.25 050 NB 0.25 0.75 —
1] 100 0.9 0.7 0.9 TP TP TP 0.25 0.75 NB 0.25 0.50 —
SC 75 25 0.9 1.0 1.0 Cp P P 0.50 1.0 NB No 2 -
Recovery
50 50 1.0 1.1 1.0 P ¥ P 025 0.50 0.50 " 24 0.92
25 75 0.9 1.0 0.9 P P P 0.25 0.50 050 - 24 24
0. 100 0.6 0.7 1.5 TP TP Je 0.08 0.08 NB 0.50 0.75 —
Aqueous varnishes
S A 100 0 0.6 0.6 0.6 CP CP CP 35 4 4 0.66 0.50 0.50
75 25 0.8 0.8 1.0 P P i 0.50 1 NB 0.25 0.25 —
50 50 0.7 0.9 0.9 TP TP P 0.25 0.50 NB 0.50 0.50 —_
25 75 0.7 0.6 0.7 TP TP P 025 0.50 NB 0.50 0.50 —
0 100 0.8 0.7 0.8 TP TP TP 0.25 050 15 0.50 0.50 0.50
SB 75 25 0.8 1.0 1.2 P P P 0.25 0.50 NB 0.33 0.25 —
50 50 0.8 0.7 1.1 TP P P 0.25 1.0 NB 0.75 0.50 —
25 75 0.7 0.7 0.8 TP P P 0.25 1 NB 0.75 0.66 —
0 100 0.8 0.7 0.9 TP TP P 0.25 050 NB 0.83 0.25 —
S C 75 25 0.5 0.5 0.7 CP P P 0.08 1.33 NB 0.33 1.0 —
50 50 Separation of resin in coiloidal form
25 75 Precipitation of resin takes place.
0 100 0.5 0.5 0.9 TP TP P 0.08 0.08 0.17 0.50 0.75 0.75

Effect of drier and catalyst

The effect of the addition of co-
balt as dried and benzoyl peroxide
as catalyst to these unsaturated
acid polyester/dewaxed lac varnish
blends was investigated. As 75
parts of lac blended with 25 parts
of polyester, gave the best overall
performance, this study was con-
fined to varnishes of this composi-
tion and to spirit based varnishes
only as cobalt got precipatated in
aqueous alkaline medium. It was
found (vide Table IV) that addition
of cobalt improved the hardness of
the air dried films (as can be ex-
pected), 0.1 per cent on the weight
of the polyester content being the

optimum. The maximum improve-
ment was observed in the blend
containing the polyester based on
phthalic and maleic anhydrides in
equal proportions. Cobalt did not
have any influence in the case of
the baked films. Elasticity and
water resistance were also practi-
cal‘ly unaffected.

Addition of benzoy] peroxide did
not improve the film properties of
these blends in any way.

Solvent resistance

Resistance to solvents other than
water of the films of dewaxed Ilac
polyester blends containing 75 parts
of the former, to 25 parts of the
later, both in spirit and in aqueous

media, which had proved the best
of the lot, was then investigated.

It was found that the air dried
films were again poor, but the bak-
ed films (baked at 150°C) were de-
finitely superior. They were com-
parable to those of the parent un-
modified lac in respect of their re-
sistance to benzene, toluene, white
spirit and dilute (5 per cent) hydro-
chloric and sulphuric acids, but
superior in their resistance to ace-
tone and alcohol. They also resis-
ted dilute (2 per cent) sodium car-
bonate solution for 24 hours, but
not caustic soda of the same con-
centration.



TABLE III

Film properties of dewaxed lac — unsaturated polyester combinations
in spirit and aqueous varinshes
Composition Scartch hardness, Flexibility Water Resistance
5 s = - - in kg. of films —— Time for inil:ial sblush Recovery after 2‘:1
# - . P
2 @ e Baked at Baked at in hou immersion in hours
5 g = ] q ; ; Baked at Baked at
53 = S Air dried ——————— Air dried Air dried o, q 0°C 150°C
&3 & 7 100°C  150°C 100°C 150°C 100°C 150°CAir_dried 10 °C
Spirit varnishes
U A 100 0 0.6 0.6 0.7 CP CP CP 45 6 6 0.58 050 050
75 25 0.9 1 1.2 P P P 025 NB NB 0.50 = =
50 50 0.9 0.8 1 P P P 025 NB NB 0.50 — —
25 75 0.9 1 1.2 P P P 025 1 1.5 0.50 033 041
0 100 1.0 1.2 1.1 P P P 025 1 1.25 0.75 050  0.50
U B 75 25 0.9 1 1.1 P P P 025 NB NB 0.50 — -
50 50 0.7 0.7 0.7 P P P 025 NB NB 0.25 — -
25 75 0.9 0-8 0.9 P P P 025 NB NB 0.33 —
0 100 1.0 1.2 1.2 P P P 025 NB NB 0.41 - —
UC 75 25 0.9 1 1.2 P P P 025 NB NB 0.25 — —
50 50 0.7 0.7 0.8 P P P 025 NB NB 0.50 - —
25 75 0.8 0.9 1 P P P 025 NB NB 0.58 — —
0 100 0.8 1 1.2 P P P 025 NB NB 0.33 — =
Aqueous varnishes
U A 100 0 0.6 0.6 0.6 CP CP CP 35 4 4 0.66 0.50  0.50
75 25 0.7 0.8 1 P P P 025 NB NB 0.50 — -
50 50 0.5 0.6 0.6 C C P 025 0.50 NB 0.50 0.50 —
25 75 0.6 0.8 0.7 C C P 025 250 24 0.50 0.66  0.08
0 100 0.6 0.7 0.6 TP P P 025 0.50 1 0.75 0.50 050
U B 75 25 0.7 0.8 0.8 P P P 025 -NB NB 0.50 - -
50 50 0.6 0.6 0.5 P P P 025 NB NB 0.50 — —
25 75 0.7 0.8 0.9 TP TP P 025 24 NB 0.50 0.08 —
0 100 0.8 0.7 0.9 TP TP P 025 NBE NB 0.50 — —
UC 75 25 0.6 0.8 0.9 P P P 1 NB NB 0.50 — —
50 50 0.7 0.8 0.7 P P P 025 1 NB 0.50 0.17 —
25 75 0.6 0.6 0.5 TP P P 025 1 NB 0.50 0.17 —
0 100 0.8 0.8 0.9 P P P 4 NB NB 1 — —
TABLE IV
Film properties of dewaxed lac and unsaturated polyester combination
in spirit medium with cobalt as drier
o
o = Water Residence
o = f e
4 2 > Sfratcl} hardness in kg. Flexibility Time for inmitial blush Recovery after 24 hours
2 5 Baked at Baked at in hours immersion, in hours.
-l o —
4 R oy Y T oz o« 2a D0 TR o 9
° OB 4 =4 =3 ! 3 ) a = =) (=] P o
£ S < g R < & & 3 S B g g B
UA 005 0.7 028 0.7 P P P 041 1 24 25 0.50 0.17
0.10 0.8 1.2 1.1 P P P 041 1 NB 2.5 0.41 —
0.25 0.8 08 0.8 P P P 041 1 4 2.5 0.50 0.33
0.50 13 1.2 1.9 P P P 033 0.41 4 25 — —
U B 0.05 12 1 0.7 P P P 041 NB NB 0.50 — =
010 153 1 0.9 P P P 041 NB NB 0.50 — =
0.25 1.3 1 0.8 P P P 041 NB NB 0.50 — —
0.50 13 ] 0.7 P P P 04! 4 24 0.50 — —
U C 0.05 12 0.9 0.7 P P P 04] NB NB 0.50 1.5 1
0.10 1 0.9 0.7 P P P 04i NB NB 0.50  0.33 0.17
0.25 1 0.7 0.7 P P P 04 -2 NB 0.50 017 -—
0.50 0.8 0.9 0.7 P P P 04 24 NB 0.50  0.17 —_




Improved film properties

From the above it will be clear
that incorporation of these heat
convertible polyesters into shellac
varnishes, definitely results in im-
proved film properties. For spirit
varnishes, a certain proportion of
ketone is also necessary. Still, the
varnish blends are not clear and
homogeneous but only translucent.
Aqueous ammoniacal blends, on the
other hand, are perfectly clear and
produce films which are smooth,
homogeneous and glossy. For the
polyester, the optimum proportions
of the aliphatic and aromatic poly-
acids are about 50:50 mols. In the
former, there is hardly anything to
choose between the saturated and
unsaturated. The optimum pro-
portion of shellac to polyester in
the blend is 75:25 and the improve-
ment in properties are most percep-

tible only in baked fiilms. While
there is a 50-70 per cent increase
in respect of hardness and some

improvement in solvent resistance,
the most outstanding improvement
is in respect of elasticity. The use
of these b'ends is, therefore, parti-
cularly indicated as water thinned
finishes of the baking type requir-
ing good adhesion and elasticity.
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