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SUMMARY

IT has been found possible to separate lac in powder form by
means of cold dilute aqueous alkali into fractions which apparently
differ in molecular magnitude. Though, by successive extractions,
it is possible to obtain a fraction consisting mainly of highly
polymerised molecules, the insolubility of this fraction in the usual
solvents for lac limits its practical application.

*

The products of a single extraction under suitable conditions,
are hard and soft lac resins similar to those obtained by extraction
with hot alkali. Shellacs containing rosin are not suitable for this
process as the hard resin produces films which blush.

FRACTIONATION OF LAC
Lac, like all polymeric materials, can be looked upon as an
isogel consisting primarily of molecules more or less similar in
chemical composition and structure, but differing in size or state
of polymerisation. Physical and mechanical properties such as
elasticity, hardness, melting point, solubility, and viscosity of
solutions, and the properties of the films depend largely on the size
of the molecules. In particular, less polymerised materials have
greater solubility and lower melting points. Uniformity of the
molecules is a desirable quality but is difficult to achieve. W. Nagel
suggested the name "Pure Lac Resin" or "Reinharz" for the
component of lac insoluble in ethyl ether. It is doubtful, however,
if this fraction of lac consists
of uniform molecules. The London
Shellac Research Bureau1 fractionated lac by partial extraction
with solvents such as toluene and trichlorethylene and found that
the insoluble fraction had a higher softening point and superior
film-forming properties. This improved form of lac was designated
"Hard Lac Resin." It contained a certain proportion of "Soft
Lac Resin." It is being manufactured by one German firm under
the name of "Tempered Lac," which is appropriate.
Later, it was shown by R. Bhattacharya and B. S. Gidvani2
that shellac could also be separated into two parts by extraction
with hot, dilute solutions of weak alkalis such as sodium carbonate,
borax and ammonium di-hydrogen phosphate. In this way the
more acidic components of the lac were removed, and it was found
that the insoluble resin had improved properties, similar to those
of the Hard Lac Resin obtained by the original solvent-extraction
process. Since, however, "Reinharz" (or Pure Lac Resin) and
Hard Lac Resin are not identical, it has been suggested that the
term "Sclerolac" should be applied to the alkali-extracted lac.
In this paper the term "Hard Lac Resin" has been retained for
the insoluble, and the term "Soft Lac Resin," for the soluble fractions described.
The cheapness of the alkali-extraction process will probably
lead to its adoption for the large-scale production of Hard Lac Resin.
There are, however, certain mechanical difficulties in the process,
and the present method has been evolved with a view to overcoming them. Firstly, adequate mixing of the molten mass of
lac with aqueous solutions, both during the extraction and the
washing processes, is not easy. Secondly, the mass of Hard Lac
(1) Technical Papers Nos. 1 and 5.
(2) Technical Paper No. 13.

Resin retains a large amount of water, so that it is only after grinding
thoroughly that the resin can be completely dried. Both of these
•difficulties have been overcome by using finely powdered lac in
the first place, and carrying out the extraction at a temperature
well below its softening point.
It was found by R. Bhattacharya and B. S. Gidvani2 that the
removal of 12 to 16 per cent, of the resin by extraction was sufficient
to leave a residue with markedly improved properties as regards
softening point, lower acid value, and water resistance. The same
authors also showed that, provided the same amount of resin was
•extracted in each case, the properties of the Hard Lac Resin were
independent of the nature of the alkali used. Therefore, it was
•decided to study primarily the conditions necessary for the extraction of 10 to 20 per cent, of the lac with sodium carbonate only.
Subsequently, extraction with sodium bicarbonate was investigated.
PROCESS OF EXTRACTION.

The
(a)
(b)
(c)
(d)
(e)

main conditions affecting the extraction are as follows:—
Size of the particles.
Concentration of alkali.
Relative proportion of lac to alkali.
Temperature.
Time of contact.

The nature of the process makes it difficult to measure the
rate of extraction, since it is not easy to filter the insoluble resin,
unless it has first been allowed to settle and then washed by
•decantation, during which time the extraction may still be proceeding to a certain extent. Some rough experiments, however,
indicated that it was advisable to stir the lac with the alkali
solution at the required temperature for two hours, in a suitable
vessel and then to set the vessel aside for the lac to settle.
EFFECT OF SIZE OF PARTICLES ON THE EXTRACTION.

A sample of Dewaxed Orange Shellac was ground and graded
by sifting into the sizes shown in Table I.
A 25-grms. sample of each of these was stirred with 75 c.cs. of
water containing 0-425 gms. anhydrous sodium carbonate, this
being the proportion used in the hot extraction process. When
the shellac had become completely wetted, the vessel was put into
a thermostatically controlled bath at 25° C. for 2 hours, the contents being stirred intermittently. The uridissolved resin was
then allowed to settle and the supernatant liquid poured off through
a Buchner funnel. The resin was then well washed by decantation,
and transferred to the filter, collected and dried to constant weight
in an oven at 40° C.
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The filtrate was acidified and the precipitated soft resin was
washed and dried. The following table shows the percentage of
soluble and insoluble fractions obtained and the acid values of the
insoluble fractions:—
TABLE I.

Insoluble resin
t^{-»l -i i V\1 f* foci n

OU1U U1C/ 1 Colll

Sample
10-20 mesh
20-30 mesh
30-40 mesh
40-60 mesh
60-90 mesh
90-120 mesh
120-150 mesh
180 mesh

o/
/o

Acid value *

(by difference)

91-4
87-8
85-0
83-4
83-0
82-4
82-4
82-0

72-8
71-6
70-8
67-5
65-2
64-0
63-5
63-1

12-2
15-0
16-6
17-0
17-6
17-6
18-0

8-6

* The acid value of the original shellac was 73-0.

As might be expected, the efficiency of the extraction increased
with the decrease in the size of the particles, but the figures show
that there is little to be gained by grinding the lac finer than
about 120-mesh.
It will be observed that resins can be produced by this process
with an acid value of 63-64. These have a softening-melting range
of 73° to 80° C., compared with 68° to 77° C., for the original lac.
However, films on glass blushed to a certain extent after 24 hours
immersion in water and it was subsequently found that slightly
modified extraction conditions were necessary to prevent this.
CONCENTRATION OF THE ALKALI SOLUTION.

The effect of diluting the alkali solution has been investigated.
Using the same procedure as before, 25 gms. of " 200-mesh" Dewaxed
Orange Shellac were extracted at 25° C., with 0-425 gms. sodium
carbonate in varying volumes of water. The results are shown
in the following table:—
TABLE II.

Insoluble resin
Volume of water used to
dissolve the Na2Co3
75 c.c
150 c.c
250 c.c
500 c.c

Soluble resin
o/
/o

o/
/o

Acid value

(by difference)

82-0
83-6
86-2
88-0

63-1
63-6
64-5
65-0

18-0
16-4
13-8
12-0

From the above table it is seen that the extraction is more
efficient in more concentrated solutions. In practice it has been
found that 75 c.c. of solution is a suitable amount for 25 gms. of lac.

RELATIVE PROPORTION OF LAC AND ALKALI.

It is possible to extract any required amount of soluble resin
from shellac by using sufficient sodium carbonate under suitable
conditions. For the sake of completeness the whole possible
range of extraction has been studied at 25° C. The results are
shown in the following table:—
TABLE III.
(Used: 25 gms. lac—75 c.cs. water at 25° C.)

m

nf
\JI.

Na2CO3

used
0

0-1 gm.
0-2 gm.
0-3 gm.

.

Soluble resin

Insoluble resin
.

0-4 gm.
0-5 gm.
0-6 gm.
0 - 7 gm.
0-8 gm.
0-9 gm.

1-0 gm.
1 • 5 gm.
2 - 0 gm.

3-0 gm.
3 • 5 gm.

°/
/o

95-0
92-6
88-6
83-6
81-4
77-4
74-7
71-0
67-4
64-5
49-5
36-2
14-0
0

SofteningAcid
value melting range

73-0
69-2
68-3
66-4
65-0
63-5
62-2
60-1
58-9
58-0
58-4
58-0
58-4
58-4

69"-77° C.
71-78° C.
71-78° C.
72-80° C.
73-82° C.
74-83° C.
74-83° C.
75-84° C.
76-84° C.
77-86° C.
77-86° C.
77-86° C.
78-87° C.
78-87° C.

Blushing time

%

Blushes in 8 hours
"
"
"
. . 5-0
"
"
"
.
7-4
11-4
Blushes in 24 hours
Slight blush in 24 hrs. 16-4
No blush in 24 hours 18-6
22-6
. . 25-3
*
29-0
32-6
. . 35-5
. . 50-5
63-8
86-0
100-0

Acid
value
—
—
—
—
89-0
87-9
87-7
85-8
84-1
81-5
81-1
77-4
75-0
74-5

It is evident from the above table that it is possible to improve
some of the properties of the insoluble resin by the extraction of
up to about 30 per cent, soluble resin. Beyond this no further
improvement can be effected in a single extraction. It will be
shown later, however, that it is possible to obtain a resin having
an even lower acid value and a higher softening-melting range by
further extracting the insoluble resin with sodium carbonate.
It is interesting to note that if shellac is dissolved in sodium
carbonate solution according to the ordinary process of neutralisation, the amount of alkali required for complete solution should
be equivalent to the acid value. Since the acid value of this shellac
is 73-0 mgms. of potassium hydroxide per gm., the equivalent
amount of sodium carbonate is 69-0 mgms. per gm. or 1-725 gms.
per 25 gms. The amount actually required, 3-5 gms., is approximately double this amount and therefore 1 gm. molecular weight
of shellac reacts in the cold with 1 gm. molecular weight of sodium
carbonate and not 1 gm. equivalent weight. This result is in
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agreement with that of Gardner and Svirsky,3 who found that the
solution of shellac in aqueous sodium carbonate at 25° C. and
below is represented approximately by the following equation:—
Na2CO3 + H Shellac Na HCO3 and Na Shellac.
FIGURE 1.
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TEMPERATURE.

The effect of temperature on the extraction has been studied.
It was found that at 45° C. or above, there was a tendency for the
lac particles to stick together so no extractions were carried out
above this temperature. The results are shown in the following
table:—
(.'!) H. L. Svirsky, "A Study of the Nature of the Solubility of Shellac in Sodium Carbonate,"
Thesis, Polytechnic Institute, Brooklyn, June, 1932.
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TABLE IV.
(Used: 25 gm. "200-mesh ' lac: 0-425 gm. Na 2 CO 3 : 75 c.cs. water)
Insoluble resin

Soluble resin

Temp.

°/
/o

Acid value

(by difference)

15°
25°
35°
45°

85-2
83-6
82-0
81-4

65-5
63-1
61-8
59-8

o/
/o

14-8
16-4
18-0
18-6

For a given amount of sodium carbonate, therefore, the reduction
in acid value is appreciably increased by raising the temperature.
As, however, a considerable amount of the lac is peptized at the
higher temperatures, the extract must be allowed to stand for
nearly two days before settling is complete. It follows that if the
soft resin solution is separated at once by nitration, or centrifuging
it will take with it a certain amount of hard resin and the reduction
in yield may be considerable. The most suitable temperature
therefore seems to be that at which the actual solution of the lac
without peptization is greatest, i.e., about 25° C.
PROPERTIES OF THE HARD RESIN.

The properties of the (hard) resins obtained by extracting
20 per cent, and 30 per cent, of the shellac respectively are shown,
in comparison with those of the original shellac, in the following
table :TABLE V.
Properties of the Hard Resins.

Property

Acid value
Saponification value
Hydroxyl value

Iodine value
Softening-melting range
Ether-soluble matter

Fluidity M.V. apparatus: 5" flow
Life under heat at 150° ± 1° C.
Solubility in alcohol

Original lac

73-0
224
285
15-8
68°-77° C.
29-6%

330 sees.

20%
extracted

30%
extracted

63-0
219
275
15-7
74°-83° C.
26-3%
1" in 330

58-4
214
272
15-5
75°-84° C.
24-2%

sees.
57 mins.
Soluble

42 mins.
Soluble

nil.
30 mins.
Soluble

The hard lac resin is not identical with "Reinharz," as it contains a considerable proportion of ether-soluble matter and consequently it appears that insolubility in ether is not necessarily
a criterion of the quality of lac.
The other properties of the hard lac resin are being studied in
detail and will be published in a future paper. Meanwhile, it is
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interesting to compare the properties of the hard resins obtained
by the hot and cold processes respectively. The following table
shows the properties of the resins obtained by extracting 20 per cent,
of a dewaxed shellac with sodium carbonate by the two processes :—
TABLE VI.

Property

Original

20% extracted 20% extracted
by hot process by cold process

62-0

Acid value . .
Softening-melting range . .
Blushing

73-0
68°-77° C.
Blushes in
8 hours

75°-87° C.
No blush in
24 hours

Fluidity M.V. apparatus:
5" flow

330 sees.

Nil

63-5
75°-84° C.
No blush in
24 hours
1" in 330 sees.

During the recovery of the soft lac an appreciable amount
which is soluble in water is lost during the washing of the resin.
It has been observed that if in the course of preparation the soft
resin is warmed and allowed to agglomerate, the keeping quality
of the product is somewhat similar to that of chlorine-bleached
lac, as after drying and grinding it tends to lose its solubility.
This polymerising tendency has also been observed in trichlorethylene-extracted soft lac. On the other hand, if the resin is precipitated from the alkali solution in the cold in granular form, and
washed in the cold, there is little change in the properties of this
resin on keeping. In fact, except for the high acid value and
definite blushing character of the film, the other properties of the
softer fraction are very similar to those of ordinary lac.
EXTRACTION WITH SODIUM BICARBONATE

The extraction of finely powdered lac with sodium bicarbonate
has been investigated and it was found that at any particular
temperature only a definite percentage could be extracted, even
by using increased amount of alkali. The results are shown in
the following table:—
TABLE VII.
(Used: 25 gm. 200 mesh lac: 75 c.cs. water)
Temperature

Wt. of NaHCO3

% Insoluble resin

% Soluble resin

15°
15°
15°
15°

0-5 gm.
1-0 gm.
1-5 gm.
2 - 0 gm.

94-6
92-0
92-0
92-0

5-4
8-0
8-0
8-0

20°
20°
20°
20°

0-5 gm.
1 • 0 gm.
1 -5 gm.
2 - 0 gm.

93-6
90-4
90-0
90-0

6-4
9-6
10-0
10-0
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One sample of shellac was repeatedly extracted with bicarbonate
solution until the extract was no longer coloured. In this way it
was'possible to extract 21-0 per cent, and the hard resin had very
similar properties to that obtained by extracting 21-0 per cent,
in one step with sodium carbonate, with the exception that the
films had less water resistance. Therefore though this extraction
may be of some interest from the point of view of the constitution
of lac, little practical significance can be attached to it.
SUCCESSIVE

EXTRACTIONS

WITH

SODIUM

CARBONATE.

It has been pointed out previously that it is not possible to
alter the properties of the hard resin beyond a certain limit by a
single extraction. However, it has been found possible to obtain
resins with still lower acid values and higher softening-melting
ranges by extracting the hard resin more than once with sodium
carbonate. After five successive extractions only very small
quantities of the soft resin were extracted and the change in properties of the hard resin was very slight. It was shown (Table III)
that the removal of about 30 per cent, of the soft resin resulted
in the maximum change in the properties of the hard resin obtainable
in a single extraction; the proportion of alkali used in the first
extraction was 0-85 gms. in 75 c.c. of water for 25 gms. of lac; in
subsequent extractions half this quantity was used. The following
scheme shows how the extractions were conducted:—

12
1500 gm. 200-mesh Dewaxed Garnet Shellac
I
Extracted with 51 gms. Na2CO3 in 4 - 5 litres of water at 25° C.
Hard resin (HJ
(1050 gms.)

Soft resin (Sx)
(420 gms.)

150 gm. saved for examination.
Remainder extracted with 15-3 gms. alkali in 2700 c.cs. water.
(900 gms.)

Hard resin (H2)
(800 gms.) '

Soft resin (S2)
(80 gms.)

150 gms. saved for examination.
Remainder extracted with 11-05 gms. alkali in 1950 c.cs. water.
(650 gms.)

Hard resin (H3)
(600 gms.)

Soft resin (S3)
(32 gms.)

150 gms. saved for examination.
Remainder extracted with 6-45 gms. alkali in 1350 c.cs. water.
(450 gms.)

Hard resin (H4)
(420 gms.)

Soft resin (S4)
(15 gms.)

150 gms. saved for examination.
Remainder extracted with 4-7 gms. alkali in 800 c.cs. water.
(270 gms.)

Hard resin (H5)
(250 gms.)

Soft resin (S5)
(9 gms.)

The following table shows the percentages of each of the hard
resins (calculated on the original amount) which would have been
obtained by successive extraction to the various stages had no
samples been taken:—
HX

70%

H2
H2
H4
H5

62%
56%
52%
48%
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The properties of the various hard resins were investigated and
are shown in the following table:—
TABLE VIII.

Sample
Original lac
H!
H2

H3
H4
H5

Iodine
value Softening
Acid Sap. (Wij's Melting
value value 1 hour) range

73-0
58-0
39-5
32-5
29-5
28-5

224

214
179
181
191
189

15-7
15-5
13-7
12-7
12-7
12-5

68-77° C.
75-83° C.
81-88° C.
85-95° C.
90-99° C.
92-101° C.

Ethersoluble
matter

Life
under
heat

29-6%
24-2%
18-0%
18-4%
18-9%
18-7%

57 mins.
30 mins.
18 mins.
12 mins.
4 mins.
nil

Flow
330 sec.
nil
nil
nil
nil

nil

Progressive extraction results in the hard resins losing their
solubility in alcohol to a considerable degree and in order to find
the acid values of H2, H3, H4 and H5, it was necessary to add a known
amount of hydrochloric acid, to make them soluble. These hard
resins were also insoluble in the higher alcohols and diacetone
alcohol, but soluble in Sextone B.
The properties of successive fractions are in general agreement
with the theory of polymerisation and explain to some extent the
formation of the lac resins. A great deal of experimental work
will have to be done before the general statements on the subject
put forward tentatively in this paper can be accepted as facts.
At the time of exudation by the insects, the resin appears to be homogeneous and semi-solid, if not actually in the liquid state. The state
and degree of polymerisation at this stage are probably at their
minimum. It is also possible that the constituent hydroxy-acids
of lac resin are subsequently formed by air oxidation of the parent
unsaturated acids. It may also be assumed that as soon as sufficient
hydroxy-acids have been formed, condensation and polymerisation
follow, resulting in the monomeric resinous materials which on
further polymerisation form the final sticklac. As the molecules
of the solid resin are limited in their mobility, the progress of further
polymerisation slows up but does not stop altogether, this explains
the "ageing" of all types of lac, particularly in the tropics. Polymerised lac is associated with insolubility in alcohol, reduction
in flow and increase in melting point. Fractionation with aqueous
alkali has demonstrated the existence in ordinary lac of components,
insoluble in alcohol and aqueous alkali, having high melting points
and reduced flow. These components, like polymerised lac, can
be made soluble in alcohol to which a trace of hydrochloric acid
has been added. They are, therefore, the more polymerised part
of the resin/ and consequently have higher average molecular
weights. The separated soft resin can also be readily polymerised.
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The whole lac is an isogel in which the softer or less polymerised
components act as a solvent for the more polymerised parts and
assist in the swelling and dispersion of lac in the solvents usually
employed. Though the larger lac molecules have a lower acidity
and consequently are less soluble in aqueous alkali, they are peptised
to some extent by the alkali salt of the less polymerised lac particles
.at temperatures above 25° C., as stated elsewhere in this paper.
If it is assumed that there is one carboxyl group in each molecule
of lac it would follow that the acid value of the lac fractions will
indicate the average molecular weight of the resins.
TABLE IX.

Type
Control
H,

H2
H4

Acid value
73
58
39-5
32-5
29-5
28-5

Average molecular weight
770
970
1400
1720
1900
1970

From other considerations4 an average molecular weight of
1000 has been assumed for lac. The di-basic character of some
molecules may explain this discrepancy. Probably these di-basic
molecules are removed during the first or second extraction with
.alkali, and the acid values of subsequent fractions represent the
average molecular weight. Whether the average molecular weight
•of whole lac is 770 or 1000. it will be seen that two alkali extractions
will give a resin having an average molecular weight of one and
a half to two times that of whole lac. But even the above fraction
contains some ether-soluble lac resin, which is of low molecular
weight. It may, therefore, be concluded that ordinary lac resin
•consists of molecules varying in size from 300-3000.
The types of resin molecules with a molecular weight of 300
will no doubt represent the lactones of constituent individual
acids such as the aleuritic and shellolic acids. It has been observed
that by concentrating the water extract of the soft resin it is
possible to isolate aleuritic acid. The next type of lac resin molecule
will result from the condensation of two similar or different constituent acids and will have a mol. wt. of 600. The next series
will have a.mol. wt. of 900, the next a mol. wt. of 1200, and so on.
Determination of the molecular weight of the higher fractions is
difficult, as they are insoluble in most solvents. They do, however,
dissolve in acetic acid and in alcohol containing a trace of hydrochloric acid, but these media are known to depolymerise polymerised
(4) R. Bhattacharya and B. S. Gidvani, "Constitution of Lac-Oil Varnish," J.S.C.I.,
August, 1938.

Transactions
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lac. Moreover, these samples do not melt in the ordinary sense,
and Rast's method (camphor) was found unsuitable.
The fractionation by aqueous alkali affords a simple and economical method of concentrating the more highly polymerised
molecules into a major fraction of the whole. This major fraction,
in order to be useful for application where lac is used in solution,
particularly as spirit varnishes, should contain enough of the
components which impart solubility and at the same time should
not contain the components which are responsible for causing
water blush and the other associated defects of ordinary lac. It has
been shown that such a separation is practicable both by the hot
and cold alkali extraction methods. A very important difference
in these two processes has been observed in the case of lacs containing
rosin. Whereas rosin is soluble in hot aqueous alkali and can be
removed from the major fraction, it is not affected by dilute cold
alkali and therefore is left in a concentrated form in the major
fraction extracted by the cold process. The latter process is
consequently unsuitable for such adulterated lacs.
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