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THE HEAT CURING OF SHELIJAC

PAR.T II.
..DEP0LYMERISATIoN ''

M. RANGASWAMI AND R. W. ALDIS;

rn tlre first part of this paper (6r jL was indicated that the process of heat
'cuting' of shellac was consiclerably retardeil by pressute. rn view of the
significance of this with respect to the practical utility of shellac it wae
considered desirable to investigate the phenomenon further.

Preliminary experiments were conducted on the effect of heating shellac
in an autoclave uncler varying conditions of pressure and temperature. The
interesting observation was recorded ihat heat 'cured' shellac and olcl infusible
shellac could be reconclitionecl and renderecl soluble in alcohol if heatecl uniler
suitable conditions. some of the possibilities which are openecl up by such
a process have been examined in this paper.

Experimental.
Ilepolymerisation of tGuredr Shella,c._\f,/hen shellac is heat ,cured,

up to the stage when it is 'rubbery' while hot, it is never completely insoluble
in alcohol. The amount of insolubles may vary over a wide range depending
on the conditions of heating. Rapict heating without stirriag may give ir
'cured' shellac with an insoluble content as low as B0/o. Complete insolubility
is, of course, never obtainecl owing to the presence of the ether-solubie resin
which is non-heat-convertible. To obtain a sample of 'cured' shellac with a
reasonably high 'insolubles', it was found convenient to heat small batches
of 40-50 gms. with stirring until 'cured', finally powdering and mixing,

High insolubles can be readily obtained by baking 'cured' shellac but this
introcluces semplications which will be discussecl later.

The sample of 'crued' shellac prepared as describecl above was analyse{
for 'alcohol insolubles' by the usual method (A. s. T. M.) and heateil in an
autoclave under varying conditions of temperatnre anil pressure. rn a few
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(fi)
trial experiments it was inclicated that certain precautions were neOeseidii,

A:g; (a) the sarirple shoukl not be heatecl in a narrow tube which clitl not

enconrage do.ndensation'of , anel give free access to, moisture, (b) the steam

pressure shouicl not be too rapidly released since this results in the autoclave

cooling niore rri,pidly than the sadrpie, ieaving it at an elevatetl temperature

under atmospheric plessule which, of course, results in the shellac again

polymerising, (c) the air should be expelled from the autoclave by allorving

steam to escape for a short period before closing. In all subsequent expeli-

ments these precautions were taken. To ensure sufficient moisture being

present, the samples were immersetl in water.

After trdatment in the autoclave the samples u'ere dried in a clesiceator

for 48 hrs. and the alcohol insolubles cletermined. The results obtained are

indicated in Table I.

TABLE I.

Steam pressure in
Kilos/Sq.cm.

Steam tempera-
ture in oC.

Time of heating
in minutes.

Alcohol insolu-
bles /".

.l

t

{
1. Control
2.5
3' !t
L

6, L'
A

7. ,,
B. ,,
9. 10

10. ),11' 1,t2. ,,
13. ,,
L4. ,,
15. L5
16. ,,
L7.-- ,,
18. "19. 20
20. ,,
2L. !,

tr*
,,

,,
t,

,,

1n'lra!
,,
,,

2'

,,
208
,,
t,

;
20
30
40
50
to

120
10
20
30
40
60
90
10
20
30
45
10
t5
20

60'6
25'6
13'5
9'3
6'5
3'8
1'3
2'2
6'9,
3'6
2'5
2'0
2'9
o'45
2'B
1'9
1'5
1'5
1'8
1'1
0'56
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It will be seen flom the table that it is possible to obtain a 'depolymerised.'

lac with an insoluble content of only 0'5/" by choosing suitable conclitions.
rt is also interesting thnt, although not complete, there is consitlerable
depolymerisation at low pressures such as 5-10 atmospheres.

Dopotymorlsatlon of (Brikodt .sheltac.--fhe aboYe experiments lefer
orrly to shellac which has been heateil up to the 'cured' stage i.e. the stage at
which it is 'rubbery' while hot. If heateil for longer periocls the shellac slowly
loses this 'rubbery' texture ancl changes to a material'which is harcl and crisp
while hot. This change from rtbbery u'hile hot to harcl while hot is a slow
one anil is accompanied by a small continual loss in weight. This small loss
in weight rnay continue for a long time e.g. 3 gms. of shellac heated at 180oC
hail not come to constant weisht after 800 hrs.

The possibility of rlepolymelising shellac which had been heated past the
'cured' stage, d.e. 'Baked' shellac, was accordingly examined.

Samples of shellac were baked at differeut temperatures. At intervals,
a small sample w&s removed from the oven and autoclaveil for 20 minutes at
20 ir,tmospheres. After a certain time, depending on the temperature of
baking, it was found that this amount of autoclaving was insufficient to
ilepolymerise the shellac to a fusible lesin. The results are inclicated. in
Trble II.

TABL,E II.

2100c

* hr.

If the samples were baketl for longer .

the fable, the time of autoclaving had to be

iion, A few resulfs aro iuilicateil in Table

a

intervals than those incliiateil in
increased to effect clepolymerisa-
IIII. i

.G

Tenrp. of baking.

Ifours of baking to resist
autoclaving at 20 atm.
for 20 mins.
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TABIJE III.

Temp. of baking. 'I'ime of autoclaving
at 20 atmos.

* hr.

ry,,

3 l"-

1,,

1* ,,

2r'
2b ,,

3,,
3+ ,2

q

3,,
4,,
o ,,

2450C +

1

1+

2

2*

3l

ft will be seen that over the small range of baking conditions examined
the shellac can always be depolymerised if autoclaved for sufficient time.

It must be pointecl out, however, that shellac bakecl for 300 hrs. at 210oC
cannot be consiclered completely harclened. Ii will be realised, therefore, that
this table is very incomplete and gives scope for considerable further invesfi-

gation.

Effect of a,ocelera,tors.-f1 the first pari of this papei, (6) it was indicated
that a number of chemicals were capable of accelerating the heat 'curing' of
shellac. -A number of samples v/ere prepared by heating shellac up to the
'cured.' stage in the presence of accelerators. All these samples were readily
depolymerised by autoclaving at 20 atmospheres for 20 minutes. No
accelerator has yet been found which can prevent this depolymerising efrect.
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'rPoroustt Moulds.-This phenomenon of depolyrnerisation offers a reaclv

explanation for the big retarding effect of pressure on the heat hardening of
shellac. Presumably the rvater given off in the eally stage of the ,curing' of
shellac is sufficient to produce autoclave conclitions in the rnould and ten4s to
depolymerise the shellac. Equilibrium is set up ancl the sample can be
heated for ma,rry houls with rro appa,rent effect.

The effect of removiug this u'ater during the heai treatment of shellac in
the mould has been examineil. A mould was prepared with a porous base of
"Plaster of Paris"' Moulding powders containing shellac ancl accelerators such
as urea ancl rosolic acicl were heated for a few minutes at I Z0oC and
l ton./sq. in. pressure. on opening the mourd the samples were found to
have harilened anil coukl be ejected while still hot. The samples were not
sufficienily hard, however, to prevent ileformation if ejected when too hot.
Prolongecl heating in the mo.kl coukr not o\rercome this clifficultv.

Efieot of dry pressure.-The need for free &ccess to water cluring
heating in the autoclave has already been mentioned. To demonstrate this
further, a sample of 'curecl' shellac was dried and heated in a crosecl mould
under pressure. Many hours of such heat treatment produced no sign of
depolymerisation. A sample of 'cured' shellac was moisteneil with water ancl
heated in a closed moukl. This shellac showed signs of softening but was
not completely depolymerised. Apparentlv quite an appreciable amount of
water is required for complete deporymerisation. This is understandable
since as much as 5/" of the weight of shelrac may be lost during the ,curing'
process, ancl this presumably has to be replacecl. Eviclence for this viow was
obtained by weighing a sample of shellac before 'curing' and again after
clepolymerising and drying by desiccation, No appreciable change in weight
was observed.

Propertios of Depolymerised Shollaa._fhe qua,litV of the shellac
obtained by depolymerisation was next investigated. A fresh sample of goocl
quality shellac was 'cured' as described above ancl then ,depolvmerisecl, by
autoclaving at 20 atmospheres for zo minutes. The sample was clried. by
desiccating for 48 hrs. and then subjected to the usual shellac analysis. The
results are indicatecl in Table IV.

,



(6)

TABLE LV.

Cont'rol. Depolymerised.

Alcohol insolubles "/"

Wax /, (Mcllhiney)

fotline value (Wijs)

Acid value

s. T. m. 0'68

2'82

14'11

64'96

106

3B

8'6

100

t'24

2'67

19'85

B0'90

183

1B

15'6

162

{
,a7

--}

Fluirlity in secs. (Vickers)

Life unrler heat at 1B0oC (6)

Colour index

Bleaching test (c.c. bleach

It will be seen from the table that the shellac has been modifietl to a

certain extent by depolymerisation. There is an appreciable increase in

io6ine and acid v&lues. The colour is considerably darker as indicated by

the colour in6ex ahd more leagent is required to bleach it. There is also an

appreciable shortening of 'life uncler heat'. This indicates that the 'ageing'

property of the shellac might have been modified. The rate of change of

fluitlity with storage was accordingly examineil'

^ Two samples were chosen, one clepolvmerisetl at medium pressure i.e.
,

10 atmospheres for 1$ hours anil one at high pressure i.e.2O atmospheres for

20 minutes. Two methods of clrying were examinetl (o) tlrying in a ilesiccator

(b) fusing ancl stirring ai 120oC until a drop of the lac gave a harcl bead when

dropped on a glass plate. The fluidity of these samples *ffi 
""o^iLred 

perioili'

cally. The results are intlicateil in Table V'

(
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TABLE V.

F luidity ( \Ietropolitan Vickers Methotj.)

fime of storege. Method of tlrying.

8 days

28 ,,

46 
',

lo0 ,,

4,,
r00 ,,

Depolymerised at l0 |

atnros. ior ll hrs 
I

3?5 sees. 
I

427

700

Depolymerised or 20
atmos, for 20 mins.

232

263

272

386

236

286

462

514

584

I
b.'

...'

t
I

al

I
t-'

The alcohol insohrbles were aletermined before and after 100 clays' storage
and in each case showecl a small increase. Results are shov,n in Table vr.

TABLE \II.

Sample.
fNsoropr,ns.

Before After.
Depolymerisecl at 10 atmos. and fused
Depolymerised at 10 atmos. and desiccatecl

l)epolymerised at 20 atmos. and fusetl
Depolymerised at 20 atmos. and clesiccated

L'22

L'23

1'29

L'42

1'34

1'36

1'60

L'64

The results indicate that a cerfain amount of .ageing, takes place i.e.,the shellacs are slowly re-polymerising. This ,ageing.; i, 
".o^u*hat 

rapicl inthe case of shellac treated ai the lower pressrlre b.t is not so serious in the
case of the high pressure samples.

Another polymerised sample was treatetl at 20 atmospheres for 30 mins.
anrl dried by fusing at 120oc. This hatl a high initial fluidity which tlecreased
somewhat rapidly to a steady figure of abo,t 200 secs. The progressive'ageing' is inclicatecl in table VIf.

I
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TABIJE VII.

Tin-re of storage in days

l-luidity (Metropolitan Vickers in secs.) 60 Lr7 210 200 226

Undoubtedly this 'ageiirg' is soriiewhat riiore rapid than a normal shellac

sample, but it is too early to estimate the full magnitude of the efrect:

The varnishing qualities of depolymerisetl lacs were next examined.

4 lb. cut. varnishes wel"e plepaled from the samples and films made on glass

slides by the spinning method, the conditions being atljusted to give approxi-

mately the same film thickness in each case. Results are inclicated in
Table VIIf.

TABIJE VIII.

1_30100

90

.B

Controi.
Depolynerised at 20

atmos.

2.

o.

/,4.

o.

1. Appearance of film

Adhesion on glass

Effect of water imme-
rsion

Water absorption aB

/" of, wt. of dry fllm
after 48 hrs.

Sward Rocker }Iarct-
ness /o.

Scraieh Hardness aftel
4 days' tlrying.

?. Abrasion factor after
4 tlays' tlrYing.

B. Bencling test.

Lighi colour

Gootl

Milkiness after about
4 hrs.; aclhesion fairlY
good.

11'B

Somewhat darker,
better gioss.

Good.

Same as control.

cb

900 gms,
slightly jaggerl scatch.

296

Same as control.

) 1100
scratch.

56

grns, clean

267

tr'airly long straight
cracks; aclhesion good.

*
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it witt b+ seen'irom the table that the ehange in varnishing properties

clue to depolymerisation is small.

,Discusslon. .l

'r'he possibility of reconditioning polymerisbd shellac to a fusib:le an6
soluble resin has been demonstrated. Shellac thLrefore, apparent$ fitts loto
the class of organic gels which include rubber, metastyrene, heai-convertecl
alkyd resins, and heat converted drying oils which are capable of {epoly-
merisation when heated under pressure (5).

A notable feature of the process in the case of shellac, however, is the
part played by water. The usual explanation of the depolymerisation of
tlrese other gels is the production of high boiling rlecomposition products which
solvate and eventually liquify the gel. rn the case of shellac the reaction
apploxirnates more nearly to a reversible one :

shellac .--'cured' . shellac + water.

The possibility of some clecomposition occurring ancl influencing the
process under autoclaving conditions must not be overlooked. It is known
thai prolongecl heating in air at 180oc or over decomposes shellac slowly anrl
at' least one constittent, aiz., shellolic acicl, is known to decompose fairly
readily at 2A2-203oC (4).

That this effect must be very smu,ll, however, is indicated by the negligible
change in weight when shellac is 'curec[' and then depolymerisecl.

The similarity in properties of clepolymerised and orclinary shellac
indicates how nearly this reaction may be considered. reversible. The essential
clifference is the small increase in iodine and acid values. It is difficult to
lecide if these changes are procluced during the curing process or during
depolymerisation.

A small rise in ioiline value by moderate heat treatment has been recorcled
(1) ; it is possible that this may amount to several units during the last. etage of
'curing'. This unfortu:rately cannot be proved experimentally since the
'cured' shellac is insoluble in the reagents used. It is possible, therefore, that
the increase in iodine value is due to a non-reversible unsaturation procluced
during the 'curing' proeess antl is not an effect of depolymerisation.

A possible explanation of the increase in acid value is that the breakdown
of ttrre lacticle ancl anhydriele linkages cluling depolyurerisatior irrto carboxyl
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(10)
ancl hytlroxyl g?oups is carriecl to a stage somewhat.further than that of ortlinary
shellac and hence depolymerised lac may show greater free aciclity

The process of reconditioning shellac by autoclaving may possibly be of

commercial,importance. It appears to be superior to the other methocls which

have been recommencled by this fnstitute (2) (3) in that all types of shellac,

even 'baked' shellac, can be treated.

Used in conjunction with the solvent extraction process depolymerisation

may.have valuable use. An 'ovet-cookecl' shellac may possibly be convertecl

into-a :useful substance. Yield of shellac on solvent extraction may be increas-

eil by preliminary autoclaving.

,' ' It is reported that large stocks of Burma stick lac exist which have been

storetl .so long that ihey are practically infusible ancl useless to the country

shellac manufactule. The depolymerisation ptocess suggests a means of

clealing with this material.

In the phonograph industry old lecorcl stock mav possibly be rendered

more fluid and fusible by autoclaving.

finally, it may be mentioned that in this paper conditions have been

ilescribed which make the reaction of 'curing' and ilepolymelising as nearly

reversible as possible. The effect of rnole clrastic heat treatment and prolonged

autbclhving has not been described. Interesting moclifications of shellac may

well result fron such valiations in tire process.

SummarY

rshellac which has become infusible and insoiuble by heating, age or

chemical treatment can be convertdcl into a material very similar to ordinary

shellac by autoclaving untler suit,able conditions.
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