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SHELLAC PLASTICS

Panr I.- CouposrrroNs coNTArNrrc Unr,r.

Introduction

Shellac compositions $'ere introducecl as long a,go a,s 1870 for making
mouldecl arbicles like buttoirs, knobs etc. but the discover.y of its suibability for
the manufacture of gramophone records towu,rcls the encl of the 19bh cenbury
marks the nexb great forward stride. Subsecluenlly shellac found large
applications in the moulding of electrical goods. Ifowever, during the last
25 years the use of phenol-formaldehyde resins for moulded goods has
rapidly increasecl since they a,re sbronger and more heat resisfant than
shellac mouldings and also because of the comparatively faster rate of
output possible. Many patents have been baken out, in the past to improve
the heat resistance of shellac mouldings (1). It is rvell-known that shellac
becomes progressively infusible on continued heating. Ranganathan anil
Aldis (2) studied the effect of temperattlre, pressure and various chemicals
oir the rate of hardening of shellac. 'Iirey found that of a large number
of chemicals investigated, urea was the mosL powerful accelerator of heat-
hardening ancl that pressure retards hardening. Preliminary trials on the
use of urea in shellac moulding compositions showed that it improves the
heat resisbance of the rnoulcled specimens, Inore so, if the eornposition is
heated at 95"C for a short tirne before moulctiug. (3). The resulls obtainecl
were, holvever, merely qualitative. Gardner and co-'workers (4, 5) prepared
shellaa cornposibions by mixing shellae, fillcrs, and various quantities ot
phtlialic anhyi[1i6", dicyandiamicle etc., between hot rollers until the stock
\ya,s more or less cured. The irlank sheets rtere co&r'sely grouncl ancl dried
(preferably in a vacuum oven), and rnoulclecl specimens q'ere fested according
to the A.S.T.M. specifications.

In tire presenb paper the mixing of shcllac 'was effected in the
presence of solvents for shell*c or by ruuning finely grouncl ingredients
through a ball mill. The objccb of tiris paper is to describe experiments
carriecl oub r,r'ith a vierv to improving the propcrt,ies of shellac moulclings by
tlre use of urea.

Proportion of urea

Pure Kusum shellac was clissslved in recbified spirit, O-lOoA urea on the
,n'eight of shellac ancl a quantity of 60-mesh.wogcl fl6ua, equal bo.that of
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shellac used, u'ere addeil and mixed to form a thick clough-like mass, which

was first air-driecl and then powdered to 60 mesh and clried in a vacuum oven

at 55"C for 2 hours. Test specimens 12 X l'5 x 1 ctn. rvere preparerl by using

externally heated hand moulds in a Carver laboratory press and tested

according to the German V.D.E. specifications. The results are tabulateti

below ancl also graphically representecl in Fig. l.

Tanr,n I.

Water absorption I

t

Serial
No.

Urea
I on wt. of

shellac,

Impact
strength

Heat
stability
Marten's
gracle "C.

Vicat needle
test "C.t-- I clay.

L2.2

2.7

tzl

It woulcl be apparent from Table I and Fig. 1 that there is a definite

improvernenb with 3/o urea on the weight of shellac and by adding rnore

thau 6/" there is pracbically no advantage as regarcls heat resistance

anal water absorption and the impact strength is definitely lowered.

kg/sq. cm 7 tlays.
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Fillers

The properties of mouldetl specimens depend on the nature and amount
of fillers used. wood flour is the usual filler employecl in phenolic mould-
ing powders for general purposes and rable rI indicates the variation in
properties of shellac compositions due to different proportions of 60_mesh
pine-wood flour. rn all cases shellac was dissolved in rectified spirii.,6f utea on the weight of shellac and var.ying amounts of wood flour wer"
taixed and the powders were vasuum dried. The results are shown in
Table II.

Tlsr,u II.

'Water absorption l.
Serial
No.

clay.

26:,75

S:70

35:&5

60:40

with increasing proportions of shellac there is a diminution in heat
resistance and water absorption bub the impact strengbh attaius a maximum

4.8

5.3

5.1

40:60

1+O:OD

77

7.9

6.+

5.3

5.1

I?T

2,1

27

111

5.1

68

--:

at a ratio of 45 parts lac to bE parts wood flour. This is explained by the
fact that the maxirnum strength of a composition rvould occur when the
binding mediuur is just sufficient to cover every interspace between thefiller particles and neither so excessive as to form a weak resinous bridge
between them .nor insufficierrb to cover all particles. Furbher it was founcl
that compositions wiih less than 351 lac yield specimens_ which do not
possess a smooth surface.
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Gencraliy, shellac compositions contain mineral fillers likc barytes,

kaolin and asbestos and in Table III are givenre.sults shou'ing the effect of

the nature of filler on rnouldings with ancl withoui the atldition of urea'

TEsLn III.

'Water'
absgrption l.

Composition.
I tlay. 7 clays.

Lac
Kaolin
Barvtes
Bonb bhck

Lac
Micro-asbestos
Bone black

Lac
Wood flour
Bone black

17.1

Lac
ll.aolln
Barvtes
Bon-e black
IJrea

Lac

0.62

Micro-asbestos
Bone black
Urea

Lac-Woocl flour
Bone black
Ifrea

11'9

The effecb of urea, in improving the heat resista,nce and mechanical

strength of mouldings is greatest in the case of wood flour filler. Asbestos

composition is the least affected by water immersion and wood flcur-fillecl

mouldiugs, the .most. n'ibrous fillers give mouldings of grea,ter iurpacb

strength. Furbher work is on hand'f,o improve the mechanical and bhermal

properties of 'mineral'ff lled shellac compositions.
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65
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Mixing

It is not possilile to mix ffllers, shell,ac, a,nd as much a,s 6f wea between

hot rollers' since the comp6sition woulcl quickly 
'polyrnerise and lose all

fluidity. In adopting the wet mixing proeedure either alcohol or aqueous
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ammonia may be used fol dissolving the shellac and the resulbs obtainecl
by the two methods, using pre-heated powders ,for moulding, &re shown
in Table IY.

Tanr,u IV.

Composition and mixing
meorum.

z
ti

a

Lac
'Wood. flour

Urea

Lac
'Woocl flour

Lac
'lMood flour

I,ac

Wciocl ffour

Urea

50 -l

I

50 | Ammonia
-lo)

ml
I Ammonia

mJ

1.9

lm

69
uol
50J

'l
50 1

5J

Rectified spirit...

Reatifiecl spirit...

l
#'

It woultl appear that the use of ammonia iucreases the impact
strength and heat resistauce but lowers the water-resistancc of shellac
mouldings. However, a comparison of the two mixings with urea, shows

that 6he alcohol-mixed composition is better than the other. The high
water absorption due to the use of ammonia is a serious drawbaek in the
adoption of this method.

Pre-heating

In bhe moulding of gramophone records, the stock cornposition is
pre-heated for 4 to 5 minutes till it assunes a plastic consistency before
being charged into the dies, so as -to minirnise the amount of heat taken
up from the press platens. Bub if the pre-heating is boo prolonged, the
powd.er loses its plasbicity. Urea treated shellac moulding powders fuse at
much higher temperatures than ordina,ry shellac compositions a,nd pre-heating
at 90-95' for 15-20 minutes deereases the "flow" of the powder consiilerably
but the resulbing moulded specimens have a greater heat re,sistance. The
following table illustrates the differences due to pre-heating.
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'Water absorptionl.
Composition and conclition

of powtler.

i

v
h
6
t\

t4'2

13.9

a'a

It
Irf
;:Lac 50 gm

'Wood. flour.50 ,.

Lac 50 gm
-Wooc[ flour 50 ,,

Vac-dry

Pre-heated ...

Vac-clry

Urea Pre-heated

Plasticity of the Moulding powder

Moulding powders soften and flow easil-v when pressed in hob moulds.
Th.e degree of fluidiby depends on the melting point of the resin used and
the nature a,nd a,mount of filler used, for any precletermined temperature and
hydraulic pressure. Mineral fillecl shellac cornpositions with a shellac : filler
ratio of-25 : 75 moulds perfeetly at 120'C and f ton pressure but &

wood'flour composition with 50 : 50 ratio requires 120"C and 1$ tons
pressure, or 150'C and 1 ton pressure. fn every case where urea has been
added, the plasticity of thc powdcr is considerably reduced but gootl mouldings

,are possible at 160-170"C and 2 tons pressure, using hand moulds heated
outside the press and pressing between cold platens.

Gloss of the rnoulded specimens

Shellac mouldings are bright and glossy when removcd from thc
moulds but there is a slight falling off in surface a,ppearance on keeping.
Experimenbal observations have brought out the following points :

(a) Mineral fillers give more permanent gloss than librous fillers.

'(&),The more fibrous the woocl flour usecl, the poorer is the gloss
rebention. Figs. 2 and.3 are micro-photographs of the surfaces
of mouldings with 60 mesh wood flour from pinewood and
60 mosh saw-dust from ebony wood. The less glossy specimens
show up more fibrous patehes.

(c) Mouldings of urea-treated shellac compositions clo nob suffer as much
loss in gloss as those from compositions witllout urea.
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Frc. 2

Mrcno-psorocri.tPrr oF
MOULDED SUF,FACE USING

S^{W-DUST FILLER,.

Frc. ll
l\frcno-psotocnAprr oF

IIfOULDED SUR,FACE USING

11'OOD-FLOUR, FILLER.
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(d) Exposure to moisbute deereases the gloss of wooil flour filled
moulclings. Retention of gloss depends on the softening point
of the binder, and the texture, amount and hygroscopiciby of the
filler.

The initial surfaee finish of the mouldings depends on the ratio of lac
to filler, the apparent densiby and texture of the filler and the bemperature
and pressure useil in the moulding operation. It is possible to arrive at the
optimum condibions for each type and ratio of filler.

Further work

Further worli is in progress on the us'e of inodified shellacs e.g. after
removirrg the soft resin portion in part or completely, sulphur-treatecl lae,
and lac combined rvith amines, alclehycles, polycarboxy acids, ancl phenols,
the objective of such experiments being the discovery of a thermohardening
type of shellac composition or a thermo-plaitic moclification with a higher
softaning ternperature

Summary

Urea is one of the best accelerators for increasing the heat resistance
of shellac mouidings. Equal parts of shellac a,nd wood flour with 6/, area
on the r,veight of shellac intiurabely nrired together iu bhe ptesence of alcohol
and carefully dried, yield moulcled arbicles of improved mechanical stengbh,
heat resistance, ancl water resistance. Pre-heating of the powder for atloub

20 minutes at 90-95'C improves the properties of the mouldings. Addition
of urea decreases the plasticity of the moulding powder bub there is sufficient
'flolv'at 160"C and 1-2 tons pressure for producing ordinary mouldings.
For special higli fluidity powclers, the proportion of shelLr,c should be

iuoeased slightly.

Grateful thanks are due to Dr. R. W. Aldis under whom the investiga-
tion was sfarbecl and to Dr. H. K, Sen n'ho guided the work during
the later stages.
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