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ToTAl_hydrolysed lac has been converted by heat_
jnq u,t 150"C to a producr termed rtbulac (for rebuilt
lac) having diversified u-s similar to lac but \vith
improved properties. 

_ 
k is a tougft. darl 214 slighfly

mass having a cr-rld flon-1 56r1,r61e in all usual shillai
solvents and u-nlike shellac in erhers and esters. The
most notable desiation is its lon- hydroryl salue oft/ 25 3sainst 2j0 of shellac. Like shellai, it is also
a mlwu:e of several components probably of difter_
erl =olecular dimensio:rs. The carboryi, hydroryl:rd aldehsdic groups of the free constituent acids of
:_er-I hydrolrsed lac hld ccmbined predominantly
rhrou:h esrer and acetal linkages to iorm rebulaj.
Furfur _more. the polyesterification reaction appear_:J to fellorr- a rhird order: rghile the polyacetal for-
=rtiL1f, a second order.

In an earlier communication an easy and economic
getbod for the preparation of total hydrolysed lac
from refuse lacs or seedlacs and -its properties rverereported. In this paper a method for lts modification
by the application of heat only is being presented.

The hydrolysed lac is a dark, soft and stickv mass
and compr,ises all the constituent acids of lac resin
in free state. It is expected to be an interesting rarr
material for modification to suitable end prolucts
having diversified uses similar to iac itseif but rvith
rnroved properties.

E\PERI.\IENTAL

T.t:j :-rCiolrsed lac prepared by passing alcoholiclac hpdnr{-:ar: through cition 
"r"hung. 

resin wastaken for gudr-.

tinued till the total heating period is short by 30to 40 min of the actual polymerisation time. The
thick hot melt is then poured out on a flat-surface
yl9r9 the product coois down to a tough, dark and
slightly tacky mass. The products thus obtained
have been termed as .,Rebulac" which stands for
rebuilt lac obtained by heat polymerisation only.

RESULTS AND DISCUSSION

The effect of various catalysts on the heat poly_
merisation of total hydrolysed lac at 150.C tras been
reported.- The products obtained by polymerisation
with oxalic acid and maleic antryOiiae were brittleand highb' dark. with p-toluene sulphonic acid
sponFy and highly dark while with phoiphoric acid
elastic and light coloured. The on" withoul an!
catalyst was also elastic, tough and dark coloured.
Toughness, elesticity and thiir power to stick to
metallic surfaces suggested their possible applicationin the fields of surface coi ting 

""a uan"*irr"s. Sincethe above products were not completely solub e in
co.mmon organic solvents, erid products for examin_
ation were prepared by continuing the polvmerisationin presence or absence of catalyJt upt^o the p."g"ta:
tion stage. preliminary studies o., ih" nl_ p.ip.._
ties of these products wert carried dut. In general
the films rser_e tacky and could only be mad-e tack
Iree- arter prolonged baking at 150.C except for theproduct rvithout any catalyst. The backed films
were, of course, smooth and glossV. The results arebrought out in Table-I. It ;ill be noted from the
table that the product obtained without any catalyst
showed encouraging film performances almost inevery respect indicative of further thorough invest_
igation.



TABLE, I - FILM PROPERTIES OF HYDROLYSBD LAC MODIF'IED WI THE CURING AGENTS. IN $PIRIT
VARMSHES (25 PERCENT)

No.
sl.

Properties
Hydrolned hc modfod b,y heatfoS at 150'C with 5 peroemt of

Urea for 2,0 hr Maleic anhydtide Phosphoric acid
for 6 hr for 3.5 hr

(tlydrolysed
Iac)

l. Aplrearance

Baking time at l5O"C to
make ihe film tack-free
(hr)

Scratch hardness on I mm
steel ball (gmJ

Water iesistance (fime
for initial blush) (hr)

Flexibility (panel bend
round 3 mm mandlgt)

Smooth, uniform Smooth. uniform Smooth, uniform Smcjoih,'uriiform,
and tarky glossy but tacky

42

)

and tacky

4

600

2.75

No crack

and tacky

2-4

600

2.50

No crack

600

2.75

No crack

700

3.00

No crack

TABLE 2 - PROPERTIES OF PRODUCTS OBTAINED BY FOLYMERISING ITYDRO{,YSED LAC DIFFERENT
TEMPERATI,JRES

Chemical Properties ttropctics of ffrn denc*cd sitt ttbirr diodrle and
brked at l5O"C for 30 nin-
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Dark, hard and
slightly tacky
Dark, hard and
very slightly
tacky
Dork, hard and
britile

2t2

212

210

E2

l05

135

E7

r32

No crack

No crack

Crack

Slightblush

No eftect

No effect

r700

2m0

2[not48

I : Prodrict obtained by heating totai hydrolysed lac at 150"C for 330 min-
II = Product obtained by heatinc total hydrolysed lac at I75"C for 135 min.
I[t : Product obtained by heating totol hydrolysed at 200"C for 45 min-

chloroform and benzene but insoluble in pet-ether,
toluerie irnd .white spiril Chemicaf constants' of the
pro'ducts and their film pqrcrties from aqueous

'medium are sho\,vn in Table.2.

It will be evident from the tatle trat there are
hardly hny appreciable difterelce except gfoss in the
film properties of the three products Since the hfe
at higher temperature are shorter and c{ans ot
contoiling the reaction towards desirable end po
ducts remote, attention was focussed on the producl
obtained by heating at 150"C.

PROPERTIES OF REBULAC PREPARED
AT 150'C

The Rebulac prepared by adopting the pcedut
given under experimental appeared to have vory
interesting properties. It is sinilar to shellac in
m:rny aspects and difterent in a few. It is a tough,
dark and slightly tacky ma.sE haYing a cold flow and

soluble in all usual shellac solvents and again like
shellac in aqueous alkalies also'r The most charac-
teristb diftrent in cmtrast to shellac is its complete
somnig in ethcrs and esters. The chemical and



TABLE 3 __ COMPAR.{TI\T CHEMICAI.{\D PI{YSICAT PROPERTIES OF HYDROLYSED LAC, REBULAC
AND SHELLAC

Sl. No. Propcties Total Hydro- Rebulac
lysed lac

Shellac

l.
2.

:.
t.
6.

-{cid Falo€
Sapooitrcotion value
I{gdroryl value
C-arboxyl value
fodine value
Vicinal hydroxyl group (1..j in terms of aleuritic
acid)
Nolecular weight (Rest)
Melting point ("C)
Life under heat at 750'C (min)
Flow (Victor method) rmm)
Colour Index

206
2L2
350
60

1a a,l

35-t6
264 (Fqu. wt)
Soft mass
380

80-82
2t2

6,/

t4
l6

r7-18
1100

55-6t
36

134
2t

79-s0
2I0'
250
l8
l6

14- l5
980
75-80

57
64
l3

'7

8.

9.
10.
I l.

physical able_3. For
the sake
of the o ProPerties

from the 
c PrePared

Lac 
_ 

hsdrolssate courai_E_< mainl_v aliphatic and
terpenic acids of n-hich rhe maior being aleuriric (T)
and jalaric fIT) constituring -- tiO p"r""it-of tot"l.
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FIG. lIPROGRESSIVE FALL OF ACID(I) CAREONYL(I) AND
HYDROXYL (tr) VALU€S OF TOTAL HYOROLYSEO LAC
WITH TIME ANO TEI,IPERATURE.

cooH
cHo

-COOH, -CHO and --OH groups, sugglesting the
possibility of all the first four tvpes of reactions
being invoh'ed. The decrease in iodine value rules
out reaction (v) an'l though it is not very glsnd,
understood, rhere may be some sort of combination
through the unsaturated linkage.



indicates that there is no acylal formation ruling out

reaction - (iii) but formation of acetal linkages only

by reaction (ii). Though there is no concrete evid-

"nc" 
for the formation of any ether linkages by

reaction (iv), it cannct be ruled out that this type of

reaction has nct occurred. The simultaneous fall in

acid and hydroxvl values indicate the formation of
ester linkages by reaction (i). As is expected, there

was no appreciable changp,in the saponification value
indicating further that under the condrtions there
were no decarborylation but only esterifi.cation.

Hence considering all the facts, it can be safely said

TABLE 4 - EFFE.CT OF HEAT ON HYDROLYSED LAC AT T5O'C

-0dtrig fEg e=EE i.sE E=s
FS .'.SEE leA

$a E frets€ 5 €€"=Fg €g F=
.:.q E .5 E -*.E E

7

€s
frE

flo'
H HE

dE Egs !t :;i
0.0
0.5
1.0
1.5
2.0

2.5

3.0
5.)
4.O

4,5
5.0
5.5

6.0
6.2

206.0
191.0
180.0
t73.0
165.O
I63.0
I58.0
152.0
I34.0
121.0
105.0

93.0
82.0

0.00
7.28

t2.62
16.02
19.90
2A.87
23.30
26.21
34.95
4r.26
49.03

54.85
60.20,

360.0
348.0
329.A
2W.0
263.0
2I5.0
v9.a
I59.0
I36.0
r?4.a
105.0

93.O
87.0

0.00
3.33
8.51

t7.50
26.94
40.28
50.28
55.83
62.22
65.55

70.83
74.16
75.83

0.00
4.98

10.11
t5.42
21.23
25.70
33.83
36.48
42.79
47.76
54.23
63.85
8r.26

2L2.5
2I2.7
2t2.5
zIt.9
210.8
2II.7
212.I
212.16
2I2.4
2I2.5
2t I.8
2t2.4
2I2.1

35.0

t7.o 5t.4t

60.3
57.i
A-2
51.0
47.5
44.8
19.9
38.3
34.5
Jl.5
27.6
2r.8
ll.3

Polymerized

TABLE 5 _ EFFECT OF HEAT ON HyDRoLySED LAc AT 175eC
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aa
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d'5 or

;€.E I

u0

cl =^8€5az :6<;>

35.0

19.t

l.
2.
).
4.
5.
6.

0.o
0.5
1.0

1.5
2.O

2.5

206.0
t73.0
158.0
r24.0
103.0

0.00
t6.02
23.JC
19.80
50.00

36$0
280.0
2r5.O
167.O

12r.0

0.00
14. I0
26.20
35.82
,ll.96

2t2.5-
210.3
209.8
2lLt
2lt.t 45.7L

0.00 60.3'22.22 51.8
40.28 44,5

51.62 )8.7
66.39 35.0- Polymerized

T.ABLE 6 - 
EFFECT OF HEAT ON HYDROLYSED IAC AT 2q)"C
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9o
-{E

3:.0

I9.5 1+.2s

0.00
34.72
48.05
60.82

1. O.0

2. 0.5
t. 1.0
4. I.5
5. 1.7

20'5.0

167.0
r49.0
135.0

0.00
18.93

27.67
f4.45

360.0
2t5.0
187.0
r41.0

o.o0
6.80

19.40
27.O4

212.5
zrt.i
2A9.5

210.8

60.3
56.2
48.6
44.t

Polymerlzed



that the first two types of reactions are predomin-
antly responsible for the -formation of rebulac from
total hydrolysed lac.

Due to the condensation reactions there is

increase in nolecular weight but no indication oi
any higher p"rlymer. However, like shellac it is also
a mi-xrure of several componentsz's which may be of
di-fterent molecular dimensions. Thin layer chro-
matographic study (solvent system :- trichloroethy.
lene: chloroform: methanol 9:lO:.2, vlv)
revealed that it is composed of at least six compon-
ents.

Rebulac has been found to cure melamine resin in
the cold just in the same menner as shellaca and
films of improved properties are obtained. It also
reacts readili'rr-ith to\-lene di-isocyanate in acetone
or methvl ethyl ketcne medilm.' The gelation time
$ith 20 per cent di-isoc1-anate is nearly 4 hrs. and
the films are hard. glossl- and resistant to rr.ater for
more than 30 dass. This behaviour of rebulac lr-ith
di-isorAanate is afso in great contrast to shellac
rr-hich gels readilr- under the same condition with
the additim of only 5 per cent of di-isocyanates'6.

KTNETICS OF POLYMERISATION

It has been mentioned earlier that most of the
chemical constants of hydrolysed lac decrease on
condensation polymerisation due to combination ol
the free constitutent acids mainly through their
carboryl,' hydroxyl and aldehyde groups. In order
td find out the efiect of heating with time on the
progress of polymerisation of hvdrolysed lac at 150',
175" and 200"C, samples t+-ere drawn at timed inter-
vals and their coirsiants determined. The data
obtained are presented in Tables 4 to 6 and graphi-
cally in Fi6, 1.

Examination of the tables leveals several signi-
frcant points First, the saponification value remained
constrnt all through out, confirming our eailier vierv

TABLE ; - CALCULATION OF. n, li l_o. rl l-p)r. K

FlG. 2:-t.P CURVE FOR POLYESTERIFICATTON

that there is no combination of the carboxyl group
other than simple esterification only. Second, there
is gradual de-crease in the values of acid, hvdroxyl
and carbonyl. Third, the percent decrease in the
values are more pronounced at 150'C, obviously due
to the longer reaction time at this temperature. In
fact, just prior to the gel point mcre than 60 percent
of carboxyl, 75 percent of hydroxyl and 80 percent
of carbonyl groups have been consumed. Fourth,
as expected due to pollyfunctionality of the reacting
constituents there were gel formation very easilv
at temperatures higher than 150"C. Fifth, two types.
of reactions occur, e.g. polyesterification and poly-
acetal formation. Sixth, the secondary (vicinal)
hvdroryls are more reactive i.e. their participation
are predominant as their percent decrease is more
than 65 of the total hydroxyl consumed.

and k- AT 150'C FOR PO'LYESTERIFICATION REACTION

A

I

&

t(N HouR).--..---.----

Sl. No. Heatin-g
tiDe thl

A. V. K, X IOJ K" x 106

l-p (l'p)'

l. 0.5
2- 1.0
3. 1.5
4. 2.0
5. 2.5
6. 3.0
7. 1.5
8. 4.0
9. 4.5
10. 5.0
I l. 5.5
t2. 6.0
13. 6.2

r9I.0
180.0
t73.0
r55.0
r 63.0
r t8.0
152.0
r 34.0
121.0
105.0
93.0
82.0

0.0728
0.L262
0.I502
0.1990
0.2087
0.23]0
0.2621
0.3495
0.4726
0.4901
0.5485
0.6019

1.164
l.3l I
1.418
r.55'9
1.598
r.700
L837
2.363
2.892
3.8 50

4.9A5
6.tt3

0.7669
0.7039
0.6189
0.6019
0.5126
0.4919
0.+923
o.6529
0.7573
0.9139
t.0724
L2233

3.865
3.664
3.28t
3.287
2.818
2.74e
2.8t4
4.012
4.967
6.714
6.225
6.L47

1.079
t.144
1.19I
t.248
1.264
i.304
I.355
1.53 8

1.702
1.962
2.2r5
2.5I2
Polvmerized



TABLE 8 - CALCULATION Or p, l/I-p, (l1l-p)3, K. and K" AT 175'C FOR POLYESTERIFICATIONREACTIOI.I

Sl. No. Heating
time (lr)

A.V.
KXIOJ K, x 10.'

l-p ( l-p)'

t.
2.

).
,1.

5.

0.5
1.0
1.5

2.0
2.5

t73.0
158.0
r24.0
r03.0

0.I602
0.233r
0.398r
0.5000

L4I8
I.700
2.759
.1.000

r.854
L.+76

2.189
2.427

0.9803
0.E24E
1.3E10
r.7670

r.l9l
f.io,l
l .661

2.000
Poiymerized

TABLE 9 - CALCUT-ATION OF p, I l-p. rl l-p}. K. and K" AT200'CFORPOLYESTERIFTCATIONREACTION

Sl. No. Heating
time ftr)

A. V.
K- x lOt K,XItr

(l-p):l-p

I.
2.

J.
4.

0.5
1.0
1.t
r.7

167.0
149.0
r35.0

0.1E93
0.2767
0.3445

1.522

t.912
2.t28

2.262
I.E54
I.702

1.230
I.070
1.040

1.2]]
t-)82
r.525
Pohmerized

Examination of the graph further reveals that at

150'C the hydroxyl value decreased rapidly showing
a steep fall from 362 to 160 within the first 3.5 hr.
followed by a gradual fall thereafter rn'hile the acid

value decreased progressively from 206 to 150 during
the first 3.5 hr. and then rapidlv' On the other hand,

the carbonyl value maintained a progressive fall all
through. At 175" and 200'C, howeYer, the hydroryl

and acid values showed steep fall only while the

carbonyl a progressive fall.
As has been envisaged that the two main types

of reaction takin5. place simultaneously during the

and 30.0 respectively which are characteristic ol

esterification and acetal forrnation, cannot be con'

firmed with certitude. Most probably the values

have been lowered due to the simultaneous reactions'

reaction. It will be evident from the Figs. that
especially at 150'C there are in every case two
straight lines having different slopes at 3'5 hr. stage.

It might be contended that it is at this stage the
change in the nature of reaction takes place' It is

also diftcult to say f'rom the plots that any of these

represent truely one kind of reaction or an overall
type. On close examination we find too that none
of the plots pass through the origin of the coordi-
nates or nearer which is one of the essentials to
satisfy the conditions of the equation.

In a similar \,yay, if the plots of, p, 1/1'p and
(1/1-pI (Tables 10-12) against t are drawn in the
case of polyacetal reaction, almost same nature ol
plots are obtained. In these cases the slopes of the
lines are noticed to occur at 4.5 hr. stage. Therefore,

t23456
*,.(rrr rrotrr) +

3 : tr(*) cuRVE FoR PoLY-EsrERlFlcAnoBFIG.



TABLE l0 
- CALCULATJOTI OF p. l/l-p, I/(r-p)r, & and KJ AT lso.c FoR POLYACETAL.FORMATION

Sl. No. IIa&s
tLc (hr) c. v. li I-p rl(r-pl' K XIO' K3 x 105l.

t
t_
+
5.
6.

8.

9.
10.
I l.
12.
I3.

0.5
I.0
1.5
2.0
2.5
3.0
9.5
4.0
4.5
5.0
5.5

6.0
6.2

57.3
54.2
51,0
+7.5
44.8
t9.9
38.3
)4.5
3r.5
275
2la
Il-3

1.107
1.237
1.t97
I.613
1.768
2.283
2.477
t.056
t.663
4.774
7.65r

28.450

1.725
I.850
2.412
2.239
2.29s
2.825
2.719
l.I0l
3.368
3.93t
5.tis

II.9EO

2.943
j.259
3.639
4.2t5
4.334
5.881
5.802
7.M8
8.I37

10.380
r6.6.30
62.960

0.0498
0.10I I
0.r5{:
o-2t7t
02570
o33t3
03arr
o.4n9
0.4776
0.5423
0.6385
0.8I26

r.052
r.ttz
r.182
r270
t.t+6
r.5l I
1.5;1
1.748
1.9t4
2.t85
2.766 ,

5.3t6
Polymerized

TABLE rr - C{rCaI-AtIfi OF p, r[-P, I/(I-p)t, K, and K AT 175.C FOR
SI. No. Ec.b3

tl-- frf
cY. rlt-p l/(I-p)s K, X IOJ K3 x l0r

POLYACE TAL-FOR.MATION

a.5
It
I.'
2t
L5

l.
2.
t-
+_

)-

5r.8
44.5
38.7
35.0

0.I4t0
0.2620
0:.f582
0'.4t96

r.164
r.355
I.5s8
1.72j

5.4t9'
5.887
6.169
5.995

9.761
rl.+9
r3.08
13.54

7.]55
r.836
2.42t-
2.969
polymerized

TAI.E t? - CALCULATION OF p, r/I_p; Il(I-pY, Fi, and K, AT zOO"C FOR POLYAEETAL-FO,RMATIONg_ r. kting
tine {hr)

c. v. p_ rlr-p I l(r-plt K, X IOJ \xrs'
l_
t
t-
{_

o.5
1.0
t.5
I.7

56.2

48.6
44.o

0.068
0.I94
0.270

1.07J
!.240
t.f97

z.4zt
4.000
4.389

4.I53
7.398
8.727

l.l5 t
I.538
r.952
Polymerised

here also they
reaction or an

represent
type.

do noi
oyerall

truely one kind ol The velocity constantsI rte ver@lry constants, ol_t!9 reactions, Kz and K*,have also been calculated (Table 7 tn 1.)\ r+ --:rr L^(Table 7 to, l2). It will be

i: f:11 -t:."T ^ ll : _ lu] 
u ", rr,", a 

",i, e'. Jti, oljii.,l]
f;1i,"*,*l*-"11r,j".._"pt"lir,-..#ir?,"?""d;Xil:acetal formation Kr is atmost ;;;;;;;':.flil.

l-1::. l:rtd indicate that the esterification follows
l^3:.a^_:ler reaction 

- ",; ;;";;r;;"#;:":I:
P:.yl.gj1,"o.',,of the rr,.r! u"- u"]l;ffi ?;"""":ili
*fr ":'""* j?.t't."y:"_i j"","*.-".'.?,:',;.,ffi l"Cmost probably catalysed also by th" .;;;.yt;fi;::t

I

a.t

cJ.l 56
t.|E (!r HOuR) +
q,N'E FOR POLY-ESTERIFICAIION
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