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COI{TRIBUTI(}N T() THE STUDY (}F THE BTEACHING OF tAC.
PART T.

THE ACTION OF TIIE CHTORINE.BTEACII ON THE RESIN CONSTITUENTS OF LAC.
BY

N. N. MURTY.
INTRODUCTORY.

llhe colouring'matter ancl impurities associated rvith lac preclude its use, as such, in paints
and lacluels, wtrere lightness of eoloul is of impoltance, Duling tlre rvaslring of stick lae
most of' the rvoody matter, insect remains and the rvater'-soluble dye, laccaic aei4, are elimi-
natecl and, during the convelsion of seed lac into shellac, the unwashed animal and rvoody
impurities, being infusible, remain in the bag. The residual laccaio acid is conveltecl into a
dalk eoloured constituent of the pirenolic type (t3) rvlrich is insolubie in water.

'fhere is aiso anot,her eolouring matter, narnely erythrolaecin, whieh is more intimately
assoeiated rvith the resin and whieh remains plaetically unchanged during the eonversion of
seetl lac into shellac. Several methods lrave been developeil to rentler lae colouliess, of whieh
the most important and widely usecl is bleaching wibh chlorine.

1'lre quantity of erythrolacein oresent in lac is very small, probably about 2 per eent.
(5)' Thele is present abcut 2 Der cent. Iaccaic acid in stick lac (17), and, bence, a far less
quantity iu seed iac. Neveltheless, for obtairring a white bleaehed lae, a far. larger quantity
of the sodium hypochlorite soiution is required than is uecessary for bleae6ing tl* cllonring
matter alone. It has been shown that the nitroEenous matter (ll) ilerived from tlre body
of the lae inseet in the case of seed lac, and the orpiment in T.N, shellacs (12) eonsume a
good proportion of the atlded bleaeh. The resin eonstituents of the lac itself are acted upon
b.y the chlorine bleach and it is the Purpose of this paper io slrow to what extent, anrl i' what
lespects Ilte rcsin constituerrts ar.e affee{ed.

Available knowledge on the constitution of lac.-In orcler to appreciate
the natule of attaok of the clrloline-bleaeh on the resin eonstituents, it wiil not be out of
place to give here a blief review of the comirc-"ition of shellae. 'fhe , pule Lesin ,, i.e. the
ether-insoluble portion, which folms about 75 per eent. of the lae resins, consists of va*io*s
hydroxv acids among which only trvo, aleuretie acicl (7) forming aboui B0 per eent. of ths
prire resin and shellolic aeid (8) about 10 per cent. have been iclenrifiecl. ?he rest (60 per
cent') of tlre aeids are supposed to be h)'ritoxy acicls similar to shellolie acicl; but their
eonstitutions have not been definitely established. Aleuretic acid is a (eompletely saturated)
trihydroxy palmitie acid, antl has the following formuia: [roOH, (CH")u CH(oH), cH(oH).
(CH*)'. COOH. Shellolie acid is a dihydrdxy rlicarboxylic hJ,dro-alomatie acid which has the
following formula: L)r"EIru(OH)r(COOH'a. The str.uctural formula of Harries and Nagel
for shr:llolic acid consists of a rlouble bond in tire neueliar position beeause, aceordiug to tlreir
ohselvation, shello]ie aeid wLile not clecolourising bromine solution, discolours permanganate
solution, and also forms an ozonido, From the observation that pure shellolie acitl does not
give an iocline value, Bhattaeharya (2) conclucles that thele is no unsaturation in sbellolia
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tr,cicl and that the structtrre of shellolic acid must be rliffereni from that suggested. by Harries

and Nagel.* But since 'pure resin' has an iodine number the unsaturation probably exists

mainly in the yet unidentified acids,

Ttre above resin acids form the bulk of the resin eonstituents of 'pure resin '. No

alcohol bas been identiffed and, if present at all, may be founcl only in traees. It is postulated

that these resin acids are present in shellac in various combinations-Viz, Lactide, Lactone,e

anhydride and either-giving rise to the different resin components. In . the ether-solubl

porbion of lac, Tschirch and Liidy (21) have identified aleulitic acid and rnono.hydroxy

palmitic acid, They have also reporbed the presence of dihydroxy palmitic acid, Gupba

{6) was unable to confirm tbe above results. [Je has, horvever, demonstraled the exisbence

of palmitic'aciri in the decomposition products of lac, Since the ether-soluble resin exhibits
an iodine value, sorne unsaturat,ed acids rnust also be presenb in bhis porbion.

In lac, t,here is also presenb a wax (or waxes) which is a trrle ester cousisbing of

sat,urated acids and alcohols. Verman and Bhabbacharya (23) regard bhat the various

resin consbibuents of lac are int,imately combined, being presenb in a solid solubion of one

in [he other.

The Nature of Bleaching treatment,-Prom the above sumrnary of the

consiibution of lac ib may be expected thrrt oxidation, addition and/or substit'ution of

chlorine lyould take place during bleaching. Also, from bhe facb t'hat alkali easily hydrolyses

lac to a sticky mass and hydrochl,rric acid convert's ib into an insolrrble aggregate, i& rvill

be seen thab l:leaching such a delicate resin with sodiurn hypochlorit,e is a drastic breatmenb,

apbly described as the 'sledge hammer met'hod '-;11fl calls for great caution.

In bhe publications of previous investigators on tire subjecb of bleaching, some da,ta

are available which show that changes in the chemical consbants of lac bake place. Bub

systematic invesbigabion into the nalure and mechanism of the act,ion of bleach on t,he

resin constituents of lac had not been underbaken so far. In t,his study an atbempb has

been made to follow the changes in the chemical consban[s of lac under ali possible

experimental conditions mefi with in bleaching. A brief descripbion of the methods

employed in evaluating the several consbauts such as acid value, saponificabion value,

hydroxyl number etc, is given below :-
Description of Methods.

Aciil ualue. (24\-l gm. of lae is dissolved in 25 c,e, of 951 alcohol and titrated

against N/10 alcoholic potash n'ith thl'mol blue as external indicator, and the amount of

KOII in mg. required to neutralise the acids in 1 gm. of lac is designated as the Acid Value.

Saponi,f,cation aalue. (26)-1 gm. of lac is treated with 25 c.e. of N/2 alcoholic

potash for 2'5 hrs. on a water bath uncler reflux, ancl the excess of alkaii is back titrated

against Nlz HCl. The amount of ,KOII in mg. required to saponify I gm. of lac is

called the saponification value. ln the ease of bleached lac, however, as part of the KOII
is use<I up in reacting with tlre chloline, the saponification value obtained by the above

method is only apparent, Tbe true (eorreeted) saponieation value is obtained by employing

N/2 nitrie aeid fol titrating the excess of alkali, in place of N/2 HOI, tiren determining the
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potassium choride iu the neutralised solution, and finally subtracting the KOtl-equivalent of
this chlolide from the 'apparent saponification value r.

Ester oalue.-The differeoce between the saponification value and acirl value is referred
to as the ester value, It must be remembered that, since no alcohols are present in lac,
the ester value refers to the lactide and obher forms of interlinking of the hydroxy aeids.

Chlorine content,-The method descibed by tleiler 19) of troating lac with KOfl
in benzyl aleohol solution was found to give too high values. Ilence a modification of the
Stephanorv's method 1ZO; *r. adopted. The chlorine contenb is expressed as gms, of chlorine
present in 100 gms. of bleached lae.

Iod,ine 'uatue,-Wijs' met,hod as developed by Langmuir (10) fcr shellac wes used.
The iodine value represents in percentage the arnounb of iodine absorbed by lae, In
bhe case of insoluble bleaehed lac samples, a drop of concentrated hydrochloric acid rvas
used to bling it into solubion in aeetic acid. fn these cases bhe iodine values obtained
are too low by 1-2 units, posssibly due to the addibion of tICt at t,he double bond. Hence
strch values are only of compara[ive significance and have been marked with asberisks in
the tables.

Eydronyr Number.-The method of Normann as desoibed in a paper (18) by Nagel
and Kcjrnchen was employed, Orving to bhe broublesorne nature of bhe mefhod and difficulby
encountered in completely freeing bhe acebylaied producb from acetic anhydride, the
hydroxvl number was nob debermined for all samples. If we assume t,hab during aee-
tylation, complete hydrolysis (acebol;rsis) rvould take place and that bhe OB group which
forms a part of the carboxyl group would not be acebvlabe,l, the difference between the
saponificabiou value afber acet.yla,tion (referred bo in bhe tables as " total acebyl value ,')

and the saponification value before acetylabion, rvould represent bhe hydroxyl number.
In the table it'is these values that are given under hydroxyl number.

Bxperimental Procedure,-Series [,-A, 10 per. cent. cut of Kusum shellac in
I per eent. soclium earbonate solution was prel)arecl by dissolving at 60-65'C for 2 hrs. on a
water bath, The solution was filtered, and 250 ces, of the filtrate were taken separately
in beakers and different quantities of sodium hypochlorite solution wer.e added in small lots
to these as noted in table I. The bleachinE was conductecl at 35"C for a total period of
about 18 hours, at the end of wbich the lac rvas preeipitated fr.om all the solutions by acidify-
ing with dilute sulphuric aeid, washed thoroughly, anil dlieil in a vacuum desiccator. The
various analytiea,l constants were detelmined as detaileil above.

Series I[.-In tbis series of expeliments the same I(usum shellae was taken and.

the same procedure was followed as in series f, but instead of precipitating the
lleached lacs all at the same time, the precipitation was done as soon as the bleach in each
beaker was consumed. Thus, unli&e the experiments in the fir'st series, no chance was given
for bydrolysis to proeeecl in absctrce of free chlorine. The results are summarisecl in table IL

.qeries III.-In this set of experiments the procedure ailopted was the same as in
series II but, insteail of slrellae, a seed lac of medium bleaohing quality was chosen. The
results are incorporated in table III.
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TABLE I.

(Progiessiue bleaching of Kusum' thellac, F 364.)

, No. .ot . Bleach (.3)l Cl. ) Acicl Sapon. Ester Chlorine ,.u,"" 
t?3ll:"";1ff.* 

Colourbleached Rd(led tor ' vatue 
"::::.. contenb. v*ltte. valent oicl, grade.*

.u.pl". l0 gnr. iac. uurue' 
ltpparent). (apparent) conrenr.

o/ o/ "/cc, /o /o /o

1 0'0 (Control) 76'6 224'0 147'4 r4'2 l4'2 ...

2 13'0 . 83'41 243'8 160'4 0'654 r0'4 12'7 G2

3 l8'0 84'4 250'8 166'4 1'100 g'7 13 6 G3

4 28'0 268'9 1'550 9'2 14'8 G5

TAtsLE II.
(Progress'iae bleaching of Kusum, Bhel,l,ac F 36 [.\

1 Oljginal (wax- 74'2 229'6 155'5

,*
tIr
L-

free basis.)

2 0'0 (Control)

,3 10.0
- 4 20.0

5 30'0

6 30'0(withwax)

7 No. (6) or wax-
free basis,

72'2 224,2

75'2 254'0

82,9 260.0

89.2 267.4

86'4 26r,4

89'8 271.5

r4.6

13.8

0'655 l0'0

1.035 8'6

1.309 8.4

1.206 I 7

1'253 9'0

14,6

r3.8

12,4 G4

12.3 G4

r32 G5

13'0 G5

ral

152.0

178'8

177.1

178.2

175'0

181'8

I'ABLE III.
(Progressiae bleaehing of Seed, Lac,)

I 0'0 (Control) 71.'4 232'L 1b4'0

79.1 244.1 165 0

8l'5 250.8 169'3

258-5

85'6 268,3 182.7
ilf.B.-The bleached samples are arbitrarilv rlivided into

sample is given the highesb nunreriial index.

Discussion of results,-It will be seen from the above tables that as the lac is

progressively bleached, the chlorine content goes on steadily incleasing, rvhile the iodine
value drops clown fairly rapidly at firsi, and continues to de€r'ease slowly as the bleaching
is continuOd and, finally, tends to afitgin a minimum value. The fact that the iodine value
deereases shows that the molecules aro gettilg saturated either due to oxidation, or addition
of chlorine at the double bond. It will also be seen flom the above tables that both tlie
acid value aud the (apparent) saponification value inclease as bleaehing progresses. But tiris
increase. in saponification value does not exactly corresponal to the increase in acid'value as

reported by Whitmore and Woinberger 126), but far excoeds the inerease in a0id value.

2 2t'0

3 28.0

4 35.0

5 43'0

14.9 14.9

0.932 9'9 13'2 G3

r.206 9'5 13'8 G4

1'617 9'1 14'9 G4

2'103 9'0 16'5 G4

six grados based on their colour, and tho palest
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Hence, contt'ary to their statement, the (apparent) ester number also inereases. It is, no
doubt, true tbat a part of the increase in saponification value is shown up in the increase in
acitl value. One of the earlier iuvestigators has suggested that the locked up mineral acicl
is responsible for the increase in acid value 122). This explanation does not appear tenable
because, in the bleaelred lac samples examined, hardly any trace of mineral acicls coulcl be
detected, On the other hand, a part at least of the increase in acid value could be due to
hydrolytic splitting of the lactide and othel forms of linkages, The extent of this hydrolysis
depends upon experimental conditions, tr'rom tables I and II it will bo seen that bleachecl
lae samples which were preeipitated after long contaet witlr the alkali of the bleaching
medium show higher acid values than those precipitated as soon as free chlorine was absent
in the bleaching medium. The lowering of the (correeted) ester value with proglessive
bleaching also supports the hydrolysis theory.

With progressive arldition of bleaeh, the eolour of the bleached lac goes on improving
up to a eertain stage, beyonil whieh tho improvement is not eommensurate. tr'rom table
III, it will be notieeil that the ehanges undergone by seed lae during bleaching are of the
same type as undergone by shellac, except for the fact that the eolour of the bleaehecl seed
lac is poorer than that of bleached shellae, despite the ext,ra bleach used. This, as has
been pointed out in an earlier paper (11), is due to the impurities (tbe dye and the
nitrogenous substances) assoeiateil with seed lac wlrich consum6 a portion of the bleac-h.

Kinetics of the chlorine-bleaching.-When to a solution of lac in soda,
hypo-chlorite solution is added in small lots (eaeh suceessive lot being added after ensuling
the absence of free chlorine from the plevious addition with the help of starch iodide paper),
the first lot is consumed with great avidity in a short time, the next lot takes aruch longer
time, and the one subsequent to this sbill greater, and. so on. Poor bleaahing lacs consume
the hypo-chlorite at a much faster rate than gooil bleaching ones. These results ar.e shorvn
graphically in Fig. I. It is to be noted, however, that although the rate of absorption
materially comes dolvn wiih progressive bleaching, the absorption of hypochlorite never
completely ceases. The rate of absorption is also dependent on the quantity of bleach
atlded, i.e, bhe concentration of hypoehlorite plesent in the bleaching vat at the time; for,

. 
it has been observed that in a given time, more h-ypo-ehlorite is absolbed when rapid adtlitions
of hypochlorite are made so that the lae is always in contaet with excess of bleach.

If an excess of hypochlorite (nearly twice the quanbity normally required) is added
to bhe shellac solution in one lot, the rvhole of it is eonsumed in course of time, although
the rate of consumption decreases to a more or less steady value after an initial high rate.
These resuits are graphically illustrated in Fig. II. It rvill also be seen from bhe curves
thab the rate of absorption of bleach is greater at lorver PEI, presumabl.y due to the
greaber availabilirv of free hypcchlorous acid at lower alkaliniby.

Efect of temperature.-Two series of progressive bleaching experiments were
done-one at 40'0 and the other ab 4'-6"C-in order to study bhe effect of temperature
on the rabe of consumption of bleach, and also on the nat,ure of the bleached product.
The procedure was the same as that adopbed in previous exneriments. In tables IV and v
are incorporated the results of the experimenis,
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A glance at the above tables will show that the rate of absorpbion ab 4'-6oC is
enormously slow when compared to thab ab 35' or 40'{-). Besides, the colour of the lac
is not completely discharged, the dried bleached lacs exhibiting a pinkish hue. On the
obher hand, in the series bleached ab 40"C, it was noticed bhab even bhe partially bleached
lac had attained almosb the same lightne.os of colour as bhe eomplebely bleached one.
Thus, ib rvould appear thab the act,ion of the hypochlorit,e solubion on rhe colouring mabter
presenb in lac is quicker and more complete at higher temperabures bhan at lower
temperatures. Ilowever, when bleached at lower PE or in presence of excess of the
hypoehlorite solution, even at lowel temperatures a vely light coloured bleacled lac cnn

be obbained, I'rom the above tables it will also be observed bhat the acid vrrlues are

lower.and bhe (apparenb) esler values are correspondingly higher when bleached at 5'C
than when bleached at 40'C. Apparently, at lorver ternperatures, the hydrolytic action
of the alkali is elower bhan at higher temperatures, The reason for bhe Lrwer Iodine Values

obbained when bleached at 4"-6'O wiil be given later. Excepb for the above differences,

the acbion of the chlorine bleach at lorv ternperatures is of the same type as has been
observed in previous experiments.

Tbe rate of action of the chlorine-bleach on the resin constituents.-
The procedure for preparing the solution was bhe same as in previous experimenbs. But,
instead of adding the bleach in small lobs, the required quanbity rvas added in one lot, and
aliquots rvere taken b,b definite tirne intervals and aeidified to obiain bleached lac samples
in their various stages of bleaching. The ehemical character of bhese bleached sarnples

was examined as before. In bables VI and VII are embodied the resulbs of the experimenb,

Ib is clear from ihe tables VI ancl VII bhab bhe resin consbibuents are the first to succumb

to the action of bhe bleach. The maximum chlorination bakes place within the expiry
of fffteenminube; bub bhe attrrck on bhe colouring matter is slower, requiring more than an
hour to effecb maximum bleaching. After thab, the oxidative and chlorinating action cease,

and the action of the alkali begins to rnanifesb ibself.

When lac is treated with hypochlorite solution in one lot as in the above experimenis,
the lifex of the bleached samples is very much shoriened. In the above series of experi-
menbs, the sanrples which were precipitated earlier from the solution had lost their
solubility in alcohol in a few days. Bub those samples which were precipitated laber

had comparat,ively long live s. The high acid values obtained in the case of the latber

indicate the extent to which hydrolysis has bakeu place, oling to long contacb with
alkali during bleaching.

The effect of alkalinity of the bleaching med.ium.-In order to sonfirm
rvhether or nob hydrolysis rrccompanied bleaching, control experiments were carried oub

ab 40"C with the addition of sodium hyclroxide to the lac solubion equivalenb to the range

of free alkalinity prevailing in bleaching liquors. In table VIII are given the results
of the experiment which conelusively prove that hydrolysis is one of the factors to contend
with, in bleaching.

I,t

i.-

o

r fhe period during whioh &be alcohol solubility is retsined.
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TABLE VIII.

NaOFI added for 10 gms.
of shellac(l'428) ... o.o.cc.(Control) 25cc.of 0'2N 30ce.of 0'3N 25cc.of04'N

Acid value of the pptd.
lacs 63'5 66'5 7l'3 8l'3

The alkalinity of the bleaching medium brings about other changes besides hydrolysis.

An examination of tables IV, VI anil VII will reveal that as the actiou of the alkali pro-

gresses (after tho cessation of the action of chlorine), a decrease in the ahlorino content takes

place accompanied by an increase in i;he iodine value. Evidently chlorine is being split off,

probably initially as IICI anil finally as NaCl creating again uusaturation in tho resin

molecules. Such a reaction is to be expeeted, especially in au alkaline medium. Apart from

a lowering in the chlorine content, there appears to be a slight lowering in the real saponifica-

tion value. It will also be noticed that as tbe aetion of ihe alkali plooeeils, the colour of

the bleaehed lac tends to reiurn.

The action of bloach on the colouring matter.-The action of the chlorine

bleach on the colouring matter of lac has not been definitely aseertained. Schwalbe and

Wenzl (18) consider that in the ease of cotton bleaching, the improvement in colour is due

to the oxida[ive action of the chlorine bleach. Such an oxidative action cloes take place

in the colouring matter of lac also as, by the action of sodium perborate, the eolour of the

alkaline shellac solution can be materially reduced, and an alkaline solution of laccaic acid

'can be rendered colqurless by the action of hydrogen peroxide alone. On the other hand,

even 30 per eent hydrogen peroxide is unable to bring about any change in the eolour of

the erytbrolacein present in lac, although, as will be evident from table XIY, it is equally

effective as sodium perborate in bringing about oxidative changes in the resin constituents

of lae. Erythrolacein, aeeorcling to Tsehirch and Liidy (21), is a methyl tetlahydroxy
anthraquinone.* X'rom the action of the pelborate, it rvould appear that oxidation alone

would be suffiaient to destroy the eolour due to erythrolaeoin in shellaa, Bub the ease with
rvhiah chlorine bleaches the eolouring matter in sbellac, and the return of eolour as chlorine

is split off suggest that chlorine enters the molecule of erythrolaccin. The return of colour

in the dry bleaohed lae on exposure to light and/or heat is also probably due to the splitting
off of chlorine from the chlorinated erythrolaccin. It is interesting to note in this conneetion

that the perborate bleacherl lao does not darken on exposule to heat, unlike chlorine-bleacheil

lac.

The darkening or return of colour in the ehlorine-bleached lac is not due to a return of

the oxidation product baek to the original erythrolaccio, since the alkaline solution does not

exhibit the eharaeteristic pink colour. On the other hand the reduction of erythrolaccin (with
aluminium or zinc in alkaline solution) to the oxanthrauol derivative is easily reversed by even

atmospherie oxygen, restoring the pirrk c'rlour of the shellac solution. Sinee the pale g'reenish'

yellow eolour of fresb lae grains clranges into orange-red on exposure to light and air', it
must be supposed that the lac inseeb secrets tlre reduced oxanthranol product rvhich, on

atmospheric oxidation, is converted into erythrolacein,

* Recent work (unpublishod) of the U. S. Shellac B,esearch Bureau tlrrows doubb ou the above constitution
of erythrolaccin.
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From the tables VI & VII, it will be elear that the rate of action of the chlorine-bleactr on

the colouring matter is slower than on the resin aaids, and is more efrective and more complete at
bigher temperatures than at lower temperatures. Also the bleaehing of the colour is guieker
and more eomplete when excess of bleaeh is added and the PE of the meilium is kept low.

Unfortunately the last two factors are not conduaivo to the long life of the bleaahed ptoduct.

The mechanism of the aation of sod.ium hypochlorite on the resin
aonstituents.-An examination of the tables IV, V, VI and VII will reveal that bleaching

brings about an inerease in the saponification value of lae. The correeted saponification value of
bleached lac is betwoen 232-238, while that of the control sample is between 222-228,
This increase is probably the result of oxidai,ion of the rosin molecule s by hypochlorite,

by which more carboxyl groups are generated. Whitmore, Weinberger and Gartlner

(26) believe that these carboxyl groups are formed at the expense of the existing hydroxyl
groups, Accoriling to this assumption the hyroxyl number should deerease on bleaehing.

In tables IX and X are givon the hydroxyl numbers for bleachod and eontrol lacs.

TABLE IX.
(Eyilrouyl nwmber of bl,ea,ched Lac),

No. Sample.

,, 481

,, 476

480

TABLE X.

(Hyilronyl, nurnber with, progressive bleaching).

1 Kusum (t 428) 0'0 (control T a69 225 244
wax-free

Bleach (31 Cl.) Tobal
addod for l0 gru. acetyl value
lae. (apparent)

ee. mg/gm,

0'0 (eontrol 468
wax-free)

Sapon. value Eydroryl llydroxyl
(apparent) number. Por cont.

mg/gm. mg/gm. 7"

233 295 7'13I Kusum, F428

6)
-t,

t,,
4 Seed lac

,t

,t

I

x(

q
1i

;
!

,.

3

4

22'0
200
bleached

13.0 ,, 487

27.0 ,, 484

2?'0 (hydrolysed) 473

254 227

248 228

240 210

239

255
246

248
229
227

6'88

6'91

7'.28

7.40

7.52

6'94
6'88 .

t'rom the above tables it will be seen that the hydrox.vl number of bleachod lae is

generally somewhat lower than the eontrol. It is probable that, as a first step in the

oxidation at the double bone, fresh hydroxyl groups are generated, while, at the same

iime, some of the existing hydroxyl groups undergo oxidation to the carboxyl groups.

That oxidation (hydroxylation) takes place at the double bonil will be evidentfrom the

following eonsiderations. If the decrease in unsaturation which takes place in the

resin moleeules during clrlorine bleaching was only due to additiou of chlorine at the

double bond, then the sum of the iodine valuo and the iodine equivalent of the

ehlorine conbent of bleaebed lacs must be equal to the iodine value of the respecbive

unbleached lacs. But, from the tables, we find thab tbe sum is always less bhan. the iodiqe
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value of tbe unbleached lae till we reach a stage c,f over-bleaching. Hence the extra
reduction in unsaturation must be due to oxidation (hydroxylation) at the double bond.
Other bleaching agents like hydrogen peroxide, sodium perborate and potassium
permanganate effecb oxidabion ab the double bond, as will be evident from the lorv iodine
values (bable XIV). In the case of hypochlorite bleaching, bhe oxidaiion at, rhe double
bond can be picbured to take place in the following 666ns1*;-

H

H

l-, The nexb step in the oxidation of bhe OH group added on to the double bond gives
rise to a keto group if no rupture in the moleeule takes place. Reve,rting to t,he oxidation
of existing OII groups, the primary alcoholic group rvhich is bheoretically more easily
suscepbible to oxidation, exists in aleuritie acid, one of the known constibuents of lac,
Bub from normal bleached lac the usual quantity of aleuriticacid (21-237) can be separated
by sabur,rting rvith 6 normal caustic potasht. Hence, further oxidation to carboxyl groups
is probably mainly eonfined to freshly generated (nascenb) OII groups in the case of
chlorine-bleaching. This would lead to a rupture of the molecules at the donble bond,
giving rise to dibasic aeids containing smaller number of earbon atonrs.

ilolecular \ileight of Bleached. Lac.-Sinee the unsaturation in shellac is vory
small, even if fission of some of the unsaturated molecules took place due to oxidation cluring
bleaching, it would hardly have a notieeable effeet on the molecular weight .Besides, the
chlorine content and the polymerising conditions to wlrich the lae is exposecl during the
bleaehing operation, tend to raise the molesular rveight of bleached lac. A comparative idea
of the average molecular weights of bleached and unbleached lac can be hacl from table XI.

TABLE XI.
(Molecular wei,ght of bleacheil lac,)

[lol. wL
modified Equivalont 

A nid
Rast,s wt. (from ^i#. Reference.

method. acid value.) val
1lt
i
t

(Control) sotl-a pptd. Khair lac. (dry,
wax containing)

Bleaehed Khair lac (dry, wax con-
taining) ...

Material.

Shellac

Shellae ...
Bleached lac

891

949

837 67'0 Author

7r9 78.0 ,,
8l4l

... 983 790 70.8
1000I

Banedict (1)
Gardner (4)
Gardner (3)

'Verman and Bhattacharya (Tech-nical Paper No.-6, London Shellac Research Bureau) 
"on.idJdfFoCl adds tooxygen of th-e ether-linkages inine suettj"-moie.nr"-1o^ ni"" oxonium comoorrn6s- sincesvvr 4qus uu uxvseu or Ene ef,ner-lrnkages rn the sbellac molecule to give oxonium compounds. Sincotbe bvdroxvl nuiriber o_r bleached i*'is ;oi [{hilffi;iii'"r 

""fr"*t"i"t.iiirr"ii1tiliii}robablyproceeds only to a limited exteut. !!r'' rv4lurwu l'rr

fPure aleuritic acid when treated with sotlium hypochlorite solution under bleaching conditionsdoes not give any oridation productr.
SMethod not knownr

IHCOH -TICI

--s. 

| 

-s
Ircafrcr.

I
CO

I
co

I

I
CH

CH
I

oH+l
CI

I

HC,
l>o

HC/
I

+H2O H

-+
H
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it iviltbe seen that bleadhetl lac has a higher moleeular weight than unbleachetl (control)

lac. The equivalent weight of bleacheil lae, on the othor hand, is smaller, 'lhis iniliaates

that dibasie acids are probably generated in the proeess of bleaching. There is also indireet

evidence to show that bleached lac is rielrer in clitrasic aeids. F rom the metal content of

heavy metal soaps of bleaehed lac Gartlner', Whitrnore and Flallis (3) conclude that bleacherl

lac behaves as a dibnsic acid. tsleached lac is elraracterised by a slightly stronger corrosive

action on metals than unbleached lac (which may likewise be due to its chlorine content).

Also, there appears to be a small portion of a re'latively strong acid charaeter rvhich is present .
occlufled in bleached laa in tbe folm of its sodium salt. 

' If bleaching is pushed further there i

is an increase in the proportion of these stlong aeids wlrieh have a rensid fat,ty odottr and

whieh remain in a ilissolved or susDended conilition even on acidifying, rtnless aciclification or t
salting out is carlieil fur.ther. Under these circumstances, there is a considerable loss irr the (

yield of the bleached procluct, and the lae may be said to be over-bleached.

Loss in the yield of bleaahed. lac.-In nolmal bleaahing, the loss is about

3 per eent. as will be seen from table XII.

TABLE XII.

(Loss d'uring bleaahing.)

No. Mer.vNnR oF BLEAcIIING. Loss.

z
l. Desiccated Khair shellae dissolved in soda & pptd. (coutrol) 3'80

2. Desiceated Khair shellac bleached at 35"C .i. 3'55

3. Desiecated Khair shellac bleached at 35'C ..o 2'80

. 4. Desiccated Khair shellac bleachetl at ?0"C towarils the enil 2'75

ft ean, therefore, be assumed that normal bleaching does not involve any characteristic

removal of some of t'ne resin constituents during washing and thus render the bleached laa

unrepresentative of the unbleached (control) lac. In the case of considerable over-bleaching

or hydrolysis, however, the above assumption cloes not holtl good. 
ii

Mechanism of the entry of chlorine into the Resin Molocules.-It would :
appear from the foregoing discussions that oxidat'ion rvould bake place ab the double bond, and 'b

bhab all the chlorine found in bleached lae cannot be present as addition product. Since, with o

progressive bleaching, chlorine conbenb continues to increase, substibution should have

taken plaee side by side. The mechanism of the entry of chlorine into the molecules,

withoub assuming direct substitrrtion can be explained on the analogy of the chlorinabion

of rubber (16) as follows:-

+2Cl H lI -HCl.
-IICc-CIITCII-CE,-ClI,- 

--+ 
CI1,-C-C-CH2-CH" -

c1 cl
H H +2CI II H TI -HCI

-CH,-g-C:CH-CH,- -CH,-C-O-C-CH,- + etc,
cl 0l cl cl
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The chlorine enters bhe molecule at the double bond. Then, through loss of nCt
in presence of alkali, a new double bond is created wibh t,he neighbouring carbon atom
arid chlorine again adds bo bhis nel double bond ; bhus, through nlternate addirit,n of
cblorirre and splitbing off of hvdrochloric acid, t,here resulLs a producb rvhich is in effect,
a subsbibuted compound. If the entry of chlorine into lac takes place accolding to bhis
bheory, then a rnomentary exisbence of free chloline, derivecl secondarily from HOCI,
should be assurned.

As bleaching progresses, and IIOCI is removed by reacbing wibh lac, the alkalinity
of the bleaching mediurn increases according to bhe follorving equabion:

NaOCI*HOH=HOCI+NaOEL

If the bleachecl lac is allowed to remain in this itrcreasecl alkaline meclium in absence
of HOCI, the iodine value c,f the bleached lac begins to inclease and tbe ehloline content
begins to decrease (oide tables IY, VI and VII). Fr.om table XIII it will be seen that in the
ease of lac treated rvith NaOFI during bleaehing, the ehlotine content becomes very low
and the iodine value exceeds the normal value of unbleached lae. These changes may take
place due to either of the two leasons: (i) elimination of Cl in the form of [ICl, ihe
hydrogen being derived flom the rreighbouring earbon atom and thus creating fr.esh un-
saturation as explained above (ii1 Ploduetion of ethylene oxide t.vpes (as pictured on
page 12) rvhich are eapable of shorving pseudo-unsaturation, (lg).

- Torvards the end of bleaehing when the alkalinity of the medium is very high, this
creation of utrsaturation through splitting off of tICl more or less counter. balances the
saturating effect of the addition reaetion of HOCI, thus offering an explanation as to rvhy
the iodine value of lac cannot be made to disappear completely by bleaching. Experimental
eonditions determine the minimum iodine value obtainable during bleaching. With low
alkalinity or by carrying out the bieaching at low temperatures, so as to mitigate the
action of alkali, the iodine value can be ver.y much lowered,

Apart from an increase in unsaturation, the alkalinity appears to cause a small reduction
in the calboxyl content of tlre bleaeirecl resin molecules as rvill be noticecl from the (real)
saponification values shorvn in tables VI anil VII. It is probable tbat during the washing
of the pleeipitated bleached lae a portion of the bleached lae consiituent of a strongl.y acid
character is rvashed out. It is also likely that carbon dioxicle is splii ofr from the carboxyl
groups in a manner similar to the splitting off of HX ancl CO, from B-halogenated acids
in presenee of alkali, or, if more than one earboxyl group is atbaehed to the sar4e earbon
atom, it is not unlikely that carbonriioxide is split off. Woltr (25) has obselvecl a reduetion
in the saponification value and a mole marked reduction in the acicl value on melely
dissolving and precipitating shellae from alkaline solubions. Expeliments done in this
laboratory, the results of rvhie h are ueeorded in table XV, eonfiirm the abovo
observation. The same explanations as offered in the case of bleachecl Iac probably hold
good, even here.
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TABLE XV.

( Effect of precipitati,ng s heltac fr om soiliwm carb onat e s olution. )
' Sample..

Kusum (F364) original, (wax free basis)

', ', (PPtd., wax-free)

,, (F509) original *.

Aeid vttlue. Sapon, value,

74'2 229'6

' 72'2

69'8

224.2

225.8

222.7

Ester value,

155.4

152.0

156.0'

154.8

e8:-f'i
tr

.
I Khair

,,

ppbd

ouiginal

pptd.

67.9

7r6

67.0

+
1|

rl:

,{,tE

A separabion of the resin eonstituents of bleached lac and a strrdy of their eonstibution
will throw further light on the changes brought about by the ehlorine blegchi. Etbr

. €Xtracts nearly the same quantity (25-301) of sofr resin from blerrched .las as frsm
unbleaehed lac, and .chlorine is found to be present in bobh sofb and hard resin,porbions,
with consequent reduebion in the iodine values of both Borbions. As already menbioned,
bhe normal qiranbity of alerrriuie acid obtainable frbm unbleached lac can also be obtained

,-'-. from bleacheti lac, thus indicaLing that this consbituenb remains unaffected during
bleaehing. When a complete knowledge of the corrsbitut,ion of the various conrponenbs
of lac is available ib will be easier to obtain a clear corrception of the action of ehlorine-
bleach on lac. A study of the oxidabive changes brought aborrb by the chlorine-bleach
would itself help ir understanding the nabure and conscibution,of lac, besi,les helping to
place bhe indnstry onr a scien-bifie f,ooting. I

It would also be of interest to study the changes brought about in rhe physical
properties of lac as'a resulb of bleaching Carbon decoloriserl, shellac solution has a specific
(dextro) rotating power at 25'C equal to 63o,8'. On chlorine.bleaching the robnbion is no1
ver5l much albered, being 51",11'. .Unbleached lac exhibits ul,traviolet fluoreseencson account
of the colouring matter present in ib. Bleaching desiroys this eslouri.ng mabter, hence
bleached. lac does nob exhibit any fluorescenee. Alsq untike unbleactred shellae, it appears
t'o have losb the properby of acquiring stabic electriciby. Its use in the eleebrieal industry
for superior insulation is ruled out on aceount of its chlorine condent. Bu.t a study sf the
film properties indicates that bleaching has done very little' darnage to lac as a rnaterial
for Prrotective eoahing' 

summary

1. A sturly of the ehemical changes undergorte by the resin eo,rstituenbs of lac.
during blcaching wit,h hypochlor,ibe solution has been mado..

2, Bleach.ing is accompanied by aa increase in the acid value and an apptrenb large
increase'in the saponificabion.valrre aqd-ester value of lac. On making due allowanee for the
reacti6n between the chlorine present in dleached lac and the alcoholic potash userl in
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saponification, (correcberl) saponificabion and ester values can be calculated. The corrected

saponification value of shellac is about five per cenb. higher lhan thrr,t of unbleachecl lac,

thus indicating an increase in the carboxyl groups due to oxidative changes broughb

abogt by the chlorine bleach. Aleuritic acid, a constituenb of lac, does nob appear to have

been affecbe<] in bhe normal bleachirrg treabment rvilh hypochlorite. The hydroxyl number

generally decreases slightly on bleaching.

3. Chloline enters into the resin molecules, and its content increases steadily as

tire lae is progressively bleached, while the iodine value decreases rapidly in the beginning,

ancl then tends to atLain a minimum value. The chlotine in bleaehed lac exists only

parllv as an addition componnd, the exeess entering the moleeule through substitutiou.

4. Tlre chemical changes, aiz. oxidation and chlorination, are brought about in the

resin molecules almost immediately after the addition of the bleaehed agent. But the

changes iu the colouring matter, although proceeding simultaneously, take some time

to attain completion. 'lhe rate of absorption of bleach is tluicker in poor bleaching'lacs

than in good I(usum lac, and is fulther enhanced by employing a higher ternperature

and lower PlI.

5. When bleaqhed lac is allowed to remain in the alkalino solution after ali the

hypochlolite a,lded has been eonsumed, the following ehauges take place, .the extent of

t.lrese clran.ges depending upon the duration, temperature and PIL

(") 'Ihe chlorine content decreases, the unsaturation increases clue to splitting off

of HOI and the eolottr of the bleaclted lae tencls to returu.

(b) The acid value increases due to hydlolysis, consecpently the ester value decreascs.

(3) 'Ihe saponification value appeals to deerease slightly dne, probablS', to the

splitting off of carbon dioxide from the corboxyl groups or due to removal

of some acid eonstiiuent of lorver moleeular weight duling washing.

6. A slower rate of at,tack on fhe resin rnolecules by a gradual addition of the

bleaching liquor gives a produeb rvhich is less prone to become insoluble than a rapidly

bleached producb. tligher alkalinity of the bleaching liquor and other condibions which

bring about h,r'drolysis give a bleached lac which rvill hnve a longer life, bub rvhich rvill

have the disa,lvantages of high acid value and poor cr-rlour,

-AcknoWled.gment.-The arrbhor rvishes to express his cleep intlebtedness trr

Dr, H. K. Sen for his many helpful suggesbions ancl crit,icisms eluring the concluding

stages of this work. Thanks are also due to il{r, De for the kind assisbance given in

detelrnining t he iodine value.
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