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THE YELLOWING OF BLEACHED |UTE

By P. B. SARKAR, H. CHATTERJEE, A. K. MAZUMDAR anp C. R. NOCDDER
(Technological Research Laboratories, Indian Central Jute Committee, Calcutta)

THERE is good reason to believe that pure,
undegraded cellulose (not holocelluloses)
if stored in the dark in a vacuum at low
temperatures would retain its whiteness almost
indefinitely. At the other extreme, bleached
cellulosic fibres containing a high proportion of
non-cellulosic impurities are known to become
brownish or yellowish fairly quickly during
ordinary storage. Exposure to light, as in the
case of partly bleached jute, may accelerate the
process. Storage at a high temperature also
hastens the discoloration. There are various
intermediate conditions of purity and storage
and the part played by all the factors cannot
be said to be well understood for vegetable
fibres in general, though in the case of cotion
and linen a good deal of information is avail-
able. The present preliminary note is concern-
ed with the yellowing of bleached jute on sto-
rage, particularly of Jjute bleached by meéEans
of sodium chlorite without thorough scouring.
In the case of cotton and linen the presence
of degradsd cellulose (oxycellulose or hydro-
cellulose) is known to cause a yellowish dis-
coloration in storage. Moreover, it 18 known
that linen which has not been well “bottomed”
(well scoured with boiling alkaline solutions)
is liable to lose its whiteness in storage. Here
the hemicelluloses (of which flax, like jute,
contains somsz 20 per cent.) remain in the
bleached goods. The role of naturally occur~
ring fats and waxes is less: well-known, though
experiments with coiton have shown that the
effect of residual wax is negligible. The effect
of so-called *“chloramines” has not been quile
clearly separated from other factors, but it 1is
certain that partly bleached linen which has
not been antichlored and contains substances,
whatever they may be, which liberate iodine
from acidified potassium iodide is liable to
rather rapid yellowing.

It is obviously impossible to ascribe the
yvellowing of bleached vegetable fibres in gene-
ral to any single cause. Fibres vary greatly
in composition, for example, in cellulose con-
tent, lignin content, hemicellulose content, and
the nature of the bleaching process is also sub-
ject to great -variation, as in thoroughness of
scouring, the chemical used for the oxidative
treatment and its conditions of use (strength of
liquor, reaction, duration, temperature), use of
antichlors, thoroughness of washing and so on.
Somez of the views that have been held are
illustrated by the following examples. Ku-
chinka,l studying the linen bleaching process,
held the oxidation products of cellulose to be
tha cause of yellowing. A similar view is taken
in a patent? of the Mathieson Alkali Works, it
being claimed that the use of scdium chlorite
(“Textone”) produces less oxycellulose than
the use of hypochlorites and gives a more per-
manent white. Ridgz and Little3 suggest that
the complete removal of lignin is-necessary In
order to obtain a white that does not: yellow
on exposure to light. Giertz,4 however, could

not trace the discoloration of bleached wood-
pulps to any degradation product of lignin
and considered that yellowing was due to the
decomposition products of hemiczlluloses.
Elgin® ‘in describing a patent, holds the natu-
ral pigments of lignified fibres to be responsi-
ble for yellowing and claims that their removal
by organic solvents permits a brilliant perma-
nent white to be obtained by bleaching with

hydrog{en peroxide, indicating that the process
1s applicable to jute.

Jute bleached by a process which in-
cludes thorough scouring with alkalies and
careful treatment with hypochlorites will

show a good, permanent white, but the
natural cement -which joins together the short
ultimate fibres is removed in such treat-
ments and ths fibre has little or no strength,
especially when wet, resembling in this respect
papers made from wood-pulp. The problem is,
therefore, to discover a means of removing the
substances which are responsible for yellow-
Ing without removing the intercellular cement;
any process that involves thorough scouring,
or even mild hot alkaline treatments, must be
avoided if good wet strength is to be obtained.
The observations to be described do not solve
the problem, and the production of a really
full permanent white on jute, if not impossible,
1s clearly a matter of great difficulty. - Some
light is, however, thrown on the matter and the
result obtained when bleached jute was stored
under alcohol seems to be of considerable im-
portance in suggesting lines of aftack.
- The after-yellowing of jute bleached, or de-
lignified, without scouring, by means of sodium
chlorite has been examined in the course of

our work during the past two or three years
and the following observations are now
recorded.

(1) Jute completely delignified by treatment
with sodium chlorite develops a yellowish colour
on exposure to light and air or on heating for
a few hours in the dark and this occurs to
approximately the same extent whether or not
the fibre has previously been extracted with
alcohol-benzene in a soxhlet. It may be
concluded that the fatfs, waxes, etc., remov-
able by alcohol-benzene are not responsible to
a very important extent for the after-yellowing.
Moreover, since it has been shown by Chatter-
Jee and Sarkar® that removal of lignin is com-
plele by treatment with sodium chlorite under
the condilions employed, the yellowing, observ-
ed on storage iIn diffused daylight for a few
months or on heating to 105°C. for a few
hours, is not due to presence of lignin itself.
Of course, in jute bleached by treatments that
leave part of the lignin in the fibre, the lignin
may contribute to the yellowing. that is ob-
served. The most obwvious possibilities that
remain are that the yellowing is due to
(@) small quantities of lignin decomposition
products, (b) hemicelluloses or degraded hemi-
celluloses and (¢) degraded cellulose, for
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example, oxycellulose, and experiments have
Eeie(? made in an attempt to narrow down this
eld.

(2) In order to remove lignin decomposition
products that may remain in small amounts
after treatmsnt with sodium chlorite, the de-
lignified jute was extracted at room tempera-
ture with dilute solutions of (a) sodium bisul-
phite, (b) sodium sulphite, (c¢) sodium thio-
sulphate, (d) sodium bicarbonate, (e) ferrous
ammonium sulphate, (f) caustic soda, (g) cal-
cium hydroxide. The fibre still showed con-
siderable yellowing in all cases when heated to
105° C. for three days, but it was less than in
samples that had not received the subsequent
treatment, particularly in the tfreatments with
caustic soda and calcium hydroxids. Extrac-
fion of the delignified fibre with alcohol, ace-
tone, chloroform or benzene did not prevent
after-yellowing. We have not yet attempted
to ascertain to what extent:- the treatments
with sodium sulphite, etc., actually remove
lignin decomposition products that might be
present or to determine 1o what extent
there was a simultaneous removal of hemi-
celluloses, degraded hemicellulose, or degraded
cellulose but it is likely that sodium sul-
phite, for example, is effective in removing
lignin decomposition products and the fact
that considerable yellowing still occurred
points to the conclusion that hemicelluloses,
of which at least 20 per cent. occur in the raw
fibre, play an important part in the yellowing.
Delignification by means of sodium chlorite
under the conditions employed leaves the hemi-
celluloses practically intact.6 It is known, 100,
that jute partially bleached by the use of mild
alkaline treatments in conjunction with hypo-
chlorite treatments is subject to cc:_nm_der&ble
after-yellowing. In such treatments it is clear
from the loss in weight (say 8 to 19 per cent.)
that much of the hemicelluloses remain, So-
dium chlorite is known to be mild in its action
on cellulose and an important contribution to
the yellowing by oxycellulose produced during
delignification is unlikely. Further evidence of
the part played by hemicelluloses in the yel-
lowing is given by the following observations.

(3) Cellulose prepared from Jjute by Cross
and Bevan’s method is entirely free from lig-
nin but retains some of ths hemicelluloses.® ‘It
shows some yellowing on prolonged storage 1n
diffused light, though much less than the holo-
cellulose obtained by the chlorite treatment of
defatted jute. This is regarded as partly due
to the presence of oxycellulose and partly to
the presence of residual hemicelluloses, though
the importance of each is not easy to assess.

(4) As shown by Chatlerjee and Sarkar (loc.
cit.) partial removal of hemicelluloses by
treatment with dilute (half per cent.} caustic
soda at about 31°C. prior to d:zlignification

with sodium chlorite, materially diminishes the,

tendency to vyellowing on heating at 105° C.
The effects of oth:sr preliminary alkaline treat-
ments were also examined and it was found
that the more severa the treatment, the less is
the tendsncy towards after-ycllowing in the
delignified fibre. It appears, thercfore, that the
lower hemicelluloses—those removable by . the
milder alkaline treatments—play an 1r*£1p0rtant
part in the yellowing. Cross and Devan’s cellu-
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lose and Norman and Jenkins’s cellulose have
lost the lower hemicelluloses and show a small
tendency to yellowing, comparable with "that
shovgn by the sodium chlorite cellulose that has
recelved a mild pr:liminary alkaline treatment.

(3) Cellulose prepared by treatment with
moist chlorine dioxide becomes yellow very
quickly on storage or on heatihg; thes yellow-
Ing 1s much more rapid than with chlorite cel-
lulose. This is attributed to the combined
effect of the practically complete retention of
hemicelluloses and of the degradation of both
cellulose and hemicelluloses, the latter condition
being indicated by the bhigh copper number
(Chatterjze and Sarkar, loc. cit.)

(6) Jute extracted with alcohol-benzene and
then delignified with sodium chlorite did not
become yellow evein in fifteen meonths when
stored immersed in alcohol, in a large boiling-
tube, in diffuse day-light. This is presumably
due.to the virtual exclusion of oxygen from
the holocellulose, the alcohol being preferen-
tially oxidised by any oxygen that passes
into if.~ Both reducing and acidic products
were detected in the alcohol. A sample of de-
lignified jute stored under benzene is being
kept under observation, but it is too early to
report results.

(7) By treatment with dilute alkali at room
temperature the dull yellow colour of deligni-
fied jute, developed during storage, can be re-
moved almost complet:zly., It is yet to be seen
whether the treated samples again turn yellow
during storage, though, as stated in Section (2)
above, an improvement has already been found
after treatment with dilute caustic soda.

Conclusion : The foregoing observations are
consistent with the wview that the hemi-
celluloses of the jute fibre, which form at least
20 per c:int. of its bone-dry weight and are
retained in delignification by means of sodium
chlorite, are largely responsible for yellowing
during storag=. They may suffer some degrada-
tion during the chlorite treatment and further
degradation in storage by light and oxygen
would explain the results obs:zrved. Yellowing
of the hemicelluloses, or degraded hemicelly-
losss is not, -of course, regarded as the sole
cause of yellowing of bleached jute. If, in addi-
tion to hemicelluloses, the bleached fibre con-
tains residual lignin, or lignin degradation pro-
ducts or a considerable proportion of degraded
cellulose (e.g., oxycellulose) yellowing may be
expected, and other non-cellulosic impurities
may play a part. The practical bearings of the
matlter lie in the fact that if, as it appears,
hemicelluloses play a major role in y:llowing,
it becomes very important to study the possi-
bilities of removing hemicelluloses, or that por-
ticn of them which is mainly responsible for
the yellowing, without unduly detracting from
the sirength of lhez fibre, particularly its wet
strergth., It is known that even mild alkaline
treatments, after trratment with
miay very consider-
ably reduce the wet strength: th: preblem s,
therefore, a difficult one. Lignin cannot in
pracliice ke remeved without som»> oxidative
treatment (as with hypochlorites, chlorvites, por-
oxides, permanganates) and such  {reatments
cannot be given without producing some oxy-
ccllulose.  Treatments to temove oxyc:llulose

before or
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and to remove hemicelluloses must include
alkaline treatments, with the danger of remov-
ing the intercellular cement, at least in part.
A compromise seems indicated—the use of the
mildest oxidalive and alkaline treatments that
will give a worth-while result; pure cellulose
will not be obtained and some after-yellowing
must be faced. The problem is to find the con-
ditions that give the best compromise. The
alternative is to scour thoroughly and chemick
mildly obtaining practically pure and very
slightly degraded cellulose but very poor yarn
or fabric strength; then we may attempt to
introduce an artificial resin to replace the natu-
ral cement lost in bleaching.

Whether it may be possible {0 put some sub-
stance on the bleached fibre which, like alco-
hol, will be preferentially oxidised and so
prevent yellowing for a considerable period
remains to be seen. There are many difficul-
ties; the substance would, in the case of goods
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that are exposed to the weather, have to bLe
Insoluble in water and in the case of goods that
are to be laundered. it would have o be fast
to washing. Laundering presents its own
problems; we may produce a bleached jute
material that retains fairly good wet-strength
but experience shows that in repeated launder-
Ings there 1s a progressive loss in strength, no
doubt due to the progressive removal of the
inter-cellular cement. This has caused diffi-
culties with tropical suitings made from a cot-
ton warp and a partly bleached jute weft.
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FOREIGN CO-OPERATION IN THE DEVELOPMENT OF INDIAN INDUSTRIES

IN the course of his Presidential QOpening Re-

marks at the Third Quarterly Meeting of
the Central Committee of the All-India Manu-
facturers’ Organization, held on December 22,
1946, Sir M. Visvesvaraya revealed that there
had been offers of co-opsration {for starting
new Iindustries or companies in India. Some
foreign business firms were ready, on reason-
able terms, to work out new schemes, tender
technical advice and arrange to procure and
supply the machinery needed. Some of those
firms were prepared to find capital if reliable
groups of industrialists in this countiry felt
the need.

During their discussions with the associations
and business men, consulling engineering firms
and others, he said that they took care to tell
them again and again that promoters of new
industries here were not likely to accept tech-
nical advice, machinery or even share capital
for industries in India unless the control of
every such concern was in Indian hands. He
felt that this condition could be assumed and
suggested that if the Government had no parti-
cular objection, groups of industrialists or
business .men, eager to establish new heavy
industries in any part of the country, might
be encouraged to begin collecting preliminaries
and making preparations with a view to start-
ing construction at the earliest favourable
opportunity. t

He had often thought that the importance of
indusiries was not correctly understood by the
people of India. In no couniry were indus-
tries promoted unless political power was
behind it. In the absence of any sound indus-
trial policy or drive on the part of the Gov-
ernment, the business public had been suspl-
cious and slow in investing in industries. As
has often been said, a balanced development
of both Agriculture and Industries was essen-
tial for increasing the earning power and
standard of living of our people. As far as
possible all ordinary wants in the shape of con-
sumer goods should be met by local produc-
tion. Success in modern warfare was Dpre-
ponderatingly dependent on armament machi-

nery, which was a product of highly developed
sklll,_ particularly in the manufacture of engi-
neering mndustries. Industrial progress was
Etally connected with the defences of a coun-
Y.
Concluding his address, Sir M. Visvesvaraya

.declared that “now even more than formerly,

in this closer-knitting of the world, the men
with knowledge and skill will have the upper
hand everywhere and the ignorant and the
unskilled will be relegated to a subordinate
Place under some one or other strong power.

“In our country, peoples’ thoughts and prac-
fices are still guided to some extent by religion
and tradition. Tradition is often a wrong guide
in the face of modern discoveries. Americans
have been almost always against it and they
take every opportunity to carry out reforms
and developments. Hence they have become
the most prosperous and powerful nation in
the post-war world. |

“If we educate our 340 million population,
now illiterate, and teach them modern business
habits and practices, the country will acquire
enormous power for increasing production and
good living.

“People in India should be economically
united as are people in the United States of
America, Canada and the TUnited Xingdom.
The nation-building activities I have referred
to cannot be delayed without great loss. Unity
among the population is required for its eco-
nomic safety even more than the political.
Economic unity cannot be delayed without fur-
ther impoverishment of the population and
curtailment of their- subsistence needs. The
chief elements of progress are unity of purpose
between the Government and the people, team
spirit in industry., co-operation between all
classes of population in business and social life,
and a strong resolve to work more and work
better on the part of every individual citizen
and his family, If the Government and the
people become united in policy and action in
this way "rapid progress will be speedily
achieved and the country will be bringing into
existence a new national -life.”




