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ABSTRACT.

Different qualities of jute fibres under various physical and chemical conditions have been studied
by X-rays. It has been observed that the native cellulose is present in all the qualities studied and
the spacing of 002 reflections has been found to be same in all varieties. There sre, however,
differences in the details of the patterns due to different qualities e.g., in some qualities the 002 spots
are elongated and in others they are broad and diffuse; the 002 Debye-Scherrer ring is found to be
present in some qualities whereas in others the said ring is absent. On delignification the diffraction
pattern is cleaned up but the lattice-constants remain unchanged indicating that lignin is not present
in chemical combination with cellulose. It has been observed that the swelling of jute in boiling water
is intermicellar. On treating the fibres with NaOH solution, the 002 spacing in the diffraction pattern
has been changed and with certain concentration the cellulose I appears to be converted into cellulose II.
It has also been observed that on the application of pressure the orientation of the micelles is affected.

INTRODUCTION.

Tt has been shown by Norman (1936) and others that native cellulose is the main
constituent of jute fibre, the percentage varying from 64-89, to 789, among the different
qualities. The next important constituent is lignin which forms 119, to 149, of different
qualities of jute fibre. DBesides these two main constituents, jute fibre also contains
small quantities of wax or fat, the percentage varying from 0-173 to 0-548 (Macmillan
et al., 1939) in different qualities. Both fat and lignin can be removed by chemical
processes without altering to any great extent the strength of the dry fibre. From this
fact it was suggested by P. B. Sarkar (1935) that lignin might not be present in chemical
combination with native cellulose in jute fibre.

This conclusion was further corroborated by the X-ray investigation of jute fibre
made by Banerjee and Ray (1941). These authors found that the X-ray pattern remains
unchanged when both lignin and fat are removed from the fibre. From this fact they
concluded that lignin is not in chemical combination with cellulose in jute fibre. Banerjee
and Ray (1941) determined the size of the unit cell of cellulose present in jute fibre and
found it to be the same as that observed by previous workers in the case of bacterial
cellulose, ramie, and other sources of native cellulose. They also determined the size
of the micelle in the case of jute of a particular quality and observed that the number
of glucose residues along the length of the micelle was twelve and that in the cross-section
was thirty. They, however, could not find any difference between the X-ray pattern
due to jute of high quality and that for the low quality.

It is a well-known fact now that the degree of orientation of micelles in the fibre
determines to some extent the physical properties of the fibre. Thus it has been shown
by Herzog et al. (1928), Clark (1930), Bojarkin (1933), Sisson and Clark (1933), Astbury
(1933) and Sisson (1935) that the inclination of the micelle axis to the axis of the fibre
is least (8° to 10°) in the case of ramie, larger in the case of flax (15°) and largest in the
case of cotton wool (27°) and the properties of these different types of fibres differ from
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each other to a certain extent. In the case of cotton wool again, Sisson (1935) has shown
that the length of the diffraction spot along the Debye-Scherrer circle is correlated with
the inclination -of the micelle with the fibre axis and the relative percentage of total
crystallites over a five degree angular range is different for cotton of different qualities
having different tensile strength.

The X-ray method has been found so satisfactory (Clark, 1940) that the United States
Government has adopted it for the classification of cotton. For classification of jute,
no method claiming scientific precision is yet known. Jute grown in Bengal is classified
into & large number of qualities depending on the strength, lustre and colour of the fibre,
Arguing on the analogy of X-ray classification of cotton it is reasonable to expect that a
more scientific classification of jute may be possible if X-ray methods are employed.
The present method by which jutes are classified depends on physical measurement of
strength, and visual estimation by lustre and colour. This, i.e. the application of X-ray
method for the classification of jute, has been one of the objects of the present investigation.
In the preliminary stage of the work on X-ray analysis of jute fibre undertaken by the
scheme sanctioned by the Indian Central Jute Committee, untreated, jute fibre of different
qualities were therefore examined in order to find out some details of the X-ray
diffraction patterns which might be treated as characteristic of particular qualities. The
results obtained in these preliminary investigations have been discussed in the present

aper.

P It has been observed by previous workers, e.g. Sarkar (1935), that when lignin is
removed from jute fibre and the latter is dried, the strength of the delignified fibre remains
the same as that of the untreated fibre. If, however, the strength is measured while the
delignified fibre is wet, the strength is found to be negligible. Since in the process of
making jute yarn the fibre is lubricated by means of emulsions of mineral oils in water
prepared with various emulsifying agents, it is impossible to make yarns from delignified
jute fibre because of its great loss of strength in the moist state. Attempts have been
made to restore the strength by chemical treatment after delignification by P. B. Sarkar
(1935), and recently work on similar lines is in progress under a separate scheme
sanctioned by the Indian Central Jute Committee. Some of the preliminary results
have been reported to the Committee (Chowdhuri, 1943) and these unpublished results
were made available to the present authors through the courtesy of the Secretary, Indian
Central Jute Committee. Attempts have been made to investigate by the X-ray method
whether the changes which take place in the fibre after various types of treatment alter
the orientation of the micelles and the structure of cellulose and the results obtained
for a few of the different types of treatment made by the workers mentioned above are
also discussed in the present paper.

EXPERIMENTAL.

Two Hadding tubes prepared in the workshop of the Department of Pure Physics,
Calcutta University, with Cu anticathodes have been used in the present investigation.
The insulators for these tubes were kindly made at our request by Dr. Raghunath Rao,
Superintendent of the Mysore State Porcelain Factory at Bangalore through the kind
services of Sir J. C. Ghosh, Director of the Indian Institute of Science, Bangalore. The
insulators stood easily 100 kV. The output of each tube is about 10 m.a. at 35 kV.
and two windows of the tube are used simultaneously. X-ray cameras with plane films
have been used. The distance of the sample from the film varies from 2-8 to 3 cm. for
the different cameras used. In the case of untreated fibres unfiltered Cu radiation was
used. Great difficulty was experienced in choosing the sample which might represent
the respective trade qualities.

Mr. C. R. Nodder, Director, Technological Research Laboratory of the Indian Central
Jute Committee, was kind enough to supply us with samples representing a number of
qualities of jute which, when spun by the same standard process, gave yarn test results
a8 shown in the following Table:—
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Yarn Characters.
ference. ipti

Refe Description. Quality Weigh

Ratio.l C.V.
J548 Shamla. Good quality .. .. .. 100 22
J301 Daisee. High quality .. .. .. .. 111 21
J412 High quality white jute .. .. .. 103 23
J800 Medium quality white . . oL .. .. 84 28
J864 Do. AN .. .. .. 82 27
Jgl6 Low quality white .. . .. .. 57 35
J823A Do. .. .. .. .. 58 39
J285 High quality tossa .. . .. .. 115 25
J845 Medium quality tossa .. .. .. .. 90 26
J8o1 Do. . .. .. .. 91 20
J815 Low quality tossa . .. .. .. 74 27
J803 Do. .. .. .. .. 70 28
J703 High quality white .. . .. .. 100 22
J768 Low quality white .. .. .. .. 80 25
J700 High quality tossa .. .. .. .. 116 22
J639 Low quality tossa .. .. .. .. 91 27
J548 Shamla (tossa) . .. .. . 100 22

Although the test results show a wide range in quality, visual examination of the
samples seemed to indicate that there was a considerable variation in quality among the
various strands in a sample, so that some strands in a sample labelled ‘low quality white
jute’ appeared quite equal in quality to a sample of ‘high quality white jute’. It may
be noted that colour and lustre are probably the characters which have most influence
on judgment when such a visual inspection is made. The unavoidable variation in
quality within a sample (and such variation is also typical of the bulk supplies used in
mills) means that the data obtained in spinning tests are of a statistical nature. The
method obviously cannot claim scientific precision.

With a view to testing the value of these visual observations some 8 to 10 fibres
were selected from each of these bundles and from the middle portion of this group of
fibres, a specimen about one inch in length was cut off and the individual fibres of the
specimen were carefully made parallel to each other by applying tension with fingers.
The specimen was then put against the slit of the X.ray camera with length vertical
with the help of a little soft sealing wax. The cross-section of the slit was circular, of
diameter 0-3 mm, and the length of the slit was 4 cm. The central beam was stopped
by a lead disc. An exposure of about 10 to 12 hours was necessary to bring out all the
details of the diffraction pattern of the film including the layer lines of the fourth
order.

The samples were then bleached in chlorine-peroxide and were washed with distilled

water and dried. The diffraction patterns were photographed under the same conditions
as for the unbleached samples. X.-ray pattern due to bleached fibre dried and finally
kept moist during exposure was also photographed in order to investigate whether the
loss of strength in this condition was due to any major change in the structure of the
micelle. :
The qualities, other than those mentioned previously, supplied by the Director,
Technological Research Laboratory of the Indian Central Jute Committee are: (1) High
quality Bogi, (2) Medium Bogi, and (3) Low quality Bogi. A sample of ramie was also
kindly supplied by Dr. P. B. Sarkar of the said laboratory for comparison.

The fibre was next subjected to certain physical and chemical treatment and the
results for the treated fibre have been compared with those for the untreated fibre. The
processes of treatment are:—

1. TImmersion of the fibre into boiling water for & few minutes and irradiation
with X.rays after drying.
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2. Applying a large pressure at right angles to the length of a small bundle of
fibre with a screw press.

3. Both the bleached and unbleached fibre kept immersed in 5%, phenol solution
(aqueous) for 24 hours, washed and again kept in a 5%, formalin solution
for 24 hours and finally washed, dried and heated for 10 minutes at 160°C.

4. Process (3) repeated with 109, solutions.

5. The fibre was kept immersed in 5%, NaOH solution for about two minutes,
washed thoroughly in water and dried.

6. Process (5) repeated with 259, NaOH solution.

Diffraction patterns were photographed with different X-ray cameras. So in order
to compare these patterns with each other, the pattern due to a particular sample was
photographed with all the cameras used and the distance between the film and the sample
was obtained by noting the spacing of the layer line of the third order in all the photo-
graphs and taking the primitive translation along b-axis to be 10-3 A.U., because it is
well knownuthat in the case of all forms of cellulose the b-axis has the same length in
the unit cell.

REsULTS AND DISCUSSIONS.
1. Characteristics of different qualities.

The diffraction patterns obtained for various qualities of jute are reproduced in Plate
XX. Tt is observed that native cellulose is present in all the qualities of jute studied.
The spacing of the 002 plane is found to be 3-95 A.U. Since the spots are not very sharp,
this value is fairly in agreement with the value 3-98 A.U. accepted by previous workers.
The spacing of this plane is observed to be the same in all the qualities studied. There
are, however, some differences in the details of the patterns due to different qualities. It
will be seen from figs. 1 and 2 that the 002 reflections are not very much elongated and
there is no appreciable intensity at 002 Debye-Scherrer ring except at the several spots
appearing on this ring. Hence it may be concluded that random orientation is absent
in the case of these qualities, e.g. (1) high quality white, and (2) low quality Tossa. The
patterns due to low quality white, high quality Tossa, Chinsura Green, high quality Bogi,
and low quality Bogi jutes are reproduced in figs. 3, 4, 5, 6 and 7 respectively. These
show appreciable intensities along the Debye-Scherrer ring 002. The length of the arc
of 002 reflection along the said ring is also different for the different qualities. Thus
the length is shortest in the case of high quality white, and low quality Tossa and it is
slightly longer in all other qualities, being longest in the case of low quality white jute.
The patterns due to low quality white jute differs from that due to high quality Tossa in
this respect that the ring due to random orientation is sharper in the latter case than
in the former case. The 002 reflections due to low quality white and high quality Tossa
are narrower than those from high quality white and low quality Tossa. This shows
that the micelles have larger cross-sections in the former two varieties. On visual
examination of the actual fibres irradiated, it is found that the so-called high quality
Tossa looks like low quality white but the X-ray diffraction patterns of the two qualities,
e.z. high quality Tossa and low quality White, are quite different. Actual correlation
of physical properties of these qualities with the width and length of the 002 reflections
requires accurate measurement of intensities; those results will form the subject matter
of a future communication. It can be roughly concluded, however, that as far as jute
fibre is concerned, the quality depends on the width of the 002 reflection, its length along
the Debye-Scherrer arc and the presence or absence of a diffuse or sharp 002 ring. There
are four distinct groups according to these criteria, viz.: —

(1) High quality white, and low quality Tossa, giving no ring and, short but wide
002 reflection.

(2) Low quality white, and low guality Bogi, showing appreciably intense 002 Debye-
Scherrer ring and narrower and longer 002 reflection than high quality
white jute.
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(3) High quality Tossa and high quality Bogi, showing sharp ring and longer but
narrower 002 reflection than high quality white jute. .

(4) Chinsura green showing a weak and diffuse 002 Debye-Scherrer ring and short
but wide 002 reflection. Both high quality Bogi and high quality Tosss
have a strong lustre and the sharp 002 ring might be connected with the
materials producing this lustre. This point will be looked into more carefully
and reported in a future communication. The diffraction pattern due to
ramie is reproduced in fig. 8 for comparison. It can be seen that the
micelles are more inclined to the fibre axis in ramie than in jute, but the
002 reflection is much narrower and so the micelles are larger in the latter
case.

That the features of the diffraction patterns mentioned above are characteristics
signifying the qualities of the fibre can be seen from a comparison of fig. 1 with fig. 9
(Plate XX). The diffraction pattern due to a sample taken from bottom portion of high
quality white jute fibre is reproduced in fig. 9. It can be seen that it is quite different
from the pattern due to high quality white jute reproduced in fig. 1 and is exactly similar
to that due to low quality white jute reproduced in fig. 3, the bottom portion of high
quality white jute fibre is found to be a little stiffer than the middle portion and also
its colour is brownish and the appearance of the bottom portion is also really like that of
low quality. Hence from an examination of the diffraction patterns one can find out the
quality of the fibre more precisely than by the visual methed.

This X-ray method, however, has one advantage over other methods of classification.
A discoloured jute fibre is always classified as low quality fibre according to the visual
methods, but in some cases X-ray analysis of such a fibre has given the same pattern as
that for the high quality. If the colour and lustre are not taken as essential properties
of quality, X-ray method may prevent large quantities of fibre hitherto classified as low
from being condemned merely for its bad colour and want of lustre. There are, of course,
some brownish fibres which give patterns similar to that for low quality white jute. The
pattern due to fibre of quality J801 is reproduced in fig. 10 (Plate XXI). It can be seen
that the 002 spots are sharper and longer in this case than in the case of high quality
white jute. Also a faint Debye-Scherrer 002 ring characteristic of the low quality white
jute is present in this case. Hence this fibre has to be classified as a low quality one.

I1.  Effect of certain physical and chemical treatment.
(a) Delignification.

It has been pointed out previously by Banerjee and, Ray (1941) that delignification
of jute fibre does not alter the X.ray diffraction pattern of the fibre appreciably and
lignin does not exist in chemical combination with cellulose in jute fibre. In the present
investigation the various qualities mentioned above have also been delignified by ClO,,
and, diffraction patterns of the bleached fibre have been compared with those due to the
unbleached fibre. It has been observed that the lattice constants remain unaltered on
bleaching. This is in agreement with the finding of Banerjee and Ray (1941), but the
further interesting observation was made that the X-ray pattern is however cleaned up
on bleaching. This can be seen from figures 11 and 12 in which the patterns due to
unbleached and bleached jute fibre of Chinsura green quality are reproduced. In the
regions between the successive layer lines there is some continuous blackening in the
case of the unbleached fibre but this blackening was found to be less intense in the case
of the bleached fibre. In some case, viz. in the case of high quality white jute and
Chinsura green, faint Debye-Scherrer rings passing through the layer lines of third and
fourth order have been observed but these are absent in the case of other qualities and
so these rings are probably not due to lignin but they may be due to some other impurities
responsible for the stiffness of the fibre. These rings disappear on bleaching the fibres.
This can be seen from figs. 11, 12, 13, 14 in which the patterns due to unbleached, bleached
high quality white jute and Chinsura green are reproduced.
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(b) Swelling of Jute in Liquids.

The swelling of fibres on immersion in liquids may be of four kinds:—

(1) Intermicellar.—In this type of swelling, the liquid is adsorbed on the surface

of the micelles.
No change in X-ray pattern occurs.
(2) Intramicellar—1In this case liquid penetrates into the micelles. The X-ray
) pattern changes indicating a change in the spacing.

(3) Permutoid.—Here a chemical compound is formed with the micelles and, the
X-ray pattern becomes entirely changed.

(4) Osmotic.—In this case, the liquid diffuses into the interior of the substance
and gives an amorphous pattern.

(i) Swelling of jute in hot water.

Now in order to investigate which of the above four types of swelling occurs in case
of jute in boiling water, the diffraction pattern due to high quality white jute fibre boiled
in water for about an hour has been photographed and compared with that due to the
dry fibre. It has been observed that on boiling the cellulose lattice remains unchanged,
but the 002 reflection becomes a little longer showing a certain amount of deterioration
of the orientation of the micelles. Hence the swelling is intermicellar in this case. The
pattern is reproduced in fig. 15 (Plate XXTI).

(i) Swelling in NaOH solution.

The diffraction patterns due to unbleached jute fibre kept immersed in 109, and
309, NaOH solution for two or three minutes have been photographed. These are
reproduced in figures 17 and 18. These have been obtained with the same camera used
for obtaining figs. 6 and 7. It is observed that in the case of the fibre immersed in 109,
solution there is a change in the 002 spacing and there seems to be slight change in the
size and orientation of the micelle, the quantitative data about which will be reported
later. In the case of the fibre immersed in 30% NaOH solution, however, there is a
definite change of the 002 spacing. This spacing is found to be 4083 A.U. and agrees
fairly with that for cellulose 11. 1t is also well known that cotton fibre can be mercerised
easily with 309, NaOH solution and native cellulose is transformed into cellulose IT on
mercerisation. The presence of lignin does not affect adversely the process of mercerisation
and on the contrary helps the fibre to retain its strength after mercerisation. Bleached
fibre when thus mercerised has been found to have very little tensile-strength.

(iii) Effect of lateral pressure on the fibre.

A small bundle of high quality white jute fibre was put in a large screw-press and
pressure was applied to squeeze the fibres from the sides. The diffraction pattern of
the pressed fibre is reproduced in fig. 16. It can be seen that the pattern does not look
like that of high quality jute. The 002 reflection is longer and there is a faint 002 Debye-
Scherrer ring. This shows that on application of pressure, the orientation of the micelles
is affected. This effect has been observed on a much larger scale in the case of ‘cotton
fibre by Belenkyi and Bojarkin (1936).

(iv) Phenol-Formalin treatment.

High quality white jute fibre was kept immersed in 59, phenol solution (aqueous)
for 24 hours, washed and kept immersed in 5%, formalin solution. The fibre was next
washed and heated at about 160°C. for ten minutes. The X-ray diffraction pattern of this
fibre is reproduced in fig. 18. There is no change in the 002 spacing but the orientation
of the micelles has been disturbed. The diffraction pattern due to the fibre with 10%,
phenol and formalin solution is reproduced in fig. 19. In this case a little NaOH was
used as condensing agent. The spacing is found to have altered to that for cellulose II.
Also the length of the spot due to 002 reflection is much larger showing a larger inclination
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of some of the micelles to the fibre axis than in the case of the untreated fibre. The
results for a few other chemical treatments will be reported in a later communication.

Further works on this line, e.g. the measurement of the width of the 002 reflections,
its length along the Debye-Scherrer ring, size of the micelles and their orientation with
respect to fibre axis are in progress. These results will be reported in details in our next
communication to be published shortly. We expect that these results will open & new
method, which can claim scientific precision in the classification of jute fibres. Of course
the U.8.A. Government has adopted the X-ray method for classifying the cotton fibres
earlier. For this work the micro-photometer of the Palit Laboratory of Physics Depart-
ment of the University of Calcutta has been available.
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EXPLANATION OF PLATES.

Prare 1.
High quality white jute.
Low quality tossa jute.
Low quality white jute.
High quality tossa jute.
Chinsura green Shamla.
High quality Bogi jute,
Low quality Bogi jute.
Ramie.
High quality white jute (bottom).

Prate I1.

J801.

High quality white jute.

High quality white (bleached).

Chinsura green Shamla.

Chinsura green (bleached).

High quality white (boiled).

High quality white (pressed).

High quality white in 109, NaOH solution.

High quality white in 309, NaOH solution.

High quality white in 5%, phenol <+ 59, formalin.
High quality white in 109, phenol + 109, formalin.
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