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MISSION SUMMARY

The Consultant visited the Technology Wing, BJRI, first March 20
to 31, 1984 and, the second time, July 1 to September 11, 1984. The
results of these visite are summarized in the following:

1. A novel chemical modification method for long jute and jute yarn
was developed, based on pressure treatment with sodium sulfite solution.
It was demonstrated that the treatment improved substantially the
softness, flexibility, color, bleachability and weaving properties of
jute fibres without impairment of their dry and wet strength
characteristics. Color stability studies of the modified fibres could
not be completed, however, in the short time available. Work on the
chemically modified jute will continue at BJRI under the direction of
Dr. A. Rahman. The suitability of the modified jute for apparel grade
textiles {s of particular interest, either as such or in blends with

cotton and synthetic fibres.

2. In discussions with the Institute personnel, it became obvious
that the current industrial practice in the piling of jute cuttings
is unsatisfactory and needs to be modified in order to maintain optimal
and uniform temperatures and to eliminate moisture gradients. A piling
chamber design was proposed for achieving these goals, and a research

program outlined for its implementation.

3. Visits to two pulp and paper mills demonstrated that the pulp
industry is the most natural outlet for jute waste, caddies and surplus
cuttings. A joint exploratory research program with BCSIR was
initiated to determine the potential or semi-alkaline sulfite - anthraquinone
pulpiag of jute cuttings. The results suggest that this pulping method
is probably more advantageous than the currently used soda pulping for

the manufacture of newsprint reinforcement pulp.

4. Recommendations are made concerning bleaching, mercerize~ion

and cross linking studies at the Institute.
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5. This consultant feels that continued UNIDO assistance to
BJRI is warranted in the form of a limited Phase 11 program, focused
mainly on filling the gap between laboratory studies and industrial
implementation.




Te

INTRODUCTION

The purpose of the mission was "te assist the Bangladesh Jute Research
Institute (BJRI) vith its research program or the chemistry of lignin,
vith special refcrence to the jute fiber and the photochemical yellowiag
which occurs on prelonged exposure to sumlight",

This Consultant proposed the missior to be carried out in twe parts:

a. A tem day plannming trip to Dhaka in March 1984 and
b. A two and half month residence in Dhaka in July 1 - September 11,1984,

The proposed arrangesent was approved by UNIDO, and the Consultant arrived
to Bangladesh on March 20 after one-day briefimg with . H.P, Stout in
Edinburgh. During this peried, discussions werc held with gembers of the
Technolegical Wing of the BJRI, available equipment and chemicals vere
revieved and, on this basis, a reasonably detailed pvesearch plan was drawn
for the July-September period, 1984. The research plan was set forth in
th;’first Technical Report (Final versioen: DP/ID/SER.A/511, dated 2 May,
1984), The proposed plan is briefly summarized as follows:

It was recognized that the photediscoloration and = degradatiom of jute
fibres is connected with the presgence of lignim and ether pelyphenolic
saterials. In contrast cto cottor, lignin cannot ba completely regoved

from jute fibres without seriously impairing the mutnal adhesion ef the

short intrineic fibres in the cemposite fibre strands. Consoquontl;, the
photochemical yellowing tendeacy of jute fibres cannot, im all likelihood,

be preveated vithout drastic reductiom im dry and, particularly, wet strength.
Realistically, then, the yellewing temdency can be only reduced bn: not
eliminated. Two approaches were proposed for the reduction of yellowing:

i. Incerporation of an inmorgamic or organic component in the jute fiores
that may either quench the photen-excited arematic groups in lignin
0. te scavenge the radical intermediates in the oxidative chain process
initiated by photon-excitation.

ii. Controiled, partial removal of the lignin component amd/or its conversion
to a photochemically more resistant form. Obviously, the degree of
delignification should not be axtended bey.ad the point where the dry -




and, particularly the wet-strength of the fiber is reduced below
acceptable values, Also, the partial delignification should iaprove
rather than detariorate the original celor of the fibder. It would
alse be desirable to improve the softness of the fibre in the chemical
delignification treatment.

Since it did mot seem advisable to launch studies in too many directions

at the beginning, it was proposed that efforts during the initial stages be
concentrated on the second alternative. In this area, the Consultant had
already performed exploratcry experiments at the University of Washington
together with Mr. Hossein Resalati, a graduate student frem Iran. These
experiments had demonstrated that alkaline sulfite - (Nn2 SO3 plus NaOH) and
semialkaline sulfite - (Naz SO3 plus Na, CO3 ) methods appeared promising for
controlled delignification of jute fiber, - yarn and - fabric. Both methods
have been known and utilized in the pulp- and paper industry for the preduc-
tion of long-fibered reinforcing pulp from softwoods. Also, Naa SO3 is
utilized in converting wood chips to high~yield chemi-mechanical pulps (CMP).
Specifically for jute, alkaline sulfite methods have the following advantages
in comparison with alternative delignification aethods:

= Relatively inexpensive chemical charge. The iiquors after the delignifi-
cation treatment can be discarded. Thus, a chemical recovery system is

not necessary.

- The color of the fibers is not darkened at intermediate stages of delig-
nificution, and can be readily improved by simple bleacning, e.g. with

bhydrogen peroxide.

- The loss of the hemicellulose compoments in the process is less than in
soda - or kraft delignifications (which alse degenerate the color of the
fider).

-~ The lignin component remainimg in association with the fibres is converted
to a solid lignin sulfonate, a polyelectrolyte. This transformation can
be expacted to improve such textile propertics as firer flexibility and
softness. The effect on light stability is not known, but can be zatici-
pated to be positive.
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The first report also outlined a schedule for the implementation of the research
plan consisting of two phases:

A, First Period, april 1 to June 10, 1934,

A btroad preraratory program, to be separately carried out by Dr. A, Rahman and
Mohammad Ali at BJRI and by the Consultant and Mr. Bossein Resalati at the
University of Weshington.

3. Second Period, July 1 to September 11, 1584.

Joint research by the Conaultant with the BJRI scientists,

The results obtained during both time periods are reviewed im the Section
that follows:

1I. FIRST PERIOD, A4pril 1 to June 30, 1984

A. At the Universitr of Washington, the first goal was to clarify, to what
extent jute fibre could be delignified without impairing its dry-, and,
particularly, wet-strength properties. In addressing this question, the
following should be observed:

The .ignin component in jute fiber strands in distributed between the middle
lamellae and the secondary walls, The concentration of lignin in the middle
lazella is high (80-90 per cent), but only about one=fifth of the total
lignin ig present in this region. The bulk of lignin (/80 per cent) is
located in the secondary wall. It has been shown by Whiting and Goring.
(Figure 1) that in cowmmon delignification processes, lignin is more rapidly
removed from the secondary wall than from the middle lamella. This removal
does not, however, weaken the bonrd between intrinsic fibre. In contrast,
elimination of middle lamella lignin (as it occurs in chemical pulping of wood
chips for example) destroys thc interfiber strength and the delignified tissue
can be readily desintegrated to intrinsic fibers in water-soaked conditiom,

IZ 2 similar delignification behavior is valid for the bast fibers of jute,
45 seems vary likely, the delignification process should not be carried out
beyond the point where lowered concentration of lignin in the middle lamella
regions significantly deteriorates the wet-strength properties of the fibre.




CHLORITE

7. DELIGHIFICATION
8 & 8 28 o

8

R v 3 I —. 4
‘ : 0O 20 40 60 83 WCO 20 40 60 83 VOO 20 40 60 80 w00
% OELIGNFICATION OF w000

FIGURE -1 Plot of percent lignin reg:oved from the middle lamella
and secondary wall of black spruce versus percent lignin
removed from the whole wood. The dashed 45° line re-
pcesencs whole wood versus whole wood.
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To determine this point, jute ymxn obtained from BJRI.wan subjected to
progressive delignification by alkaline sulfite-AQ method at 165°C, and the
wet-strength values of the delignified samples were determined. The wet-
strength values obtained are shown as a function of the degree of delignifi-

cation im Figure 2.

At Zirst glance, these results uppear quite discouraging. At 50 per cent
delignification level, the wet strength has been reduced by 65 per cent -
abviously an unacceptably low value. However, at the time these experiments
were performed, it was not recognized that the high pi of the alkaline sulfite
delignification strongly promotes the deterioration of wet-strength. When semi-
alkaline sulfonation (Na2 SO3 + Na, CO3 ) is applied as delignification method,
the pH of the medium remains in the range 11 to 7, and the wet-strength values
are substantially higher. This was demonstrated in parallel work carried out

during the first period at BJRI,

The experience gained in alkaline sulfite delignification gave raise to
further studies on the relationship between delignification and wet-atrength,
Sodium hypochlorite and chlorine dioxide were used in these studies as deligni-

fication chemicals.

The results obtained are illustrated by Curve 2 in Figure 2, It can be
seen that using these common bleaching agent., approximately forty-five percent
of lignin can be removed from unscoured jute yarn witkout significart los3g in
vet-strength, After 50 per cent lignin removal, however, the wet strength
degenerates precipitously. Chlorine dioxide appears to have no advantages in
comparison with hypochlorite. An interesting observation was made in this
connection on the effect of alkali omn jute yarm. If the yarm is moistured with
1% NaOH at ambient temperature and washed with water prior to hypochlorite
delignification, the resulting wet strength is only one-half of the value obtained
without alkali pretreatment. This observation suggests that even brief exposure
of jute to aqueous alkali causes irreversible changes in the fiber and this

effect merits further studies.

The brightness of the yarns delignified by hypochlorite was generally low
(v 50%) whem the hypochlorite charge (5 to 6% active chlorine on 0.D. fiber)
was applied in a single stage. If the same hypochlorite charge, however, was
divided between two or three guccessive stages, final brightness increased to

*.e level of 60 per cent and above,
P
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Wet Tensile Strength of Jute Yarn

as a Function of Delignification

by Alkaline Sulfite (Curve 1) and

by Hypochlorite and Chlorine Dioxide
(Curve 2).
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B. At BJRI, successful experiments were performed by‘Mr. Mobhammad &li using
pemialkaline sulfite delignification ( Xa, SO, plue N32C03) at 145%
(maxisum temperature for available pressure equiprent). Regardless of some
initial operational difficulties, the small high temperature dyeing apparatus
in the pilot plant was found to perform in a satisfactory manner in these
experiments. The behaviour of crude jute fiber, jute yarn, Hessian fabric
and cuttings were tested. It was found that significant improvement of fiber,
yarn ané fabric could be achieved, if the reaction period at 1&500 was
extended ta three houras. The improved qualities included better color and
whiteness, as well as much improved softness and flexibility. It was also
estimated that only approximately 30 per cent of the original ligain dissol-
v;d in the trcatment, while the total reduction in fiber weight was approxi-
mately 15 per cent, indicating that the dissolved material consisted mainly

of hemicelluloses.

In contrast to these encouraging results there were some disappointments,
Replacement parts for the second Xenotest instrument were not received.
Consequently, this instrument could not be placed at the disposal of the
Chemistry Department of BJRI, as specifically recommended in the First Report.
The rotatory digestor, presumably ordered prior %o Yarch, 1984, was not
received, A later check reveiled that the digestor order had actually not
been processed by UNIDO in Augu 't, 1984,

III. SECOND PERIOD, July 1 = September 11, 1984

Initially, exploratory experiments using the small high-temperature dyeing
apparatus were continued in the temperature range 145 - 1550. It was found that
the sulfonation process was not attractive for the treatment of cuttings because
of color problems and incomplete removal of pectins. Consequently, improvement
of yarn quality and chemical modification of raw jute by sulfonation became the
primary tarpgets of the investigation. At this point, the guskets in the appara-

tus started leaking, and the mechanics of BJRI were unable to repair the equipment.

&. EZffect of Sulfonation on Jute Yarn Quality. The use of the large nigh-tem-

perature dyeing apparatus was uodifi;d in such a panner as to allow the
concurrent run of several experiments. This was accomplished by filling
the equipment half-full with water. A large wire basket containing individual

sulfonation experimeits in cotton-plugged erlenmeyer [flasks was hung above
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the <ater level, to be heated by pressurized steam.

The results obtained are shown in Table 1. It can be seen that an
increase of the sulfite charge from 5 te 20 per cent had no effect on
residual lignin content of the yarn, although it improves the brightness
values. It should be noted, however,that many of the brightness values
quoted in Table 1 are actually too low, because at that time, the importance
of rapid washing of the yarns with hot water wazs not recognized. In general,
the brightness values of well-washed sulfite treated yarns lie above 50,

An attempt was mace to determine the photodiscoloration of the yarns by
exposing them to mercury lamp radiation. Ncne of the sulfonated yarns deve-
lﬁped noticeable yellowing after 6 hours of exposure. The equipment used
by us was not very satisfuctory for the purpose, however, and more decailed
studies ought to be carried out on photochemical yellowing of sulfonated

yarns in the future,

Table 2 shows that, at & constant chemical charge, higher reaction tem-
peratures produced more extensive delignification but not improved brightness
values. Sulfonation may be performed at as low temperatures at 9503. but

requires, in our experience, excessively long (20 brs) reaction times.

It was also possible to demonstrate that sulfonation improves the
bleachability of yarns as shown in Table 3. A hydrogen paroxide charge
corresponding only to ome per cent of the weight of the yarn increases the
brightness to over the 60 per cent level,

The most notable change caused by sulfonation is a conspicuous improvement

in softness. This property is reflected in flexural rigity values which may

be reduced by as much as 50 per cent as shown in Table 4, At the same time,
reductions in dry tensile strength values are only mipor. Wet tensile
strength values are reduced more, but do remain on a level which ought to be

acceptable for textile applications.

In order to test the weaving properties of sulfonated yarn, a batch of
3 xg of yarn was subjected to the treatment, This could not be done at
BJRI, because delays in the repair of the two steam boilers paralyzed our
activities there., With the kind help of Dr., Amirul Islam, we were able
utilize the rotatory digestor at the BCSIR for the purpose. A uniom fabric
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Table 1 : Effect of Sulfonation comditions on the lignin content and
brightness before and after exposure to mercury lamp radia-
tion. Im all experiments, 8.0 coumt jute yarn was utilized

and the resction tise and tesperature were 2 hrs. and 1‘00°C.

respectively.
Chemical cha:ge, z Lisﬂil Orig:.n Brightnesc. after UV-radiation
for
% brightness

Na, S0, | Na, C03 EDTA of fiber g 12 hrs. bh nrs. 96 hrs.
Original | sample 1%, 0 b1, 9 ko, 7 - b2, 7
5 o - - 45. 7 - 42, 4 43, 6
5 4 - 10. & - - - -
] 0 - - 46, 7 - bz, 2 bbb
'0 b - - 47. 2 - ba, 0 bs. &
20 0 - 10- l‘ 1080 3 1‘7. ? "8- " -
20 ) 0. 015 10.b 58. 8 S4e 3 53. 4 54. 3
20 b - ’-oo 7 "ao 7 "?o 2 108-0 -




Table 2:

Effect of Sulfonation Temperature on the Ligniz Content and
Brightneas of Jute Yarn. Chemical chargs: 10% Na2503 and
“% NaC0,. Reaction times: Z0 hrs. at 95°C, 2 brs. at 140°C
and 1 hr. at 1€0°C.

Reaction % Lignin in Brightness, %
temperature fiber

°

95° 1.3 51. 5.
140° 10. & 47, 2
160° 8. 5 | 51,7

*) 0.,015% EDTA was added to Sulfonation.




Table 3: Effect of Kzoe « Charge on the Bleaching of Sulfonated

Jute Yarn. (Count:80) Conditions of Sulfonation:

10% Naa SO

3 1 ]
95°C.

Sample

Original yarn

Sulfonated yarn

Bleached sample

_Bleached sample

W Na. CO

2 3

Applied H,0,,
¥ of yarn

None
None
0. %
1. 0%

2. 0%

0.015% EUTA,

20 hrs. at

Brightness,

%

b2.

5.

56.




Tedle 4:

Sulfonated Jutc Yarns.

Dry and Wet Tensile Strengths and Flexural Rigities of

]

Chemical charge % Reaction Tensile Strength % eof Fl ecural gzgidny.'

, temperature original dyne/ca
(2]
Na, 503 "‘z co} ¢ Dry Wet Untr. yarn: 668

5 0 140° 82 73 423
5 4 140° % 58 423
10 ) 140° 86 63 435
10 4 140° 107 54 k1o
20 0 140° 89 L8 266
20 4 140® 103 67 322
10 4 95° % 50 411
10 L 160° 103 b6 323
10° 4 160° 9 53 293

*) 4.5 count yarn, flexural rigidity ef umtreated yarm 389 dyne/cnz
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with cotton warp and sulfonated jute weft wis woven at the Institute, The
weaving properties of the sulfonsted yarn were géod. & reference fadbrie
vas woven using untreated jute yarn. For both fabrics, measurec censile
strengths and bending lengths are given in Tabie 5. The regults obtained
for the weft direction indicate clearly that the sulfonated yarn imparts
better flexibility amd equal astrength te the fabric.

Carding and Spinning of Sulforated Jute Fibre. The experiments in the

pPrevious section demonstrated that sulfonation improved significantly

the softnegs and flexibility of jute yarns. It was therefore of interest
So deternine whether or not improved structural characteristics, such as
better uniformity, lower count and increased twist, could be imparted to
yarns, if the sulfonation treatment were applied to crude fiber prior teo

carding and spinning.

In the initial trial in this direccion, approximately 10 kg of crude
fiber were sulfonated for 1 hour ar 165°C in the rotatory digestor ac BCSIR.
The sulfonated fibres had some excess moisture before the softening ireat-
ment. As a consequénce, too much oil emulsion (252) was added to the moist
fibres. Satisfactory performance was achieved in the breaker card, but

the second card became clogged.

In the second trisl which came out to be succesful, 25 kg of crude
fiber were loaded in the large high-pressure dyeing apparatus and treated

with 10 per cent NaZSO3 and 4% Nazco at 1&5°C for two hours, After

cooling and drainage, the fibers were wzshed with hot water, centrifuged,
washed again with cold water, :zemtrifuged and dried. 0il emilsion (15%)
was sprayed on the fibers from a watering can and the fibers conditioned

at ambient tezperature for 24 hours. (his time, the performance in both
carding machines and in the first and second drawing frames was complete~
ly satisfactery. Two separate batches of yarns, with counts 5.39 and 5.75,
respectively, were spun from the material, Testing the yarns gave the

following results;
Count T.S. Q-R. c.v.

First yarn 5. 39 Se 67 105 20. 6
Second ycra 5. 75 6. 47 13 19. 0




Table 5: Properties of Union Fabric woven from Sulfonated Jute
Cotton yarn, 62 per inch; wveft: 4.5 count
sulfonated jute yarn, 21 por inch.

Yarn. darp:

Warp (Cotton):

Bending length, cm
Strength, kg/inch

Weft (Jute):

Bending length, cm

Strength, kg/inch

treated yarn

59. (0]

Unicn_fabric with
Untreated yarn

61. 1




The results indicated that the Quality Ratios are higher than those
obtained for uatreated jute yarns. Wwhile these r;sults are definitely
encouraging, extensive further work will required to determine to what
degree it will pessible to impruve the structural characteristics of jute

yarns by chemical modification of crude fider.

C. Conclusions and Recommendations

In the past, the following chemical treatments have been applied for
the chemical modification of jute fibers:

= Mercerization with NeOH or liquid ammonia
= Bleaching with hypochlorites, chlorites and peroxides

- Cross-linking with epoxy - and halogenated compounds, urea-
formaldehyde etc.

In general, these modifications have been applied in commection with
fabric finishing.

Our work has demonstrated the feasibility of a novel type of modifica-
tion baged on the use of inexpensive sodium sulfite. The main advantage
of this treatment is a drastic reduction in fiber stiffness, in addition
to improvements in brightness and bleachability. We have alse demonstrated
that the treatment may be applied to yarns and crude jute fiber, in order
to achieve improved structural characteristics for jute textiles as well as
textile blends with cotton and synthetic fiber. It is possible, although
not proven as yet, that chemical modification will ultimately lead to new:
processing technology in the jute field, with the imprevement of existing
jute fabrics and the generation of novel textile products. It seess there~
fore appropriate to suggest that chemical modif{cation ought to occupy a
significent part in -the future research prograss of BJRI.
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1v. COMMENTS AND RECOMMENDATIONS ON ONGOING RESEARCH PROGRAMS
AT TECHNOLOGICAL RESEARCH WING, BJRI

At the request of Dr. Bhuyan, Director of the Technological Wing, the
consultant became aquainted with a number of ongoing research programs
at the Izsticute. In the following, comments and recommendations are
presented on these programs. Individual projects are identified by

the Objective- and Project numbers, as they appear in the "Technological
Research Progamme of BJRI (TRW) for the year 1984". For example, the
notation 7 - 19 refers to Objective No. 7, Project No. 19.

A. Photochemical Discoloration and Loss of Strength

The importance of these characteristics of jute and jute products is
recognized at the Institute. Significant progress in this area was
made by Dr. A.B.M. Abdullah, 5.5.0., in connection with his Ph.D.
work in the United Kingdom. Dr. Abdullah was able to demonstrate
that.

i. Sodium borohydride reduction of jute fibres significantly
reduces yellowing tendency by the elimination of carbonyl

functions.

1i. In dyed jute fibrés, complexed nickel ion reduces yellowing

by quenching excited singlet states of aromatic groups,

Both of thesa observations are of substantial practical interest and

deserve to be pursued vigorously.

At BJRI, progress in photochemical yellowing research has been slow.

There are several r:asons for this circumstance:

a. A quantitative measure for photochemical yellowing (''yellowing
index") needs to be developed on the basis of the visible re-
flectance spectra of photoexposed samples. Changes in brightness
are often worthless in this respect, since yellowing and photo-

chemical bleaching may occur concurrently.
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b. The capacity of available xenotest instruments is not sufficient
for photochemical yellowing studies. Appropriate mercury lamps

with filters need to be aquired for accelerated yellowing studies.

c. Under the present system, all photochemical yellowing studies
have been assigned to the Physics Department. The record of
Annual Reports demonstrates that the Physics Department has
been generally unable to perform even such simple measurements
as whiteness determinations (of bleached and mercerized samples)
within a period of six months. It would seem appropriate to
propose that investigators needing optical data should have
access to the appropriate instruments in order to carry out

the measurements on their own samples.

The project 7 - 19 of the 1984 Programme carries the title "Study and
Prevention of Photochemical Changes in Jute". This Consultant obtained
the impression that the project was moving ahead very slowly for reasons
mentioned above. It is of importance that the project be reinvigorated.
We need to know, as precisely as possible, how different chemical treat-
ments in bleaching, in mercerization and in sulfonation affect the

photochemical stability of jute fibre.

B. Improved Utilization of Jute Cuttings

Jute cuttings which may sometimes amount to up to 25 per cent of total
fiber harvest consist of low quality fiber with inferior market value.
Currently there is a balanced market demand for products from cuttings
(carpet backing, sacking etc.), but this situation may not continue.
An excess production of non-marketable jute cuttings is a foreseeable
possibility. Consequently, there is pressing need in the jute in-
dustry to improve the quality of cuttings as fibre raw material. At
BJRI, improvements in cutting technology are being sought in the form

of two research projects (2-3 and 2-4).

During the visit, the Consultant evaluated and made recommendations

concerning the following three areas of cuttings research:
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a. Improvements in the current practice of softening and piling
of jute cuttings.

b. Chemical depectination as an alternative to current practice.

c. Increasing and improving the use of jute cuttings as a raw

material for the pulp and paper industry.

The recommendations made in each of these areas are summarized in the

section that follows:

a. Improvements in Current Practice (2-4)

Mr. Ataur Rahman, S$.5.0., is currently working on this problem as a
part of his Ph.D. dissertation research, under the supervision of
Professor Jabbar Mian, Chemistry Department, Dhaka University. In
the past, Mr. Rahman has carried out studies on the maturation of
jute cuttings during piling under industrial conditions. Generally,
the maturation time in pile, after the o0il emulsion has been dis-
tributed to cuttings, varies from eight to twelve days. During the
first four days, the temperature rises from ambient (30 - 35°C)

to its maximum.

It is generally agreed that the purpose of piling is to achieve:

a. Uniform distribution of moisture in the material.

b. Complete enzymatic hydrolysis of pectin remaining in cuttings

because its removal remains incomplete in retting.

These objectives are only partially realized in the conventiomal piling
precedure. As shown by Ataur Ralman, the material on top of the pile
can be nearly dry, whereas the moisture content at the bottom can

be c<xcessive ( 50 per cent). The peak temperature also varies across
the pile, being often 70 - 80°C in the middle and about 45°C on the
sides. It is obvious that material under these conditions can not

become uniformly softened. Also, temperatures above 65°C are likely




to terminate the action of pectinase - a fact apparently overlooked

in earlier studies.

To correct these shortcowmings, it is proposed that the moisture- and
temperature gradients be eliminated by continuous, forced recycling
of pile atmosphere. A laboratory apparatus for this purpose is

shown in Figure 3. The prevailing temperature can be rapidly raised
to an optimum, either by external steam heating or, by controlled in-
take of fresh air to boost aerobic activity. The maximum temperature
should probably not exceed 65°C to allow thermophilic bacteria with
pectinase activity to remain active. It is balieved that laboratory
data obtained with the apparatus described could be used to design

analogous industrial piling chambers.

b. Chemical Depectinization

The researchers at BJRI have demonstrated that satisfactory softening
of jute cuttings can be achieved by treatments with pectin solvents,
such as hot dilute ammonium oxalate solutions. The advantage of
chemical softening in comparison with the conventional piling consists
of potentially more rapid and more uniform depectinization. On the
other hand, the drawbacks of chemical softening include the cost of
the chemiczl required and the necessity of washing and drying the

cuttings before the addition of oil emulsion.

c. Potential Qutlet for Jute Cuttings in the Pulp and Paper
Industry

In order to determine the current use and future potential of jute
cuttings in the pulp and paper Z.dusty, Dr. A. Rahman atrangéd a
special visit to Karmafully Paper Mills and to Sylhet Pulp Processing.
A Report of these visits is included as Annex I. The conclusions of

these visits can be summarized as follows:




Figure 3.
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Proposed laboratory apparatus designed to eliminate
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cuttings and maintain an optimum temperature ( 65 °C

for pectinase activity.




1. Pulp superior to bamboo- and tropical hardwood pulps can be

obtained from jute cuttings as well as from caddies and gunny

sack wvaste.

ii. Fluctuating market price of cuttings and difficulties in their
mechanical handling have so far limited their use as pulping

raw material.

iii. Currently the soda process, combined with CEH bleaching, is
utiliz=d for pulping cuttings. An alternative pulping method,
resulting in higher pulp yields and better brightness, would
definitely increase the atiractivemess of cuttings as pulping

raw material.

Concerning the last-mentioned point, the Consultant formulated an
exploratory research project to be carried out jointly with the
Pulp and Paper BResearch Division, BCSIR (See Annex II). The plan
was approved by Dr. M.A. Islam, "7.S.0., and the project performed
under the supervision of Mr. M.A. Khan, R.0. The study was carried
out according to the conditions specified in the plan, with the
following results:

Yield of unbleached pulp 65%
Brightness 56%
Kappa number 12,7

Unfortunately, the latter part of the plan, concerning the strength
properties nf the pulp and its combinations with groundwood, had to be

delayed, because of inadequate beating equipment.

Although the study could not be completed, the results obtained so

far are highly encouraging. The yield of unbieached pulp is 9 per cent
higher than obtained in the soda process (56%). The brightness value

is close to that required of newsprint reinforcement pulps. Consequently,
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a single stage peroxide bleaching would probably be adequate. The
low kappa number (12.7) suggests that the pulping time used in the
experiment was excessive and could be substantially shortemed. If
the strength properties of the peroxide bleached are found to be of
the same order of magnitude as those of imported long-fibered
re{nforcemeut pulps, semialkaline anthraquinone pulping of jute
cuttings appears to be an attractive alternative to soda pulping

and deserves continued studies.

C. Bleaching of Jute

Jute is a composite fibre strand in which middle lamella lignin acts
as an adhesive between intrinsic fibres and cannot be removed with-
out drastic reduction in strength properties. Therefore, deligni-
fying bleaching agents, such as sodium chlorite, have no place in
jute technology. Consequently, attention should be focussed on
non-delignifying agents such as:
- Hydrogen peroxide.
- Hypochlorites (under mild conditions only), such as
bleaching powder and sodium hypochlorite.
- rReductive bleaching agents, such as hydrosulfites and,
possibly, borohydrides or analogous carbonyl-reducing

agents.

It should be also noted that it makes no sense to bleach jute to high
brightness values (> 70 per cent), because the unavoidable photo-

discoloration is conspicuous at these brightness levels.

Earlier bleaching studies at BJRI have admittedly been rather unfocussed.
Like in other projects, no attention has been paid on critically
important cost estimates. Practically no data are available on
photodiscoloration sensitivity of bleached fabrics. It seems, how-

ever, that in the planning for future work these aspects have been

adequately observed H (6-14).



- 28 -

D. Mercerization

It is well known that mercerization improves the softness, lustre,
dry-and wet strengths of cottonm, while these effects are absent in
the mercerization of jute - the strength properties are actually
significantly degenerated. Also, a part of jute dissolves in the
neécetizing liquor. It 1is true that certain physical properties
(elongation, woollenization effect) are improved, but overall, this
Consultant feels sceptical about the merits of mercerizatiom in

the chemical modification of jute fabrics. Currently available
data on this question appear to be insufficient, but will hopefully
be complemented in connection with Project (5-13).

In the past, alternative bases for mercerization have been contem-
plated. Of these, relatively expensive chemicals, such as KOH,
make no sense for obvious reasons. Liquid ammonia is of interest
in preserving the strength characteristics of jute fibres. Its

potential merits, perhaps, more thorough evaluation.

E. Cross Linking Studies

Imparting better resiliency to jute fabrics is obviously one of
the most important research goals at the Institute. Laboratory
experimentation with UF- and MF-~ precondensates has shown promising
results (8-27) The project ought to move to a vigorous applied
research stage. As far as epichlorohydrin concermed the following

potential improvements are recommended:

- Current glass apparatus is inadequate for performing the cross-
linking process and should be replaced by a much simpler autoclave
set~up.

- Low alkali additions and increased reaction temperatures under

pressure merit exploration.

F. Utilization of Jute Caddies and Wastes (8-33, 3-35)

Jute caddies and wastes have a natural and demonstrated rav material
potential for the pulp and paper industry. Semialkaline sulfite-anthra-
quinone process would probably be the most attractive pulping method
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for these materials. It is proposed that Project 33 a would put the
main emphasis on this alternative, possibly in cooperation with BCSIR.

The other contemplated alternative uses for jute wastes are, perhaps,
less attractive. There could be market potential for non-woven products,
but it may be expected to be a limited one (33b). Microbiological
conversions of biomass materials are much in fashion today, but the -
regults to-date have been disappointing.

G. Jute Reinforced Plastics

These products are curently manufactured in Bangladesh. It is unclear
wvhat gpecific advantages jute fiber has in comparison with glass fiber.
Perhaps the Institute should not be involved in the rather specialized
studies in this area, since the volume potential for jute in reinforced

plastics is relatively minor.

H. Equipment Maintenance

The Institute has well-equipped machine shop and capable maintenance
personnel which promptly respoads to needs for repair. The problem

was that many jobs were not completed. During the Consultants visit,

the follwoing equipment was partially repaired but remained inoperatiomal
at the time of departure:

- One Xenotest instrument.

Small high-temperature dyeing apparatus.

Two sterilization autoclaves.

One high~pressure Hydrogenation autoclave.

VI. RECOMMENDATIONS

A. Equipment

The Institute needs the following laboratory equipment for general

use:
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1. Rotatory autoclave - order submitted to UNIDO, but not

processed for unknown reason.

2. Freeze-drying apparatus. Essential for biological and
lignin studies.

3. Capillary gas chromatograph, such as Hewlett-Packard 589DA
(appr. Cost $7000) with integrator (HP-3392A), for sugar
analysis and lignin characterization studies.

B. Acquisition of Informatiom

Arrangements should be made for the library to process orders for
copies of published papers and patents by Telex.

C. Reports

The quality of Semiannual and Annual Reports needs improvement.
A more detailed List of Contents would be helpfui to the reader.
Most of the investigators need to improve their abilities to express
themselves in English and to compose meaningful tables and diagrams.

D. Meetings and Seminars

It appears that investigators at the Institute rarely get together to
discuss their research, generate new ideas and improve mutual cooperation,
even if they work in related areas. It has been the experience else-
vhere that this type of activity can be very beneficial, if conducted

in an informal atmosphere. Periodic research review meetings in

selected areas should be definitely encouraged.

Along the same line, the seminar program at the Institute could

receive more emphasis. As it stands now, most seminars are given by
visiting foreign experts. There is no reason why a weekly seminar
program could not be initiated, with speakers from the Institute itsgelf -
those who have completed a significant research program, for example.

In addition, selected seminar speakers could be invited from Jute
Industry, Dhaka University or Bangladesh Council for Industrial and
Scientific Research.
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As far as the international visibility of the Institute and relations
with foreign institutions are concerned, these could receive increased
emphasis, if the Institute were to send representatives to international
textile meetings to present papers. As it stands, the Institute does
not have much contact even with its counterpart in Calcutta.

E. Pilot Plant Facilities

The facilities at the Institute are excellent and the machinery is moderm.
As a consequence, it has been possible to demonstrate the manufacturing
potential of new products, based on novel metholds of weaving, finishing

and dyeing.

It seems likely, however, that the development of new chemical modificatioan
treatments for jute fibre will require the application of higher

pressures and teaperatures than can be reached with the currently

available equipment, such as the High-Temperature Dyeing Apparatus.
Examples of these types of treatments include sulfonation, discussed
earlier in this report, and novel cross~linking procedures. Consideration
should, therefore, be given to the acquisition of appropriate autoclaving
equipment for use in the pilot plant facility.

F. Relationship Between the Institute and the Jute Industry

In general, the Institute maintains effective communication with the
Jute Industry by frequent mill visits. On the other hand, it appears
that industrial representatives do not visit the Institute often and
are not well acquainted with its research program. Since the principal
purpose of the Institute is to develop new improved technology for
Jute mills, more intensive interaction with the jute induscry is
desirable, particularly in the formulation of its research program.
This type of communication could be initiated by inviting selected
industrial representatives to annual program preview meetings and by
publishing a newsletter describing selected research projects underway
at the Institute. These approaches have proven successful in many

European and North American research laboratories. The research review
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committees could also include representatives of the pulp and paper
industry, to provide advice specifically in chemical modification
of jute fibres.

G. Future Directions of the Izstitute

The overall-all impression of the Technological Research Wing is quite
favorable, reflecting in a very positive manner a successfully
implemented UNIDO assistance program. Both the laboratories and the
pilot plant are well-equipped and the training program has been largely
successful. Many of the research programs are slowly producing

results of obvious industrial application potential. The question which
often remained unclear was how and when these results were going to be
implemented on an industrial scale. Promising laboratory studies should
obviously be followed by a realistic cost analysis and well-designed
pilot plant studies. It uppeared that in many cases, insufficient
attention was paid to this crucially important phase.

It is precisely this aspect of the Institute activity - filling the gap
between results obtained on the laboratory scale and the industrial
application of these results ~ which not only requires increased attention
at the Institute, bat could also benefit from continued UNIDO assistance
activity. Ia this sense, instituting a Phase II Prozram, with the main
focus upon reinforcing the application aspect in research and development

activity, would appear meaningful.
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ANNEX I -33- Dhaka, August 10, 1984

REPORT
on
Visits to Karnafully Paper Mills Ltd., C.J.M.C and
Sylhet Pulp Processing

by
Dr. K.V. Sarkanen, UNIDO Expert at
BJRI.

A. Purpose of Travel: To determine the potential of jute cuttings and whole
mesta (Kenaf) as rav materials for pulp production. In addition, the
curreat technology of soda and lraft pulping of jute was demonstrated to
us in full scale., Je also discussed potentisi cooperation in order to
determine the applicability of Meutral Sulfite-Anthraquinone method to
‘pulping of jute cuttiags.

B. Travd Schedule, See Amnex I

C. Travel Team inciuded the following representatives of BJRI: Dr. A. Rahman,
Chief, Chemistry & Biochemistry Division, Mr. Mohammad Ali, S.5.0., Mr,.
Ataur Rahman, S.S.0., and Mr. Momen Miah, S.0. In Chittagong, duscussions
vwere also held with Dr. Jabbar Mian, Processor of Chemistry, Dhaka Univer-
sity, wilo was at that time visiting the University of Chittagong.

D. Karmafully Paper Mills, Ltd. Dr. Shafiqur Rahman, the General Manager,
is persorally iunterested in jute pulping having conducted research in this
area. He emphasized that converting jute cuttings to pulp presants no proble=s
- on the con:crary, both the yield (55%) and quality of the pulps are
excellent. This was demonstrated by reports on research conducted at
Karnafully Paper Mills of which we receivei copies.

Dr. S. Rahman pointed out that the real problems in pulping jute
cuttings lie in the mechanical handling of the material. It cannot be
cut to proper size in conventional chippers and tends to entangle itself
to large aggregatcc in the digestor. The aevelopment of new types of
machines for the mechanical handling is probably needed. Othervisge,
Dr. S. Rahman saw continuously increasing use for jute cuttings at Karna-
~ully and Sylhet Paper Mills. Should the BJRI initiate a research programse
in this area, he offered the following forms of assistance and cooperation:

a. Personal advising to BJRI in formulating the research program.
b. Conduction of pulping and pulp evaluation experiments at the Mill
laboratory

¢. Provision of literature material unavailable at BJRI.

The team had the opportunity of touring the excellent library and
laboratory facilities of the mill., A partial tour of the kraft mill wvas
conducted. The production capacity is currently 25000 annual tons, mainly
fros bamboo, but also from mixed tropical hardwood chips. This capacity will
soon be increased. The paper mill has the amazing capabiluty of producing
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twenty different kinds of peper - and board products. A visit was also
made to a Dev and ultrasodern chipping installation at Kaptai's - a
thought-prowoling experience in view of the mechanical handling probdleas

of jute cuttings. A partial tour of the rayon - and chemical plants was
also conducted, During the visit, board and lodging was cordially provided
to the teas by the Xarnafully Paper Mills Guest House,

E. Chittagong Forest Research Institute.

The Director of the Institute, Dr. M. Omar Ali assured us that cocpe-
ration with BJRI would be entirely feasible. The pulping departaent has
the necessary equipment for experisentation. Diring the brief visit, we
also sav the wood izpregnation departent, headed by Dr. Latif, a former
Fh.,D. student of this Expert.

F. 3Sylhet Fulp and Paper Mills Ltd.

This mill was established in the seventies and the current annual
production capacity is 15CO0 tons using tamboo, reeds arnd jute cuttings
and - vaste (used gunny sacks, caddies etc.). Plans to double the
production by enlarged raw material base are being drawn, and besides
Jute cuttings, consideration is being given v whole mesta, grown on
ccapany land (3000C to 40000 acras,

The a@ill is unique in having two separate production lines - one
for bamboo and reeds and another, for jute, The later was, of course,
of specific interest to us. Conversion of jute cuttimg bales to pulpable
material was shown to us. It is a labor-intensive operation requiring
the use of a bale crusher and and a manually fed minichipper. The soda
culping of jute is performed in a rotary digestor. After pulping, jute
fibres tend to form cntangled aggregates and consequently, the pulps
and spent liquor must be treated in a hollander-type beater before the
pulp can be pumped to washing. After CEHH-bleaching, jute pulp has
subastantially better strength propertiss than bamboo pulp.

In summary, experience at the Sylhet Mill has demonstrated that

a. Jute materials, whether in the form of whole jute, cuttings,
sunny sack waste or caddies can be converted to good quality
pulps on an industrial scele.

b. Jute pulps have clearly superior properties in comparison with
pulps produced from other domestic raw materials, cuch as bazboo,
mixed hardwoocs or reedc.

we had a thyrough and productive discussion in the office of the Gereral
Manager, Mr. A.2. JDin Mohammud, Sriefly, the conclusions reached were the
following:
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need for inported long-fibered pulp in newsprint manufacture could be substantiall:
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For a pulp mill, purchasing bales of jute cuttings for pulpimg has the
disadvantage that no adequate machimery is available for the disintegratioa
of bales into pulpable form. Therefore, a better alternative would be the
foliowing:

Cuttings should Lot be separated as fiber. Instead, farsmers should
be encouraged to separate the ) «er parts of whole jute plants upor harves-
ting ( 1 to 1.5 ft.). These parts would not be retted at all, but trans-
ported directly to the pulp mill. I3 contrast to cutting bales, this mate-
rial is readily chipped in conventiomal bamboo clippers. In addition, the
pulp from the stick part will sugment the pulp yield available from cutting
fibers alone. Mr. Din Mohamrad felt that this idea was a practical ome and
indicated that his mill would test it in practice.

An alternative to sodapulping of jute materials, the Neutral Sulfite Anthra-
quinone pulping vas discussed in light of this Experts experimentation at

the University of washington in Seattle. The NS-AQ process has the following

advantages in comparison with soda pulping:

- Higher pulp yield, appr. 70 per cent in comparison with 55 per cent yield
in soda pulping.
- Higher brighiness ( 55.65), requiring no (or only superficial) bleaching,

if this pulp is used as reinforcewent pulp for newsprint.

= Original fiber strands may not become completely desintegrated in beating,

On this account, the NS-AQ pulp may be superior to bleached soda pulp for

newsprint reinforcement.

It was agreed that if NS-AQ pulping would fulfil these expectations, the

reduced. At BJRI, discussions have been held with Dr. Aminul Islam of the BCSIR

about joint work on the application of the NS-iQ method to pulping of jute cuttirg
Mr. K.M.R. Islam Abu Wahed, Additional Chief Operations Manager at Sylhet indicate.

interest in conducting NS-AQ pulping experiments on jute in his mill laboratory.

}o

The feasibility of growing whole jute or, preferably, mesta (kenaf) as r.

material for pulping was also discussed. Extensive work has been sarri-
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out in this area by the Northern Regional Research Laboratory, Peoria,
Illinois, USA. The regsults of these studies have been pudlished and
demonstrate that sesta pulps are far superior to hardwood pulps. A pulp
aill based ot mesta-rav material is in operation in Thailand. Sylhet
Pulp Processing is considering initiating mesta growing for pulping

in Bangladesh. During its visit, the tean enjoyed the hospitality of the
Sylhet Pulp Processing Guest House.

CONCLUSIONS ON THE EXPERIUNCE GAINED DURING THE TRIP

Op to the present, not much attention has been given at the BJRI to the
pulp and paper industry as a growing outlet for jute cuttings and waste. This

situation clearly deserves re-evaluation, on the followimg grounds:

a. Jute cuttings, - waste and mesta appears to be the best domestically
available raw materials for the production of high-quality pulps aad

the industry is eager to expand their use,

b. Currently there is balanced market demand for products from cuttings
(carpet backing, gunny sack etc.) and from top part of jute. However,
the demand for products from cuttings is comtinuously decreasing. As
a consequence, in the foresesable future, there will be excess produc-
tion of non-marketable jute cuttings, unless additional outlets for

this material are systematically developed,

It seems, therefore, that the BJRI ought to study and promote increased
utilization of appropriate jute materials by the pulp and paper industry. This
does not mean that the Institute should aquire apparatus for conducting pulping
studies. Rather, it ought cooperate with the Bangladesh Coumcil for Industrial
and Scientific Research, already in possession of such equipment. The Institute's

role in this cooperation could take several forms, for exagple:

a. Provisiom of appropriate jute materials for pulping experiments om the
laboratory and pilot plant scale,

b, Development of harvestimg methods in which the lower parts of jute

plants would be directly separated for use by the pulp-and paper
industry,

€. DJevelopment of productive and rapidly growing varieties of mesta to

augment the raw material base of the rapidly growing pulp and paper
industry.
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Coaversely, the BJRI stands much to gain froas this tyﬁc of cooperatioa
in its efforts to develop new chemical modification methods for jute fiber
and to improve curremt bleaching - and finishing practices. Imn these endeavors,
conatructive criticisa by experts from the pulp and paper industry can be
valuable. Furthermore, as experieance has already shown, in chemical fiber
modification work, the Institute could (and should) utilize with great advantage
the laboratory - and pilot plant equipment available at the BCSIR and at

various pulp and paper mills,




Date

3 Aug, *84

b aug, '84

S5 Aug,'34

6 Aug, '84

7 Aug'8h

8 sug, 84

Tour Frograme to visit Chittagong and Sylhet

Time

7:3 AM

10.00
A.H.

Departure Arrival

Dhaka
Hill Tracts

Halt at Chandraghona,
Chittagong Hill Tracts
to visit Karmafully
Paper Mills, Rayon
Complex, New bamboo
chipper at Kaptai,
Forest Research Labo-
ratorbtes & C,J.M. at
Kalurghat, Chittagong

Chandraghona Chhatak, (7 Aug'84)

Sylhet

Halt at Chhatak,
Sylhet to visit
Pulping Unitas.

Chhatak, Sylhet  Dhaka

Chandraghona, Chittagong

Iize

9:00 P.H.

2:15 A.M.
(ffter midnight

7:30 P.M.
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FEASIBILITY OF PRODBUCING LONG-FIBERFD FULP
FRCM JUTL CUTTINGS FOR NEWSPRINT REINFCRCEMENT
8Y THi RE-\y PULPING HETHOD.

Draft for a Cooperative Research Project between the Technology wWing, BJRI
and the kulp and Paper Departuent, BCSIR.

Purpose of the Study:

Curr. ntly, the neuwsprint mills in Bangladesh import relatively large quantities
of long=-fibered softwood pulp from North America and/or Nothern Europe, needed
as reinforcement pulp in newsprint manufacture. Conseauently, there has been
a caonsiderable interest, both in the pulp and paper industry as well as at the
BCiIR. to reduce these imports by sulping long-fibered domestic raw materials
such as jute cuttinpgs. !‘ipecifically at BCSIR, a researcgh program has been

in progress for some time to produce long-fibered pulps from jute cuttings,
whole jute or mesta by soda-iQ and kraft pulpings. “hese studies show consi-

derable promise.

It was propoced by the UNIDO ilxpert at BJRI Dr. K.V. Surkanen, ttat
comparative studies should be conducted on jute cuttings using the novel
neutral sulfite (or "semiallkaline sulfite") - anthraquinone cethod. This
method is used in Finland %o prodice newspring reinforcement pulps from soft-
woods. The pulps are cbtained in hich yields (7 pefcent higher than kraft)
and possess satisfactopy brightness-and strength properties. Preliminary
experiments at the University of Washinrton have indicated prozise in applying
this method to jute.

This proposal met with the approval of Dr. Amirul Islam, €SO ,
the Pulp uad Paper Department of BCSIR and Dr. A. Rahman, Chief, Chemistry
and Biocheeistry Division, BIRI., The framework of the cooperative project is
outlined briefly in the following:

A. Pulping

e ]

2RI will supply a representative sample of jute cuttings (3.00 kg CD).
The cuttings will be cut to "chips" of appr. 20 mm lensth at BCSIR.
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a. Chemical charge, as per cent of OD jute:

20 per cent Na, SO3 (as anhydruus Na,

503)
8 v s NnZCO3 (as Na, COB)

«05 ,4 +» anthraaquinore
b~ Pulping conditionc:
. o
- Temmerature use : 70 ~inutes %to 175 "C,

« Pulping time t S hrs, ot 175°C

After pressure relief, excess liquor will be drained apd the pulp
washed and screened. Finally the pulp will be centrifuged, the cen-
trifuged pulp weighed. From the moisure content, the yield will be

ecticctec,

8, Pul: Yvaluation

The pulp will be beaten to a convenient CSF by multkple passes through
a Jordan mill. The conditions should be ad:iusted to promote hydration over
cutting. About 20 hardsheets will be prepared from the nulp, fer the following

determinations:

- HKappa number

- Brightness

- Tensile, burst and tear str ngth

- Microscopy examinaticn, to determine residual strand fragments.

The rest of the pulp will be collected to thick pulp sheets which will be

air-dried and used to .prefare appropriate mixtures vith groundwood.

C. iewsprint Reinforcement Utudies

Fifty-cram batches of mixtures of NS-iQ=- and froundwood pulps will be pre-
pared and converted to handiheeti., The relative weignt percentages of the power
former pulp should be the following: O, S, 10, 15, 20, 25,3, 50 per cent, res-
pectively. The strungth properties, brightness - and opacity values will be
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determined. In this manner compariscn of NS-AQ pulp in newsprint reinforce-
ment with longefibered imported pulp, ¢~ one hand, and with alkaline
jute cutting pulps. on the other, ccn be determined.







