G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

RESTRICTED L pP/ID/SER.A/722
5 August 1986
ENGLISH

JUTE PRODUCTS RESEARCH
DP/BGD/75/013
BANGLADESH

Technical report: Chemistrv of Lignin, with Special Reference
to the Jute Fibre and the Photochemical
Yellowing upon Exposure to Sunlight*

Prepared for the Government of Bangladesh
by the United Nations Industrial Development Organizationm,

acting as executing agency for the United Nations Development Programme

Based on the work gﬁ;;.v. Sarkanen

Consultant in Organic ChemISTYy

United Nations Industrial Development Organization

Vienna

*
This document has been reproduced without formal editing.

V.86-58400




-2 -

CONTENTS
Page
Mission Summary 3
Introduction 4
A. Activities in Bangladesh 5

B. Photostabilization Studies at the
University of Washington ‘ 7




MISSION SUMMARY
The following Summery covers both the activities of the Consultant in Dheke during the period
October 18 to December 17, 1985 and the results from resesrch at the University of
Washington on photochemical yellowing of jute, carried out between October, 1984 and April,
1986.

1. Work on stabilization of jute ageinst pholochemical discoloration by Dr. Abdulleh at BURI has
resulted in the development of 8 nickel complex stabilizer for spplication o dyed jute fabrics. It
is recommendad thet detafled applicstion studies be continued on pilot plont scale lo demonstrate
the suitability of this highly promising method for mill scale application. Additionally, sulfur
containing antiaxidents are being tested as photostabilizing agents with promising results. It is
proposed that additiona! laboratory equipment be aquired to facilitate progress in this research
activity.

Work st the University of Washington (Annex I) has likewise been directed towards

sulfur -containing entioxidents with main emphasis on polymer ic stebilizers exemplified by
polymethylene su.'fide (PMS). It has been demonstrated thet PMS additives combine moderste
bleaching action with color stabilization, eliminate largely strength losses coused by
phototender ing and probably also act es fungicids! agents. Application of these stabilizers to both
bleached and unbleeched jute products deserves consieration and consequently, expanded
reseorch activity is recommended in this problem area

2. A new reseerch program was initiated jointly with Dr. Aminul Isiam and Professor M.
Mosihuzzamen (Chem. Dept., Dhaka University) to determine the chemical cheracteristics of
lignins present in jule fibers and -sticks.

3. Research on the effects of sulfonstion on the properties of jute fibers, initisted during the
previous visit, continues as a part of Mr. Mohsmmad Ali’s PhD thesis work.

4. The Consulten' had frequent discussions with DR. Mohiuddin concerning reseerch on the
microoiological softening of jute cuttings. A novel design for the piling chamber for jute
cuttings, proposed in the previcus report, was being constructed under the direction of Mr.
Ataur Rshman, $.5.0.

5. The Consultant ected &s an Outside Examiner for the PhD thesis of Mr. Nurul Amin (Chem.
Dept., Dhaka University, Thesis Advisor: Professor Jabhar Mian), covering the effect of
urea-formeldehyde- and melamine rresins on the properties of jute fabrics.

6. At the end of the visit, the Consultant composed 8 draft for tneproposedleell Program et
BUR! (Tech.) for submission to UNIDO.




I. INTRODUCTION

The purpose of the mission was to continue work started during two earlier
visits to BJRI (Tech.), described in the First Technical Report (DP/ID/SER. A/511,
dated 2 May, 1984) and in the Technical Report DP/ID/SER. A/548), dated
5 November 1934.

The Consultant arrived to Bangladesh on October 18, 1985. The originally
planned 6-week visit was extended by two weeks with approval by UNIDO in order
to enable the Consultant to prepare a draft plan for the proposed Phase II pro-
gram. A copy of this draft is appended as Annex II.

The report consists of two parts

A. The Consultant's activities in Bangladesh during the period October 13
to December 17.

B. Short sumary of research results on the photostabilization of jute and
chemimechanical pulps at the University of Washington between October, 1984
and July, 1986.



A. ACTIVITIES IN BANGLADESH

1. Photostabilization of Bleached Jute. ' Research and development work
in this area is the responsibility of Dr. A.B.M. Abdullah and his group.
The two main directions of current research are the following:

a. Photostabilization of dyed jute products by the application of
nickel complexes.

b. Stabilization of bleached, white jute fabrics by antioxidants.

The first method, based on the discovery of Dr. Abdullah in connection
with his Ph.D. research conducted in the UK, has been tested on pilot plant
scale by treating one hundred yards of bleached jute cloth with the nickel
complex. The industrial feasibility of the method had been further demo.i-
strated by converting samples of dyed cloth to various finished products
such as wall coverings and table cloths. The quality of these products
appears very promising.

It appears that a similar approach towards the commercial utilization of
the nickel complex method is called for as was recently performed in
connectiun with the jute blankets developed at BJRI. However, this activity
has not yet been initiated.

The stabilization of wnite jute fabrics is now being explored usirng
commercially available antioxidants currently in use in synthetic polymer
and wool industry. Several sulfur-containing anti-oxidants have been found
promising, in general accordance with similar studies carried out at the
University of Washington. The results of these studies were presented by
Dr. Abdullah at the International Jute Conference at BJRI in October, 1985.

The second program area appears promising for future industrial applica-
tion and deserves to be encouraged. As it is, the testing methods being used
are not sufficiently reliable due to the lack of adequate equipment, such as
irradiation and whiteners measurement instruments.

2. Jute Lignin Research. Together with Dr. Aminul Islam (BJRI) and
Professor M. Mosihuzzaman (Chem. Dept., Dhaka University), a joint research
program was set up to characterize the lignin components in jute fibers and
sticks. Milled wood lignin and soda lignin preparations were successfully
isolated and characterized by various analytical and spectral methods. The
remaining analytical and !3C-nmr determinations are now in progress in
Professor Theander's laboratory in Sweden. The results will be published
during the coming fall.

3. Sulfonation of Jute Yarns. Jointly with Dr. A. Rahman (Chief,
Chemistry and Biochemistry Division) and Mr. Mohammad Ali, S.5.0., a series
of experiments was conducted on the sulfonation of jute fibers. It was
demonstrated that sulfonation is superior to alternative methods of partial
delignification in producing a light-colored, soft and bleachable fiber.
Work on jute sulfonation continues in the form of Mr. Mohammad Ali's Ph.D.
study under the direction of Professor Ali Naob (Chem.;Dept., Dhaka University).
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4. Pile Softening of Cuttings. The Consultant had frequent discussions
with Dr. G. Mohiuddin and was well impressed by his investigations, specifically
on the pectinase activities of thermophilic microorganisms. The proposal
made in the previous report of constructing a softening chamber with forced
circulation of the pile atmosphere in order %o maintain uniform temperature
and maintain content throughout the pile, was followed up by Mr. Ataur Rahman,
S.5.0. The construction of a chamber unit for this purpose was nearing
completion at the time of the Consultant's departure.

5. Improvement of the Resiliency of Jute Fibers by Cross-linking. The
Consultant acted as Outside Examiner for the Ph.D. thesis of Mr. Nurul Amin
at the Chemistry Department of Dhaka University. The thesis advisor for
this study was Professor Jabbar Mian. This valuable and well-performed
study covers the effects of urea-formaldehyde- and melamine resins on the
properties of jute fabrics. The results are promising enough to encourage
application to such products as jute carpets. The success of the project
encourages further cooperative activities between BJRI and Dhaka University.

6. Composition of the Draft for the Phase Il Program at BJRI (Tech.) In
composing the program draft, the Consultant started from the idea that the
Phase II Program will be task- rather than training-oriented. In cooperation
with the Chiefs of the individual departments, Mssrs. Rahman, Lodi, Salam and Alar,
the goals and functions of the departments were defined and the approximate
costs of implementation were estimated. A copy of the draft document is
appended as Annex II to this report. Based on the drafted plan, the cost
of implementatior of the Phase II Program will be approximately two million
U.S. dollars.




B. PHOTOSTABILIZATION STUDIES AT THE UNIVESITY OF WASHINGTON, October, 1934 -
July, 1986. :

A Ph.D. thesis work on the sulfonation, bleaching and stabilization of
Jute fibers against photoinitiated discoloration was started in the be-
ginning of 1984, and completed in April, 1986, by Mr. Hosscin Resalati.
Reference to the early part of this work was made in the previous report.
The later part of the thesis, focussed orn phutodiscoloration and its in-
hibition, is the subject of this report. A copy of the full thesis was
mailed to Mr. Eranova, UNIDO, in April. Or. Resalati's thesis summary is
appended to this report as Annex I. The general conclusions based on this
research project are the following:

1. On account of high brightness values that can be achieved by the use
of hydrogen peroxide at relatively low applicaticn levels (1-3%), this
bleaching method is clearly superior to other methods, including hypochlorite.
Peroxide bleaching does, however, accelerate both photodiscoloration and photo-
tendering, emphasizing the need for developing effective methods for the
inhibition of these phenomena.

2. A broad study conducted on various methods to retard photodiscolora-
tion in jute and in high-yield paper pulps suggested that many of the approaches
taken earlier, such as the use of ultraviolet absorbers or blocking the
phenolic groups in the lignin component, did not warrant further exploration.
Even bo:ohydride reduction of jute was found to be inefficient in retarding
photodiscoloration, in contradiction with studies performed elsewhere. The
most promising approach was found to be in the use of sulfur-containing
antioxidants - a conclusion similar to that reached in studies carried out
at BJRI.

3. Of low-molecular weight antioxidants, 1-thioglycerol and glycoldi-
mercaptoacetate were found to be the most effective. The photostabilization
effect of the former antioxidant is illustrated in Figure 1. It can be
seen that lecs than £ percent addition to the jute fiber is sufficient to
eliminate most of the photoinduced discoloration.

Low molecular weight antioxidants are, however, water-soluble and
are therefore removed from the fiber by water extraction with accompanying
loss of photostabilization. Alternative, water-insoluble antioxidants were
consequently tested. Among these, polymethylene sulfide (PMS) was found
specifically effective in retarding photodiscoloration. This polymer is
readily prepared either by an acid-catalyzed reaction between formaldehyde
and hydrogen sulfide, or by reacting formaldehyde with ammorium kydros:ifide.

The effect of PMS-additions to peroxide-bleached and unbieached
Jjute fibers are illustrated in Figures 2 and 3, respectively. It should be
noted that unbleached jute fibers do not undergo significant photodiscoloration.
In this case, the addition of PMS induces a slight photobleaching effect
amounting to 10 brightness units whereafter the color remains stable (Fig. 3).
Likewise, when PMS is applied to sulfonated jute fibers, irradiation causes
bleaching rather than discoloration and the increased brightness remai “<
unchanged upon continued irradiation.
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Particularly interesting results were obtained in determining the
effect of PMS on the phototendering of jute yarns, measured as the degenera-
tion of the tensile strength (Figure 4). It should be noted first that
phototendering, in general, was observed to be a linear function of irradia-
tion time. Significant as the phototendering is in unbleached jute yarns,
its rate becomes more than tripled after percxide bleaching. In both

cases, however, PMS-addition essentially elirinates the phototendering
phenomenon.

4. Dr. Resalati was not able to pursue the highly promising polymethylene-
sulfide studies in greater detail, because he had to return to his native
Iran and accept duties as a professor at the University of Tehran. Photo-
discoloration studies have later been continued in the context of ccttonwood
chemimechanical pulp by Barbara Cole and in application to softwood chemi-
mechanical pulps by Judith Hooper. A short summary of these studies is
given in the following:

In general, a complete correspondence was established for the photo-
stabilization effects of various antioxidants on jute, on one hand, and
cottonwood chemimechanical pulps, on the other, although the required chemical
charges for equivalent stabilization were somewhat larger in the latter case.
Initial efforts towards the continuation of the PMS studies were concentrated
on the development of proper synthetic mrthods for obtaining polymethylene
sulfide preparations suitable for conversior to water-soluble cationic
polyelectrolytes. It was hoped that the cationic PMS could be equally
applicable for padding of jute fabrics and as headbox additive in paper
manufacture. Difficulties were encountered, however, in obtaining PMS-
products that were sufficiently soluble for successful reaction with
dimethylsulphate. Work along the PMS line was therefore temporarily dis-
continued in favor of a systematic study on the functional groups responsible
for photostabilization. A large number of low-molecular weight compounds
containing thiol-, thioether- and disulfide groups were either acquired or
synthesized and tested as photostabilizing paper addi*ives. It was found
that the photostabilizing action is strongly dependent on a., other
functional groups present in the molecule and b., the molecular weight and
steric effects.

The Ph.D. work of Barbara Cole is now completed and she will join the
Chemistry Department of the University of Maine as an assistant professor.
Work on photostabilization will be continued by another graduate student,
Judith Hooper, for the next two years under financial support from the
Weyerhaeuser Company.

Earlier results of the work at the University of Washington were
presented by the Consultant at the International Jute Research Conference
at BJRI in October, 1985.

On the basis of the research findings to date, it is the Consultant's
opinion that it will be possible to develop industrially applicable photo-
stabilizers for jute within the foreseeable future. Suitably modified
polymethylene sulfides appear presently the most promising candidates in
this respect. It should be noted that the potential application of these
chemical agents is probably not 1imited to fully bleached jute fabrics -
they may also find use in improving the quality and useful lifetime of such
common jute products as sacking and wool packs. The beneficial effects in
the‘lat;er case consist of the following: ‘
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1. PMS-additives combine moderate bleaching action with photostabilization.

2. Strength losses as a consequence of phototendering (and possibly by
other oxidative processes) are reduced.

3. According to literature information, PMS-derivatives probably are
effective in reducing fungal degradation.

Opportunity for the continuation of jute studies at the University of
Washington may become possible in the context of the training mission by
Mr. Momen Miah and Mr. Anwaral Islam, scheduled to start in October, 1986.
Also, increased emphasis on photostabilization is recommernded for the pro-
jected research program at BJRI. The Consultant is interested in continuing
codperation with BJRI in terms of information exchange and possible additional
visit (most convenient time: May, 1687.)
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ANNEX 1

Summary from Ph.D. thesis by Hossein Resalati, entitled “Stabilization
of Jute Fibers Against Photodiscoloration by Antioxidants."”

Chapter V - Summary

The objective of this research was to stabilize

bleached and unbleached jute fibers, with or without

partial delignification, against photo-induced discolor-

ation. The major findings are summarized as follows:

1.

By using ccmmon bleaching agents, hypochlorite and
chlorine dioxide, approximately 40-45% of lignin can
be removed from jute yarn without significant loss in
wet strength.

Alkaline sulfite treatment strongly deteriorates the
wet strength of jute fibers, causing approximately 70%
reduction in wet strength at about 50% delignification
level.

In sodium sulfite treatment, the degree of delignifi-
cation of jute fibers, is directly proportioral to
both weight loss and strength los; and is independent
of the reaction temperature.

Sulfonation of jute fibers improves fiber flexibility
and softness, but accelerates the photodiscoloration.
At the same level of initial brightness, it affords
higher sensitivity to discoloration as compared with
either hypochlorite or hydrogen peroxide bleached

fibers.




10.

Hydrogen peroxide bleached fibers have a similar

tendency to photodiscoloration as hypochlorite
bleached fibers, at the same level of initial
brightness.

Reduction of bleached or unbleached jute fibers with
sodium borohydride provides only modest stabilization.
This degree of stabilization is even lower than that
of fibers Lleached with sodium chlorite.

Thiol containing antioxidants, such as l-thioglycerol
and glycol dimercaptoacetate, effectively stabilize
jute fibers against photo-induced discoloration.
However, the photostability of the treated fibers is
eliminated when the fibers are washed with water prior
to irradiation.

Treatment of jute fibers with excess ethylene sulfide
in vapor phase at temperatures ranging from 65 to
100°C, provides considerable photostabilization at
near-neutral pH values. When the jute fibers are
wetted with water prior to ethylene sulfide treatment,
a higher degree of initial brightness increase is
obtained followed by imprc: el photostabilization.
About 50% initial ethylene sulfide charge is suffi-
cient to achieve photostabilization equal to that of
l1-thioglycerol.

Ethylene sulfide treatment at near-neutral pH also

results in an increase of the fiber wet strength.




11.

12.

13.

14.

15.

16.

17.

Treatment of jute fibers with polyethylene glycol
improves slightly the photostability of bleached jute
fibers.

out of three different types of polymethylene sulfide
(PMS) synthesized from formaldehyde sclution, only
that produced in an acidic medium, PMS-C, was found to
be an efficient antioxidant in photostabilization of
jute fibers.

Treatment of jute fibers with PMS-B affords satisfac-
tory stabilization. However, an initial drop in
brightness after polymer addition appeared unavoid-
able.

Treatment of peroxide bleached jute fibers with FMS-C
not only results in an increase of iritial brightness
but also affords a significant stabilization against
light-induced discoloration.

Photo-induced discoloration of peroxide bleached
sulfonated jute fibers can also be prevented by
treatment with PMS-C.

When unbleached jute fibers are treated with PMS-C,
the initial brightness is increased, approximately

2 units, and the treated fibers are further photo-
bleached, up to 8.0 units, even after 20 days df
irradiation.

Treatment of sulfonated jute fibers with PMS-C:not

only prevents photodiscoloration but also results in a
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significant increase in brightness, due to photo-
bleaching, even after 20 days of irradiation.

Hydrogen peroxide bleaching of jute fibers increases
the photosensitivity and also accelerates considerably
their phototendering.

Phototendering of both peroxide bleached and un-
blzached jute fibers can be practically eliminated by

treatment with PMS-C.
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ANNEX II
PRELIMINARY DRAFT FOR THE UNDP/UNIDO
PHASE II ASSISTANCE PROGRAM TN THE
BANGLADESH JUTE RESEARCH INSTITUTE (TECH.)

Introduction:

This Consultant spent the psriod October 18 to Decenmber 17,
1985 at tas BJRI (Tech.). The main purpose of the visit was to
narticipate in the development of a research'and develorzent
osrogram on tpe lowering of the paotochemical yellowing teadency
of jute yares and'textiles. Phis activity was one of tae techricdl
proiects associated with the final phase with the TND2/UNIDC
vroject DP/35D/75-013 aimed at strengthening the researca cadadi-
litics of the Tecznological Research wirg of Bargladesh Jute
Research Tnstitute (BJRI). During the course of the TDP/TNID0
Projéct, the desirability of follow-up project='drase I Prograx"
- had been contemplated. However, it was not uatil Octoder 1985,
when the Govercmeat of Bangladesh made a forzal reguest to
mDP/TIID0 for thae establishmeant of such a rroject, wi?h an ar2rox-—
ma*te budget of 4.5 million US dollars for a five-ycar zeriod. At
the time of this writing, UNDP has givén an indication of 2
necessity of subs+antial reduction of the hudge tary reguest and

what the final allocation will be is not xnown at the romente

This decision of the Bangladesh Government to recommend tke
cstablishneht of a Paase II project genarated an immediate and
urgcnf necd to define the scope of this project, fou approval by
UNIDO. In this context, the Consultant agrced to compose, in addi-
tior to his other duties at the BJRI, a preliasinary draft docunent
describing the salient aspects of the Phase II projecte
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_The purpose of the draft document 1s to form the foundation-for
the final plan for the Phase II project which, in due time,would
be submitted to UNIDO for approval.

In view of the very short time tkhat coulé be pade availadle
for the composition of the draft docurent, extensive corrections,
revisions and complementations will be necessary, before the doci-

ment will reach the state a2ppropvriate for submission to UNIDO,

Phase I Prozranm:

The project "Jute Products Research®, DP/B5D/75/013 was
initiated in Cctoder, 1978 with tke imrediate objective "to develod
tke canability of BJPI(Teca.) to corry out techrological research
and developzment work for the benefit of the 3Sanglidesh Jute Izdus*rs
on a scale approp_iafe +0 *the ;izé and economic.imgortance of tre
irdustry". The program was coxmpleted, after 2 nire-ronth exiension,
in June,1985. At this time, the total TND2 géoject input amoun<ed
to § 3,045,311. During the course of the droject, alitogethner *nrece
evaluations were carried out. Of the last evzluation (M2y,198%),

+two reports are availodle:

Ae EVvzluztion Report prepared by Dred.l.Willard, UNIDO
Consultant, and submitted in June 29, 1984,

B. In-de»th Evaluation Report of the UTXDP Project, Jute
Products Research, predared jointly by Ayubur Rahmon,r.i.R.TaluXicr
¥.M.M. Rahman and A. Murin, 2nd completed . in August, 1984. '

Both of the reports mentioned rated tkhe Jjute products Resecar

projesct as highly succesful in fulfilling the goals initially sct




- 20 -

-

forth for the program. The specific areas that received favouradle

evaluation included a dbalanced rescarch program consisting of ien

main areas, acquisition of appropriate mackinery ard laboratory

- instrumentation and training and study tours of resecarcza

staff, The seccad, more comprehensive evalvation report sin

out the follcwing achievements as significant rescarck zand cevel

rent ovtzuts of the Iestitute:

1.

4,

S5e
6v
7.
8.

Develoorment of a metrod 0 spin ligh*t-weight (2.0-2.5 cour<)
cute yarne.

Yew techaicue to test the durability of jute fooric unierx

€0ilina conditiors. .

Domons=ration 0f the suitadbility of Cozestic raw zzoitexials
(Potato,sweet Dotzto) for the productisan of sizinz cacnts
for ju<zece.

Progress zade in improving the fire resisizcnce of jute
corlets ané well coverinsse.

Improverment of bleaching 2nd dyeing methods.
Zmproverment of carpvet yarn resiliency bty jiute-ncrylic 2leni:
Developmen®t 0l a yzrn adrasion tester.

Progress made in chexiczl methods to soften jute ez
and to improve the guzality of jute yaras by partizl ¢
nification.

Develooment of a branding irk formulation f£rom dczestic raow
raterials for parking of Jute bags.

Y
-




Althoﬁgh both reports gave an overwhelmingly positive
evaluation of the success of the UNDP/UNIDO Froject, a need was
neverthless envisaged for-a Phase II project, supported by. the
same agencieé for aa additional five-year pericd. Dr. Willard's
report only states bro;dly the aeecl of strezgthening the capa-
hilities of +the Institute %0 carry out rescarch and develozment
work in the areca of +tex*ile bieals of jute with other natura;
and syatnetic fibres and Dproducts developed therefrom. A slightly
more detailed descriptioﬁ of the eavisaged Phase II project is
ziven in *ze secornd evaluz®ion report and consists of four arcas
of fipancial support. A cursory list ofnecded machires ani lav-
oratory equinment is Drovided witk no cost egtimotes, zowcvVer.
?he necds fOor short-term consultants 2nd experts is esiizatec

_to amount t0 50 mzn-montRS. and tkat of training fellowszilds

n

o Bag

abroad, *0o 125 man-smonths., In addition, 50 zan-month
.. proposed for sjecific siudy. tours avroad. Taus the zrozrin, G&s

envisioned By the Zvaluation Regport, would essentially be =&

continuation and expansiorn of the Phase I-project.

It Ls to be noted, however, that the views of TIIDC are
not in accord with this concept. In.xheir view, the Prase I
nroject whose expressed ainm was " to provide assistance %o
develop the capability of BJRI.(TRW) for techrological research
and development work related to the products of the jute manu-
facturing industry" is completed and finished. Tkerefore the
Phase II program, if implemented; ought to be much more sdecific
in naturc. In a autshell, the desigan of a viable Phase II progran
would require, in the first place, answers to be given to the

following questions:
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1. What specific aspects in the capabilities and present and

planned researca programs of BJRI (TRW) need strengthening ?

2. In which manner aseis*ance oy UNDP/UNIDO can be made
instrumental in aiding and facilitating these strenzthecnirg
activities ?

AS a matter of fact, comsiderable thought has been given 27y
the 3JRI (T) personncl to the needs of the strenztharing
activities after the corcpletion of the Phase I projecte In 2
workZshod o" Agricultural and Tecanological Resecrc2 on Jute
(Apri) 12-24,1935), valuable suggestions were odtained from
Tvoresentatives of the 2arzladesh Juie Industry. The poTential
icplementation of taese and otaer sugzes*tiorns has Zecrn olazz-
rated in a specific docurment (Project Proforma of Stremstiaeni-s
of Technological Researca on Jute,’uly,1985). Tre areas t2a:
were considered to recuire strengthenrning are briefly suzm~mzrizs
in-%the following: -

Aes Up to tne bpresent, 3JRI(TRW) has not ziven sufliciez=
attention to iaproving currently dracticed =ill produczion
methods. By specific research projects and by apdlying innova-
tions developed elsewhere in the %extile incdustry +to jute >»rcc.
ssing, BJRI(TRW) can perform valuable service to the jute
industry by:=-

_ = Developing engincering modifications for currently
ut;lized machines in order to raximize production rate, reduce
labor input and improve product qualitye.

-~ Generating modernized process control methods and

instrumentation to improve product uniformity.
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B. The development of standard testing methods for jute and

Jute products has been am activity performed largely outside of
BJRI(TBW). It is now proposed that BJRI would assume leadersaip
in fulfilling the receds of jute industry in this area.

C. The zvaluation Report by Ayubur Rahmﬁn et al (P.8) recogzaizes
the need for improvement in tae managemeat of individual —escarea
zrojects, as reflec*ed in tre following statezezt.

n"The researca efforts {(at TRW have not becn) sysiematic,

properly orzanized 2rnd directedececeeccecese and the orzazizatior

(nas Been) lacking in leadership to achieve the desired otjiectivtes”

. The wezXnesses in oroject planping and =znogerecnt systce= are
also brouzat forward ezraatically by the UIDO =Zxrert Rezoc-t
subzitted in June,1985 by B.N. Iliev who also gives guidelinmes Zco=

elimipating +hese weaXnessese

The interrnal evaluation conducted during 1985 demonstrates
clcarlx“that although the Phase-I program was iastruzental in
creating the basic foundation for productive research and Zevelor-
ment work, additioral efforts will be required to upgrade the
activities of BJRI (T2W) to a level wﬁere it can efficiently serve
the'needs of tke Bangladesh jute industry. It is also clecar thac:
the personmel at BJRI is thoroughly aware of the curreant saort-
comings and is making efforts to rectify them. Conseguently
assistance by UNDP/UNIDO Phase II program in order to accelerate

these developments appears appropriate.




PLAN FOR THE PHASE-II PROGRAM..

General:

The goals of the Phase=II project will deviate signifi-
cantly from those of the first program. While the latter Ddrograz
nas the brdad objective of developing the over-all capability
of 3JRI (TRW) for technological researca and development, the

Phase-IX project will be strictly taskZ-oriented. Consequently,

2ny acquisitions of rachinery and laboratory ecuidrent nced o

be justified in terms of applicahility to current or-future
industrial operations. Visits abroad cannot any more be considered

as training missions, but require the comnle*tion of a specific task
such 2s gathering.important'information or perforzing researca Zor
which the home-base is not adequately equipded. Likxewise,Tasx-oric:
tatior needs to be emphasized in the selection of visitirg feorei:zn
exgerts.

. It should also be noted that the Phase~I prograr zade no
provision for the use of domestic zonsultants. This oversigat ought
to be corrected in tre coantext of the Phase~IIl Ddrograxe There is
is o great deal of expertise in Bargladesh bota in jute technology
and = science that could benefit the BJRT (TRYW) activities. It is
trerefore proposed +that the UNIDO comsultantships should iznclude
a selected number of Bangladeshi...experts, such as university
professors, industrial engineers on professional leave or drominecant -
retired jute industry executives. In the following outline for thne

F!dse-II program,'six program arca are sc¢parately considered:
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1o Upgrading of cuttings and low-grade jutc;

2. Development of spinning and weaving technology for
conventional and new jute products, including blends
with other natural and synthetic fibres.

3« Bleaching and photostabilization methodology.
4. Dyeing,printirng ané finishing technology.

5. Ckemical modification of raw jute, jute yarns and
fabrics [
6. XNceds for 2dditionzl testing and laboratory

research ecuiprent.

7w Teckaical and extension service for jute Mills.,

The followinz section will outline current zani planncd
activities in each of the above program areas. Ir the context,
appropriate forms of assistance by the Parase II orozram are

outlined.

Jograding of Cuttings and Low-grade Jute:

The problem of low-quality euttings, representing the
fibres from the bottom part of the jute plant, is z2s 0ld 2s the
Jute industry itself. Extensive research activities to solve this
| problem have met with limited éucceas only. Thus,addition of
microbial nutrients to batching emulsion shortens the softening
~ period significantly and the method has gained wide-spread use
~4in juto mills. However, significant improvement of the softening




effect is not achieved. A crude enzyme me*thod developed in India,
however, has been claimed to be more guccessful in this respect
and significant improvemgats in the softening of cuttirgs have
been observed in mill-scale experiments.

Regardness of trese partial successes-in the cuttings
technology, the prodviem of upgrading this raterial whichk represents
approximately 25% of the total jute harvest rexzains perkha’s tae
most important provlem facipg the industzy. It is al=0o %2 %c
obscrved that the jute indusiry as a whole is eager o L ;le:e:f
any improvements taat may be developed in tae pandling oI cuttings

vecause of the substantial cconomic gains that 23 ve rco-ized,
- s

[B]
iy

mnerefore, research work ia cuttings technology mu;t remzia Ccn2
the topics of foremost impertance in the resecrch progrin of
BJRT (TRY). "o make future progress in this area. *hrce alter-
native aprroaches need to he considered: .

2. Imorovemsnt of retting technology at thre forzers' level

be Development of uniform aad comtrolladle Daichin
methods at tae mill.

0a

¢co Manufacture of products rnot requiring nigh caality
jute, suca as geotextiles or pajer pulp,

In the first area, that of retting techaology, several

improved methods have been developed, but trey have 211 Zaoiled

to gain acceptance by jute farmers. Consequently, expnasis in
continuing efforts ought to be Dplaced on practical field studies

rather than laboratory investigations. The guestioans to Ye

answered by fiold studics are the following:
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- What kind of improved retting practice will be
acceptable to jute farmgers ?

= In which way economic incentive can be provided to

the farmers to deliver cuttings of improved guality ?

- Can the collection of protein rich jute leaves 2for
cattle food supplement be integrated with the Jjute harvesting

Practice ?
Tor tais part of tac program, .the mearingful irpput 3y
UNDP/UNIDO would be the provision of adequate transportaion .

facilitieg. During the Phase-I-program,tie .provici £f Swo cicrz-

1=
0
13
o

buses with dxivers rrovaed to.be insufficient for effecsive =ill

AT -
JceDn, Witz

visitation program. It is proposed that a third car(

driver be added to transdortatiox facilitizs.

o

Ina mill batching studies conducted at 3JRT(TiW),cicro-

biologicai investizations suggest strongly thrat the sofrening
action during the process is mainly caused by pectirnases
generateé by certain thermophilic bacteria with a temderature
optimum at 65 +*o 70°%c. This important work deserves to bde
encouraged. Its application to practical batcaing Dprocess is,
however hampered by two factors. Pirst,the batching facilities
at BJRI fail to produce a realistid veaX temperature.Mill batecn-
ing‘which is currently being studied is nop-uniform in terms of
moisture content and temperature and can not be utilized to
determine the effect of thermophilic bacteria under optimized

conditions. For this reason, tho construction of a pilot size
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batching apparatus (ZS.kg capacity) has been initiated in

which the temperature- and moisture conditions can be precisely
controlled. Another rotating drum type batching apparatus is
under.planning. The ultimate goal of these studies is to desizn
an improved and controllable batching facility and-=techzology fc=x

indusfrial *trecatment of cuttings.

The current estimate for the constructicm 0f tae twe tyn:ss
of Pilot-gize batcning units is $ 45000, It is prorosed that
funding for this develodment work be provided ty the Phase II

program.

™he +third alternative to solve the cuttirzs problem ic <2
utilize tais matericl ip 2n zppiication not recuirinz thc jualities
of lopg jutes. A nrovel product of this nature a2as recently nmateria-
lized in the form of geojute. This product consists of loosely
woven fabric of thick yarns and can be mzaufactureéd entirely o2
cuttings and other low-gfﬁde jute fidres. It is used <o staTillze
stegpfslopes in road-and canal construction agains* erosion during
the period of the ‘establishment of wegetative cover.A.si:ilar
material developed in Eastern Europe consists of a non=woven wed

made of cuttings fibre and caddies.

It 18 clearly indicated that the world-wide marxet for
geojute is an expanding one and could potentially consune. .a.large
portion of cuttings fibre. It is pherérore of utnost importaace

that the Bangladesh jute industry becomes tooled up for the manu-

facture of this product at an carly date. Obviously, BJRI (TRW)
should play & leadihg role in this cndeavour. It is proposed
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that the Phase II program finance a 3-moath study tour of an
experienced technologist to collec* information on the world-wide
market potential of geojute and its manufacturing aﬁd application
details. Simultaneously, the production of experimental guantities
of geojute should be initiated at the pilot plant of BJRI.

B. Research in Soinning and Weaving for the Imnrovement

of Conventional Processes and for the Develonrmert of New Juts

Products, in Blends with Synthetic Fibres.

The basic spinring and weaving machirery at 3JRI (2rT)
was acquired at an early stage. Later, tae capabilities of t=
pilot plant were complemented by srecial machines *o produce
low=court yarns. The current ozeration:has been 2igaly successful
in not only clarifying ozera*tional problems in cornventionecl jute
processing out also in exdloratory work %o develoDp new oroducts,
such as trose based.on the use of union fabrics wita cotton ward.

As nentioned carlier in tais outlipe, curreat dlarns fcr
strenztaening the operation of 3JRIT(TIW) call for increassad
eapaasis on industrially oriented project work, in part in coope=-
ration with 2 new Enginecering Department, to be initiated in tize
ncar future. This developzment phase d&és not however, rcquire

assigtance from the Phase II progrem.

"On the other hand it must be recognized that the world

market for conventional jute products has been shrinking year

by year and this regrettable tread will probabdbly contirnue.




Consequently it is of utmost importance,for the Bangladesh

Jute industry in partlcular, to diversify its production to
new, preferably high-value, products for export. The BJRI(TRW)
has responded to this “trend by exploring a whole specirum of
novel jute >roducts. Of these, jute blarkets consistirzg of

a blend of woollerized jute with wool and acrylic fidre, zzave

in

rown the best morzet potential. Iargec-scale congu—ecr test
of these blsnkets is now in progress.

HYowever, tze curreat faci tlcs at 3JI sre cuite limited
for processing jute bYlernds with syntreiic fidres. Tzis fact was

eazhatically Jrougat forword by the Technical 2erzert of 2.N.

4

liev (Jure,1385). It seexs logical that providing 3J3° (TEW)
with the ca“abllzty of sjyinning and weavirg [ute “lendsd with

syp*thetic fibres ought to be one of tho Srincizal zoalz of the

1]

Phase-=IT vrozrar.

The rachinery envisioned to £ulfill the curreat zecids is

utlined in T&bdle-I. It saould be noted tz2at the planned program

does not incliude jute-coiton combinatioas, ir order no:

overlap with researcz in »rogress at 3CSIR. Ratzer, toc

ot
t

o

L)

oCc.a

will be on bYlends ccnsisting of flax-tyse jute and syn<he+ic
staple fidbres.,

In the weaviag area, the main current meed is to acquire
zachinery for the odtimization of the blanket manufacturing
process (items 2 to 5 ).

It is felt that project work for Bangladesh carpet induscry
can be best verformed using idle machinery in existing mills.For

the developaent of more compotitive carpet products, bdoth
cufeing  and folting capability are nocessarys
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Table-I: REQUESTED MACHINERY POR COMPLEMENTING EXISTING

SPINWING AND WEAVING CAPABILITY.

Spinning:
1. Stapling machine - -

2. Card for Flaxtype Man-m2de fibre -

3+ Intersecting Drawing I - - -
4. Intersectiong Drawing II =~ -
5. Coxbing Machine - - - -

6« Ring Spinnirgz (Sliver spinning) -
Te Scroll type Winding Mzchire == —==

8. Recling lzchine

9. Honk-te-cone Winding Mochine e-

wegvina:

1. 30bbin-to-bobdin sizer --- _—
2. Blonket loon — — ——
3¢ Pim Winding — — ——
&+ Roisinpg Machine —-- ——— —-—
5. Overedze Sewing machine —-- —

Carpet & Non-‘Wovens:

1« High Speed Tufting Machipne = —

¢. Combined Sheet forming, laying
& felting machine )

ADD. cost ir U.S.S:

1,000.00
150,000.00
25,0C0.00
30,000.00
35,000.C0

=== 100,C30.00

htd O'OCC.CO
-== £9,000.00

--= 6C,002.0C
-—-  1,030.00

- - 60,C0'00

100,000.00

- 6,86,000,00
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C. Bleaching and Photodezradation studies:

No cxtensive activity is ®xpected in bleacking of yaras zand
fabrics where optimal reactants (H202 or hypochloritc-ﬁzoz)
and conditiocns are well-=%Xnown. Ir the pilot plant, the acgui-
sition of a Faak 3lecching/Dyeing Machine (200-250 kg capacity,
aporoximate cost § 12000) is required for efficient ycor

bleaching.

In contrzsz, *w0 reccnt discoveries rade at 3J3T(TRW) iz
oreventing photochermical yellowing require vigorous develdnmecac
worke. The first of thesec discoveries ig based oa the zronchin
¢ shoto-excited grouds in dYleached jute fabrics
nickel comnlexes. The lizat stability of fadrics trecazed witi such
- coaplexes has deen convincinzly demonstrated not only on laboratory
sut also on pilot plant scale. Yhazt ©rezaing to be donz, Is The
optizizztion of the process for suca applications as.wall.cover
ings, furniture cloth and.curtains. After extensive *testing zal
ontimization workx has becn completed, textile mills both in
Bangladesh 2and abroad should be approached for industrial appii-

cation of the p»hotostavilization tredtmente

The nickel comdplex method does not lend itself to tae
photostabilization of bleached wnite fabries,becaise the comdlex
ita~lf is 3lightly colored. For éhis case, a bdromising line k2o
been established in the addition of selccted antioxidants to

poroxide=bleached jute. Wash resistont antioxidants can be

incorporated in jute fibres by either using insoluble polymers
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such as polymethylene sulfide or by reacting jute fidbre witk
ethylene sulfide. The ongoing laboratory work will reguire
approximately a six-month period, before a realistic nilot

Plant program can be designed.

The two discoveries mentiored place the 3J3I (m2W) in
2 position of leadership in the jute photostabilization fiels.
It is taerefore important that further worx towards tre
developmeat of irdustrial scile DPhotostadilization techrclozy
is pursued effectively. in order %o izdlement tais 2etivity,
the followirg a2ssistance from the Phise IT - prozr is reqiired:
2. Additional instrumentation is needed for eguipzing tn
newly remodelled lahoratory for bleacaing, pﬁotostabilizatio:
and dyeing studies. Mogst of the essecatial instrumentation s¢
already availadle at BéRI = such as the Xerotest aprzratis. ~a
urgently needed additional instrurentation is outlined in
Table-II. It should be noted, that 3JRI(TRYW) has been inadequately
equipped in terms of such items as o3tical irstrumentation zr

even DH meter,




TABLE-II. EQUIPMZRT FEEDED FOR

PHOTOSTABILIZATION STUDIES.
\

Item:

6.

Reflectnance Spectrofotoneter
with Recorder.

2wo UV Rediation Lamps.
Microscope.

Pnotovolt Brightness Tester.

Tersile Strengtk Tester for yYarn.

Ditto, for Fabric.

ADDy ccst in US S-

10000
1000
3200
2C00

1C00

18CC0




b. Travel support is requested for the following .purposes:

i. A tour to selected domestic and foreign jute-and textile
mills in order to provide®information on new photostabilization

methods and to encourage their iadustrial application.

ii. A six-month visit by:a BJRI (TRW) scientist to a foreign
university to carry out a rescarch »rogram on the photostabilization

of jute fibres by antioxidants.

D. Dyveirg,Printing :2ad Pinishingz.

S ——

During *tne past years, BJ2I (T2W) has accumulated ex*ensive
experiezce in the three operations zerntioned and also develozed &
meaningful fes;earch activity in this area. Further icmaands 2n these
capabilities will be placed by tre increasing orientation ia *rze
direction of fibre dlerds, in whica the. individual comporenczs

respond in varying ways to dyes.

The existing ladoratory - ar? pilot plant eguinaent is not

t

adequate for the planned resea-~. and develodment activity. 5 12

1
n

of necded instrumentation and machinery is presented in ~Table

-
-
-

for which furnding isr requusted from the Phase-~II prograz.




Table -IIX. Needed Equipment for Dyeing,Printing
and Finishing Rescarch..

Item: Appr.cost ir US $:

Ae Laboratory equipment:

1. Three bowl lab.padding machine 7000
2. Tab. size screen printing machine,flot 7000
3. Bigh speced stirrer for print paste 1000
4. Colour Atlas 30C0
5. Centrifuge 3000

6. Electronic balance (capacity 200g,
4=-digzit precision) 1000

B. Pilot vlant machinerys

1. Sinceing rachine _ 7000
2. Flat screen'printing machine 25000
3. Ppllewidth Steamer 20C0
4. Cylipder drier 7000
5. ¥easuring ané folding/rolling machire 5000

Total: 63000




Es Chemical Modification of Rew Jjute,

Jute Yarns and - Fabrics.

The chemical modification’ treatmont which has been studied

y most extensively at BJRI(TRW) is based on the use of concen-
trated sodium hydroxide solutions at ambient or slightly
elevated temperature. Mercerization of jute at ambient temdera-
ture produces "woollenized" fibrc which has been tested in
several expcrimental apvlications including the blankets now
undergoing coasuzer acceptance test. More recently, extensive
studies have been DPerformed on the effects of urea - and melarcin-
forraldehyde resins on the rheological properties of ju*e fabrics.
These studies are now ready for continuvation on pilot - »lart
scale. In addition, cross-linking studies using epichlorohyérir

have been initiated.

BJRI (™RW ) has also developed a novel approﬁch to chenical
nodification, based on partial delignification by soiiur sulfite
solutions at 160°C. The method has the advantages of low chexical
consumption, improved softness and bleackability, wher coxparcsdé
with mercerization treatments. Lack of adequate autoclaves has
so far preveanted the work to be carried out at BJRI ané all
cexperiments to-date Lkave. beer performed in the laboratories of
BCSIR.

It is therefore esseanti .. that the lack of JSressurized
equipment 18 corrected at BJR (TRW.),especially since the

same equipment will be needed for meaningful cross-linking studies.




Table IV gives the sugges.. . list of laboratory - and pilot

Plant scale pressure equipment for which funding is sought Zron
the Phase-II program. It is to be noted that the equipment finds
also use in jute lignin studies and can potentially be utiliged
to study the conversior of Jute waste to Paper pulp.

Table IV. Yecessary Autoclave Touipment for
*—_ﬁ.—
Chemical Mocification Studies,

Item: Apdr. cost in 7> §

1. Six iab. size autoclaves,

250 ml volume, a $ 400 c 2400
2. Rotating pressure autoclave,

20 liter capacity $ 20000
3. Stationary, pilot Plant-scale

autoclave with forced circulation

and control accessories $ 206COo

Total 112400
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Pe UNoeds for Additional Testing and Labbratory Equipment.

There are three separate factors which cause a need
for substantial augmentation of currently available testing

equipment at BJRI (TRW):

i. Some instruments, such as the Instron machines are

cld and out-0f-date and spare parts are not any more availadle.

ii. BJRI will assure the responsibility of developing
standaxrd methods for the Bangladesﬁ jute irndustry. aAdéitional

testirg capability is required for this purvose.

iii. Expansion of development activities to fibre blends
requires the acguisition of testing equipment for fibres otacr

than jute.

Three items on the testing equipment list are someowhzt
tentative .nd taeir accuisition should be decided upon at a
later date: Weather-O-meter (Item 32), Crock meter (33) ard

"WRONZ" (38).




Table V. Required Additions to Testing and

Laborato;z Eauivorent.

Testing Pouivment:

Te
26
3e
4.

Two Instron Testers

Conditioning Cabiret
Alr-Conditioning Unit (4-6 tons)
Rescarch Microscope witk accessories
for polarization, interferecnce,vhase

contrast and ultiravioles mnicroscory -’
togetre>» with Photozicrogranny assezxbly

Pibre testing:

5.

6.

T

8.

9.
10.
11.
12,
13.
14.
15
16,
17.
18.

Protoelectric stapler (for fibre lergtn
Reasuirement ud 10 18 inchees)

Sledge Sorter (for frequercy éiagram)

FPibre Sazpler
Hardy_microto:e

Reflection zicrescope

Bursting encrgy tcs*er fo- Jute reeds
Ultrasonic apraratus with sound level meter
Torsional rigidity unalyzer

Fibre melting poirt apraratus

Hot stage microscope

Mounting, secctionirg and casting kit
Fidbre staining kit

Thermal balarnce

Thermal analyzer

APD. cost in US $:.

20000
5000
7000

20000

5000
5000
5000

400
1000
1000
1600
3000
30090
1000

500

200

1000
1000
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Yarn teeting:

19. Elootronic wave length.analyzer 1000
‘ 20, Imperpection indicator 1000
21. Inspection winder 1000
22, Ywiewing cabdbinet 500
23. arn slub counter . 500

U
'3
(54
H
(XX
O
t

esting:

24. Drade meter 1000
25. Pilling tester 1000
26, Sragzing *ecster 10090
27. Sean slinzeze tester 1Co0
28, Shrirmxoge toster 1000
2. Static eclectricity tester - 12C¢C
3Ce Staining *ester 10CC
31, Colour meter 15000
32. Vicather=O-zcter 50000
33, CrocY¥ peter 6000

34, Plammability and flame toxicity testers 20000
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Carpet and non-woven testing:

35
36,
37
38,
39.
40,
41,

Carpet static vqltage tester
Tuft length bleck

Caster chair |

wool tester "WRONZ" (New Zealand)
Carpet tiktickness gauge

Rubbing fastness tester

Togmeter,for measuripg iasulation
values of felts

Maintenance equipnment:

42.
43.
b,
45,

Digital multimeter
Oscilloscope
UV exposure and eitching

Microdrill

General lz2boratory ecuipment:

3e-
2
3.
4o
5.
6.

Abbe refractometer
Y=-ray diffractometer
Two digital pE-meter
Shearing viscometer
Two rotary evaporators

HEigh vacuum pump

2000: :

500. .
2000
15000

1000

1000

20000

1500
15C0
500
500

1000
200C0
20C0
6000
70C
7C0




7.
8.
9.
10.

11.

12.

13.

14.

15.

16,
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Ball mill assembly
Vibratory bdall mill
Recording UV spectrofotometer

IR specirometer with "wiggce ban
grinder and pellet press

Proton nmr spectrometer

Capillary gas chromatograph
with integrator

High pressure liquid chromatogranh

Scanning electron microscope

Video-cassette cazmera with accessories,
for audio-visual presentaiions

High-speed video camera, for
sDinning »rocess studies

3500
1500
10060

20000

3000¢C

12000
2500C

8000¢C

3000

12000
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A8 far as the general laboratory equipment list in
table II is concerned, items 1 to 10 and 12 represent
straight-forward neceds for studies on cellulose, lignin ’
and hemicellulose. The real need for the high-cost instru-
mentation (items 1Y, 13 and 14 ) should be scrutinized.

If an arrangement can be made for the convenient use of
coresponding instruments at Dhaka University and other
governaental laboratories, their acquistion by BJRI may no%t

be urgent.

G. Technical snd =xtension Service.

Almost all visiting UNIDO experts have pointed out tae
unsatisfactory contact and cooveration of BJRT (TRW) with
the Bargladesk jute industry, and currently, definite measures
are being taken to improve the situation. In thais adtivity,
support by the Phase-II program can be of importance. Three

separate areas ought to be comnsidered in tkhis context:

i. Upgrading the library at BJRI to become an adecuate
source of information for Institut- scigentists and for the

industrye.

ii. Organization of annual meetings with representatives

of industry and also,periodic international Jjute symposisa..
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iii. Regular publication of an informative news letter
for the nceds of irdustry.

Specifically, the library needs to increase its
collection of books, journal subscriptions and abstract
collections. Preseatly, the library has no system of
obtaining copies ¢f publications and patents from abroad.

It is proposed that the library should acquire a telcx-number
to facilitate ordering copies of published papers and patern-<s
from abroad. It is difficult to give ©realistic cost Zfor
achieving this goal. It would apéegr that the sum of 3 1000CC
(including the cost of needed xerox-copiers) would not be

excessive for this purbpeose.

The organization of annual meetings as well as
symposia would involve, in.addition to orzanizatioral
exdenditures, the travel cost of invited sdeakers. Tae
provosed amount of z2ssistance is,in this case, 515000 fox

the five-year veriod.

A monthly or quarterly newsletter has been found to be
an outstanding tool of transmitting information %o manufac-
turing units. This activity has become common in many ceatral
research institutesanalogous to BJRI. It 1is proposed that
at least one man-month of foreign consultant& time be
assigned to the ipitiation of this and other publisking
activities.




Poreign and Domestic Consultantis.

Need for outside gonsultants (either foreign or domestic

experts) is foreseen at least in the following arcas:

1.

2.
Se

4.

6.

Te

Blending of natural and synthetioc fibres.

Chemical modification of, jute

Estimation of the cost of manufacturing processes (presen-
tation of a short course to Institute persocnel desirable)

Development of pilot plant = and full scale industrial
processes starting from the results of laboratory-scal
rescarche )

Recent innovations in textile machinerye.
Resin treatment and cross-linking of textile fadrics.

Dyeing and printing technology.

It is estimated that effective consulting activity w~ill

require a total of 60 man-months, domestic consultants

inclusive.






