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Explanatory notes

The monetery unit of Bangladesh is the taka. During the

preparation of this report the dollar value declined very sharply and

the following conversion factors were used 3U5 1 = taka 13.3.

A period (.) is used to indicate dccimals and a comma (,) is used

to distinguish thousands and millions. Other abbreviations are m=meter,

nznsquare neter, n

3x=cubic neter, tsmetric tons, dadenier, lb=pounds,

M=thoucands, !MM= millions.

nies:

The following symbols are used to denote chemical compounds:

AN = Acrylonitrile

PAN = Polyacrylonitrile

PVC = Polyvinyl Chloride
PVA = Polyvinyl Alcohol

PVAe= Polyvinyl Acetate

DMA = Dimethyl Acctamide
DMF = Dimethyl Fomamide

The following abbreviations are used to denote certain compa=-

BCIC = Bangladesh Chemical Industiries Corporation
BMC = Bangladesh Textile Mills Corporation,

Mention of company names and commercial products does not imply

the endorsement of the United Nations Industrial Development Organization.




1

II.

- 1ji =

Contents

Rare

IMRODU(’TION............'.'..........0.0..O'O'.llc..! 1

SUT'H'TARY 00 20000000000 000000000000 30

FINDINGS 0 0000000000 00000000 00eO0TS

General qohments....... setaiens

$ 00000 s00 0 5

PvAfibers 0000000000000 v e L] 16

Pvcfibera 000000 0 000000000000 000000008 000000 2’

Acrylic fibers..........'...O.....'............

Huketmfactors...l.l.'................... 8
Bconomic factors ,,,,,

[N NN ) e sevetece0nReO e
- .

ACRYLIC FIBERS FROM NATUML GAS........'......l‘..... 82

CONCLUSIONS AND RECOMMENDATIONSse cessesenscecoscessss BT
Annexes

Job DeScCriptiONeececcsoesccoss -

L0000 0ot eooreooceee 90

th‘kot Btatistical......‘........l..........O..‘..... 95

References‘..........‘.....‘.l.l.‘..

1o te sesrecen g e 99

e



e

1.
2.
3
4.
5.
6.
Te
8.

9.

- YV -

Piler Intemcdiatcs and Scurces for Major Fibers.
Projected Consumption of Synthetic I'ibers in Pakistan.
Recormended Planned Production Capacity for East Pakistan,
Fiber Intermediates for Lcetylene BRascd Mibers.
Production of "Other" Fibers in Japun 1S71=77.

Production of PVA Fibers in Japan 1974=17.

World Production of "Other" Fibters in 1977.

Japanese Production of PVC Fibers.

World Production of Man-liade Fibers.,

10glarld Production of Man-lladc Fibers by Fiber Type.

t1glonsunption of Acrylic Fibers in the United States by nd Use,

12.Market Share Held by Lerylic and Cther wibers in Selected

13.liarket Distribution of Acrylic Fibers in the U.S. Textile Industry.

Textile Applications,

Je oConsumption of Fibers in Japen 1576,

15,Consumption of Acrylic-Cotton Blends in Jecpan.

16.Cost Plus Return for Major Products from Ges 0il Crackers

17.4crylonitrile Procductior. Costs.

18.Ac¢rylic Fiber Production Costs.

19,Plant Investments,

20.Plant Investrents-l!lonomer.

Pasa

12
13
15
20

21

69
70
9
83




Introduction

Bangladesh has a large and rapidly expending population with
the population growing at a ruie of 2.8% per year. The per canut
consumption of textiles is only 5 yards und is among the lowest in
the world., Its comparatively larze textile inductry supplies only
about 853 of its textile requirements and is dased on imported cotton
and viscose staple with the remainder irported yarn and finished
textile product. The value of these imports vas estimated at €95 million
in 1977-78, and is a serious drain on foreign exchange. The Govern=
ment is planning on expanding per ceput consumption to 10 yards by
1985 and with the anticipated growth in population this increased

textile consumption amounts to an anmual growth of 163,

Since the textile industry is based on cotton and cotton-viscose
blends any synthetic fiber produced domestically should bte bosed on blends
with cotton. Existing man made fiber production is entirely continuous
filament and consists of about 6,000 tons of viscose filament cepacity
end & very mmall nylon 6 fiber plant. The Covernment is very desirous
of reducing this drain on foreign exchange by marmufacturing svnthetic fib=-
ers based on its available supplies of natural gas. This report covers
an aralysis of the production of eyuthetic fiders based on Bangladesh
naturel gas. The study executed under UNIDO/UNDP Project SI/BGD/74/
822/11-01 (32..1H) atarted on July 16, 1978 and ended on September 1%,
1578,
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Suzmary

Bangladech has ane stablished textile industry comprising
two diatinct sectors, Bangladesh Toxtile Mills Corporation, BTHMC,
and the very large cottage weaving induatry represented by the Hand
Loom Board. Bangladesh Textile Mills Corporetiion produces spun yarns
from imported cotton and viscose rayon staple in same 52 mills and
weaves about 15-2085 of its yarn production in 26 integrated mills.
There are 14 mills with dyeing and finisching equiment., The huge
cottage industry, roughly estimated at 125,000 hend looms, dyes yarn
and weaves yern into fabric for largely local distritution. The
production of spun yarns by BTMC is insufficient to moet demands and

additional spun yarns ard textile products are imported.

The per caput consumption of textile products per year is only 5
yards and the Government is hopeful of increasing this to 10 yards in the
1680's., With the increasing population and the increase in per caput
consumption tho projected growth rate per year for textile pi'oducte is
a very substantial 18%, Currently the imports of cotton, viscose
réayon, spun yarns and textile products represents a § 95 million drain
on hard won foreign e xchange and the hoped for increase in textile
products consumption represents an even greater drain on foreign

exchange.

Bangladesh has two very small man-made fiber plants producing
viscose rayon and nylonb continuous filament yarns. Local mills are
not well equipped te usc thece yarns and part of the production is
exported., Since the entire textile industry is based on spun yarns
and largely on cotton, starle fiber which could be used as such or

blended with cotton would “ie tho preforred type of man-mado fiber.
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In order to reduce the drain on foreign exchange it has been the
hope for many years that Bangladesh's methane rich ratural gas could
provide a basis for producing synthetic fibers. To this end at loast
three major studies have recommended the conversion of methanc to acee-
tylene and the aubsequent preparation of fiber intermediate therefsom.
The several synthetic fibers which have been proposed include Zolyvinyl ]
Chloride or PVC, Polyvinyl Alcorol or i’VA and Polya.c;-ylonitrile or PAN.
These reports have been reviewed and the suitability of the proposed
fibers for use in Bangladesh cvaluated, Of the throc proposed fibers

only one, acrylic fiber or PAN, can be considered g major fiber,

PVC 18 & specialized fiber trith very marginal fiber charactor=

istics. 1In the United States its use is limited to the manufacture

of' tea bags while the limited production in France is used chicfly
in underwear. It has been used in heavy yarns or monofilaments for

outdoor furniture. No broad scale use in Bangladesh can be anticipated,

PVA fiber is produced al-ost solely in Japan where its production
and use are declining and are now ~t about 50% of their peak, It has
becn used primarily in industrial or related type applications., Its
uses in apparel are handicapped by its poor properties &t high humidities.
The process of producing this fiber are slow, complicated and costly.

The fiber is not recommended for production in Bangladesh,

Acrylio or PAN is onc of the major eynthetic fibers. As such it
has many excellent fiber charzcteristics particularly in those applica-
tions where wool was formerly used. It is an outstanding and preferrcd
fiber for sweaters, pile fabrics and blankets. Its uce in broad woven

fabrics for apparel 1s wory livdited cnd ite uso ‘in blenls with eotton




arc insignificant., Thesec latter two areas are major markets for
Banglndeshe Although it is a major fiber it is not a major fiber

in those countrics with a hot and humid climate.

The production of acrylonitrile, the major fiber intcrmecdiate for
acrylic fibers, from acetylene is on obsolete and costly process and
has been replaced world wide by the much cheaper ammoxidation of pro-

N pylere process. The cost plus return of producing acrylonitrile by
this process and the low investment cost of 17 ‘J per annual pound in
! a medium size efficient plant make this process much more attractive

than the obsolete acetylene route,

The cost of producing acrylic fibvers in Bangladesh using imported

monumers has been estimated and with modest capital charges can be
competitive with imported staple. This route would be the preferred
route for manufacturing acrylic fibers in Bangladesh, Since acrylic
fibers would have only limited market acceptance in Bangladesh the

production of aciylic fiters in Bangladesh is not recommended,

A study of the possible production of -ther man-made fibers
particularly polyester fibers uzing imported terephthalic acid and
ethylene glycol, is a viable altornative to the production of fibers
based on natural gas., As a second choice a study of the possible pro-
duction of polynosic fibers using imported and/or domeatic raw materials

has been suggested,

|
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Although the per caput cunsumption of textile and fiber
products in Bangladech is probably the lowest of any country in
the world the large and growing population coupled with a hopeful
increasc in per caput consumption would indicate that the demands
for fibers products will continue to increase in the icmediate future.
With the exception of a very small production of filament rayon : by
Karnaphuli Rayon and Chemicals at Chittagong using pulp derived from
bamboo and an even smaller production of nylon 6 filament by Pylon
Industries Ltd. at Chittagong using imported nylon 6 chips, essentia-
1lly all of the textile products aveilable in Bangladesh are vased on
inported fibers, yarns or textile products. Apparently Bangladesh
does produce 2 mall amount, reportedly 3000 bales, of very short
staple cotton and a small amount of silk. The primary import is
cotton vhich is spun into yarns and e relatively amall amount, esti-
nated at 15-207 of total yardage produced is woven by power looms,
There are 52 cotton mills in operction currently., Half of these mills ‘
produce yarns and weave vhile the remainder are yarn spinning mills,
Presunmsably there are no non-integrated weaving mills, Of the 26 spinning
eed weaving mills 14 have finishing facilities, There are ten yarn
spinning mills under construction and there are supposedly some 4 or S ‘
special mills devoted cither to producing synthetic fiber fabries or
some special types of fabrics, There is one woolen mill but it <

reportedly operates only about 3 months per year.



Prior to independence Pakistan was the major source of
cotton uced in Bangladesh but all cotton for apparel and yarn pust
now be imported. This report will congider only the types of

aynthoetic fibers which can be produced from Bangladesh's natural

gas. It will review the reporis which have been prepared in the
past on this subject and as background information will review the
location, production and use of these fibers in the world. It will.
exanine the utilization of these staple filers as possible blending
fibres with cotton for use in Bangladesh's hot and hunid climate.

It will include information on costs of producing at least one of

these fiders.

In order to determine the feasibility of procucing synthetic
fibers from natural gas it will be necessary to review the fiber
intermediates which are required to produce the several synthctie
;'ibers. In addition, the basic petrochericals from which thege
fiber intcrmediates can be prepared and ultimately thc source of
the feedstocks to prepare the basic petrochemicals bdeceme impor-
t#nt. This information is summarized in Tables 1 and 4 and discussed

in general terms on the following pages.

There are very many possible synthetic fibers and literally
thousande have been synthesized in the laboratory but only four
types heve survived to become large scale cormercial successes.
These fibers together with the fiber intcrmediate from which they
are currerntly produced are listed in Table 1. Therc are a nunber
of "other" fibers which are produced either to fill cspecial require-
ments or for specinl reagons. These fibers have been considercd
but the oncs which can be produced frem methaneerich natural pas

are summarized in Table 4.

B T - e o ———————
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Table

Piver Intermcdintes and Sources for liajor Fibera

Fiber Intermodiates

Eibertype Basjc Petrochenmical Source
Polycmides
1+ Nylon 66 Adipic Acid Cyclohcxane 011
and (
a) Cyclohexanc 011
Hexame thylene Dianmine éb; Butadiene 0il
c) Acrylonitrile 011
2. Nylon 6 Caprolactam a) Cyclohexane 0il
b) Phenol 01l
c) Toluens 041
—— T
Polyesters Ethylene CGlycol Ethylene (a) Natural Gus

Dimethyl Terephthalate Liq,
or §ag p-Xylene (v) o041
Terephthalic Acid b) Toluere 011
011
RS SR S A R L A S S T SN ST SRR ]
derylic Acrylonitrile Propylene 0il
B A S SRS AR
Polynropvlene Propylens Crude Propylene 011
= SRR SRS s RIS SN R




Nylon 66, the very first synthetic fiter, which was developed
by E.I. Du Pont, Vilmingtcn, Teclaware, USA, requires two intemediates
ac shown. One of thege is hex2rethylene diamine which was originally
énd still is made in large cucntities fror cyclohexane. . long obaolete
process used furfural but this process was never a major source. A newer
process, acain based on du Pont technology, uses butadiene. Originally

butadiene was made by dehydrogenation of C4 streams rccovered from

refineries. Currently, thesc old plants in the United States are being

phased out as the ner-» ethylene plents in the Unitcd States are based
on gas ¢il feed stocks and large quantitics of butadicne are

recovered from these units as a by-product. The lionsanto Co. has
developed an unique process based on the dimeriration of acrylonitrile,
The original Monsanto acrylonitrile plant, built about 1051-52, wes
based on acctylene tut this plant was icplaced by the Schio process
based on the axmoxidation of propylene coming either from catalytic
cracking units in refineries or as a co-product from ethylene plants

based either on naphtha or gas oil.

Thus,it would theoreticc.ly be possible for Bangladesh to
manufacture one of the required fiber intermediates for nylon 66 using
dcrylonitrile derived from acetylene out such processes could not

compete with the current processes based on refinery propylene.

Nylon 6, the type of nylon produccd at Chittrcong, i3 bascd on
the polymerization of caprolactem. This intcmediate is prepared in
lerge quantities from cyclohexers produced by the hydrocenation of
refinery benzene, frem refinery tolucne or from phenocl. The latter

can te produced lorgoly frea refinery ternzene by several processoa,
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The -.icely used polyzsters recuire two inicrredintcs, ethylene
glycol and either dimethyl terephthelate or terephthalic acid. kthylene
glycol Is be .d on ethylenc. In the United Statecs natural nré liquids
arg the cheapest feedstock and ethylene plants using such feed-stocks
have by far the lovest capital cosis. However, the cconomic recovery
of such feedstociis freoa netural gas is supply lirited and, although
supplies ere aveilable for many years for existing plants, the newer
U.S. ethylene plants are based on refinery gas oil. Ethylenc plants
traditionally huve been based on naphthu in Europe but the giant
ethylenc plants planned for Scotland will be based on North Sea

naturol gas liquids. Similarly, the huce ethylere plants on the

Persian Gulf and in Saudi Arabia will be based largely on ethane.

Unfortunately, the Banglacesh natural gas is methane.rich
and the recovery of 02-04 streams for & steam cracker may be very
costly and 1limited in quantity. It has recently been pointed out
to the expert that ethylene is produced in one plant in
India besed on e:lwnol produc ! by the fermente‘.on of sugar by-
products., If etuylerc could be produced economically and in suffi-
cient quantities by this process it could be used to prepare cthylems

glycol,

The other intermediate required for polyesters is either

dimethyl or terephtnalate or terephthalic acid and these are usually

prepared from p-xylene but one minor process uses toluene.
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Acrylonitrile is univercally based on propylene using the . l
icproved or modificd Sohio process. Propylene is produced in huge
quantities in U.S. refineries and it has been estimatcd that U.S.
refineries have approximately 20 billion pounds of recoverable propylene.
This huge rescrve has been used in part for allkylation to produce an

anti-knock component for gasolime but in the absence of tetra ethyl

A

. lead the alkylate only has fucl valuo, For this reason the price of
propylene in the US will always be substantially lower than ethylenc.
In Europe, as discussed, propyleme is a co-product along with ethylens -

and other products from naphtha cracking.

Prior to 1950 acrylonitrile was based on sthylene chlorohydrin,
This very expensive process was replaced by the acetylene process using
the catalytic addition of ECN to acetylens, This process was used by

both Monsanto end /merican Cyanamid but was suprlanted as noted by the

Sohio process.

Polypropylene requires a purified grade of propylene which is
obtaired by fractionation of crude propylene from either refineries or

from liquid hydrocarbon ethylene steam crackers.

In order to put the amount of production of these four major
synthetic fibers in proper perspective it should be noted trat the
total production of synthetic fibers in the United States in 177
was 3,320,000 tons and that the four major fibers acccunted for 99,73
of the total. In the world the total production of synthetic fibers
anounted to 9,996,000 tons and the four major synthetic fibors constitutod

99.95 of the total production.



Since this report ic concerned solcly with the production
of synthotic fiberas based on nntural gas as produced today in Bangla-
desh & brief review of this resources is important. In addition, a
review of past studies on possible production of synthetic fibers

from Bangladesh natural gas may be hkelpful,

Dr. A. Iug has prescnted data on the reserves and composition
of the natural gas resources of Bangladesh., The gas fields with the
three largest proven reserves were rich in methane with the ethane and
propane content ranging from 1.4 to 2.3%. The large gas field at

Bakhrabad was reported to have C content of 2.2%%. Dimitrijevicz

2%
has reported a C,~C4 content of 4.85 for the same field.
Dimitrijevic2 has suggested that, if the several plans for
exploiting the Bakhrabad field are implemented it might be possible
to economically extract sufficient natural gas liquids to operate a
saall ethylene plant. Until a relisble domestic source of 02-05
feeds.ock 1s secured he has cuggested the importation of natural gas
liquids frem Fercian Gulf or North African States be considered. It
vas suggested that, although the present consumption of PVC and PE
plastics in Bangledesh is low, projections indicate that in ten years
the market volume would Jjustify the construction of a amall ethylene

plant based on natural gas liquida.

As noted in Table 1 even if this ethylenc plant is built it would
produeot?’ basic petrochemical, ethylenc, required for only one of the
tvo fiber intcrmodistes required for the production of polyesters. It
is doubtful if the propylene by=-product would be produced in sufficient

quantities for conversion to acrylonitrile.

B b SR B




Earlier studies by W.le Badger3 tsgociates in 1965 had

considercd acetylene &s the basic building block for synthetic
fibers and had suggested PVA, polyvinyl alcohol, as the preforred
fiber®which could be mede, Chemical Consultants (Pakistan)4 Ltd.
in 1969 have considered the manufacture of synthetic fibors as part
of the general development cf petrochericals. Their market study

carried out for them by Chechi and Co, showed that the markets for

b
\\ nylot;, polyesters, acrylic and PVA fiters in 1974-75 in Bangladesh (then
called East Pakistan) would be about 8,000-15,000 tons even at prices
very competitive with cotton. They further reached the conclusion

that only synthetic fiber, which should be Aco-nsidered for Bangladesh,

was PVA fiber and this supported the position of Badger Associates.

In a related atudy Austrian Petrochemical Conaultantss Lta,

in 1969 reported that the production of synthetic fibers in Pakistan
should be as follows :

Table 2

rrojected Tonsumption of Synthctic Fibers
in Pakistan (Tons

Jiber Type 1970 1980

Aerylic 10,000 20,000
Nylon 6 - 10,000
Polypropylcne 3,000 5,0C0
Polyestcr 5,000 20,000
PVA - 4,000

TOTAL: 18,000 59,000

o+ e =
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This report is based on recommcndations in Chemical Industry
International March 1967 which was not available for studye 1In
addition, they have referyed to a Report for the Industrialization
of Pakistan in the field of Chcmicels and PFertilizors, again not
available, in which the recommended planned eapacity for man-made

fibers is presented in Table 3.

Table 3
Recoumended Planned Production Capacity for
Bangladesh
er Type 1270 280
Acrylic 5,000 10,000
Polypropylenc 3,000 5,000
Polyvinylalcohol - 4,000
Polyester - 10,000
Total: 8,000 29,000

Based on & UNIDO report, General Survey of Existing Situation
in regard to the Manufacture of Man Made Fibers in Pekistan 1968 and
their own studies they reached the conclusion that only the synthetic
fibers which can be produced from natural gas namely acrylic, polyvinyl
chloride or polyvinylalcohol should be produced in Bangladesh. In
conasidoraticn of fiders which can be produced from natural gas they
concluded that first priority should be given to the fiber with the
widest field of application and with lowest cost which should be below
or equal to the production costs in other countries. On this basis

they recommeonded aerylic fibers.
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4

It should be noted that Chemical Consultants’ and Austrian

5

Petrochemical Consultanis” in the same year 1969 arrived at two

different recommendations for the type of fiber to be produced.

In a recent review Dr. A. Huq6 hes gsummarized the advantages
and disadvantages of producing the three fibers, acrylic, polyvinyl
chloride and polyvinylalcohol from Bangladesh natural gas and has
reached the conclusion that of the three possible synthetic fibers
acrylic fibers represent the most attractive fiber to be made in
Bangladesh. It was further suggested that acrylic fibers plants
varying in size from 16,000 = 36,000 n t y be considered depending

upon availability of foreign exchonge capital. As an alternative

it wes suggested that 16,000 t/y of acrylic fiber along with about

7-10,000 t/y of polyvinylchloride fiber be considered.

Since Bangladesh's natural gas contains such low amounts of
02-04 hydrocarbons it is clear that eny intermediate process based on
Bangladesh natural ges must use acetylene as the fundamental building
block. As indicated from carlier studies this limits synthetic
fibers to PAN, PVC and PVA Tibers. Examination of the sources of
fiber intermediates for the fibers is shown in Table 4., In this

table the economical preferred process is listed first under (a).

As discussed, acetylone processes for acrylenitrile have
been replaced by the Sohic process based on propylenc., In the
United States the newer plants for vinyl chloride monomer hzve

bcen baged on

s ————— .-
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Table 4
Fider Intermediates for Acetylens Based Fibers

Tiber Type Fiber Intermediate Basic Petrochemical Souroce

Acrylic Acrylond trile a) Propylene 011
b) Acetylens Me thane
M
Ral Vinylchloride a) Ethylens a) Nat.Gas.liq,
b) o1
®) Acetylene Me thane
-m
) 47 Vinyl Acetate a) Ethylene a).Nat.Cas.lig.
b) o041
b) Acetylens Me thane

ethylens sn that again acetylems is being replaced by e thylens,
The eame eituation eituation has developed in the case of wvinyl
acetate, The large mev plants bqud on etkylens continue to
dominate the market and new plants will use thie route rather

than the older acetylene procees.

In view of tho considerable studies which have been under-
taken on the utilization of Bangladesh's methane rich natural gas
to produce synthetic fiber and which have been under study and
consideration for a long period of time one of the maim objectives
of thie report will dbe to critically examine these many and coihflie
cting proposale. EHopefully, the information developed and presen~
ted will lend to a clear underetanding of Bangladesh's present texe
tle position and that the required course of action will bde self
evident,

T8¢ general procedure to be followed in the mext three sections
vill be to examine each fiber separately frcm the general market
viewpoint listing all of the fiber plants in the world, the produce
tion of the fiber where known, comments about the gensral applicabi-
lity of the fiber and finally in the casee whers wvarranted an azalysi.

of production costs.




PVA Tiver or Vinal Tber

Te generic fiber names used in this report are those used
by the US, Federal Trade Commipsion but they are names which have
won wide acceptance in the world, Vinal fiber are fibers which
contain ot least SO by weight of vinyl alcohol units and, in
addition, the vinyl alcohol plus acetal units constitute at least
B5% of the weight,

It should be noted that monocmeric vinyl alcchol Cﬂzu CHOH
does not exist., Attenpts to prepare it produce its tautomer,
ecetaldehyds. PVA is accordingly prepared by the hydrolysis of a

derivative, polyvinyl acetats.

Vinal fibers were developed in Jopan. The existing plants

are es follows with the trade name of the fider in paranthcsis :

1, Wecker Chemie, Munchen~Burghausen
(Pederal Republic of Germanv (Wacker M.A. Faser)

2. Xuraray Co, Ltd., Okayama, Japan
(Cremona, Kuralon).

3. Nitivy Co. Ltd.,, Fujieda, Japan
(Niti-vilon).

4, Unitika Ltd. 3akoski (Akhd City), Japan
(Mewlon)

In addition ore plent has been reported but not confirmed in

China at Pekinz, There are no reported plants in the US3R.




The first stop in the production of PVA fiber i3 the
polyn-rization of vixxyl/a.ceta.te using methanol as a solvent. The
molecular weight can be controlled by the methods commonly used
in free radical polymerizatione The hydrolysis of polyvinyl acetate
with caustic produces polyvinyl é&lcohol and by product, sodium
acetate. It should be noted that theoretically at 100% yield one
pcund of polyvinyl acetate, PVAc, would produce only 0.51 1lb of
polyvinyl alcohol, PVA, 1In order to recover the acetic acid used
in the original preparation of vinyl acetate the recovered sodium
acetate is treated with an acid such as sulfuric acid. Thus, the
final products of the hydrolysis of PVAc are the desired PVA, acectic

acid and sodium sulfate.

In order to produce satisfactory fiber the hydrolysis has to be

nearly complete and free from any residual caustic or sodiwm acetate.
PVA is soluble in hot water and fibers are produced by wet spinning
processes similar to viscose using solutions of 15-20% concentration.

Spinnable concentratiosy are dependent upo'n the molecular weight of

the dissolved PVA. Usually the spinning solution, dope, is maintainead

at 90°C. Most dopcs will start to coagulate at temperatures approa-
ching 60°C but in order to maintain fiber unifomity close tempera-

ture control of the dope is essential at spinning temperctures.

The spin bath consists of sodium sulfate and zinc gulfate and
is umally maintained at a specified temperzture usually about 40°c.
Spinning specds are relatively slow averaging around 50 meters per
mitute, As produced the fibere are relatively wesk and must be dried

and stretched to give imnroved strengthe Evern nfter stretching the
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fibers would have little resistance to hot water and in order to
improve thoir water resistance the fibers must be croscelinked
using formzldehyde. Cross linking prevents any polymer from
dissolving in a solvent but even o highly cross linked polymer
will tend to swell in a good solvent. The fiber are crimped,

dried and cut.

In reviewing the process for making PVA fiber it should be
recalled that carrying out chemical rcactions on pelymers are usua-
lly difficult and costly. In the case of PVA fibers PVAc must be
hydrolyzed to PVA and the PVA converted into fiber., The fiber as spun
gnd drawn nust undergo another chemical reaction, namely cross-linking,
before it can be used. The process is wet spinning which is inherently
slow and the many steps involved make the capital cost highe It is
evident from the many steps involved that conversion costs, vinyl

acetate to finished fiber will be very costly.

In addition, for a cour.try such as Banglcdesh there is no
easy introductory method using imported vinyl acetate. PVA polymer
yiclds will be less than 50% based on the weight of PVAc hydrolyzed.
The current price of vinyl acetate in thc United States based on
ethylenc, a recognized cheaper processes than acetylene, is
23 {/pound but large contract prices, in view of the world wide
overcapacity, cre around 20 ‘.(/pound. This would mcan that imported
raw material costs for the fiber probably would be in excess of twice these
prices, There will be a amall poscible crodij: for recovered acetic

acid cnd godium culfate. We have made no attempt to cstablish these
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credits but in view of transportation costs their valuc can not bo

highs The development of PVA fibers in Bangladech using imported

monomers can not be Justified,

No deteiled attempt has been made in this study to eotinate
the cost of producing PVA fiber in Bangladesh. However, Chemical
Consultants (Pa.kist.an)4 in 1969 concluded that the cost of manufacture
of PVA fibers with no pay out in a 7,800 ton plant would be 2.5 times
the cost of cotton. Furthemmore, in order to achicve a sales volume
of 7,800 tons it was assumed that the durebility of cotton-FVA blends
would justify this higher price. There have been no known break

throughs in the technology of prepering PVA fibers which would

greatly reduce the mamufacturing costs.

In the ensly burst of enthusiasm for PVA fibers it was hoped
that the high moisturc regain values of vinal fibers, around 10-12%
at high hunidities, would make vinal a valusble apparol fiber. These
high hopes have not been rec ized., The production of vinal fibers
in Japan from 1957 to 1968 is reported by Chemical Consultants
(Pa.kistan)4 and reached mearly 70,000 tons in 1968. About 237
was consumed in apparel applications in 1965 while about 6O% werc
used in {ndustrial and relzted areas, Cf the fibers used in apparol
about 40 were used in general clothing while the remainder was

usod in work clothing, uniforms and the like.

In the period of 1971-77 the production of "other*fibers

in Japan ia indicated below in tons per y=ar :




Table 5
Production of "Other" Fibers in Jcpan 1971=77
. (Thousands of Tons)

ear Filament Staple Total
197 22 75 97
1972 0 69 89
aB 1973 23 70 93
N 1974 22 66 88
1975 15 38 53
) 1976 15 43 58
1977 16 45. 61

"Other" fibers are definsd as largely spandex, saran, vinal

and vinyon, Thus, it is apparent that the production of "other"
fibers in Japan has besn falling wheress the polyester have grown
90% in the same time period.

Through the courtesy of the Mitsubishi Reyon Cos nnd.uaing
recent data from the Japanese Fibar Association the production of
PVA fibers in Jopan is shown in Table 6+ Although part of 1974 and
all of 1975 were depression years for fibers current production is

only about 60% of the estimated 1968 production,

Athough high hopes were cxpressed for the future of PVA
fibers the fdlurc of PVA fibers to achieve a larger parket share

pay be inherent in tho fiber and its propcrties,
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Table 6
Production of PVA Fibers in Japan 1974-1977
Tons
Year Filament Staple Total
1977 6,633 36,306 43,159
1976 6,117 33,473 39,590
1975 7,343 32,539 39,882
1974 9,437 47,975 57,412

Although cross linking of the fiber improves the resistance
of the fiber to water cross linking it not sufficient to prevent
interaction with watere Thus, fabrics from vinal blends lose thus
crispness et high humidities and rather quickly have a messy appearance

and are not attractive for many apparel uses,

In the mid to late 1650s Air Reduction Corporation, a large
acetylene and vinyl acetate producer in the U.S., undertook an
extensive program on the possibilities of producing and marketing
PVA fibers in the United States. Imported fiber from Japan was
used for market evaluation., After consideresble effort including a
major team of textile experts they rcached the conclusion that this
fiber would not be a viable product for the U.S. textile industry.
As indicated earlier thcre are no PVA fiter producers in the United
States and only one small producer, “acker Chemic, in Western
Europe. Waclier Chemie had been the devcloper of PVA fiber prior to
the Japancse developments and the total production of "other" fibers

including PYA fibers in 21l of Western Europe is only 13,000 tons




out of a total of 2,125,000 tons and PVA fiber can represent only o

small portion of 13,0C0 tons of "Other" fibers.

On the basis of high capital investment us a result of the
many manufacturing processes involved in the preparation of the
monomer and the conversion of monomers into fibers, the high manu-
facturing cost ueing either imported or domestically produced mono-
mers and the poor adaptebility of the fiber for apparcl use the
mamufacture of PVA fibers in Bangladesh can not be rccomnended. We
believe that this is a supportable conclusion besed on the decline
in the production of PVA fiber in Japan. Until major breakthroughs
in the technology of manufacturing improved PVA fibers ere mado and
until the use and acceptability of these fibers in apparel fabrics
has been amply demonstrated we believe that further consideration
of the possible manufacture of PVA fibers in Bangladesh is not
warranted. Dased on current interests in PVA fibers we would rate
the possibilities of achieving these breakthroughs as poor. Ve
believe that there are other viable fiber alternatives to PVA and

we reccumend that these alternatives be thoroughly explored.

e e = B




PVC Fiber or Vinyon Fiber

Vinyon fibers, &s defircd by the U.,S. Fedcral Traode Commissivi

are fibers which contain at leaat 857 vinyl chloride by .eight. The

International Organization for Standardization, 103, uses the term

chlorofiber which includes bhoth saran and vinyon fibers. Although

polyvinyl chloride fibers have been reported for many years the

trependous use for PVC resins hcve largely been in other fields such

as records, flooring, film, sheeting, pipes, building products and

the like.

sive,

Its use as a fiber are not well known nor are they exten=

The reported plants for production of PVC (vinyon) fibers ere

1isted below based on information contained in the June 1978 Textile

Qrganon.

Although the report strives to be as accurate as possible

there is some possibility that in certain countries the reported

plants for vinyon fibers may actually be producing products wvhich

would fall under the I0S definition, chlorofiber.

1.

2.

3.

4.

Rhone-Poulenc-Textile, Tronville-en-Barrois(Meuse), Franoce
(Clevyl, Rhovyl, Thermovyl)

VEB Filmfabrik Fotochemische Kombinat, wWolfenm, German
Democratic Republic (Piviacid)

Kureha Chemicol Industry Co., Kaibara and llibu, Japan
(Viclon)(lionofilament only)

Nishikawa Cherical Industry Co., Iruma, Japan (Nishikalon)
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8.

Teijin Ltd., Iwaluni, Japan
(Teviron, Vairen

Toyo Chemical Co., Cfumm, J'n;;an
(Envilon), (ilonofilament only

Avtex Fivers Inc., Meadville Pa, USA,

Voplex Corpn., Canandaiua
Plastics Division, Canandaigua
N.Y., USA (Volplex, l'onofilament only)

In addition these are reportcd but unconfirmed vinyon plant

in the following countries.

China

1. Canton

2, Chungking
3« Fochou
4., Shanghai
5.. Shengli

6. Tientsin
7. Sian

8. Sining

Union of Soviet Socialist Republics.

1, Kustanay

Information on plants in these two countrics is not

available to the writer, ' .

e — o - e —— =
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Some of the plants are producers of monofilaments only as
indicated, It is believed that these monofilaments are cither
very coarse products or may be slit tapes or ribuoms. In any
event such monofilaments would mot be useful in blends with cotton
nor asZrcplacement for cotton in apparel applications. Thus, there
are only five plants which produce yarn as staple which posaibly could
be considered in a form which pight be suitable for blend purposes

or for use in apparel.

The Avetex fibers plant at Mecadville Pa. USA produces staple

fiber by dry spinning a vinylchloride copolymer from acetone solution

T on an 0ld cellulose acetate tow
machine. The product is sold almcst entirely to one paper company
who usges this fiber as the bonding fiber in making the ccmmon non-woven

fabric uscd in tea bags. The capacity of this plant &sweported is

about 2 million pounds per year.

Textile Organon does not report the production or congswption
of PVC fiber, but reports the production under "other" fiter. The
total production of "Other" fibers in the various areas is detailed

below for 1977 :

Table 7

Vorld Production "Other' Fibers in 1977
Thousand of Tons

Area Production aci
Western Europe 13 ) 24
Eastern Europe 12 17
U.S.A. 7 10
Other Ancrica 1 1
Japan 61 134

All Other 16 28
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Ag deacribed under discussions of PVA fibers "Cther" fitera
include spandex, saran,fluorocarbon, vinal, vinyon, azlon and
elginate fibers. The production of "other" fibers in all arcas
except Japan is very smalle It is known that there are € spandex
plants in Western Europe, 1 in Eastorn Europe, 3 in the U3A, 4 in other
Mmericas, 6 .in Japan ond one in All Others, Wiih the exception of
Japan vhore same 61,000 tons of "other" fibers were produced the
production of "other" fibers is very small. Through cooperaticn of
the Mitsubichi Reyon Co. dota from the Japanese Fiboers Association

on the production of PVC fibers are given in Table B,

Table 8
Japanese Production of PVC Fibers
Tons.
Yeor  Hlgrent Staple Total
1977 4,914 2,98 1,212
1976 5,179 2,649 7,628
1975 3,840 1,381 5,221
1974 6,544 3,288 c,832

Since the production of spandex fibers must be subtracted
from the total the production of PVC fibers is insignificant in the
United Statcs and Western Burope. The reported number of PVC fiber
plents in China is surprisingly high. The existance of

these plants has not been verified and their production is unkmown.

i e —— ~ . e e
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From the structure of vinyl chloride moncmer and tho
methods used for polymerization the fiber characteristics of
polyvinylchloride can be anticipated to be quitc poor. A more
likely fiber candidate is polyvinylidene chloride, Saren. In the
1860's attempts were made to produce saran fibers by a joint
venture of Low Chemical and MNational Plastic Products Co. in
Odenton, Maryland, U.S.A. This prosram vas in existance for a

number of ycars and several smell carpet programe wers actually

¢ developed but the production probably never reached a million

\‘ pounds per year. Today, ribbon ponofiloments are produced from
\ saran in relatively small quantities, approximately 2«3 million
e’ pounds. These ribbons are used generally in certain types of

drapes especially for public buildings where fire protection is
demanded and required. No use of these saran monofilsments in
apparel is known and all other kmown uses for monofilaments are

either in industrirl or related end products,

There are a number of instances where certain yarns such as
fivers glass yarns are coated with PVC. Advantege is taken of the
fact that the core yarns are used for their strength or other pro-
perties while the PVC coating provides protection to the individual
filoments from surface abrasion or some means of altering surface
characteristics, Such costed products, for example, are used for
mosquito screcns and the like. One such company in the United States
is Engineered Yarns Co, and a corrcsponding company in Canada is
part of Bay !ills, Torento, Ontario, Camada. At one time Rhone-Poulenc
in rance tried to prcmote PVC tiber for use in undergarmments for people
suffering from arthritis. Sup)osedly the wearing of PVC undergarments
reduced arthritic pains but t‘ne:so claims have not been widely accep=

ted, The production of PVC fiYers is tloucht to be amall,
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3ince PVC polymer has been produced in tremendously large
quantities in "estern Europe and the United States the fact that
production of vinyon i3 so small is a good indication of its fiber
propartiese In the mid 605 at the time of the issuance of the

Badger3

study it was well recognized that the fiber properties of

PVC were mininal. There have been n;a developments in ths Vestem
¥orld to alter this conclusione On the other hand the Vestern VYorld has
developod viable alternatives to natural {ibers including cotton and
the conswiption of man made fibers in the USA far exceeds the consump-—
tion of cotton. In apparel uses in the United States the consumption
of map-gade fiber in 1976 was 78 larger than cotton and 675 larger
than the total consumption of all natural fibers, cotton, wool and
8ilk, Thc total shipments of cne synthetic fiber, polyester fibter,
in continuous filement and staple forms, exceeded the conswiption of
cotton by 13%, The above production has been achieved even though
the US is a major producer and expcrter of cotton. With the exception
of the production of vinyon “; Avtex, discussed previously, there is
no production of vinyon fiber in the United States. In our opinion
the manufacture of vinyon fiber would not produce a suitable fiber

for use in Bangladesh,

Until a suitable fiber has been demcnatrated we can not
recoamend the installation of a major plant for the production
of a speciality fiberes In our opinion as in the case of PVA
fiber other alternatives exist and we recomzend no additional

studies on this fiber.




Acrylic Tibers
Horketing Tactors
Introduction

AMthough polyacrylonitrile had been known for many years
difficulties were encounteied in attempts to convert the polymer into
a useful fiber and real progress in this field was depencent upon
the discovery of suitable solvents. Solvents based on dimethyl forma=
mide, DNF, were patented by the DuPont Co. in the 1040's and commer=-
cial developrent by a number of other companies were carried out in

the early 1950's. Acrylic fibers are unique emong the major synthetic

fibers since all the other major synthetic fibers polyamides, polyesters
and polypropylenes are crystalline products with sharp well defined

melting points.

Polyacrylonitrile has no true melting point and et elevated
temperatures cecomposition starts before the polymer is sufficiently
fluid for melt spinning. Since the polymer is soluble in a number of
different types of solvents the several approaches vhich have been
used for converting polymer into fiber are dependent, at least in
part, on the type of solvent which is selected. Since the original sol-
vent used by Du Pont was dimethyl formamide, DIF, and since this
solvent is volatile at high temparaturcs duPont elected to base their
prooees on dry spinning. In dry spinning, the process usgsed for
cellulose acetate, the solvent is removed by extruding the {iber

solution into a heated chamber where thc solvent is distilled off
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and recovered. The !Monsanto, originally the (hemstrand Corporation
process gince licensed in Japan to the iiitsubichi Rayon Co., uses
dinethyl acetamide, DIA, and since this Las a higher boiling point
that DI and is difficult to vaporizo Monsanto clected to use a wet
spinning process. In this procecs the fiber solution is cxtruded
into a spinning bath in which the polimer is insoluble and the
polymer is recovered in fiber form. American Cyanamid's solvent

is a highly concentrated nqueous solution of sodium thiocyanate and
the use of this solvent of necessity requires a wet spinning rrocess,
Although dry and wet spun continuous filcment nrocess have bcen used
for cellulose acetate and viscose rayon and spinring speeds of both
dry and wet processes arc much slower than i:elt spun processes and,
therefore, the costs of producing contiruous filarent fibers

from these procecses are relatively high. Cne rethod of compensating
for slow spinning speeds is to extrude many more filaments and wet
spinning processes are particularly suited for this approach, It is
for this reason that therear- only two small plants producing centi-
mious filament acrylic while the other acrylic plants produce staple

fibers.

Production Volure ard Plant locationg

With this brief background we should exanine the production
of acrylic fibers outlining plant locations, production capacity and
producticn by areas, Such information will be useful in eventudlly
assegsing the utilization of cerylic fiker throughout the world as

wvell as fiber preferencos. Included in this catcgory will be modacrylic




mers of acrylonitrile,

2. PELGIY

fibers as well, With very- few exceptions acrylic fibers are copoly-

production in thousands of tons :

Hestern Purone
Year Production
tom 477
197 524
1975 651
1974 5e8
1975 540
1676 719
1977 651
. MNSTRLA

3.  JEIDRAL REPUBLTC CT CERILUY

a) Bayer AG Dormagen (Dralon)

By definition an acrylic filer muat contain
at least 85% acrylonitrile units by weight. A modacrylic fiber will
contain from 34 to 84% by veight of acrylonitrile vnits. The acrylic

and modacrylic fibers plants are given below by arens with area

Capacity
1978 1979
1106 1124

a) Chemiefaser AC lenzing (lenzing Acryl)

a) Courtaulds SA Pont du Leu, Coguelles (Courtelle)

b) Rhone Poulenc-Textile Colmar(Crylor)

b) Hoechst A.G. KelheimfTonnu (Dolan)




7.

8.

%

10.

GREECE

a) Vomvieryl SA. Stylic, ncar Lamia

IRELAD

a) Asahi Synthetics (Ireland) Ballina, Kayo
(Cashmilon)

LTALY

) Anic Societa per Azioni, Pisticci (Eurcacril)

b) Pibra del Tirso Ottana

¢) Montefibers P.A. Porto Marghera (Leacril)

d) Snia Viscosa, Cesano MNaderno & Villacidro, (Velicren)

o) Societa Italiana Resine (sIR)
Porto Torres (Siacril)

FETERLANDS
a) DuPont de Nemours, Dordrecht (orlon)

PCRTUGAL

&) Fibras Sinteticas de Portugal
Lisbon (Vonnel)

SPAIN.
a) Cyanenka S.A., Frat de Llobregat (Crilenka

b) tontefiber Hispania S.A. !"iranda de Ebro (Leacril)

UNITE LGDOL

a) Courtaulds Grimsby (Courtellc) ilodacrylic Coventry Teklan

b) Du Pont (U.K.) Maydown, N. Ircland (Orlon)
c) Monsanto Londonderry, M. Ireland (Acrilan)
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a) Akrilik Eimya Sanayii, Yaloua (iksa)

b) Yaloua Elyaf ve Iplik Sanayii ve Ticaret
Yalova (Yalove)

EASTERN EUROPE

1.

2.

4.

Year Produc tion Capacity

19M 88 1978 1979
1972 103 219 246
1573 133

1974 151

1975 163

1976 172

1977 184
EULGARIA

a) Konbinat "Dimitar Domous" Burgas (Bulana)

CERMAN DEMOCRATIC REPUPIIC

a) Chemiefaserwerk "Friedrich Engels", Premnitz (‘lolpryla)
b) Veb Filmfabrik Fotochemisches Kembinat, Wolfen (Wolpryla)
HUNG@!

a) Magyar Viscosagyar Nyergesujfalu (Crumercn)

POLAND
a) Chenitex-Anilana Lodz (Anilana)

ROMANIA

a) Uzina de Fiber Sintct ice Savinesti, Savinesti, (Melana)




6.  YUCOSLAVTA

a) Organcko Hemijska Incustrija Skopje, Skopje, (Makrolen)

U, S, L

Year Production Capacity

197N 247 1978 1979
1972 284 394 394
1973 337

1974 286

1975 238

1976 282

1977 bral

a) American Cyanamid Co. Pensacola FLA (Creslen)
b) Dow Badische Co. Williamsburg Va, {Zefran)

¢) E.I. Du Pont do Nemours & Co., Camden S.C., Waynesboro va.,
(orlon)

d) Tonnessee Eastmen Cc., (hodacrylic)

e) Monsanto Textile Co., Decatur, Ala,(Acrilan)

OTEER AMFRICAS

Year Production Capacity

1971 26 1972 1979
1972 33 128 142
1973 45

1974 59

1975 €6

1976 82

1977 82



1. ARGENTIIA
a) Hisisa Argentina Barrdero (Cashmilon)
2. BRAZIL
a) Fisiba - Fibras Sinteticas da Dahie Camacari (Triana)
b) Khodia S.A., Sao Jose dos Campos S&o Paulo,(Crylor), Tercryl
3.  CANADA
a) Du Pont of Canada Maitland Ont. (Orlon)
4. MEXICO
a) Celanese Mexicanu S.,A, Zacapu
b) Celulosa y Derivados S.A. Atequiza (Crysel)
c) Pibras Sinteticas S.A. Cotartla (Fisisa)
N
5. EEED .
a) Bayer Industrial S.A. Lima (Drelon)
LAPAN
Year Production ‘ Capacity
1971 296 1978 1979
1972 21 456 456
1973 335
1974 278
1975 244
1976 | 310

1977 338
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o) Asahi Chemical Industry Co. Ltd. Fuji , and Nobeoka,
(Cashnilon and Pewlon

b) Japan Exlan Co. Saideiji (Exlan)

¢) Kanebo Acrylic Fibers Co. Hofu (Kanebo Acryl)

d) Kanegafuchi Chemical Industry Co., Takasago, (Kanccaron)
e) Mitsubishi Rayon Co., Otake (Vonnel)

f£) Nitto Spinning Co. Ltd., Fuuyzna (Pilot plant only)

g) Teijin feryl Co. Ltd., Ivekuni, (pilot plant only)

h) Toho Beslon Co., Mishima,(Beslon)

i) Toray Industries, Ehime,(Torcylon)

ALL OTFETS
Year Production Capacity
1971 36 1978 1979
1972 48 214 262
1973 76
1974 86
1975 140
1976 162
1977 _ 189
1.  CHINA

2.

a) Pormosa Plastic Corp., Kaohsiung & Lanchu (Tairylan)

b) Tong Hwa Synthetic Fiber Co. Chu Pei (Towm Flower)

INDIA

a) Indian Petrochemicals Corp., Jawsharnagar, Baroda,
(Cashmilon)

b) J.¥. Synthetica Ltd., Kota, Rajasthan; (Jelxrilon)

7 e A O



3. Im

a) Polyacryl Iran Corp.

4.  ISRATL
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Isfahn

a) Isracl Chemical Fibers, Ashdod (Acrilan)

5. Republic cf Korea

a) Hanil Synthetic Fider Industrial Co., Masan (Cashmilon)

b) Tae Kvane Industrizl Co. Ulsan (icelan)

Summarizing, the data on the world production of man~made fibers

are presented in Table 9 :

Table 9

World Production of Man-Made Fibers

1971
Ravon gnd Acetate

a) Yarn and Mono- 1,401
filaments

b) Staple 2,054
¢) Toinl 3,455

Non-Cellulosic Except
Qlefin

a) Yarn and liono- 2,867
filament

b) Staple and Tow 2,742

¢) Total 5,609
efin Fite

EData Lre lncomplete) 479

Total Man-Made 9,543

Raw Cotton 13,003

Raw Vool 1,566

Raw Silk 41

Total Natural 14,615

1972

1,342

2,217
3,559

3,213

3,164
6,377

563
10,499

13,6€9
1,457
42
15,168

1973

1,3C3

2,298
3,661

3,833

3,807
7,640

682
11,583

13,714
1,432
43
15,189

(Thousands of Tons)

1974

1,302

2,230
3,532

3,765

3,702
7,487

720
11,739

14,019
1,512
45
15,576

1875

1,136

1,823
2,95¢

3,763

3,583
7,346

716
11,021

11,809
1,504
a7
13,360

1576

1,185

2,026
3,211

4,126

4,449
8,575

" 803
12,589

12,632
1,462
48
14,142

1,157

2,008
3,256

4,315

4,732
0,047

970
13,273

14,138
1,360
49
15,577
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Production
1971 1872
Cellulosics 3,455 3,559
Acrylics and
Modacrylies 1,170 1,269
Nylon Total 2,166 2,437
Yarn 1,866 2,042
Staple 300 395
Polyester 2,127 2,523
Total
Yarn 958 1,127
Staple 1,169 1,396
Polyolefin 479 563
Total Synthe- 5,942 6,792

tico

Total Man-
Made

38 -

Table 10
World Production of lMan-Made Fibers by Fiber Types

(Thousunds of Tons)

1973
3,661

1,577
2,730
2,273

457
3,177

1,510
1,667

682

8,166

1974

3,532

1,448
2,623
2,153

430
3,272

1,545
1,727

720

8,063

9,397 10,351 11,826 11,595

1975
2,959

3,360

1,641
1,719

716

7,956

1976

3,211

1,727
2,847
2,339

508
3,835

1'745
2,140

803

9,262

10,915 12,473

1,890
2,343
970

9,907

13,163

Capacity

1978

2,517
3,862
3,103

759
5,708

2,594
3,114

NA

1979

2,624
4,220
3,376

844
6,007

2,7€5
3,312

NA
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In reviewing the growth of man-made fibers over the period
1971-1977 cellulosics, rayon and acetate, have actuslly experienced
a total lcse of 199,00C tons amounting to 5.3% or an average loss of
about 1% per year. It should be noted that filament losses amounted
to 244,000 tons or 17.4% with an average loss per year of about e
On the other hand raoyon stuple stayed essentially constant with an
actual growth of 44,000 tons or 2% The price of rayon continuous
filaments have increased recther rapidly with the increase in energy
prices and there has been increasing conmpetition from other synthetic
yarns. A3 & result in the U.S. the mmber of textile denier continuous
filapent plants has decreased in recent years from 9 plants to one
and tire cord plants have decreased from 7 to 2 and the latter two

are expected to close ghortly.

The world production of synthetic fibers, acrylic, nylons, and
polyesters have experienced a growth of 3,438,000 tons or 61% over
this period corresponding to an anmual growth of 104 per year. The
production of continuous filament yarns has increased 1,448,000 tons
or 51% for an average growth rate of about 8.5% per year. Staple hes
grown somevhat fagter, 1,990,000 tons, or 72.9% for an average growth

of 1% per year.

Although the data for olefin fibers, largely polypropylens,
are incomplete the estimated growth has been 451,000 tons or 103

for an averuge growth rate of 177,




In this short period man-made fiber production has increased
at a much more rapid rate thuw: the corresponding grewth of natural
fivers, 397 wvarsug less than %, and the production of mon-made fibers

ghould exceced the production of natural fiberas within u few years.

On a world basis the production of synthetic fibers by type is

as follows :

Acrylics 0%
Polyemides . 3%
Polyesters 47%

Polysmides, the oldest synthetic fiber have been the slowest groving
with an ennual gz:Ow‘ch of 6%. Acrylic fibers have been growing
somevhat faster at 8.5% whereas polyesters have been growing at an

annual rate of 16.%%.

In the United States over the period 1971=T7 acrylic fiber pro-
duction peaked in 1973 and along with all other fibers was badly
hurt in the 1075 depression. The growth over the period has amounted
to 74,000 toms for an average ¢rowth rate of 9%, In contrast over the
same period polyester production has increased 826,000 tons for an
annual growth rate of 16.5% Nylon production has grown 331,000 tons
at an annual rate of 7.5% andpalyolefin,largely polypropylcne produc-
tion has grovn 138,0C0O tons or annually 167%. Thus, acrylic fibers are
the slowest growing of the synthetic fibers in the United Statese The

production rate is ot 81.7% of capacity with no new plants planned.

In VWestern Europe the situation is somevhat diffcrant. Conrider—-
ing only acrylics, polyamides, and polyestcrs, the market sharcs are
respectively 315, 30% and 375 while the growth ratoo are reapectively

€k, 0.9 and 5. Thoec disappointing growth results reflcct the very
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slow growth rate of the toxtile inductry in Ve Buropes The operating

rates for the same fibers are 59%, 63 and 63%. These rates account
for the very many millions of dollars losses suffered by the fiber
mekers in Westcrn Burope. These continuing losses and the poor
prospects for an early recovery have caused duPont to announce that
they are permanently closing their Orlon acrylic fiber plant at
Dordrecht, Netherlands and transferring all acrylic fiber operations
to their U.K. plant. Similarly, thez’-c have been rumors but no
announcerents that Monsanto would close their acrylic plant in
Lingen, Federal Republic of Germany and move their production to

their Coleraine, Northern Ireland plant.

The much larger share of the synthetic fiber merket helii by
acrylic fibers may be closely related to the difterences in living
habits be tveen Americans and Buropeans. In general clinatic variations
in temperatures arc much higher in the U.S. than in Europe which accounts
for the much more common use of seascnal clothing in the United States.
In addition, American homes, offices and factories are operated at much
higher temperatures with central heating almost universally used. As
a result ‘merican clothing is much lighter than European. As a result
the use of woolen fabrics and heavy swcaters, which consunme large
amounts of acrylic fibers, is more common in Europe than in the

United States,

In Japan the market shares of the synthetic fiber markets held
by acrylics, polyamides and polyesters are respectively 3 299 and 47%,
and the grovth rates arc 2445, 0/ and 7.5 The gxcrylic operating
capacity of Japan is 745 while for nylon it ia 78% and for polyvster
it is 775 The production of acrylic fiber in Japan haa shown no

growth since 1973. Reccntly some of the major acrylic fiber producers
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in Japan have agreed on a form of rationalization in which the sales
efforts of several producers have been combined into one unit and the
required preduction divided between the several companies. What cffect
these changes may have had on the increased production of acrylic fiber

in 1977 is not clear.

The higher consumption of polyesters in Japan is belicved to be
related to the much higher average temperatures in Japan compared to

Burope and the greater use of Hghter weight fabrics.

In exarining the number of acrylic plants in other countries it
1g rather evident that the use of acrylic fibers in these countries,
where expected temperature may be high, is rather low. Thus,although
Brazil has two acrylic fider plants the plant capacity of one is quite
small and the production rate is known to be quite low. For comparison

purposes Brazil has 14 nylon plants and 9 polyester plants,

In India there are two scrylic plants, 12 nylon plents and 14
polyester plantses Taiwun also has two acrylic fiter plants dut it
has 13 nylon plants and 13 polyester plantss It is known that China
is a very large exporter of acrylic sweesters to the United States.
Examining Central and South America acrylic plants are located in thosge
countries which are mountainous and therefore relatively cool. Thus,
Mexico and Peru have acrylic plants but there are none in Columbia or

Vene zuela.




- 43 -

Exasining the demestic consumption of acrylic fiber in the
United States the uses were a. follows in millions of pounds:

Table 11

Consumption of Acrylic Fibers in the
United States by End Use

( Millions of ?ounds)

1973 1974 1975 1976 1977

Hoslery, Sweater and

Craft Yarns 184 166 193 210 262
Pile Fabrics 64 60 T T2 87
Other Circular and

Flat Knit _ 162 117 68 £ 11
Blanke ts 39 31 34 34 51
Other Broadwoven 38 18 14 22 27
Carpet Face Yam 169 114 83 89 ()
All Others 7 9 5 6 9
Total 663 515 468 518 620

Hosiery referred to in t.is table include nens hosiery in wool
like constructions and athletic socks, Craft ysrns are those yarns sold
to the heme craft industries which are_'used primarily in the acrylic field as
hand knitted sweaters, shawls and the like, Sweaters ore made from
high bulk acrylic yarns, In this process acrylic tow is stretched in
a heated ¢cven on a Turbo converter, The tow is bdroken into a random
length staple by running the tow under high tension over a rotating
roll fitted with a controlled point for lccalizing stress, The
random length staple is then divided intc two parts. One part is
ehrunk in a stean box and after drying is blendcd vith unshrunk yarn
and spun into & yarn comprising a blended array of shrinkeble and un-

shrinkable fibers in a rather coarse yerne The yarn is knitted into
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gveaters. In the dyeing proccss the chrinkable fibers will shrink in
length pulling tho unshrinkatle fibers into a series of loops or soue
type of curved arrangement in space. The ret result is bullky or lofty
yarn which is soft to the touch but yet resi¥ente This so called high
bulk procoss is ideal for knitting purposes and is used extensively

in sweaters,

Pile fabrics are fabrics in which individual fibers stand out in
e position normal to the fabric surfacce In this respect they can
resemble a synthetic fur, Depending upen the length and density of
tho pile such fabrics can be used for many purposese. For exanple,
ladies winter coats are frequently made with a dense pile acrylic fabric.
Othar pile fabrics may be used to simulate decorative furs while other

pile fabrics are used for ingulating linings for outer coats and jackets.

There are several processes for knitting, ome of which produces a
tubuler fabric while the other produces flat fabrics. These knitied
fobrics can be used for a wide variety of end products where relatively
heavy fabrics are desired. Apparently the amount of kni tted fabric

producced in Bangladesh is relatively low.

"Other broadwoven fabrics" are the yoven fabrics commonly used
{n all types and constructions and for a wide variety of end applications.
This category would include the types of woven fabrics cemmonly produced
in Bangladesh from cotton-viscose blerdses This category also would

include blends with wool.
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"p11 Other" includes fiherfill i.e. fibers used for filling
pillows, upholstery padding, cuilts, jackets and the like. Non-
wovens includes nccdled batts etc. The marlet shares in the VU.S.

held by acrylic fibers in the above areas as well as other staple

fibers and tows are given below :

Table 12

Per Cent Market Share Held by Acrylic and Other Fibers

in Selected Textile Apnlications
(R) Rayon (N) lNylon (AY Acrylic

Hosierz, Sv;eaters 1973 1974

A 90 94

KPR 10 6

Pile Fabrics

A 86 85

) 4 14 15
Other Circular
it Xpit

R 4.5 5

A 45.5 42

P 50 53
Rlankets '

A 80 84

P 20 16

R 27 25

N 2 2

A 2.5 1.5

P 68 71

0 0.5 0.5

1575

54
6

76

24

28

€8

85
15

16
2.5
1.0

80

0.5

1

9

(P) Polyester (0) Olefin

76

95
5

22

28
69

82

18

17

1.5

78
0.5

1977

91
9

78

22

63

22

16
3.5
2

78
0.5
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1973 1974 1975 1976 1977

R 2 - - - -

N 56.5 62 68 66 63
A 18 16 LR 9.5 7

P 19.9 1.8 18.5 21.5 20

0 4 4 2.5 3 4

All Other Uses

R 54 27 21 22 19
N 10 11,5 8 9 8.5
A 4 7 3.5 5 6.5
P 18.5 38 57 59 62

0 13.5 16 10 5 3.5

The above cata give the market share held by the several synthe-
tic fibers in those applications where acrylic are used to any appre=-
ciadble extent. In other applications such as fiberfill, flock and
non-wovens vhere the emounts of acrylics used are very small the
poundages are included in "All others". Note that {n only three arcas
are acrylic fihvers the preferred fibers. Thesc areas are (a) svesters,
hosiery and eraft yarns (b) pile fabrics and (c) blankets, None of
these areas reprcsent significant nerkets in Bangladesh. In ome other
area, circular and flat knits, acrylic fibers hold about a third of

the market dbut again this is not a major textile arca for Bangladesh.

In the broadwoven area acrylic fibers hold an insigmificant

\are of the market abcocut 270 but this ic n pador merket for Barnslaldesh,
AT

The proferred f£-ter i3 polyester, by a very wide wargin.

o — e - iy =
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There arc very many major apparel markets for continuous filaments

but since acrylic are not prcduced in continuous filament fom they do

not participate. These areas include circular mit, flat knit and

broadwoven. In these arcas polyester filiers are the dorinent fibers.

It should be pointed out that knitting is the chcapest and fagtest

way to produce fgbrics.

Turning now to the uses for acrylic fibers in the United

States the distribution of acrylic fibers tetween the various seg-

ments of the spun yarn textile industries is given in the following

table.

Hosiery, Sweaters
and craft yarns

Pile Fadbrics
Circular & Flat Knit
Blanknts

Broadwoven

Carpet Face Yarns

A1l Other

Table

Market Distridbution of Acrylic Fibers
in the U.S. Textile Industry by Percent.

1973
27.8

9.7
24.5
5.9
5.7
25.5
0.6

1974
32.2

1.7
22.7
6.0
3.5
22.1
1.7

13

1275
41.3

15.2
14.6
7.3
3.0
17.8

1.0

e Y 1 T A g .

1976

40.6

13.6
16.4
6.6
4.3
17.2

1.1

1977

42.3

14.0
17.5
8.2
4.0
11.8

1.5
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In the above market areas the only oncs which might have gignificant
marke ts in Bangladech would Le the broadwoven cutegory., Over a five year
period the average production of acrylic fibers vwas 556 million pounds
and an average of 23.8 million pounds were used in broadwoven products of
all kinds., This represents only 4.3% of the total acrylic fiber produced.

This is an insignificant share of this huge and important market.

Fo detailed analysis of the utilization of the gseveral synthetic
fibers in specific apperel markets in the U.S. is availatles In
order to present information as concisely as possible the tables in
Apparel and Home Furnishing from the November 1977, Textile Organon
aro reproduced in annex II. Formerly much more detailed information on
clothing for men and women were detailed. As noted these are not reported as
4+op type fobrics weighing 4 ounces or less per yards or bottom type
fabrics which woigh more than 4 ounces per square irarde. By reviewing
the tables together with the information supplicd previously an
excellent overall view of the markets for acrylics and other synthetics
can be obtained. For example synthetic fibers have almost Eompletely
captured the sweater market with £5% of the market, Similarly with
craft and handwork yarns syathetic fibers have just under 89% of the
market. In the top and bottom type fabrics man-made fibers now have
60% of the market. Again, 3p retail price goods, these fabrice are sold
to housewives primarily to to : converted into dresses,blouses and
and the like pnan-aade fibers have coptured over 70% of the market.

Thus, it is clear that man-made fibers play a very important role in

——— = e e -
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apparel and home furnishing markets in the Unitcd States. Since
the United States produces lerge quantities of both cotton and
man-made fibers of nearly all types .xd since the markets nre very
competitive and open the trends in fiber production as prcviously
outlined are the real indieations of the differences in fiber pro-

pertica which can be developed and ucsed in fabrics.

It can be argued with some force that similar analysis of the
markets in Europe and Asia should bc made, Certainly such informa=-
tion would be helpful and desirable. Unfortunztely we &are not awere
of reliable data from the EEC countrics. Surveys undoubtecly have been
made by individual cempanies in selected cotutries but the writer has
had personal experience in attempts to obtain detailed mrrketing infor-
mation on specific textile arcas using the resources of major firms
which have large and sophisticated marlet research staffs and was
unable to obto'n reliable information over a wide spectrum of

countrics,

The conswiption of fiders in tons in Japan in 1976 is .given in
Table 14, Note that in the woven epparcl cetcgory acrylic fibers
had only 1.9% of the total market bu* in knitted apparel acrylics
had 27% of the total market. In the knitted products arca outerwear
had 66% of the total amcunt of acrylics uced. This is similar to
the consumption patterr in the U.S. vhere #-caters constitute the

largest volume use in the knitted area,

Since we are primaiily ini ~-stel in uses for acrylic-cotton
blends thc Mitsubichi Riyoon Co. has kindly supplied us with data on
the recont corsumption (f acrylic-cotton blends in Japan. The data

#~o0 shown :n Mable 15 a. 4 arc talien from the Japancse Fiber Association,
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The data show conclusively that acrylic-cotton blend yarns only

Consumption of Acrylic Cotton 8lends *

Table 15
in Japan
(Tons)

Product 1974 1975
Shirts and Dressos 21 8
Skirts 17 4
Home Dresses 6 62
Blaua; 22 6
Infent Woar 606 - 30
Pajamas 193 137
Negloges 164 729
Night clothes - 135
Total: 1,019 1,111

consume about 0.4% of the total acrylic fibcr produced.

1976

49

24
134
5
143

1,090

* Aerylic cotton blend yerns by definition contain

SO or more acrylic fiber.
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In the United States and elsewhere in the world many millions
of dollars have boen spent on research and development by many major
firms who have a vested intcrest in promoting the production and use
of acrylic fibers. Many different fiber types have becn developed and
the nct results can be judged by the data presented in this report.
T™is research and development activity is continuing althourh at a
slower pace and the outcome of this effort as well as the continuing
research and developments efforts on other fibers can not be discounted.

Although it is theoretically possible to blend acrylics with cotton all

of the gyidence chowsg conclusivelv that acrylics pre not the man-made
{ibers of choice for blepding with cotton, It is our opinion that the

results of a free and ccmpetitive market have shown very conclusively

that acrylic fibers are the best men made fibers available for swcaters,
pile fobrics and blankets. Indced, in some of these areas and from
certain aspects fabric properties can be developed using acrylic

fibers which are superior to wool and other natural products. Bangladesh
possibly has sma.l market demands for such fiber products and at sore
point in time could consider developin¢ m acrylic fiber industxy

to serve these needs, For the broad general apparel market in
Bangladesh we believe that therc are other fibers pore suitable,
From & marketing view point all of the evidence indicates that the
production of acrylic fibers is not the preferred solution to meet

Bangladesh's major fiber and textile problems,
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Major efforts will be receruired in the parketing and fibyy

and tcxtile product developrent areas if o decision ig made to produce
acrylic fibers in Bangladesh. From a marke ting and textile preduct
development arcas, assuming that an improved staple fiber can be
developed and produced for blending with cotton, the market develop-
ment wust assess the price performance of acrylic and acrylic cotton
blends versus the results achievable with other well known blends.,
From the merket performances to date, as judged from the data, there is
very little doubt that other fibers have out porformed acrylics in the
areas of most interest to Bangladesh., In order to recommend the use of
scrylics in acrylic cotton blends it must be sgsumed that these efforts
by Bangladesh will be successful wvhere other countries have failed and
that of forts spent pursuing this approach will be more frujitful than
efforts based an other fibers, There is little doubt that serious
ecapromises will have to be made but what is unimown is the pagnitude
of these compromises. DBangladesh must be prepared either to accept
the use of acrylic fibers in meny textile applications where other
countries have found other fibers to be more attractive or it pust
believe that it can mount efforts which will be successful in over-

coming these disadvantages.

Thus, from a marketing ond applicability viewpoint it is our
recommendation that Bangladesh adopt more conventional and proven
approaches to the solution of tlese textile problems and concentrato

its efforts on developing other more suitable fibers.




Econonie Factors

Aerylic Fibers ~ General Featurcs

With the exception of essentially pilot plant quantitics of
continuous filament, acrylic fibers are produced and marketed only
in staple or tow form, Thero are very nony difforent products vary-
ing in denier, brightness, polymer composition, trpe of crimp and the
like, 4s originally produced by Du Pent acrylic fibers werc made
only from hornopolymers. These homopolymer fibers were almost
impossible to dye, The dyeing problems were resolved by the use of
cbpolymers and in some cases by the addition of polymers containing
basic groups or the use of a basic ronomer to form tripolymers. Omne
of the favorite basic monomers wes methyl vinyl pyridino, MVP. These
fibers were designed for use with acid type dyestuffs and may still
be prepared in small quantities for use primarily in blends with wool,
The greatest advance ceme, however, with the discovery that the usual
copolvaers contained sufficizat acid groups that they could be dyec
with basic dyes. Very surprisingly basic dyes when uscd on cotton
heve very poor fastness properties but when used to dye acrylic
fibers the fastness properties are greatly improved and are satis-
factory folr many critical uses., Since this carly discovery the
range of basic dyestuffs, which are available for dyeing acrylics,
has been greatly increased and the faastness of basic dyoing on acrylics
can no longer be considered a problem. However, polymers containing
from 5 to about 105 of comonomers such as vinyl acetate or methyl

acrylate are still used.



Since acrylic polymers decompogse at melt extrusion temperatures
they are spun from solution using either wet or dry spinning systema.
The solvents, which have becn uzed, cover a very wide range and to
some eoxtent the choice of solvent determines the spinning process

which can be used, It will be recalled that in dry spinning the

solvent is evaporated by extruding the spinning solution or dope into :
L — 8 heated chamber and ovapcrating the solvent. Thie requires the use
~_ of a solvent which is relatively volatile and the process can not be

used for many solvent systems, In wet spinning the dope is extruded
into a spinning both in which the polymer is precipitated in fiber
form, Thereafter the precipitated fiber is washed free of solvent

and the solvent recovered. As noted the Du-Pont solvent is dime thyl

formamide, DMF, while the Monsanto solvent is dime thyl acetamide, DIMHA.
The American Cyanamid solvent is a concentrated about 455 aqueous
solution of sodium thiocyanate., The Dow Badische solvent is an aqueous

mixture of sodium and zinc thiocyanate,

In the pu Pont system evaporation of DMI is not cmplete
particulerly at higher doniers and high spinning speeds and the
residusl solvent is removed by extraction with water. In the lonsanto
system the IMA solution ig wet spun into a more diluto aqueous solu-
tion of DMA in which the polymer is insoluble and the fibor is washed
free of DMA with water, In a similar monner American Cynomid'e
spinning bath is about a 155 acueous solution of sodium thiocyanate
maintained at about 4°¢. Theroafter, the fiber is washed free of |

solvent with watcr.
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Copolyrcrization of acrylenitrile can te carried out either
in suepengion or in the spinning solvent, TFor wany purposes tho
suspension system is satisfactory and will be the one described.
Acrylonitrile has a linitcd degrce of solubility in water but the
polymer polyacrylonitrile is insoluble so that zs polymerization
procecds the polymer forms a suspension. The polymerization of
acrylonitrile is a free radical systen end gencrclly a redox catalyst
(reduction - oxidation) system is used. The preferred redox system
is persulfate~bisulfite in an acidified medium. Polymerization can
be either in batch or in continuous reactors. The heat of polymeri-
gation is removed either through the walls of the jacketed reactor

or by circulation through an external heat exchanger.

Although contimious polymerization is the preferred systenm
and, since polymer color is cssential, the original reactors were
stoinless steel. Unfortunately, in the initial polymerization
stages the stainloss stcel surfaccs quickly becore coated with an
impervious layer of polymer wnich greatly roducco, hoat trefnsfer
through the jacket wall.and it 1s very difficult to control resc-
tion tempcrature. One succesaful solution to this problem is the
use of #n eluminum recactor on which the precipitated polymer does

not form a thick cohesive layer.

The molecular weight of the polyuecr is controlled primarily
by the ratio of the catalyst systcm to the monomers prescnt and the
conversion is rclated to the “euncroture and the residence time, The

concentration of the suspension, which can be uged, is de temined by
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the thickness of the slurry vhich can be stirred and this in turn

is related in part to the type of polymer which is proauced. In

the case of vinyl acetate copolymers acrylonitrile polymerizes at

a faster rate than vinyl acetate so that the (mreral proccdure is

to feed a higher concentration of vinyl acetaic in the monomcr gtream
than is required in the final polymer. 1In the continuous recactor all
of the reactants are fed at gomc constant rate including the water
which will give the desired residencc time and the products are

constantly withdrawn.

High concentration of acrylonitrile in the air have been
recognized for years as a potent health hazard, It has only been
recently after the Du Pont Cempany carefully examined the health
records of their employees who had been exposed to acrylonitrile
that the real problem was uncovered. The Occupational Safety and
Health Administration (OSHA) and the Environmental Protection Agency
have now established strict standards cven for low concentrations
of acrylonitrile in the ajr. Currently these standards depending
upon length of eaposure are in the range of 0.2 to 2.0 PPy These
standards would apply to the mamufacture of acrylonitrile, transfer or
handling of acrylonitrile and to the polymerization and monomer reco—
very areas, Normally unreacted monomer is recovored by steam stripoing.
For subscquent processing steps the polymer presents no particular

problens from & pollution standpoint.

Polymer is recovered from the suspension by centrifuging. If
aquoous solutions ar: used as a solvent notably the use of aqueous
sodiun throcyzsiate :t is not necessary to dry the polymer. The

amount of watcr in the wet cake is used to dilute the very concentrated
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solution coming from the recovery unit to the proper concsntration

desired in the apinning dope.

The proparation of air free spinning dopes has prescntedla
nupber of problems whose solution depends upon the solvent employed.
Gererally these solutions have been to remove ac much of the air as
possible from the polymer-solvent slurry under conditions such that
solution of the polymer is minimized and thereafter subjecting the
slurry to digcaolving conditions. The remaining air bubbles are
romoved in a series of falling thin film evaporators. The removal
of bubbles 4i» required to prevent fiber brecakage in the spinning

cperation,

The peragraphs to follow will describe a typical wet spinning
process. The stored spinning dope is metered to the individual spin
packs by a gear punp. In order to control denier the speed of all
gear pumps must be accurately controlled, Since the viscosity of the
spinring dope is much lower than for melt spinning the spinneretes
can be much thinner apd the individual holes in wet spinning can de
much closer together, The face of the spinnerette is in contact with

the spin bath.

As the dope entors the spin bath polymer starts to precipitate
out and the fiber resembles & gel. As the concentration of the solvent
in the partially precipitated fiber decrecses more precipitated polymer
forms, The individual fibers arc drawn from the spinncrctte face by
rollers and fibers from & number of spinncrettes are joined tc form a

tov. The number of fibers in such tows is large and may be as high

e o = . e ——— — e
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300,000 ox more, Emerging from the spin bath the fibers contain
considereble solvent and this must be rcmoved prior to atretching.
One common method is to wash the fibera in a series of troughs in
which pure water ias introduced inte the last irough and flows
counter-currently to the fiber flow into the first trough and finally
into the spin bath., The rate of flow of the water is controlled so
that the composition of the spin bath at the desired concentration
is maintoined. The overflow from the spin bath is sent to solvent

recovery.

The problems encountered in washing involve the removal of the
solvent from the individual fidbers and also from the many fibers which

constitute the fiber bundle or tow. There ars a number of ways of

accomplishing the breaking up of the solvent rich filwm which accom-
panios the tow as it is pulled through the wash bath, One a simple

but offective methods is the use of setreams of air bubbles,

Solvent free fibers at the end of the washing ¢ycle are very
weak and are essentially greatly expanded hydrogels. Although the
Eethods used in washing may be slightly different for each process
the procedures followed thereafter appear to vary widely. In one
methcd the waghed tow is stretched in vary hot water by two sets of
rollers operating at different speeds, This stretching, usually 4«6
tinea, greatly increases the strength of the fibers and reduces not
only the diameter of the individual fibera but also the size of the
tows The stretched tow is then fed to tho crimper, The crimpor

consista of a stuffing box into wkich the fibers are forced at a
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rate faster than they are released. As a regult the fibers are
forced back on themselves and form planar wave or z2ig=-zag shepe.

The tow from the crimper is fed to the vet contrifugal cutter where
the tow is cut to the desired staple length. At the same time finish
is applied and the amount controlled by the concentration of the
finish and the amount of pressure applicd on the rollers which
equoeze excess finish from the staploe blanket as it emerges fram the

cutter,

At this point the staple fiber has a tight hydrogel structure,
Drying of the fiber is a critical operation and in the initial part of
the oven drying is carried out under high humidity. Under thege condi-.
tions the hydrogel structure collapeos to form the final dimponsion-

ally stable fiber.

In the other general process the washed fidbers which nay or
pay not have boen given some minimal stretching are dried on heated
rotating cans nuch like the cans in a slaghing operation in a textilo
nill, The dried fibers in tow form are then stretched in a steam tube
by two sets of rollers operating at different speeds. The stretched
tow is fed to a finish applicator and then to the crimper where it is
erimped in the presence of steam. Fnally, the crimped tow is cut
using & dry cutter. After cutting the fibers are given a final drying
to removing any excess moisture introduced at the finish application

and crimping stages.

In both cases the applied finish is usually & proprietary
product and probably differs for each company. In general it consists

of & lubricant and an antistatic agent which is ucually a quaterncry
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ammoniua compound. The type end amount of finish are critical as
is the crimp level, These properties are related to good textile
proceasing into yarn and if these factors are not controlled pro-
perly the staple fiber may tend to load the card or fail to moke &
cokeront uniform web between the card doffer and the trumpet. The
latter will result in an uneven sliver and eventually lead to a very

uneven or irregular yarn,

In order to make fibers of various types of brightness slurries

of titanium dioxide in spinning dope can be prepared and added to

the spinning dope prior to extrusion., In addition, scme companies
have prepared depe dyed fiters by using various pigments dispersed

in the spinning dopes prior to extrusion. Such colored staples

have the ultimate fastness properties. Again, other compenies have
prepered colored staples which have fastness properties slightly
poorer than the pigmented staples but very satisfactory fastnecss
properties for nost textile applications by actually carrying out a
dyeing operation when the fiber is still in the hydrogel stage and

can be easily dyed.

Other companies have prepared conjugate spun fidbers by actually
extruding two different dopes in such & manncr that each individual
fiber is compoged of two different parts which have different proper-
ties including shrinkage. As discucsed earlier if blends of two
different fibers are made and spun into yarn each with different
shrinkage characteristics the fiber which shrinl's will force the
pon-shrinking fiber to adapt itself to a l<inked shape thus making

a very lofty yarn. If the individual fiter consists of two parts,
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the so-called conjugmte spun fibers, and if the two parts have
different shrinkage characteriatics, under shrirnlage corditions
the fider will assume a helical crinmp and such fibers will have much
different characteristics than the fibers produced by the previously

described stuffing box erinping process,

In order to prepare tows the wmajor fcaturcs of the proccss
are the same, However, prior to cutting the tows are folded very
uniformly into large toxcs and sold in this form rather than cut and
baled as staples. In this tow process 7very uniform even tows must
be prepared and the packing in the box require very special tow
packing or laying equiprent. As discussed tows are used to prepare high

bulk yarns for sweaters.

Wet spinning is necessarily a slow process since tho maxi-
aup speed which can be obtained is determined by the force required
to pull tho gelled fibers through the spin and wash baths and the
strength of the gelled fiber at each point. If the strength of the
veak gelled fibers is exceeded the fibers will break. Since wet
spinning is necessarily slow the processes must use the adbility to
process a great number of fibers from each spinnerette to reduce the
cost, Wet spinning is ideal for this purpose since spin holes can
be clogse together and each fiber is rcadily surrounded with spin bath,
It is for this rcason that wet spinning procecses, rayons, for example,
are at a competitive disadvantage to melt apun proceas for producing

continuous filaments when the nuuber of filarmcnts in each bundle is lou.

Inherently dry spinning processis & faster process than wet

spinninge Unfortumntely since the fibers are sticky when they first
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emerge from the spinncrattes dry srinning spinnerettes nugt have
much larger distances between holea than wet spinning cpinnorettes
and the aumber of individual fibers which can be produced from e

given spinnerette is thercby reduccd.

The Du Pont dry s»inning process for acrylic fibers is much
the same ag tho wet spinning process through the preperation of the
dope. Although we have rever scen the process and since ne detailed
information on this proosss has been published it is reliable reported
in the trade that their spinning speed is so high that the as spun
fibors emer;ing from the spinrirng chanbers contain so much oolvernt
that solvent e;traction steps prior to stretching are required.
Thereafter, the tow would be processed nust as we have diascussed in

wet spinning with stretching in stean followed by crimping, cutting

and baling.

It should be pointed out that one of the reasons for the high
investment cost/is the requi.vment for solvent recovery. In we t
spinning process using DA or DI'F the dilute aqueous solutions from
the spin bath or wash water must be concentroted and the solvent even—
tually distilleds The same situation is true for dry spinning using DNP.
In the case of solvents such as sodiup thiocyanate the aqucous sclu=
tions must be concentrated at least to the dope concentration level and
decolorizcd to renove any color bodies elther preszent originally or for-
med in the procesa. These steps rcquire conziderable cnergy since

removal of water is required.
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ACRYLIC FIBERS CON'T

Econouic Factors

Acrylonitrile

As indicated in the introduction acrylic fibers contain at
least £5% acrylonitrile units. In practice most types of acrylic
fibers contain 90-99% of acrylonitrile units and, therefore, fiber
raw materials costs will be deicrmined largely by the price of
scrylonitriles The very earliest acrylonitrile plant in the United
Statea, operated by American Cynamid, was based on ethylem chlorohydrin.
This process was very costly and with mounting interest in acrylonitrile
arising from the development of ecrylic fibers by Du Pont, Chemstrand
end American Cyanamid, Monsanto and American Cysnamid built acryloni-
trile plants in 1951-52 based on the catalytic addition of hydrogen
cyanido to ncetylene. Some time thereafier Standard 0il of Ohio
(Sohdo) developed their famous process for acrylonitrile based on
azmoxidation of propylene. Tais process or slight modifications of
this process quickly suplanted the acetylere based process and is now

the standard process for producing acrylonitrile used world wide,

Acrylonitrile is produced in the United States using the Sohio

process in the following plants.

Production of Acrylonitrile
( 11illions of Pounds)

gonpany Locntion Capncity
American Cysnamid Fortier, La. 200
Du Pont Beauuont, Texas 300
Monsanto Alvin, Tcxas 460

Vistron (Sohio) Lima, ORIO 390
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A new plant was announcod by lMonsanto at Alvin, Texas with a
capacity of 500 million pounc-:. llonsanto had relied very heavily
on the use of cerylonitrile containing polymers to produce family-
sized soft drink bottles such as Pepsi and Coca Cola but with the
ban imposed by the Food and Drug Adninistration, U.S. Govermment on
the use of polymers containing acrylonitrile it is not known if the

plant will be delayed.

Since no new acetylene bascd plants for acrylonitrile have becn
constm cted since the early 19503 and since the process is considered
shemlate it 13 very doubtful that accurate estimates of the current
costs of producing acrylonitrile frem acetylene can be made without
access to detailed information upgraded from old information. At
best such studies would require detailed engincering investigations
since construction costs have escalated so dramatically in recsnt
years. Since the Sghio process has replaced the acetylene process the

uninovm is the differential cost betweus the two processes.

Dr. A, H:uq6 has estimated the investment cost of producing acrylic
fibers in plants varying in size from 50C0 to 36,000 tons per year,
In cach case the project consisted of the fiber plant and accompenying
plants to produce the necegsary amounts of acetylone, hyirogen cyanide,
acrylonitrile and by product ammonium sulfate., In this analysis
the total project costs have been estinated at 613.4 million dollers
for the production of 36,000 tons of acrylic fiber. Unfortunately,
the costs of producing cerylonitrile were not detailed in this study.
Howevcr, cost estimntes have been mado for plants at the above indica-

ted plant capacities,
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Rather than attempting to rework this approach we have elocted
to determine the cost of producing acrylonitrile using the Sohio
process., Such an approach will supply information cn basice
differences in investment and production costs for the two processcs
when corbined with investment and production cost data for acrylic
fiber t¢ be cstimated in a later section of this rcport. In addition
the report should give a clearcr picture of the cost of imported
acrylonitrile for future poesible usa. Since the use of imported
acrylonitrile to produce acrylic fibers is much less complicated and

presuwmably much less demanding from a capital point of view this alter-

nativ. should be investigated,

Obviously, the price of acrylonitrile will establish the major
raw material costs for the plant, Currently in the U.S. the list
price of acrylonitrile is 27 = 27.50 [/pound and is probably selling
under contract for 25 {/ pound. Since there is only one US non-
integrated acrylic fiber producer, Dow Badische, his costs are diffi=-
cult to estimete but probably are somevhat lower than this 25 p(. The
price to the other producers will be determined by transfer prices,
The philosophy uscd in estimating the future course of chemical prices
in the U.S, is rather simples Over the long time period it is belicwved
that prices in a growing product area will reflect the cost plus return
of producing the product in a new efficient grass roots plant, If the

price is too low no new plants will be built until a satisfactory return

is achieved, Again, if the price is too high new competitiom will emerge.

In addition combined efforts of purchasing cgents tend to drive prices

down to the cost plus return levels Thus, an estimate of cost pluc

M e R v anoed e e
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an acoeptable rate of return for acrylonitrile will be valuable in

analysing an acrylic fiber project.

.Using the Sohio process the key raw material is the price of
propylene. Propylene comesg largely from naphtha or gas oil crackers
and from catalytic cracking of hydrocarbons. In refineries with
catalytie cracking to increase yields of gasoline, propylene is
produced in large quantities, In the U.S. refinery propylensc was the
source of the propylene used in the marufacture of polypropylene
resin and for other chemical uses. iormally refinory probylene has
been alkylated with isobutane and the resultant product added to the
gasoling pool to improve the anti-knock rating in the presence of tetrs- ~
ethyl lead.”. VWith the gradual eliminction of lead propylens alkylate
bos eseentially been reduced ¢o fusl value oxnly.

Propylene is also & coproduct in the cracking of naphtha or gas
oil. Thus, about 0.55 pound of propylene is produced per pound of
sthylore. The value of any ome product from naphtha or gas il cracking
vill be releted to the value assigrned to the other coproducts. In thir .-
study we have elected to produce gas oil in a grass roots 160,000 barrel
per day refinery and we have estimated the costs of producing the various
producte produced in a modemn 1 billion pound per year ethylenc plant
based on gas c¢il from the above refinery. Both of these plants are
estimated on a U.Se Gulf Coast locaticn with construction in 1576-76,

The data are token from a private study by Evans7.




)4

- (8 =

In this study the price of natural gas was related to the

dolivered price of crude oil as shown below,

Crude oil delivercd $/8 9 10 11 12 13
Natural gas s/MM BTU 1,35 1.50 1,65 1,80 1.95

The procegses used for astablishing the cstimated prices for the
products of & gas 0il cracker are very complicated and are too long for
this study, Howover the processes used and the final prices have been
Teviewod by a mmber of competent authoritics and several oil caupanies
and are believed to moet with their general approval. Both the refinery
and the gas oil cracker are based on a 19% ICF, The prices for the

various products frca the cracker are presented in Table 16,
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The annual cepacity of the acrylonitrile plant was established

at 200 million pounds. Thic size is probably cmaller than a current

world sized plont which may be approximately 40C-6C0 million pounds,

The process selected was Sohic's and uses their improved iron-bismuth

catalyst. The costs are given in Table 17.

are for delivered crudec at o 9.40/3.

The specific costs shown

Althourh delivered crude

costs vary with the refinery this cost vas the estimated crude cost

up to mid 1677. It should be emphasizcd that tables 16 and 17 permit

estimates of costs + returns for higher crude costs.

Agrylonitrile Producticn Coat
Estipated Invegtzent & IM

Battery Limits

Table

Offsites (Incl, Waste Disposal

Total Depreciable
Initial Catalyst F11
Vorking Capital

Paid Up Royalty

Baw Mgterials
Propylene Chemical grade
Amnonia
Oxalic Acid
Sulfuriec Acid

Catalyst

Total Invest-

ment,
¢/1b
S.6
9.0
40,0
3.0
500

TOTAL RAW IL.TTRIALS

16.3
8.2
24.5
4.9
4.1
Not included.

2.5

1b/1b AN
1.07
0.43
0.0005%
0.152
0.0016

£/1b AN
10.27
3.87
.02
0.16

0.9

15.42




gonversion Costs

Units $/Unit  Unita/cD*  g/CD*
Operating Payroll Men/Shift 200 6 . 1200
Supplies and Misc, 120
Maintenance @ 5%/Yr. 3556
UTILITIES
) Cooling Water M.GCal, 0.05 25,770 1268
N Stean M. ba. 2,20 887 1952
\ Power CKWE 2,00 313 746
Process Water M.Gal. 1.00 87 87
Inert Gas M.SCF 0.25 60 15
Plant Overhead 2278
Tocal Tazes & Ins, 926
Depreciation 10 YR.SL. 672
Running Roynlty If Applicable Not Included
Total Conversion/CD 18,660
Pounds/Day 548,000
Conversion Cost £/1b 3.4
* CD = Calendar Day.,
of Cos
Total Investment $ 3.5 M
Rav Materials 15.4 £/1B
Coversion 3.4 £/1B
Total Plant Cost  18.8 £/1B
Additional charges for 19% DCF 3.2 £/1B
Total Cost + Roturn 22.0
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The costa plus returns arec in reasonably good agreement with
the current estimated selling prices No provision has been mnde
for any royalty payment. Current oil prices may differ from those
used in this repert. It is belicved that these costs give a fairly good
approximation ¢f the costs of producing acrylonitrile. Of interest is
the relatively low investrent costs. Investment costa in other areas
of the vwerld may differ substantially from these estimates. The major
share of construction in these calculations was in mid 1976-1¢77. It
is known that 4rabian Gulf investment costs may be 35-40f5 higher than
U.5. Culf coast, lNevertheless we believe that the investuent costs for
fhia precess will be much lower than an acetylene based plant, The

difficulties of going 2ll the way back to feedstocks for Bangladesh

are aprarent. This plant probadly wculd be small by world standards
but it would be capable of supporting about an 95,000 ton acrylic

fiber plant., Thus, it becomes very evident thot the marketing factors
discussed in the previous section of the report become very important,
For example, if the Bongladesh market could suprort an. 95,0C0 ton acry-
lie fiber plant propylene could be imported at probably less than

2005 of the cost of cotton. It is for these reasons that investxents
in three stages (a) fiber plants based on imported fiter intermediates,
(b) followed later by investments in fiber interzediate plants when
varranted by the markets and (c) fimally when warrantcd by the develop=
ment of synthetic fibers and related products investment in a basic

petrochenical plant become 30 attractive,
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ACRILIC TIORR PRODUCTICH COSTS

The estinated costs of pro “iction of acrylic [ibers are based on
information supplied by the Mitsubishi Rayon Co. who operate acrylic
fiber plants in Japan and elscwhere. This proccss for Vonnel acrylic
fiber was based on an original license from the lonsanto Corp. Wwith
vhon they had a technical exchange agreement for many years., It is
known that the lMonsanto Corp. is not intcrested in supplying know=how
for an acrylic fiver plant in Bangladesh. In addition to their wet
spinning plant Mitsubishi Rayon opcrate their own version of a dry
spinning process,. More detailed infornation on their process can be
obtained from !Mitamubishi Reyon at a later date under a secrecy agreement.,
However, it is believed that the current information on vwhich these
estimates are bagod are sufficiently accurate for a preliminary estima-

tion of costs.

Other possible acrylic fiber processes can be licenced, if
desired. The Americen Cyenamid process using aqueous sodium thio=-
cyonate &s o solvent can be licensed but their Textile Division does
not have a large engineering staff and they have elected to use Zimmer-
U.S., a part of Davy Pover Gas Co., as their licensing ogent and
cngineering arm . The Anerican Cyanemid acrylic fiber process was
licensed to the Toyobo Co. of Jepan uho formed Jupan Exlen Coe to

manufac ture the acrylic fiber.




As noted carlier the Du Pont Company has announced that they will
close their Derdrecht, Molland ucrylic fiber plant as a result of the
lceses which they have incurred in recent years. The disposition of
this plent is not knowm but possibly some portion of the plant could
be purchased at considerable savings. Possibly a license from Du Font

could be obtained.

In addition, the Asahi Cherical Industry Co., Japan has apparently
either formed joint ventures or has licensed plants in several countrics
and their process possibly could be licensed. It would appear that
obtaining a license or know-how for making acrylic fibers would not be‘

a major provlem. From Bangladesh's viewpoint the supplier of technology,
cither an acrylic fidber producer. . or an engincering firm, must have the

ability to give in-plant training to selected Bangladesh personnol.

As indicated earlier the recovery of solvent places certain restrice
tions on the minirum size plant which can be built econorically for
acrylic fiters. Our estimotc of the pinimum size plant ig about
16,000 tons or 35 million pounis. The mnber of producers of acrylic
fibers in the Unitad States has remained constant for the last 2C years
and no new grass roots plants have been tuilt for at least fifteen years.
There have been changes in capacity by inprovements within plants and by
selective increascs in certain key equiyment but these types of changes
do not permit translations into new plont costs. For this rcason wo
have elected to use inforpation from ilitoutishi Rayon Co who heve
participated 4n the constiuction of several new plants in the rccent
paste The estiuate is bocod on a Bangladech location using utility

costs typical of those cocta ecsocicted with the production of viocoso




rayon and nylon 6 continuous filoments, lNo provision has becn made

for a plant sitec but in Japarn where industrial lond is at a premium

the required land space would be 10C,000 mz.

In the attompts to apply conversion factors for translating
current Japanese plant construction costs to Bangledesh plant cons-
truction costs discussions were held vith a well known enginecering
fim but no good relationshin cculd be determined, In fact, it was
adnitted that it would be very difficult to cetermine actual construc-
tion costs for any given seguent of the plant, Such attempts were
now under way and eventually will be completed and compared with the

original eatimates. %We could not devote the time nor did we have the

inforration required for such an aralysis. Under the circumstances we
elected to use a factor of 120% of Japcnese costs for the ecuipuent,
installation of equipment and offsites ex-building. The estinate is
certainly not accurate but it is thought that it should cover differen-
ces in installation costs since .much of the ecuipment will not require

field erection,

In regard to the building we have uced a cost of 350 tckas per
square foot, equivalent to § 25.36, This cost may be considered high
but since very high ventillation will be requircd in many arcas
relatod to poclymerization and recovery of ccrylonitrile it is honed

that this will be adequate,

The following ncsumptions were made in estimating the housing
colony., Housing will be provicded for all direct plant pcrsonncl nt
the supervisory level cnd a*cve. DProvision will be made to house 307 of

tho ckilled and unstilled vorlnvs, Ucunlly, the manning in many Japane oo




plants is gubstantially higher then in moaot European and ecpecially
American plants. For Dangladesh manning wvaa incrcased by 257 over
the Japanose estimates. The square footage allorance for housing was
General llanager 15,00, Area or Departmental Heads 1000, Supcrvisorg
B0OO and Skilled and Unskilled 500, Regardlcss of size a uniform cost
of 150 Takas (:510_.85) per scuare foot wos used. The estimated cost

aro as follows and arc bosed on suggestions made by Banglndesh Chemical

| — Industry Company :
\‘ 0gition Nupber $ Cost
Skilled T 385,900
| Unekilled 19 103,300
Supervisor 15 130,400
Department Heads 4 43,500
General lManzger b 16,300
Total: 679,400

The data as supplied ¢ ve installed equirront and off-site costs
combined vith no provision for land or building. After examining several
estimates we have found that the battery limits for poiymer preparation
and fiter spinning plants represents about 795 of depreciable investment
and offsite about 250, Usinga conversion factor $1 J.S. = 200 yen

these estimates are as follows @

Battery Limits $ 45,000,C00
Offistes 15,000,000
Houwsing Colony 680,000
Total: 60,680,000 or ¢ 1.,60/LB.

This invectment cost iz substantially higher than sinilar costs for
otrer synthotic staple plants such wa polycster or nylon ctaple.

Installed equipuent costa were estinated at $37,000,000 or $ 1.02/13,

g o —— - —_—
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The inotalled plant has a ratcd capacity over the denicr range
of 3 o 6 ¢ about 16,000 ton- based on an 8,00C hour yoar. For pro-
duction purposes we have cstimated that the plant will be closed scven
days per year for caintenance purposcs and the plant would have a

rated capacity of 17,200 tons or 37,209,000 pounds.

From & raw matericl standpoint a ton of fiber requires 0,96
tons of acrylonitrile and 0.09 ton of comonomer. Although Iitsubishi
Rayon has not disclosed the exact comonomer which they use it is assumed
that it is vinyl acctate. Trade runors in the United States report
that Monsanto uses vinyl acetate and since Mitsubishi Rayon has a
Monsanto license there is a good chance that their comonomer is vinyl

acetate.

Currently, in the U.5. acrylonitrile has a list price of
27-27.5 £/pound and reportedly is sclling under contract at less than
25 é/pou.nd. For these estimates we hove used a delivered price of
28 f/pound or £617 per ton. Vinyl acctate has been selling in the
U.S. at a list price of 23 l/pound but under contract at less than
20 [/pound. For these estimates we have used 24 L(/pound or $529 per

ton.

The other chemicals used by Mitsubishi Rayon include solvents
(probebly Di1A), polymerization catalysts, titanium dioxide and fiber
finish., The arr;o\mts of these products rcquired are generally quite
snall und the exact composition has not teen cdiscloced because of
their propriectary nature. The estimated cost has been provided and

has been used with no provisien for ficight.
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As indicatced utilities arc bascd on costs closely relatcd to the
coats.incurred in the viscose rayon and nylon filament plants in the
Chittagong area. Data arc from Bangladesh Chemical Industry Company.
All utility costs are in linc except for power cocts which arc much

higher than are usually encouncered in moat industrial uses. -

Labor costs have been supplied by BCIC and supposedly are closely
related to their experiences in both viscose and nylon preduction. All

costs include a 60% charge for fringe benefits.

Working capital has becn based on assuning a four months sunply
of all imported materials and a four weeks inventory of finished pro-
ducts. Since any fiber used by Bangladesh Textile Mills Corpany,
BTMC, would bc used as a replacement for imported cotton or viscose
storape facilities should te adequate. No allowance has been made
for accounts receivable since sales are really transfers. Since raw
material inventory is so high attempts should be made to reduce those
costs based on experiences of :zstimating anticipated delivery dates

but the present estimate should be more than adecuste.

The projected costs for producing acrylic staple are given in
Table 18, The estimated sales pricc of acrylic staplc in the U.S. is
about 62-63 t/pound for thc usual denier ranges. Acrylic staple for
blankets reportcdly is selling for 52 £/pound. Even with the prcjccted
very heavy invcstment of & 1.60 per anrual pound fiber costs cx=
ccpitel ‘charges nre competitive with cotton and vith imported acrylic
steple. However, if one applics even modest capital charees the
fiber coots are no longer ccapotitive. It is apparent that attempts

aust be made to reduco capital investrent,




Plant

Construction 1978-79
Oporational

Capacity

Haterials

- 79

Table

18

Acrylic Fiber Procuction Costs

1580

17,200 tons

Product Duant, Upit,
Acrylonitrile 16,512

Comonomer

1,548

Capital Charges

Other Chemicals Solvents "I’,O2 Fini«h etc,

Packaging Materials

TOTAL M’ "ERILLS

Q 5111 ;198

} wer

Cooling

Water

Process

Water

Stean

eratine Cogt

atine Po

Iype
Skilled

Unsakillcd

Supervigion

30, %6x1 O6

12.9 x‘iO6

0.69){106

0.43:106

Total Utilities

onne

Fugber
193
63
10

Fub~Total:

NG U RS

Battery limits 45,000,00
Off-gites 15,000,000
Housing Colony 680,000
Fixed Capital 60,680,000
Working Capital 5,171,000
8/
Unit £/1B
Price $/Apnnua) Cost Fiber
ton 617 10,187,000 26.87
ton 529 819,000 2.16
3,095,000 8.16
387,000 1.02
14,488,000 38,21
KWH 0.0543 1,681,000 4.43
M 0.00724 93,400 0.25
n 0.254 175,000 0.46
Ton 1,00 469,000 1,24
2,418,000 6.38
thic L Anpual Co ¢/
116 269,000 o.M
58 44,000 0.12
174 21,000 0.06
334,000 0.88

R T o .
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Maintenance
Labor
Skillod 45 116 63,000
Supervision 5 174 10,000
Supplien (1.5% mQuimment Cost) 535,000
Sub-Total: 658,000
Total Operating Cost 9¢2,000

mgrhe 24 fj:xp epses

Direct Overhead (Labor+Superv. @ 3¢%) 100,000

Gen. Plant Overhcad 565,0c0
(hO% Operating Cost)
Insurance (0,75% fixed capital) 455,000
Depreciction
Battery Limits 10% 4,500,000
Offaites L7 784,000

Interest (10# Working Capital) 517,000
Total Overhead 6,951,000

Total Costs Ex-Capital (harges 24,849,000

¢ g ———— e

0.17
0.03
1.54
1.74
2.62

C.26
1.57

11.87
2.07
1.36

18.34

65.5
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This possibly could be accomplished by a more accurate asscgssment
of coustruction and installat.on costs througch c more detailcd engin-
cering study, Such studies could possibly reduce investment costs by
about 157, However, in order to reduce thesc high investment costs
to the level wherc the manufacturing costs of acrylic staples would
be more attractive would require drastic recductions in investment
coats, As discussed it might be possible to reducc costs considerably
by utilizing equipment from an inactive plant such 2s the plants

at Dordrecht, Netherlands.

From an investment standpoint it is clear that the use of
imported menomers to reduce scrylic fibers is preferred to that based
on manufacturing acrylonitrile from acetylene. The much more detailed
analynis of A. Huq6 show that a 16,000 t p y acrylic fiber plant would
require an investment of $3¢5 M. From the information presented in
this section the required investment ex land for a 16,000 t p y staple
Plant would be approximately "1 M. At usual returns on capital fiber
costs would not be competitive with fiber produced in depreciated
plants in other countries. These factors coupled with the poor
marke ting prospects previously discussed in an earlicr section of
this roport make it very clear that a project for manufacturing acrylic
fiders based on Bangladesh natural €as can not bc reccommended. Al though
the manufacture of acrylic fibers based on importced moncmers is more
attractive from a cost standpoint tais approach can not be recommended
because of the poor marketing prospccts and the low return on

investment,
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Acrylic Fibers Trom Hatural Gas

—————— ———

No attcmpt has been ma” in this study to ro-estimate the
cost of producing acrylcenitrile from natural ges via acetylene. As
indicated in an carlicr soction of this study plants for the produc-
tion of acrylonitrile frcm wcetylene werc built in the U.S. in the
eurly 1950's by both l'onsanto and American Cycnarid. These plants
were reasonably successful but were rather quickly replaced by the

Schioc process using propylere. Jt is technicallv feasible tut not

econcmical to produce acrylonitrile from acetylenc and this process

has been made cbsclete by the more economical Sohio process.

Since the U.S. plants for acrylenitrile using acetylene were
built in the 1950's it would te very difficult to accurately estimate
current costs based on these costs. Since the process is otselete
it is doubtful if any major improverents have been established. It
is suggested that if more accurate costs are desired a now detailed
engincering study would be recuired and there would be little current

infortation on which such a study could be based.

As indicated Dr. A. Huq6 has eatinated recently the cost of
manufacturing acrylic fibers from natural gas via acetylene. The
estimated costs include the cost of preparing the moncmer, its con-
version into polyner and evertual spinning into fiber. The plants
varied in sizc from 5,000 to 36,000 tons and presumably the same
conversion factor was applied to beth the moncmer and the fiber segucntas.
Since his analycis was project tased only cortain cost portions were
gelected fron his dota and these are detailed in the first portion of
Tatle 19, The estira*tos ore taken dircctor from his gtudy and are

approximately 257 Lo 333 lewer than hie total estimated project coats,
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Table 19
Plant Investiments
(Mi11ions of Dollars)

Horomer and IMber from Jatursl Gag

Plant Copacity ( Tons) 36,000 24,600 16,000
Battery Limits 387.23 302,18 236,22
Plant & Machinery 332,10 259.03 202.5°¢
Engincering 11.48 c.H 7.00
Brection Installation 43,65 34,04 26.63
Offsites 50.1 39,13 30.65
Roadway 0.26 ¢.26 0.26
Civil Enginceoring Works 45,64 38.87 30.39
Investment 437.33 34131 266,07
Inwstoent $/innual Pound 5.5 6.45 7.57

Monamer & Fiber from Fropylens

Battery Limits Moncmer 16.13 16.3 16.3
Battery limits Fiber 101.3 67.5 45.0
Of feites lonomer 8.2 8.2 8.2
Offsites Fider 33.75 22.5 15.0
Total Investment : ' 159.55 114.5 | 84.5
Investment $/annual Pound 2,01 2.16 2.40

Pider From Imported lioromer

Battery Linits 101.3 67.5 45.0
Offsites 33.75 22.5 15.0
Total Investment 195.0 0.0 60.0

Invostment $/Annual Pound 1,70 1.70 1.70
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The second portion of Table 19 is an estimate of the inveatnment costs
for producing menomer from propylene and the converaion of this into poly-
mer end fiber., Note that the invesiment costa for the monomer are tho
same regardless of the fiber plant size, These investment costs gre for a
plant located in the US Gulf Coast and are for a minimum size plant,
200 million pounds, The original catalyst fill has not becn included
which could add about §5 million to cach of these costs. This plant would
have the capacity to supply monomer at rated capacity for a ¢5,C00 ton
fiber plant ot a depracisble invectment cost of 12 to 14 £ per annual
pound of fiber, The plant capacity is roughly 40-50% of present 'fcrld

Scale plants,

The imvestment cost for acrylic fibter plants is given in the third
portion of Table 19, These investiment costs have been projected ¢n a
straight lise basis frem a 16,000 tpy bage and are probably somewhat high.
If we assume these costs as realistic for the natural gas fiber plant
portion the momemer from natural gas plant investment cost would be

given below :

Tadle 20

Plant Investment !Monomer
(¥4114cn Dollars)

Plant Size Tons 36,000 24,000 16,000
Monower From N. Gas 302 251 207
Yonomer Frou Propylene 24.5 24.5 24.5

The above differences are =o great that oven if inveotment costa
in Bangladesh for a propylene based plant were two or three timcs u.S.
costs the eonclusion would still be the same. As shown at rated capacity
the monorer from propylene plant would have to operate only about 9 weeks
per year. Unfortunately, there is a world overcapacity of acrylonitrile

s0 that the cxport market would be most difficult,




“——

Currently chenical grade propylene in the U.5, is selling at or
under 10 ¢/pound. At a delivercd price of 14 ¢/pound (£30€/ton) the
drain on foreign e xchange to supply a 16,000 tpy fiber plant would
require ebout & 5 million, Gven if an acrylonitrile frem natural gas
plant is built a 16,000 tpy fiber plarnt would require about $4 million
of inported comonomers and other chemicals. The import recuirements
for the three possible 16,000 tpy fiber plants would be natural gas
$ 4 Mii, propylene $S It and imported menomer $14 M. Thus. an investment
of more than $200 mm in a natural gas wonomer plant would be required

to reduce foreign exchangs drain by § 10 M.

A though duilding an acrylic fiber plant in Bangladesh is nct
Yecammonded for other reasons, if a decision is made to build an
acrylic fiber plant, the cogbined data from Dr. A. Huq6 and this
study would indicate that an acrylic fiber plant should be built
first to be followed at some future tizme with a plant to produce
acrylonitrile by the best process available at that time and in all
probability in the near term this would be based on propylenc. The

t - Qw that a moncper plant baged on notural gas {s pot

omi 5 S n e commende
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Mthougs the otlier renzons for not building an acrylic fiber
plant in Bangladesh are based largely on marketin, factors .c pocition
can ke taken thot, if no other fibers wore available in Bargladesh,
fabrics would be produced fron acrylic fibers. Thig position is
undoubtedly true, However, the marketing data clearly show that acry-
lic fibers would rot be usecd for the fabrics marketed in Bangladesh
under cenditions involving choice of fiter, Bangladesh does beve
8 cholce in the type of fibers it menufactures, It can produce
polycster fibers fron inported raw materials at costs probably lower
than acrylic fiders., These fibers are the prefrrud synthetic fiters
for blending with <otton asg demonstrated by world wide acceptance,

The options to Bangladesh are opene It can move along the routes
which have proven successful for othor countries or it can pioncer in
the development of newu acrylic staples and the development of suijtadble

fabrics for the Bangladesh cnvirormen: using acrylic fibers,
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Lo nelusions and Rncommendations

The established textile industry using imported cotton and viacose
staple fibers can not mect current derands and must be supplcementcd by
imports of yarns and textile products. The planned increase in consumpe
tion and the rapidly ¢rowing population places increased pressure on the
me thods for reducing this drain on foreign exchange. Repeated studies
have suggested and recommended tho use of Bangladesh natural gas
to produce fiber intermediates via the formation of ace tylene, The

proposed fibers includo PVC, PVA ard PAXN.

Of the fibers only PAN can be considered a major well established
fiber., PVC and PVA fibers either have very marginal fider properties

or have poor fiber characteristics at high hunidites combined with

high production and investment costs. These two fibers, PVC and PVi

can not be recoumended for production in Bangladesh,

PAN has been shown to be a very desirable fiber for certain end
uses such as sweaters, pile fabrics, blankets and certain knitted
products but to have very limited uses in broadwoven apparel fabrics
and in blends with eotton. Unfortunately acrylic fibers are not used

in the major markets of interest to Bangladesh.

The investment cost of & mediwn size plant for the production of
acrylonitrile via the smmoxidation of propylene route has been shown to
be 17 £ per annual pounde Production costs plus return are approximate-
ly equal to current selling pricca, These costs are substantially lower

than those based on acetylene,



Tho production costs for an acrylic fiber plant in Dangladech
using importcd acrylonitrile have becn shown to be compotitive with
prices of imported fiber produced in older depreciated plants in
other countries, Hewever, the high invectment costa in an acrylie

fiber plant plece strict limitations on capitel returns.

In view of the limited potential market for acrylic fitcrs in
Bangladesh ccmbined with the high investment and production cests
based on monwmers frem acetylene the production of acrylic fibers
in Bangladesh cen not be recommended. Similarly, although investment
and production costs can be greatly reduced by the use of imported
monomers, the production of acrylic fibers through the use of importeci

Dionomers can not be recommended,

In contrast to all previous studies on *he utilization of
Bangladesh natural gas for the production of syntletic fibers this
stwly can not recocmend, for the reasons outlined, the production of
PVC, PVA end PAN fibers in “cngladeshe It is concluded that edditione-
al studies on the use of Bangladesh natural gas 2s a feedstock for the
preparation of syrthetic fibers for use in Bangladesh can not be
Justified and, therefore, it is recommended very strongly that no
additional studies be undertaken at this time or in the ncar temrm

future,.

Additional studies might be Justified on the production of acrye-

lic fibers yja jmportzd ncrylonitri’c if, a3 a result of development

efforts in other countrics, acrylic staples have been developed
which are the preferrcd fibers for blending with cotton as sutotn ‘ia-

ted by the market place and if thace Ceveloped staples have been shown

R U U
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to producc textile products with hroad acceptalle propertics for hot
and humid climates as encountcered in Bangladesh, As a judgement factor
based on personal expcricnce it ig highly unlikely that success in these

developments will be achieved.

If, as a result of success in the above developments and if the
markets for acrylic fibers have grown to the point where these markcts
can support o ninimum sized plant for acrylonitrile it is recommended
that a study be initiated on the best process for the production of
acrylonitrile. At any time in the near term this process will utilize

either imported or demestic pronylene.

In order to reduce the present and ever incrcasing drain on
foreign exchange it is recommended very strongly that Bangladesh study
the possibdle Rroduction end use of other man-made fibers more suitable
for blending with cottcn using inportcd fibers intermediates or réw
materials, It is recommended that the first priority in this study
be placed on the production end use of polyester fibers based on
ioported fiber intermediates such as,ethylene glycol and terephthalic
ecid, Concurrently and as a second choice it is suggested that a study
be initiated on the bre “iction ‘md uge of polynosic fibers based on

imported and/or domestic wood pulps,

As a further nmcans of reducing both plant and investment costs it
is recommended thet Bangladesh study the recoverv and use of polyceter
polymer roclaimcd frem the explosive growth of the polyester soft-drink

bottle industry in the United States,

It is further recommende ! that theee studies nust inveatipgate both
the use of drd the procuction of these man-nade fibers and that these
studies will rvquire the ful} coopcration and participation of BCIC, BTNC

and the Hand Locm Board,
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Annex I

JOB DESCRIPIION
S1/BGD/74/822/11=C1 (32.1.EK)
Expert in Polyacrylonitrile

Two months

1 December 1977

Dacca

To assist the Government in carrying out a study
on natural gas bascd uman-made fiber including
polymerization of possibility of eventual integra-
tion to natural gas feedstock.

The expert will bLe assigned to work in close
co-operation with Government authorities and is
expected to :

Prigary duties

1. advise on a comperative basis technical and eccno-
mic advantages on the preducticon of different
tyres of aynthetic fiber frem nutural gas feed-stock
including investment requirements, operating costs
axd technology;

2, investigate the possible manufacture of poly-acrylo-
nitrile based on imported monomers including
investrent requirements, operating costs and tech-
nology;

3. identify tle source(s) from which the monomers can
be obtaincd at a reasonable prices

4, ondvise on a cormparative basis technical and economic
advantages on alternative methods of coepnclymerization
by an appropriaie choice of types and quantities of
co=moncrncrs to produce nodacrylic fibers for textile
and industrial applicationss
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5. advice on tho selection of oquipment and investment
required to process polyacrylonitriles into fibers.

Secondary duties

6. make rccomrmendations concerning future technical
assistance rcquirements from UNIDO.

The expert will also be expected to prepare a
final report, sctting out the findings of his
mission and his recommendations to the Govern=
ment on further actions which might be taken.

Petrochemical engineeyr cr polymer chemist on the
production of synthetic fibers with extensive exper-
dence in the manufacture of synthetic fiber including
polyerylonitrile as well as in carrying out feasidbility
ard market studies,

Realreble:

Experience in processing of acrylic fibers including
dyeing and blending with nautural fibers,

Bnglish

Bangladosh has sizoable reserves of natural gas of

10 million cubic feet. The Govermment is at present
using thic for fertilizar producticn, power gencration
and as fuel. Plans were ecarlier dravm up for a Petro-
chemical Complex which would include facilities for
producing urea, fertilizer polyscrylonitrile fidter and
polyvinychloride resines In view of huge resource
requirements, the Governnont has decided to segrcgate
the project streems. But, before embarking on the PACS
project, the Governrent wants to find out whether techno-
logically it would be possible o economically produce
PACK or any other fiber from netural gas. Also whother
production of any other fiter from natural gas would be
economically dosirablo. lHence this study which will
also include polyucrization from irported monomers

with possibilitics of backward integration to natural
€as,

NO CAMDIDLTES REQUIRED AT THIS TINE
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Comments on Job Description SI/BCD/74/822/11.01
(37.1,H)

The job description above ilssued October 30, 1977 has beon
amendod as a result of certain agrecments betwveen UI'IDO and the Asian
Developmont Bank in which it was agreed that an unanccified portion of
this project time wculd be snent in assisting the Asian Development
Bank in their study of the possible production of synthetic fibers in
Bangladesh, In discussions with Dr. Aninul Hug, Chief, Cherical
Industries Section of the Dangledesh Pleanaing Commission, Mr. II,C.
Verchose, Consultent, and Dr. S. B. Sri Skanda Rojoh of the Asian Dove-
loprent Bank, Consultant, it was mutually agreod that the gvailable time
vould be equally split btetween the Dangladech Planning requirements and in
assistance to the hsian Development Sunk. Dr. A, Mua furthor modifisd the
Bangladesh Planning Cormission request to include the following areas:

1. Advise on the tochnological fcasibility of processing
the various types of synthetic fibers from the natural
¢os produced in Bangladesh.

2, ldentify manufacturcrs and plant locations of the
several possible fibers.

%« Identify sourccs ad availability of technology for
preparing the several fiberas.

4. Estimate coct of manmufacturing the required moncmers,
polymers and fibors.

The hksian Developmont Bank desircd studies include the following
areas:

1) Bxamine and catalogue all past studies on related subjects
carricd out in Bangladosh.

11) Bxanine availablo data and reports on the synthetic fiber
market for apperel and non-apparel usgge,

114) Examine the current lewel of activity iu the domestic
synthetic fiber industry in Bangladesh,

iv) Bxamine available information on indigenous rav materials
sui table for the manufacture of synthctic fibers,

v) Examino available information on the suitability or othorwise
of oxisting and planncd textile mills for processing synthetic
‘fibers, )

vi) Prepare an activity flow chart for tho preparation of the
propesod lastor Plan, '
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vii) Prepare dotailed Torms of Reforonce for the Team of
Exports to be engnped for the provision of technical

asgistance for the preparation of the propogsed lagtor
Plan,

viii) Present findings in the fom of a report covoring the
following aspects :
(a) Noed for Tochnicel issistance.
(b) &pproach, Scope and Purpose.
(c) Cost EBetimates for Technical Assistance.

. () Implomentation Schedule.

- . 12 T 1 T
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