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Por miny centurics tho toxtile industry used nothing but naturul
S:ilres such ac cotton, wool, silk, flax, jute, and others. Around the
suen of the century a now class of fibros was added o the listy namely
vicoese and acetate rayon. In their production one still uses a pafural
soorer ws bace material ut it is ohemically modified and the fjbreg .
shencolves are “mnemade®. Thirty ycars later ancther important step wag '
mde and "aon=made" polymers were introduced for the commercial production
&8 2lly syntheddc or simply "man-made" fibres. Their properties wore cuch
siat they did not only provide new interesting products for the jgxiile
inductry in all its sectors - apparel, lingerie, carpots,upholetery and
Lousehola fabrics - but also for many so called jndusirinl uses such as
transport = and seat belts, tire cords, filters and felta.

At prosent three classes of symthetic polymers dominate the field
- solyesiers, polyamides and polyacrylics - and a forth class - polyolefins
appears 10 nave a chance +0 becoms another useful candidate ina certain
Jields. .

In developing countries the three established synthetic fibre formers
are attraoting most interest. Textiles are seoond in necessity only %o
2004 a8 on item of oonsumption and their quality and quantity depends
larsely on local standards of living. Any improvement of inoome is
inmediately reflected in an inoreased demand for textiles.

ran-made fibres are manufactured from plantiful, low-cost basic raw
m.torial, such as siown in table 1. The fibres can be "engineered" to
cxiibit cpecial qualitios and oharaoteristics for speoific ond uses. A
-rn or Tworic may be mado 1007 from one type of fibre or may be o blendof
fiores, either natural or man-made, %0 provide a variety of characteristics.

The propertics of synthetic fibres are influenced by chemical
esnpocition and by treasmont in production. The chemioal composition alone
ices not determine the properties of man-made fibres, or of the fabrios
w.de from theme
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Coeort ] oecucine apd ngiplen

All three important man-mado fibres - PE, PA and PAC - sogoiher with

now Weveloping PP (polypropylenc) are chemically based on il refipire

°n tae petrochemical producte which & refinery supplies
aeapare tabdle 1)

ethylene czn 4

propylens GJH’
cid she prizary gremtics
' bensene Gl and
pare xylene caum
are srongut the immodiate products of oil cracking and reforminz. They
cave 10 Lo modified by reaction with oxygen and ammonia %0 obtain those

ioiorzediztes which are t0 become the individual unitg eof the main
wacxbone of the fibres

ethylene glycol and terephtalic acid

diamines, dicarboxylic acids and caprolactam
acrylonitril

for 73
for P\ and

for PAC.
These units are connocted witi. each other by oo called Relymeris-tior
i in the course of which long chain molecules are formed wiich

valent and analogous to coiton, wool,and silk and represent the
e=oade fibre formine Dolymorss

SN e
. aa'n-‘b -.2’3

4 PAC (and recently aleo PP)j they are very hard, tough, nigh

meliing and solvent resisting materials, which can eventually be obtained
in e form of a granulate (ohipa) or a powder.

or ine munufacture of the fibres these polymers are fused or

cicsolved and the melt or solutioniis extruded through a plumlity of

cinll Lolec to form the primary filaments whick are then exposed to
Jusiher processing ateps such as stretching, bulking, crimping, setting,

suvving, and finiching. In oha.pter S, there will bve given detailed flow sheets
~a decerintions of the individual proncssing steps for PZ, PA and PiC.

~

LLn e iorie of menemvde fibres and te xtiles mn pul=ctured .‘mgm'f;ogl

Lo=mnie Tiores are produced an

~<iiiioent = A oingle filament of continuous length
eonre rori = Two or more continuous monofilaments asscmbled or held

oowther Sy otuict or otherwine,

- -

i = moze burdles of continuoys monofilaments ascombled withoup tuwict.

wes or ahort length (2-10 em) whieh have been eut or broken
e Wunile {tow) of continuous monofilamerss

..
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s = the ohortd fibres, or ctaples, may be $wicted or AR AN
Siat as shortd leagvhs of co‘éton and wocle. Staplos of differont longthz wre
*dcsagned Qo use in various systemo of spinning, ouoch as the cotton uysten,
wno woold system, and tho worsted sysctow. Some staple is used without

spianing = as filling in pillows, mitreccos, sleeping bags and comforters.

farius spun from staple are more irregular shan thoce rmade of
vacnty the ends of the short fibres, projecting from the yurrn curface
posduce a Musty eifects Spun yarns are also more bulkythan filament yarnc
sivae weighte Tioy contain more air and are therefors used for porous,

Loricse

i3t Piln = & rooent method to produce fibre forming pelymers without
¢ usc o spirnerets is the glit-colid Tilm process. In it a wide (1=2:3)
i thin (20=50 microns) film ic oxtrudod and 8lit into rarrow continuous
95 2-éin widthe These otrips are siretched (10-15 fold) ard spiit
iner taroads either Ly additional slicing or by twisting. There
continuous filaments in the denisr range from 6 - 20, which have
yarn=like appcearance and properties. The preferred material for the slis
3plit process is polypropylene. ‘

Some types of textured yarns are manufactured by man-made fitre
sroducers. In addition, the yarn throwing (twisting) industry processes
vilaments to impest to their yarns bulk or stretch properties. The function
¢& o turowecter, in addition o otior textilc functions which he performs,
ic 16 itwist or manipulate filament yarns. After a certain orimping and
caluirg steps, the filament yurns are kffmm as textured yarns. The added
soysieni projeriies are achieved through the use of special proccssing
waooinery, and advantage is taken of tlie capacity of man-made fibres
o "rencnuer” twists and turns imparted to the.filanments particularly of
%.csd twists and tumnc which have been "locked in" by heat setiing.
Tiluments tuko on new chareoteristice by such processes as twisting and
w.evisting, false twisting, orimping, knitting and doknitsing. The btulk
¢~ ctreien properties which are built inte filamont yarns add an important

: dlmencion to textile teohnolocy. In addition, texturing of filament

aris a soft hand to fabrics mide thorefrom.




Slepgie ool conbinationg

Frequently, the charactoristics of two or more types of staple fibre,
ither san=mde or natural, may be combined by blending the fidres

sior botore they are spun into yarn. Fabrics manufactured from such

(7]

wa
mixturcs ol spun yarns are called “"blonds". In addition, warious types
o monofilanents or filament yarns may be combined and twisted together
to form a “eomviration" filament yarn.

et socontont Tiglds of avplicmiiong
Polyestors, polyamides and polyacrylics have different chenical

composition and therefore differ in their physical and thermal properties;
wonee hey have their preferred fields of application.

o A) Dolyesiers are strong, tough, very resistant to stretching and
shrinking, wrinkle resictant, abrasion resistant, orisp and resiliant

vien wat or dry, and able to rotain heat - sot pleats and oreaves. Taerefore
they find principal vses ins '

Surable press (permanent press) morclandise, suits, shirts, sleoks,
nderwesr, drecses, blouces, lingerie, curtains, dreperies, carpsting,
gails, fire hoce, rope, tire cord, fish nets, and power belting. Texturised
polyesier fibres are usod in woven and knit fabries.

£ 3) Zolynmidgse Due to their strength, abresion resistance and
cxiensivility their main textile wees ares

losicry, upholetery, underwear, shirts, blouses, steckings, siretoh fabdbrics,
vedsyreads, onrpeting, and otlmr;:induetrul uses - are air hoses, rcciket
strirzc, sails, tire oerd, sleoping bags, ropes, nets, parachuic canopiec

and roaracssces.

.
<

- C) Fels are made in many medifications to give specizl propertics
teat cuited for different types of fabric constructions, to blend
rarmonioucly with other fibres, or to meet partioular requirenents in an

end uce. Their most important prepertics are warmth, leightwoigit, siope
roteniion, rosilience and resictance to sunlight. .any fabrics made from
ceryiic fibros are of soft, light and fluffy construciions. Some principal

‘A6 Lo
swewtcrs, ckirte, carpets, dresses, blankets, draperies, 8lacke, wholsiary

LnG Jacecae fabrica. -
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4 2) aaiyelefin fibros. Rocont nowsomers are she elefin fibros
wolyrroprlene and polycthylene) which are alse diroct products of

oo petioleun indusiry, dorived from propyleme and ethylene gun. Doth
Jivrow are ciaractoriced Ly thoir resictance %0 moisture and thoir
cuemdeal lnerinecss  Of the two, polypropylene has she highor melting
Mint and {5 therefore moro favoured for textile applicationn; i%8 uces
fave bocome mutiior numerous since ite introducsion around 1960,

Sue min charactoristics ares :
Very 1ight in weight (olefin fibres have the lowest spesific gravity of
all fibres), able to give good Wulk and cover, strong, tough and abresion

roaistant, o

Sone principal uses are in carpeting (largest single applicasien), -
non woven felts, carpet wacking, tags, dye nets, ropes and oordage,
sandbegs, uphelstery, filter fabries, and pile fadries.




Y Seeral Swreesat of manemde fibe

cooing goncm.l introduction inte the fiold of man-made
didres and velore ombarking on a more dotailod deseripiion of the most
Laportant materiale it might bo usoful to take a "birds oye viow" on the
cvolution of man=mde textile goods in Drasil from 1972 to 1975 and uttomps
o estadlich the probable donand at the ond of this period. lot us firs:
“aX0 & look at tuc conoumption of the moot imporiant mandmade toxtile fibres
in tae USi in 1970, (These figures do not include indusirial fibros for
such urar ac tires, belts, hoses, ropes, nets otc.)

Yo concumption of P was about 1 400 million lbs or 640 GCO tens.
Using 200 millionc for tie population ©f the USA at that time, we arrive
a% & Qer capita concumption of 3,2 kg PO in tho textiie fiold. The
corpesponding Jigures of polyamides are 740 000 tons or 3.7 kg per cayita,
ard for P.C wo find 260 OO0 tons and a per capita consumpsion of 1.3 kg.

aking tiece figures as a hago line vwoe arrive at the comclusion tiat
the population of an industrially developed country such as she US\ in 1570
is capablc to consume per capita
3.2 k3 of P2
3.7 kg of PA and
1.3 kg of PAC.
ot us now ask the quostion: If the Jovernment of Brasil wonits its
scople by 1975 to have ava.ifablo a corrosponding supply of mone-made
tcxtile goods wirat production capacities will be needcd o0 do that at that

sing?

Jie ancwer is simple. I understand that the population of 3razil ic
Torecut to be 110 millien by 1975+ Then, if the gomg giandapg c.ould provail
Tor Brozil in 1975 ac it did for the USA in 1970, the consumption of
% will be 3.2 kg times 110 million = 352 000 tons; of

é

.
-

e " 3n LI ) " = 407 000 * and of
.r.“c " " 1.3 " L] :l " - 143 ooo "

couy of course, %he Jovernmont may not expoot $0 have in Brazil in 197%
T..c g consumptive capacity in tue toxtile markes as the USL had in 1YW
wat a lcor onge Then table 2 shows tho capacitios of P, P\ =nd PAC
sroducsion which aro nocessary %o saticly a domand of 25, 50 and 750 of
sne UL standard in 1970.
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soopder Lo advice and regulato thie min~ande Tibro industry the Governzesnt
S 2975
: set one can roadly caloulate from table 2 whit nroduction

s 10 be orgenised by 1979 in order +t0 meet this expected demand.
oosaraeity ic below 3he figure tulwn from iable 2, the CGovarniernto
P udll not Lo satiscfioeds there will bo yndernroduation and izporis mignt
> oreecssays af the actual capacity in 1979 will be above the fipurec in
eie I, there will be gyerproduction and some mechaniom of gxport will have
o Le looked for.
aaring ry conversation with numerous represontatives of the man-made {ibre
indusiyy in 3drocil and during my plant visite I have collcoted certain data,
wiich appear to {;:.vo the following figures for the 1975 man-made fibre
sroduciiont
Fi(s3aploand filamont, without industrial fibres) 121100 tons
2 (ctaple and filamont, " " " ) 55000 %

¢ (staple and tow) 20500
::;:’ Pi aood ‘\c 1965m "

cenparing these figures for the 1975 iniended capacity with thooe of table 2.
corive ot tho conclusion that in 1975 the gyndilablas

. will correspond t0 33 &5 of the 1970 US per capita stondard

1] 5 (1) L] " " ” " "

" " l/ 00‘0 L " " L] w " L

Lev uc take g1l ran-zade fibres in Bragil tggmr. than we arrive at a grand
1o%an produciicn of 196 500 tons in 1975. This is 21.T5 of the 1970 US standard
il one %akes 2 I3 together.

27 the Government of 3razil feels that in 1975 the consumptive copacity of
its leople in tho manemade foxtile fiold will be about 20 or ong fifin of
vt it owoe in 1970 in the USA, taen the precently intonded expansions are

de cetiing of sucn a goal is evidently deponding on several factors such
oo ciimnte conditions, distribution of the population in cities and in the
Cll. Yy averge yearly ineome, dressing labits 'and rany ouwhers. is a Ul 'nc:;tilc‘
LI cws T obnove ne cupnbilidy to weich itliese factors adoquately and to predict

“.tor tntesrzicd influence but arred set the figurcs of tabic 2
1]

solleane tho posorsry ore 1 conaeitics by 1975 to reach the desired poals

e T uds generel cusvey we sill now foocus our attention on itliose foltors

neeithosousn be lzept in mind as one stortc planning the desised expancien uniil
“275 Jer enel of e tiroo important fibres.




CIAVTAVION T BeATT,
11 alont eice for polvaater, nolxn.miu)wrl nelyieryiisng

ere enist, at prosent, aboul 25 yoars of experience for commorcial

coomonden o many wen=rade fibre plants in Durope, UCA and Japen, and as a
aeanlt, 44 Ao poseidic jso dofine wiat is camonly called o "minimuam coonomic
caeh sioe'e AU siug, exproosced in tone of yearly production, indicutes
soovenimately iio lowor preoduction limit which ic otill oompatible with tre
induetrial and cconomic conditions in thoue countrion. Any smallor plant would, *
2 ite len run, not be able $0 remain competitivo, unless tnc Covorrment

oo roady to subsidico it in an officiont munner. In chapter 7 I chall

0 tue ways and means by which such subcistance can be granted.

iie 1aat fow yoars the larger part of Pi={ibre producers in 3ruzil
as wtel wmandencd the use of imporied intermediate products and either ras
Sliesdy advanced to tie basic raw mierials - serephtalic acid and ethylene
J-ys0L or cven to paraxylenc and etaylene - or is planning %0 do this within
i et twe or itirce yoars.

~ct us tiacrelore considor a polycstor fibre and filament production
wnislh ctarts with terephtalic acid and etliylone glycol and uses the bost
cuiciing tecanology for polyuerication, spinning, drawing and finiciing vota
Jor aw.plo Jivre and for continuous filament yarn. axperionce ccllecied in
Soewe nnmed countries indicates, that a yoarly production of approxirately
LT dens zarle fibre g; 3 200 torg ¢f gortinuons filorgnt should be

4 s the minimum plant size. Theose two figures vary somewhat from

cowntry but can be taken as & warning that szaller units could -
e long ran = not remnin commercially succeacful.

Xeble 3 contoinc figurecs or the P fibre production capaeity in Drazil
Ser 1y72 ana projected figures for 1973, 1974, and 19753 I have collocted
. >t during my factory visits and partly in conferences wihich I
&d wisih resresontatives of the wvarious fivre producers.

‘ Jnis %toble shows that in 1972 only Rhodia has a siaple fibre and filament
¢howcisy w.ich are both comfortably above the minimum size. All other staple
Polon oarodvecrs ore below tie ordtical size and only two filament lsoducars

\ G Dleeneleljin) are slighbly above the eritienl limite In 1U75 Rhodia
Ceriier cany fron the eriticnl linit and Soutex ie planning to

2,050 tenn stople and 7 000 tons of filament both of which are

-
*
-
-

::ir.imun cizee Celancee is planning to rove wuitvh 6 O tons
. . . )
Lotut rorv.ine witih 3 000 Yong of filunment scoweuwins

caciblie cine.
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1lse

In 1070 dhodia expecta atill to lead and potos rather fur avay from
v ldmitae Contex plans to rmaintadn dtc 1973 position, Celanenc movas
win 10O tons of staplo and 5 500 tona of filamont above both limits
sl wadvon=-2¢d jin ko reachod a cafe production sise fer filamenta.

Jeally in 1975 Rhedia las oxpanded its loadj Soutox does not intend
W cange; Polychinica plana to oxcoed the filament limit by o § 500 toms
sodustion; Celanese definitely moves into a cafe range both with fidbre
and Milomont and Safron=Teijin mintdins its 1974 positions

All other producors are now and will still be in 1975 below the
minisum coonomic capacitye. It ims already been mentioned, that Covernment
swosidy may asa:':at widersi zod producers for a while 0 remain compesitive
9a% suel aosistance beoomes vary diffioult as soon as domestio denandssare
seturated and export becomes ansiditional importsant factor.

L)

¢ 3) Polyamides.
§ B8l) 6=-nyloms

I onc siurts with ocaprolactam and polymerizes, sping ard draws
consimiously, 19 lower limit for gtaple fibre production in the renge from
- = 5 dexnicr per ilament is about 2 000 fong & year, whereas the oorrcpording
iait for gonginuous g productio can be put at about L 500 fo0:5 a year.
Wole 4 ives a survey of tiie 1972 6-nylon activities in Braszil plus tie
intended expancions wntil 1975. It shows that in 1972 iatarazeo, llailonsix,
Sewtexy O3S and Hanilsa are above the oritical limit in oentinuous filaments -
(¢ staplo is produced at all). Only Fibra and Jassaferro are below a yearly
soodustion of 1 500 tons.

L)
-
-

&

Trom 1973 to 1975 CBS ocontemplates no expansion at all, ratarazzo a
ciail one = 3 240 tons instoad of 3 000? Nailonsix goes from 1 GO0 in 1972
vo 4 200 in 1573 with no moxo chango until 1975. Soutex spands oonsidercbly

wezafe range in 1973 (2 S00) and then oxpands to 4 500 in 1974 and 1575.
soamxl o internds do onter the field in 1973 ‘out romins sligatly wnder tic
caizieal 1imit (1 200 instead of 1 500). Imzzaferro remains below the
coonoiic 1init altiough they cre producing industrial yern and not textile
sliunentee Qhe critical limdt for industrial yarn is difficult to estiolich
Lt snewing eoxactly the coniemplated uses. Lquiposea plans to0 produce
Teon 1575 on industrial yuprm at o rate of 7 200 tons a ycar waich is clearly
util dn e cconomic rangce I"inally Banilsa inoroases its 1972 production of
20U tens to 3 300 tons a year from 1973 to 1975 and will be above tie

LanaWn cnpacityy
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o M) GS-nylons

I one starts with adipio acid and ‘DD, preparcs or buys the talt
aid pelymerices, spinc, draws and finishes gontinuously it wac caloulated

tiat fhe mininun oconomic iz would be around 3 000 t/ycar for ctaple

;‘:'.3. ‘ RN “' /\ oY f(\w -‘:li vlcnj

fence table 4 indicatoes that Rhodia is very well in the oafo range
in 19720 Cor filaments and continues to move into better and bdettor eoonomio
conditions for stuple and filument from 1973 to 1975, It also opcrates
a large industrial fibre production whioh is bound to make its total fiore
outyut cvon moré profitable. Celanece in 1972 produces only filament abtove
<he crivical cize and continuds to do ao until 1975 when it reacihes &
S 0 tons por year level. '
Summarizing it can be statod that the polyamid production in Brasil has

boca organized in such a manner that only very few plants werc undersised* ~
ani that by 1975 all will be above the minimum economio capacity.

6 ¢) Polyacrylicss

If one staris with aorylonitrile monomer, carries ouv the polymerisation

2 eontinuous suspension reactor, dissolves the polymer in an appropriate
solvent (ot 25-237 in dimethylformamide or dimetiylacetanide), spins the
sclution either dry or wet, draws the rosulting filaments and works it into
ssuple Tibre by orimping, setting, cutting and finishing, the minimun
sconomic plant size is about 3 500 $04L7 Dor Yol

Table 5 chows that already in 1972 both present producers Nnodia and
™isiba = nave established produotion above this level and that in 1974
and 1975 bosh will bo in the fully economic ranzc. Neracryl intends o join
teem 4n 1974 and 1975 with 3 500 tons & yecr. There will be at no tinms, any
wnaersizad polyacrylic “plant,

2]

12

¢ 2) Pinally table 6 ocontains the prosent PP _gtaple fibre production of
Lawnar Tor 1972, 1973 and 1974 vwhich is 600 tons per year. It appcars
trhat the nolymor ic purchased and that a melt spinning operation is
.rried out by Spumar. This report doos not contain data on the quantiiy
cod quoiiiy of polypropylene glij-gplif threads since thoy are not yet
uced in the mainctream of textile goods.
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. wable 7 sumaarices the prosontly available estimates for minimn
coenonic plant sines for PR, PA and MAC.

) Toble 7
staple filament ' .
Lonomer to P 5 000 3 500
Saprelactan to, =nylen 2 000 1500 .
onemer 1o 66=nylon 3 000 8 500
Lenomer to PAC 3 500 -

Several supporting measures iave been espeoially established for the
sanencde fibre industry, and it has together with ether selootod industries
raceived cone degroe of government encourcgement and economic grows:.

A;parontly the man-mode fibre industry has beon selected amongst
ozher industries, as ons worthy of encourazoment and develepment as it
permiiss

Utilisation of indigenous rew materials

Dovelopmont of exports '

Isport substitution

Coucervetion of foreign exciange

Sovelopmont of new okills and tephnology.

ioeinct those orisria gove;rnmcnt policico and moacures %0 acsict the
cr.s redc fibro industry are many, and vary from countryt te country in their
civent and empiasis. There follows a short description of moasurcs adopted
senerally vithin producing countries, under ihe following headingst

Tirancial assistanoce .

marific and import ocontrol

Teimdion relief

wisort development

Lhier IMLLCuUrese.e

7. sernan of the developing countrics finoneial assistance by jowrniend
stdiusicns, ac well as private instituiions, is provided in iie indisind

oomen ol daturtry establishment. cueh cosictance ineludes short, nediun ~rd
_oomalnon Lo ot faveourable intorect waicc. Goverament measurar alov ireaude
e st ot of oversens firanee and investment and in oens ioatinoed

oot LoLad suarentee of long=uera deforred repayuent 1oans v OVl .wens




’ 1y doveleping countrics dariff protectien is granted 4o the
weicstic industry in some measure. The mates of duty wry from country to
cvusdry and also by type of fibre. In some ocountries, e¢.g. liow Zealarnd and
sneidy Drovcotion by tie tarifs is suppleacnted Wy the control of imports
L dmport licensing. '

7 C) Zouiticn relict
sumorous foras of taxation relief are practiced %0 assiot the

industry from the date of cctablishment. Those measures inoludes

a) Tax Lolidays for up 1o six years depending en plant lecation and use of
indigccnous raw material (Pukistan) |

) Invesiment allouance (Awstralia)

cihosearch and development allovance (Austrelia)

&) Zelier on maciinery for: development and modernisasion, new technelogy,
rescarch arnd development (Japan)

¢) leduced texation an pilet planta (Japan) .

$) Tax oxcmption for thres to five years during establishment pedied, and
2% 20 of normal rate during ensuing 5 years (Japan)

) Zeduction of taxction on royalty payments (Japan).

7 D) Zoont s

~230r¢ incentives for industry are oommon im many eeuntries and
SOVEIRLCHY MCASUres covert .

~xomption of import duties,

Joyroll tax allowanoces,

~xeort bonus shemes, -

-aport incurcnce and guarantees.

« viricvy of other government mecsures assist in the developriant of
demesiic indusiry, for exrmple;

) The awrding of governmont ooniracts %0 doweniie indusiry (Jzpan)

u) vroductivity contres

¢yausion contros

¢) Inveciment cdvisery services (inslwding eoenemio, engineering

fintreial and marketings advice) '
¢) Zicoururomont of indusiry eencontratien in several large

conpanics (Japan)




€1,

al,

as dundienied earliery the incidonce, oecopo und extont of ti.cno
Cessares vy aron eountry to country. Nevertheloos it is true thut the
tanemade Sibee dndustvy within nost devoloping countries is assictod wnd
cnevurared to somo extent by governmont action and policy.

Toe Mactors inhibiting tho growth of induotries in doveloping
eountrics have generally boon identifiod acs

Ioek of tochnical know=how in production and markesing

Limited marketas

lnex of copital

Ioclke of traincd manpower.

In ko cace of the mn~made fibre industry, in additien to tiese
ceneral faetors, there are oertain diffioulties peculiar to she industry.
s teeunical kuou-iow for procesces, plant constsruotion and operution
is in ta0 lands of a linited number of producers in a relatively smeil
aoser o developed countries.

R B P T
D SRBRICP HPREVS SR

In clapiler 6 I have given my baat present estimates of tne mininum
cconomic plant sizes for the production of PE, PA, and PAC staple fibre and
convinuous filamenty in this ochapier saall be presented the oorrespending
Jizures Ior capital investmont and manufactuiing oosts for such minimum size
insinllations. Dvidontly these Tigures differ from country to country and,
it onc couniry, even from location to location and it was, therefors,
neseasary o use ceriain ropresentative averases. The capital investment
sad production cogt aata refer to a plant in one of the industrial areas of
Leern warope suoh as ingland, Cermany, france or Belgiua and in the US.
Suc. &8 lew Jorsoy, Virf;in‘ia, Toxas or Louisciana.

€ .} “rocosa details:

FLovw suewots A and B daoseribe in detail she individual procets stous
et wed fi.aivilduel intormediate products for the production of P2 filament
and Lfalic wecording to those produots which are actually used in 20 fibre
“ceanolely, ramely two altornative routes from naprta to tercpatalic ccid
iy the nolrentor ohipae

Tr¢ most modern = und probably bust « route in the dirces oxydation of
ornexyiene (left sido ol the Tlow-chect) and_the direct csierification of
weninhioiic woid with ethyloneexide (loft cide of the flow=sheet) and the

vimores riven in this ohapter rofer to tiic speeific route.
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Toe wales price of an industrial product cam bo split wp inte nuveral
*recogniced conponenty, nakely
= 10 00t prico ex plani includings
- cout of mtorialy, enorgy and utilities,
cout of labour, muintenunce and plant overhoad,
depreciation and intoreot
- cost of reccaroh and development and/or royalsies d
= selling coxpense, such as ocost of marketing, adversising and service
- cdninistrative exponsce
- caranings
- taxese.
C{ taese components the cost price ex plant is reasonably well
sraediciable; the other components oomtain very unoertain factors and may
vary widely.

o following figures refer t0 a PR staple fibre plant based on a
srearly sroduction capacity of 4,500 tons. Planis of thic sise are usually
tuilt in doveloping oountries; US, Japancse and Duropean plants operate in
=ash larger units - gsometimes about 70 000 tons per year.

3.3) Tae capital investuent for a polyester gicnlg Lihre plant with a
sazacity of 4,500 tons per year corresponding %0 13 tons a day in US O
is represented by '

&) Noal esiatc purchased (in the USA) about 120,000
) ezl ectcte improvement 24,000
¢) Corciructions of buildinge - 600,832
&, Utilities for the operstion of the btuildings . 60,020
¢, 2urciase of moninery . 2,500,890
3 Instullation of machinery 250,050
) Instullation of utilities for the operetion of the process 25,800
Total cost of the physical plant ' 3,539,000
or about 3,600,000

) ngineering w.d construction 300,000
i) Goutractor's fee 150,000
o Sontinzencies _ 360,000
Phe Tiacd capital invootment will therefére be abeut 4 ¢500,000

Pic ropcosents an inveatmen} of atvut 100 £ per kg of yeariy rroiuction

~eenntly wore strennlined muclhisery ins become aveilable wiich iouere

Lo Lu D2 cave to about 88 f per ko of yearly production.
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v eebscturdve costn

Wi plant his o daily output of about 1) sonc and carries out the

2ollowin: averntivics

polymerivation

cximwion, spiming and drawing,

eringing, outling and finiehing,

Toe total manulacturing cocts ocan be computod from the costs of the
o satorials = torophtalic acid (‘0A) and ethylene glycol {0) = ard the
individual coasts ef tue tiiree manufacturing stops. Appendix A gives the
1ist price of L as 37.5 4 per kg and that of ¥0 ic 18.7 f per kg. Tre
2oLy ner containé GO0 D\ and 405 TG whioh givas & price for she rew materials
O 297 § por KZ polymers

o mtoriales . 29T ¢ per kg
poljmerization 13,0 *
exirusion cto 26,2 "
erimping ete 241 " or & %otal of
_————
93.0 ¢ per kg
S A& 3) Sanidnd sorvice and fofal brodusiion gest

Firaring with 55 intercsts wirich have to be paid for the invested
carital and with a return of 100 of the invested oapnal' we arrive ot &
~2ital investuont of 100 # per kg or, with the best available equipment of
S § por kg Ucing 90 ¢ a8 a realistic figure, we have to tako 15 of it
ard add it to the manufacturing cost in order to get the total production

ccct for 1 kg of 20 ataple fibre in the plant

ts Q

ronulacturing cocts 93.0
cazital sorvice (15 of 90 o/f) 135
toial preduction cost TW { per kg

Tae srocent list price of PZ staple Tidre in the U3\ is between 130
wind 140 ¢ ser kg which shous, tiat there would be about 35 f per kg left
for saics, taxes and profit. '

Uoweve™ it ic well known tuat PR stuple can be presontly purchaccd on
e werid merket at prices as low as v 0.85 per kg, whioh clearly siowc tiat
w ciant of tue above sise oould never be able to coipete on a world wide

c..aort neriote
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Y0t o Ciloaond
dada ealoulation is mide for yarno in the runge fron 70 « 100 dorricre .
. 3 51) Duecesni 1low sheots A and B also contain the procons otons

Sor poiyester filament produciion.

335 2) denerwl cconomic aspoctss Swas ag 8 42

. 33 3) The gopital dinvesiment for a polyester filamert slant, with L

o capacity of £,500 fons = 10,000,000 1hs /year dn Vs o ds civen hy .

a) #eal @tate purchased (in the USA) about 160,006
b) Real cctate improveront 30,000 ;
¢) Construction of buildings £00,000 '
d) Utilitios for the oporation of the buildings 00,000
¢) Purchase of mcainery 51233,00C |
) Installation of machinery _ £08,000 |
¢) Instailation of utilities for the operation of |
_ the precess £0,C35
Total of the physical plant - 7,120,005
: or about 7,280,303
k) ngincering and oconstruction $00,080
i) Coniractor's fee 253,000
§) Contingencies 520,000
The total capital invesiment will thorefore be about 9,CC0, 000

Tuic roprescentc an investment of about 200 ¢ kg of yearly production
valeh is about 1007 above the corpoaponding irvestment for a staple fibre
#aznte In Jilament production are many more individual spinning positions
waich represent the most important and expensivVe part of the machinery.

V.o raw meterialc uesed in filament reproduction are the sane ac for

svaple wut polymerication ic somewint more expensive than in stizle fivre

parufeciuring because a higher moleoular woight of the polyor is needed
for filuzent (16 OCO = 18 000) than for staple (15 000 = 16 000), instead
¢ 1340 ¢ per kg we have now 15.0 # and the manufacturing costs can be

cemsuved oo

cn rederials 2947 f per kg
selymerizsation : 15.0 "
Tiirugzion, spinning and dmaing 2.7 "
inishing, twicting and coning ' 2548 L

i total 164:0 ¢ por Xz
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R p) Lo Userviee cad sotnl nrodiction cotil

7.

i dn 3 A5 bat with o largor eapital investaent rives a canitel
sotviee  of 150 on 200 # ner ke whieh ic 30 {. Tiin 1c.dc to o total
srodwstion coat for Jilamont yarns in the 70 « 100 dernior renge

awmfecluring cosle 164 o por kg
"

vapinil service

total 193 ¢ por kg

Lict jrices for cuch yarns in Durope, Japan and the US\ range frenm

2
-
DAl
-

crylene = are available teday at prices as low ac 240 ¢ por kg.

AS & cOnLEqUONco, tho. plant could net succeasfully compede in export
on tihe world markei, unleas a subatancial Governments subsidy would bo

A
oranted.

$ ¢ 1) Zzcegsgt

£pun, drowm, cerimped, and finisaed.

332 2

cne=a) ecorond nectst Same as in 8 A 2.

\

by
\
i)

3)

2ozl estate purchased (in the USA) about

Leal estate improvenent

Construotion of buildings

j4ilities for tho oporation of the buildinge
Purcnase of machinery

Inctallation of mochinery

Installation of utilities for the operatioen of

the precess
or abeus
Sngineeringz and construciien
Contractorts fee
Gentingencies
fixed capital

120 GO0
30 CCO
600 0CO
60 050
2 100C000
200 000

30 300

3 41C 000
3 400 030
400 GCO
100 ¢CC

- -~

4 Q00 0C0

20 %0 420 ¢ per ko Lut, filament yarns with trade nawes - Forirel, irevira,

Caproluctan (compare Appendix A) is eemtimususly pelymerised,

vse
"
"
"
"

Us.

Mic reprosents an investment of abeut 83 ¢ per kg ef yearly production.
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S 04)
wue plant las a daily outpus of 13 tons and enrrfes suy the

Sollewiny operationss

wlyvacrisation

cexiruciony spinning and drawing

crinmping, outting and finishinge

20 obtain the sotal muulssturing 0eets we have 40 add %0 shis the
coat 04 tiio raw matordal, nanely caprelastan, 8eeerding %6 Appendix A.

aen we ouvtain

2w meterial 33:0 ¢ por kgo :
Polymerisation - 10.0 »
Spinning etc : 20,0 »
Sccovary of monomer ‘ T 40 "
Crimping ete 2.0 "
83.0 ¢ per kg

S0 5) sl service.and jelal Jraduciion.seaist

Sinilar t0 8 &4 5 with 5 interests and 107% retww on a capital
inveatuent of 0O ¢ per kg of yearly predustion, we arrive at she tetal
sroduetion cocts

‘znufacturing costs 88.0 ¢ per kg
Capital service 1362 »
Total 0.2 "

or abmut 1.00 USS

The ;resent list prices for S=nylon ataple are in the range of -
153=130 ¢ per kg wiich would mako eut plant prefitable. lowever alse if
- in tiho Genylorn field thore are dumping prices they oould be so low as to
»ernit no competition .on the world market.

Tw.ic couputation is made for yarns in the renge from 50 « 100 denier
L 51) Zreceqg Same as in flow shicet B for pelyester filament.

L u2) Zeuern nic o t Same ag in 3 A 2
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V23 toitel dnvestment for o Senylon filament plant witi o

oot oAt o) U A R T o

Tale plitid deappoacd 4o produce multifilament yornc in tho denior
wage fron 59716 10 100/32,

1) Lesl cotate purelaced (in the UsA) abeut 150 03¢
b) oal cstate improvement 30 080
) Gonstruction of buildings 700 000
d) Utilitios for the operation of wildings 80 00O
¢) Purchase of maohinery 5 000 0G0
£) Installation of machinery ' 700 000
¢) Installation of utilities for tie opereiion
. of she preeess 50 000
or adeus 6 700 000
1) Ingineering and constructien : 750 095
i) Constructcr's fee 250 000
) Contingencies | ' 400 GO0
Total fixed capital will be | 8 310 000
or abous 9 000 000

.is represents an investment of abeus 230 / per kg of yearly
mioduction.

3 3 4) Tanut ~ ]

Sau materinl and polymerisation are the same but spimning, drawing

~nd finisiing are different (compare 8 A 4 wish 8 B 4) m we arrive at
the followirg manulacturing costs

Sow material . 330 o por kg
Poljmerioation 10,0 "
Litrusionm, cpinning, drawing n.o "
#inishing, tuisting, coning 21,0 "

L T

Total 16140 ¢ per kg

Capitel service (155 on 200¢) 30,0
carulaciuring 28laC
7ozl production coat ¥l.0

Lisy pricos in Durope, Japan and tle USA onm é=nylon yarnc rance irom
220 to <50 ¢ por kg, wiiech showe that this plant could successfully corpete
wivh izt prices even in oxport.

.
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GU L) Dodeccrs Mo process consicts of polymoricing liquid acrylonitoile
oIn sWedenaion w0 polyneryloniirile, disselving the polymer, spinning the
aviusion ¢ither dry or wet, drawing and orimping the resulting tew ef
filamentc with ultirato cutting and i) iching .of the fibre.

Samo as in A 2 and C2.

& ileal cstate purchased (in the USA) adeut 200,000
b) Zeal estate improvomont 40,000
¢) Conotruction of buildings ' 1,400,0¢0
d) Utilitics for the operation of the hulldingl 14C,000
o) Purchase of machinery 2,500,000
£) Iuciallation of machinery ' 430,000

<) inctallation of the utilities for the operatiea

of the precess 30,C09

T0tal physical plant cost abeus 5,200,330

L) Digincering and construstien 1,000,3C
i) Contractor's fee 260,000
J) Contingencies R (o]
7,150,600

The total ixed cost will therefere be about 7,200,000

Tils moarns & capital involved of about 158 ¢f per kg of yearly preduction.

* S 24) '
» Zow material (aoryleaisrile) 24,0 ¢ per kg
Polywoerication : 14.0 "
Ticcolution | ' 9.0 v
cpianing and drawving _ 18.¢ "
crinping, cutting, finishing 21.0 "
Zolvent recovery and lossos 3.0 » ‘ {
L.
Total %40 ¢ per ko




S0)  cuitlocnvisluddtialpradiciien.aedies

A8 in B 5 and D 5.

Capital corvice (15 em 158 o) 23+7 4 per
Vanufasturing costs 94.0 »
Totad BT per kg0
List priees ave 150 « 170 / por kge .
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1% wac vay intoresting for mo and of creat wlue for tho
nesomplivinent of iy report that I was civen tiw opportunity to vici+
severcl men=made fibre plantc and other toxtile oporations in Mrazil.
<noeomrarison with rany similar inctallations whieh I have vicited in ¢
develoning countrics and oven more froquontly in Weatorn Durope, Jaarn
and USL I was very muoh imprecsed by the modern machinery, the straignte
Jonward orgnoation and the coxeellont housekeceping in the Brasviliarn nilise
4Ll 8talf members whom I mot were obviously thoroughly compotent and very
cormuricntive. lly conversations with them made it evident 1o me that they
ave to display special skill o overcomo exiating, infavouradle conditions
Such s lack of aderuate eleotric power sourcea, diffioculties in getting
;;-:.;40 ciienicals for the plant operation, high import taxes on the intormediates
“nd dcanty availability of skilled laber,

I opite of all these difficultics the outmut of all mills, whioch I nhad
vis privilege to visit, is of a remarkable high quality, which is not only
3 ooncecuence of offective plant operetion bus also of striet process and
product conirol and supervision.

The detailed progremme of visits was as followa:

~q NORIE
Ire Mourfeic Pinheiro Coordenador (-8 - (DI
Srae Llfie Breunsteiner Téonica-Fibtras Sintéticas - UIIDO
Zre MErio Scute Lyre Cons. Des, Ind. - }I0
re Koger Haoup T¥onico Ind, Méxtil
Lexta=Leira
i9 ce unio
14350 Visita a fibriom SAFRON-TZIJIN S.A, - Aretu-Bahis
lemanin-feire '
22 de naio
10:30 Viaito._a fdbrica - RHODIA NORDESTE S.A
eondugao fornecida pela Rhodia
34:28 Visita a SUDENE
Ter¢u~-foira
23 de¢ maie .
10: 30 Visita_a fdbrica MOINHO SANTIST\ em Recife

oeondugno fornecida pelo Moinho Santista
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o s0e Xlfricd Dravnctoiner

Lrs larie Soute Lym Cona. Des. Ind. = }3IC

Intrevicta na cedo da Ancocingao Dracileire de Toduteres de
. Fidbros Artificiais e Sintésicas
Ave 30 Luis noe 50 = 170 - o3, 171 B

Segunda - foira

8 do mie
9100 Colancso co Brasil Fibres Quinicas Lida. Sre
1680 | FlagRo Brasileire de inion = Fibee S.i. gr.
bUER ' Cine Drasileira de Sintéticos .
15830 Rhodia Inds. mimicas ¢ Texteis | W =,
Riodia Nordeste 8.A.
17:0 Polyquirioa S.A. Ind. Textil .
e = Lfeime
9 de maio
9130  Safron Meijin S.A. Ind, Mrus. do Pideas 8r.
11100 Sle Inds. Rewnidas 7.lataresse ar.
16830 lleroules U3A .
15100 Cia. Drus. de Pidbras Sintésiens=NAILONBIX sr.
18:30 Spumar, Depum do Nylea 8.4, § B
Caorta-feirg
10 de maie
TR ) Visita o ffbrioa Cia. Iresileire de 8r.
Sintétices = Oscasce Sr.
Visita & flbrica £ lloinhe Santiste .
Osasoce .
Quinta=Soirm
i1 do mie
9120 Visita & f{brica Celaness d0 Brasil 8r.
Sibrac (uimicas Lida. e sr,
330 Deruardo do Campo
12300 Visita o fbrica = Rhodia Inds. Quifmiocss 8r.

¢ Toxtoiz = Santo André
~cute=leir ‘
iz de :ailoe ‘
9:30 Vicite a £fbrica - ihedia Inds. Quimieas 8re

¢ Toxteis = Sao José dos Campos N

Tonios = Pibras Sintéticss = W10

bruno 3eer

Carlo Crego

S.0tenterg
T.Stakel

G.lltter

O.llatte
CeiVivona
ReCoBogots
Cipolat
C.Villa

OV 00>
S.Rotenberg
leciliterne
AeViviani

3.3¢er
JeBerne

Te3tan0l

Qeitinel
anderloy
FeVarsme




2 1) Jonerel gouments on trip and summary
. e obvisus eoncluaion of my report is that an ideal condition for
aheriaie sextile fibre production in Broasil by 1975 would bes
vor Pt Two plints for otaple fibre production each with a capaocity
of 40 000 tonu por year and two plants for filement each with o
. ca.p:.city'of 25 000 tons per year.
For =nylon: Two plants for filament production each with & capacity of
25 000 tons por year.
Tor GG=nylons Ono plant for staple fibre production with & capacity of
§ 000 tons & year and one plant for filament with & capacity
25 000 tons per year.
Tor Pils ™o plants for staple fibre each with a capacity of 10 000
tong & yoears

Zach of siwoo 10 inctallations would be well above the minimum

econonic sice, would produce efficiently for the domestic market and
could even Do capable to enter the export mariet with part of its produstion.
10)

waedman

It ic a distinct pleasure for mo to express my sincerest gratitude
znd asprociation to Dr. Roger Hacur, UNIDO textile industry advisor, wko
seided mo during my entire stay in the most efficient and pleasant manner
ard witihout whose untiring help I could not possidly have finished my
renort in the short period of two months.

I also want t0 express sincorest thanks to Dr. J.L.de Almeida Bello,
scaretary Ceneral of CDI, lMinistry of Industry; to Dr. laurieio M.Pinheire,
Giief, Croup=8, Division of Light Industrios, (CDI)j and to
. : wre ario Souto Lyra, Industrial Dovelopment Council Advisor, for their
~ raidance and advicej their personal and professional assistance made my
stay in Jraxil most interesting, stimulating and plessant.

¥
¢
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S origee of dueriont.Jex miciale e L Rer ls!

athylene clyeel 10 - 19
orephtalic aeid 37~-3
carmelacian 32- M

aerylonitrile

11 3) _ysl prises of maicinde pinaha.Sihcedn L ANk et
Esdxadiar

Zassman Kodel
Seschat

»

Allied §

Ame ka6
Teranit 6 & 66
Celanese 66
dont 66
vellmarn 66

Cysnanid
Deve BLGF

SuPont

rotann Yerel

VeC Dymel

2) - 25

' 1.5 =15 den
5o =6 " -
Jel15 "
151"
L5-12"
3=
5=-3"

lxien
6«15 dem
615"
6-13 "
w "
1.5=-18"
3~

Aakxlden
2 =15 dem
2-15 "
2.1 "

uedonrxlics
2 = 40 den
3=y "

10“ - 1043
134 = 2647
1.4 - 2.78
1ol = 167
10” - 10‘7
M- 1.6}
el = 1.‘3

1e4) = 1o58

10» - 1.89
10‘9 - loeg
1078 - 108)
1." - 20‘0
lo.l - 10"

1671 - 1.72
1.80
1.8 = AT2

10‘5 - 107‘
1,65 = 2487

350
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11 ) Teatile fibre produetion trond in the USA 1970 « 1900

. .
4 M Htad o1y 1]

cott O” :a ::gn ra IJ].i iﬂ ‘i I:E

1579 2200 400 620 470 230 95
175 24 §60 910 800 335 200
1030 2600 770 1180 1260 500 360
Source: lioderw Textiles (Jamary 1972)

11 D) iejund bounirenonty for sunthetic fikre produgtign’

The muwfacturing costs presented in chapter 8 are valid for
w2 local conditions under wiich the plants work in the USh. In order to
cerait tic user of this roport to get an estimate of the ranufacturing
'eevs under difforont oonditions a table is added here, which gives the
sesual requirements of a plant. These requirements are given in Seatitisg
ot in cocts) of raw material, utilities and labor and can be resdily
computed for any special leeal oondition,

Q *

11 Da) Aectual requirements of & 5 000 vens per year PL afanls Iikcg plaats

yorrly demand

raw mierialat

Zinothylterephtalate 3 5000 tons

<taylene glyeel 100
Utilitiesy ‘

Jlectricity 4.5 nillien kih

Cteam 25 000 tens
Labors

en in shifs 40

llen per day ' 5

11 D %) ctual requirements of & 5 000 tons a year g%ﬂgnplant
waich produces filamenss in the denier renge beiween 40 and 50,

yearly demnd
L materialt oaprolactam ' 5 500 tons
Liilitien:
“leotricity (110 Volt AC) : 35 mijlion ki hre
Stenn (4 otm) 1% 000 tons
Coolirg water (6% ) * 18 million ebm
weaineralined wter 20 " "

Litrorun (59.9G7) 500 000 cua
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11 Do) Thic table prosents the astnl vequizessate for s 20 000 tens

Jen in shifls
Yon per day

por yoar BAC AiaRlg fibwe plans.

Taw mterials  acryleaisride

Utilitieo:s *

«abore

Tleotrioity

Stenn

cooling wuter
deaincralised wter
Conpressed air ( ) atan )

ian in shifs
isn per day

.

urly domand
20 400 vons

3T million kW hrs
400 000 tons

17.5 mnillisn oW
650 000 owm
900 000 om

Lt
»












