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•Polyester Fibres, their Chemistry and Te-chnology" 

Polyester is the geieric tenn for any f'ibre in wti~.h the fibre forming 

substance is any long chain synthetic polymer compos~d of et least 85 °/o 

II 
I 

e by weight of en ester uf cli.t:ydric alt:."lhol and terephthalic acid (TPA). 

l 

L 

The specific p~lyester "polyethylene terephthalate" (PET) obtained from 

TPA and ethylene glycol which found widesP.read industrial application 

wes cli.scovered by Whir.field and Dickson in the U.K. in 1941. 

The feedstod< for TPA ar.d its dimett-yl ester "DMT" is primarily p-xylene. 

This is separated from inci\Jstrial mixtures of xylenes which are obtained 

by catalytic ~arrangement (platrefonning) of naphthenic compolllds 
- .. 

conteined in petroleum. 

For the conversion into TPA or DMT p-xylene is oxidized by air and in the 

letter case methylation takes place simultaneously with oxydation at high 

pressure • 
.. 

To synthesize polyethylene terephthalate suitable for the manufacture a~ 

polyester fibres highly purified raw materials are requir~d, they must be 

•fibre grade". 

As DMT cen easily be purl fied it was for many years preferred es feedstock 

for the polymer. In the meantime, however, else TPA can be highly purified 

so that both compoL11ds are available for the production of fibre grade polymer. 

The other c.ompoLrtd, ethylene glycol, is obtained by means of direct oxidation 

of ethylene by air on e silver ce~elyst to ethylene oxide en~ its subsequent 

hydration. 

TPA or DMT end ethylene glycol are converted by esteri fication or ester­

interchenge respecti\lely ~.nto bis-hydroxylethyl terephthalete (BETH). 
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During polyconden~tion of this diglycol ester of TPA ethylene glyco~ 
separates end polyethylene terephthalAte (PET) is fanned. Usually this is 

achieved by means of continuous vigorous mixin£ of the mass bfld creeti:::in 
. 

of high vacuum at elevated temperatures end in the presence of cataly!'ts. 

It hes been established that the molecular weight of fibre grade PET is of 

the order of ! 20 CXlO. 

In the fonnetion of polyester fibre e grid type or extruder type melting 

device is used. The molten polymer is forced through spinnerets (i.e. metal 

discs with numerous apertures) by i"r.eans of spinning pumps which also serve 

for metering. The filaments emerging from the spinnerets travel through 

spinning shafts where they solidify, subsequent1.y they sre ~.oeted with spin 

e finish and pas~ed to the take-off device .. 

For the production of filament yams a wind-up machine is eflllloyed whilst in 

the case of staple fibre production the spi:n tow is loaded into cans. 

• 

In the melt splSl fibre the macromolecules are only pre-orientated and still 

uistable. The fibre needs to be drawn to receive a significant crystalline 

structure and consequently its valuable physical properties, namely high 

tenacity end less elongation under load . 
. . . 

Drewing is carried out between two sets of godets which revolve with different 

~eed. After d-awin'g the fibre is crimped in a machine of the Stuff£.rb'Jx twe 

111d subsequently heat-set. .'he bpecial conditions of drawing - with due regard 

to melt-spinning condition5 - in conjunction with heat setting offer e wide 

variety of possibilities to manuf3cture fibres with qu~te different properties . 

Heat-setting e.g. is n~~essary in order tD decrease shrinkage end to increase 

tha stability of the macromolecules as well es of the fibre crimp for further 

proce5sing i.e. textile spinning. 

The final operations are the cutting and packing of the fibre into-bales or 

eltem'!ltively to load "converter tow" into cartons. Staple fibre is supplied 

t., cotton mills end convertPr tow to worsted mills. 

Filement yams are takP.n-off from the s,:>ir.ning machine and wound on bobbins. 

Sl.bsequently drawing is required for the same reason as explained in the 

ces.? of staple fibre. 

In the past draw twisting machines have been er.-~loyed end ere still in o~eration. 
In receit years n~ technique hes been developed allowing to spin, draw, twist 

end even to texturize filaments in C\lnsecutive steps in one machine only. 

.. ·------.~· 
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...!!!.!!oduction (World Uan-Uade Fiber Survey) 

In 19?0 the production of natural end men-made fibers t~telled 

21,561 mill. metric tons with e share of 62 ~ of natural- and 

38 ~ of man-made fibers. 8 years later after the first oil crisis 

and recession in industrialized countries which began in the 

second half of 19?4 the total production of all fibers amounted to 

2?,846 mill. tons (+ 29,2 ~) of which natural fibers had a share 

nf 52 ~ (-10 ~) whilst the balance of 48 ~ was attributable to 

•an-made fibers. 

During this period man-made cellulosic fibers (rayon end acetate) 

suffered e loss of 3,5~. Various factories were closed down or 

production curtailed due to price ruin and/or environment problems 

like air polluticn and contamint. ti on df effluent. 

On the other hand production of 100 ~ synthetic fibers grew by 

111,6 ~- At the beginning of this decade polyamides still had the 

lion's share. They were overtaken, however, first time in 19?2 by 

polyesters which exceeded proJuction of polyamides by 50 ~ in 19?8 • 
.. •• # 

From 19?0 to 19?8 polyesters had world-wide a growth rate of 185 ~ 

(polyamides + 64. ~. acrylics + 101 ~). 

With the assistance of Western European countries and the USA and 

by ap.plying their technologies big new pla"lt.$ for the manufacture 

of synthetic fibers were build up in South Am~ica and particularly 

in the fer East. A huge men-made riber center was e.g. set up in 

Taiwan. The aforementioned countries showed an overproportional 

share of the growth rate cf synthetics ~reduction during the time 

under consideration (re Table v). 

Whilst in West Europe, USA and Ja~an 1970 still 82 ~ of all synthetic 

fibers were manufactured a loss of 16 ~ of total world production was 

incurred in these regions until 1978 when their share was d~wn to 

66 ~- These figures indicate that there was a significant shift of 

synthetic fiber capacities in favour of developing countries 

particularly in th~ fer East. 

I 
I 
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Such e development hed of course serious reperc~ssions on the 

,1 
I 

man~mede fiber end textile industry in highly industrialized countries 

like West Europe. 

Not o~!f big market shares were lost in export Luisiness but also on 

the domestic market. Synthetics emanatins from such new fiber plants 

are proce=sed an the spat by textile mills and the local clothing 

industry where rather cheap labour is still available for labour 

intensive operations. As a result huge quantities of ready made 

garments are being imported mainly ;ram the far East into West Europe 

at prices with which many European manufacturers cannot compete 

anymore. At present for example from every 100 of the following 

garments sold in West Germany are imported shirts 85, jackets or 

coats 6?, trousers 60 and suits 50.It can~ot surprise that under such 

circumstances a considerable part of the West Europea~ textile and 

clothing industry is facing big losses, quite a few companies went 

already bankrupt and most probably there are mar~ to follow. According 

to an EC-Commission study up to ~.5 million jobs are endangered aver 

the next 10 years in this industry. This is roughly half of the 

current work force of the branch. 

No wonder that also the syntnetic fiber industry is seriously 

affected by the extreme difficulties of its direct customers. For at 

least the past five years it has been running in the red.Heavy losse3 

were incurred due to unused capacities and ruinous prices. 

Under these circumstances mo1inting pressure is exerted on the 

authorities to impose protective measures. 

Although a member ~f a suffering club I am still a supporter of free 

unrestricted trade. In my opinion we must and do cure our problems 

ourcelves by closing down outdated and streamlining the most modern 

plants, by developing new fiber typP.s wit~ new desirable properties 

(which cannot easily be c"opied) for the more scphisticated Eu:--opean 

textile and clothing industry which will no doubt survive. In fact, 

highly cophisticated textiles and garments scored sizable gains on 

export markets even in such difficult times. Alth,ugh the immediate 

future does not look to bright or to use e four letter word still 

looks rather grim I feel thet in the longer run the West European 

~ynthetic f!ber-, textile- and clothing industry stands a fair chance 

to reco•. r and to retu.·n t.J reasonable profits. 

·~ ~_,... ...•. 
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Wor,.d-Production of Natural- ard Man-made Fibres 

Tabet I 
. (Sourc,Textile Organon, Vol-XLIX. No. 6, Jw 1979) 

1 
i 
j 
! 
J 

.J 
.J 
I 

Nal:.ural/ Type of' 1970 
~iarH'nade Fiber 
Fibres 1oooto 1. 

Natural Raw Cotten 11 782 54,7 
!"..aw Wool 1 602 7,4 

Fil .-es Raw Silk 41 0,2 

SUb-total 13 425 62,3 

'.\1an~de Rc:.yon & 3 436 15,9 
Cellulosic Acetate 

Acrylic 1 003 4,7 

synt!1e- Polyarnides 1 903 8,8 

tics 
Polyester 1 645 7,6 
Other Synth 149 0,1 
cxc .Olefins 

Sub-total 4 700 21,8 
-

World Total 21 561 100,0 A!l Fibres 
-

Tabel II 

I Actual World-Synthetics 
Prod. 1000 to 

1970 1978 

Acrylic 1 003 2 017 
Polyamide 1 ~03 3 12B 
Po1ye$~er 1 &45 4 686 
Ocff .ynth. 149 115 
exc • 1..1 ~·fins 

Total 4 700 9 946 

1974 

loooto ~ 

14 020 52,7 
1 510 5,7 

45 0,2 

15 575 58,6 

3 532 13,3 

1 449 5,4 
2 624 9,9 
3 267 12,3 

147 o,s 

1 487 28,1 

26 594 00,0 

Increase 

~ 

101,1 
64,4 

184,9 

22,8 

111,6 

1975 1976 1977 

lOOOto ~ loooto 1t 1oooto 1. 

11 746 49,7 .12 432 48,3 13 804 49,8 
1 508 6,4 1 446 5,6 1 445 5,2 

4·1 0,2 48 0,2 49 0,2 

13 301 56,3 13 926 54,1 15 298 55,2 

2 959 12,5 3 208 12,5 3 277 11,8 

I 
1 391 5,9 1 742 6,8 1 787 5,5 
2 488 10,5 2 851 11, 1 2 938 10,6 
3 367 14,3 3 887 15,1 4 293 15,5 

107 o,5 114 o,4 1:>.3 '). ·! 

; -
7 353 31,2 8 594 33,4 9 141 33,0 

. 

23 613 100,0 25 728 100,0 27 716 ,100,0 
. . 

Tabel III 

.. 
Year 1978 1979 1979 vs. 1978 

Type of Actual World-
World- Producing 

/:J. ~ I Fiber Product. Copacity 
1000 to .000 to 

Acrylics 2 017 2 512 24,a 
Polyamides 3 128 3 987 27,5 
Polyester·s 4 686 " ~· .,. ~6,4 

I Oth.Synth. 1 ~:.: I ~· ". 87,0 exc.Olef. 
• • J 

~---~ Totnl - s' - l ~ - ,, J_ti 27,1 

Dr.Pe/Ur ~ 
-

1978 1978 :;970 

1oooto I ~ ~ ~ 

13 065 46,9 89,6 87,8 
1 470 5,3 10, 1 11 • q 

tiU 0,2 0,3 o,:~ 

14 585 52,4 100,0 :~oo,o 

3 315 11,9 100,0 " l.00,0 

2 017 7,2 20,3 ' •' 21,3 
3 128 11,2 31,4 ., 40,5 
4 686 16,9 47,1 35,0 

115 o,4 1,2 3,2 

9 946 35,7 100,0 :.oo,o 
.. 

27 846 100,0 . ..._ 
1980 1980 V!:i. 1979 

World- Prod.Capacity 
Producing" ~ 
Capac:! ty Increase 
1000 to 

2 656 5,7 
4 259 6,8 

~ 
6 453 I 8,9 

220 2,3 

13 587 7,5 
-

' 
-
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i July 1:11 
Or.Pe/Ur., II '. .\ustri .. -Faserwerke Ges.m.b.H. • • -World Production of' S•1nthetics by Fiber and Area ( 1000 Metric Tons) 

Tabel IV 
; 

1 9 7 0 1 9 7 8 -
\r 't:.:\ Acrylics 1. Polyamides 1. Polyesters 1. Acrylics 1. Polyamides 1. . Polyesters ~. --. 
...• ,,,t Europe 399 39,8 599 31,5 459 27,9 794 39,4 710 22,7 822 17,5 
I· is t EW"Ope 74 7,4 181 9,5 91 5,5 199 9,9 436 13,9 403 8,6 
l :-' .. \ 223 22,2 614 32,3 666 40,5 329 16,3 1 157 37,0 1 724 36,8 
•. t 11er America 19 1,9 117 6,1 75 4,6 96 4,7 207 6,6 332 7,1 
~;ilru,n 263 26,2 303 15,9 309 18,8 373 18,5 309 9,9 637 13,6 
\11 other 25 2,5 89 4,7 45 2,7 226 11,2 309 9,9 768 16,4 

. 
---· 
.. ~ "l 1 003 100,0 1 903 100,0 .1 645 100,0 2 017 100,0 3 128 100,0 4 686 100,0 

- -
.Increase of' World Production of' Synthetics by Fiber and Area (1000 Metric Tons) 

. ~·;,-·l \~ 

' r -,.;~. "' Acrylics Polyamides . Polyester 

19i0 1978 increase ~ 1. 1970 19'?8 increase t'J 1. 1970 1978 increase ~ • 
-· 

.:~-t~ 399 794 395 99,0 599 710 111 18,5 459 822 363 79, 
a 
1 ; 

.• ~t: l::UI'Ope 74 199 125 168,9 181 436 255 140,9 91 403 312 342, 
_,,.\ 223 329 106 47,5 614 1 157 543 88,4 666 

i °124 J 1 osa 158, 
·tiler Am"'rica 19 96 77 405,3 117 207 90 76,9 75 332 257 342, 
: .p<.:.n 263 373 110 41,8 303 30~ 6 2,0 309 637 . 328 106, 
II I uther 25 226 201 804,0 89 309 220 ·. 247,2 45 768 723 1 606, 
-
: t> t'-11 1 003 e 011 1 014 101,1 1 903 3 128 1 225 ti4,4 1 645 4 686 I 3 041 184, 

'l 
q i 

~ 



1) Oef"inition 

Ac.cording to the Ut.ited States Federal Trade Conunission Rules . 

Polyes.:er is the generic tenn for any ~-ibre in which the fibre-fanning 

substance is any long chain synthetic iolymer composed of at least BS 1a 
by weight of an ester of dihyGri~ alcor.ol and terephtalic acid 

(p - HJOC - C6H4 - COCJ-i). 

2) History 

e-
It is .e JJ!SIWllkeble end fescineti.ng feet thet n~ -di'SCtl.ueri:es ·. - -: ---~- · :....•:.-: 

ha.\11f ·: ! - ·; very often fer reaching repercussion::i. 

MJre then 60 )'t!8TS ego Or. Fritz Klette of e chenicel fectm;. in Frenkfurt 

whi.Ch to day belongs to Hoechst N;. e~osed vinylecetete to sLnligl:at : end 

after some time ~e obersved the fonnation of e resin. This was the very first 

erti ficiel C01Jversion of' e "monomer" into ·e "polymer". In 1913 e patent wes 

gnnted for this invention. 

At thet time Or. Klette was, however, not ewere of the nature of the chemical 

reection which took place. 

1' 
I 

In 1925 Hennenn Staudinger, Professor of Organic Chemistry et Freiburg l..hiversity, 

succeeded in elucidating this reaction. He fot.r1d that the resin had en exact 

nult.ible of the molecular weight of vinylacetate l!lnd he could prove that 

nL111erous molecules of vi.nylecetat"! were linked together vi.a C-C bonds to form 

e rnecT'Dmolecule, e nigh polymer chain. 

• These studies gave rise to new investigations into the structure of genuine 

products like rubber, cellulose end pr:::>teins. All of them proved to be "high 

polymers". 

H. Staudinger was beletealy awarded with tt".e Nobel Prize in 1953 for his 

fU'ldementel researches. 

It is obvious thet such new knowledge of the existence of rnecromolucular 

structures induced chemists et t.r1iversities end in industry to look for ways 

how to manufacture new products of this kind. 

-3-
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The eree of plastics end synthetic fibres cume into sight l!lld took shepe. 

It turned out that besicel.ly three diff'rent; chemical reactions were suitable 
·.· 

to build up macromolecules viz. 

1. polymerisation 

2. polyaddition end 

3. polycondensetion 

11 
I 

re 1. Polymen: in the true smse of the word can only be derived from U'lsetureted 

111Dnomers i.e. from ~oUlds with vinyl group:;; CH2 • Di - R like vinyl-

8ccetate, vinylchloridc, the olefins ethylene, pn>pylene end styrene end 

lest but not least acryloni trile etc., ell of them cen be polymerized 

, Utder speci fie conditions. But today any macromolecule with repeating 

1.ni ts snd building blocks respectively l~k~. to. e che:in ,is called 

e polymer-. 

About 1930 chemists had le81'11ed to control end exploit polymerization~ 

on commercial scale. 

l"f!!.2.~.The synthesis of polyurethanoa is an ell.ample for a polyaddiUon. 

involving the following essential stages 

e) Preparation of a low linear polymer wiT.h t~nninal hydroxyl groups 

b) The low polymer is re&cted with excess of a £!!.isocyanate to give a 

polyurethane which has tenninal ~c;-enate groups . 

c) Weter, in deficiency is added to convert some of the tenninal isocyenete 

groups to amine groups. 

d) The linear polymer is cured by heating. Amine end isocyanate react to 

give urea cross-linkeg~s. The ahundences of cross-linkages result in 

elestomeric property. 

re 3. A condensation is concerned when two chemicals reEict by sepereting mainly 

either water or errrnonie, ot' any other compound. 

Hence a polycondensetion takes place if a specific condensation can repeet 

to fonn a polymer chain. 

The very first synthetic fibre was manufactured from polyvinylchloride in 

Gennany about 1931. This fibre had already a high tenacity but only a low 

melting point of ?0°C end oti1erwise only poor textil J properties. 



.' 
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.In the 3l' s, however, the lead in tt')e field of synthetic. f:".bres wes teken 

over by Ou Pont. In this coqJSly WellecH H..ne Carothers inv_-5tigeted nLnerous 

•polycondmsati.ons" in en endeavour to find new polymers with interesting 

-propE:.rties . 

.In 1935 he eV9'1t.ual.ly eijoyed a big success when he reacted Ji.carbonic ecids 

with diemi.n~!S enj tried the c:ont>ination of e.dipic acid end hexemethylene­

diemine l esulting in what beceme known es'"-plllyemi.de ffi!' 

His observation that this new polymer had fibre ft:.nni.ng properties, that the 

fibre co:Jld be considerably stretched wr.iere the stretching i"'1arted high 

t:ene.city end other related properties, turned oLJ': to be of principal i"'1ortence. 

We 8hell see thet this principle can be applied to other fiber fonning polymers 

with similar results even if the polymer is entire:y different from polyemi.des 

from e chemical point of view. 

It is wo~ noting that f ilk end wool ere protein fibres end es such also 

polyemi.des. So to speak ,Carothers hed copied the pattern of nature ,as time and 

age.in mMy other chemists had successfully dorie prior to him. 

The new fibre was announced in 1938 !Jy the name of "Nylon" e.s the first real 

synthetic fibre having magnificent features in strength, abrasion resistance, 

elasticity and so on. 

But still before commercir.l. scale proouction was commenced in 1939 which sr:>on 

emounted to 4 000 tons p.e., Paul Schleck made the next move in Berlin. He 

9 hed Bl.ready been concerned with polyamides for some time .• when he read t.he 

first patent publications by Carothers in summ?r 193"."t. He then decided to 

proceed with his previous studies. Already in ,Jenuary 1938 he succeeded in 

polyr11erizing £. -ceprolectam and to spin the polymer. The second polyamide fibre 

ceme into being. It beceme known as Nylon 6 and Perlon respectively. 

I know from witnesses how surprised e group of directors of Ou Pont were ,when 

they visited Genneny in 1938 end were 5hCW'I Perlon filament yams in high queli ty. 

n.e origin of polyester dates back to em-J.y in the 1930' s ,when W .H. Carothers 

invented e polyester fibre on an experimental basis. He failed, however, to 

find a proper combination of e suitable dicerbonic acid end a suiteble diole 

i.e. Sl alcohol with two hydroxyl groups in or.~ molecule. After his big success 

with Nylon ffi,,he concentn'!lted 01 sirnilu eliphatic dicerbonic ecids with whk.h 

he had made so gooc experiences in the case of polyamides. 

I 

I 
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The development of' polyester f'ibres only progressed, however, 1.hen aromatic 

dicarbon~r; ecid5 end in particular terephthelic acid (TPA) was used to build 

L4l polyesters. in the early 40's Gertn81 uid British chemists investigat:ed 

~II 
I 

the perf'ormence of' TPA with varies di.oles uider the conditions of' polycondensation. 

It wes the merit of Join R. Whinfield and James T. Dickson of th£ Callico 

Printers Ass~cietion in Manchester U.K. to find the most suitablE c:O'Ttlination 

llm('ngst :innumerable possibilities when they eventually applied the ;. ·stern TPA 

end ethyleneglycol after e series of pain ":'taking experiments. Th: s special 

polyester became a similar success es Nylon 66· and Perlon. The original 

U.K. patent wes issued in 1941. World p1"'Qduction of polyester fibre he.s already 

surpassed that of polya'llides,since 1972. 

~ Cellico Printers Association wes too small e company to develop end exploit 

•polyethyleneterephthalate fibre" on cormiercial ecele,I.C.I. (U.K.) acquired 

the license for the production method· end the rights uf the patented invention 

in 194? throughcHJt the world, exept the l..tl?- ted States, end began to mB"!ufecture 

the fi.bres under: the trademe.rk of Terylene. 

In 1953 , Du Pont introduced the fibre into the American market, giving it the 

name of 06Cron • 

·,-he expiry of the original patents in LSA in 1961 and in most European countrie5 

1966/6? hes opened the door to flUTT'..arous co~enies which previously had not made 

polyesters. 

It we.s the policy of I.C.I. '.:u sub-license its patent rights and know how - as 

fer es it was developed et that time - •..a meke the greatest possible success of it. 

In Germany Hoechst PV3. shared a license with Enka Glanzstoff. In 1955 a pilot 

plant ceme on stream, whilst conmercial production with a., ini tiel capacity of 

5 CXlO tons p.a. started only ~ years later. The fibre is marketed under the 

trade mark of TFEVIRA ~ Today Hoechst ranks emongs L the bigl:Jest polyester 

fibre manufacturers in the world and avails of operations not onlr in Gennany 

but also in the U"lited States, Austria, South Africa, Brazil end Northern Ireland. 

3) Rew Materials Intennedietes 

The m~yor raw materials for polyester firres ar~ p-xylene, TPA and Jimethel­

terephthelete (DMT) respectively as well es ethyleneglycol. 

3.1. p-xylene 

This aromatic hydrocarbon hes two mcthylgroups atteched to benzene in so 

celled pare po~i tions. It is e nonnel CPmponent of coal t&r end a by­

product of refir1erles. Particulerily for the manufacture of TPA uid DMT, 

today p-xylene is sepereted from the ll!J"Ornatic fraction accnP-1ng after 

"platrefonninr;f' i.e. the fonnetion of ~romatic hydrocerhnns catalysed by 

-6-
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platinum. 

The refonnete consists of 2'i 1a by weight of c8 aromatic hydrocarbons 

in the following co~osi tior. 

-1.. 
ethyl-benzene 17 - 20 

pare-xylene 16 - 20 

JDete-Xylene 35 - 40 

orthcrxylene 19 - 26 

Bp 0 c 

136,2 

138,4 

139, 1 

144,4 

- 95,0 

+ 13,3 

- 47,9 

- 25,2 

From the llll"Omatic mix benzene (hp eo0 c) end toluene (bp 111° ;) can easily 

be separeted by distillation. 

Whilst the boiling points of the a/m CB hydrocarbons are very close 

together,fort1S1ately enough the melting points are quite different. 

Therefore mete- end pare-Xylene cen best be sepereted by fractionated 

crystallisation. 

By isomerisation of m-xylene (representing the main portion of the CB 

fraction) the above equilibrium between the four c8 hydrocarbons is 

restored. Hence it follows that again 16 - 20 ~ p-xylene can be obtained 

from m-xylene (Perex process). 

· · !In recent years there was a temporary shorteye of p-xylene due to 

insufficiend fecili ties to seperete it frorr petrol. Left in petrol it 

improves the Octane count. In the meantime, however, new plants r.ame 

on stream so that p-xylene has become readily evailable again • 

3.2.0MT and TPA 

Ari esteri ficatio11 is r.lefined as a reaction of a carboxylic acid with an 

alcohol resulting - by sepe.retion of water - in en ester (Slide 1) 

· E1terilicot1on 

R ~ COO+t • HO • 11· - II • COO • 11· • . H,O 
~he' OCtd olQltlal .... , . 
fRlyestcrj!icgt1cio • 

n HOOC·ll- COOH • n•I HO·ll'-OH -
1111oaart1011yhc octcl dool 

HO·lrfOOC· ll·CXlO·lrt,;OH. 2n H,O -7-.,...... _,., 

Scheme of ester1f1cof1on and polyesterif1cotion 

-...- - .,...-y..,.,_... ·-· ·-- --- .. _.. r ..._. 
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If" e dicarboxylic ecid having two c-~-boxylic groups in the same molecule• 

is ":'£!8Cted_with en alcohol which else has two hydroxyl groups in the same 

llDlecule,it is obvious that the reaction can proeeed to fonn e polyester. 

In the fonnula •n• incicetes the number of repeating ester units. 

As I mentioned l!lready the special polyester Messrs. Whinfield end 

Dickson found most suitable for the l!lfrlu:=-acture of fibre3 1 is mede 

from TPA and ethylene-glycol (Slide 2). 

---· 

l Ellt• inl•rchan9! 
1 

CM.oac@ccoot, • 1 HO-at.-cH,-<JH - j 

• O.r•ct Hl•nficatoon 

~ --- ....,.._..,..,. ·! 
!O-Ott-ot.-ooc-©ooo-oi.~"°' ·: ; Ot,Gt 

....,.,.._ "'. --~- (CJGTJ -

llOOC-@ COOK • 1 HO-Ot,-Ot,-(JH -
............ .., - .. i.,i- .. ,.... . 

·HO-Ofo-Ot,-<>cx:@COO<>t.-Ot.-o< • 1 H,O 

2. flliJSond•nsalron • 

.. -.ot,-Ot.-ooc@coo-04,-0.,-0. -
OGT 

OGT ...;..,. 

HIKH.-04,fooc@',.>CO!>-Ot,-Ot. •• OH • n-• HD<Ho-Oft-Ot ----------....!P[T .. ,,,._,.,.... . 
Production of PET 

The feedstock for TPA is primarily p-xylene CH
3 

- O- CH
3 

end to 

e far J..esser extent o-xylene end naphthalene (Henkel I process) es well 

,s tolu~e (Henkel II process). I shall elaborate, however, only on 

11 
I 

• p-xylene which by oxidizing 1 ts two methyl groups can be converted ~ TPA. 

TPA which is suitable for the manufacture of polyetnylene-terephthelate 

has to meet a very high specificat~on es to purity. It must be "fibre 

gi·ade" • The inventors were faced wi tt1 the problem, how to purify TPA, 

how to remove the conteminetions, the by-products of the oxidation process. 

From e chemical point of view TPA is 6 n u-plea;et compound because of its 

properties. It does not boil or melt when heated but decomposes end 

under nonnal conditions it is insoluble in common, readily ebeilable 

solvents. In other words the most convenient methods for purification viz. 

dis~illation under nonnal or reduced pressure and rE~crystellisation from a 

solvent were not applicable. 

------·-- ~- ... --
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3.2.1. !!!L 
If·en object cannot be achieved on a direct rcute a by-pass is 

tried. It is conmen krowledge of chemistry that maiy aromatic acids 

cen easily be purified in fonn of' their esters. This method hes 

successfully been epplied in the case of TPA. Esterification with 

methanol gives dimethyl-terephthalate which can eesily be destilled 

111der vacuum in the range of 3Ci to 80 torT end at t~eratures from 

1?5 to 202°C.respectively. 

For final purl fication DMT is recrystallized from methanol. 

7n the first instance nitric acid under high pressure was used for 

oxi.~zing p-xyle-te by I.C.I. and Ou Pont. Also the first conmercial 

plant of Hoechst had been designed for this process. The nitric 

,1 
I 

ecid oxidizing method hes, however, some shortcomings such as the ccrri:sion 

of equip~ent by nitric acid et high temperatures end high pressures, 

the cons~tion of e comparatively expensive oxidizing agent end 

the inclusion of nitroco~oundS in the manufactured TPA which is 

purl fied via Oftr as described ebove. 

Therefore it is not suri:>rising that there was enough incentive 

_ ~, - to develop a more economic process. 

The cheapest conceivl3ble oxidizing agent, of course, is etmo!'>pheric 

.:.xygen. It was first employed by E. Ketzsci"Ynann of Imhausen at 

Witten/west Gennany in 1951. This methocJ became known es "Witten 

p!"Ocess" end was first used by Hercules in USA, Imhausen end Hoechst . 

It is e contin..DJS production method involving four stages .(Slide 3). 

-9-
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The first methyl group of p-xylene cen be easily oxidized. but it is 

difficult to oxidize the second i;>rie. The method the,'1'!fore is 

intended for chenging oxidized cerboxylic acid into ester: so th6t 

the second methyl group may be easily oxidized es well.· 

The first s tege oxidation is perfonned et a reacting tBllJerature 

of 13l - 140°C and 111oer e 1 - 5 abnospheric pressul"'e in the presence 

of a cetely~t such es en oil-soluble transition metallic salt like 

cobel t naphthEnet:e. The conversion rate end yield at the first stage 

ere 40 - 50 ;. end 65 ;. respectively. The second stage o>ddatim is 

ce?Tied out at a ~erature of 180 - 210° end under a 1 - 2 

ebnospheric pressure using the seme catalyst. The yiela et the 

&econd stage is several percent t.i.gher then that at the first stage . 

·A variety of improvenants ties so fer stemmed from this method in an 

attempt to sirrplify the f~ur s~ge processes. 

However 1 the feature of the Witten process is that it only requires 

p-xylene, methanol for esterificetion end as solvent for recrystalli­

sation end air i.e. atmospheric oxygen. Methanol, of course, is 

always recycled. In the past the Witten process was end still is 

favoured by mayor producers of polyester fibres. 

3.2.2. ~ 

Nevertheless since . many years another process proved to b~ 

competitive with Witten DMr. It is the manufacture of highly 

purified TPA • 

As I previously said, TPA is a c:!:iffu::l!l; compoL11d which under "nonnel 

conditions• does not melt properly and does not dissolve in corrmon 
' 

solvents. ·Not under nonnel but under extreme conditions e.g. at 

say ± 200°c TPA Joes in feet dissolve in water under approximately 

20 atmospheric pressure. On this basis e TPA process was first 

developed by Scien~fic Desi9n {s:o.) in 1955. It is intended for 

obtaining TPA at one-stage, by carrying out e lipuid-phese oxidydation 

of p-xylene by atmospheric oxygen in dil•Jted acetic acid es solvent 

with the assistance of such catalysts dS e heavy metal End e bromic 

CC>nf>ound. This procP.ss is nc.w practiced by~ end itsliceneees. I.C.I., 

Aku end Japanese Mitsui Petrochemical Corp. 

-1~ 
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The method ~s ch&ractertzed by Qxidizing the difficult to oxidize 

&econd me:thyl group of p-xylene through a proper cont>inetion of 

the action of e heeV}• 111etel with the hydrogen drewing action of 

bromine. P.-xyltne reacts in diluted acetic acid(2 - 3 times the 

lreight of p-xylene itself") in the presence of' cobel.t or ir;angenese 

ar-.etatE end enmonium bromide et eppr. 200°c end mder eppr. 20 

abnospheric pressure for 3J - 60 ~nutes with supply of air. 

Then :PA ~.s produced et e yield of ± 95 '/o. 

,1 
I 

The equipment cost of the method is higher then thet in the case of 

1:he Witten process due to the use of titanium, "Hastelloy" or some 

other expensive materiel for the reactor, which must wi thstend 

severe reactiPg conditions. 

Finel puri f'ications is carrie~ out by 3 times recrystallisation 

from water mder pres~ure et temperatures in the range 130 - 150°c. 

3.3. Ethylene glycol 

Ethylene glycol which is one of the major raw materials for polyester fibres, 

_ .. -is now manufactured on a considerable 1.arge scale. 

It hes wide u_ses not only for such fibres but also for non-freezing agents, 

resins end so on. Ethylene glycol is usually manufactured by hydration of 

eth•lene oxide which ~ s in tum, produced by direct oxidizing of J:!thylene. 

Jo a certain extent also ~he chlorohydrin method may still be in operation, 

but has widely been .replaced by direct oxidation. 

In thi~ method the mixture of ethylene end air et e ra~io of about 1 ~ 10 

reacts on silver oxide catalyst placed on corundum unr.er nonnal or reduced 

pressure. The reacting temperature becomes very high L\le to the generation 

of co2 end must be carefully controlled by circulating Oiphyl or Oowtherm. 

fiO - ?O '/o of ethylene C:en be changed into ethylene oxide et a reacting 

tenperat~.re of 2?0 - ~0~ within one second. 

The reaction product is absorbed in water with a pressurized scrubber, 

seperated with a stripper end purified bv distillation. 

Wit., small emount of acid L > catalyst, ethylene cxide can be hydrolized 

give ethylme glycol (F.G) at 50 - ?0°c. 

Oi2 • CH2 + 2H~ 
-11-
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Glycol for polyesters is classifled as •f'ibre grade" which is required 

to heve the highest degree of' purity. It is Characterizee by e negliglible 

content of' iron, water end po~yglycol as well es by non-.;;oloretion whei 

heated. 

4) ~olyinerisetion 

There ere two practical methods for the lll&'lufecture of' polyethylene-terephthAlete 

(PET) ,one starts f'rom OMT Md EG end the other one from TPA end EG (Slide ;) . 

In both cases diglycol-terephthelate (OOT) which is otherwise known as bis­

hy.droxylethyl terephthelete (BEHT) in the first instance is fanned rith the 

di f'fereice that in the case of' OMT en ester interchenge reaction takes place 

with seperation of methanol end in the case of' TPA e. direct esteri f'ice!:.ion _occurs 
with seperation of' water. 

4.1. Ester Int~~change Reection (Slide 4) 

,....., -­........... 
I 

.,..,.._ 1•rcac 

Flow diagram of prouss for PET production 

., 

This reaction between DMT end EG hes thus fer been used by many manufacturers 

for synthesizing PET. The reaction betweei DMT end ~G develops uii fomly 

end repidly in the presence of en adequete catalyst. 

Molten ·oMT end a small excess of EG ere agitated end a catalyst is added. 

The two compol.f't1s ere then gradually heated from 160 - 220°c until the 

theoretically expected quantity of metnenol is seperated and recovered 

by distillation. The trensesterificetion is co~leted in 2 - 6 hours, 

yielding a colorless fluid product. If the reaction is insufficient 

the two substencP.s won't be polymerized satisfactorily in the second 

-12-
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stage of' ooly-condmsation or OUT will be distilled out of' the system 

together with EG • 

.MJch reseerch has gone int~ catalyst selection.All types used todey give 

high retes of reections wi-:hout sacri.ficing product quality, notebly colour. 

7n trensesterificetion calcium, zinc end mengS'lese acetetes are most widely 

used. 

4.2. Direct Esteri ficetion L~ethod 

---· 

T"Jking .._he moleculer weight of' DUT (194) es 100 -f.,then the molecular weight 

of lPA ( 1fi6) is 86 ;. or 14 ;. less. These figures reflect the inceitive 

'far using TPA,beceuse eppr. 14;. less by weight is required f'or the 

msiufacture of' OGT (BEHT) end PET respectively. 

The ebSB'lCe of Eny economical purifying process f'or infusible end 

insoluble TPA for many years was.the mein obstecle to use lPA on large 

scale. •Fibre grade" TPA i.e. highly purified TPA beC8flle e realitv ·only 

in 1965 once the process of puri~icetion by recrystellisation from 

water under pressure at elevated ~eretJres had reached maturity. 

Direct esterificetion of TPA with EG is cani.ed out et 200 - 275°C 

end pressures corresponding to the vapour pressure of EG (2,? - 5,5 etm). 

An EG/TPA mole retio of 2 or a little less is used. 

The reection is usually non-cetalytic al though the t.t:Jbil process is 

said to use e catalyst • 

The main factors which et present restrain polyester producers frc•m 

6Wi tching wholesale to TPA-based polymer ere of different nature. 

As I said, fibre grade TPA became available only since 1965. This has 

meant that the lion's share of polymer manufacturing capacity until - say 

1970 was designed to use OMT as feedstock. However, there can be little 

doubt that TPA bas~d processes will gain an increasing share for the 

manufacture of polyester. To-day approximately 2/3 are still made from 

OUT end 1 /3 from TPA. 

For the production of polyester staple fibres nowadays ere required 

OUT route 
TPA route 

Naphtha 
to/to fibre 

1,31 
0,96 

Crude oil equivalent 
to/to fibre 

1, 74 
2,55 

_J 
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4.3. Polycondmsation (Homofiolymers) 

I 
I 

After OOT (BtET) hes been manufactured by one '1-&y or the o~.hF:r it is 

pessed into the polymerization vessel. Simul tmeously with th£: transfer 

of the ~lt1 e suspmsion of Ti0
2 

is added. Eo2 is necessary u obtain 

e delustered fibre. According to the amount introduced,a dull or 

15811i-dull -,'ibre C81 be produced. 

Ultraviolet radiation or "black light"_ , comprising only 5 'fo of the 

rmli.ent B'lergy reaching the em-th from sun, is responsible for the 

photo-chemicsl degradation of 11&1y chemicals. This damaging rar:llet-"'on 

-hes wevelmgths between 290 SJd 400 millimicrons. When absorbed, this 

energy is cepeble of chenging the colour, physicsl form, end reactivity 

of many synthetic end natural structures. By adding ultraviolet 

absorbers to a polymer, the stability of the fibre product?d from the­

polymer cai be iq::iroved. 

The inhibitor in the polymer absorbs the ultraviolet rays and, without 

c.~triment to the polymer, dissipates the energy. 

OOT _(a-ET) is condensed lSlder heat Md vacuum to drive off one mole 

of EG pe- mole of DGT. When agitated and heated to 2?0 - 200°c EG 

initially generates under nonnal pressure Sid is removed. 

Under gradually increasing vacuum to '100 - 10 torr - enc' in the 

presmce of a catalyst, the polycondensation develops further and the 

viseosity of the polymer increases. Whm finally the pressure is 

reduced to 10 - 0, 1 . tofr the required polymerisation degree is 

·reacheo. The desirable molecular weight of the final pulymer for 

fibre use is in the range 14 000 - 20 OCXJ ("n" is 70 - 100 in the 

aforementioned equation). When a polymer chain .stops grcwing there ere 

several possibilities for the fonnation of tenninal groups es shown 

in:~;Iide s. 
.-~~~~~---.~~~~~~~~-

HO-Ol~-(H,-of co-Q-coo-CH,-CH,.-ol_co-Q-coo-CH,-CH,-OH . . 

-14-
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For special pullJOS~ it is desirable to have a low content: of tenninal , 
cert>oxylic groups. 

The viscosity of tne melt depending on the polymerisation qegree cen 

easily be controlled by meesuring the power consumption during 

egitetion. The melt viscosity of polyester required for the 

.--.ufecture of fibres erid the molding of' films is usually 2 CXlO -

d ()(() poises. 

Antimony trioxide Sbf>
3 

hes ·proven to be of perticul~ velue es 

catelyst in the polycondensetion reection. In prectice e mixture of 

- IW" ecetete of Either Ce, Zn or Mi end Sbfl3 is nonnally added before 

esterification. It is very importent to consider the effect of metal 

compoundc; on thennel ·stability.since thF.! catalyst remains in the polymer. 

Phosphorous compoLX'lds ere s:.iccessfully used to improve thennal 

stability a11J a1ti-oxidizing property. 

After the molecular weight is etteined in accordance with manufacturing 

fonnuletion pure nitrogen is passed into the vessel to create sufficient 

p1essure to force the polymer through en extrusion nozzle for further 

cooling end pelletizing. 

The melt .coming off the nozzle pours over the surface of a band caster 

in tha fonn of e ribb~, which solidifies when conveyed under water. 

Fir:ielly the polymer ribbon enters a dicing maschine end is cut into 

pellets also called chips • 

In batch processes es described above polymer chip is first produced. 

This offers flexibility since it cen easily be transported but it 

needs to be stored end hes to be melted before spinning. 

Since several yeers methods for continoous processing of OMT or TPA 

to polymer end fibre tieve been developed by e nUll'tler of companies in 

several COLntries. The mapr producers of polyester fibre today avail 

of both batch end continuous instelletions. 

In e ~lete r..ontinuous process molten polymer is passed straight 

to the spinneret thus cutting out the expensive chip handling facilities. 

Normelly scme chip is produced even in continuous processes so es to 

provide flexibility in product quality. 

-15-
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Ct 00sing between batch end continuous processes depeids not only 

r..11 economics but also on the denends of the market. If filBlllSlt 

yams of various deniers sid delustenrit levels ere required batch 

production is usually best s:'. nee chip hes to be made enyway_.. To 

chsige deiiers. the spinning plant must be sto;>ped End the spinnerets 

.chsiged; to give different dElusterent levels additives mt.ist be mixed 

in with the chip. On the other hand, .,tlei large quantities of 

uni fonn st.aple fibre, tyre cord or cerpet yam are required t.. 'ie 

reel benefit of a continuous operetlon with direct spin• 1ing csi be 

echieved. In eddition,continuous processes offer more unifonn product 

quality End higher moleculer weights which in certain cases ere of 

particular iq:>ortence. 

4.4. Co-polyesters 

.. --

Besides homopolymers, a lot of work has t!c:>er> done on co-polyesters. 

Such products were originally developed e.g. in en attempt to avoid 

the besic Whinfield end Dickson patents. 

In this context I would like to quote Swiss Inventa•s co-polyether 

ester. made by substituting p-hydroxyl-benzoic acid for about 10;,, 

of TPA (Slide l~. 

~y~ Oiols !M1!21y~y~ ..•. . ... 
HO~(Ot,l.-OH • I-

HOOC-COt,l.-COOH 1.4 -lbuto....tool 
t«><Q}cociH 

odopoc OCJd ~ 
HO-CH,-~-Ot,-OH 11-...,..raor-llMIDoc ai:llf 

HOOC-CCH1lio • COOH Oto 

Mbac:ic acid 
ponlo..yrhr•lol 

·""'"'-<>® Ot, 
HO@c-(Q)OH P·( jl-hydroo,.ihoolyJ· 

HOOC '@'COCH bt. blonlooc: ocicl 

bl5ptwnot A 

iMl!lhlholoc- HO-CCH1·CH1-0)0 -H 
.. poly.thyl- 9lyeol 

Co-components for PET copolyesters 
improved d eabilit w:th disperse dyes Fig.? 

This variety is st.ill produced on a larger scale. 

Other incentives for the manufacture of co-polyesters were the general 

desire to achieve special - or let me put tai~ or mede - properties 

like j.q:>roved dyeebili ty, low pilling perfonnenC'.e or retarded 

inflenme'Jili ty. 
-16-
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Jilide 6 illisb-etes co-mcnomer.3 for the menufect.ure of co-polyesters 

11 
I 

characterized by ~n:>ved , "!1Yeebili ti. ty w.l. th disperse dyes. The effect 

of building in such ~t.nds is a certein disintegretion of the 

oriEl'ltated macromolecular !'"tructure thus fecili teti.ng the penetration 

of disperse dyes. 

lhe next slide ? 

Acid C!ICO!!!l!C!!'!ft!S BOSlc cocompo11e11ts 
(data foon patent ~loco•-> 

0 
HOOC{Q) ~ <Q}COOH 

ONa 

0 
HO·CH,· P-CH,-llti 

oNa 

•• 

R • alkyl. aryl 

Co-components tor PET copolyesters 
d eoble with ionic d es 

· shows co-moncmers yielding co-polyesters dyeable either with cationic 

(basic) dyes provided excessive ecid groups heve been incorporated or 

with enionic (ecid) dyes provided basic groups are easily accessible 

in the co-polyester • 

5) Spinning Process 

The fibre spinning process is the ~eme · whatever the upst-'eam technology 

is. Except in the case of direct spinning where the molten polyester made 

in a continuous process is passed straight to the spinnerets it is 

essEl'ltial to dry tr:.:: pulymer before r~el ting it. 

5.1. Drying of Chips 

In the stab. of equilibrium the water content of PET chips emounts 

to 0,4 "f,. but is nonnally less. Anyway,chips containing water suffer 

en t.ndesirable decrease of their polymerisation degree due to 

hydrolysis (i.e. the r£verse reaction to condmsation) et fusing 

temperature. Therefore chis:i> need to be dried in the spinning area 

-1?-
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before going to the (ibre fanning equipment •. 

Severe! drying sysb~ ere in use e.g. vacuum drying es well es 

rotary dryer using c.01S1terflow heated air. The chips nust be dried 

to E moisture cont.-.1t of sey 0,02 1o or less. 

When heated the chips pass -:- the so -ce.lled glass· transi tiori · 

II 
I 

temperature - et e teq>ereture of about 7EflC. At this ~entJerature 

PET somewhat plasticizes because certain segments of the 1=-lymer chain 

get mobile end crystallize. This transition point should be passed 

rather quickly because otherwise the chips can agglomerate md peck 

·due to their sticky surface • 

In vacuum drying the dryer rotates continuously and a liquid heating 

medium is circulated through an insulated jacket. The chips ere 

heated and the eitire batch is unifonnly dried. A stationary "acuum 

line installed through the center of the main shaft extends up 

into the tree air space above the tumbling batch which pennits 

exhausting of the vapor leaden air. An air strainer preve'lts dust 

from leaving the dryer. As the dryer rotates constant change in 

location of the chips is assured: Every chip makes positive contact 

w1 th thE: heat transfer surface of the dryer. The chips do n· t peck 

but take random orientetion 1£aving voids for the escape of vapor. 

After drying the chips are discharged to the transfer hoppers or to 

the hoppers of the spinning machine. Vacuum drying, of course, 

warrants exceptional mild conditions. 

Insufficient drying is surely indicated if the de~radation of the 

molecular weight is found too high after spinning. 

5.2. Melting, Metering and Filtering PET 

The re-melting spinning proc~ss of dried chips is most popular 

due to its simple operation end high productivity. Typical equipment 

used for the process are : 

grid type 

pressurized melter end 

extruder type 

-18-
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In the first two 1.nstences steem or D"lWthenn ere used for heating 

t."e melter end ~ gas in place of e:ir for transporting the melt · 

to prevent oxidation. The extruder type equipment requires power as 

direct source for melt heat supply. 

The molten polymer delivered from the melting device is ":1eesured 

with e metei ing pump end transmitted to each spinneret in en 

equel quen ti ty. A gear pump is preferred for this purposl:. 

When e melting device of the gri::::I type is used e booster pump is 

60mE!times installed in front of the msterir.g pump. This not only 

i 11Jt'DveS the meesi.;rin~ ecr.uracy b~t also increases the polyir.er 

'!;rensmi tting cepeci ty with the pressure of N2 gas. The metering 

pi.mp requires strict testing with highly visco•is oil t.r1der pressure 

-before installation. 

The extruder posesses en obvious but important characteri.stic-in that 

it melts polyreer only es fast es required; that is, only as much 

I 
I 

polymer is melted as is needed to supply the metering pumps. The pressure 

end temperature are controlled precisely. Extruders (as well es other 

types of fibre fanning equipm.mt) ere fabricated to high precision 

stendards of an alloy of high harcness and wearing qualities and 

they retain these qualities et high temperatures. The feed zone of 

e spinning extruder is water cooled. The other cylinder zones are 

electrically heated. For the best homogenizing of the melt and better 

yani quality the front section of the extruder screw is designed es 

e mixing torpedo. 

Molten polymer is fed to the metering/spinning pumps through ducts 

extending from the extruder. Before transmitted to the spinnerets 

the melt needs to be filtered for removdl of solid im~urities in order 

to protect the tiny capillary exit holes of the spinneret. Both the 

filter end the spinn"eret are incorporated into a single cylindrical 

body celled the spinpeck which is replaceable whenever th~ spinning 

process is found unsatisfactory or et regular intervals. 

The coordinetian for the operation of the spinning ext~uder end 

spinning heed/spinpeck requires special instrumentation for temperature 

ll"ld pressure control. A pressure transducer e~.pecielly designed for 

hot thermoplastics senses a controller which regulates the revolutions 

of the screw thus fulfilling any requirement of the pressure control 
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Sld ellO'«s constant flow of the melt to the spinning PUlll>• 

At every spinning pcsi tion the supply of melt may be .. Q..it-off" 

by stopping the respecti"e metering PL.flt>· This allows the changing 

of" a spinpld< wi thor it the inte.ITUption of" other pr,si tions. When 

a spinning pump is stopped the revolution of the extn..:der screw is 

autrmatically regulated by the pressure control that reduces the 

.soeed. The extruder will pick up speed es soon es the PUlll> is put 

in operation again. 

The changing of a Stlinpeck ta'<es only a f"ew minutes. 

As I said_ the: f"iltering of the melt is ;:if greet importer.ce. A 

E >inpeck consis!;s of screens (fine-mesh \..ire nets), leyes.· of wel:­

selected send, e distribution plate end e spinneret. Several pecks 

such e~ .ambled reedy for use, ere held in place in Dowthenn boxes 

end pre-heated to facilitate rep~p peck changes. Besides filtering 

eny foreign particles from the polymer,the peck is also designed to 

sheer the polymer in order to reduce egglomeratcs such as gel particles 

to e sr.aller size • A distribution plate placed above the spinneret 

serves to sprer.1d the melt evenly over the spinrcrei:: f"ece end improves 

int~ilament denier lXli formi ty. 

5.3. Fanning Filament end Quenching 

Spinnerets are metal discs with mostly numerous small holes. They 

vary from less than 100 es used fur the manufacture of continurus 

filement ya?Tls, to several hundreds designed for staple fibre 

produr.; ti on • 

Although most spinnerets have holes witha"'Cirrular cross-section also 

other patterns _-as - t:ri.lobel end pentelobal cross-sections have been 

developed to serve special purposes. It is evident !:hat a different 

surface of a yarn 'affects pro~erties like handle and bulk. 

The filament diameter is not normally the same es t~et in the hole. 

Imnediately upon being extruded end in the moMent the polymer emerges 

from the spinneret capillary hole the thread just formed bulges to 

a diemeter consirably larger than that one of the hole. Thereafter, 

when still in molten state-the diameter of the filement decreases 

rapidly. This deniP.r reduction is brought about by the pulling action 
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of the feed rolls of the tek~/winding '2vice by means of whicl:'I 

the still 'the"rinpplestic f:i.lements ere drawn end elongated. 

The filements solidify by thu time they travel approximately halfway 

down a chimney celled ~pinning shaft. 

Cooling end solidifying of the molten filaments is accomplished by 

cross-Gu?Tent flow of eir. Atr is supplied from a compressor vie en 

11 
I 

eir quenching system involving a screen assembly bef~re passing eccross 

the filaments. The assembly is required to ensuT'e that· Bir is evenly 

distributed over the cooling area. 

I wish to emphasize that the state of the filaments betore solidifying 

is a very critical one. It e!"ldengers th.at one or two or even more 

of the numerous filaments emerging from the spinneret with very little 

distence to each other emalgamet~ end/or break. To aveiid such occurences 

which give a lot of ~ro~ble the proper functioning of the quenching 

system must always be given special attention. 

5.4. App!ication of Fir.ish enc T13ke-off. After travelling through the 

spinning shaft the neAt operation is the application ~r a fin)sh. 

Fini5h solution is usually an emulsion of oils end other compcnents. 

The oil is intended for lubrication. Another component serves to 

reduce the surface tension which affects the finis~ pick-up of the 

fil.aments as they move over the finish rolls. These rolls in tum 

rotate in finish supply pans. One of the most important functions 

of the fjnish application is to reduce the electrostatic charge which 

builds up on the fiifll1.::.'1t.s as they pass ov~r guide ~! • .::tfeces. 

So fer the technology applie~ for the manufacture ~f filament yarns 

'!Ind staple fibre is basically the same. Of course, there ere important 

differences in the selection of spinnerets, ~n the size of meteri ·g 

ge6r pumps end ether equipment. The rfltlti.fication es fer es principal 

technology is concern~d ,however, begins with different methods 

of further proces~ing filBIT'ents designed for staple fibre end those 

for filament yarns. The first differe-ice bein~ that in the c~se of 

filament yarns the numbe• of fileme1ts emerging from one single 

spinneret are wound upon a bobbin end from then onwards ere treated 

individually whilst in the cese of staple fibre the total number of 
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filaments extruded from ell spinning positions of e spinning 

111echine ere taken-off together. . ' 

5.4. 1. Take-off in cese of Staple Fibre 

I 
I 

This method shall be dealt with first. As I said ell filaments 

spun from one machine comprising 10, 20, ,30 or even more 

spinnerets of e.g. 500 holes each ere allowed to converge 

over guides thus fanning e spin tow. A set of godet ro~ls 

with high revolving speed deliver.; the spin tow to e can 

loader from which the tow is discharged into spincans rotating 

to ensure even loading. 

At this poirit I feel I must make e supplementery rema.rt< es to 

the final denier which is desired. It results from the feeding 

rete of the metering pump and the take-off speed of the set 

of godets taking into eccmnt e certe] ri slip on the godets end 

the draft of the molten filaments before solidifying. To give 

you e rough figure the spinning speed ranges from 500 to 2 000 

m/mi.n. Fine deniers are obtained with low feeding rates end 

high take-off speeds. The finest denier of staple fibre we 

supply .amounts to 1,2 den i.e. that 9 000 m of e single 

filemen t weighs 1, 2 g. In recent years the gauge has been 

changed to the decimal system. Otex is defined es the weight 

in g of 10 000 m filament. 1,2 den therefJlc equals 11 3 dtex. 

It is&lident that a complex spinning U"lit es described above cannot 

be operated manually. It requires full integration of ell 

mechlnery and equipment involved. The coordination of the 

various steps of the process can only be attained by highly 

sensitive instrumentation which is installed in a panel end 

designed for widely automatic control. This panel is thP 

heart of the whole set-up. All importeri~ ~dia are continuously 

recorded. Fvi elarming sy'3t<:fn ensures that any significant 

devietio~ fLum th~ manufacturing formulation is immediately 

indicated so that t~e responsible person can step in without 

delay. 
-22-
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61ide B 
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shows e flow sheet of e spinning plant. It surmierizes in e 

condensed manner my preCEB:fing exp1mtiai en spinning P::T staple . 

fibre. 

5.4.2. Windina up Filament Yem 

To demonstrate the mein difference between staple fibre Wld 

filement yarn technology I wish to refer to Slides 9 end 10 

,_ 
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-••!ruder 

spinNft9 ..... rt 

winding op· 

Melt spinning of PET 

From the finish roll the final nunt>er of filaments 

(111Ultifilements) ere taken-up by two godet rolls intended 

es feed rolls. The lov.·er f:eed roll is the first point et which 

the multi filament yam is pulled or a controlled linear 

velocity epplied. The f"orce applied on the yarn et this 

point serves to pull the thennoplestic polymer from the 

spinneret. The peripherel speed of the feed wheel is one of 

the two factors invol'Jed in controlling the spun denier. 

··The other factor - c.... in the case of staple fibre - is the 

~roughput uf polymer in the fibre forming unit. 

The upper feed roll of the take-up unit is the same es the 

lower feed roll, however, the diameter of this roll is 

slightly greater then that c: the low2i· wheel· so t~et there 

is e slight tension on the yam between the rolls. 

Guide pins directly over the traverse position the yarn before 

it is wound upon the bobbins. The traversing of the yam 

provides on even cake a;1d stability to the package. 

Diameter a~d speed of the take-up is precision controlled es 

the speed ef~ects the spun denier end also effects the 

orientation of the macromolecules in the yarn. Tandem wind-up 

is nonnelly used. 

In wind-up the tension change on the yarn must be held to the 

minimum of tum-around points of traverse. 

-24-
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Wind-up chucks for tek3-0ff can be parallel or et right B"lgles 

to the machine. When a surface drive i~ used the chudt 

pressure nust chenge ':h package builckJp. The chuck 11L1st 

teke Sld hold securely the wincH.Jp tube. 

6) Staple Fibre/Stretcb-Line Process 

The final product of the spinning process is.either spin tow collP.Cted i.n 

spin cens or spLrt multifilement yarn on bobbin~. 

For obvious reasons the so fer continuous operation must be interrupted 

et this stage. It is followed by enother.process which is nonnally also 

• a continuous one of net less i~ortence. As I have ini tielly remarked 

already the fundamental discovery of W .H. Carothers was his observation 

that fibre fanning polymers .can be cons~derably stretched or dre;.in. 

Melt-spur undrewn yarns have e 400 - 500 oJ, elongation. As their physical 

properties ere unstable th~y cannot be practically used. They receive 

their valuable physical properties, namely high tenacity and elasticity 

end less elongation when the yam is Lnder load only -from drawing. 

_'(hen the melt-spun yam is drawn be:1ond its elastic limits . the filaments 

a.re red1Jced in size to e fraction of their spui diameter. In practice 

they ere drawn ·3 - 4 times thEir length which imparts a tenactiy in the 

brackets of 40 - 60 pond/tex and an elongation of roughly 20 - 40 "f,.. 

There is e change in the cross-sectional area of the filament end also 

I 
I 

• e 'change in the molecular and crystalline structure. The filament structure 

takes e highly ordered end orientated arrange;nent in the direction of the 

fibre ·xis. 

!>lide 11 shows 5Chemetically the different structures of en uidrewn end 

drewn filament. 

fad~ochw ---

Molekulores Bild 
eines Fodens 
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"Slide 12 illustrates the effect of' drawing from a chemical point of view. 

Sc>•nnfodM 
.... U~ tn F'a~at"W Ot...,-al...n 

--

t::].i 
L 

Jo.::} 
-· 

..,.._.rt< .. 1..- F~J.on 

Mc' ...,...ul., r-..hm.-n dPhn..,.t• l~ 
.P..fMl'S KrrSlOll 111..-s. .p.,n 

Modell des gesj)OnneOO!n und wrstrec:O:ten Fadms 
IBeispiel Pol amid-66 I 

..... .. 
As I could not find a slide related to polyester the model of polyamide 

must do, but it reflects the feature es well. On the left hand side 

undrewn macromolecules are positioned at random end only pre-orientated 

in itself along the fibre axis. On the right htind side two mecranolecules 

,1 
I 

ere shown when drawn. They have established e more regular and stable structure 

which CB"I be compared with a crystal! grating. The arrangement is characterized .... -
by the fonnation of intermolecular hydrogen bridges between nitrogen end 

oxigen. ~~ch hydrogen bridges considerably contribute to the £~ability of 

the arrengement. 

Now I wi>h to give you e little demonstration on the drawing of e spfn tow. 

• This, hows::· 2r, must be done in en economic way. 

What I h3ve called strEtchline process comprises six essential steps 

1. Finishing 

2. Drewing 

3. Crimping 

4. Heat-setting 

5. Cutting) alternatively loading "converter tow" into cartons 

6. Baling ) · 

Whilst the spinning unit runs from top to bottom end its machinery is 

mounted on several floors accordingly the equipment of e stretch-line 
Ill 

extends in e horizon tel direction. • 
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llsty spin cens loaded with spin tow ere positioned in front of the stretch . 
line. With the eid of e creel equ:.pped with thread guides the spin tows 

ere pulled out of the cans end aligned into a broad tow. The spin tows do 

not t:Mgle provided the cen'5 have been evenly loade~. Before the breed 

~ is trMemi tted to the drawing device it is dip~ ed in e finish beth 

to pick-up fibre finish f o~ the following reasons : 

1. To meke ~ filementsea!>ier to draw es it gives the filaments e 

plasticizing .effect. 

2. To eliminate static cherges for easy processing from drawing to cutting 

Sld lest but not least 

3. Te meke them Epin properly during textile spinning processes. 

I wish to stress the importance of item 3. Satisfactory performance of 

synthetic fibres in textile mills is to e great extent dependent on the 

epplicetion of en adeqi..e te fibre finish. I do not exaggerate whm __ a ting 

that fibre finish must meet highly sophisticated requirements. For that 

reason tailonnade finish formulations had to be developed for eny of the 

various polyester fibre types to ensure troublefree spinnability on their 

respective textile machinery. 

From the finish beth the tow is delivered to the drawing cevice which 

oonsists of two three to seven-roller draw stands of heavy C!Jnstruction. 

Between these two sets of godets revel ving with different speed· the tow 

• i~ drawn eccordingly. It is obvious that the draft ratio corresponds with 

the speed retie of the two set of godets. It normally ranges from 

epproxemately 1 : 3 to 1 : 4. Contrary to polyamides polyester fibres are 

usually drawn et elevated temperatures. T~e heat may be supplied by mea~s 

of power or steam. It is advisable to have the first roll of the first set 

of godets equipped with.a pneumatically operated niproll to squeeze abundant 

fibre finish. 

From the second set of godets the tow is guided to e third one. The speed 

of the third set of godets may be adjusted to allow for shrinkage of the tow 

or cen be so errenged as to give a two-zone draft ratio which may be preferred 

in certain cases. 

The third set of godets else servP.s to feed the crimping machine. 
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. The special conditions of drawing - w~ th due regerd to melt-spinning conditions -

in cor1jungtion with heat setting which may be perf'onned with or with no tension . 

offer e wide variety of possibilities to manufacture fibres with quit~ different 

properties. It is evident that the physical properties of the undrawn yam 

in parti.culer the degree of pre-orientation reflected in spin shrinkage must 

be givm rue regard when the conditions for drawing are fonnulated. E.tJ. higher 

degrees of pre-orientation require less drawing. 

In other words illlJortant properties as tenacity / elongation, elasticity, 

shrink perfonnence end dye affinity are af7ectcd end c:en be varied by applying 

different drawing Sld setting fonnulations. 

• -Slide 13 illustrates stress-strain cu:ves of typical men-mada fibres. Tenacity 

• 

is plotted against elongation. 

---

7 tJ .,. 

,Slide· ,ll shall serve to demonstrate the strong effect of different dreft ratios 

on tenacity and elongation detected on polyester filament yarns. 

1<1911 
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------t~--~·;::.~~-' 

--------------J.O 

IS JO 2S JO JS'I. 

KD-D1ogromm. von PAT ·Fod~n on Abhon91gk.,t 
von ~' V~rstr~kun 13.0 5.0 I -· 3 

-28-

I 

... 

' 



F 
' 

• 

• 

----

1' 
28 -

I have meitioned the dimension of tenacity in tenns of gram or pond per 

denier/detex. t.t:lre precisely the load in greris required to break yarn is 

referred to es the bi-eaking strength of the yam. The tenacity of the yam 

(or fibre respectively) is calculated by divi.dir:g the observed breaking strengtr 

by the averege denier of the yam • 

Yam elongation is the percent increase i~ length before the yam breaks. 

t'.ighly seisiti.ve (Std e><J>ensive) instr.st-ents have been developed to measure 

end record stress-strain CUl"\.'25. 

Fran such curves e><J>erls can conclude interesting details of the manufacturing 

process. 

"The next step on the stretch-line is cri.fTl)ing which, in fact, means folding • 

Before entering the crimping llll;lChine the tow needs to be slenderized end 

thus to be adjusted to the width of the crimper. With the aid of two rollers 

which rotate one upon the other under pr-assure and with equal speed the tow 

is pulled into the stuffer box. The pressure of the rollers is required 

to push the tow against m obstruction, namely against the fibre which is 

elready in the stuffer box and to avoid any escape in the opposite direction. 

01 the movable bottom of the box a controlled pneumatic pressure is exerted 

end transferred to the tow. In a series of consecL·ti. ve cycles end 'by the 

joint action of forNerd pushing and upward pressing the fibre is crim~ed. 

When a smell section of tow enters the stuffer box the fibre is stiff and 

moves the obstruction until the slendel'Tless ratio becomes critical. Then the 

fibre starts to buckle and the thrust it exerts against the obstruction is 

reduced therefore the obstruction instantly stops moving. In the next momerit 

the fibre has buckled completely in the sense that it will sustai.1 an end 

load great enough to move the obstruction. At this ~oint half a cril!l> has 

been fonn~d. Now the moving fibre again bP.comes a stiff colunn end pushes 

the obstruction back untill the slendel'Tless rario becomes cri -cical. The fibre 

begins to buckle but in the opposite direction due to the binding stress at 

the j1¥1ction of the first halr' of the crimp. The pressure on the obstruction 

is again released for a short moment until the buckling is completed to fonn 

the second half of the crimp or one full crimp. At this point the cycle 

begins to repeat. 
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Crimping is necessary to i"l>art bulk end handle end to make the fibre 

spinnable. Rem.amber that all natural fibres ere crl.f1lled 1:oo· 

After crimpil"I·~ the tow mey be or may not .be heat set. In the first case 

I 
I 

the fibre is ellowed to freely shri;-ik es it is uider no tmsion. The percentage 

of shrink, of course, depends on th •. temperature to which the fibre is 

mcposed. 

At thir; point there is e ramification as the fibre CS'l either be cut to make 

&teple fibre of a def'ini te staple length or it cen be dischBTged into cartons 

in fonn of •converter tow". 

Staple fibre is supplied to cotton mills end converter tow to worsted mills. 

• 111 the case of staple fibre the tow is tre.1smi tted to a cutting machine. 

• 

The mode of action of such me.chine nonnally used can briefly be described 

in the following way : 

There ere two slot-wheels with vertical revolutions which touch lX1der pressure 

et e clamp point. Bet~Een the slot wheels a set of extre~e sharp knives 

mostly three or six ones rotate in a horizontal movement. The fibre tow 

cha•~ed to the cutting machine is clamped between the two revolving slot 

wheels end in the next moment is cut by the rewlving knives. 

Of course, the speed of the ?'evolving knives must be carefully adjusted to 

the speed of the revolving slot wheels. 

The staple length·depends on the distance of the slots end the number of 

k~ives employed. Using a specific set of slot wheels designed to yield 

1 1/2" step le length, it is possible to make 3" fibre by employing only have 

the number of knives. In this event the knives omit one slot end hit the 

tow in each second slot only. 

After cutting the staple fibre is blown into the be.le pr~ss for final baling. 

In the case of manufacturing converter tow the tow is pecked into cartons 

by means of an automatic traverse travel-end doff system. 

?) Multifilaments/Orawtwisting 
of 

In the pest spinning end drawing/ filament yams hes been usually done in two 

different steps. 

We have seen that the final product of th~ spinning process is undrawn filament 

ye1'Tl wolX'ld upon bobbins. In principle drawin~~elt spun filament yarns is 

performec in e similer way es in the case of staple fibre end for the same 
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reeson. As each bobbin hes to be treated seperately en economic machine 

.ust be able to cope with numerous bobbins placed side by side sin.iltenF::n.•sly. 

Slide 15 shows one position of e. draw bristing machine. 

. r 
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\\ 
t -.OJ-teed ro11s. · 

I 
I 
"' -- i.otp;n 
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dns• rolls 

(r:\J_ __ d:_tw..t•• -w bobbin 

PET dra~lng 

-Orewing takes place by pussing the y8lTI from the bobbin over feed rolls 

end drawrolls. The drawing is released ~n the yield point_th3t is the point 

where the filaments start to be elongated. This yield point is localized 

on heating equipment, namely hot pin and hot plate. Remember that heating 

is .. required to drew polyester filaments. Otherwise drawtwisting consists of 
' drawing the yarn several times its original length imparting a slight twist 

bl the yarn end winding the yerr into a package for shipping. A s~all a~ount 

of twist is added to the yarn to 'lOld the filaments together. This is 

imre..-ted due to the difference in drawing speed end wind-up speed of the 

drewtwister. 

The yel'TI· after being drawn is partially retracted or recovers from the 

drewing i"l>arted. Some of the retraction takes place between the drawroll and 

the bobbin. This action decreases the affective draw ratio. Further retraction 

tekes place upon the bobbin or cop after the yB?Tl has been wound. This action 

i"l>erts a crushing force of great magnitude uppon the bobbin case. The bobbin 

must be substantially constructed. to withstand this force. 

Orewtwisting requires air conditioning es temperature and humidity have en 

imp'lrt.ent effect upon the perfonnence of the yarn. 
-3'1-
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The two step method for seperete spinning end drewtwisting es described 

hes been the sttndard operatior. for meny years. There are still numerous 

installations in the Mlrld ~laying this rr.ethod. 

1' 
I 

However, tectTiology is always progressing. In recB'lt years by close co-operation 

betweffl textile machinery industry end synthetic fibre manufacturers a more 

nodem machine hes been developed providing new technique which penni ts the 

two operations to be combined on one machine· end in one operation. The process 

involved is celled drew- or stretch spinning. It is evident that direct 

stretching at already high spinning speeds requires extreme high teke-up 

or wind-up speeds • 

8) Texturizing 

Polyamide end polyester multi fi1Hmen1s enjoyed a great boost with the 

introduction of texturizing techniques. For broacer application multifilaments 

tm a-e imp:rtart 9-Drtcnmin g namely the leek of crimp end related properties as 

bulk and handle. Th~ sh:lrtcomirg, howaer,could be eliminated by texturizing 

the yenis. This process is schematically illustrated in the ~est slide 16 . 

. --
Aufw1cktun9 

l•••.,.-~ .. 

Oroll~twr 

Li•l.rw•rk 

Copa 

Pr1nz1p der 
Fotschdroht lex turienJng '"' 'tllo 

The method is briefly characterized by high twisting e drawtwist yarn et 

elevated temperatures. Subsequently the yer·.1 passes e cooling zone end is 

rewound in the oppo&ite (false) direction, hence the neme false twist 

texturizing. This method imparts e considereble bulk and makes the yern 
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suitable for many more applications. TFEVIAA ® 2000 end Crimplene ere \\'ell 

known trede mlil'i<s for garment,s made from such tExturized yarns. 

,1 
I 

The latest development in this field endeavours to incorporate the texturizing 

p1Jcess into stretch spinnung es well. 

9) Product control 

I cennot conclude my report without stressing the importance of product control. 

It cennot sulllrise that products manufactured by epplying highly sophisticated 

technologies require permant control to ensure high standard quality et ell 

times. 

The responsibility for final rel~e for shipmer.~ is vested in the textile 

• leboratory end in the chemical laboratory. A considerable number of 

specifications has to be met before the -fibre is released for : ~le. 

At regular intervals SBf'l'3les ere taken from all important steps of the process 

and passed on to the lab's which 1S1dertake a series of tests starting from 

moisture content of undried and dried polymer,*molecular weight control at 

various stages of the process end extending to final properties of fibre and 

ya!Tl_comprising control of denier, staple length, tenacity, elongation, Criflll, 

i:ly-e effini ty end many more. The resporisable persors ere inrnediate Uy advised if 

the limits of any specification ere surpasses so that instant action can be 

taken. 

In concluding I hope that I was able to give you e fair and Col:lJrehensive 

• report on what I promised in the heading : 

"Survey on polyester fibres, their chemistry and their ~echnology." 

I have tried to touch any aspect of significance but should I have omitted 

an important item,please do not hesitate to ask questions. 

* Measuring the volicity of flow of dissolved yarn through a viscosimeter 

. - - - -
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