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{)f1 l'I 
b:: D1·. Hans l\r·~i::;sir;, Dirccto!"" of Rcsear·ch .::.11<1 DevC'lopment. 

f1n•J that n~.xt to the: c:oncerns for fooj and shelter the 

concr?rn for clothing has always p~ay(~d a major role in the 

deYelop:-n~nt of lii3.nldr.d. Inttially lcav(!S and other perts. of 

plcAnts bcs1c'i.c::; ?.nimal skins ~·rill probably h~ve served to 

satisfy thi~; need. Only later nan has a.quired the kna.-1ledr;<:: 

to spi_n thrc;ds or yarn3 fi"'O:a 1 ~b~rs ,)htaincd from plants 

or anirn~l t:.:i.ir e.nd to weave these thrcEds or yarns into 

fab~·lcs. Accor-dine to hi~5tc1··ical findir!,::n \·:oven material made 

frori1 ~:ool urn1 fibers of' lY:i•lP <!.nd 
./ of fln.>: weJ:•e kn0~..;n centuries 

br!fc::rc our t,ii::,::s in \·:L'!l.t \·:c call Europ8 todn.y. Silk and cotton 

fu1n· ics \·;c o:·:c to lhc Ch:!.nc~C', 'i..1-'..8 East Indian:> and to th~ 

ab0~·:ir;:ix~er; on the Am~ric:nn Continent. Only in the course of 
I 

tho Middle t:;:;e~-. th~;y we;i:·e introduced on the European cont incnt 

by \':ry or 1.hc conqur.::~ts of Arah~ and Tlll--ks and as a con::.c-

qu(;nC(: of' tl~c ,;,ca voJ~rr,0~. of the Portugesc and Spanish di::.;-

arid \·:ns only then l'Cpla.ced by cotton ;~t a steadily incrcasi.n~ 

rate. 

The idc::i.. tc, p":"oduc:c tcx.tilc fiber:.; by "-!'tif .icial means is 

still rel:~tivcly youn,-;. Th~ fir::.t pr·ov(;n statement of thls kir.d 

, __ ... 
•' _._, .. y ... ,1·,.:j 

. . . .,. ---·___....,,,,. 
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\·!ll:::'i r.nde by the Enr,lish ~;c lent 1st n obert Hooke I who in his 

hooi~ "M icror;i·aphia" sa~ys in 1665 the fol lo:·1ing: 

" ••••• nnd I often thoti!;ht thc.t a process could be found to 

v: .... 0:11H.~C: an <'..I'l: if ic 1al r;lue-lH::c ::;ub:;tancc qui tc ~dr:1i }.2.1" if 

not ju..st ~s r~r.od or t:vcn better than the c-xcrction or what 

otlWl" l~ind of subst~!.ncc it may be fro:n \·:hich the sj_J.lc \·:or·m 

spin~; its cocoon. Would it be po~siblc to find such a 

substance it Nill ccrtc.inly be easy to find very quickly also 

the means to dr2.\·1 from it useful fila~nts. I do not need to 

rn~ntion the u~efulnes5 of such an invention nor the profit 

\-thich would accrue to the invent or." 

J\ppPo:>:j.m1tc1~r ''0 yeurs later the French physicist and zoolor;ist 

Rene Antoine Fcrchauld de Reaumur \·1rote similarly in hin wo:-k 

"Notes on the history of insect::>". In this connection he mo.de 

a compari::;on w:.th gla~s flbcrs which in his time were kno~1n 

but of little jmprtancc. Fibers from c;la!:is are such to be 

considered as the oldest artificlal fiber material. 

1. The dcvelop1r.cnt of synthetic fibers bam~d on natura) ra-;·r 

Until these thou~~hts could materialize almost 200 years had 

to pa~;z. They dii1'" ho:1cver, intro~~ucc the !;ccond stage of 

dcvcloprr:~nt i·:hich is m:i.rkcd by the advance of chcmi~try into 

the area. of 11;.~ld1g nnd proccssh:t; textiles. It is intcrest:l.ng 

to note that not proteins, bcinr; the bas~s of silk or wool, 

-3-
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furnished the rm·r m:i.terial fo!" the first and today still 

mo::;t. iir:1~cr·Lnnt nrtiflcin.l fihel'S but cc:llulc~::e. This may 

in part h:::.ve been caused by the stev.dily increasing impo:-t~nce 

,of the w•.ti\·e cellulose fib::1•s, e!Jp~cially of cotton. In 

·p:lrt it r;~~y also be e;q1J:) incd fr<.'i:'l th~ f~.ct th2.t the chc:.1ical 

and phy;jical behn.viom .. of protein solutio!£::> is much more 

complex because of the polyclectrolyte characteristics of 

the protein molecule than the behaviour of solutions of 

cellulose or cellulose derivatives. Various prcp3.ratory ob-

' servations and dcvclopm::?nts advanced the devcloprn~nt of the 

first artificial fibers prop~r • 

•' 

•· 

. The basi;, fer the development. of artificial cellulose fibers 

was the invention of processes to ohta5.n the ccllul05e en a 

la.r~e scale fro:n wood which ·1::a.::::: available on a larg~ ;.calc. 

Prcp.:.ratory \·roPk ~or such procc~scs began in the fi".'5t h:ilf 

of the p?.st century. It was T ilc;rr::i. .. 1 \'Tho in 18G6 succee(icd 

for the firnt time to do so on a technical scale through 

the uzc of sulphurous acid as means to pulp the wood. Fro:n 

this beginning the. so called "zulfitc-p!:'ocess" was devclop!'?d 

"l' r)r) 1 ,.... ~-0· l" ". 
-.l '"J' ,i- ... l:h, .• 1 IJ\.' _..;. 

II ,. l l i .;-a'· e - r-·,., (' .. .... ,.. r II ..., .... ~ ~ J4'- .·....,, ,, ,.,,, • 

f'urth~rmorc, the finding of ::>olvcnts for c.:.:llulose and of 

soluble ccllu::.c~c derivative!> was of basic importanc~. In 

1832 Brnconnct isolated the nitric acid ester of cellulose, 

whicl1 is soluble in acetone, as easily flamm3ble material by 

the rc<>.ct.:lon of conccn.:.ratccl nitr·ic acid lrlth cellulose con-

-4-

' 



I 
• 

( 

.• 

--~ 

- 1~ -

' . 

~-

tainin~~ m:itcri_al. This ester obtair;~d impor·t:m~c U&~·ouc;h 

the Hor!: of Schocnb~in and Otto in t.hc yc<tr i8li6 nntl 18l~'( 

as so called "e>:plo~ive cotton". /\t!dc1;1::trs sho:·:cd in 1855 

:ror the first tirr.~ th<J.t it i5 pos~;iblc to drc..:.;.-1 !"i1.:;.::·.er.t5 frcm 

wn.s also the ob:;crvatlon by Sch'.-:eizer in 1857 of the dis-

solvinz power of copp~r ammo::-lia hydroxid for cellulose. It 

wa.5 the basis on \·:hich the Enr;lh:h:a:::in Ec!5t0:1 ln 1882 m1de 

firGt cxperin:~ntn for the p'!'oduction of artificial fibers. 

Sor:-.e•:hat later the Englishmen Crws, Bevan and Beadle CN- ~-
served the forr.1'.ltion of a wc..tcr soluble derivative of cellu-

. lose in the react ion of cellulose \'11th al~rn.li and carbondi-

sulfide. Wtth the production of h).r,hly viscous cellulose 

and cellulose clcrrivativc solutions ;md with the observations 

that by prc~sing the :>olutions through small orifices and 

co~6ulat1nG the c.xtrudlnr; liquid filaments in coar;ulatio:i 

baths or simply by evapor·ation or the solvent, in case of 

hiehcr volc> .. tllity of the solvent, tile doors were _op(?ncd for 

the production of artii'iclal fibers. 

systcrn~tt:ic c;:plorc-.tio:l of the µr0l>lcm of r.D.kj_n~ a~tifictal 

fibers in the 19th century \1a:> given by another eypochmak:i.n3 

1nvt::nt1on, munely thci.t of the electric lie;ht-bulb by Swan 

and Edison. 'l'hc carbon filament:-; made fro .. 1 carbon).zed cotton 

'dcrc not sat izf'actory because of th~ ir irrcGular.ity. For 

th ts rcanon thf: m.:innr.:~ct.ti.rcrs of c le ctr le l iGht bulbs became 

I 
I 
' 
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:f.ntercst in the possibilities for the productior~. of ftlOPC 

rcc;ulr ... :- ~r·tificial carbonized filaments. 

The oldest industrially used process for m.3.n-made fibers 

solvents. Cellulo::;ctrinitrate is made by estcrification of 

cellulose with nitric acid in presence of estcrification 

cataly~ts such as sulphuric acid. In this reaction the three 

!'eactivc hydroxyl groups of celiulose are subs_tituted by 

nitrate ester groups as thi!i is sho~·rn in the following 

reaction scheme • 

Ccllulo~c 

-6-
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It :aust be mentioned, hc>-:~ver, that the exact structi.!re or 

the cellulose molecule and of the ccllulo~~ nitrate ester 

·molecule was not yet kno~-!n at that tirr-.c. It l·ta.s cleared up 

·~completely only in th.""! t\·:~nt1c5 of thi!:i cc11tury• 

Even though the first pateT'lt for the pr·ep:J.r<•.tion of cellulose 

·nitrate fi lam~nts l·laS r;rantcd in 1855 to J\udernars and 

another p~tcnt \·~?..s granteu in 1883 to the E".lgli:>hman S\":an 

for the denitration of such ccllulosenitrate: filaments \·11th 

ammoni11m sulf idc, this docs not :.eszcn the m~rit of the 

Frenchman Count Hilaire de Chardonnet with rcsp~ct to the 

technical rcalizati.:>n of the manufacture of a.rt.ificial 

fibers by the nitrate procc~s. He is actually to be regarded 

as the f oundcr of the man-m<?.de f ibcr industry. To hlm we m:e 

the te.!hntque of the \·1et and dry spinnin~ processes of hi~hly 
viscous solutions, for the conveyinr; of which 3izable pressurcz 

and corrcspondinGlY solidly constructed rr.achinery and sp~cial 
conveying cquipm::?nt were necessary. The suc~esses of Count 

de Chardonnet have proven the correctness of the chaos :n wa.i. 
E·ven though, the cclluloze nitrate fibers are hardly made 

dire ct ion for thi:? manuf actuc in~ procc:sse~; for other nm.n-m:J.de 

fibers on the basis of cellulose, which t-lCre dev~lopcd later on. 

Some\"1ha.t la.tcr the p:-ep~:catort ~·tork ot nc~pn.issis, Frcmcry 

and Urban led to the dcvclop:ncnt of a pro•.!CS~ for t·nc 

rnanufacturln~ of artiflcir-1 ccU.ulose f:li)cr~ by the so called 

~oppcr am~onia m~thod. In 1897 a basic patent wao crnntcd to 

I 

I 
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Her1;!~nn F.:luly th~ claim or which rc<:ds a.s f ollo~:s: 

"Proces;, for the m~king of artificial siU: consistinr; in 

cxtrl!djr~~ a solut.ion of ccl1ulosc in co?p:·1· h:1dro;:idc arnmo~ia 

I : nt le:·! tcmp:?r~tu:::·e throti:::;h fine or~?..ficcs into a liquid \·!hich 

the filarr~nts can be wound up, for· ex.ample on a roll rotatin~ 

in this liquid." The further developr:J~nt of this precess 

which \·:as carried out almost excluz5.vely by Gcr1::;an firr.is wa::; 

advanced a.bove all by the firm J. P. Bembcr~ AG, where Thiele 

in the year 1901 has given a 4:'urthcr· important impulse to 

the ma.kine; o~ copper ammonia fib(?r!i of great fineness, \·ihich 
. 

,are still not sup~rceded today, by the development of the 

draw spin process. Copper ammonium rayon, hc:·:cvcr, constitutes 

today only a small part of th~ total production or rcgenc-

rated ccllulo3e fibers. 

Almost at the same time the English Courtaulds Ltd. in 

Coventry had started with the dcvclop:r.ent of an artificial 

cellulo3c fiber Harking 'tilth observations of ~ro3s, Bevan 

and ne;-:.d le on th~ water ;, olub U.i '::y of the sod iu:11 :-:.<'.nthot;'2n:i.t!:! 

of cc 11 ul ose!. 

The ccllulJsc xunthoscnatc i3 made by the reaction of 

cell'1lo:;c, <'.S for example wood pulp, '·Iith n.U::ali and carbon 

disulfjdc, \·1hr.!rcby the reactive hydroxyl groups of the 

cellulo::.>L arc sub~titutcd with XC!.nthogenatc ester group:.. .. 

as sh(f .. m in the picture of it5 structtn'C!. (cf. par;c 9). 

~8-
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It rr.ust be n;cntioncd here that during the tecl~nical or lar~e 

~calc X<'..nthor;cnatioi1 0:1ly a sm1ll part of the hydrox:{l eroups 

·is really reacting in this \·ray. 

'l'hc nctt~:i..l brcak-throur;h was ~.cl'li<:"..:ecl b;;" St~~rn \·;ho f our.d th~t 

solutions of cellulose xanthc~cnate in alkali can be cocigu-

·lated with solutionG of ammonicm salts. Because of the 

obviouz success, also the German Vereinigte Glanzstoff"abrikcn 

AG in Obcrbr-uch near .Aachen jouncd into the development around 

1905. In 1907 Milllcr found an excellent spinning bath 

consisting of a mixture of sulphuric acid and sulfates. 

The better economy of the viscose rayon process has made 

'it the most important process for the production or 
,. . t 

'rcc;cneratcd ccllulo:;c fibers. Out of about '3, 55 .million ( 1977) 1 

tons, which constituto the world production of cellulose· 

filam~nts and cellulose staple fibers, more than 80 % are 

made by the viscose-rayon process. 

Beside these man-made regenerated cellulose fibers, the 

so called "acetate fiber" has gai~1ed importance. It was a 

lonr; and difficult route fro~:i the first discovery of acctyl 

ccllulos~ by Schiltzenbcrger in the year 1865 to the hir;h level· 

of product lon know-hm1 of acetate fibers today. 

Ccllu:osc acetate is made by the reaction of cellulose with 

acetic acid anhydr1.dc j.n the presence of entcrification 

cataly::.t::; ~uch as m1lphuz•ic ac:!.d. In this reaction the reactive 

-9-
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hy(tr•oxyl cro:!!JS in the cc llulo~c ino le:cul e are suhst j tut ed. 

by <?.cct.:-ttc C!";tcr groups as sho:·m Jn the t'ollo:·1j_n3 picture 

of the structure of the molecule. 

I I I I -
c112ocS~fl!.:i r · H OCSSNCI l CH20CSSrfa 

c 0 - 0 c--- c c----o 

u / ~1 ~ / '1"" / L::ssNil 1
1
1 "\. )·I l •\ / •'~ """ .,....oH 'c c c . -. -c c c 

N.iSSCO/ ~ 9csS!·!.:i ~.' / 'H [H/ ""'~ - . /. ~ y ~ flCSS~!3 '.'/ 't: 
C C C 0 OJ C. C I I i . . I - I 
H OCSSNa CH2CSSt'1.:i 

0 

H ~CSSNa 

.• 

Cellulose trisodiumx:mth:itc ·-

• 

Cellulose triacctatc 

In th\) year l 89l~ the Ens lishrr.cn Cro:;s and B~vo.n \o:n.s ~ranted 

made from lhc ea.~ily flamm3.blc ccllulo.::;c nitrate. Hm1ever, 

the fact thr:i.t the new product was not soluble in acetone and 

could not be ~elat1nizcd with camphor it was not used w1Ccly 

at first. The decisive ad·1ancc Nas m:ide in 1901~ in Am~rica 

and in Gcrm:-.ny at th0 same time. Miles on one hand, and 

Eir;cngrUn and· co1:1orkcrs on the other hand, could shoi1 that 

-10-
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by a partial rcsponif ication of the ccllulo!;e triacetcite 

a ccllulcsc hydrm:y :l..Cctate which is soluble in acetone j_s 

obtained. Hereby a way ~·1as found for the development of a 

~manufacturing pro::!ess for man-11ndc fibers on the basis of 

ce llulo:;c acct~.tc. The spinni1:r; of this fiber is ""<!rricd 

out by the dry spinning process 1 \·1hic.:h was dcvclop~d alt~eady 

by Eieengriln in 1904 to a technical scale. Only because of 

the fact that initially there were hardly any dyestuffs 

available with which cellulose ac·etatc could be fast-dyed 1 

it was not before 1920 that this typ(! of man-made fibe1 .. 

found a place beside the re~enerated cellulonc fibers • 
. 

After these difficulties \·1hcre overcom(? in 1920 by Clavcl . 
through the development of special dyestuffs for ace ;ate 
. 
fibers, the way was free for the further development of 

this fiber. The world producti.on ·of acetate f.ilaments and 

acetate fibers has risen wlthin the last 35 years to 

appro>:im::i.tcly 550 'ooo tons. (1977)' 

The devclopm~nt of practically useful man-mad~ fibers on thefl.· 

basis of protein has only started in the thirties. Although 

accordinG to his o:·:n patents, these \·;ere not accepted because 

of their unsatisfyinG properties. Onl~r in 1935 the Tcxltcnhaupt-

process was improved by Ferretti to such a dezrce· that his 

"Lana italiana" could be produced on a technical scale as 

"Lanita l" and be brought onto the marlcct. rtian-rnn.de f ibcr::; 

m~de from protein l:crc: later fibers also p:co:luccd in J\rn~rtca 

' 
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fro;;i ~oy<~-bc.:..n p..:-otc in and in England fro:01 p~:inut p1·otc in. 

J\11 these r.;.:!.n-m;.clc f ibcrs, ho-.-lcvcr, have not risen to any 

er0 ... 1te:r· impo!~tancc so far. 

2. The! de·.rclop:::cnt of nnn-r.n.c1c fibers based on synth~tic 

ra~-1 r.iater i~..i.: 

a) The importance of polymer sc icnce for synthetic fiber 

dev~lopm~nt: 

While the man-made fibers described so far are made from 

native fiber f'orm:!.ng raw materials, above all from cellulose 

materials, the morpholo0ical structure or l·Thich. dc~s not 

permit textile use without tran~formation p!'occsscs, tie 

undcr:Jtanc'I under the term of" s:,-nthcticn fibers in the proper 

sense of the \·rord fibrous mat-.!rials ma.de from prodt:.cts which 

are artificially made on ~he basis or· products made from 

coal er from petroleum. St~ch products as for CX8.mplc poly

styrcnC:!, polyv inylchloridc, or poJ.yvinylacctate had been knowri 

already for some time. Already in 1913 Klatte:: has made in a 

p3.tent the pr oposa 1 to prod ucr.: f j_orous 1t!.'.!.tc:r· ia ls frorn the l:it tct' 

t;·!o. 'I'hi~; p:'op0;.;al, ho· .. ;r~vcr, far D.cl\·anc.:..:cl thG st;::.tc of sci~-:;cc 

a.r_i technique of his tim~. Only in the course of thP. second 

decade after above all by the work. of Hermann Stauct.ingcr 

the basic ideas of the macromolecular chemistry had been found, 

the full mcanln~ of thiz pioncP.r p:-itent was recognized by the 

.i..njuztry. 

-12-
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Staud ·rigcr thus open-::d up the bcgirm->_'1g of the third period 

in the dcvclop:::::nt of textile fiber materials. Up to this 

time successes_ were largely the fruit of empirical and often 

disappointinr; research activities, since the basic kno~·1ledGe 

of the molcculare structure of f:!.ber forr::;ing m8.terials \·ras 

still unexplained. Alth::>ur;h, tile compositio~ of cellulose 

a."'.d proteincf: ·ras knoNn, hardly anything useful was known 

about the size and the shape of their ml>lecules am~ their 

relations to the· phenomenon of fiber formation and fiber 

properties. It is the merit of Hermann Staudinger to have 

" expressed for the first time in 1920 the fact that within the 

molecules of fiber f~rming materjals thousands and thousands 

of atoms arc linked to form macro;r.olecules according to the 

same principles as the teachings of structure by Kekule 

demand for normal organic compounds. In reactions under . 

proper conditions it is possible to convert this materials 

into polym~r C?.nalogue derivatives while retaining the 

macroradicc.a.ls, as this has been practiced in preparative 

~rganic chemistry already for a long time in substituting 

atoms or groups of atoms on lo~ molecular wei~ht substances 

v.hile retaininc; 'cha carbon atom :.tru~tut·c. In his fn.r:iou~ 

to show, flll .. thcrmore, that the fiber forrr.a.tion is a typical 

property of 11.ncar macromolecules. After Staudinger and his 

co-workers had been able in addition to that to clarify thn 

relations between viscosity n.nd molecular weight and 

partially also molecularc shc::.p0, the mean5 had been found 

to charac tcr iz~ f ibc:c materials \·/hereby also the re lat i O!:lS 

,, 
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lJct..;ecn fiber tenacity and mcle:cular size could na.-1 be 

exar.iincd. Witt. these methods t.hc scientific tools were 

._given to the rr.1n-made fiber industry with t·rhich research 

., and dcvc lop:r.cnt could be advanced systcm<lt ically. It is 

·not by c!:a.r:c~· that frcn th0n on tl~2 r:::::.n-r::~!d~ f ihc;:- industry 

has devclopzd so rapidly. 

b) The importance of the kn0":1lcdt;e on fiber 11 architecture": 

' Just as uncertain as the kn0':1lede;e about the chemical structure 

of the molecules that malce up the natural fibers were until 

1920 the ideas of the "architecture" of fibers. Th~ starting 

'.point of all newer theories about the morphological structure 

-· 

:of fibers is the miccllar theory dcvelop~d by the Stti!>s 

biologist Naegeli more than a hundred years ago. His ideas 

ar~ represented in Figure No. 1. 

? 1 r~. : : 0. _l_:_ :.: J.c c l!.ac r; '.: r uc t. ur1.~ ~c: c or·d in~~ to N~c ::;c 1 i and 
Sci-i-::crdcrwr. 

Durine; the 1920's Naec;elis ideas were conf1.rmcd by X-ray 

diffraction studies. The results indicated that in fibers 

th8rc arc defined cpistallinc rceions embedded in an 

amorphous m1.tr jx. Ji'l."'om ;,uch m~a~;urcments Hen0stcnberg and 
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diroension!3. At that time there was tendency to equate these 

dimensionz, which were found for cotton with app>. ... oximately 

600 R length and 50 R thickn~ss, with the length of the 

fiber f Orr.ling molecules. Such interpr-ctationn caused r?~ycr 

t 0 lliC'.i if:{ Z·:.:?.eee li 1 s mcde l er miccll~r s~ructure in the 

way shown by Figure No. 2. 

Fi~. No. 2: Micellar structure accordine to Meyer. 

The f!.ndines of Hermann Staudinger on the linear 11¥.lCromolc-

cular nature of fiber forming molecules lead, ho:·1ever 
1 

very 

soon to another modification of this idea. Frein it developed 

the so called 
11
fringed micellar theory" accordine to t·1hich 

I' 

the ·fiber is· to be seen as a two phase system in which 

cristallinc regions are tied to another by amorphous zones. ~ 

Hercb~r the chain molecules of the fiber forming substance go 

; hrol'~h $c;vera l er :i.st.'.11 l ir:~ reg ions a llcrna.t .ingly, as it is 

d·~:nonst;rittcd .!.n Fieure lfo. j. 

-15-



Fig_ N,..,. 3: Exa:.lples for fringed micell modells accordir.,; 
to rt.eye!~, van der Wylc and r':ark. 

In the b~ginnin~s of th£: 1940' s the devc lop:r.ent of the 

electrcr.~ m1cro5cop:? introdt!c-=d· a new phase in fiber structure 

r~se::rch. With the electrone microscope one could rccc~:1ize 

the existence of defined mo!"!?holcgical units, nar.;ely of 

crystallites, of elerr.entary fibrills, and of defined 

n.geregation5 of therri fccminG units of high~r order. 

-~=--- ...,. __ ,~···.· .. ~y-.~~-· .... ~-· ;-,~.sm. 

i%f;: ;. ~~:~¥t~~; 
t~;'.·~~ . _,.....~/.;;~·:: .. ::·...-:.-:2::?.;.;.-di§ ! 

-· . 
.... ,.._ . .;.-;. ,..-.... 

: "": '; :. -- ~--~( -- l 
··-· 

f~·~·-··.. - . ;•··-·.....- . ·-:-·= ·.- . f:! ....... · ... 1 _, - .: ·- ••• ,,.- ---">"""::".-, 
¥~~[~;~[. -~ :~ :-· .... ~-:;·:~z;YJ. ._ 12.... ( . .. . -..... ,. .. ·- -;?-~.:-] 
t~~;:~' ... ~·~~; .. '-::.' ~· .... ::':_. · .. :::77.· .. ~x~~-;. ; .. · 
~".:· ... ""-, ........... ~·. "\ . . ,,,. L.. ,...;.~·'\,•·. 

~;~.:~~~~±~.~:>fjl~~i~ t.·";l"':"" ·.-........ _.,____ .. ~,, .. · 1 · 

f !~)f ~&;:~-J:~YE:.1 · 
F 1;.-;. No. '': Electrone microz,raph of the r ibr i l lar structure 

of cellulose fib:?r::> according to Ranby. -16-
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on these re3ults. The two clectro'1~ rnicr02;raphs shm;n of 

p3.rtially de~rad~rl ce ":.. lulose f ib~rs a!1d polyar.tidc fibers 

respuctiv~ly .as Figures Na. 4 and No. 5 demonstrate th~t 

the mcr-pcwlc::;ical stl·t~cture of n.:1.tur~ l ~nd of synthetic fiber"" 

Fiµ;. l~o. 5: Electron~ micrograph of the fibrill<ir stru·::!ttt~e 
of pol:;a:n!.de f ibcr:3. 

\ 

According to the re::>ults cf ne'...-er rcze~.rch '.iork linear n:~cro-

molecules aggregate auring fiber formation along a certain 

length and thickness, which dep~nds on the chemical nature 

and the conditiqns during the fiber formation, ·to form more 

or less ~·,~11 ordered ~r~il[;_, the so c:'lllccl :'cristallit.es:'. 

Because of tha length of the molecules the crictallization 

will start at more than one position along the molecules 

at the sam(? time, so that bands of cristallites are forrr.ed, 

which are tied together by le~s ordered tra.nsition zones. 

These bands of cristallites represent th:? so called "clerr.cntary 

f1brill3". Several of such elementary fibrills will aggregate 

to morphological units of higher order. 

1 



-

• 

- .... , -

G: i·'.odclls of fiber structure 

A = fringed miccllar structure 

B = fringed f ibrillar structure 

These ideas of the morphological structure of man-ma.de fiber~ 

which are \·tidely accepted tojay are sho:·ln schematically in 

Figure No. 6. 

Dep~ndin~ on the degree or order the assembly of these 
.. 

morphological units to the net-work of the fiber should con-:e 

.., about either predominately by macromolecular segments o·;: 

lo• . ., order er by cliverG:!ng elc~~nt.n.r:r fibrillz. 

c) The synthetic fibers based on polymers made by polymerization: 

The knm·1lcdgc of the macromolecular nature or f'ibcr rorming 

substances and of the principles of the mor-pholoe;ical structure 

of fibers have : .. dvanccd the endeavours for a development er 

nan-mo.de f ibcr~> from ::;ynthct lea l ly obt.~inccl 1 inear !10lymcr·.;. 

-18-
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They ~de }-•ossiblc the well aimed rcsem-ch for suitable 

synthetic polyrr.e s and fer endeavours to dlrcr;t the f'ibcr 

production with respect to optimum fiber properties. The 

kne>·:lccr;e of the f ib~r structure m1dc it possible to ia-

in the structure units and through tl~cir oricn~ation Hith 

respect to the fiber axis. 

Thrcf" type?s of polymers aided by the ideas of Hermann 

Staudin~cr have gained importance for the develop~nt of 

fully synthetic fibers: polymers made by polym~rlzation, 

by polycondensation, and by polyaddition. 

Polym-:?rization polymers are obtained by radic"-l or ionic 

polymerization of unsattlr'atcd compounds, such as vinyl 

compounds. The reaction scheme of radical polymerizations is 

shown by the following formulas: 

ROOR -(>- 2 RO· . 

x 
RO·+ M2C~CHX -~ RO-CHi·-(:• 

fl 

x 
. RO-CH2~¢· - n H2Cr.,CHv 

H -19-
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Th~ fir.st p0ly;:-1e:r iz<lt ion polymer finding attc~t ion for the 

proce::;sinr: of an nrtif iciCl.lly rr:~de fiber \·:as the polyvinyl 

chlorj_de. The chem:!.cal constitution of the polyvinyl chloride 

and the copol:F::cr ;·:ith \'inylidr~ne chlor·idc is demonstrated 

by the foll~:ing fo~~ul~s: . 

. 

• HOl12C-:91-1 fcu2-c;1-1JlcH2-CH2CI 
Cl l Cl n 

Polyvinykltloridc 

Copolymer~ of vinyl cl1!•Jridc and vinylidcnc chloride 

·· In 193! Hube:rt and cm-:orkcrs develop!:?d in the I. G. Farbcn 

plant Wolfcn on the basis of a suggestion made originally 

by Klatte a \·rct spinning pro~css for polyvinyl chloride 

solutions in cyclohe>:ane. Because of the difficulties in 

(it the availability of cyclohcxane at. that time. this process 

rcmainccl without succes~. Therefor-c, the process found by 

to use chloc inatcd polyv:~nyl chlorid~ \·:i1ich is soluble in 

acetone. The mixability of acetone wit~1 water made it also 

possible to use water as coagulation bath and thus to simplify 

the lari;c scale rcaliza"::.ion of the pr-occss. Later it was 

rccosn1zcd tho.t the increase in solubility of polyvinyl-

chloride achieved by chlorj_n:-.tJon c:in also be obtained by 

-20-
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copolymcrizal:ion of vinyl L:i1lo..:·.iuL: \·:ith v.i.ilylidcn~ c.hlo:::-idc 

wi1ich is the 1, 1 1 -d ichloro~thylene. On t:tiis basis in 

the United St~tcs the so called 11 Saran" fiber was devclo}...'Cd. 

Because of the· increased solu"iJility and the thus resulting 

better spin.:tbility also copolym2rs of vinyl chloride with 

vinyl acctat.r.: Cl."' ···ith acrylo~:!..t.:. ... ile (1'Vii1yon11
- a:-.d "Dynel11

-

fibers, respectively) have come to importance. Later also the 

Socicte Rhodiaccta in France entered the development .. 'l oday 

polyvinyl chloride fibers are manufactured there under the 

·name "Rhovyl". 

In~pitc of this, the polyvinyl chloride fibexs have not been 

able to surpass a certain de6rce of impcrtance. The total 

world proouction today is appI•o:;..:im:ltely 60. 000 tons per year • 

All these fibers have in addition to goo:! tenacity and elon-

gation at break values also a hie;h resistance against chemicals. 

infuGorianG and bacteria. They also sha~ good flame resistance. 

A d15advantage is the relatively la~ softening point of 

approximately 1 .. (0° C of poivvinyl chlorida which limits the 

use of fibers made therefrom. 

have obtained incrc2.sinr; importance. The follcr • ..,ing formula 

shcr11s the chemical cor.stitution of the polyacrylonitrile 

molecule obtained by polymerization of the acrylonitrile 

monomer (cf. page 21). 

-21-
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Pol yacry Io nit rile 

The moncrr.cric acrylonitrile has been s~-nthesizcd in 1932 

for the first tim:? by Moureau. For its large scale prodc~ti0n 

there exist today a series of processes. The oldest process 

is based on tbi:? synthesis of ethylene cyanohydrine from 

ethylcncoxide _and hydro6en cyanide follcr:1ed by splitting 

off water in the presence of maGncsium carbonate or other 

water withdrc.•·ling su~stance!'>. /\not her process m:tkes use 

of the addition of hydro~en cyanide to accty}:cnc. In a third 

process hydro0cn cyanide is reacted \·1ith accta~_dehyde. The 

most modern processes, ha·rever, make use of the reaction 

between propylene and ammonia in the p1~csence of oxygen. It 

should be mentioned here that the econ~:ny or the production 

of synthetic fibers on a larGe scale dependz on the industrial 

cff ic iency of th~ pro(!CSS fer the p:::-o:luct ion of the monc:1:cr~: 

The polyrr.erization of the monomeric acrylonitrilc to polyacrylo

nitrilc was worked out already at the end of the 1920
1 
ic5 by 

the Badische J\nilin and Soda Fabrilc. Modern polymerization 

procesr;es arc based on the polymcrizat1.on with the aid of 

persulfatc catalysts in an aqueous emulGion or solution of 

the monom~r. The polyacrylonitrlle· formed ourinr; the. poly-
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m~rization precipitates out and has to be scp1ratcd off, 

dried and dissolved in suitable solv~nts. Recently interest 

ha~ incrcas~d also for po~ .. ym~rlzation pro~csscs using solvents 

fer· the poly:::~r in o ... :dcr to obtain a spinnable s0lut ion in 

·a one step r~action. 

Its non-meltability, temperature resistance and resistance 

against chemical influences have sug~est~d early the thought 

of spinning polyacrylonitrile into synthetic fibers. The basic 

work for this was started in 1934 and was developed ;;o a 

semitechnical scale during the years 1940 to 1943 by the 

I. G. Farbcn I!1dustry. Already durin;; the years 1935 to 191lo 

Rein found that polyacrylonitrile is soluble in concentrated 

I-' 

.salt solutions of the Hofrr.aistcr series, for example mix.turcs 

of zinc chloride and hydrochloric acid, as well as in 

quartcrnary bas<"-' s of ammonia and that it can be f orm~d to 

filaments and films from these solutions. In the year 19~!2 

with dimethyl f ormamide a solvent was round that could be 

better used in a technical spinning process. Someuhat later 

the Du Pont Company in Am::?rica began with \'Tork also using 

d ~meL.hyl form::lrnide a::; so1·1ent de'Jelopinc; o. sp:!cial dry 

:-;; pin;iin3 pr occ:-.~;; ad justed to the hi ;;h boll ln.:; po in~ of 

thi::> solvcrt. With this process this firm ls manufacturing 

on a large technical scale the so called "Orlon" fiber since 

approximately 1950. In Europe it was above all the Farbcn

fabrik Dayer which started to produce acrylonitrile fibcr·s. 

Under the nam~ "Dralon" they market a polyacrylonitrilc fiber 

or very hich quality. 
-'>3-,_ 
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The special pr0pertic$ of the poly~crylo~itrilc fibers arc 

their hicr. tcmpcrat urc res istancc,, their good res istancc 

_against c:1cmicD..ls and bo.ctcr ial influences and their good 

11.c;h'.- stabj ltty. Iri this res~~ct thc:i Sl!t'p:!SS c'.'en the 
., 
:polyamidc fibers with which th~y can well compete with rc~ard 

to tcn:::i.c ity, e lonc;at ion at brca!c and lo·.·: \·.'8.tcr abs or pt io:l. 

Initially,, the difficult dyeability of polyacrylonitrile · 

caused considerably difficulties. By copolymerization with 

small perccntaGCS of cornonor.;crs containin~ atom groups to 

loosen the structure and \·rith groups that have affinity for 

dyestuffs these difficulties could soon be overcome. 

Today the polyacrylonitrile fibers have become next to 

the polyester fibers the synthetic fiber class with the 

highest r;ro:-lth rate. The world production of polyact'ylonitrile 

' fibers has in 1977 corr.t:.! close to 1,800.000 tons With regD.r.d 
i 

to their appearance the polyacr•ylonitrilc filar.,cnts are the 

mont silk-like and the polyacrylonitrilc staple fibers the 

mo$t \·tool-like of all synthetic fiber materials. Today,, 

h0'11cvcr,, stap:LC f ibcrs or c onvcrter t o~-1 a.r·e manufactured almost 

cxc lu:; i vc ly. 

Among the f ibcr f oPminr; polymers obtained by polymcrizmion 

as the next the polyvinylaleohol mu~t be m~ntioned. The raw 

material for this fully synthetic polym8r is vinyl acetate 

which is made from acetylene and acetic acid or rather the 

polymer obtained from vinyl aectr.tc by polym~rizn.tion. Thls 

' 
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polym~r can be changed into the ·.-rater soluble polyvinyl 

alcohol by acidic or alkaline sapcnification. The chemical 

constitution or polyvinyl acetate and of polyvinyl ale ohol 

made froi11 it by !:;apon:!.fic~tion is given by the foJ lcxing 

formulas: 

HQCHz-rH1~H2~I'~+~H z-CH2~0-coCH3 
0 . 0 ... 
·I ·I . 
co co I . I . 
~H3 C~3. 

-.· 

Polyvinyl acetate 

Po!yvinyl alcohol 

The discoverers of polyvinyl alcohol, Hermann and Haehnel~ 

were the first who tried in 1931 to spin filaments .from its 

solutions. In fact it is possible ~o spin .filaments with go# 

prop~rt ics in a wet as we 11 as in a dry spin process. Since 

these f iJ.ar.~!"!n~s ar~ ·.-rnter · :.;olublc ancl can t!;~Tcfo.:-.-. be applied 

only for quite sp~cial purpoGes, for instance as supplementary 

filaments to obtain certain textile cr.rects, like alginate 

filamcntn, the maln problem consh;ted in making the filam:?nt 

water insoluble in the course of the spinnine process or by 

some after treatment. Arnone the hardening processes developed 

for this purpose the treatrr:cnt with formaldehyde resulting 

in a cros:::;-linV.ing by methylene bridges is of special impol.'9tancc. 

' 
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An appllcation of the polyvinyl alcohol fibers for the normal 

textile end uses we find only ir. the United States and above 

all in Japan to a larr;cr extent. Since several years Japn.nese 

firms ho.ve marl·:etcd und-:.r the na!l;~ "Vinylonn polyvinyl 

ale cllol f ih~rs \.:!Lo~,e 
• , • 'h • 

p!'"' 0·:1 -~:-...: 1: 1. on • 1«t:-; c~ ·::! :t 

there. Tcxlay's total \·10!·]· production of pol)v.l£1yl alcohol 

fibers should be around 25.000 tons per year. It is hardly 

p:L'obable that this fiber will ever be produced at a rate 

as we knmr it from,, for (;Xample,, the polyester,, polyamide or 

polyacrylonitrile fibers. 

During the lazt years an additional class of' polymers made 

. by 1 ::>lymerization has gained practical importance for the 
~ 

m~nufacture of synthetic fibers, namely the polyolefins: 

polyethylene and to an even larger exter1t polyr;.·oi;ylene. 

Until the middle of the 1950' i.es polypropylene wa'.3 only 

kno·1m as a paraf_fin'."like soft substance mcltinr; at 75° C,, 

therefore being of no technical importance. Only after Natta 

and Ziegler succeeded in finding c~talysts such as aluminium 

c.nc.1 

specif le polym·'.:!rization stcrically t:nifor:n polyp!"cpyler~cs 

of hi~h cristallization tendencies are being formed. 

The structure of these stcrically unlform polypropylenes 

is being demonstrated in the follo'.<1ing formulas: 

(cf. page 26) 

-26-
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Structure :iml nroncrfic-. of cliff1'n'11f no!vnrnn'l.'lr•nf' mn1lifi, .• ,,;.,.,~ • .. ·------,---J,. 1·.1-------------- .................. ..... 

Softening temperature 

isotactic: ca.165-175°C. 

_.CH3 CH3 I · . I 
-CH2-CH-CH2-CH-CHr CH-CH2-CH-

I I 
. CH3 CH

3 
n!:ictic: ca. 70- 75°C • 

f H3 f H3 

-CH2-CH-CH2-CH-CHr CH-CHz-CH-
syndiotaclic1 Cl H I 

· 3 CH3 ca. 1!:i0-170°C. 

The socalled 0 isotact ic" or "syndiotact ic" polypropylenes 

have hiGh melting points in the order of 150 to 175° C, 

compared with. the "atactic", sterically non uniform pol~·-

propylenes \·rhich only have a softening point in the range 

of 70 to 7:,° C. These hizh melting points allo':le i the use 

cf these poly~ers for fiber production. The spinning of 

polypropylene fibers is performed today mainly by usual 

•. 

melt spinning. In certain cases fiber manufacture with the 

socalled split fiber processes via the film has Baincd 

impurtance. It should be mentioned that it is still diffi- 1-
cult to dye polyprop:flene fibers by conventional bath 

dye ins ard thr~ lc-::1 ll;:.~ht ;>,,nd tr.crr~~l ~.>t().bi lity r!.ffo:·ds 

the use of ~ood and expensive !:>tabilizcrs. 'l'hc world pro-

duction of spinneret spin polypropylene fibers today is in 

the order of 300. 000 tC'<1s pe:.- year ( 1977). An additional approx. 

200.000 t~ns of polyolefine fibers are made by splitting or 

slitting film techniques. 

Of still greater importance for the d~veloprr:ent of synthetic 

fiber material~ than the polymers made b~ polymeriza~ion were 

' 
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above all the polymer product~ made by polycondcnsation. 

The principle of polJ'condcnsation consi::;ts in the reactio:l 

·-of bifunctional co:npounds that can react with one a~vther 

~ throur;h the formation of i·rater or some other 10:-1 molecul<lr 

forming polycondcnsation products are the polyamidcs or the 

·polyesters. 

The principle of formation of polyamides is sho:-rn in the 

folla.·ring sch~JTJ~. The form::A.!".ion is based on the reaction of 

diamincs wlth dicarboxylic acids with the formation of ~ater. 

Thereby, amide groups are formed as connecting bridges t:hich 

'have given their name to this group of polymers. 

The po!ycondcnsalion of diamincs and dicarboxylic acids to polyami<lcs 

. HJ 0 0 H HlO · I II · ll I · I II 
H2N+CH2l6-N [C~(CH2l1.-C-N-(CI 12J6-N]

0

C-{-CH2J4 COOH 

6,6 poly:1111idc (Nylon) 

is formed un<Jcr elimination of water 

-28-
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In a similar ma'1ner polyesters are formed by the reaction 

of dialcohols with dicarboxylic acids under formation of water. 

·.The hereby fo!'m~d connect. ing bridges ar~ ester groups • 

., 1l1c potycond~ns:ttion of difl111ction~1t ~kohots :uul carboxylic :tcid to polyesters 

t.y acldilion of more alcohol and carboxylic acid 

polyethylene tc!t>phthalatc i:. formed under climin:ition of water {Tcrylenc, Dacron, Trcvir:i) 

The development of the polyamide and polyester fibers is the 

most importa.nt result of the basic work of the American 

scientist Carothers. In the year 1929 Carothers working in ff:, 
the scientific laboratory of Du Pont started to investi~ate 

::;ystcm1tically eor.dcns.:!.tio;-i ri"..!D-ction i·;hi..;ll. lc:~d to the for-

matlon of ring systcrr.s and of linear hit;h polym~r compounds, · 

initially \·rithout aiming at any technical application. Only 

in the year 1932 some observations of these investigations 

pointed in practical directions. Carothers observed at that 

time tor;cthcr with Hill that linear polyester of the (;)...hydroxy-

undccanoic acid could be polymerized in hi~h vacuum to form 

a particularly viscose and elastic hir;h polymer from which 

' 
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flexible endless filam·~nts could be drat-:n fro:n the melt. 

Surprisingly, these filaments could be drawn in the cold 

state to a nultiple of their O::'it;in~l lcn~th and yet sho-:!ed 

all typical pr-or..ert ies of a true fiber. For example, in 

diffraction picture. In addition to that, they had extremely 

gocxl mechanical properties. Because of the low melting point, 

however, these filaments were not suito.ble for any textile 

end use. Carothers continued his investigation therefore 

,. at that time along a different line. He investigated at first 

the polycondensation of aminocarbonic acids and found that 

from poly-t: -~minocapronic acid a polyamide r11ament could 

.. 

'.he made \·1hich was qu:._ .:;e similar to natural sillc. This fila

:ment sho:·1ed, ho:-rever, still significant irregui.arities and 

under the impression of these 1ifficulties in 1934 Du Pont 

was close to stop all together the investiGations directed 

at a practical application. Only later it became knu~n that 

the difficulties at that time were only caused by the 

insufficient purity of the aminocapronic acid. Similar poly-

condcn:::;2..t ion experiment~ with 9-arnino ncnanoic acid broui:-:ht 

continuation of the \·rork. In 1935 Carothers ::>ucccdcd finr1lly 

to find in the polyamidc formed from adipic acid and hexa

mcthylcnc diamine the polycondencatc which conquered as "Nylon" 

in the follcr.·ring years the whole world. This polyamide became, 

due to its good fiber properties, its 5ufficicntly high 

meltinr; point and its favourable raw material basis - phenol 

and benzene rcsp0c~ i vc ly - a guid tn~ post for the follow inb 
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technical development in the synthetic fiber field. Hmrever. 

three more yc<:!.rs of development \·iere necessary to co;r.e up 

with a melt-spinning technolo[;y suited to the high melting 

t\.!m~rat ... t4'e, whereby the J.r..na..rn ~thods to prcxiucc glass fibers 

were of ~al~ablc assistance. 

In Germany at the I. G. Farben Industry and its associated 

plant::; the develop:nent followed a somewhat different course. 

Although. already in the year 1928 first trials had been m1de 

to produce polycondensation products and to process them inti: 

fibers. However 1 the work bad also been abandoned berore long 

becau::;c or rising difficulties. After the publication of 

Carothers' patents in the year 1937 one turned decidedly 

back to it with the aim of producing a new synthetic fiber 

by the way of polycondensation polymers. Early 1938 the work 

or Pa111 Schlack then lead to the discovery of a II polymerization 

procez!3" f cr t...-caprolactam 1 which follows the outline sha11n 

below: 

The 'potymcr;z:ition' of caprolac.t:un to 6-poty:unidc: 

6·polyamidc (Pc:afon) 

-31-
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FollCY.·:int; that, a severe p1tcnt dispute arose with the 

American firm Du Pont de Nemours about the issue whether 

the rin~ openin~ reaction of caprolactam to form· polynp~o-

lactam is to be regarded as a condensation reaction by inter-

~dia~c f or::;J.t io:-i or &-a:;;i:"!o~~p~· o:.1ic ~c ids by reaction ~-; i~ :1 

traces of water. In this case the process of the I. G. 

Farben Industry would have been already covered by the 

patent of Ca1 .. othcrs. Schlack and his co:-rorl(ers succeeded, 

hu#evcr, in proofin3 that in this case thP. polymerization 

process occurs also when absolutely no water was present. 

A compromise was reached and the two 9pp9nents agreed on 

a long lasting cxchan~c of kn~~-how and licences in the 

field of polyamides. In fall 1939 polycaprolactam monofils 

were marketed as first prcx:lucts on this basis in Germany 

under the nam~ of "Perluran" or "Pcrlon L". respectively. 

Polyamidc fibers were for a long time the lcaaing f\..llly syn-

thetic fiber material. The world production of polvamide 

fibers has reached in 1973 a total of approx. 2,95 (1977) 

million tons, whereby the greater part (about 80%) was in fo~m of 

filamcn4.:s and only a smaller p:i.rt in f c~::i of 5t~ple fibers. 

ladies hosjcry, li~ht 't;ei~ht lmit \·rear ar.d l>louscs, as \·re 11 

as the application as industrial filaments for rop~s, 

conveyor belts and tire cord. 

While Carothers did not succeed to find a polyentcr useful 

for industt•ia.l production, the Ene;lishmcn Winfield and Dickson 

were succczsful in thio respect in 19~6. Dy polycondensntion 
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of terephthalic acid with ethylene glycol they arrived at 

a polyester whose melting point lay substantlally above 200° c 

and \-lhich could be melt spun and drawn into fibers with e;ood 

pro}'.:2rties. Esp~cially rer;i~rkc.:.blc in this product was its 

high resist~~~e against saponifyi~G ~Gents. 

It w~s difficult to 5olve the problem of providing the 

raw materials for this product, es~cially to solve the problem 

of the large scale production of tcrephthalic acid, 'l.lthough 
. 

they had been known for a lor.g time. HCY:revcr.., in the meantimf 

a series of economic processes have been found to. produce ~ 
tcrephthalic acid by oxydation of para-xylene or of toluene, 

both of which can be obtained from petroleum products. 

In the early 1950'ies the Imperial Chemical Industry Ltd. 

in England built the first polyester fiber plant and started 

\. o rr.arket a fiber under the name 11Terylene" • 

In the meantime the polyester fiber on the basis of poly- . 

ethylene tercphthalate has become the most important compc-· 

tition of the polyamidc o~ 11 Nylo:111 .!:"ibers t'l.nd all biG pro-

ducc:r:; of synthetic fiber~ ha'./c al!:;o built p·.~oiuction plant$ 

for this type of f ibcr, such as Du Pont with "Dacron" or 

Farbi·1erke Hoechst with "Trevira". 

The world production of polyester fibers has surpassed in the 

year 1968 for the first time the one million ton limit and with 

~he production of 2,6 ~illion tons in 1973 the production of 

polyamid fibers. In 1977 a total of 4,2 million tons of polyester 
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The polyester fibers have penetrated a 12.rge sector of the 

c lothinc; m.'lr;(et. Above all it becC!me a parent that especially 

mixtures b~t~·!ecn poly~ster and ccllulo!:>c fibers result in 

textile rr:3..tcrials with pleasant wear properties and good 

dur~bility. 

3. The economic importance of man-ma.de fibers: 

The great importance man-made fibers and among them 

especially the synthetic fibers have obtained in the above 

described third phase of devclopmc~t, which took place in 

the last three decades, can best be seen in regarding the 

development of the world production of the individual fiber 

'35 13k0 '45 1950 '55 l:i60 'oS 1970 '75 

Oevelopm~nt of :1.an-mac!e Fi~re Pro:bction 

···------- ·--· ------

Fir~. Ho. 7: The dcvc loprr.cnt of the \·1orld production of 
------ v~riou0 m~n-mCJ.dc: f ibcr type::; <.!urine; tha last 

4o years. 
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A clc~e study of the development sha.~s that in the years 

1950 to 1960 the man-made fibers on the basis of cellulose 

have taken an_ 1r:ir::'2nse ups~·ring ·.·rhich can well be co:-npared 

with tr.c spectacular- dcvclop:r!ent of the synthetic r.1an-r.:ade 

fibers in the last decade. Man-m.~de f-;_:,ers on the basi~ 

of cellulose are today still the largest single man-made 

fiber class and it will take yet some years until the 

production of polyester, polyamide or of polyacrylonit~ile 

fibers each of them taken by itself will have reached 

the same level as the production of man-made fibers on 

the basis of cellulose. 

The stormy development of man-made fibers during the last 

years will certainly continue and the time \·Ihcn man-r..ade 

fibers will have reached the volume of natural fibers can 

be expected already for the next few years. The rising 

standa!'d of living in wide areas of the world and the 

.. 
• 

continuously growing world population demand such develop- " 

ment because the natural fibers would not be in a position to 

sett 1~; fy the rapidly g;;-o·:;ir..G dc:n~?:d. f 0r text i l~ and tee h-

n:tcr!.lly used r lbcrs. 'l'hc:ce exist!"; a scr j_c.s of forecast..:; 

r or such a development. "':n the table sho~·1n be lm·r the results 

of thos~ fore casts, which have become known to us, are listed: 

Future development of natural and man-made fibers 

Cotton .Wool M:rn-madc ril>crs 
TG:al 

Year Synthetics ICcllulosc fibers 
lOO:i tc.o •1. IC:}() to •1. !COO to ·1. 1003 to .,. 10C3 lo 

1970 11.100 !i2 l.S'JS fl 1..670 23 l.7GO 17 21. ~fi5 

1~00 12'.20J l.O 1.(;Q(J G 12.000 39 -'.600 15 3·).60'.J 

1990 13.301) :ii 2.000 s 20.COO 50 5.~90 13 '1.GQO 
---- -- ---- --- - - - - - - --- -- - ·-- -- -
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From tilis table one can see that the synthetic man-made fibers 

have developed \·ritllin t11c last 20 years to an important factor 

. of the fiber market and cover already more than 30 ~ of th~ 

total fiber production ~ojay. To~ctl:!er \·;ith the m:ui-made fibers ., 
·on the b~sis cf· cellulose, rn1n-~adc fibers represent all-

together already more than zio '{.i. For the year 1930 the total 

production of man-made fibers is estima.tcd to be approximately 

15 to 16 million ~ons which corresponds to mo~e than 50 ~ 

of the total world fiber pro::luction. According to careful 

estimates still more than one third of this will be man-made 

fibers on the ba5is of cellulose. The demand for cellul031c 

fibers should. increase with a risine production of synthetic 

'.fibers and in return influence their development because the 

:import.::.ncc of fiber blends for the p1·oduction of textiles 

with optimum wear comfort. 

For the year 2000 a total fiber production of more than 

50 million tons is estimated of which approximately 75 % will 

be man-made fibers. More than 30 million tons of ful!y 

synthetic man-made fibers are placed for this time against 

approximately 6 to 8 mlllion ton;, cir 1~::i.n-rr.~.~dc f i.bcrs o!l. th~ 

basis of cellulose. 

In tall:inr; about the significance of man-made fibers it must 

be mcnt ioncd that man-rn~dc fiber~ as a whole have 

brought to the textile indur;try 2.ad to the manufacc\irers of 

industrial fitcr products a significant enlarr;C'mcnt of the 

-~6 -;; -
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fiber assortment and that thereby it has been possible by 

selecting the most suitable fibers to r~ach an optimum of 

end use properties. 

·On the oth~r ha~d it r:1~:..";t al'.30 be ~t<ltccl th'-!.t until to''...-1y 

it has not been possible to create an universal fiber which 

.combines in itself all desirable properties at an optimal · 

level. It is in cur op:nion not to be exDccted that in the 

near future such an univ~rsal fiber can be created. At a 

.. .. 

round table discussion at the Internat ionc.l Mari-made Fiber r. 
Conference in Dresden in the Ger~an Democratic Republic 

with the topic "Man-made fibers in the year 2000", the 

e 

• .assembled specialists a~reed on the fact that the creation 

:or such an universally useful fiber type is improbable for 

a variety of reasons .· :d seems also hardly desirable. The 

efforts to eliminate one of the most essential disadvantaBeS 

of the thus far lmm1n fully synthetic mar.-mo.de fibers, 

namely th~ insufficient capability to absorb and .dP.sorh water 

could lead to the realization that reaching this goal is onl·· 

possible by sacrific.ing som~ other· advantagco~s prop0rties, 
/ 

as for- cxarnple, the high \·.rr-inkle re~i.stance, the hi~~h ·.-:e:: 

tcn~cll;y, th~ ~oo.1 dir.:0n:c;io ~!.l st~.bility an.:l others.,\ single 

ideal fiber would perhaps not be desirable because by its 

existancc the variety in fashion which the textile induotry 

can create today with the variety of various fiber types could 

get lost, a fact we all would regret. 

- - - - -
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