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SUMIMLRY

SYNTHETIC FIBRES Ii DEVELOPING COUNTRIES 1/

by
E.E. Brounsteiner

Viennr, .ustrio

The whele synthetic fibre field covers nowndeys ~ wide ronge of
different types. Scicncc and expericnce of the recent decades showed
us the most profercble uce of many son=m~de fibre in beth textile
ond industri-l o cprlic-tione.  In the beginning oot knowledgeble
experts 1n the f1.ld of synthetic fibres werked in United Stotes ~nd
Western Furd oo, Yoy, wmportont worl o in sclonce ond technelogy of
man=-made fibros 13 oenrricd cut o1l cver Che wereld.

Duc t. their chemierl ~nd cchonic ol propertics, there ~re four
groups of cynthetic fabres, which hove turnced cut 4o be of vutstonding
importonce:  polyrmides, pclyceters, pelyrerylonitriles nd peivolcefins,

For thc tine being, thc usc of wrn=n~lc fibres in the textile ficld

l/ The views ~nd  pinicns cxpressed 1n this poper ore thosce of the
~uther ond de not necesgnrily refleet the views of the sceretorict
of UNID0. This decuwuent hes been repreduced without formal cditing.
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Prlyccters beings - e re Dffisult productilon proccer, Culic S€Cind TV
“Uscd ~s -~ staple fibre in blenis, ihe dyetng -nd findching cper ticn requirce
quch nere kncw-hew ~o well - different teatile o chinevy. This ds not o only
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There ~re mon’ types of effcetive stabilizers, el
1, .ryl-tcd ~nd lkylnted phesphince,
2. eyl oted o0 Ienoclotod deray v of rhosohorous ~nd
b pheanb rows oy Coowc1o1ll o lue ot certrin henwy

RTINS SIS 0 U \C RO VOO P

3o lodide o o oo of caentornor amcniws bhoseo in
the proccace o odusine orronle 1t of elements like
C«L\, - 2;, ’ oy N f"" C .

A S1bel oo evnowidos £ he cleaonte omy oy Zn, Cd, ond

i b

e Loy apoouh whien oonteln et 1 ¢-1t: of e~rberplic
or sulfcuic ¢ rrouwss sul whiiol re :oluble in the
prly~oide motra,

The uce § tivce at-ilizers ensblen ~rctic~l ro lizction of certoin
impert: nt procoeoinT o ety 11k ho t=cotting, crose=linking cr r-~diction-
grofting without 1 aadesired detericrticn of the motericl.

b) Polyentors

Pl o coroadatiee for ooeyet ~t1c improvement of polyester fibers

“re o oevner 1osamilor o those for ~clviides.  Uowever, cnoimpertont
difference wuri i token inte -eccount: instocl of =i = H={ mido—-) groups
we hrve =0 = =(coter=; srouns wiinh eontoin ne = tua, cnd Cou thereiore
not produce inter—naclecul v hjdrogen honde er e replhced L. org nic
gubstitucnte. roin - systemotic chonge ¢f melting point ~nd colubility

ig offccted b, the districe Hotween the ceter groups 1n tho m-crorlecul es.
The l-pelyester, o v polyaeric cmiyvaride ¢ ocorbenic ncid, By R R o U
has not yot been prop rog, oul Uk, Coratior's fundooatsl work b chown
thot the 2-pl/estor, -CI?—JV~L-CT?—J(—L«&H?2—SC~'— 1+ corly solunlc ~ud
mclts owve 2&6063 c-rhonr toe ond oxcl-tes of the 1ow alyecls ~reo i lsc
difficultl scluble ~nd aclt between 15 -2 U.  ut sdip ton rnd

geb ¢ ten < moot glyccl. ~re oo ily Aisrolved nd scften belaw lVKOC.

The geners1ly hagher welting pointe of nolyrnides ~roe understond-ble o8

o conpeguence o1 the 1-ter d hvdrogen bonds, coch of which hos o Jissocirtion
egnere ol cbent 5 iilocalericr por acle while the diccuei tien cnergy of
the dipel v ester bonds ~mounte only cbout 2.9 riloe lories ner les

‘g with poly mides the intreduction £ cvelic clament: lende te higher
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mclting ~nd more difficulty =clulle oroducts ~n oifect whiech wrs first
dicccvercd by Corethers with pelysoctore of prro—xylvicaglycel ~nd o lic
acid. Loter 1t wes utilized tochnic 117 with grect succeco by 70y YWhianfield
through the vvitenitic use o0 terephth-lic ceid 1n poelyector fiver .

Howndnys o onerico < polyventoer fivers with ~licryvlic nd dilfcerent
crumctic coaponents cre wader dovelopment o ~lredr en Lhe aorkets In
genercl, thev represent - iccinicel progresc over tie hemopelymcric fiber
-nd cover wider ficlds of -onlic-ticn in -~ desirsble w-ancr. It wos ~lso
found thcot the intreduction of lonrer £loxible eli-ane between the otiff
cyclic wilte results in higher colunilits end lower o>ftening nointo,

Thus polyestere of toercephthslic rcid cnd cetr=cr Jeermothylone=-glyecl melt
belew 15 UU. oot 1iver-ferming pelycsters hrve only hydrerrlic wnd sroupe
which l.-vc neitlier rcidic nr brwde chor-cier rnd ~re ~ccosslble with
difficulty becruce o the hishly cryst-olline chorrcter of the wrvericl;
thic lerds te . meisture bscerption of only -beut .95 1n drown pelester
fivere which 1o oueh lesz tioon tii-l of the cerresponding »clyv-mides like
aylon=6 cnd (0.

Chemiczl substitutl ne in the nonouers of nolresters h-ve intercoting
ond [rr-resching consequences.  Tetlyl groups in -linhotic pelyestors reduce
the free ret-tion of the links cf the chrin nd lesd to lower solubility
~nd higher softening ronges.  In tihc speecitdl cree of poly (hyﬁrcxy pivalic)
rcid thiey ~lsc uring ~bout the nreflcerence <f helicnl conforuition, i.c.y cn
enhonced resilicace in the ronge of low elong-tione (3-5,.).

Dons vther mocaficstions nd chinges which hove been rdiscoverced for
polycmides o nact be cosily  pplicd in the polyester field becrusc of the
intrincic 1y grester hydrolytic scencaitivitr of the cster bond e ceompeored
witls tho aiide bond. 7o o consequence yetenctic rescorch hr s been
initicted to find c¢iffcetive ot-bilizers for polyecters -goinst hrdrophilice
degr-.dcti.ne [.~ny compounde hrve been tested -nd 1t secemc thet the lineor
dimers ord cligomers of 1sccventes of the form (=0=C=ll=-71 hrve ¢ neticenble
strbilizing cffect ~nd inight present new madificeticons ond usce of nclyester

fibers.



ID/YG. 34/56
Page 11

[

c) Vinyl--nd ..crylic Polymers

e third lorge grous o © premisnent synthetic fiber-iforming nctericls
congists - [ ~adition polmers of vindl = ond cerylic compounds with
~erylonitrale ~e et Lamertint cumpounds.  Mhome poluaere ond cenol mers
nre oo fron nontiers, the coots of which - re concidersbly Loelow thosc of
the wenoncrs for o Lermadoe ond olresters. the oolywers -ro areducc! by
very cinplce ond 1nerpensive ppreccoges 1o, susc.ension or coculsion mnd oo be
varied over - very vilde roage o wropertic: witheut cdditionnl coste eor
complic.ticnc. 1 ovrecent 11 fiocre of tio tyne ~re spw froa solutioas
of 25-30, cither 1n - dre ccll cr an . booo, fter thai they - re ctretched
ot elevated toaperatures, woohed “nd dric ..

i.eny chemicrl -nd phyeic.l procedurce 1. ot the Cience-l of the chonist
who 15 confrontced will: the =»reblas to medir poly-erylonitrilce fibers in -

desircd winnere  theoo preccdires differ ive . those ~voil-ble fer polv-iildes

cnd polycsters bocouse of vl dafferent Aoonden of ~diition pelpierazotien,
In genernl there -ro acre choiceg fer v - "o ilen o with the coendernzetion
pelymcers.  Therc 1o, Jirct, tho wclcoul oo ot Jictrabutlon, which ern
coslly boe medifice? by the une o1 onproe it cry, cevlar toro,

ch~in troncfer—~gents, nd Ly the tamoc, e hae ot ors 1tle to
procucc uiycoder ~nd ncrrower dictribuia rven o o Vo ce clon daearndn,

It is evia noroable to cot-an pelaers o ilen the ool cul v oweight

distraibutic:: functizn heu twe cr oaors 1, which ropresents noine
tercsting new degroo of frecdoa in the oo retien ot splies tion of such

polymcrs couporced with condenc tien peliyeres o acther o dveint ge cf
cddition polymers lics an the Ireer ehicio o f end proupe, viach, for
condenst Lion nol nicrs, roe cisentl 1iv fuaated to O, T, nd COh. In

e
sdditicn poliiers they con e voricd cver o wide ronge ~f chemicol chorocter

S
by thc ver of suito bBlo telowcero,

“he (oot thet with odditicn oljacre crons=linking corn Lo produecd
cnd cven controlled oo - lerge oxtont, mckens 1t ooosivle ©7 uso w7 Cro=
moleculen with wore thon Lue Cnd ogrouns, teohiloue wiieh permite Lo
enhcne: e 1aflucnce ~f cort-in end zZroyv v chosen for particular
reascns. In general, acid end groups are ;reforrod becruse they

fovorably affect the absorotion of dyes -nd improve the stobility of the
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fiber oroinct discolornticn by he~t cnd clicaicnl rengents.
The ore-ticet ond most valulle property of cddition pelyucrs ic the alment

~

limitlcess roscibilit Tov aedifyin, theii bchovicur by*ggpolymuriz:tion.
therens only nodercte iarrevencats oon e oclbtined with polyonides nd poly-
e¢otors by *hic wcthed, the ontire teclmclegy of vinyl = ond cerprlic fibers 1s
Looed on vhe ootenriic wie of copelymerizoticn. Thoe snin cemncinent 1o
vau~lly corylonitrile oot the bomopolyer 1iself 1o oo sporingly scluble cnd
its colution: -ro 56 unctoble thoi soinning ic very inconvenicnt. Thercfore
cemonrcmers -re intrednced ia che nolyserylenmitieile ch-in which uiorove the
solubility withou dicodvani~renvs offecis on cther prepertics such rne soft-
oning tenpercturs, rigidit, ~nd regisione. to swolling i woter ~oud crgrnic
solvernte cven 1 clev-ted tempersturcc. cncacrs ¢ this hind inelude
vinrleceisie, acthylocyrl fo ~ad eyelchexyl-eryvlotes.  The next nroblem 1is tc
contrcl the proseriics 0 fhe fioer nd U ~ttoin foversble Averbility .  This

i ~ecompliched by 1ntroducticn of -eidic or brsic moncnors like vinvlsulfonic

‘(\

~eid, viaylypgridin. ond cones others wiich con be voricd videl; in cempegition

~nd crneorbr et A0 ther. Uoneed fow so{ter hond of the fibor ~Tter

seticfecLory ~ourinaunt ¢ 0 cekanic ]l cnd tinetoricl prepertics this con be
lorzely v1Tilled by ecnclyrerizeatron with oroll cviratitics of vinvl stenrote
oy steroyl ~eryitte.  Cinclly it o opeosielo to introduce ~ctive ceavere for

croge-Vinking ronciions b the ineroduction of suits ble moncners Like glycidyl

noryleote or divinyl cther hiich ~fler ercoc-linliang incrence the seftening

renec of the fioor nel 1aflucanc 1ty ol ontic bolovicwr 1a ~ fowverable woy
primerily vith respect to enbionceod resilicnce, improved rocovery poucr ~nd
ercoas rosistoacc.  Thus 1t 1g likely thot che nerr futurc will scec fivers of
the ner liz Lype contriniaz thrae or acre menomers with resulting {~vorrblc
influcnce cn the properiics of the products,

Jucl g oone .l intreducc by conolymerizeticn wonemers with the co pocity
for crosc-linking, ¢ cn also introducc cuitoble centers rer groft ocly—
merizcoticn nnd ot oin fvoreble propertiec with n~dditicon pelymers in an

especially effective wol .
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5) iiber clerncterigstice

A cubj.oof of oub:tending practical importance lics in the successful
uge of synthetic fiters for textilc purposes, It ic cssontial the
certain filer charact.ristics should 7w understood in order to design
fabrico with specifis reterence to the (lnal wear o USage PUurposes.
These dats ore given in the [ollowing paragraph:s uvith special cuphasis
on those €iber grovps which arc or the time being of importance for
developing coun'rics.

al) Polyamides

liylon 4 and nylon £6 arc mainly distinguished by thoir melting
point. 4ll other properties show no important differences. ‘the

. . I P 0. . O
melting poiat of nylon G ic 2167 vhilc nylon A6 melte at "567C.

Tre tenacity o 4-5.ng/den tor nyler © and 7.5 - O.3g/aen For
high tenacity yarn is very high. Tho tenccity of steple filer 1w
somewhat lower, 3.5 - 5.5g/dca.  Thic very high lrecking tonocity
combincd with on outctrnding avrasion recistance makes the nylon
fiber uscful in boih the textile sad inuustrial Ticld.

The clongation ot pnlyamides veries notween 16 - 50f, aopending
on the [iter iyno . As 1s the case wiih @ll synthetic fibers, stepie
fibers have the lowsct gralc of tenacity and the biggest clongation,
while filaments, ond here again high tenacity rilaments duc to thelr
proccssing ar of the Lighest 4raacity value and lowest elongation
percentage.

( e olastic propertice of polyomides cre oxcellent .t in mos
types a stroich ol up to 3 will be fully recoverced within onc minute.

The Hent resistunc: Lo very similer in both the dry ond wo!

stagc and :hous,vlier obcooerved over o long tling, average degradation.
The {iber turns lightly ycllow to brown ~hon heated indry niv.

The degradation by action of light 1. cdmilax to thot of other
textile fibors. % %right nylen fitcr iv of better recistanc: than
the semiduvll onc.

e chumiczl revicteanc. of aylon ic oxiremely good. Dry clerning
B J 6 >

solvente normnally usca dn not affect it. Nylon discolvec in formic

acid, phcnol and crescl.,
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The moisturc absorption is 4 - 5, at 21°C end 65 rolative humidity.

Due t0 itc outstanding phyriczl :nd chemical propertics, the ure of
nylon cov.re & wice fiold in both the indwstri-l ens txtile mrear. Vylon
ig used oo rocord irn vl tices end in civerort tiroe. Ttoiu oftoen the
pasic friric in pelymer—coo.ol torpaulinn., it 1s 2leo cxtonsive 1y used
in the fatriccticn o0 ardu srial filicer . ore acte. In the i1 of high
tenacity toxtilos nylon f o0 some edvantage duo to ite higher cof'toning

point on! it. (rostor vosistine to d¢ tormmtion under he-vy loado.

In tuextile spplicetic 1t 10 ecspecielly uzed in ladienr ctockings and
hosicry. Thoe nest eotting proporeio: of nylen mrke it possible to mot
the stockings in the lesired chope which iz then retnined indefinitely
in usc.

The development of toxturined yorns opcned ~ new mode of applicntion
in apperel.  The bulked yern 1o ueod in thc werving and copeciclly in the
knitting £1 14 . “he usc of tixturized nylon filamente in coarpets ie
stecadily growing.

Hlending ‘he swaple fiber with wool givee yern with improved sbrasion
resistence end tenacity. A both fibers sro of polyamidc character ond
neve similar o losticity prepertics, the epinning ond dy.ing process of

guch = bl .uled yarn chows no difficultics,

a2) Polycster

The malting point is 256OC, the temperaturc rangc over which the fiber
goftens ond meits is very norrov.

The tenaclty ol r gular filament ic between 4.4 - S.Og/dnn, while high
tcenacity £il:ment yorn rangs o between 5.3 = T.0g/ten. Tt ic ther o fore of
less strongth thrn polyamide fibrre, but novertheloes of very high tonzcity.

Thi clengetion ol polv.outers ranges from 17 - 30, . Neguinr rilament
usuelly hoo an o longaticon ot brook of 19 - 75+ high tenecity filament has
clongation rrow. 10 - 1o,y whilc staple fibers chow 29 = 3o .

The work rocevery properti.: of polyceters rro very similer to wool,

4

both fiber- producing folicics with oxeccllent recilicnee,

ot polycater fibere mecsured after deys of

exposurc to high tompceratures shows o vory dificront bihcviour duc to
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the chemicnl composition of the material under wet and dry conditions.
Polycstorfabere cxposcd for 120 diys to dry hecat of 120°C show no
decrcrse of oirength. The same material, kopt under seturated steem of
the samc tempercturc, is disintegroted completely ofter 9 doys, thce cster
being hydrolized. ilusting in dry ~ir causct Vary 1ittlc discoloration
of the fiber.

The chemic:ii rocistonee 1 difforent conporud with polyomides.

Polycstors hove »n outotending ceid recistence, but arce reletively vesy
attocked by strenger £1kolic of room tomperaturc, boing disintegrated
in boiling nlkeline solutions.

Th. r sistrnce agninst vy clecning solvewts 1s generally good.
Polycstor has on excellent rosistance 10 bleoches and other oxidizing
agento.

The moisture ~usorption depunde on type ond varice between 004 —

0.8.. Thir very low woter content makos the dry and wet state of behaviour

of polycstors in its stress - strein rolatiors romarkobly cimilar.

The end-use o of polycoter fibers »ro in the torhile epparel and
ipdustric) ri 1. In the meking of gramente it is unet 1000 pure and
in blende with other fibero, lendod with cotion it improves the
performence ~f cotton without Gogtpoying ito charncter mind comfort.
Blended with weol, it compenvntes fow tho in~doquacices ¢f wool without
detracting from wool'c notursl ~dvantomes.

Tt work: counlly well with other man made fibers oz rayon, nylon and
the acrylica.

The rcceptonce of poly cter fibiers is duc to improved resistanca
to wrinkling ¢nd to croroc or nlent rctontion Jduring wet weather
conditionc. liook ond wesr frirics of polycster in blindor 100,
synthctic openod up o~ vest market . Knitted toirics, mado of texturized
polycoter Piloment haove Soecome of outotrnding wmportonc.o.

Socaus of thoel: rocistence to ctreten and roty thodr strength and
recovery propertice, polyerter fivers occupy "n inervacingly importent
position in the industrial morket. “ome prinecipsl uses ore in tirc
cords, firc hoso, safoly bults, filior cloths, industrizl felts,

conveyor belts and as reinforcements in plastic sheets.
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23) Pclyrerylics

Pclyserylics “roe net co.zily cel-gsific under ~ girglc conception.
Their propertics v r significontly depending on their chonicnl com-
pogition ~nd splaning precess.  Tne differences in chemienl compasition
cre duc to the var,ing content of modifier combined with ~crylonitrile
end its cheuierl ceonstituticn.  'The medifier con be ncilonilce, ~ecildic
or basic rnd the different winner of incorncer~iing it proeduce : - cemplex
field of fiberc.

Yidely diffcrent fiber prepertics ~re rloe obt ined by scver .l
kinus of spinning mcthodc.  Or, gpinning from erg nilc sclvents produccs
o crose scction in degboenc ftructurc. et . pinning itroem o rgonic
sclvents produccs fibers witl, different propertice dencnding or whether
weter is used e cocgul-nt; wet ooinning from aquecun onlt scluticns
produces the most different propertice, thic proccr: preducing the mest
vorleties.

Pelyrerylics do not melt, their sticking renge ic between 190—24(00.

The tenccit; of ct-ple fibers 1o 2.2 - 3.2g/den.
he <long-ticn 1o 20— 33,

The he-t resivioace io very geod in the dry otrte ond in gs~tur-ted

stecii ~t clev tod touper-turce. Polyncrylic fivers expescd fer 120

s to dry et L 120 ¢ Lhew no decrense in tencl oo strength, but orc
wtlimotel; dicinto reted ~fter 00 dove exposure to s-tursted steon of the
geme temporoturc.  Dolyeor;lenitrile fibree cxpoeed to higher tomper-turcs
diccclour repidly, turning “rown to derkbrown, cepeci-llv when heated

for - ling tiac,

Comprring the heot rezist nce of pol

3

~mid, palyester nd poly-

cerylenitrile, polyrerylenitrile in the mest reeistrnt fiber under
ccmbined wet ~nd dry tempersturc conditicns up to 12fCC. Nclveoter
fibere ret-in their strength under dry conditicne, but locec il ropidly
in hert »nd mcisture. Foly-mide fibers shoew o relatively peor heat
recintonce under the —bove aenticned conditions both in wet nand dry
st~te when ciiwgcd through covernl weeks.

The chemic .l recictence of polyrerylonitrile ie vers gecd.  The

fiber ic necither ott-cked by we %k ~lk-lis ncr by mincr-l -cids. Dry
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cleaning sclvents do nct ffeew,it and it is net harmed by c¢ile ~nd gre-scs.
The acticn of light ~nd wenthering decs net cruse detericr-ticn of

initi~1 fiver properticc. Thuo the aclveervlonitrile fiber 1s pre-

ferrcd for use i o-uldovr spolic ticuse, whiere o Lemider nd poly—

seters ~re lec, ouit ole e v thelr lower we thoring resict nce.

i

ne welctur. coirotion s - 1.9 -t 2100 ol o5 relctive humidite

Polyrerlonatrrds fabere cre o cutcbonding in their - bility ot
moint-in tholr ftrme roogt - nec., Inoenitco of lower ten-eitv nd
abrosicn recict noc ther will in any c-cen cutl st fibers which crigin 11
are¢ superior in these »ropertics sut ~re deterior-ted by sunlight,
becteri. or chemicrl bt ok,

Pclycerylonitrile {ioces bBove o cumbinction - f lesir~ble propertiec,

meking thea imprrtont in the industri-l ficld ~ad for ~pparcl ~e well,
The low tendency to pill, peod wriniile reoovery, rocist nee ic hole mclt-
ing, « low v te L crecp, low tendenc s L ret-in coil ~nd ot-ing
combined with lew fiber swelling woxe the Vlocr o cxtensive use in
gorments, o polyreryloenitrile fibere provids worath with mininum weight
light—-weight febrics coa be constructed.  “heco [breocs have - werm ary
hand =n¢ 're pleoo-nt cext to the skin.  The thernopl-oiicity nnkes
pessible ditferenti 11 chrink ble staple which 1o ~dept ple te the
"high bullk" »rocess, thus mmtencifving the woer prepertics o grraents.

The ent-uscs ~re in the textile ~nd industri-l ficld.  High loft
~erylic y-rno denincte the knitted outerwe r ficla. “uch ~rns ~rc
made by coabining yerng of differcnt chrink e ~hoy~ecteristics follewing
exposurc to sterm or immersing in briling wieter. Tifferentisl chrinkoge
cruses buckling <f the won shrinkiae fibero rul foms rn excepiticnlly
lcfty y»rn.

Blending the gtonle fiber with wecl enh oncen the woshobilit)s crensc
retenticr ~nd nonfelting prepertics - £ the n-tur~l fiber.

The use in home furniching is gterd; 1ncrensing.

the industrinl opplic ticns  of pelyrerylenitrile fiberc cre
besed on its good rverrge chemical ~nd hert recistrncc. The frbric is
used in filter cloti, protcetive clothing, dust b-ao ~nd mony other
purpescs, where ito specicl prepertiles give 10 - avontrger cver cother

textile fibros.









