G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




| 1.0

NE
1372 "y




0%%r2y

PROBUCTION OF POLYAMIDE FlT.AM
by Dr.rer.nat.Dipl ~Chem.Hartsut Steffens —

(Lecture hold during the Unido Iraining Prograrme on Synthetic 1

in Vienrna, 1978)

Scemary

Foilowing a short survey of the eccnoxuic development ard the present
position of the polycmices on the werld market this paper describes
the procduction of polyamide filaments for texiile and industrial pur-
poses. Practical us:s are dominated by nylon € and nylon 6.€ while
otiher variatiors of this fivtre family play a very seceondary roie.
*lain emphasis is laid om the practical side of rnylon technology.
Fhysical and chemical theories are only included in as far as they
arc necessary fer the general understanding of the production
technigue.

~ :

The strrting material €-caprolactzn, a monomrer, is generally poly-
nerised in a continucvs process to -ive nolyamide 6 wiile the Al or
r~lon salt for rvlc2 €.6 produciicr is polycondensated by cdiscontin-
Lees methoas, dddition of statiiisers, dulling aserts and other sub-
st nces has a narked influence on thc physical apl cheumical propertics.,
Thr rolymer chips are flash déricd under a protective gus (in the case
of pclyamide 6 4ryingz is preccded “y extracticn)a

The melt spinning precess uses a grid or extruder for the formation of
the filarents. This melt may also be enriched wiith additives such as
rc-mawvnf antistatizs., The gquality cf the final filaments is very nuch
influenced by uniform weiiing, urniform tecrperaturcs from spinneret te
‘;‘m'f*rrt and tare shortcat po:silie Juration of the molten con-ition.
further )nIJucwvxal foacters ave 2od2%liqy wonditions feor the fres’:ly-sous
filaments, ~onstint windirg conditirrs, uniform finish applicaticn and
m-1;ten1nb, and the proper finish mixture,

Th= rolyanride filamnts gbtain their. well-kndwn strength properties
only by o draviag process in which they are ~ eithier cold or hot -
st:retched te alout three times their original léngth. Depending on
further procezsing thz {iluments ars then wound onto pirns or draw-winc
bobbins. working tostniques end jpainstaking attention during this
operatizn are decisive for the riming properties of the yarns during
sutsequont proc: zsinge

. . s g ., 2
Brawins may be coptined with cther treatments sach as preshrinxing,
crirping, texturxng or the like,.

hodern v

o scs cobine spinning and drawing in one single operati:-..
i.e. by spnin-dr

sv-winding o¢r high-speed spinning.

“rote muy be depoiymerised and re-used similar to reclaimed end
v arneintrotza monoter by renewed nelymerisation and spinning, se

A . M

« - ~rgyarmide operations scarcely arc a burden on the envircarent.




Introduction

‘ile production of natural textile fibres reaquires the use of arri-
cultural acreages, also in the case of vool and silk. In the fice
of a growing world ponulation acrcage available for such arricul-
tural purposes gets ever smiller waile at the same time the demard
for textile fibres increases. ihe development of semi-synthetic
on the basis of cellulose, initiated early in this century, vas
first step. towards the solution :f a problem energing at the hor
but this still rejuires natural resources as a starting material.

L true breakthrough was achieved by the invention of the syntheotiz:,
of whick the polyamiccs were ones the first to be made and used. =
textile filament on the basis ol nylon 4.6 was nroduced in tihe ini-~-
States in 19355, The volymerirsation and spinning of nylon ¢ hapnene.
the first tine in Germany in 1939. Fig. 1 illustrates the increasc
in textile {ilament world proguction since 1¢C0. While producticn o
wool could be increased only by a rurginal acount, cotton productisi
shows quite impressive gains, In 1910 we have the first man-uade
fibres ir any mentionable cuantities. I'roduction of fully synthetic
naterials got on strecam orly after the Sccond world War and was si'.cc
tien increased by leaps and bLounds, and in our days the synthetics
almost rival cotton production. iut it is not only the world nonu-
lation which shows increases, also per capita consumpiion has incr
enorriously as shown by our next illusiration(fis.2). The cirecles
per capita demand for tuxtilcs. The white area pgives the.share

of synthetics. Today almost half of the textile fibres are synthetic.
Fig. 3 gives a breakdown of the synthetics ani their share i) tota;
textile fibre supplies. In 1962 the ccllulosics still provided the
lion's share of some 70 per cent, but since then production of vi. ¢~
Yarns was not markedly increased. Meanwhile the amount of polyanide
fibres has increased four times and itself has been overtaken Ly
uwolyester,

thie
i

o

where are these synthetic fibres made? rhe answer is provided Ly
fig. 4: approximately onc third of synthetic fibre productionr is
situated in the United .tates, a further third in Western Luro:nc.
ore fifth in Japan while the rest of the world contributes cnly
13 per cent,

In a previous paper by or. lLrissig you lcarned about the clhcrin .
coaposition and nomenclature of the polyamides. Practical use is
orly beinrngs rniade of polyunides 6 and 6.6, to some limited extern!
also polyarides 11 and 12 known under the name Rilsan. 30 we w-»
restriet our considerations to types 6 and 6.5 (firc. 3).
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Iolyrerisation

General

Basically the polyamicdes are all mude according to the same methoud.!c’
assuniec we have the monomeric starting material. Fige 6 is an illu-: -
of the production stages. The startiog material is polymerised or
condensated at temperatures between 260 and 290 %C. Tuis may bec don~
either continuously or discontinuously, i.e. in scparate batcihese. 1i:
resulting polyrerisate is extruded in tape or noodls form and quen<ci -
with cold water, chopped into chips and then ready fcr the spinrnins
operation proper. The chips are molten again and transported via teon -
gear pumps thrcugh the spirnerets. The 260 °C hot melt is exposed Lo
strean of cola air, hadmed into filnment forn and is wound on a = .-
To distiuct it from production methods using a spinning solution ..
rethod is called melt-spinning. This may looit rather sinmple but tho--
are a number of nroblews wlich nust be considercd. First tlic roltex
polyamide is very sensitive to oxygen. aill operations must, thereior-.
be carried out in a protective medium. This is generally pure ritrc
(witir an oxiger content of less than 0.003 ), or stean (free of ox:

of course). .ylen 6 has certairn advantages over nylon 6.6. Its relt:
noint is lower (approx. 220 °C) and it is less sensitive to therz-::
influences so that it may be transported through a pining syster i
the molten condition. Lylon €.6, on the other hand, starts meltin-

at 2¢5 "C, is rather sensitive azainst teuperature influences and
wonld form deposits of cracked substances on the walls of the pipec-
which in the course cof tirme grow in thickness and start releasinr
small particles which contaminate the melt., These dif€erences ard
others resulted in quite different production ang processing equi::
and mcthods,

Polymerisation of nylon 6 .

ﬂaﬂd’

ing €-caprolactam

Let us first look at the production of nylon G, The starting matcr:i:-
is €~caprolactam, cupplied in bags or drums as white cristals which
melt 2t 68 °C. 1In melting vessels heated with hot water or

stecam these cristals are melted under constont stirring at the lc.
possible teswperature cf 70 - G0 °C and under a blanket of nrotect v
gas. This process requires 29 kcal of rmelting heat per kg canroloct
The same arount of ener;y was leforehand e tracted by the prrolic r -
cause the material to change into the solid condition. It is of ¢ -+
riiren cheaper to cut out solidificution altcgether and ship the l.uc
as a liquid. The leading lactam procucers have therefore switcl.c’
to heated tanicer veliicles which trang;ort the materinl at a tv ;.
¢f about 160°C ynder a nitro-en blanket by rzil or road. They u- .
ghips for tae purposc. At the customer's plant these vesseln wu b0 o
ciiptied with the re-uired caution, preferably into a specini reci~v
temi (fig. 7). At this starc sanples are drawn from the 1i wif
~eatad at the labereotory. is the liquid runs out of the turii v o

‘v
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thic volume rast ve refilled with nitrogen. If testing ot the 1:alo
rziory proves the lizuid to coumply with the standards it 15 puo-
over to the custonmer's storase tanks whiclh:, like all subse:uent
vessels, are stean-heated to 90 - 1290 oC. rolymerisaticsni ef the
caprolactan into nylon 6 today is carried cut in modern ecuipment
by continuous operation in 2 so-called Vh-coluun., Tuis method wn.:

developed in Gernany in 1940,

[FI. |

Before we can look at the technical side of the process we must :o
back to its cheristry. Canrolactarm can be nolyrmerised into jolyarile 6
by different methods. Ve wust distinguish between hydrolytic jolyieri-
sation, polyaddition, cationic polymerisation and alkaline polymeri-
sation. These different processes show, of course, widely varyinz
kinetics. Their common feature is the rroduction of a certain de;rc
of equilibriurm in molecular weight édistribution, i.e. the procducticx
of a substance not rade up of onc uniform molccular weizght but a wice
range of molecules of different sizes. The actual form of distribution
depends on quite a number of influential factors. Be it only said tl..:t
the technical side in this case is a mixture of hydrolytic polynerisaticn
and polyadastion. In the prescunce of a small arount of water sonc of

the lactam rings arce cracked which results in an g-arino carronic azid.
Two of these molecules are able to react with each other so that the
anino groups togecther with the carboxylic srouwns of another molecule
combine into an acid amine., The chain so forred can add on and

on. Thus we get a chemical equilibriuvm between caprolactam, g-ar.in2
capronic acid and water (fi;. 13). This is the reaction vwhich cricus
up the rins. There is a further equilibrium possible ohtaincd via
nolycondensation, i.e. the equilibrium between the water coantent, th
acid amide groups, the arino end sroups and the carboxylic end greu
in the melt. Farallel to this reaction we have poiyacdition and tlis
contributes the major share of the chemical reaction. The caproleoctan
ring fixes itself by its acid amide group %o one of the carboxylic

end zroups and the result is a Xind of rearidction. Tlis rives rigse

to a third equilibrium, nanely cquilibrium between the free ca;rolact..
and the carnrolactam bound by polymerisation. In principle all the

armino end zroups and all the carboxylic end grouns are canahble of
further reaction. In order to control this process, to limit avera e
rolecular weight and to stabilise the rmelt a stabiliser is addec in

the form of an acid whose carboxylic groups recact with sorme of the
anino groups to produce an acid awmide and thus bloclk further growvih

of the chain. The most comiion stabilisers are acetic acid ard

benzoic acid.

2
~
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Reaction spced and position of the equilibrium depend on te:r:cerature
(fiz. 11). Tables 1 and 2 (fig. 12) show the order of the ec. uili.ciunm
constants and their dependence on temperature; the position of the
equilibriur: is controlled by the amount ot water present during tle
first stages (fig. 13).
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Thec acid serves not only as
catalyst which helys to open
chains. In this way it serves

ates tihe influcence of catalyst

of rolyrerisaticn. The
and the hishier the average dezree

The amount of catalyst depends on

niguer degree of jolymerisation
rarkedly increased melt viscosity

and filter processing. Ior t
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a stoabiliser bLut also by

a doulle function.
coencentration on the

less catal;st the slower is the rocneti

¢issociaticn
tiie rin~ss and allow the Icrmzticn
Fig. 14 ilius-
avera; ¢ € i
we =20d,
cf polymerisation at equilibriu-.
the intended use of the jpelz: 'n.
at a given terperature gives
and hence worse putipabiliity, 7

s
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xtile purposes the nedium ranges cf

molecular weights are preferred wihile industrial uses reguire =z
nizher molecular weizht., The equilibria show that apart frowr the
polymer there is also a certcin resicue of uonomer and cligomer
present which have lower molecular weizhts. Their incidence is, ef

course, also dependent on the worxing

te:.peratures. at the nornal

level of 260 °C a mononeric content of 10 - 11 per cent may be

expected at equilibrium,
conpared with nylon G.G,
2 giffercnt position
content of low niolecular

of the

H -~
nas

F-acti
L

cal polywmerisation

n

Let us revert to nylon 6

polyrerisation.

This is a serious disadvantaze of nylcn C

wvhich otherwise shows sinilar lkinetics nut
egquilibrium, and with nylon G.6 ti:«
substance is nezlirible,

Before polymerisation a

predeternined armount of benzcic or acetic acid is dissolved in the

caprolactam (fig. 7).
caprolactam,.

The conmon ratio is

0.1 - 0.2 mol acid/100 rol

The overriding consideration in all operations is painstaking clean-

ness. 4 single alien molecule may

cause the reacting chain to crac

In polyamide operations we control polyunerisation at a relatively
low degree, On the average a iolecule chain will be made up of sorc
200 monomer units. If there were 1 hostile molecule per 200 which

causes a chain to break, i.e. 0.5 mol-% of contamination, this would
rcouce tihe avera~e moiccular wei;iit to 1C0., Contariination nmay Le
caused by volatile bLases which rask the carboxylie groups. They cor
be generated by therral degradation of the caprolactar znd, their
presecnce rust be closely observed to krep it uncder 2 x 16 Lol, el
caprolactan,

The caprolactam plus the stabilising additive is continuously f{nd

to a filter device and the colunn (fxg. 8). These colunns may ho
different in size but they generally measure some 14 m in lerngtih to

eisure sufiicient contact tire.
1 and 1.5 m

-

different amounts ranging [rom 5

hevd is equipped with

2

colunn nus

heat exchang
to the caprolactam to increase its tciperature to ca.
t be ..cated ovur its entire length with carelul

Colunn ciameters range betwcen
m and their capacitics between 5 and 15 tons.
tire in the colurn may be varied in wide limits und depenas
tereratures so that one type of colunn may

Treaticnt

2
Cad

put throuzh cuite

to some 20 tons per day., iae colu
er which transfers hent prupidly
266 C. ihe

L . PR SR
LorreTo T

control at the different levels. The heating redium is generally
di;hyl, the azeotropic bLoiling nmixture of diphenyl and diptenyl cther,
A8 a arotcetive medinm nitrosen or st isoin ctad at the hend of

G
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the column. Tosether with the benzoic acid and other substances
wiich may be added to the melt for sinultanecus polyrerisatior a
certain acount of water is injected. Th:is water helps initiate the
fermation of clains, but later it rust azain be removed to allow
tie predeteramined molecular weigint to be obtaincd. The heat trearz-
ferred {ron the outside and that generated by chemical reaction
cruse the rixture in the coluzn head which consists of caprolacta,
lew rolecular weight polymer, water etc. to boil. A distillation
device collects aand precipitates evaporating caprolactam and
redirects it to the melt, thus eliminating most of the water acded
previously.

At the bottom of the column the pylon 6 polymer is drawn off continzu-
ously by pumps and pressed in tape or aoodle form through nozzles
into a bath of water in order to avoid degracaticn by the oxygen i
tihe air. Then the material is f{cd to a cutting wmachine whieh cb T3
it into chips or granules. The quality of this cutting operation ic
soverned by uniform size of the granules as the distribution of
gra‘fa sizes in turn joverns the flowin:: propertics of the cranule:.
1: proper cutting uay produce uneven surfaces which rub toretlher sc
that dust way be chafed off which deposits during sulbsequent orcra-
tions, contarinrates the naterial and disturbs the process, particu-
larly during spinning.

gxlraciion of low nolecular matter

Feilowing the cutting operation the granules must be freed from
monor:iers and oligomers. This operaticn may be carried out either in
batihes or in a continuous process. The chips arc filled into an
extractor where a counterstrean of hot water washes out low molccular
natter, ifterwards the chips are dried, also continuously or
disccntinuously,

It stands to reason that the extract is concentrated up to €¢C -

7C rer cent by evaporation of the water and later om recycl-.d.

additives

Lefore we turn to the further steps of polyamide filament procductinr
we should consider the problem of additives., Caprolacti:: filarents
are highly brilliant and transparent. Textiles, on the other hand,
arc preferred to have jood coverage - also in thin layers - and &
brilliant sheen is allowed only in special cases. iiis iears: the
polymer riust be enriched with a dulling agent. Titarium dioxide iz
ti:c acdditive. It rives sood covera;e and a fine de;ree of wiite,

it is ni~hly reflective, chewically neutral, will not wash ouil

is fast to light. The chenical industry offers titanium disxide i-
rany different types. ifor the manifacture of textilce filawent: +.¢
material must be cheniceally pure, have uniform particle size .- ¢
lower size ranges and be readily dispe-sable. Ti0,, is offered in

tivo nodified versions: Anatas and lutil. util iz rrone te vellewin
Lut snfter than Apatus wioae havdncss nay cause the filare s to cut
into ~nidug ond pnins, The snonne ol dulling: asent added to the ninld
denends en the intended end-uie and we have sen:idull, ull ond deen-
¢u11l rarns with a TiC,. content of between O and 2 ner cent.
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Cther yarn properties, too, may be irnrluenced and controlled by
additives. These include light stability and thercal stalil
action of lisht couses daorage te the nelyaride filaments, pos
larly in the presence of Tit, fueir strensth is reduced, ther
becoize brittle and yellew. S5fcbilisers are sclected avcons inors
and organic comreounds. fhie nost popular ageat contains mangop 1cn
scrnietices copper is also used, since ions may wasi out in the <
oif time, furtler additives are used to prevent loss of ions ¢
wasalng. All thcse aux111ar1es are ad led to the cugrolact bef
2a

prcparlng batches.

The arount added of each substance depends on the intenced end-use

of the yarn. Carret or urlelstery yarns {or instance rust have ruch
better lizht stability than clothing textiles. There are, rtcreover,

still other additives such as dyes. .nrother possibility is to Zye

the chips after extraction, a-d this process is often used. The

prime requirercnt is the-use of dyes which resist temperature desra.tion
encountered during spinning.

Drying of the chips

Bdefore the pranules are usced for spinning they require careful

drying¢. In our ecarlier consideration of cheirical cquilibria ve

learred that water acts as a catalyst. «hen the chips are ielted
cduringy the subsequent spinning operation the ecuilibrium reached at

an earlier stage night be disturbed., althoush this cannot be jrevented
altogether it can be controlled within narrow limits by elimination cf
residual moisture from the chips. This can again be achieved by
continuous or discontinuous rethods. }Modern p'ants use continuous
processes (fig. 9). Clmerging from the extraction coluzn the chips

are continuously fed to a drier where residual water is reroved;

when they leave the drier the moisture content is nuch below 1 rer cen
and in rost cases bLelow 0.1 per cent., Iryin; tei.perature varies
between 120 and 160 C and is coupled with a ccrtain extent of ;ost-
polymerisaticn., The drying redium may be a neutral gas, preferably
nitrogen, but also superieated steam. The dJdrying medium is recircu-
lated and freed from dust and water and re-heated to the requirced
ternperature. Finally the chips are cooled to room temperature and
filled into a storage tank,

o

Polycondensation of nylon 6.8

lolyconcensation of nylon 8.6 is a very sirilar proccese. {he cheriedt
chuilibriun is governed by similar considerations, iThe startiaz
raterial in this case is nylon salt, the salt of adipic acid and
hexanethylene diamine. Unlike nylon 6 nylon 6.6 is always unaze by
ttiscontinuoue condensaticn in autecclaves, The nylon s2lz is wlued,
enriched with the renuired arcunts of water ancd stabilicer cr
crtnlyst and heated in the autoclave uncer a protective ;ios Lloniet
for 1 1/2 hours to 220 0C; ti:is results in a stear prenzure of sone
- 25 atrospacres. Lver the n xt tvo hours the teinperature is

s

; o, , . . -
Powly roaised to 275 "C ana lield at this point while steow is drawn
oi{, Then pressure inside the vessel is slowly reluced to 1 atios=-
here gaupce ani anvirtained a* this Zowvel for a further (a7 cour
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w.1le tost of tiie water is reroved frem the nelit. dhe au
enptied by creatins nitrojzen overnressure and purring o
telt, igain the nelt is forned into tapes or noodles b prossing
throush nozzles into a water bath and cut or broken into siaull
rieces. and again the nitrozen must be of high purity as cdiscussed
earlier in connecticn with nylon 6,

ig the monornier content of polyaricde 6.€ is very low the extracticn
process can be eliminated. Drying is then carried out much as
described for nylon 6.

Spinning

The invention of the polyamides was ccupled with the invention of &
spinning process not known before, the relt spinning retiwod. & nurber
of spinning rnachines was devised, all based on a corniion principle.
’irst we nced means to mclt the granules under as mild conditions asn
rossible (fig. 15), followed Yy spimning punps and spinnerets wiich
shape the filaments, Then comes a ranre where tue fresuly spun
filaments are cooled and finally means to wind them up on s;cols.

Grid _spinning
Arong the many melting devices developed in the course of tire tle
+ri¢ and the extruder have ghained a prouwinent position, The «rid is
foriied by a row of parallel hwllow rods heated from tlie insiie by a
fluid wmedium, generally diphrl. The polymer granules are poured cato
the orid and the melt drops of £ and (lows in the dircetion oi the
pumps (fiz. 1G6). As with the viscose spinnirng process the paranount
concition fer uniform yarn formation is uniforia dosing ol tlhe rolt,
The relt beins a very hirhly viscous substance with a viscosity ol
betwcen 13C0 to 2C00 joise, Jdosing is achieved via tootli-wheel ;-
(fig. 17). Desing should be uniform from point t¢ point and preciszior
of the pumps is a prine requirerent (fig. 18). To ensurc constant
workiig conditions at the pump pressure just before that point rust
be held at a sufficient and uniform level, This is done by arrarnzino
a pressure pump before the metering pump which works after the sanc
srinciple,

=

Lxtruder spinning

Grid spinning is progressively being replaced by extruder srirnning
{fig. 25). There are different systems but the gereral principls i
the sincle screw extruder in which the screw is situated cil'er
hcrizontally or vertically (fig. 20), The chips are Jrawn fron a
storage bunker where tliey are storcd under a protective g as bLlanket
wnd enter the feeder zone cof the extruder, it this noint beires the
nrocess of melting and consolidation of the mass into a wclt [ree
froa gas bubbles. The greater part of the melting heat is5 o'.tained
Ly friction in the second section of the extruder screw (fir. 21),

~r




It o3 wilthout sayias that tac extruder is (lsc Looted
S s as ordinarily used in injection noulding. low
introcuced in this way is only o fracticn of tlco

nceded. The third and finnl section of the extruder scrow collod
tering zone works as forwarding orian. ln extru.er 5. inn
ssure rnuap nay therefore ULe eliminatcd. The screw su;pl
a pressure of some 30 - 230 at..osnueres gauze to tie do ;
is one, metering Dy each revolution ¢f the tooth-wl.cels, rczus
xactly the sane anount of melt into the spinneret against a prc-surcz
of between 130 and 220 atrospheres. laximu: telerances in tlie a; cunt
oi relt dosed and lorwarded by the pump are litited to less tian
0.5 per cent. Tiis can only be safeyuarded if not only the spin 3
purps are aighly precise but also the driving gecar and the turnxh
spced of the metor drive. Anotler injportant coundition is a consoan®
teuperature level In the case of nylon 6 sninnin: terperatures rosn o
around zZ0C "C, in the case of aylon C.6 around Z8C “C. iipes,
and spinnerets rust all be held at this ter.perature level (fig.
Horeover tewnperatures iust be uniforwm from pump to purr and srinacrct
to spinneret. If several extru.ers are used to spin yarns of the o2
titre and if the yarn is to Le conbined in later operations into cns
faktrie, then ull the spinning points supplied by these extruders nu-t

be held at the same tempernture, Variatiens should not Le larger t..

1 -2 73, and this comlition is not casily fullilled. Larpger viriai:on
result in visible differences in dyestuff affinity and are only %o.uc»cg
wiile finishirns after the ;arr having been processed into knitted
falries. Zut CVﬁn il the tarperature is ncld constant ¢ifferencesy -
still develop insice the pires betvcen the inner and ocuter regicrs of
the strear, that can lead to unevenness in dyestuff affinity. .inZ
finally such unevenness may reselt from different snced of the ::lt.

It is therefore necessury that the path of the nelt le of enual ien o',
Th2 changes in dyestuff affinity are caused by post-polynerisation c¢f
the polyanice in the molten cendition which canrot be totally sup-
pressed. The welocules react with each other, the averape degree of
pelymerisation increases and in the case of polyamide € we find neuiy
created monomeric caprolactam. The extract, in a previous staze of
production dinirnished to about 1 per cent increases to 2 - 4 per cent
in the time taken by the melt to {low to the spinneret (fi:. _o‘
Lverything should therefore be done to keep post-polymerisation as

low as pos:sible and on equal levels. This is one of the main acvan-
tares of extruder spinning equipment,

tn ('

e D
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belt filtration and spinnerct

Lefore the melt is pressed through the spinnerct it is filtered onrcc
rore. nost careful filtration is one of the basic conditions to ot oa
suflicient yarn cleanness, i.c. the avoidance of sin-le 7il zent
vreaks during subsequent processing. .is the single filarncents are ver:
fine indced the slightest contanination may give rise to brcoks.

Such centaminations nced not necessarily be foreign natter but alsc
zel particles, suizll particles of unwolten matter or porticles

daraged Ly oxygen or heat. These particles will cuuse little neps in
the filarent calles 3,in flexes, followed by a neek in the filarent

- 16 -




cross-section., At this point the {ilarent Lrealis under processing
loads. Filtration therefore requires utrost care and many differcat
apparatus were devised for the purpese. Some producers press the

nolyamide nielt through sand filters, censisting in shifts of
different_granular size, others use wire screens with 10 - 20,C3:
reshes/cri . Latest developments include sinter metal filters.

The spinnerat plate has as rany holes as the rarn has single filav---

ihe holes have diameters of uetween 270 and SGO/um.

Formation znd wirding-up of the filauents

As it passes the holes of the spinneret and is formed into thin
the freshly spun yarn is cooled down in an airstream. Again car
Le taken to have uniform conditions at 2ll spinning points. The ¢
strean should siow as few disturburnces as possible, cause as litile
roverent in the yarn as possible and move in an uniform stream als

he filarcent. Room tenperatvre is reached durinz; the last wirt of ‘E‘
blowbox where the yarn is allowed to foll fre2ly to the point wiers
it is wecund onto spools. uuring this part of the yarn path the i
should be guarded against centact with other bodies to avoid prei:.
damage. lefore the yarn is allowed to tcuch unon another surface iz
reccives a protective finish. It then passes over godets and reac’ s
tlic take-up spool.

Yoderr vinding speeds rangze between 1,00C and 1,500 r/nin for n; 1~
while nylon G.6 is gecnerally wound up at speccds of less than 1,070 -
cxtrusion of the melt through the spinnerst is only a fractioen of tih:
winding speed. Cn its way from the spinneret to the take-up roll 10~
filawent undergoes arastic changes which have a deepreaching inil:

on its final processing properties and physical characteristics.

Tl.e difference between extrusion speed at the spinneret and the wi i,
spced at the sponl governs the titre of the resulting yarn. It i:
therefore necessary to carry out spooling and drawing-off

via the godets with at least the same arount of precision as the
forwarding of the melt through the spinning puups (fig. 24).

As the winding-up speed is about 30 - 3C times higher than the cxi:
specd of the melt, the yarn as it coagnlates is subjected to hish
tcrsion loads. These forces act especially at those places whore s
varn is still rclatively plastic and exert decisive influences o L7
orientation of the molecules parnllel to the filarent axis wi.ich
increases cristallisation. Close control of this process is ir-tiru-
tientidl in chtaining good drawingy projertics,

winding devices have been develoned in many types and shapes. In
tlic yarn passes one or two rodets which apply a spin [injn, Lher

a rair of talie-urn rodets which forwerd the yorate the wivd ot ame o,
Carp takinneup 5ocen is obtiined by (riction={Iriving oi .. 1.~

{nc vieding arrangement may tehe up as uany as 4 spinnin: spocis oo
wind up o threads in one oreration (£i~. 25 and 23), ie 1arn pach ..«
is built up Ly a traverse wotion of thread uvides or reeved rolicrss

Ao traverse =need of 260 - 770 ceyeles, o dn,

el ol raccives upy te (0 or rore o 0l yorn.
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2 oin=finish

s the yorn ajzinst davas
2.8.,0., at the sarie time protectins these devices a-cinzt
the yarn. it i. easily understood that a yarn containing su
narticles az TiC, is liable to cut into a surface over whi
drawvn at hich  sPeed over lon periodGs of tire. iherelore tic N

recuires smcotning, and this is generally achieved by arplienti
ol a ninerzl oil. Textile yarns beins poor electric con.ucters 4o
tend to rererate static charjes throurh friction against o+er ULelios.
and that may severely ’lbturb later ojerations. for this reason
antistatic is added to the spin-fanish. Cn the other haond thiz 5nd
raast be easily rciovable in subzejuent operations. ihis re.uires
addition of a wetting agent which facilitates cmulsifyins of the of
in the sccurin: treatreent. in:d all tlese various substances i.ust o

compatible with each other znd nust be easily applied. The rixture
ust have low viscosity to reiduce yarn fricticn, it rust zlso be of
low volatility in order not to evaporate too auickly from the lar-e
surface. These are rcquireccents wany of which are contradictory ang
difficult to harronise,

{ie srin-finish applied to the yarn at this sta-c serves s
-> & - M -~
.~ 1% [

poe

Ur to a gzeneral dezree polyanide is o hyzroscopic subst-nece whicslh € :1.c
to establish eruilibriun with the roisture content of “ts anbient
mediun. Later imbibition results in a certain swelling of the roray,

anG noreover the water azts as a cristallisation catalyst con the
molecules which forn the materinl, .is these are nuinly arranged in z
parallel cirection te the fitre axis and as cristallisaticn furtlior
prorotes this parallel ordentatinong water iwbibition resnlts in oo
lengthening of the yarn. This in turn may weaken packaze stabilis-.

In order to wind larce yuorn puclrazes such yarn crowth rust Se aveilod.
Yor this purjose two ways .rc uscod. A certoin arount of waser is
aprlied to the yarn to allow absorption and growth belore the rarn

is talen up on the spool. loistening of the yarn can be carried cus
with the help of a wetting ;o0det or, as is the rmeneral rractice naig,

by applying the spin-finish in form of an aquecus enulsicn. Cure chuld
however be taken to remove excess water from the yarn surfice lef:

the outer wrap on the pociaze is covered by the next rara layer. - .:-
ray ve achieved by keering relative hunidity in the suoolin: area so
lew that rapid evaporation takes place., The atiospheric zonditions in
the Spooling area arc one of the liriting factors on spinning speeod.

u21r-bren“s

It s0ometimes may happen that the thread breaks while it is S .un.
srequency of this incident is a pointer to uality. opin-breaks nay
cccur for many reasons and in each case the causes nust e c.relaily
traced,

Jirst we distinpuish between truc oreaks occurring ncar the spinneret,
¢ 30=culled winding breaks. Spin-breaks may occur if the inter-
facial relationship bLetween jolyaride melt and spinneret surface is

[

visiurbed, i.e. when the psliadde ternis to wet the s caorret sur Tacc.
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corrociive .easure is the tireainent of tihe spinneret cuv ™ oco it
Lo, urdLacnic agent such as snray-on silicone. ...is jretcctive Luver
rust be rerewed from time to tirme, and with great care. Kesidual z=lt
ana soil :ust ke carelfully reroved [reowm the spinncret surisce Loice

the new silicene film is applied. Vinding dreniis nuy be caused L7
daiazed yarn guides, insuf{ficient finish asplication, spin-f1

in the freshly spun yarn etc.

c
ex

ml:

It should also be emphasised that the processing properties of the
yarn in suvse-uent stages are very much dependent on the carefui
handling of thk-. spin-spools during doffing.

Jraw-twisting

General
As it comes from the spinning machine the yarn is not yet ready fo-
textile purposcs. It recuires drawing to obtain its desirable tuxti.c
pronertices. epenainT on the end-use the yarn is stretched to
2,5 = 5 times its initial length whereby yarn thickness is propor-
tionally reduced, such reduvcticn in yarn thiclkness is no gradual
procesa but ressults from the rather sudden formation of a necik in thce
Yarn at a certain point wirich roves over the length of the yarn. At
this point heat is generated which allows greater nobility of the
molcecules to arrange thensclves parallel to the fibre axis (fig. 27)
wiaich results in a marked increase in fibre strength. In terns of
textile characteristics this gives an increase in breaking strensth
wvhile elongation at breal: is reduced. lroper selection of thc urawing
ratio is a decisive fictor for the Guality of the Zinished article,
For textile uses a drawing ration of about 1 : 3 is preferrcd as
furtihcer textile processing applics loads which require a certain
vegree of elasticity in the yarn. For industrial uses a higher ratio
of 1 : 5 is generally uscd as strength in this case is a more injor-
tant consideration than elongation.

drbicnt conditicns and running properties

In the spirning room the yarn packazes must be relatively hard to
give sufficient stability for high-speed winding. Feeding to the
drawing machine, however, reauires easy unwinding properties and
Lence a soft pachage. This is obtained by exploiting the hy.ros-
coyicity of the polyamide, i.e. by exposing the spools belore Crawing
to an atmosphere of higher hunidity. While spooling was done at*

3G = 4C per cent rel. humidity, conditioning is carried out .t

60 - 70 per cent rcl. hum. for several Lours, Luring this period

tie yarn absorbs noisture which causes swelling, rore cristnllis cion
an¢ hence some lengthening of the yarn, resulting in a softcer @ rn
package. The yarn is then unwound overhead from the packaze and fod
via tensioning device to the feeder arrangement of the drawing
machine., Textile yarns are generally treated on machines equipped
vith a supply roll/wrescure roll arrangement, while anrons and

other systers nay also be used.




Jrawing

at the feceder arrangement the yarn is fixed by being wrap-eé 3 - & ¢
arcund the pressure roll (fig. 23). Then it is led to the aravin-s
where another 3 - ¢ wraps scrve as a sccond fixing roint, The g"l B

turns at a higher circumferential speed than the feed rolls ane - -1
takes place between these two fixed points. Additional devices < - «»
rmust help in the process, e.g. by arranging drawing pins beneat] .

fced rolls to control the point of stretching (fig. 29). Sorcti:

i1t is nccessary to heat these pins, especially in the case cf «

of thick capiilaries and for higl drawvwin:; ratios. Draw wing speed Lo
has an influence as higher snceds facilitate the process, probubl-
the greater heat which is generated in the yarn. Textile yarns are
generally drawn at speeds between 8C0 and 13CO r/nin.

Tan1nf-u2

Qra\lna pirn

|H

i.ost of the draw-twisting machines being cffered to the traie a
based oa the grincinle of ¢ ring twisting rachine where the y.ro
wound onto rirns with the help of ring twisting spindles. In the
courze of time the size of these pirns has increcased and now reac ~=
up to 10 - =0 e for textile yvarns, holdins pachages of 3 N oo
¥rom the drawing zone the yarn is passed throu;l: the traveller ard
deposited on the pirn (fig. 23) wiich is placed on a spindle tur«i-
at 7,0C0 to 10,0C0 rpr. The traveller is a2 freely movable attacir.-
to the ring le“d to the rail which roves up and down while dejos?
he yarn on the packare (firn. 30, 31 and 72), It is not cany {o
dvncrxnc the winding process in a few siwple vorids, The revolu’ i
of the srindle cause the winlingz up of the yarn. A balloon iz tow,
during the procoss whieh carrics the traveller with it. The aw.ioc -
of wraps added per minute is a function of the difference betweooer
spindle revolutions and traveller revolutions. The traveller reac -
quite impressive speeds which depend on the ratio between 10 an:
(fig. 33). Such high specds cause the traveller to wear off rividl,
and of course the rings too. This nlaces an upner limit ¢ machin~
speced, lligher traveller spced means higher yarn tension in the I:-:
Fer thu first few wraps tension is adjusted to 1 - 2 g and iner:-
with growing package diameter to 10, 12 and more grams, ligher i~ in
tansions on the outer yarn layers as conmpared with the inner lojens,
a serious disadvantage and damage the yar'n. In recent tinmes ef oru:
are therefore being made to devise a spindle programming s:sten w <o
recuces the numder of spindle rev-lu* ons in tune with zrovins i«
Ciareter and thus holds yarn tension constant (fig. 34). .t “he =
tice traveller speed is also held more or less constant. All thes
it nroverents add to the coxt of the nachine,

ol

b3
~
iv

PN

$v

s2,esition of the thread on the package surface can be varind virs

A '

CJA“ﬁCS in the main and side traverse motion of the rail, .2 ..nend

¢l the rail nay also be varied arnd there i:5 the pensibiiit;y ot dvtr ..
«.cinm reverdsed aceeleration, In Lhis wvay o nvnhoer of il 0t
of pirn paciages can Le wound {fiz. 05, € an’ 7). e 5;? of

pechaze  closen in cach individuni case (¢ Crencs o on a nbet ol cors .
erationz sucii a3 uawindin- in subsenuent arsin:, Aexturic .




4.6

In an effort to achieve i Lher drawirg sneeds ond larger yarna puck-
azes new machines were devised which are very sinilar in their
fceding and drawing parts to the conventional draw-tvisting machine.
ifter dravinsg the yarn is rathered on spools sorewhat sirilar to
sninapnin: srocls and arran-ea for friction drivins, In %hio vay on

a

c
i

o
i-wound beblin is produced ontc which the yara is deposited vi:
slotted drum (fig. 3S). Tuis arrangerent allows winding of packazes

Jetween 5 and 12 kg, Draving speeds range from 1,200 to 2,C00 w/rnir
but in this case the Yarn is only wound up and not given any twist.

Additional processing
Drawing rmay be combined with otlher rarn treatments inserted between
the drawir: zone and the Yarn take-up. The yarn may e.5. e heat-sct
or pre-sihrunk by leadinz it ever a heated plate or pgodet (figs., 35
and 40). The treatment ray also include crimping by suitable attich-
aents such as tooth-gears. The filanents may moreover be tangled in
a stream of air which gives better adhesion of the single filaments.
adjusting the spindle revolutions and the running speed of the yzrn
it s possible on the draw-twisting mnachine to vary the nunber of
turns per netre.

zarn breais during draving

drawing can be interrupted by yarn breaks. Their frequency is a
decisive pointer to yarn quality. lony fauils wiich arise during
warping, kritting ang texturing show a dirccet rclations!:ip with the
nurter of breaks during ¢rawing., It is therciore very innortaat tlat
the causes for brealss durins draving be carefully traced and cor-
rected in orier to reduce their number. ouch causes nay Le lound vat
back during solymerisation or spinaing, e.5. therral or oX)Yren
cegradatien of the »olyuer, contariination, irrcszular particle size

of the Julling agent, irproner temperatures during spinnirz, roor
spianing svosl Suildeupn, insufficient control of spinnin: and Cravin -
conditions cte, .ind there are purely tecknic:al shortcouinss such as
daraszd yarn suides on the spirning and drawin: rachines, wrons tIpe
ol surface finish on godets and guides etc. Texture and finish of
suriaces, the thread runs over, and of the thread itseclf, both
rez.ried in dcrosicopic scale are very inmportant factors in &
ari’e yarn production, wiality results depend on a well-closer
balance between grain depth, carryings surface, hardness etc. T.ece
~ust be adjustec to the type of spin-finish which forus an intce=
meGiate layer betwveen the surfiace of the machine clement und the
yarn.

~ttention to the frejucney of draving breaks, their distriboiion

cver the feeding, drawing and taliing-up sections of the rac.ine

<. anot ue owvereinhasized. lore often than breakin< 2ltor~ether the
ilaznent varns suffer sinsle Jilarent breals, ond this Li-oens

UL L0 blies nore ofton thun total yarn breslin, In sul eauent ,ro-

.
Cloddsneh nnovaraian; the. e lose sincle filanent enas are nusiicd up
Lhoorarn axis whew the yorn Jrsscs recds and tension devieces and
Chnla parn breoln ol ence or o Viier tu e andtting machine, e {urthoar

auviaineed the trect.ent cusis - wijen brealis oecenr, the nor- eXyernive
| O 1OCG e ‘ .

1



5.1

5.2

When the yarn breaks on the drawing machine the lcse eni wraps
around the machine element immeciately bafore the place of birocxir -
These wraps led casily to fibre fly which may be caught by tb
runaning threads, forming fibre fly-fluffs.This tvpe forms @ goos ¢
of the total fluff number, Fly is a very common cause of proze isrn s
difficulties in subsequent operations. Utmost care ancd poinstolic -
cleanness are the only remedies against this hazard,

Latest developments

The question will arise whether it is no. possible to combinz viiyi>:
stages of yarn production into one operation in order to get mc.-:
continuity into the process. Efforts have been and are being »:icz.

Vacuum extruders

It would be an advantage to be able to spin the polyamide right
after polymerisation without the necessity to cool, cut,extiuc:.
dry and remelt it. Efforts have repeatedly been made but the n:atiu
difficulty is the fact that polymerisation in crder to give yoo-
polymer quality must be carried out continuously over long p:r..o:ife
of time under maintained conditions of throughput. Freguent chi-.
in production following changes in demand - o.g. different titreos,
tonnages etc, - are a big obstacle for the introduction of this=
principle and it is goud practice to build up a buffer amount o
chips between the stages of polymerisation and spinning. Where
staple fibres are produced things are somewhat different and it

is in fact possible to directly spin the polymer. In the case of
nylon 6 we still have the problem of extraction, For this purpc:
machine builders devised the so - called vacuum extruder which

is equipped in the melting zone with facilities to expose the pnlv -
to so much underpressure that volatile substances such as menorner:i.
caprolactam and water are removed from the melt., These machiacs
would indeed allow filament yarns to be spun directly without
intermediate extracting and drying ¢f the chips. So far, howoves.
this method is only rarely used,

Another question raised in connection with rationalization cifort:
was,whether it would be possible to combine the spinning and d»r . wir
on one machine thus saving much manuel work. The problem is
aggravated by the fact that very high winding-up speeds would
necessary. If the present spinning speed of looo or 1200 is '2 o
maintained, the take-up speed for the stretched yarn would Lave <
be raised to 3 or 4000 m/min., Several manufacturers are oiff.-rin:
take-up devices which are capable of such high=speed oparatin .,

The spinning part of the machine, i.e, extruder, spinnerot oo
would remain unchanged. Massive acceleration of the yarn, ni.
leaves the spinneret at a speed of 20-30 m/min. exerts very nign
tensional forces which initiate progressive orientation of ti.:
molecules at a time when setting of the material has pro.resznd

to a high degrce of viscosity and elasticity is accordingly recuc-
At that point the filament is, however, not yet fully drawvn, ji'o-* -
stretching at a rate of 1:1.5 becomes necessary. This {yp~ ot high-
speed spinning at “"medium high speeds”was originclly developed o
polvester and only later transferred to polyamide becaus> condif .. -
with polyanide are much complicated by the tendency of this =t eri
to absorb moisture. A balance must bhe found betwenn lergtihening

of the filament dun to moisturc absortinsr by the warn «i il v
the spool (whose degree depends on pre-aricntation on hes one b
and the shrinking forces in the tonsely wveond yos-n, e ce Doy

P e peed by et sneeed b e oy e chbran et b
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The take-up devices supply x-wounsd bobbins with 2 nackage wcl
of up to 30 kg. Filaments from several spinning points can b¢
simultaneously wounc and an automatic tail can be provided whick
allows continudus opera* ‘ons in subsequent processing steps.

The latest machine developments even provide for automatic bcin'-
replacement. Investment requirements are rather high.

In addition to the complicated winding mechanismus the p-ocess
requires stop motion devices which would automatically cut a
broken filament and suck off the free end. Finishes cz2n no lcng =
be applied by rollers but must be precisely dosed by dosing punr:s.

The new process not only offers the advantage of doing away w.:ii
subsequent work (and wage) absorbing separate drawing, it ais<
results in higher spinning output of the machines whose extrus:z »
rate per point and minute would be higher than with regular
spinning; and finally power consumption can be cut by some 20 .

The additional spinning output is, of course, not 400 % as migh:

be assumed at first glance, but only 25 % depending on the

degree of forceda pre-orientation. The resulting filament, on th--
other hand, is more sensitive, the tendency to spinning breaks will
iacrease and still bigher demands imust be put to the quality of
polymer while the build-up of stable packages with easy unwindin_:
properties will become more difficult,

In view of their relatively nigh residual elongation these filc:::.
are not suitable for textile processing as flat yarns, e.g. on
knitting machines. They would, on tne other hand,bEe well suited

for texturing,where the drawing-texturing method allows post-
drawing and texturing in one operation. In this area the high-sp o}
spinning method is already beeing widely used.

Regular yarns, however, require to be fully drawn and to get :!.-
post -drawing must be offected beforc winding, This operation iy’
be entrusted tc take-off godets which would to be arranged as f:-:
points, simil2r to the drawing godets on drawing machines,revolvin:
at a speed diiferen*ial adjusted to the required drawing ratio.

In view of the very high yarn speed the drawing procass is adv.r-
ously facilitated by the supply of heat,possibly via heated goo '
Being another addition to the equipment this makes the process ., r:
more complicated and expensive, reducing profitability virtualiv
to nil. This would be one 2f the reasons why the polyamide yar:.
the knitting trade are practically without exception made aftcr
the conventional spinning method,

It is thinkable that further increases in spinning speed mich:
result in a yarn which requircs no more post-drawing.Machincs o
purpose have already been built - at least for experimental
purposes ~ to run at speed as high as 8000 m/min.(Fig.41-45)

The yarns so produced, however, still posess a sizeablec amount -
residual elongation and ~annot yet be regarded as fully stretcih -
filaments.




5.3

The polyamides nylon 6 and nylon 6.6 have proved to be highly
valuable textile materials which cffer many advantages. But thore
are also some disadvantages such as flammab:lity, poor moistur:
dissipation or the tendency to bnild up electrostatic charges.

To cake the latter, it may cause scme difficulties in the clothing
field. Clinging and riding up could perhaps be tolerated in thae
light of other advantages. Bu* in the case of carpets and
upholsteries matters are more sericus. For instance walking over

a larger distance on polyamide carpeting may result in electric
shocks when metal doorhandles are touchad, and these shocks ruy

be quite painful. It is high time that new ways be explored to
eliminate these adverse properties in synthetic textiles. The

search for suitable antistatics has made good progress during rccent
times and various yarn producers, of which Enka Glanzstoff was

the first - are now offering textile and carpet yarns vith a curzktle
antistatic finish. In clothing textiles this is even coupled with
improved moisture absorption. The new generation of polyamid tex:tiles
gives much imrroved wearing comfort. The yarns are made antistat:ic
by adding small amcunts of certain substances to the polyainide

which increase its electric conductivity and thereby reduce static
generation. Suitable additives are already being offered by a nurter
of manufacturers.

Raw material recycling -
Protection of the environment

In all technical processes it is new necessary to consider possitle
pollution and how to avoid it. In the case of polyamide productiocn
conditions are rather favourable.Beirg a melt spinning process we
nezd no solutions and therfore need not dispose of polluted wastc
water,.Larger amounts of water are required for extraction of the
polymide 6 chips, but this water is recirculated to evaporating
plants, cleaned and reused. All vessels containing caprolactam or
nylon salt are tightly closed to avoid contamination with foreign
substances, particularly oxygen, and none of these substances cver
gets into the waste water. The one axception is the wate., used for
clearing the vessels,the cocling water for the head of :the column
and water for quenching the polymide noodles or tapes. Both
caprolac*tam and nylon salt are easily degraded by biological pro_es::
and any small amount slipping into the waste is easily degraded,
Moreover they are readily soluble in water and scarcely affect tn:
water surface tension. Yarn waste is always reclaimed and reused,
Hydrclysis in an acid medium is used to crack the macromolec.les and

- to recla’m the monomer. It may therefore be rightly said that the

production of polyamides is a loo per cent safe process as far as
pollution of the convironment is concerned.
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