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by Dr. r~r. na t .Di pl -Che:n. l!,.,r~r.·.1~ Steffens 

(LecLurE> hold during the Unido fraining Prograrr.r.1e on Synthetic ,- 1 

in Vienr:a, 1978) 

Following a short survey of the eccno~ic development and the present 
posi-=:ion of the polyc;;iides on the \,•crld narket this paper describes 
the production of polyamid~ fila~ents for tex~ile and industrial pur
poses. Practical us~s are dominated by nylon 6 and nylon 6.f while 
ot~~r veriatiors of this fi~rc fanily play a very secontlary r~le. 
:~in e~phasis is laid on the practical side of ~yl0n technolo~y. 
Fhysi=al and chc~ic1l theories are only included in as far ~F they 
are r.P.C€SSary fer t~e general unrlerstanding of the production 
techni:;.ue. -----Th~ st~rting ~a~~ri1l £-caprolact2~. a conorner? is generally poly-
~~:is~J in a c0ntin~c~s proce~s to :ive polyacide 6 w~ile the Al: or 
r~!on salt for rylr1 L.6 prod~c~icr is polycondcnsnt~d by discontin
t.r·:··~ r,;(·thor:s •. 111.\ition of 6t'1i:i.i.L~<:r:c::, dullinr; a~cr.ts and other :c;uh
st·;n~~!- ha~ .i riar!..0tl influcn~~ t''l the physical arl'l ch-~i.iical p:-C1.i'crtics. 
Th~ rolym~r chips are flash dried under a protective gLs (in the case 
of pclya~ide 6 dryln~ is preceded ~y extracticn'~ 

Th~ w.elt spinning ~~ccess uses a grid or extrud2r for the form~tion of 
~~c fil~~en~s. This melt may ~lso be enrichPd ~i~~ additives such as 
rcrm;l!'l'llf antist:1:i:s. The q;.iality ('f the final filamer.ts is very t:l\.!Ch 

i~fluenced by unifo~ra rn~ltin~, ucif0r~ tc~~erntarcs frC1rn spinn~r~t tL 
:;·,in~·-:-rr.:t and L1,, .sf1ortcnt ~o:·~;.:,;_,! Ju•·•d.ion o~· the, molten con.,iti(>I•. 
~··;.!r~~1i::r jrif.iu~r.!;1al !.·;:.(.f.cr0 a·~c :a:-i~.j'.1 1; '-'.O;;clitions fer the fr~::.·,1y-::-::•t;:' 
!il.lm(nts, ~onst~nt windi~; c0n~it~~~~, uniform finish applicati~n a~d 
n;.·i2tenin~, an\! t!H~ prope-r finish r.iixtnre. 

Tl.~ ~olya~itle f~la~~nt~ o~tcin their. wrll-kn~wn strength properties 
only by ~ dr~~in~ procP~s in ~hich they are - either cold or hot -
5t:·etched t<' ::;.l;o1.:t -r.hree tir.:e::-· t:~eir c.ri;;inal l~nt;th. Depending ~r. 

furth<>.r pro.::e.::sf.n;:; ·~h~ :tilJr.:C'rd;:; at·.'.! then "·our.rl onto pirns or clr:iw-win· 
bc•fJi>in::.:. ;.1crki;-.; ~:·-::t::•iqu,-;:·s tlnd ~-.,; -t~st.akin; o..ttcrition durin;; this 
opcrnti"n ar~ dc-;;i.:;:".•:e fo;- t~e r:.1,11Hn5 propPrtie~ of the yarns durin~ 
suc:,;~q-. .. ~nt proc., ~~ ~'"G• 

Crawin: mar be ~o~tined vith ~th~/ treat~cnts s~ch as pres~rin~in~, 
cri~pin~, textur~ns or th~ like. 

?-:odcrn :i.-.,cc-c=:;i;;..:;. c.-:-•1bin!" s_p.i.r1nini; and dra•dnc; in one sir.c;le orcr~ti , ... 
i.e. ty spin-dr~v-~~ndl~~ cr high-speed s~inninc. 

·;~~te ~~y b~ dtpolymcristd an~ re-u~ed simil~r to reclaimed ~nd 
·~~~~"tr~t~a ~ono~er by rLnewcd ~~ly~crisation antl spinning, $r 

~· l.y:11-:ic:!C": ·)jCra ~1ons scr..rce!y arc a 1.;urclen on the envi;-e;:w~nt. 
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1. Introduction 

Tile rroducti0n of natural textile fibres rcr1uircs the use of ac_:ri
Ctil tural acrea~cs, also in the case of wool and silk. In t:-.c f<.ct 
of a growinG \iorld ro;rnlation acrca:;e availaule for such a:;ri-::::l
tural purposes ~ets ever sm;:ller w~ilc at the sa~e ti~e t~e de~a~~ 
for textile fibres increases. fhe developr.ient of semi-synthetic fi~i- · 
on the basis of cellulose, initiated early in this century, tras :.':c 
first step towards the solut_; nn ::,f a ;;roLlem er.1er:;ing at t!~e l:ori:-~:
but this still requires natural resources as a startin~ ~aterial. 
~'- true breakthrouc;h \tas ac!1icved by the invention of the !;~·nti,.:·ti-:: - , 
of t·:hich the polyar.:it:cs were ones the first to be ma<le and used. -~· :.? 

textile .filar.cnt on t;1e ba.sis o: nylon 0.G Kas rroduccd in t:1e '!ii - -- . 
:::itatl's in 1005. The uolyn:eriFation an1l spinnin:; of nylon G h:ipncn•: .. ' 
the first tir::e in Gerr.iany in 1039. Fi.;. 1 illustrates the incre:,;~c 
~-n textile filament \·t0rld pro..;uction since 1!.:CO. ~ihile pro<.iucticn c_· 
wool could be increa.sc<l onl;-;· i>y a r.•lrrinal ncount, cotton pro1:uct i• ;, 
shows quite h:pressi vc :;a ins. In 1 n10 WC have the first tl!an-uadc 
fibres ir. any mentionable r:uantitics. I·roc.luction of fully .:;yne.ctic 
r:;aterial,;. :;ot on strca:-:1 or:ly after the .';econ<~ 1iorld ·.;ar anc; waG si:.cc 
t~en increased by leaps anJ ~ounds, and in our days the synt!1dtic~ 
ah:c.sf: riv:ll cotton production. 1,ut it is not only the world ;iop·.l
lation which s:1ovs incrcas<"s, al~o per c:tpita conia11:1ption !1a:; inc:·· 
enorr.iously as n:1own hy our next illu:-d.ration Cr4;.~). The circlc-!-~ :·: 
per capita den:and for tl;xtilcs. The white area ~ivcs the.sha1·c 
of synthetics. ~oday nlrnost half of the textile fibres are synthetic. 
Fig. 3 gives a breakdo~n of the synthetics anJ their share i.1 tot~~ 
textile fibre s~pplics. In 1962 the ccllulosics still provided t~t 
lion's share of some 70 per cent, but since then prodcction of vi c· · 
yarns wa~ not markedly increased. ~:eanwhile the amount of polyani :~ '~ 
fibres has increased four times and itself has been overtaken ~r 
1iolyester. 

~here arc these aynthetic fibres made? the anGwcr is provided L!· 
fi;. 4: approxi:nately one tl1ird of synthetic fibre production i~, 
si tuntcd in the United .itatcs, a further t:iir1.l in We.stern Luro;~c 
ono fi!th in Japan while the rest of tl1c world contributes cnly 
!0 ;ier ~ent. 

In a previous paper IJy ~r. !.r;~.::;sif; you learned ,"\bout the c:\c:r; i:. 
co;;i!>Os i ti on ar.d nomenclature of the polyamides. Fract ic~l u~'t? :.,; 
or.ly bcin:; ri."\de of poly;.ir.iides G and G.G, to roor.1c lir.:itcr! cx1.c;.! 
aluo polya~ides 11 and 12 known under the name !!ilsan. ~o ~c ~-·• 
rc~trict o~~ considerations to types 6 and G.G (fi~. J). 



2. iolv:·cris~ti0n 

2.1 Genera~ 

~asically the polyami~es are all nJde accor<ling to the sane metho~. !r 
assur.;c we ha\"e the n:onomcric startinG n:•tt~ri<ll. Fig. 6 is nn ill::r,, ··· 
oi t:1e pro~uction stag;es. T!1c startin~ r:iatcrial i~-. polyr.:erisecl or 
condensated at ter.iper<?.tures between 260 and 290 °c. 'f!:is :::ay be dc:1~ 
either continuously or discontinuously, i.e. in sc~arate batches. i.: 
resul tine; poly:r.erisate is extruC.eu in tape or noodl:~ form ancl r~ :.:ew;; · 
with cold water, chopped into chips and then ready fcr the spincinr 
operation proper. The chips are molten again and transpor~cd via to0:. 
i;:car pumps thrcugh the &pinnerets. The 260 °c hot r.:elt is exposed L• • 

.streaCl of cold air, hmen?d i:i.to fil;:.r.;ent forn and is '~oun:! on a :::.: _.,_ 
To dist~:1ct it from production uethods using a S?i~ning solution ~- _ 
method is called melt-spinning. T~is r..:.iy look rather sir.:plc but t·:·:··. 
are a number of ~roblcr;:s w1.ich r:aust be consiclered. Fir.st th<: r~ol t.<>:: 

polyamide is very sensitive to oxy~en. All operations cust, thcrcior ·. 
be carried out in a protective mediuo. TPis is benerally pure r.itrG. 
(with an oxi;;cP. ~on tent of less than 0.003 ·,~}, or steau (free of OY~ : · 

of course). ~ylcn 6 has cert~i~ advantaces over nylon 6.G. Its ~elt~ 
point is lower (approx. ~20 °c) and it is l~ss sensitive to thcr~~! 
influences so that it may be transported tl1rotigh a piping systc~ i~ 
the colten con<lition. ~ylon 6.G, on the otlicr hanJ, starts neltin-
at ~G!i 0 c, is rather sensitive a~:~in.st te1.i_pcrat.ure influences <?.ml 
would fore deposits of cracked substances on the walls of the rip~· 
\.,l1ich in the course cf tiri:c t;row in t!lickness and st<:.rt releasir.c 
sr.:all particles ¥hich cont:H:iinate the 1::elt. Tller;e clifferc11ce.s :1r.d 
others resulted in qui~e different production and processin~ e11yi:: 
and methods. 

Let us first look at the protluction of nylon G. The startinG ~atcr~· 
is £-caprolactam, :....uriplied in bags or drums as white cristals whic~ 
melt nt 68 °c. In ra0lting vessels heated with hot water or 
steam these cristals are raelted under constant stirring at the le: . 
possible te1.;pcraturc cf 70 - GO 

0 c and 'Jndcr a blanket of protect.'·; 
gns. This process requires 29 kcal of ~elting heat per ~S ca,rol~ct 
The sar.ie ni;;ount of cnerr;Y was Leforehand e. !.rnctcd by the rro.:..:c'r 
cause t!1e r.nteri<~l to c:w.nc;e into the solid condition. It L> of r' ·T-. 

1:.1:c:1 cht?apcr to cut out solidification altc;-;ether and ship the l.:c ·. 
as a l iqui<l. The leading lactam pro,:uccrs hnve ther£fore S\-:i tc:.( · 
to he.::.tcd tan:rnr vc!d.cles which trans, ort the r.:atcrial at a. tt:•: ;' 
c;f about H;0°C under a nitro:_en hl.-.n:,ct by r<;.il or roa<l. T!a:~ 1.1·.-:. ·•• 

~:!1 ips for tac r,urr,osc. ,\t the r,u:;to;:ier 's plant these vcs:-:t· l :; ,, .. _; t 

c;·.riticd \·:ith t.he rc:-.uirec! caution, preferal>ly into a sr-ccL~l rr·~;i ~-. 

t:.r:'.; (fir;. 7). :.t t'ii:; stn·_:-c snnplcs arc drnwn fron t:1':! Ii '..i:~ 
'.•:.:3t:Hl :it the l:i'Jf''"•' tory • .'1s the li~1uid runs out of tl:c· t;i: '. v· · 
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t:1c -..o.:1;i:!C r.:.;t jc refilled ~.-ith nitrosen. If tcstin!~. •'t t'.:~ :~.Jo

r;, tory rro\·cs t:ie 1 i-1uid to cc:.;ply with t!1c st;~nuar~!::; it i :; ;:.: ~ :::~ 

ov~r to t;1c custoncr 1 s stor.a~·c tanks '.:l:icl:, lii~c .:ill st:!;.sc·::er!t 
v~sscls, arc stcar.:-hcatcd to ~·no - 10.0 °c. i"olyr.:cris.:i.tic·;; cf tl:c 
c<q.rolact.-:.:;i into nylon G tociny is carried c.ut in c:oc'.crn c•~~ip::.e:"1t 

h.r continuous Oileration in <! .so-callc~ Vh.-colw.m. r;.L. ;;:ctl:oc:l w:1.· 

developed in Gcrc~ny in 10~0. 

Defore we can look at the technical side of the process we ~ust so 
back to its cherdstry. C.:ir:rol.'.lcto.n can be :rnlyr::erised into ~ioly;:r:. _:c 6 
by different methods. iie ;;:ust distinGuish bct·.;cen hycrolytic ;•ol::;:cri
sation, polyaddition, cationic poly~crisation and alkaline poly~cri
satioL. These different processes show, of course, widely varyin~ 
kinetics. Their comnon feature is the rroduction of a certain tle:r~z 
of equilibriuffi in ~olecular weight distribution, i.e. the rroductic~ 
of a substance not r.;ade up of one uniform molecular l-:eir~ht Lut a wi•:e 
range of molecules of different sizes. The actual form of distri~~tion 
depends on quite a nu~bcr of influential factors. Be it only said t:.~t 

the technicdl side in this case is a mixture of hydr~lytic ~oly~crisnticn 
anJ Jlolyadu.Ltion. In the presence of a s1:1ail ar.:ount of "ater soi::c of 
tho lnctar.1 rin;",'3 :trc cracked which re-suit~ in :in e-ar;ii:o ca::ronic :1~'.ill. 

1'wo of those n1olectalcs ."\re aule to re:act wi t!1 each other so th.:i.t t~ic 

a~ino groups toGcther with the ~arboxylic croups of another ~oleculc 
co1:1bine into an acid amine. The chain so for~cd can add on and 
on. Thus we get a chenicnl equilibricm bct~cen caprol~ctn=, £-~r.i~o 
capronic aci1l and \.'atcr (fi;~. 10). T!:is is the reaction ;·:hie~ cr;·c..-;~ 
up the rin:. T!lcrc is a furt!1cr er1uiliUriur.~ possible ohtaincd via 
polycondensation, i.e. the equilibrium betueen the water co~tent, t!1e 
acid a~ide ~rou~3, the a~i~o end :roups an~ the carboxylic en~ ;rc~:2 
in the melt. Farallel to this reaction ue have polya(dition nnrl t'.:is 
c.ontrihutes the r.1~jor share of the chcr.1ical reaction. Th~ C<:;>robct.:.:: 
rin.; fixes itself by its acid ar.:i<le i;roup to one of the carboxylic 
end zrou;,is <:nll the rc>sult i::; a :-~ir,J of re:i.r.i1!.'.!t.ion. T:.is .·ivcs r~:_;\! 

to a third e;1uilibrium, nar.:ely cquilihriur.i uetlv'cen t!lc free ca~.ro!.:.c-t. ... :: 
ant! the ca;,rolactam bound by polymerisation. In !H'inciple nll the 
a~ino end zroups an<l all the carboxylic entl grou~s are ca~~~le of 
furt:lCr reaction. In order to control this procc::.s, to l i:d t a\'(:ra,:t: 
molecular weight and to stabilise the ~elt a st~biliser is ndde~ i~ 

the form of an acid whose carboxylic ~roups react with .sor.:e of t!!c 
ar:1ino groups to produce :rn acid a.11iclc anJ tliu.s block furt!1cr ;;ro\•t.it 
of the chain. '.i'hc most com~.;on stabilisers are acetic acid ar.L. 
hcnzoic acid. 

!~eaction S,!'Ced and po.c;ition of the cquilil,rium depend on tc:·; cr.::t:.:rt· 
(fiz. 11). 'l';:lilcs 1 and 2 (fiG• 12) show the order of the c,_uili,.·ii.;!'.'". 
constants and t:1c ir d~pcndence on tcr.:pcraturc; the position of tl:c 
eq11ilihriur.1 is controlled by the amount o.t water prcscr1t cit.:rir.~ t::c 
first stages (fig. 13). 

- . .) -
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T~c acid serves not only as a st;::.biliser Lut illso by ~issociaticn 
~s a c~t~lyst ~hie~ helrs to o;en the rin~s and nlloK the :cr~~tion 
of chains. In this way it serves a <loutlc function. Fi~. 11 illu~
tr.J.tcs t:1e influence of catal:;st conccr.tration on the aver;!: c ,:c:.:·-: l' 
of ;rnlyr::erisaticn. Th~ less catal:·st ~~e ~i::d, the slower is the rc:q~·.i · 

;::.nc.l the hi:;hcr the avcrac;c d<:::rec cf l1olyr::crisation at eciuiliL;·i;;'. 
'l''.1e a::oount of catalyst depends O!l the i:1tem!eu use of the ~wl:- :· 
~ hi~~er <lezrce of l·olyrnerisatio:1 at a ~ivcn t~r·perature rives 
~arkcdly incrcas~d aelt visc0sity an~ h~ncc ~orsc pu~raLility, ~Lt~ 

ar.u filter .tiroces.sin.;. io'or te:.:tile purposes the ncdiua r::.n~cs cf 
molecular wei:;hts are preferred while industrial uses require a 
ili(;her molecular weight. Ti1e equilibria show· that apart froi:: the 
~olymer there is also a cert~in resiGue of i;o~ocer and oli~o~er 
present which have lower ~olecular l>eiGhts. Their lnci<lcnce is, cf 
course, also <lct>endent on the wor~in;; te: .pera.turcs. ;.t e1e !lOr!:~l 

level of 2GO 
0 c a i:;onor.ieric co:-ttent of 10 - 11 i;er cent r:ay be 

ex;ected at equilibriu~. I::is is a serious disa<lvanta~e of nylc~ C 
co~parcd with nylon G.G, w~ich otherwise shows sicilar kinetics ~ut 
ii<'-:; <:. different position of the equilibrium, ar.d wit~1 nylon C.G ~:'.: 

cor!tent of lo-.f i.iolccular suTJstance is ne.zli~;ible. 

Let us revert to nylon G 11oly~cri~ntion. Defore polymerisation a 
prcdcter~ined acount of benzcic or acetic acid is dissolved in the 
ca:rrolactnrn (fie;. 7). T!1e cor.1rnon ratio is 0.1 - 0.2 r.!Ol acid/100 r·(>l 
C::l~>rolactar.:. 

T!1e ovcrricHnb consideration in all operations is painstakins clean
ness. :. sinr;lc nlicn molecule r.1::1.y cause the reacting chain to cr;:c· .• 
In polyami<lc operations we control poly1.;crisation at a relatively 
low degree. On the avera~e a ~olccule chain will be made up of so~~ 
200 rnono~er units. If there were 1 hostile molecule per 200 which 
cnus~s a c~ain to break, i.e. 0.5 mol-% of contacination, t!iis wou1~ 
rcc;ucc ti1c avt>ra~e r.io;.<.'Cttlar wci;~:it to 1CO. Gontnr.ination may 1;, • 

c::-:.:scd by i;olatile !.J;1scs \.-:lic:1 r..ask the carboxylic c;roups. 'l':1c;: c: :· 
l>c 0cneratcd by thcrr..al ~c~ra,;ation of the ca:r-rolncta~ cnciA t:1ci::-
11rcc.r::icc r.;u::.;t be closely ob::;;crve:<.l to k0cp it 1;n1'.cr 2 x 10-

1 1. ol/ ·'.' 
c;i J'rolacta1.1. 

~!1e cnrrolactarn plus the stahilisin~ additive is continuously r~~ 
to a filter device and the cohir.:n (fig. 8). These colulilns 1.,;~y h~ 
different in size but they ;;cncrally r.cnsure sor,1e 1•1 min lcr:1~t:1 tr; 

e:~ure s11fficicnt contact ti~e. Colu~n ~ia~cters range between 
1 and 1.5 rn and their capacities bct\feen 5 und 1::; tons. '.i.'rcat; r:nt 
t i1~c in the colur. n may tic vari<'d in \"fide 1 ir.ii ts .• n<l l!Ci!C:l,;;; <:\ 

tc~.; cratures so that one type of colurm r.:ay 1,ut through P.ui tC' 
different nn:ounts rnn;;inr; fror.i::; to Dome 20 tons per c.la;:·. J·iic colt:· ·1 

!!c1·J is cqi.:i1!ped with a heat exch;,nGcr \"/hich tr~n~fers hc:?t r;;.i'irll~· 

to the c~prolactarn to incre&l.sc its te11peraturc to ca. ~GC 0 c • .i'!~c 
coJ~!rm r.mst be .. catccl ov·.:r its entire len.:;t!l •.:ith c ..... reful t~r"!"C':';,~· :·::

cc•itrol at the rli!fcrent levels. "1'!1c ileatini; r:cGium is ;-;cn<'r.'.\lly 
d;.:-:1:11, the azeotro:r>iC hoilin~ 11i:xt1.1r~ of 1~ij:'.1c::::l an<~ !li;'! cn:;l ct::1;-:-- • 
.. s n :irotcctivi:' ~:1•1iit1::: nitro,:1.·n o·· r.;t·:· r.' ~:; in ct.--:<l nt. t!w :1c;:r! of 

- G -
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t~e colu~~. To~ether with t!1e benzoic acid an~ other substa~ccs 
~~;:ich r.:ay be added to the nel t for sir.;ul tanecus polyr.eri.s;>.tio:-: a 
c~rt:i.in ai::ount of \\'ater is injected. T':is ·.1.::i.tcr helps i;:~iti.:.tc t!:c 
fcrcation of ctains, bet later it ~ust ~~ain be refiloved to allo~ 
tiie prctlctcr:-:linec! colecular t:ei:;i1t to be obtainecl. The heat t:-u:;;:·· 
ferred fron the outside and that generated by c!:cnic~l re~ctio~ 
C:?.use t!1e r.:ixture in the colu:::n he<:.cl l<!1ic:1 consists of cai:rol:?.ct;u;, 
lcv ~olec~lar ~eight polyccr, ~~tcr etc. to boil. A distillation 
device collects and precipit~tes evaporating ca~rolactac and 
redirects it to the melt, thus eli~inating raost of the water a~ded 
previously. 

At the bottoa of the column the nylon 6 polymer is drawn off conti~u
ously by pu~ps and pressed in tnpe or ~oodle forn throur,h no~zlc~ 
into a bath of water in ortier to avoid de~radaticn by the oxlgcn i:: 
t:1e air. Then the matcri<:l is rec.: to a cutting t:achine \·:hich c!;or-s 
it into chips or :;ranules. Tl1 e quality of this cutting operatio:-i i.;:; 
~overnctl by uniform size of the Granules as the distribution o~ 
r;r:1;n sizes in turn ,:ovcrn::: t 1

1c flO\dn;: properties of the ;:;ran::lC': .• 
l: !'rOjH~r CUttin;; l.ia,Y f'rO,jllCC llfiC\'Cl1 Si.trf:tCCS "·hich ruh to:~ct~1C'r ~('. 
that liu.at 1.:ny be chafcci off hhich clcposit5 C.:urin~ .sulsequent orera
tion5, co~tar:inatcs the ~atcrial and disturb~ the process, partic~
larly rlurin; spinnins. 

2.24 !:.:xtr.!ction of low 1.:olccular l.1ntter 

Fcllowin~ the cuttin~ operation tI1e granules must be freed from 
cionor.:ers and oligomcr~. This operaticn r.tay be carried out either in 
bat~hc~ or in a continuous process. The chips arc filled into un 
extractor where a countcrstrca1:1 of hot water washes out low molccul;tr 
~atter. ~fterwar~s the chips are dried, also continuously or 
discontinuously. 

It .stan<ls to reason tl1nt the cxtr::ict is concentrated up to f 0 -
7C :-er cent by evaporation of the w;-.t<:r and later on recycl·.~. 

2.~G ,1ddi ti ves 

Ccforc we turn to the further steps of polyar.tide filar.tcnt productj0r. 
we shoul<l consider the prol>lcr.t of 11<.lJit.ivcs. Caprol:1cti!::: :ilnr:c:17.;-.. 
ar<' highly brilliant anti transp<:.rent. Textile:>, on the other bJ:-\r.', 

arc preferred to have i;oou covcrnGe - also in thin layers - ant'. :: 
brilliant sheen is allowed only in special caRcs. "iiiis :.~ca:;s: 'i:.ia: 
~olymcr riust be enric~c<l with a dullinG aGcnt. Titaniun di~xic'.~ i2 

tlic ac~ciitive. It rives :;ood covern:.~c and n fir.c cic;·rce of w:·iti:, 
it is i1i·;hly reflective, chc:::ic.'.\lly neutral, wj.ll not :·:ash 0~1~ •; 

is fast to light. The cher:iicnl inciuatry offers titaniur.1 u~~:c:.c.'c i~. 
r..nny different t)"pcs. i7 or the manJfacturc of textile f ila;.·e:-:1 ~ ·." ::( 
~·:lt~rial :.~ust be chc: .. ic;illy pure, k:ve uriiforr.1 particle si7,•_ ·· + 

lo~er size ranges and be readily dispe-sable. TiO., is offered iP 
t;:o :.odificcl versions: Anatns :\O•; ::ut.il. ~1util i:>'""!"'~0ne te> ·,f"l)c~d'"'. 
Lut ,";') rt-:r t!:an Ana t•1S w:.o:;c Jian!:i-.;;;s r.;;;y C:iu::c t!1c· fj :rn ·~ · . .,; to .::t:t 
i n to '"": '! i c! :.· ~ :" n d !' i t~ :-~ • T: ~ c :; ; . : o ~ ~ !1 '· r~ : ~: .1 i , ! : •. : n:; e :1 t i ~ ~', l ~ d t <1 t 1, t~ ; 1 ~ I f.. 
<!<';1cncl;..; <'n the intcr114cJ cn<l-u;;(' a1t(: \•e :1:1vc· sci:illt:ll, ;' 1111 i!lld dcc::
~·.:11 :··::irn•; wi.tl1 a Tio,., content or hct•.1ccn 0 ;tnd '.~ :iC'r ccr;t. 
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Cthcr yarn properties, too, cay be iniluenccd and controlled by 
additives. These inclu,~e li~ht stabilit:y ~n.J. thcr~al st~~i!ity. :-~~e 
net.ion of li~·;ht c:.:u::;cs d~i·.~:_~C tc C~c ::cly::! .. i;.iC fil<>s.(;:-.t!=, ;· .. :·~i....:::
l:~rl;r in t!~c pr.?sc::cc of 'i'iC,, • .l~~cir strcn~C1 i.s rc,'.::c0C:., t::c-:· 
bcco~e brittl~ and ycllcw. ~t~biliscrs arc selected aL.rn~ i~or:~~ic 
~nrl or~:'lilic ccr.-.rou?"',<~s • .lhc r..ost. i•O?td~r a;-i:c:it cor:tai:\S ::::!n_;:>.n i:::::-.s, 
scDetir..es copper is also UGcC:.. ~ince ions ;::ay l:as~1 out i:: t:-..c '::.:Lrs.:: 
o.r tir.!c, furt!1cr additives are used to prevent loss of ions C::.~ri:>6 

washing. All these auxiliaries are added to the c~~rolactao before 
polyr.:~risation ei tl1cr by injection into the colur.:n head or c!;.irin:; 
prcparin; batches. 

The a~ount added of each substance depends on the inten~cd cnd-csc 
of the yarn. Car,et or cr~olstery rarns for instance LUSt have Lech 
better li~ht stability thail clotl1ing textiles. There ~re, ~creovcr, 

still other ~c!ditivcs such as dyes •. i.nother possibility is t.o eye 
the chips after extraction, a-tl this process is often used. The 
prime re1uire1-·cnt is the· use of dyes \·;hi ch resist tc-r.:pcr:-. tu re r!c.::-r .1 • ._ti .... :: 

encountered during spinning. 

Before thl' i:r:t1111lt•1; arc 11~;cd for f;pin11in1~ they rc11uir'' c:1r•·ful 
drying". In our earlier consideration of che;?ical c::uililiria .-:c 
lcarr.ed that water ::i.ct.s as n C<ltalyst •. ;hen the chip~ arc ;..eltcd 
<lurin~ the subsc~ucnt s~innin~ operation the e~11ilibriu~ reac~ctl at 
~n earlier star,;e r.d~ht be disturb~d •• a thou:;h this cannot be r rcvc:r. tcJ. 
altogether it can be controlled within narrow limits hy elicin~tion er 
rcc;iJual r:;oisturc frorr: t!ic chirs. 'l''.lis can acain uc acliicvctl l.Jy 
continuous or discontinuous L-.ethoci.s. i:oclern p 1 ants use continuous 
processes (fig. 9). Z~ergin~ from the extraction colu~n the chips 
are continuously fed to a drier where resi<.lual wntcr i~ rer::ovcd; 
when they leave tt1c drier the ~oisture content is auch below 1 rer c~nt 
ancl in r.:ost cases uclow 0.1 per cent. !lryin~; tc1.:1erature varies 
between 120 and 1GO 

0 c and is coupled vith a certain extent of ~ost
polyrncrisatiGn. T~c drying ~c<liurn may be a 11cutral ~as, prefcra~ly 
nitrogen, but also super:1eated stear.1. The urying r..ediur.l is rccircu
l~tcd and freed from dust and water and re-heated to the required 
te::-,peraturc. r•'inally the chips are cooled to room temperature a~d 
filled into a storage tank. 

l olyconC.:<>nsation of nylon G.G is a very .sir..iL:r procc.,.s. '.;."l:c .::: .::: ic.
e:~uiliuriui:1 is governed by sir.:ilar consiclcrations. '•'lie st:\rt::~.:; 

ratcrinl in this case is nylon salt, the salt of adipic aci~ a~C.: 
hex;:~:cthylcnc diar.1ine. Unlikt.? nylon G nylon 6.G is nli-;ay!; :::a<{; Ii:· 
<:i:.;continuous: condensaticn in autoclaves. The :1ylon :>.:11:. i5 .1cl t.cC., 
c:~richcd with the re 1!uircd :i.r.·cu'."lts of water anC.: st;i!;ili.:;cr c:.· 
c:~t:~ly£:t n::h; heated in the autocl11vc un1:er a i,rotcctivc ,;:-.s ::.l;:;:::.::t 
f'< • 1 1/': h r'" .. o 'l"O 

0 c· t"· ·· --··lt~ · ·t · · - ······- " ·· ·ir· - ll ~ , ou '" ~ --- , ,.1., re.,.. ,, in a s .c.ir .. p. c .. <- ••• c o_ .:...t .... ~. 

-~~; - 23 n:.ros;<:crcs. ever the :•2xt t·.vo !1ours t!1c tc1.:-c:r.1ture is 
: L .. ·:l~ r .. i -:ed to ::7::; 

0
-.:: nrHi ::c1d at thiA point \1'1ilc. stc . .i.1 is ,1r;1\·::i 

o;I.·. fhcn ;ircssurc inside t:w vessel i;, slowly rc-!ucc<l to l at: .. os
;·li1;;rc ~.:n;;_•.c ::n: ;::.i!"t;:inc.1 a~ -~: i:; ~::•!<:l fN· a further: :d'" c·.:-



-.. :.il~ :.o::;t o~ tZ:e ~•atcr is rc::ovctl frcu t:1c r.:clt. ·_;:::~ ;n:tocl--·::! is 
e~;tied b; creati~~ nitro;cn ovc~~~esEurc and pc~ring of! tf ~~~ 
; .. clt. -•~n.in t:·,c ::.clt is i"or;:.::J. i;:to tapes or noodles t>:· pr.:·.;;_;~:-.:_: 

tl:rc:1:;!1 nozzles into a w;::.tcr bath and cut or broken into s: . .<.::.l 
?icces. And ngain the nitro;cn ~ust be of high purity as disc~sse~ 
earlier in connecticn with nylnn 6. 
As the monomer content of polyn~i~e G.6 is very low the extractiGn 
;irocc£·s can be clioinated. Drying is then carried out r.iuch as 
described for nylon 6. 

3. 3pinning 

The invention of the pol:,·a;.d1:cs \fas ccuplctl \·!i th the invention of a 
spinning process ::ot k:io-.m "Jc fore, the c.el t s1.inr.int; •- et;.o<J. :. nu~.:..i~r 

of Sj)innin~ r.::-..chincs \ias c!cvi.scd, all base~ on a cor::.1on principle. 
r:-irst we need me;-ins to r.1cl t t:te ,;ranules under as n:ild conc.!i tions a:; 
possible (fi::;. 15), follOl!Cd !1y Sf.inr:int, ;n:q1s <.r.d spir.ncrcts \·:!.ic'.: 
shape ti1c fil~r.icnts. ·~hen cor.:cs·a r;in~c where the fres:1ly .s!>un 
filacents are cooled and finally means to W'ind them up on s;.cols. 

3.1 Grid sninnin~ ____________ ... 

. \.r.:on~ tht• r:iany n•eltin~ devices developed in the course of tic:e t:~c 

j':Tii: anJ the extrl!,!cr have ~.tined a pro1:dncnt rosition. T;:c ·_:-rid i:, 
fori:!cd by a ro•.-: of parallel hollo>..- rods hcntet! fror.i t!:c in~L;.c b;, a. 
!l:.:itl r.;e<liur.i, generally ca_:>Z1:·l. 'i'!ic :-,olycier grar.ulcs 3.rc 1;0-ured. o.-.to 
tile .~rid :11Hl tlif' 1::<'lt 1!rop:. off :ind flo\\fi in tlir• 1!ircct.inn <1( t!:1 
pl:r.:ps (fi 0 • lG). ,\s wit!l the visco:..:;e s;in:lin:; process tl:c p:u--11.:0· .. ::t 
conc!ition .for uniform yarn forr:ation is unifori:1 <losin,s o: t'.:c r..:-l t. 
rr.c r.-clt bcinr, a very hi[~llly viscous .subst:mcc with a visco:-.;it~· c·.· 
beh:~en lSCO to 2000 1:oi.:;c, Josing is achieve<l via toot!:-\\'!1eel r~i:: ~.:= 
(fig. 17). Dosin~ should be uniform from point t~ point and prcci~!O~ 
of the pur.:ps is a priae requirer.;ent (fig. 16). To ensure constant 
worki1g conditions at the pump pressure just before that point r:ust 
be held at a sufficient nnd uniform level. This is done by arra~:!~~
a pressure pur.ip before the metering pump W'hich works after the sar.:c 
principle. 

Grid spinnin~ is progressively bcinG replaced by extruder s;inni~g 
{fih"• "!9). 'flie:re arc different systc::is but the ~cr.cral prbci;11.:: :.:;. 
tllc sinr.;le sere~' cxt.ru1lcr i1~ •.-:liich the .ncrew iG situ:itcu ci :.'.er 
hcrizontally or vertically (fir,. 20). The chips nrc Jrnwn !;.·;::::a 
stornge bunker where t!iey arc stored un<ler a protccti vc F·S l.ilan!:ct 
; ... nc1 enter the feeder zone of the extruder. i~t this !:oint be. ·i:-!:: c~c 

;•rocess of r.;cl tin~ ;1ntl consolic:ation of the r.;;1ss into a 1 .. c:l t fr.;:e 
fro~ gas bubbles. The creater part of the meltin~ heat is o·.toi~Ed 
!::,· friction in the second section of the extruder screw (fi~:. 21). 

- :) -
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side, as ortli:i:i.rily usci.! ir. ir:jcctior: i;oulCi:v;. ::o".:cvcr t'.:~ .:.. ~~.:'.:: .1:. 
.IC;t i;:'!;rG,:uce(~ in t'.:i.:> \;a:; i:.; 0:-!l:: ;. fr:1cti0:: Oft:,;: t::~;-_.;_ ;:.;.c~.::-t :: 
::c.1t nccl:c • .i. ·_;_·:;c t'~ir<l ar.u fin~l section of :..:1c cxtru::t.:-i- !;crc1o· c.::~:.!:'. 
;.:cterin:; zoac works as .for\•ar,iint; or~·:~n. ln extrt.:.,cr :..;~ ir:;:i:i:,:,: -c:.:.: 
z~rcssurc :rn:::p ca:· therefore !Jc el L.•i:latcd. Th;,; sere'.>: su~·11l i~s t::::: ! .cl t 
at a pressure of sc..:e :_;8 - :!.:J'O at:.os1;:1eres g<lu;_;e to t;,c ,:osir:"" ~·:.;~·,·, 
tlli.s one, metering by eac:1 I evolution c-f the toot'.1-'.\'!.cel.::;, ~ rcs:_:·.s 
cx:?.ctly t!1e sa~:.c <u.;ount of r.:elt int.o the .<;;pinncret a:;ainst a ~.rc .. ;~:r:: 
of Uctween 130 ,1n .. t ~:o :itr;:OSi)heres. ~.::xir.~u:: tolcr.!nces i::. t.~;e .::i; .::..::::. 

of t.clt rloseu .:rncl .!."or1-rardcu u;:,- the pm:.p are liLiteC to lc:ss t.::;-,n 
0.5 per cent. T:d,,; can only be s.:i.fe;ruardP.d if not only the spir.ni:;; 
pcr.:ps are ;1i~hly precis€ l>ut alf'o the c!rivinr, [;Car and the turni::; 
speed Of the [hetor urivc:. -"P.ot'...:-r ir.;:ort:-int co;;t!itioa is :i COi::;~.:!:: 
tcq>craturc le\"cl.. In the C~l:ie of nvlon 6 .s•1in:1in··: tc; ~;cr;i.turcs r;-:-, ·...: 

ii ~,..o 0 ~ - t' f 1 w G G . 1 ,.':../' 0 ~ ... aroun- ..:.v i.., in .1e case o ny on • · arou;:( ..:uv ..., • i. ::.:pe.:;, i~ L ... :;: s 
and spinnerets r .. ust all be held at this te; .. perature level ( fi;;. 2Z). 
!·:orcover te1 .. yier.J.turcs i .. ust !Jc uni.ion.! .fro::i Jili:::p to p;.!:c~. ar.r.: s,::i:,:h.::·.:.:t 
to S~)ir.ncrct. If :3cvcr<il extru .. ers arc used to :o;~:in yarns c.,f t'.:0 :;: -.::! 
titre and if the: y;1rn i.s to ::.c cor .. hined in later opcr:itic.ns into c:·;:::: 
fabric, t:ien ;,;.ll the: spinnin:; points supplied by these extruC.cr.s :.,11.-t 
Uc held at the s~r.:c tcr.:pcr;-4t.ure. VariatinH"°; ~I:ould not Le: 1:-tr~;cr t' .. ;: 

1 - 2 °.::;, :w1I trii.s co1hli ti.in is not. easily ft:liillc<l. i-;ircl.'r ,.;_ri.:-..; ,..,,:., 
rcs~lt in visiLlc ~iffcrcnc~s in d~estuff affinity anJ arc only ~ct~cte~ 
while finishin~ after tlic ~arc h~vin~ Leen processed into k~ittcJ 
fa:..ric:s. I:ut cvci; L~ t'.!e tu !'er:lture is ;ie:ld co:15t;::nt <:i:!'fcrer.ce::; ~ < 
still ~evclop insii.e the pi;es bct.:ecn the inner an~ outer re;io~~ o; 
the streac, that can lend to unevenness in dyc~tuff affinity. ~n~ 
f in;'l lly such uncvcn:iess may rcsul t from di ff Prent s~ice<l of the :·:~-1 t. 
It is therefore necc.:;s;try that t:1e p<lth of the r..cl t be of e'.lUZ!l le.:-,~-::'-· 
T~2 ch~nges in dyestuff affinity are caused by post-poly~erisation cf 
the polya~i~e in the ~olten ccndition whicl1 cnn~ot be totally su~
prc-ssed. '£!1e 1.;l'.'l'.!culcs react \dth cac!1 other, the avcrat:c t!c;.r•::e :[ 
pclyr.wrisation increases an<l in the case of 1;olyar:.i<le 6 we find :1.:?~. ::.y 
created c0nomeric caprolactam. The extract, in a previous sta~a of 
production diL;inished to about 1 per cent increases to 2 - 4 per cent 
in the time ta!;:cn b:,' t:w r.:elt to now to the spinneret (fi~. 23). 
Everything s~ould therefore be Jone to keep post-polycerisation as 
low as pos~iblc and on equal levels. This is one of the main a~v~n
ta~es of cxtruJer spinnin~ equipment. 

L~fo:·c tl1c r~clt i;.; prc~;sc.: t!:rou;): the spi:incrct it is filter£'(. ,~r':(l. 
1::orc. ;.:ost careful filtration is one of tl:t? l.i:!sic con1~ir.ion.::; to t .::>. 

sufficient yarn cleanness, i.e. the avoidance of sin.~lc fil. :;.r;'.~t 
:.ire:il•s durint: su!)scciucnt proccssin.!?:• :.s the sin:;le fiL1r..e:nt:.; ar'{: vc:·:· 
fi;1e in~:eeu the .slir;!1tc:.3t conL1r.:ination r.1ay r;ive rise: to :..;~~.:..:.-.l·:.;;. 
Such ccntar:;inatio?1s ncecl not ncccs3arily b<: forei~n ~.utter :n~t alsc 
:cl i>articles, sr.,::11 particles of um·olten r.1atter or r;:1rticles 
c!~7 .. -igc<l L~: oxy:;en or heat. '.:::c.se particles will C0-usc li ttlc 1~~ps ir. 
i..hc filar.:cnt callcs .3j1in flc:-:c:3 1 followed Ly a ncc!i. in th.::- fil~.1:.cnt 

- lCi -
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cross-section. At t!1is roint the r il.:iL.ent brco.l~.s under processir:g· 
loads. Filtration therefore re~uires ut~ost care ~nd many diffcrc~t 
n~paratus were devised for the purpose. Some pro~uccrs press ti1e 
:iolyamide 1:;el t throui;!1 sand f i 1 tcrs, consistia;; in shifts of 
different2~ranular size, other~ use 'iire screens with 10 - 20,C~J 
r.es~1es/cr. • Latest tlevelop~cnts include &inter ~etal filters. 

T'.:e spinner~t plate has as r.:01ny holes as the :·arn has sinble fil;::······
.i':1c ;;oles have diameters of uctween 2 1_'0 antl 3<JO /um. 

As it passes the holes of the spinneret and is formed into thin str. •·• 
the .fresh!~ srun yarn is cooled down in an airstream. ,'.i;ain c~r·0 .:::>~ ·' 
bl? tn:•en to hnve uniforn con,~;_tions at .;11 spinning point~. '.;.';~'" ;-, '.;· .. 
stream s:10:.;ld s:~ow as fei..· clist:.;rb;<1-:c,:s .i.s p:>s:~il.)le, caus~ o.~; li"~~ .. '. r· 

r:ove1 .. ent in the yarn as possible and 1~.ove in an uniforn strc:;H; aJ ·;·:· 
t!1e filar.!ent. l~oorn tc1~.pcratt_•re is reached durin;: tl1e last !>~.rt o: l ... 

blo~·iJox w:1erc the yarn is ;11 lo\•ef. to Ltll fre~l:y to the point w:.er" 
it b• wr:~nd onto spools. iiurin:: t'.tis ;1;,rt of t:1c yarn path t::c- fi: 
should be Guarded ag-ainst cvntact \\"ith other bodies to avoid pre;.::,.:·· 
dn~n~e. '.lcfore the yarn is ~llowed to touch u~on a~other surf~cc i~ 

receives a protective finish. It then passes over gode1s and rcac··~
t::c take-up s11ool. 

~.o'.icrn windinr, speeds rnnr~c bct\·:cen 1,000 and 1,500 r./r.:in for r.:·Ar. 
w~rile nylon G.6 is ccnerally Kound up at spec~s of less than 1,~~( 
LXtrusion of the melt throutih the spinncr~t is only a fraction 0£ t.!":, 
wi~ein~ speed. Gn its wny from the S?inneret to the ta~c-up roll ~: ~ 

fil:n.•~nt un,:crr;oes t:r;•:»tic chanr:cs hhic:1 h:ive a t!t·cpreachin::; ir!;·1:: 
on its final i;roccssin~ 11ro;~crtics ; .. nJ ph)sical ch<trnctcristio;. 

TLc llifference between extrusion speeu at the spinneret and t!:c ••i 11·1. 

S;:>c<.:cl at t:H: srool ~ovcrr.s the ti trc of the rcsul ting yarn. It i:= 
thcrefo~e necessary to curry out spooling and <lrawing-off 
via the godets with at least the same a~oc~t of precision as the 
forwardinh of the melt throuGh the spinnin:; r:~1.:ps (fig. 21). 

,1.s the winuini;-up spcc<l is a:.iout ~O - 5C time:J higher th.:in the (.::<t: ·: 

speed of the melt, the yarn as it coag;nlatcs is subjected to hi;::h 
tcr.<;ion loatls. These forces act cspcci:llly ;-.t. those places ~--:·.~·:·~ t·. 1: 
yarn is r;till relatively :plastic ::n<l exert c9cisive influence~ O;; '~· 

orientation of the molecules parnllcl to the filnccnt nxi& Y.5~h 
inc~eases cristallisation. Close control of this process is i~-t~~
:;cnt:il in cbt<?.inin.:-; ~·;ood <.!ra"r:in;~ riro;.crties • 

. ;:::c.iin:; clcvices have been devclo!'>e1l in nany types :rncl :,;w'j')es. :n . 
t~.c ::arn :rasses one or two :'ocict~; 1-1:1ic:1 :-i;rl:v a SJ'in fin;-.;;, t.~icr 
a r•air of L1';c-ur· r,o'.:ct.s which for'l•;•rd ili0 y::1·nt0 t.!1c \':i;-,'.•:1·~·;": ·• 
~.·:Jrr: t.1:-,i;::,-::;: ;;:r;c•i i!; oht..;r.••rl l;y fricti011-( 1 rivin~ 01· · ... '." t..'.· .. 

~.!le '.;in11in:; arrnr::;c;~cnt rr.ay t.>J~e U!' a~ 1.1any as 11 sri:inin.: . .-;:oc.~:;: .- · 
-..~·in1! ur ·! t.!1rc:t<~S in one O"er<ition (fi:·. 2:; ::nri ·:\;). l';r• 'lrn !'-•C. 
j:-; :>:d.lt u:1 L~· a tr.ivcrr;c 1.:otion of tli:-c:1d :.1:idc.0

; or rccnJ rol~c::- . .; 
~t. ·• ~~~d.,,..01·.;.') :::~~~(·d qf ·~\;(~ - :··a cycl{· .. _:,· .l;~, 

I 
' 
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3 •. ~ _.: ia1-rini~-;!1 -·--------·--
;;.0 srin-fi~is~ ~pplic<l to t~c y3rn at this st~:c serves sc~2~-l 
~:. u r-pos es. It pro t. ·~ c ts the y ;:1·r: tl ~:; i r.s t <~a ::.~1:~ c :;y y ~rr~ ~~l! i, · c 2 

1 
:~.: ~ L · ... ~ 

a.s.o., at t~e S3Ce ti~C prctectin: t~ese ~eviccs n~~iczt ~~~1~a ~~ 
tlic :,·.:rn. l t i.-_ c:t~;il~- unl>r.-_.tooC. tl:at a yarn -;o::t~ i;;i:::; sue!: :~;;:-~ 
_::·<:rticlcs .1.s TiC') is liai.Jlc to cut i:1to 11 ::;urL!cc ov~r ~.-!;ic!1 it is 
\.:rawn at i~i'.:h SpCCU OY.::r !or:; pcrioc~::; Of tir.c. lhcrc.:or..: t:,c.- ::..::.rr: 
r~'c'-<ircs s;;:cot1.ini;, and thi3 i!; [;Cncrally ac::icvc;: by ;i;·rlic::t.io:: 
or a 1.:iner::l oil. Textile yarns bcinz, poor electric co::. uc~crs ~:-<· 
tend to r:;cr~rntc st;~ tic ct:.ar:~cs throu!~h friction J.(;'1 inst o+ "er ~v:::.. ~·s. 
and tr1at :::ay severely <listurb later 01.erutions. l.'or this rt.:a.;;on :-...:i 

a~tistatic is ad:e~ to the ~pin-f~ni~~. Cn the oti1cr h~nd t~i~ [~~~- ~ 
r .. ust be easily rc: .. ovaiilc in ,-;u:isc•illent operations. i'hi~; rc._uirc.s 
ad1lition of a wettin::; aL,cnt w~ich facilitates cr.11:1,.>ifyi:l:; o:: tL.:: oil 
in the sccurin:~ -::rcat1.:e:nt. ,\;~:! ;·,11 tl.ese v.1rious su-;.,sL1nccs Lu.:;t "i.i: 
cor.:1>atible ·.:it:1 each other ~:nd r..ust be easily appliei.l. 1'l:c r..ixtxrc 
1 •. u.st h.:!.vc low viscosity to re<.UC'? yarn fricticn, it t:ust :.I.so !Jc c: 
low volatility in order not to evaporate too q~ickly froo t!1e l~r~e 
surface. These arc rcq_uirc:ccnts 1.;~tny of \ihich are contradictory :1!"l:~ 
difficult to !wrr.:onisc. 

Ur: to a ;:-;cner;ll rlc:;ree roly.::i.::.i1'.c is :! hy,::ro:;copic suhst··nce \,:::.~.; t .~: ... ::: 
to estv.iJlisl• e'~l:ili:1riur.: \•it!1 t!1c r:oisture cc..ntent of .:.t.;:; v.:!~ient 
~cJiu~. ~ntcr im~i~ition re5ults in a ccrtnin swcllin~ of t~e y~r~, 
a~d ~oreovcr the ~atcr a~ts as a cristallisation catalyst en the 
~olecules which for~ th0 ~3tcri~l. ~s these arc u~inly arr=~Gcd l!"l ~ 
p;.rallel direction to the fibre axis and a.s cristalli:•atic:r. fu:-t.::.·1 
pro1 otn• thi:; ,·;1r:1llt·l ori<'11L1ti.·m, \·;al<'r i1 .. '..JiLition rc.:ulf., ir: _: .... : 
len:~t:1enin.:; of the yarn. 'i':iis J.n turn r.iay wca!-.en pac:~a;_:c st~:hili-:~·. 
In or(:icr to winJ lnrr~c J"2.rn l~·.c::a;;-:!.s :-rnci1 yarn ~rowth r.:11.st ::ic ,,voL· ::.[. 
i"or t!1is pur;;ose t\rn w<1ys .. re u.sc<l •. ~ ccrt:.in <u.ount of ll.'.l~er is 
«i;;-,licd to the yarn to allo\Y" a ';sorption and i;ro;·:tll be:ore t!:c ~-.~r:i. 
is t;:!,en ur on tl~e spool. !.oistcnin;_~ of the yarn c~n !JC? c,:rricc c.:i~ 
with the help of a wetti1~t; ;;o..!ct or, as is th~ ~cncr;il ::ractj.cc ::."}\.

1 

hy ~pplyin,; the spin-finish in form of .1n a•1ueous em;lsic•n. ~.ire .:..:i::·_il<l 
however be ta~:cn to re;.1ove excess water fror.i t!le yarn surL,cc !.ef:-,:--c 
the outer wrap on the p::.c:~a~c is covered by t~:e next :·ar;i l~:.·.::r. ~ . ~ -. 
1r..iy ile achicveC: by kec:-·ing relative '.rni:idity in tl:c s:;oolin_; ure<:. ;,.;.~ 
lc·.-1 t!1at ra;iid evaporation ta:·~e.s J•lace. The; at:::os11heric ~on .. :iti::.ns ir'. 
the spoolin~ arc~ arc one of the liraiting factors on spinni~g spE~d. 

It ::;o;-<JctiMes may happen t!1a t the t!1rcad !Jrenks wh ilc it is c~ t.:n. 
~;·rc<~uc:1cy of this inddent is a :>ointer to •{u:ility • ..)pin-brea~ . .::; :,~a~· 
eccur for many reasons and ir. cac!l case the causes r:mst ;;c c:.re..:·,!lly 
tr,1ccd. 

/irst we <listinruL;h between tr-uc orca~s occurrin.~ nf'ar the s1;inncre:t, 
~ ;: .. :;o-cu.llc<l \dndin.i;: breaks. Spin-breaks r.1ay occur if ti1e intcr
f:-;~i;1l relationship l>ch;een roly;1r?ille rr.cl t ant! t-~pinncr·ct :H;r~ace is 
,'. i~;t.ur!>ed, i'.e. w!;c-n t!:P ;i0J ... 11 .. i clP. tl'I: :s to wet till .n;. t.•· :·:-et bLl; ;~Cl·. 
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::-o:-r.:ct.ivc , .. c:1~-.i.:r0 i.s t~.c t;-.::i.i!:<.:nt of t::0 ,.;; i'.1:-.~:rct .:~:r · c-:· . '.t. .. 
.. :._ .:r-c~, .. c~.ic a~;t.:~t suc:1 ;1s .s::r;:.::-on silicone. L.b:. ~ rct.ccti\··:- l .~ :.:r 

L.~st ~~ rc~c~cd fro~ ti=e to ticc, an~ ~it~ great care. Rcsidu~l =~!~ 
:i::,; soil : .. ust L-c C<.!r0i'1:~ly r..:-:.ovcd ;:'rc1:. the .. >;iinncret st:ri':· c._. ::.::~' _·e 
tLe nel> silicc:ic filr.i is <i.:;'plic<!. ;.i:•di:::; ::irc:!:-~s ~::y be c:a?s"'C: L:-
1L::.a:;ec.i yarn [::i<lcs, insufficient finish a_111lication, s;,in-flexc.s 
in the freshly s.pun yarn etc. 

It shoul<l also be er.!J1hasised that the proc~ssing pro:r:erties of t:~e 
yarn in su~sc~uent stages are very ~uch dependent on tte caref~l 
h:i::dlin:; of ti.-: spin-spools during doffing •. 

4. Draw-twisting 

-1~1 General 

4.2 

,\s it comes from t:;c :.;pinnin.:~ machine the yarn is not yet ready fo:
"textilc pur.rio;:;..:s. It re1:.iircs dra,.-in;; to out;dn its c1csiraLle t~ xt i. ... e: 
pro;:crtics. ilcIJcn.:i:1-:: on the end-use the y<trn is stretci1cu to 
2 • .J - .=.::; times its initial lcn;th w:1ereby yarn ti1ic!;:ncss is pro11or
tion.1lly recluccil •. :;uch rcc:l1cticn in y;ffn t'.1ic'.1.11cs:; ii.> no ~1·a.:ual 

1roccsa l..>Ut rc,.;ul ts from th..: ra tiler ~mlclen formation of a nccri. in t'.1c 
yarn at a certain point wi1ich r:ovcs over the lenbth of the yarn. ,\t 
this point heat is generated which allows greater ~obility of the 
~ol~culcs to arrange thc~sclvcs parallel to tl1c fibre axis (fie. ~~~ 
whic~ results in a ~ar~c~ increase in fibre strengti1. In tcrn3 o! 
textile characteristics this r;ivcs an incrc.'.l.se in lirc~kinr: .strer.:·;t:1 
\.:hilc clon:;.'.ltion at brca!: is reJuccJ. l roper selection of t:1e: C:ra\>i ":..; 
ratio i:; n decisive f:.ctor fo!" the q~alit~· of the :inished article:. 
For trxtilc uses a clrawing ration of about 1 : 3 is prcfcrr<.:d as 
furt;1cr textile proccs~:;inr, ariplics loads which require a ccrt::ain 
~c~rec of el~sticity in ~he yarn. ~or industrial uses a l1ichcr r~t~o 
of 1 : 5 is [;Cncr~1l ly used as strength in this case is a r.iore ir.•ror
tant consideration than elon~ation • 

Ir. the s1•inning roor.i the yarn packa,:ei:; r.:ust uc relatively h:irc1 to 
give sufficient stability for high-speed windinc. Fcedin~ to the 
11rawinr; mac hi nc, ho·.rnvcr, rc•!:.dres c~sy unwim! int; propC:rtic:;; ·~~:C:. 
Lenee a soft ;iacka;~e. This is o!Jtained by exploitin~ t!·c hy ~.ros
co,;icity of the polyamide, i.e. by exr1osing the srools bc.~orc dr;i·.ll'ir:r 
to an a tmosphcre of higher hun:idi ty. ~;hile spooling was <.!one :i ~ 
30 - 40 per cent rel. humidity, conditioning is carried out .• : 
GO - 70 per cent rel. hum. for several J:-0urs. During this p::.:-ioc 
t11e yarr. absorbs moisture which causes i;wclling, r::ore cri.st;dli.s .:;ion 
anc~ he:ncc so!'!lc len~th~nin:; of the yarn, resul tinr, in a softer :· .rn 
pacl.:a,:;e. The yarn is then unwound overhead from the pac!{:i:.:;c ~inc! fe:•.:.. 
vi~ tensioning device to the !ceder arrangement of the drawin~ 
~ac!~i~c. Textile yarns are generally treated on mac~incs cq~ipped 
·~ith a SJp~ly roll/,rcssurc roll arrangc~ent, while c,ron~ 3nd 
other syster:.:; r~ay also l>e usc<l. 

• T 
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;.t the feeder arran,'.;c:::ent the y.1.rn is fi:-;ccl o:~ b~int; wrar::-cu v 
aro:.md the pressure roll (fif;. 23). T~-.cn it i.3 led to the r:r.'.l.1··i.-.;: 
where another 3 - G wraps serve as a second fixin~ roint. ~~e ~··: ~ 
turns at a hi~her circumferential sptccl than the feed rolls an·: :. ~ ~ 
t~~es place bet~een these tKo fixed points. A1ditional devices~-· ~· 
~est help i~ the process, e.g. by arranging drawing pins bcne~t:: ,· ~ 
feed rolls to control the point of stretchin~ {fig. Z9). Sor.~L: 
it is necessary to !ic.'.lt these pins, especL•ll:; in t!1c case cf«~~-·· 
of t!:ick capill::!.rics an<! for :-ii~:, <lra-:.:ir!;; ratios. Drawi!lf: S:1~:N! -

;1as an influence as hit;hcr sriecus fncili tate the process, ~roi1;::11:· 
the sreatcr heat which is generated in the ;yarn. Textile yarn:; :-,r·.:: 
beneral ly drawn at speeds between HGO :inti 10CO r.:/r.iin. 

T::i:..in"'-Un 
-----~--L 

::ost of ti:!~ dra'.t'-twistin~ rnachines bcin;; cffercd to the tra::c ~:-c 
b;tseL 0,1 the ;rinci!'lc of th.0 ring t~·:istin0 r~;lc:1ine where tt.c- :r ~rr. i ;· 
wouaJ onto rirn3 wi t:1 the h<.1;: of r inG t\dstin:; spindles. Jn Fe 
course of time the size of these pirns has increased and now rcac·· """ 
up to ·10 - :":O c;;i for textile yarns, l:o)cliw: pac!-.nt.:~s of~::~~ :i.·.' 
1•'ror.: the <!ra.wir.~ zone the ~-arn is passetl t~1rou;;:: the traveller a!:~ 
dc;~osited on the pirn (fit;~ ~3) \·:::ich is plac0tl on a spindle ~t:r·;\· 
at 7, CGO to 10, 000 r~m. The trnvel ler is a freely r.:ovable at t;:;.c'.;r.::.:·· --. 
to the rir?.; fix;:?cl to ti1c r::.il ~•idch r.oves up an;.; ciown w'.:ilc d(:;,c,~;' -
t;:e yarn on the pacl-:.1.:.c (fi:.[;. :;r:, :)1 and'.':~~). It is not c-:11;,:.· t<> 
dc·scri!ic the \·:i~1cii111?: 1•rocc~;:; in a few si1.:plc \lor;!s. The rcv•1!1:'. '.· 
of the s~in~lc cause the winlin~ up of the yarn. ~balloon i~ :·0:·. 
durin~ the :1roc'.:!.s:; \:hic:-t carric·s the tr.~vellcr ::ith it. T!:c: :1•1..:; ·· 

of 11raj'S adclccl per mi:~t:tc is a f1.nctio11 of the <liffcrcncc !icb·~c::· 
spindle revolutions ancl traveller rC'volutions. Tl1c tretvcllcr rc.ic , : 
quite impressive speeds which depend on the ratio between 10 an!· :: 
(fiG• 33). :.>uch hizh specc1s cause the traveller to wear off r;,: i~~:.;, 
and o .. course the rings too. T:iis :iloiccs an up,er lir.lit 1.., n~01cli'.~.'; 
speed. IliE;her traveller speed means higher yarn tension in tJ1c >-: J •:; 

For th~ first few wraps tension is adjusted to 1 - 2 g and i~cr:: 
with ~rowinr; package diameter to 10, 1:! and raore brnms. ::i;;hcr •:i.-: ! ;~ 
t~nsions on the outer yarn layers as cc~pared with the inner 1~~~-·~. 
a serious disadvantage and da~a~c the ya·n. In recent ti~cs cf:n~~· 
are therefore bein.r; m:H.le to devise a spindle 1iro:::;rammin.:; ;,;:·t;tcr:. ·.: '-:' 
re<~uccs the nurn!Jor of spindle rr.·.·:lu+ ons in tune with r:ro·.·i::~: ;i··: 
c:iar.cter nncl ti1Js holds yarn tcr?sion constant (fi;;. 3·~) • .'.t '~he -: 
ti~c trnveller speed is also held ~ore or less const~nt. ~!l t~~:'~ 
! · ;irov<!1:cnt:• tH~«l to thn co:...:t of the 1.;;i ch j nc. 

:~.·cr;.:.tio;1 of the thrc.:id on t:1e: p.:lCk;"(c;c surface can be vari.r·r; vi; 
c'.1~·~;;cs in the rr.,1in ;-,,nd sic1e traverse notion or tl~c rnil. T'..-:.> .,,.,~,; 

c[ t>c r:dl r.1ay nl.so be v:1ric•1 ;1r.rl there i:; the ,-c:· .. c:i·_;L H:· of i··. 1 :· ·• 

,: .. ci".'". rcv1•1-.•;('d ncc1·Jt:"r.-d.ic11. 1!1 l.tdr~ ···ay ;1 r;1::·f1::r· or .·;r'",·;··.·lit. ::: · 
r · • · · 'f · ·· ·- ·c· · · ··) · " t ,. (1 .... ~1rn pac.~:ic:;1:,<; C'1:1 1,,;c ;·1 1 >urit. '· ,;.·.)::.:.. ,,.;, .,,; 1'1r1• .. : .... ~<: ::;·'.' ~-: 

;;;:,c!:a:_;c c 1.o::;cn in c;1c:i inc~ivi1:i:;.i c;i.;-;c t'.c;'r~n·::: 0:1 a n·;·::i".'' oi: on·:=·· 
c r.;. t i ri ~ ~~ s !_ ~:;: .: s u :1 ,.,. i :i ~ .. i ;". .. in ~ u !; ;.; c '~ :.l c n t · ,· :! r · , i r. : , : c :: t ·.; ~-- : ... . t ,~ • 
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ln .J.n effort to ac:~icvc '.:ir.hcr c!rn-.d!"!;; S!~ee1Is ::nu larger- y:::::-:? ;;~c!•
a;~s new r.::tc~1ines ,,:ere clevis<'•.! \illich are very sir..il~r in their 
fceuing- an,: ,:r<:.·\·inr; r~::-ts to the conventional clraw-t\:istin& :::;:c~ine. 
Jftcr drn~i~~ the y~rn is ~athercd on spools ~o~cwhnt si:~il~r to 
;;~ii:inin_; s:·ocl:; :in;: o.rr;!n_-e.~ for f!'iction clrivi1!~. In ::.i.:.; \.'a~- ;:.!! 

~.:.-~:ocind bc'.J0i!1 is pro~uccLl ontc which the yar:i is dcposi te:l vi.:~ a 
slotted drum (fie;. 3S). T:lis arrnngc;;.cnt allows windinb of :riacb1.;cs 
!>ct;•cen 5 and 1:! kg. Dra\1ing speeds ranse fron 1, 200 to 2, COO r:..1 ::.!::, 
but in this case the;; yarn is only "'·o-.;nd up a1al not gi vca any t>>'i.st. 

Drawing cay be cocbinetl with othe~ ~arn treat~ents inserted between 
the c!r;itW'iT!.; zone and the yarn take-up. T!1e yarn r.iay e.~. !:;e heat-set 
or pre-shrunk by lcadinz it ever a heated plate or go~et (figs. 3G 
and -10). 'i.'he treatr.;cnt r.:.'.ly also include crir.ipinb by suitable att .... c~•
~cnts such as tooth-~cars. f~c filacents may moreover be tangled in 
a stream of air which gives better ad~esion of the sintile fila~ents. 
;.djusting the spindle revolutions and the runninc; speed of th~ y~rn 
it fs FOSsible on the draw-twisting aachine to vary the nu~ber of 
turns per i;:ctre. 

Jrawin::; can !Jc interrupted by yarn breaks. '.!'heir frequency is n 
dc-::isi vc rointcr to yarn l).t!al i ty. Liny fauJ. ts '":ti ch arise durir.r; 
war1iin.;, kr.ittin.~ :rn-1 tcxturin:; sho\.' a direct re;lations::ip \-:it:1 t!-.c .. 
nur.:~:er of ur11a:(s dJrin~ C:ra~·:in:~· It is tl1ercforc ver~- ir:;·orta:-it t!.;:t 
the c;n:scs f'or orc:i::s durin~ 1lra,dng- be carcfi..;ll~,- traccli ancl cor
rected in orJcr to :-cdcce their numtier • ..,uch causes uaj ~e i'ouncl. '. J.j' 

b:~c:c curi:l~ )Olyr::eri.s:1tion or s:Ji~:-iin~, e.:;. thcrr nl or ox~·::;en 
c:c:_:r~c!ation of the ;'oly1.:cr, contnr.;ination, irrc;;t:lar rc:rticl"! size 
of t~c Julli~~ a~ent, iv]roper tc~per~turcs during spinninz, poor 
SfJL1nin;; z~>O')l ?::uilt~-:.i;:, insufficient control of spin:iin:, 3-nd t:r::::L ~ 
conditions etc. .·1:1<l there arc pure!~· tec~.nic:~l :.3hortco::1in.:;s ::rnc!1 ~s 
.:::1r.·::__;~~ yarn ,:;:..:i<lcs on the spi1:nin.t; and dravin~: r.::i.c::inc.:;, · . .-:·on.:; t:·:r-c 
of scrfacc finish on rro~ets and GUi<lcs etc. Texture and fi~is~ of 
su:-1.'.!ccs, thC! t!:rc:,<l ri•n::; over, ~~<1 of the thread itself, Dot!:. 
rc;::; .. r·'.ccl in ;:icro:;co-'1ic scale arc very ir.iport:1nt filctors ir: ;:.:.:!y-
:1:. i:e Y<•rn .i.1ro(~uction. -<·1~lity results clepcn<l on a \·:ell-c:.o.3ci~ 
bnlnnce bct~een grain depth, carryin~ surface, hardness etc. T.:c~~ 
.. :~;.st be :idjusteC: to the t:1pc or spin-fiais!1 whic!i ror:.:s ar. ir.!..:;.c
:~.cC:i;: te layer l>et\/een the surt .• 1ce of the m<LChine clcr.1ent ~nd t:1c: 
;:i· arr. • 

.. ttc·:1ti(jn to the: frC:.iUCncy of ura·.dn:; brc:~i!•s, C1cir <li:;triL.:drm 
0·1<r t.!:c fec:lin,c:, clrawin~ and ~.:1!,in:_;-up section:; of tl:c r.:.1c .. inc 
;:. . . ::-:ot ;;<) 0·1c:--ci::~>!1asizcd. I.ore often th.in brea~in~: ~1 to·-et'1cr the 
.. ;i.~L~iJ::::.r~~ :·;1rn:.=: r;uffer si:1'.~];:: -~iL1!:ent brc:::-.:;, ~1:d t::ir-; !: .• :-~'en~_; 
; · ·::t. 1') L: r .. : ore! c;ft ·~:: t:, ,i1 tot.: l ~-::r!1 Lrc:,'..~;. Ir1 ;'a!:; ~·· t.:c:-tt i ro
c.c .. :·:; :;::c', ::· .. •.:;:r·iir::: '.::i(..'. c lo;;;c :;i:-:;-1.:.: fil~1r.:crit ~ntis ;:re :;t::_;::-;:-.'. ;.:;-i 

'!.~:. ~.,:rn axi~.; \·/:1e,. t~,l..' y~~rn ~1:~~ •.. ;e:s rc.:c,lr.; :1nd tc::f.Jio~1 devices i.;.n.<! 

:.:~ .. :::: : ::rr. ~>r~:~t:.: ... :!t (;,'.!<;t~ r;;• ·!.: L....-'r :· .. :i t,; e :~;,it tin~: r.:;;cl.~:ic • .l':~~· f'~:~"t~l::?r 
: : : : v : :~ c ,: ,; t:. ~ tr~.; t. (• r. t, I: Ii;. i . ~ . ~"i ·. j c 0 

l ! Ir c;':: s 0 cc t: l'' t '.; .. - :. ,, ;"' ·; (' x: ( :· ·. i ·:. 
1. 't• ··\· i''CC. \.<-. • 
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When the yarn breaks on the drawing !:la.Chine the lose en:! wr=ips 
around the machine elcr.ient in:ncciia tely b·:forc th1 ~ pl::i.cc of tir · ._, ! ~ 

These wraps led c-asily to fibre fly \·.-hi.-:h n._,_y be -::ac~~t1t ~·y . ._ .• _, .. _. 
ruaning threads, forming fibre fly-fluffs. This type fur;:1s 1 h'-'·-·:, • 

of the total fluff nu!:lber. Fly is a \·ery common cause of p!"·~· ~·- ;_, • •· 
difficulties in subsequent operations. Utr:1ost care anc! p~dn~:..-.-,_·_: .· 
cleanness are the only remedies against this hazard. 

5. Latest developments 

The question will arise whether it is no·;.. possi'ble to combi:-1:? \' ~;:i': 
stages of yarn production into on~ operation in order to get :nc-~ 

continuity into the process. Efforts have bee11 and are being ::·H~::-. 

5.1 Vacuum extruders 

It would be a~ advantage to be able to spin the polyamide right 
after polymerisation without the necessity to cool, cut,ext1·ac· .. 
dry and remelt it. Efforts have repeatedly been made but thE :F :.,; 

difficulty is the fact that polymerisation in crder to gi .-..:: 6'-"' . 
polymer quality must be carried out continuously over long p··J:-; •)•' ,, 
of time under maintained conditions of throughput. Frequent c:1: <,_ ·· 

in production following changes in demand - o. g. different t::. t P'", 

tonnages etc. - are a big obstacle !or the introduction of thi :" 
principle and it is goud practice to build up a buffer amount n' 

chips between the stages of polymerisation and spinning. Where 
staple fibres are produced things are somewhat different and it 
is in fact possihln to cii r<'ct ly spin thC'! polymer. In thn cas•• ••f 
nylon 6 we still have the problem of extraction. For this p~rpc: .: 
machine builders devised the so - called vacuum extruder which 
is equipped in the melting zone with facilities to expose the pnl:: ., 

to so much underpressure that volatile substanc&s such as r.:cr:.o·;;,)!'L 
caprolactam and water are removed from the melt. These machj .:1e·; 
would indeed allow filament yarns to be spun directly wi tlw:iL 

intermediate extracting and drying cf tho chips. So far, l10-.·.1·v1:·· 

this method is only rarely used. 

Another question raised in connectivn with rationalization c!:fort. 
was,whether it would be possible to combine the spinning and d:- .. v:_,. · 
on one machine thus saving much manuel work. The problem is 
aggravated by the fact that very high winding-up speeds wouli! '·: 
necessary. If the present spinning speed of looo or 1200 is '-'-~ :1•: 

maintained, the take-up speed for the stretched yam wouid i:·.i.· . .,. 

be raised to 3 or 4000 m/min. Seve-ral manufacturers are off·'rin·: 
take-up devices which are capable of such high-speed op.-;;·;:~ .l. · .. " 

The spinning part of the machine, i.e. extruder, spinner!·t , ..... . 
would remain unchanged. Massive acc~leration of the yarn, \~:.i·.;.: 

leaves the spinneret at a speed of 2o-3o rn/min. exerts \'(·r::· :-,; .. ~.: 
tensional forces which initiate progressive orientation •if 1 '1°: 
molecules at a time when setting of the material has pr·'.J-:!···!'::0<~ 

to a high degree of viscosity and elasticity is accorclin;::;l:: rc·u1•.:' 
At that point the filament is, however, not yet fully dr;i.<n. i'ri: · .. 

stretching at a rate of 1:1.5 becomes necessary. This :;ypr:· of hi~ll

spoed spinning at ··medium high sp,~cds"was originrll:; cl0v··lo;1"r~ f(1" 

polyester and only later transferred to polyamide becaus·~ 1;rn-. Ji t , · .• 

with polyar.1idc are much complicated by th~ tendency of t!l:.:;; :-:;::. ·ri 
to absorb moi.sture. ,\ balancn n:ust he frx;n<I bctwc0:1 l.".'r~: ::r'n: ~1.: 

of the fil amcnt c!u~ to moisture a bsorti '.'>r' !1y the ::~ ril .. :·: .l" """ :;.i 

th0 ~.;pool (wh0s<.' dc~r0<' <lr•pend~ on prr.-"J1~i,.ntat.l.~' on'~,,,, '>n· 1 ;·1:· 

:lnd tlH• sllri11kin~: for~<·~; in thr t"nsr:ly 1.,· .. ·111d y:1"11."i 1 ~:• ·: •!' 

.i.·1'''~t!' r·r:1·,. I·\· n '·.t·ir i: ..... , ... ·(!,' ! 1'1,,,·,.;1r '~ t"'l'f1.J()'''::" 1 >1''.r·1! 1 ' 
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The take-up devices supply x-woun'i bobbins with :> ~r:k<!.ge ~'-"'!: .:.~:~:; 

of up to 3o kg. Filar.ients from several spinning points can oc 
simultaneously wounC. and an autor:i.a tic tai 1 can be provided v.~ i-:r. 
".llows continuous opera•· ons in snbsequ-cnt process inf; st'[>{-'S-

The latest machi:le developments even provide for auto:r.atic i:Jc;")':

replacement. Investment requirements are rather high. 

In add:! t ion to the complicated winding mechanismus the i:;.-ocess 
requires stop motion de~ices whi~h would automatically cut a 
broken filament and suck off the free end. Finishes can no lc::c: -
be applied by rollers but must be precisely dosed by dosing p~;-.; s. 

The new process not only offers the advantage of doing away "':.. :.;• 
subsequeni: work (ar1d wage) absorbing separate drawing, it als'~ 
results in higher spinning output of the machines whose extrus:·n 
rate per point and minute would be higher than with regular 
spinning; and finally power consumption can be cut by some 2o ~-

The additional spinning output is, of course, not 400 3 as migr.: 
be assumed at first glance, but only 25 % depending on the 
degree of forceci pre-orientation. The resulting filament, on th·
other hand, is more sensitive, the tendency to spinning breaits ,,._;: t 

i:icrease and still lligher demands must be put 1.o the quality of · · · 
polymer while the build-up of stable packages with easy unwint!iri"' 
properties will become more difficult. 

In view of their re la ti vely ;ligh residual elongation these fil~ :~ ~:· 

are not suitable for textile processing as flat yarns, e.g. on 
knitting machines. 'dwy would, on tne oth0r hand,t<' woll suit<'<! 
for texturing,whero the drawing-texturing method allows post
drawing and tcxturi!1g in one operation. In this area the high-sp·· '·" 
spinning method is already beeing widely used. 

Regular ya::-ns, however, require to be fully drawn and to g<'t : ! , .. 

post ·drawing mu.at be o!foctcd before winding. This opcrntlon r;·! -· 

be entrusted to take-off godets which would to be arra"lged as f 1 -~

point~, sir.iil'3r to the drawing godets on drawing machines,revol·;ir•c 
at a speed d11f~ren~ial adjusted to the required drawing ratio. 

In view of the v~ry high yarn speed the drawing proc.ass is adv .. r .. 

ously facilitated by the supply of heat,possibly via heated g,.,,,. '· 
Being another addition to the equipment this makes the process ·,, ·?, 

more complicated and expensive, reducing profitability virtual:y 
to nil. This would be one 'lf the reasons why the polyamide ya!-'. 
the knitting trade are practically without exception made afcer 
the conventional spinning method, 

It is thinkable that further increases in spinning speed mi~h'. 
result in a yarn which requires no more r,ost-drawing.Machinr·!; f·11· 
purpose have already been built - at least for experimental 
purposes - to run at speed as high as 8000 m/min.(Fig.4J-45) 
The yarns so produced, however, still posess a sizeable a:nount -:' 
residual elongation and '"'annot yet be regarded as fully stretch '! 

filaments. 

' 
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The polyamides nylon 6 and nylon 6.6 have prov1;;d to bP. highly 
valuable textile tlaterials which c..ffer 11".any advantages. But t!1:--r.:: 
are also some disadvant;igc-s such as flamr.iab1lity, poor 00::.s:ui:" . .> 

dissipation or the tendency to b11ild up electrostatic charges. 
To .:ake the latter, it :nay cause some difficulties in the cloth!;.; 
field. Clinging and riding up could perhaps be tolerated in tht
light of other advantages. nu· in the case of carpets a~d 
upholsteries matters are more serious. For instance ~alking over 
a larger distance on polyamide carpeting may result in electric 
shocks when metal doorhandles are tot;chetl, and these shocks r...;.y 
be quite painful. It is high tin:e th.at new ~ays be explored to 
eliminate these adverse properties in synthetic textiles. The 
search for suitable antistatics has ID3.dc &ood progress during r.-:cer.t 
times and various yarn producers, of which Enka Gfa.nzstoff was 
the first - are now offering textile and carpet yarns vrith a ciur:?.tle 
antistatic finish. In clothing textiles this is even coupled with 
improved moisture absorption. The new generation of polyamid teA:1le~ 
gives much im~roved ~~aring comfort. The yarns are made antistat:~ 
by adding small amcunts of certain substances to the polya~ido 
which increase its electric conductivity and thereby reduce sta~ic 
generation. Suitable additives are already being offered by a nunt,er 
of manufacturers. 

6. Raw material recycling -
Protection of the ~nvironmer.t 

In all technical processes it is new nec~ssary to consider possi~le 
pollution and how to a void it. In the case of polyamide producti•.):1 
conditions are rather favourable. Beir.g a melt spir.ning process we
need no solutions and therfore need not dispose of polluted wast~ 
water.Larger amounts of water are requirP.d 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 cloand to avoid contamination with forci~r. 
substances, particularly oxygen, and none of these substances cn.:r 
gets into the waste w:iter. The one exception is the wate~· used f<J!' 

clear.ing the vessels, the cooling water for the head of the colu~in 
and ~ater for qu£nching the polymide noodles or tapes. Both 
caprolac<:am and nylon salt are easily degrade::! by biological prt:..;.es.::t .; 
and any small amount slipping itttO the ~aste is easily degrade~. 
Moreover they are readily soluble in water and scarcely affect ti'k 
water surface tension. Yarn waste is always reclaimed and reused. 
Hydrolysis in an acid medium is used to crack the macromolec~!es a~d 

. to recla~.m the monomer. It may therefore be rightly said that t!:c 
production of polyamides is a loo per cent safe process as far as 
pollution of the convironment is concerned. 

11 
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