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The methods of fiber rnanuf acturing 

Summary: 

The paper deals with and describes the various methods of 

transforming polymer substrates into fibers. These methods 

comprise th~ following processes: 

~ the melt spinning process 

- the dry spinning proces~ 

the wet spinning pro~ess 

- the film-to-fib,'!r processes and 

the suspension spinning processes 

Which of these processes can be applied for transforming a 

given polymer into fibrous form is determined by specific 

properties of the polymer. 

Whenever a polymer is thermoplastic and melts at a reasonable 

temperature, the melt spinning process will be applied since 

nowad~ys this technique is the most simple and economical one. 

Whenever a given polymer does not rnel t without decomposition 

is, however, soluble in a solvent which can be easily evapo-

rated and recov~red, th~ dry spinning process will be applied, 

as the second best choice. 

The wet spinning process is only used for polymers whi.ch do 

not melt without decomposition and which are soluble in solvents 

which can not be evaporated and easily recovered. 
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During the last decade, the filrn-to-f iber technology has bee£1 

developed~ The various techniques applied in this new technology 

are described. 

As last resource for producing fibers from materials which 

are neither rneltable nor soluble, the suspension spinning tech-

nique can be applied. Such techniques are used in the manu­

facturing of polytetrafluorethylene or of ceramic fibers. 

These processes are being described on typical examples and 

C:- information is being given on the tachnical equipment necessary~ 

and en the sources from which such equipment can be acq.iired. 

For the manufacturing of man-m;;ide fibers from natural or 

synthetic polymers various methods are available. These 

methods comprise the following processes: 

( 
- the melt spinning proces£ 

- the dry spinning i:-rocess 

- the wet spinning process 

- the f iL~-to-f ibe~ processes and 

- the suspension spinning processes 

Frora these, the fir.st three are the mcstly used ones, while 

• the f il~-to-f iber processes and t~e suspension spinning processes 

are limited in use for producing fibers for special application 

areas and for manufacturing some speciality fibers. 

-3-
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The basic prjnciples for the wet and dry spinning processes 

were already established by the pioneers of man-made fiber 

manufacturing at the end of the last century. It was especially 

owing to the initiative of the Count de Chardonnet that 

technical equipment able to convey, pump, meter and e::ctrude 

high viscose spinning dopes into f iberswas developed. 

The melt spinning process, however, only evolved in the late 

thirties of this century during the development of the poly-

amide ard polyester fibers. 

Choice of process: 

The decision, which of the above named fiber manufacturing 

processes is used in a given case and with a given polymer, 

is mainly determined by the specific properties of the polymer 

intended to be transformed into fibrous form (cl. Tc.wle No. 1) • 

Table No. 1: 

PULYl·IEP. PROPE-n'!ES .l\:::o FICf.R SPINNiflG METHODS 

Polymer Softening or ael- l"ibcr :iumuf actur ins 
ting tcrr.perilture process 

Pol7r>ropylcne 170 - 175° c melt spinning 

roly~ti:7l011c t.r;:rep!i ~!1ala ::e 2C0° C rnelt :.9i:lning 

(i. t:-:;yJ.:,n I 26~0 c 1:~clt ~-~·l.r.:lill<; 

6-!;~'lon 21 !;0 c r..ch. :::pi11.:iin~ 

!iC='" ar::cth!1lcne tcrephthalar.iide 370° c · dry "'pinning (tr if kc.roactllic acid) 

I'i:.lyv i:,ylc!1lor i<!e 10° c 
1&0° c 

(i;o!t.cning) dry spinning <i r<.>;?anonc + carbor.di-
(<.:ccoc~pc;si ti on) sulE'hi~e) 

Pclyacrylonitrilc >200° c (C:ecc.;11r-osi tion) dry sr-im.inl)" (C:..irae th:i,• !!or..~.::::::idc) 

Ccllulo~c acetate (D~ .. 2 .S) 120 - 160° c ( sof tcninqi dry spinninq (95/5 aceto: • ..?-·,,..:itcr) 

CE:llulo:;~ tr iilcctclte 290 - 300° c (,.ry r.pinnin'! (.::ethylene c:i lor ide) 

Cclh:lo:=c )2S0° C (ucco::i&>O:;i tion) wet !;;pinn.l.n9 (cu pr ;.mo:.!u:.;) 

Cellulo:;c Y.ant'"lcltti (0!;•0.'.;)-1.0) 2S0° C _(_<lcco::ii-'osi tion) wet spi1in inq (sodium:1::i2rcxiuc) 
-
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Whenever a polymer melts at a reasonable temperature without 

decomposition, such as polypropylene, polyamide 6 or 6.6 and 

polyethyleneterephthalate, the melt spinning process will 

be applied, since it is the most simple and from the environ­

mental point of view the cleanest process, when compared with 

dry or wet spinning. 

Whenever a polymer does not melt at a reasonable temperature 

and without decomposition, is, however, soluble in a solvent 

havins a not too high boiling point, at which the dissolved 

polymer is stable and when during evaporation of the solvent 

the polymer solidifies to an extendable gel filament, the dry 

spinning process will be chosen, as the second best choice. 

Another additional prerequisite for this type of fiber 

spinning, however, is that the solvent used has to be easily 

recoverable withait too much losses. 

The wet spinning process is only applied whenever the polymer 

does not melt without decomposition, or when the 5olvent for 

the given polymer h~s a too high boiling point, or when during 

evaporation of the solvent not enough and fast sclidif ication 

to extend.able gel filamens occurs. The wet spinning technique 

is in any case under such conditions the last choice. Wet 

spinning in general means the application of multi component 

systems, which especially in regeneration and recycling of 

chemicals is in most cases more difficult and technically 

involved. 

-5-
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The film-to-fiber technology for producing fibers was developed 

during the last 20 years, especially since isotactic poly­

propylene become available. For any polymer, which is meltable 

at reasonable t~-nperature and forms films with good mechanical 

properties, such techniques are favourably applied when th~ 

quality requirements for the desired textile material are 

~ot too high. Film splitting or slitting techniques applied to 

polypropylene films or with certain difficulties due to 

.intermolecular secondary bonding also to polyamide or poly-

< 9 es~;er films, yield fibers with titers higher than 6 dtex 

and with rectangular, sometimes very irregular cross-sections. 

The application of such fibers is limited to end uses, where 

coarse and irregular fibers can be tolerated. 

The suspension spinning technique is applied for the manu­

facturing of speciality fibers from organic or inorganic 

macromolecular substances, especially when these are neither 

soluble nor melt4.ble. Such polymer will be ground to fine 

po~ers, which are then suspended in high concentrations 

in a fiber forming spinning dope and spun ~nder :onditions 

suited for fib~r forming in the carrier nope. After fiber 

form2.tion, the f ibcr forming material coming from th1~ carrier 

d~pe, in the case of using viscose the cellulo~ic material 

is finally burned away, and the incorpor2.ted pow::ler is 

solidified by sintering. Such suspension techniques are 

applied for the manufacturing of polytetrafluorethylene 

fibers or of certain ceramic fibers, just to give a few 

~3mples. 

-6-
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'J.'he principles of melt ~pinning : 

The melt spinning procedure comprises the following processing 

steps: 

- the preparation of the spinnable polymer melt, 

- the extrusion of the melt through spinneret holes, 

the extension of the polymer streams leaving the 

spinneret holes, 

the solidification of the extended filaments, and 

the winding up of the solidified filaments on a bobin or 

on similar take-up equipnent 

The sc~eine of a melt spinning process is shown in the 

'following Figure No. 1. 

j Figu.:e No. 1 : 
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The polymer melt is extruded urrough a channel of the spinneret 

hole with a constant output rate W, with a cross secti.onal 

diameter at the exit of the hole of d
0

, at an average extrusion 

velocity of V
0 

and an extrusion temperature of T
0

• The take-up 

device pl~ced at the distance L fran the-spinneret collects 

the filaments with a constant linear take-up velocity VL. 

The correspondin'J filament diameter and filament tenaperature 

at the take-up point is dL and TL' respectively. Bet~·een the 

exit of the spinneret hole and the take-up place along the 

spinning path L, the drawing, the cooling, the solidi-

f ication and the formation of the supramolecular structure 

of the filaments takes place. 

There are many variables involved in the melt spinning which 

have an influence on the fi.ber formation arxl the resulting 

fiber dimensions and fiber properties. Some of these variables 

are mutually dependent. Under the steady state conditions under 

which fiber spinning takes place the equation of continuity 

holds: 

wherein p
0 

and pL are the polymer densities at the spinneret 

hole exit and the take-up point, respectively, A
0 

and ~ are 

the cro~a-sectional area of the melt filament and the wound 

up filament, V
0 

and VL the average velocity of the melt stream 

at the spinneret exit and the ~ake-up speed, respectively, and 

W is the mass output ~ate. 

The mass output ~ate W is determined by the dimensions of the 

spinneret hole, namely its radius R0 and its length 1
0

, by the 
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pressure difference Li P under which the extrusion takes place, 

and by the viscosity t of the polymer melt. at the velocity and 

temperature conditions of the extrusion. A somewhat modified 

form of the Pagen-Poiseuille law applies: 

w = --=--n-111 R3 (APR /2'1J 1 ) 1 tn 
-3n + 1 o o ~ o 

P~lymer fluids used in fiber spinning most often exhibit 

"structural viscosity•, i. e. t~e apparent viscosity decreases 

with increased flow rate due to rr.olecular orientation by shear 

forces in capillary flow. For such systems n ( 1, and the actuale 

output rate W is larger than that calculated from the Hagen­

Poiseuille formula in its original form valid for liquids 

with Newtonian behaviour. One of the most important characte-

ristics of fiber-forming thermoplastic polymers is the =heo-

logical behaviour in ~olten stat~, i. e. the behavio~r under 

flow conditions. Principally, there are two groups of FOlymers 

used for melt spinning: 

(1) Linea~ polycondensates, such as polyamides, polyesters 

and polyurethanes with moderate molecular weights in the 9 
range of 10.000 to 25.000, and 

(2) linear polyolF i.nes arid polyvinyl compounds, such as 

polyethylene, polyprcpylene, polystyrene, polyvinylchloride, 

etc., with higher molecular weights between 30.000 up to 

200.000. 

Wten melted, materials belonging to the first group, form melts 

·~ith rather low viscosity "Z, , being at commonly used extrusion 

temperatures in the order o~ 103 poises (~f. Figure No. 2). 

' 



Figure No. 2: 
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T•.P'P•raturc-dcpmdcnt vis~~it)' of fiber-forming_ in-Its: 
. 1 : pol)'propylenc 
2 : p_ol)'cth)'lon• tcrcphtllalatc 

These melts show only slight non-Newtonian flow characteristics, 

such as viscosity reduction with flow rate, and exhibit only 

minor- elasticity •..:haracteristic.3 and rather short relaxation 

times in their =esponse to external stresses. 

The second group of fiber-forming polymers exhibit due to 

their substantially higher molecular weight in their melts 

high viscosities of 104 poises and more. These m~lts show 

strongly ex9ressed non-Newtonian flow characteristics, high 

elasticity and long relaxation time3. 

The spinning of polycondensates, bebnging to the first group 

is therefore in most cases very good and without problems. The 

upper spinnability limit due to cohesive fracture is (cf. 

Figu~e No. 3) due to the lower molecular weight, the low 

viscosity and short relaxation time usually not reached. 

-10-
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limits. 

The lower limit due to capillary br~akup into drops appears 

sporadically only whe~ due to ~igh spinneret temperature T0 

or thennal degradation of the polymer the viscosity of the 

melt drop to a too low level. The generally higher flu~dity 

of the melts of these polymers also allows the use of grid 

melters with gravity feed (cf. Figure No. 4) instead of 

screw extruders. 

Figure No. 4: 

• 
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In compariso~, the spinnability of molten polymers belonging 

to the sec.:md group is usually limit-ed by cohesive fracture 

and very seldomly by capillary breakup. The die swell and melt-

fractur~ effects are very strongly expressed as result of 

the h~gher ela3ticity of the melts. Long relaxation t~es lead 

to serious limitatio;is of draw rates and defo.cma!:ion ratios. 

The high viscosities and in consequences t~e high pressures 

required in the extrusion of these poJ.ymers make ir. r ~ .. -er 

spinning the use of screw extruders \cf. Figure No. 5) often 

in connection with gear pumps (cf. Figure No. 6) necessary. 

I. 
I • • ' 

Scheme r>f sc:nrw ntrudn-

FigurtJ ·No. 6: 
ll'le p~ru of a sp_inni09_g~pump_ 

t : Ori,,ino our 
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4 I,.,,,,,, 0•-
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Tl"L pt1ysics of flow <luL-ing spinni:.~';J dope extrusion is mvst 

importar.t for the understanding and the controlling of fiber 

spinning. However,· it would go beyond the scope of this basic 

lecture to deal with this _subject in more details. Recently, 

Andrzej Ziabicki has published a most interesting book entitled 

"Fundamentals of Fiber Spinning" printed by Wiley & Sons, 

New York - L~ndon, which.is sold for US-Oollars 39,50. 

The spinneret holes in melt spinning are generally larger 

than in dry or wet spinning and range in dependence from the 

characteristics of the polymer and from the fineness of the 
I 

fibers to be spun from 0.1 to 0.8 InI1l in diameter with channel 

lnngth of a few millimeters. Normally, round holes are in use. 

Noncircular holes are used to make filaments of various cross-

sectional shape. Y-shaped holes will y.leld a three-lobed 

.cross-section which may be almost triangular, and a C-shaped 

hole will produce a hollow filament (cf. Figure No.7). 

. . . . I 
No11cirr.11l:ir spi•merct orifi1·r.1 nnd re.'111lting filler crOA." scct1on:t 
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In the case of spinning rr.ulti-filarnent yarns or staple fibers 

the cooling of the extrucJ.ed melt filaments after leaving the 

spinneret holes is performed in most cases in a gaseous medium 

of air, inert gases or steam in a vertical spinning shaft of 

1 to 5 m length {cf. Figure B). 

Figure No. 8: MeM spinn;ng C spi~ at top of spinntng tub~ 

The cooling effect is sometimes enhanced by blowing the 

cooling Jas perpendicular onto the fibers with r~spect to 

their spinniag dicection. On the other hand, in ::;pinning 

elastic melts of low f !uidity the upper part of the spi~ shaft 

has of ten to be heated in order to ~revent too rapid cooling 

thus avoiding difficulties ill drawing. Thick monofilaments 

or bristles are commonly spun into rapidly acting liquid 

cooling baths. 

-14-. 



• 

. 
( 

- 14 -

The take-up velocity used in fiber formatior1 by melt spinning 

of thermoplastic polymers range from 100 m/min in the case 

of thick monof ilaments an:1 liquid bath cooling up to several 

thousand m/min in the production of multif ilaments using 

gaseous cooling medimn. 

The lack of solvents and of coagulation or precipitating agents 

together with the high spinning velocities make the melt 

spinning technique the most convenient and efficient of all 

the spinning procedures. The only factor, which seriously limits 

the application of melt spinning is the melting temperature and 

the stability of the resulting fluid melts. Melting and extrusion 

temperatures much higher than 350° C are difficult to achieve. 

Typical melt and spun polymers are the linear polycondensates, 

such as polyamides, polyesters and polyurethanes, 2.nd thermo­

plastic polymerization polymers, such as po!yethylene and 

polypropylene. 

The thermal decompdsition of a polymer below the reasonable 

fluidity temperature normally excludes the application of 

melt spinning techniqaes. In a few cases, however, this diffi- ~ 

et:.lty can be overcome by replacing the pure undiluted polymer 

by plasticisingsystems. Po~ymers containing a few percent 

of low molecularized plasticising agent, yield suff icie~t 

fluidity at temperatures below their destruction point, thus 

allowing extrusion. Although in this case the spinnlng fluid 

is a very concentrated solution, such a process can be con-

sidered as "melt spinning", because, as in pure melts, the 

mechanism of solidification consists practically of cooling 

-15-· 
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rather than of evaporation of the plasticised agent. A 

polymer, which only melts normally under dec~mposition, but 

ca~ be extruded with the help of plasticising agents, such as 

water, diraethylformamide or others is polyacrylonitrile (cf. 

Figure No. 9) • 

Fiqure No. 9: 

I .. 

I 
I 

Diagram ~f spinning hHd for 'rnelt spinning' of PACH with plastic:iser. ' 

-16-
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Due to the high speed at w;ich melt spinning can be normally 

performed up today, the fiber manufacturing process is inter­

rupted at the prli~ary take-up point. In producing monof ils or 

multi-f ilam2nt yarr.s the unstretched product is wound on bobins 

or similar take-up elements or in case of manufacturing staple 

fibers collected in cans. In a second processing step, which 

is mostly performed at nuch slower speed, mechanical and 
. 

thermal after treatments are undertaken, leading to molecular 

orientation along the fiber ~is and improving the physical 

properties of the fibers. This after treatment consists of 

2- to 6-fold drawing of the.melt spun fibers, followed by 
. . 

heat setting nnd tempering treatments. In sane cases the fibers 

are also texturized to enhance bulk, cover an:l wear comfort. 

Details of these treatments will be dealt with in later lectures, 

describing the manufacture and use of viscose, polyester, and 

polyamide fibers • 

. The principles of dry spinning: 

A number of fiber-forming polymers can not be melt-spun 

because they decompose ou heating before, or close to, the 

melting temperature. These polymers, such as cellulose acetate, 

po1.yacrylonitrile, etc., may be spun from solution by either 

the "dry" or the "wet" spinning process. 

In the dry spinning process a concentrated polymer solution is 

extrudP-d through the holes of a spinneret in most cases verti-

cally downwaxd into a spinning shaft in which a current of hot 

gas usually flowing parallel to·the extruded gel filaments eva-

porates the solvent. The principle of dry spinning is illustrated 

schematically in the fol~.owing Figure No. 1 o. 

l 

I 



( -

Figure No. 10: 
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The spinning dope used in dry spinning should be highly concen-

trated to assure good fiber formation and to minimize the 

quantity of solvent to be evaporated and recovered. There are, 

however, practical limits to the concentration of pclymer 

solutions, as can be seen from Figure No. 11 showing the increase 

in viscosity of polyacrylonitrile solutions with increasing 

concentration. 
Ball Fall - seconds 

Fir;ure No. 11 : 
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A solution which is too concentratf'.:d may ha·re highly visco-

elastic, jelly-like properties, thus giving rise to cohesive 

fracture in extrusion under tension and be difficult to pump. 

The preparation of homogeneous concentrated polymer solutions 

is in raany cases not easy. When handled in the wrong way 

the particles of the solid polymer can form a solvent-swollen 

congealed mass which restricts penetration by further solvent 

inhibiting dispersion and dissolution. The proper technique 

asks in a first step for proper dispersion of the polymer 

powder in the solvent under non-swelling conditions, such as 

in the case of dissolving polyacrylonitrlle the application 

of temperature is near or below o° C for the dimethylformamide 

solvent. Mechanical stirring and heating the solvent is then 

used to complete dissolution. When the polymer is sensit.ive to 

oxidation air may have to be excluded to prevent degradation 

or discoloration. 

Generally, spinning solutions for dry spinning . · should be as high 

~ in concentration as pract~cally possible~ The practically expe-~ 

rienced range lays between 15 % and 35 i depending on the 

polymer used. 

The ideal solvent for dry spinning should be thermally 

stable, inert and non-toxic and have a low boiling poi~t and 

a low latent heat of evaporation. It should be a technically 

in large quantities produced and cheaply sold product. Good 

recovery for recycling in the process should be po~sible. 

The recovery rate is very L~sential fo~ the economies of a dry 

spinning process. 

-19-
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The properly prepared solution has to be filtered to remove 

gel particles or other solid impurities, and degassed to clear 

from air bubbles or other evaporable impurities. To reauce 

viscosity in order to make pumping and filtration easier the 

spinning dcpe will be heated to elevated temperatures. 

The thus prepared dope is metered by gear pumps to the indivi-

dual spinning positions and pressed through spinneret holes. 

In dry spinn5.ng these normally round holes are generally 

somewhat smaller than in melt spinning, namely from 0.1 to 

0.3 nun in diamei.:er and 1 to 3 mm in length. 

Th~ spinning positions including filters, spinneret and the 

guide system for the hot spinning gas, are assembled in a common 

unit, the socalled "spinning head 11 and are heated by circulating 

liqu·:.i, or vapoor, such as water, steam or for higher temperatures 

steaP\ of big~ boiling liquids, i. e. azeotropic mixture of 

diphenyl and phenoxybenzene. 

In dry spinning the filaments are extruded downwards into a 

heated tube, the socalled "spinning chimney•. 

Hei::e th~y are exposed to a circulation current. of hot gas 

which runs the same directions as the spinning filaments. 

The hot gas evaporates the solvent from the surface of the 

spinning gel filaments. Hot air or an inert gas, such as 

nitrogen or steam are used. '\-/hen air is used great care is 

needed that the concentration of the solvent vapour does 

not reach the explosion limit. 

-20-
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The temperatures of the spinning dopr! and of the hot gas 

are chosen to match th~ phy~i~al properties of the solvent 

and to provide optimum spinning conditions with respect to 

the solidification of the spi~ning gel filaments. In spinning 

cellulose acetate from aceton,1 the spinning dope temperatures 

at the spinnere~of approx. 55 to 60° c and of the hot gas of 

about 95 to 1oc° C at the gas inlet and approx. 60° C at the 

gas outlet are commonly used. For acrylic fibers from dimethyl­

formamide the corresponding temperatur~s might be 110 to 130° C 

for the spinning dope temperature, 250 to 3oo° C for the hot 

spinning gas at the: inlet and 130 to 1 so0 c for the spir.ning 

gas at the outlet. 

Very important in dry spinnin~ is to choose conditions under 

which the solidification of the surface occurs in a not too 

far distance from the spinneret face in order to prevent 

the clueing together of individual filaments should they 

touch each other under unstabilities of the spinning process 

which in practice can not be completely avoided. On the other 

hand the solidification should not lead to a too dense skin 

in order to allow solvents from the in.side to diffuse to the 

surf ace and to be remov~~ by evdporation. Furthermore, too 

fast and too complete solidification producirga hard skin 

of solid polymer can effectively interfere the extensili.i.lity 

in drawing. Evaporating of the solvent from the surface the 

cor~ of the filament remains still liquid or gel-like. The 

diffusion of thP solvent to arrl th.t;ough the surface skin reduces 

the volume of the core and causes the skin to fold giving an 

irregular fiber cross-section. The result of this is practically 
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a flattened "dog-bone" section, when circular spinneret holes 

are being used (cf. Figure No. 12). 

Also in dry spinning non-circular spinneret holes can be used. 

In order to retain any imposed shape the skin must be formed 

in such cases very rapidly. 

After proper solidification the filaments caning from the 

spinneret can be made to converge at some point down the 

spinning tube. Spin finish is applied when the filament bundle 

leave the spinning chimney and the f il:uuents either wound on 

bobins or other take-up elements in the case of production of 

r:\Onof ils or continuous filament yarns. In case of staple fiber 

nanuf ~cturing filament bundles coming from various spinning 

positions are collected to a thicker cable an:l stored in 

spinning cans. 

The take-up speeds for the freshly spun fibrous materials 

are in dry spinning at the take-up or collecting point in the 

range of 500 to 1000 rn/min. The ratio between the extrusion 

-22-
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speed and the take-up speed is mostly in the runge of 

1 : 5 l!p to 1 : 10. 

The freshly spun and wciund up mono£ ils or filament yarns 

or the freshly spun cables, stored in cans, retain in most 

cases till small quantities of the solvent which has to be 

washed cut in the following after-treatment. The after­

treatrnent of dry spun filaments has also here the purpose 

to establish hy drawing a proper degree of molecular orien-

tation along the fiber axis, to eventually crimp the fibers, 

and to heat set the fibers to prevent dimensional changes 

in use. Also in the case of dry spinning the equipnent 

necessary for the after treatment is completely different 

whether one prcxluces monof ils or continuous filament yarns 

or staple fibers~ 

The principles of wet spinning: 

The wet spinning process starts with the prepi.ration of a con-
. 

centrated polymer solution which is properly degassed, filtered, 

and metered accurc:.tely to spinneret assemblies. The fluid jet • energes usually horizontally into a liquid spin bath, which is 

miscible with the fluid i!l which the polymer is dissolved but 

being either a non-solvent for the polymer or being a coagu-

lant. 

The preparation of the spinning dope follows the same general 

principles discussed before in describing dry spinning procedures. 

The spinning dope for wet spinning has generally not as high 

-23-
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concentration as in dry spinning. Normally it contains about 

5 to 25 % of polymer depending on the nature of the latter. 

The orifices of the spinneret are in wet spinning generally 

smaller and range frora 0.05 to 0.2 nm: in dia..Lteter. 

The jet of polymer solution leaving the spinneret hole and 

coming in contact with the coagulant spin bath is undergoing 

a solvent/non-solven~ intarchange (cf. Figure No. 13) • 

Figure No. 13: 
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• A : conc.cntr.ation of solycnt cc:.tSOJ I 
~ . S : COncc11tration of prcc.ipitating agirAt 

CButanol) . 

Solvent diffuses out from the surface, and non-solvent diffuses 

into the coagulating gel f ilar.lent. A thin surf ace film of 

polymer gel is for.ned very rapidly. Continued t>xposure to the 

non-solvent causes phase separation and as the two way diffusion 

proceeas, the gel layer thickens through to the center. of the 

fiber. 

In case of spinning viscose rayon yarn or staple fibers 

the spin bath contains aside the coagulant of sodium sulphate 

solution also the chemical reagent sulphuric acid causing 
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regeneration of the cellulose xanthate back to cellulose. 

Here the f iper formation is a can~ination of coagulation 

and of chemical reaction. 

In wet ~pinning, as in other spinning technologies, the 

filaments must be given uniform treatment if good quality 

products are to be ~pun. Fresh and sufficient supplies of 

spin bath must be provided to all places of the spinneret 

face. This is especially important in staple fiber spinning 

where spinnerets with up to 100.000 holes are in use. 

Special positioning pattern of _the holes in the spinneret plate ~ 

or combination of small spinnerets in one assembly plate 

are being used. The spinneret plates do not have to stand 

up very high pressures and are made of relatively thin metal 

sheet ma~~rial. In sam~ case, as in viscose fiber spinning, 

tney have to withstand corrosive liquids and are therefcre 

made from gala, platinum or tantalum alloys. 

For practically all cow~ercial fibers spun by wet spinning 

technology water is used as major ingredient of the spin bath. 

Spinning from an organic solvent straight into water, however, 

can cause too rapid precipitation of solid polymer leading to 

ciff iculties in achieving adequate mechanical properties by 

drawing. Therefore, ir. most cases solutions of the polymer 

solvent in water are used as spin baths to delay coagulation 

and gelation. When acids or inorganic salts are used to cause 

and enhance coagulation the concentration is the controlling 

factor for precipitation and solidification. 

-25-
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The actual path .length of the freshly ~xLrud.ed f ila.u<:mts in 

the spinning bath can be qL "te short, often less than one 

meter. The temperature of the spinning bath can vary depending 

on the type of polyrner-solvent system. and the O?timum condi-

tions of coagulation and solidification necessary for achieving 

the desire~ fibe~ properties. Nor3al~v, spin 

betweer1 20° and so° C are used. 

·-.h ternperatur e.s 

Following the coagulation and solidification in the spin bath, 

often additional baths a~e used to complete the hardening 

(. process, or when Chelllical reactions are involved to complete 

these reactions, and to wash out residual solvent or reagents. 

As long as the freshly formed filaments are still in a gel 

state, the bath liquid should be supplied without turbulent 

flow so that the extruding filament assembly is steady and 

individual filament~ do not rupture or touch ~ach o~her until 

solidification is sufficiently advanced. 

After filament formation and sufficient solidification the 

filament cables are taken from the spinning bath and sub-

illitted to an one- or rn~ltistep stretching reatment orienting 

the f iber-f orraing ;Jolyr:1er i'i\Olecu le"; in to a~d <ilong the fiber 

axis. This stretching tcatment can either be carried out in 

air or in liquid bath often at elevated temperatu~es. The 

drawing is usually performed in nonofil or multifilament 

yarn spinning between two rollers rotating at different speeds; 

in staple fiber spinning the filament ass0 .mblies coming from 

various spinning positions are combined to cables of several 

-26-
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millions of filaments and stretched between roller assemblies 

each consisting of 3 to 7 rollers (cf. Figure No. 14) • 

Figure No. 14: 

In the freshly spun state the filaments are still swollen by 

solvent/non-solvent liquid mixture, which plasticises the 

polymer molecules or fibrils increasing their mobility. The 

stretch ratios normally applied range in practice depending 

on the type of polymer system from 1 : 1.5 up to 1 : 5. 

'!'he spinning spef?ds in wet spinning are restricted by the 

considerable viscou5 dcag on the gel filaments in the spin 

bath liquid and by the time needed for coagulation and .. olidi­

f ication. Since the solvent/non-solvent exchange is widely 

a diffusion controlled process spinning speed is, 

to the speeds of melt or dry spinning1comparably slow and 

ranges mostly between 10 to 100 m/min. 
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For economic reasons, solvents and chemicals used in wet 

spinning have to be recovered and recycled in the process 

from the spinning solution and from washing and after-treat-

ment baths. 

The princioles of filra-to-fiber processes: 

The direct way to produce man-made filament or staple fibers 

by extrusion of a polymer spinning dope or melt through small 

spinneret holes is well known and widely applied. If during 

the last two decades a large number of industrial companies and 

research institutions began to study the possibilities of pro-

ducing fibrous products by the way of polymer films, there must 

be a special reason for this. Such reasor.s are mainly the Jela-

tively lower investment costs of film extrusion equipment, the 

possibility of performing fiber production in a one-step-opera-

tion, the relatively low processing costs and some spec!al pro-

per ties of the fibrous product obtained by this way. 

Film-tape and film-tape products: The first sL~ps towards the 

production of fibrous products suitable for textiles and re-

lated uses by ~he w~y of polymer films was the development of 

film-tapes or ribbons. Until t!w early fifti~:>, the production 

of film-tapes or ribbons was limited to paper or to film from 

regenerated cellulose, polyvinylchloride and polystyrene. However, 

these materials yield products of too low tensile strength or 

unsatisfactory wear prope.:ties .:md uere thus in no way 

competitive to hard fibers, such as hemp, Manila or Sisal, 

or they were too high in price in order to compete successfully 

in most fields of application, such as for binder-twine, ropes 

or mats. 

- '"H> 
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However, wh.:!11 in the early fifties the high density poly-

ethylene and the isotactic polypropylene came into commercial 

reality, the situation changed canpletely. These polymers, being 

relatively inexpensive and having good \.Xistallizatio:i and orien-

tation ability, gave excellent films. Due to their limited ten-

dency to develop intermolecular bon~s or forces, highly orientated 

films from these polymers show high anisotropy of strength and can 

be easily cut into tapes or ribbons or slit into fine capillaries 

of high longitudinal strength. A further advantage of the polyole-

c fines were their relatively low density. 

In a matter of a few years, a large number of companies, 

ihvolved in the production of strings, ropes and mats, as well as 

involved in extrusion equipnent manufacturing, devel~ped pro-

cesses and machinery for the production of film-tape and film-tape 

products. 

In principle, the processes for film-tape manufacturing can 

be dinstiguished into:(cf. Figure No. 15): 

( Figure No. 15: 
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a} Processes, where tape cutting is done before the stretching 

operation, and 

b) processes, ~here tape cutting is done after the film 

stretching {cf. Figure no. 16) • 

Ficrure No. 16: 
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An interesting possibility was shown during the last years in 

the developnent of the new Slit-We.:.ving(R) _process, for which 

uniaxially stretched film is applied directly on the loom in con-

ju::1ction r.-;ith a taoe cutting device, producir1g a warp tape directly 

on the loom, as illustratro in the lower part of Figure 16. 

Film-Yarns and fibers: The idea, of going a step further, namely 

prcducing fine filaments or fibers by the way of the film is 

not new. The pioneering work for filament and fiber processing by 

the way of polymer films was already done at the beginning of the 

fourth decade of this century by Heinrich Jacque et al. 
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Jacque and his coworkers had observed that films of poly-

vinylchloride or of polystyrene, being monoaxially stretched at 

elevated temperature to high draw-ratios, gave materials of 

hi~h orientation and high strength in t~e direction of draw. At 

the same time these films show s~ongly reduced tensile strength 

in the cross-direction, splitting easily when exposed tc mecha­

nical actions, such as brushing, rubbing or twisting. 

Somewhat later, a closely related process for the produ~-

f:.. tion of fibers from polyvinylidene films was developed in 

c 

the United States of America. At the same time, o. B. Rasmussen 

started his very interesting work on film-fiber processing, 

which has given remarkable stimulation and a large number of use­

ful ideas to the further develoµnent of textile yarn and fiber 

manufacturing by the way of film. 

In the last decade, a large number of machine and fiber 

manufacturers (i. e. in Great Britain, Japan, Germany, the USA 

and many others) have independently developed film, yarn and 

fiber processes and machir1ery performing such processes. 

In accordance with the principle characterizing film-to-fiber 

s~paratio;i, one can distinguish three main tyf>es of film-to-

fiber processes: 

1. the processes, applying random mechanical fibrillation, 

2. the processes, applying random chemo-mechanical fibrillation, 

and 

3. the processes, applying controlled mechanical film-to-£ it,er 

s2par a tion. 

-31-
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all processes can be listed, in which the polymer film is sepa-

rated by pirely mechanical action, such as brushing, rubbing, 

twisting, air-jet treatment, and others. The main prerequisite 

for ~he application of these means for fibrillation, is the ere-

ation ~f high tensile strength anisotropy by applying high draw 

ratios. Furthermore, polymers have to be used, such as polyol~fines, 

which have due to their chemical structure no or only limited 

tendency to form secondary bonds between the individual mole-

( cules. The restilting yarn-like products have in most cases a 

ft network-like texture and a very wide distrib.ltion in fiber length, 

fiber thickness or cross-section of the fiber segments, such as 

illustrated by the Figure No. 17. 

Figure No. 17: 

Example of a split fibre 
~.t<!e by ~echanlcal fibrillation. 
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Products of this type are mainly used for the production of 

binder-twine, cords, ropes, mats or nets. 

l..rnong the processes, applying randora chemo-mechanical 

fibrillation, all processes can be summarized in which additions 

are made to the polymer, introducing statistically distributed 

inhanogenities into the film, acting in the drawing treatment as 

weak spots enhancing the tendency for length-wise spl!tting. 

Such additions can either be compounds decunposing i t the extru-

~ sion temperature forming gases leading to voids in the film. 

c 

Also the use of soluble salts added to the polymer has been 

suggested. Another way to intrcduce weak spots into the poly-

mer film, is the addition of incornpatibie polymers. In the 

following Figure No. 18 an exa~ple of the texture of a split fiber 

yarn, produced by applying cherno-rnechanical fibrillation, is 

given. Here also the products have network-structure and the 

cross-sections of the fibrous segments o~ the network show high 

non-uniformity. 

Figure No. 18: 
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Exa~ple of a split 

fibre made by chemo-mechanical 
fibrillation. 
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Products, made by this way, are also applied in the manu-

f acturing of twines, ropes, mats or nets. 

The processes, applying controlled ~echanical Film-to-fiber 

separation, use more or less accurate sli~ting, cutting er sepa-

ration procedures, resulting in products, having more or less 

regular network-structure or oeing preferably continuously 

separated. 

According to the basic principle of the film separation 

(~ techniques applied in the controlled mechanical film-to-fiber 

separation, one can distinguish three methods: 

(i) The first method uses the intrcxiuction of well defined weak 

structures into the film with the help of profiled dies 

during extrusion or with profiled rollers following the ex-

trusion. Processes, based on such means, have been developed 

by companies in the United Kingdom and Germany. In subsequent 

stretching the profiled f ilrn separates along the length 

grooves into more or less completely separated continuous 

filaments. 

'l'he following F i0ure No. 1 9 shows ti1e cross-section through 

the length groove structure of a film, extruded by using 

profiled dies. 

Figure No. 

Slit fibres made with 
controlled mechanical film to 
fibre separation.' 
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In the uniaxial drawing of the profiled film, separation 

into more or less completely separated filaments occurs, 

having very uniform cross-sections. 

With the use of profiled rollers also more complicated 

structures, such as networks of vac ious kinds, can be pro-

duced. 

(ii) In the second method of controlled film separation, a 

freshly extruded or only partially stretched film is passed 

through or treated with rotating needle rollers. 

The· teeth or needles penetrate the film and slit it into 

more or less regular networks of defined fibers. The str~c-

b.lre of these products can vary over a wide range from 

statistical networks as produced by statistic mechanical 

fibrillation to very regular network structures, as shown 

in the following Figure No. 20. 

Figure No. 20: 

Slit fibre yarn ~ade 
with controlled film to fibre 
separation. 
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(iii) The thir~ method of controlled film-to-fiber separation 

is based on the use of very fine saw-like cutting or slitting 

tools. An example of such slitting tool is given in 

Figure No. 21. 

Figure No. 2 1: 
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The kind of product, obtained by such film-to-fiber 

separation method is shown in the following Figure No. 22 

Figure No. 22: 

The side view and the cross section show that the resulting 

fibers are very regular, approaching the regularity of 

conventionally spun man-made fibers. Such fibers can be 

profitably produced with coarse titers for technical 

uses and for outdoor uph0lstery, mats and carpets, as 

well as for twines and ropes. 
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The principle of the suspension spinning processes: 

The suspension spinning method is applied whenever the fiber 

forming material is neither meltable nor soluble. The mater...:.al 

~an then be ground up very finely, suspended in a carrier 

spinning dope, such as viscose or polyacrylonitrile dope. 

This s~spension is then spun into filaments. The carrier 

polymer is burned away and the fiber forming powderous material 

sintered to form a stai.~le filament. Such spinning methods are 

~ used in the manufacturing of polytetrafluorethylene or of 

ceramic fibers. 

c • 
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PRODUCTIOl-i J:>.LA~TS FOR SYNTHETIC FIBERS 

1. Engineering: 

Barr:1ag Ba.rm.er ~1!aschinenf abrik AG 
Leverkusener Str. 65 
D-5630 Remscheid 1-1 

BRD 

Chiyoda Che.~ical Engineering & 
_Construction Co., Ltd. 
Hibiya Kokusai Bldg. 2 - 3 
Uchisaiwai-cho 
Chiycrla-ku 
Tokyo 100 

JAPAN 

Didier Engineering GmbH 
Industrieanlagenbau 
AlfredstraBe 28 
D-4300 Essen 1 

BRD 

Fleissner GmbH & Co. 
Wolf sgartenstraBe 6 
D-6073 Egelsbach 

;> 

BRD 

Humphreys & Glasgow Limited 
22 Carlisle Place 
London SW1P 1JA 

ENGLAND 

Vereinigte ~sterreichische 
Eisen- und Stahlwerke -
Alpine Montan AG 
Werksgeliinde 
4010 Li:1z 

AUSTRIA 

Zinuner Aktiengesellschaft 
Borsigallcc 1 - 7 
D-6 Frankfurt/Main 

BRD 

t 

.. • 

Tel.: (06103) 4141 
Tel~x: 04-15 069 

04-15 021 
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. 1.1 Com2l~te plants: 

: 

. i 

Ateliers Roannais de Const~uctions 
Textiles (ARCT) 
Rue Cuvier 
Impasse Champrimis 
F-42300 Roanne 

FRA.:-ICE 

Au toma tik Appar a te-:-taschinenbau 
H. Hench G:abn 
Ostring 19 
D-8754 GroBostheim 2 

BRD 

Barmag, Remscheid 
see above 

Blaschke & Co GmbH 
Schorndorf er StraBe 24 
D-7056 Weinstadt-Endersbach 

BRD 

Didier Engineeriag, Essen 
see above 

Kar 1 Fir scher 
Apparate- und Rohrleitungsbau 
Holzhauser StraBe 159 ~ 165 
D-1000 Berlin 27 

BRO 

Fleissner, Egelsbach 
see above 

Lurgi :Apparate-Technik GmbH 
GervinusstraBe 17/19 
D-6000 Frankfurt/Main 

BRO 

Synthetica-Ch~~ieanlagenbau AG 
Postfach 244 
Eptingerstr. 41 · 
CH-4132 Muttenz 1 (Basel) 

SWITZERLM-lD 

Zimmer, Frankfurt 
see above 

1.2 Erection: 

Didier Engineering, Essen 
see above 

a 

.. 
• • 

' 
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Fis~her Karl, Berlin 
see above 

ZL-nmer, Frankfurt 
see above 
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· 1.3 Consultation: 

Didier Engineering, Essen 
see above 

Fischer Karl, Berlin 
see above 

Zimmer, Frankfurt 
see above 

2. Spinning plants: 

2.1 Complete plants: 

2.2 

ARCT, Roanne (F) 
see above 

Automatik GroBostheim 
see above -
Barmag, Remscheid 
~~e above 

Blaschke, Weinstadt 
see above 

Didier Engineering, Essen 
see above 

Fischer Karl, Berlin 
sec above 

Fleissne:c, Egelsbac;1 
see above 

Lurgi, Frankfurt 
sec above 

Synthetica, Muttenz (CH) 
see above 

Spinning nozzles: 

Dilrener Me tall tu ch 
Schoeller, Heesch & Co. 
Postfach 447 
D-5160 Dilrena 

BRD 

.... 
• 

_._. 

• 

l 
' 



c 

c 

- 4 -

w. c. Heraeus GrabH 
Herc.eusstraBe 12 - 14 
D-6450 Hanau 

BRD 

Voest-Alpine, Linz 
see above 

Metallwerk Plansee AG & Co. KG 
A-6.600 Rcutte 

AUSTRIA 

2.3 Spinning heads: 

ARCT, Roanne (F) 
see above 

Automatik, Gro6ostheim 
see ab0·.re 

Barmag, Remscheid 
see above 

Blaschke, Weinstadt 
see above 

Didier Engineering, Essen 
see above 

... 
Synthetica, Muttenz (CH) 
see above 

Zimmer, Frankfurt 
see above 

2.4 Spinning discs: 

Heraeus, Hanau 
see above 

2.5 Spinning funnels: 

Barmag, Remscheid 
see above · 

Tempelma1n 
Ges. fur techn. Glas 
LiltkenheiderstraEe 11 
D-58 Hagen 

BRO 

= Zimmer, Frankfurt 
see above 

. l 

2.G Reeling machi~ 

• ARCT, Roanne (F) 
see above 

~ • • 

.. 



Ba.L1ai1y, Re1nscheld 
see above 

Blaschke, Weinstad t 
see above 
Fischer, Karl, Berlin 
see above 

- 5 -

2.7 Soin-dra~-win~i~q machines: 
_....~~~~~~~~---~~~~~ 

ARCT, Roanne (F) 
see above 

Barmag, Remscheid 
see above 

Blaschke, Weinstadt 
see a!Jcve 

Industrie-Werke Karlsruhe Augsburg AG 
Geschaftsbereich Chemief aserrnaschinen 
GartenstraBe 71 
D-7 5 Karlsruhe 1 · 

BRD 

2.8 Stretching mills: 

ARCT, Roanne (F) 
s~e .... above 

Automatik, GrcBostheim 
see above 

Barmag Remscheid 
see above 

Blaschke,· Weinstadt 
see above 

Didier ·Engineering, Essen 
see above 

Fleissner, Egelsbach 
see above 

Synthetica, Huttenz (CH} 
see above 

·2.9 Draw-texturising machines: 

ARCT, Roanne (F} 
: see above 

Barmag, Ren sche id 
see above 

·i Didier Enginetring, Essen 
see above 

... 
• 
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2~10 Hiah-soeed winders: 

ARCT Roanne (F) 
see above 

Barrnag, Remscheid 
see above 

Bla~chke, Weinstadt 
see above 

- 6 -

IWKA Chemief as er , Karlsruhe 
see above 

2.11 Tow take-off and canning machines: 

ARCT, Roanne (F) 
see above 

Fleissner, Egelsbach 
see abo'7e 

IWKA Chemiefaser, Karlsruhe 
see above 

2.12 16-fold spinning technique: 

ARCT, Roanne (F) 
see above 

Automatik, GroBosthei.m 
see above 

Didier Engineering, Essen 
see above 

SynthetiGa, Muttenz (CH) 
see above 

Zimmer, Frankfurt 
see above 

2.13 Spinnins p~~os: 

Barmag, Remscheid 
see above 

•Feinprilf" FeinmeB- und 
Prilfgerate GmbH 
Brauweg 38 
D-3400 Gottingen 

BRD 

• 
I ~I 

.... • • 
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Pump testing stanas: 

Feinprtif, Got ting en 
see above 

Staple fiber plants: 

ARCT, Roanne (F) 
see above 

Barmag, Remscheid 
see above 

"- • • 
Blaschke, Weinstadt 
see above 

Didier Engineering, Essen 
see above 

II! 
Fischer, Karl, Berlin 
see al::ove 

Fleissner, Egelsbach 
see above 

Lurgi, Frankfurt 
see above 

Zinuner, Frankfurt 
see above 

.... 
After-Treatnent bowls: 

ARCT, Roanne (F) 
see above 

Fleissner, Egelsbach 
see above. 

Tow folding units: 

A.'R.CT I Roanne (F) 
see above 

Fleissner, Egelsbach 
see above 

$teaming and heat-setting plants: 

ARCT, Roanne (F) 
see above 

Fleissner, Egclsbach 
see above 

• -8-
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7. Opening units: 

: 

.. . 

ARCT, Roanne (F} 
see above 

Fleissner, Egelsbach 
see above 

~. Tm·1 drawing svstens: 

ARCT, Roanne .(F} 
Autornatik, Gro6ostheim 
see above 

Blaschke, Weinstadt 
see above 

Fle~.ssner, Egelsbach 
see above 

Synthetica, Muttenz (CH} 
see above 

. . - - -
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