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spinning the cooling of the raw ma.
teriat too. In principie the following
processes are differentiated in filg-
ment formation:

- Dry spinning

~ Meit spinning

~ Flow of the meit in the spinneret

~ Processes in the spinnerst ducts

- Behaviour of the meit after
emergirig from the spinneret .

— Behaviourof the still fiuid and
little soliditied filament under

drawing

~ Coaguiation and/or decomposi-
tion (regeneration), cooling,soli-
dification

— Drawing the consolidated filament
- deformation processes

Depending on the spinning techni-
que the flow processes ars very dif-
ferant. For the processes named
above and the subsequent drawing,
the following parametars are decisi-
ve:
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The extrusion drawing may be ex-
pressed as a simple numerical va-
lue (e.g. 10), a8 a ratio like the
drawing, or eise as a percentage.
It the extrusion rate is equai to the
haui-oft speed, the extrusion ratio
is1:1. Normaily it is higher than 1.
If however the take-up spsed drops
below the extrusion speed, ratios -
below 1 resuit (negative drawing
of stuffing).

Stuffing has special importance in
Certain wet spinning routes. The
rheological flow processes taking
place during the formation of the fi-
laments may be regarded as two
processes: the inner and outer
spinning proceases. Significant here
is the fact that the hydrodynamic
conditions inside and behind the
Spinneret ditter decisively.

While the flow velacity is constant
over the length of the spinneret
duct, it ditfers over the cross sec-
tion — from zero at the edge to its
maximum at the middie. Inside the
spinneret there is a radial, behind
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it an axial velocity gradient. In the
hauled-off filament the velocity is
oonstant over the cross section but
varies with the length of the maliten
thread (fig. 1).

The parameters listed here play a
special part for the individuat spinn-
ing procssses, and must be adapt-
ed to each other acconding to de-
nier and spinning conditions. They
influence the fibre properties to a
large extent.

2. Producing stapie fibres

2.1 Viscoses stapie

The viscose Spinning solution or vis-
cose for short - a celluiose dissolv-

ed as xanthate in dilute caustic so-
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“rocess and machine technology of manmade fibre production

‘= solution with a concentration of

:0 9% — serves to produce viscose
taple fibres. The deaerated visco-
2 ready for spinning is forced
‘nrough gold/platinum  spinnerets
nto a coagulating bath containing
sulphuric acid, sodium and zinc sul-
>hates (fig. 2and 3).

T1g. 2
at apinning process for viscose
Spinmng
Orawing
Stapling or tow treatmaent
i Washing, izing,
-~ Drying
Bales

The spinning temperature is 40 to
L0 °C, the precipitation or coagu-
ation distance 25 to 80 cm, depend-
ng on the process and spinning
~peed (70 to 100 m/min). With re-
jard to the colicidochemical beha-
viour of the viscoss it may be re-
sarded as the aqueous solution of
an anjonic colloidal slectrolyte with
ziructure-linked groups (xanthate)
and non-ionogenic hydrophilic oxy
thydroxyf) groups. For filament for-
mation in spinning the coagulation

~hase is critical. Coagulation is to
e understood as the solidification
ct the colloidally dispersed system.
‘e more or iess fraely mobile mo-
~cular chains or associates in the
lisrarsion join up into larger
sroups. Coagulation may be induc-
:d by withdrawing soivent for in-
.iance, or by adding elactrolytes
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(saits). The purpose of the spinning
baths is to convert the sodium cei-
luiose xanthate emerging from the
spinneret in the form of a fluid vis-
cose jet into a cohesive gel thread
by coaguiation, transforming the so-
luble xanthate in this gel into inso-
luble hydrate csiluiose. Thus colloi-
dochemical and purely chemical
processes take place side by side
and succassively. The spinning baths

Qg0 @'\must thersfore contsin both salts

with coaguilating action and acids
with decomposing action as rea-
gents.

After neutralization of the free cau-
stic soda solution, decomposition
ofthe xanthate proceeds viathe free
celiuiose xanthic acid stage. This
resuits when the pH vaiue drops
from 14 to about 2 due to the dittu-
sion of H+ ions. While this acid
is formed very quickly, its decompo-
sition is relatively siow. In addition
secondary reactions take pilace
which are not without importance to
the fibre formation and fibre struc-
ture (fig. 4).

The presance of zinc in the spinning
bath influences not only the
formation of zinc cellulose xan-
thate, which is insoluble in wa-
ter and difficuit to decompose, but
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also the secondary reactions, be-

cause zinc can react with a number

of the sulphurous by-products pre-

sent in the viscose and formed by

thesdecomposition of xanthate. The

zone in which the zinc ions react

has a different structure to that of

the core, hence the distinction bet-

ween covering layer and core cel-

luiose. The outer layer is more den-

sely packed, as can be shown with

dyestuft (Hermann’s Victoria biue

method). The core and outer layer

structure is the reason for particu-

larly marked crimping, which with -
any viscose stapie fibre can be trac-

od to the differential shrinkage and

tension betwesn the two 2ones. Of
importance is the formation of zinc

trithiocarbonate (ZnCSs) and zinc

sulphide (ZnS).

Through these processes the hydro-

gen ion diffusion in the gel thread is

siowed down, and a buffering ne-

ceasary for the formation of the fi-

bre structure occurs. Experience

has shown the properties of the vis-

cose regenerated fibres to be im-

proved as the decompasition of the

xanthate in the spinning bath is

siowed down in relation to the coa-

gulation, or that for good coaguia-

tion the decomposition shouid be
siow. These chemical reactions

(thread formation with a decompo-
sition or regeneration process) are
accomplished about 80to 90 % in the
primary or spinning bath. Further
treatment of the filament bundles
from the large-size spinnerets of a
spinning machine, united into a tow,
takes place in a second bath. Here
at 92...95°C residual decompo-
sition and drawing (60 to 100 %) take
place. This second or plasticizing
bath contains only 20 to 25 grams
‘per litre sulphuric acid and salts
entrained with the filaments.

Apart from the standard viscose
staple fibres, speciai items are pro-
duced. For these either spinning
baths containing zinc are used, or
coagulation baths which first mere-
ly neutralize the alkaii of the thread.
After drawing outside the primary
bath, decomposition and rsgenera-
tion ensue only in the second bath,
The spinning baths must always
have constant acid and salt con-
tents. The large amount of water
brought into the bath with the visco-
se is removed again by enormous
spinning bath evaporators, and the
temperature is kept constant by

&
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Process and macillm technology of manmade fibre production

spinning bath preheaters. The visco-
e spinning baths are as given be-
low: )

Acid bath:
umumwmm:m-
bath:

littie acid

Post-treatment of spun fibres

Before the filaments from the spinn-
ing machine become finished pro-
ducts they must undergo a series
of puritying and finishing stages
(post-treatment). The first of these
(washing) may be applied in the
fleece or tow form. The tow from
the spinning machine is led to a
cutting head and converted to the
desired stapie length (for stapling
unitsee 2.2), .

Today the fibre material is generaily
washed after conversion into flock
(flesce) form. Tow washing is re-
served for special cases (table 1,
fig. 5).

g_
i

in the first post-treatment stage,
deacidification of the freshly spun
fibres takes place (water tempera-
ture 85...90 °C). Here the fibres
cut to staple length and in flock
form are deposited on suitable con-
veying arrangements as a uniform
flesce. This washing machine, con-
sisting of a conveying system and

Table | Production and post-treatment of viscose
siaple

R e
Drawing Orawing Drawing
Stapling Folding/buciling (Stapling)
Washing Wastwng Washing
Flesce tormation Fotding/buckling (Floece torma-
Pro-(wet|- non

apening Orying (Opening)
Orying Conditioning . :sm;
intermediate Coiling Drying

Drying Conaitioning
Conditioning (Fine opening)
Fine operwng Packing/coiling
Packing
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The drying behaviour is determined
by the amount of the primary gel
swelling, since the formation of the
libre structure in drying genaerally
follows the phenomena observed
in the shrinkage of geis. Only a
simpie contraction is invoived here,

an endless metallic screen beit, is
divided into individual sectors in
which the appropriate treatment
fluid is sprinkied or sprayed onto
the fleece. Between the separate
treatment stations the fleece is lted
through a pair of roliers to SqQuesze
out the treatment fiuid.

Desulphurization is the next treat-
ment stage, performed with either
sodium sulphide or caustic soda
solution and sodium sulphide, foi-
lowed by washing. After this comes
bieaching, depending an the degree
of whiteness desired. The following
processes are used:

- alkaline hydrogen peroxide
bleaching

- acid hydrogen peroxide bleaching

- sodium hypochiorite bieaching

-~ sodium chiorite bleaching

According to the end-use of the fi-
bres, optical brighteners are applied
to the flocks together with the finish,
Finally the post-treatment ends with
finish application to the fieece.

The behaviour of the fibres in spinn-
ing is influenced decisively by the
finish applied. The nature and
Quantity of the product appiied de-
pend of the fibre type, its propertias
and the spinning conditions.

After the post-traatment comes dry-
ing (fig. 8). To avoid having to eva-
porate excessive quantities of water,
the fleece is first dewartered by
3queezing. Drying imparts to the
fibre the structure with which it un-
dergoes further processing.

however, because ordered and un-
ordered zones are present. Setween
the molecules or parts of these, new
adhesion points are formed, which
in turn result in further links bet-
ween the crystaliites and determine
the strength and structure. A large
part of these adhesion points are
reversible, i. e. thers is no bond or
link by hydrogen (repested wetting
and drying, aiteration of swelling
index). To avoid fibre detsrioration,
drying in the fleece form must be
performed gently and evenly. On
modern  high-performance piants
therefore, the material runs first
through a pre-drying zone, followed
by intermediate opening (i. e. turn-
over) of the materiai, post-drying
and finaily conditioning. The condi-
tioned fibres are led by a beit con-
veyor and an air current to the au-
tomatic baling press for packing.

The production of the individuai ty-
pes and moditied fibres, which are
set out below, cannot be dealt with
in detail here.

- Normai cotton, woo! and carpet
types, bright, dull and spin-dyed

- High-tenacity types (high zinc
suiphate), low wet moduius. no
dimensionai stability, low
sweiling, high dry and wet
extension

~ Polynosic fibres, high-moduius
{coagulation) tibres, low swelling,
low dry and wet extension,
dimensionally stabie
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- Coagulation fibres (coagulation
- drawing — decomposition) with
surface effect, e. g. marks.

— Special high-tenacity types. Zinc
sulphate baths and modified
viscoses, retarded decomposition,
influencing of the chemical
reactions
Special types from modified
viscoses, incorporating chemical
substances (low flammability)
from post-treatment baths with,,
aldehydes, fibres drawn in
alkaline baths, graft fibres.

2.2 Celiviose acetate stapie

Fibres based on ceiluioss 2%2-ace-
tate and fibres of ceiiulose triaceta-
te are commercially available today
anly to a limited axtent. They differ
chemically in their content of com-
bined acetic acid. In ceflulose tria-
cetate all six OH groups of the fun-
damental cellobiose building block
are esterified with acelic acid; it
contains 62.5% combined acetic
acid. Reduced to an acetic acid
content of about 54 % by hydrolysis,
the celiviose acetste becomes so-
luble in acetone, which is smployed
preferentially as soivent for dry-
spinning cellulose acetats. Of the
original six ester groups, five re-
main on the basic celiubiose mole-
cule, i.e. 2% per glucose unit —
hence the name 2 V2 — acetate.

The production of celluiose 24
— acetate and triacetate starts off
with very purs bieached pulps, ob-
rained by the suiphite process. Ear-
lier cotton linters were used too.
The celluiose is suspended in acetic
acid. To this suspension an asterifi-
cation catalyst is added, as a rule
sulphuric acid, and then acstic an-
hydride as acetylating agent. Acety-
iation may be performed conti-
nuousiy or discontinuously; it pro-
ceeds heterogeneoustly at first. Cel-
!ulose triacetate is soluble in acstic
acid. After reaching the triacetate
state there is a homogeneous sofu-
tion, from which the triacetate can
be precipitated. Celluiose triacetate
's spun wet or dry. For spinning the
=conomically more important aceta-
te fibre, a corresponding amount
ot-water and sulphuric acid is add-
2d to the triacetate solution to ini-
tiatethe hydrolysis mentioned. When
hydrolysis has progressed suffi-
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ciently, the celiulose 2 '2-acetate
is pracipitated by adding more wa-
ter. The aqueous acetic acid is re-
stored to pure acetic acid free of
water in an auxiliary plant, and the
recovered raw material goes to the
solvent plant, where it is mixed in-
tensively with acetone into a 25 % so-
lution, which after careful filtration
passes via an intermediate tank in-
to a distribution pipe. The solution
is then supplied to the spinning (me-
tering) pumps under pressure
(fig. 7).

14 Acetic acid recavery
18 Orying

Acstone
17 Dissolution (28 % spinning sohtion)

2.3 Polyester staple

Thermal deformation: spinning and
drawing

Of all the meit-spun fibres, polyami-
de 6.6 is the oidest. The spinning
(meit) grid process was devised for
it, though its importance is now very
small. Because at the present state
of the art polyamide 6.8, 6 (Perlon)
and Quiana can aiso be spun by
the extruder process, the produc-
tion of poiyester staple fibres may
be taken as an exampie of thermai
deformation. Minor alterations of the
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spinning conditions with polyamide
will not be enlarged upon here. Ex-
ceptions among the polyamides are
Nomex and Kevlar, which are wet-
spun. The spinning processes for
the various polyamide types are as
follows:

PA G («Porione) - meit-spun

PA 6.6 («Nylon=) melt-spun

PA 11 (=Rilsan=) mekt-3pun

«Quisna« (PA 472) meit-spun

~Nomexs wet-spun

oKeviars wel-apun

Axample; «Koviers:

Solvent: sulphuric acid (Hr30.) 98 % and

more

Concentration: 20 % by weight of the polymers
90...100°C

PANSpOrt and S1Orage room

Chip
(Hoechet-Uhde inmternationat Gmbi}

Commercial polyester fibres con-
sist in nearly all cases of polysthy-~
lene terephthalate or modifications
of this. Spinning is done aimost ex-
clusively with axtruders. The proper-
ties, especially of the modified raw
material, call for special process
stages. On account of their suscep-
tibility to hydrolysis the polyester
chips are dried continuously at high
temperatures, usually by means of
hot air at 180 to 180° directad
against the material in inclined ro-
tating tubes. The chips are then fill-
ed into speciai transport containers
which are mounted on the spinning
heads, or sise conveyed pneuma-
tically into elevated silos, from
which they are taken (fig. 8).
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o . .
Fiitratian, conrse and fine send, messilic
strainers

Residusl moisture must not exceed
0.02 %, morsover air must be strictly
exciuded during the meiting pro-
cess. Consequentiy the dried chips
are filled and processed under ni-
trogen atmosphere (fig. 9).

A slight degradation cannot be
avoided entirely, hiowever, and this
nuisance is encountered particularly
with modified raw materisis or thoss
with extremely high degrees of poly-
condensation. The dried chips are
meited and homogenized in the ex-
truder (fig. 10).
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processes the viscosity of the meit
is a critical factor. The average-mo-
lecuie length is adjusted according
to the end-use of the fibres or the
type of modification. The meit is
metered exactly and forced by
spinning pumps through the spin-
nerets.

As with ail processes, here too spe-
cial care must be given to the fiitra-
tion in the thermal routs. Sand fil-
ters with special layering and grain

Y T Y
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Haul-off: Tow
3 Flbrecan 21 Stepling (sacting)

size have proved p.rticulirly offec-
tive: A coarser sand is followed by
a finer one, and this in turn by a

number of metai strainers with par-

ticularly fine, increasingly close
maesh (fig. 11).

Spinning temperatures are 280 to
300 °C according to raw material,
and graded by different zones. The
spinnerets have 300 to 800 holes
(over 10000 in the latest deveiop-
ment) ranging from 0.2 to 1 mm in
size.

In contrast to the meit grid {pressu-
f® pump) the pressure is generated
by the extruder in conjunction with

_ the sand pack, while the spinning

pump is responsibie for metering.
Solidification of the filaments is in-
duced by biowing them with coid
air. The filaments are led in shafts
or ducts, whose length depends
among.cther things on the spinning

capacity of the spinnerets and the
S——

By 12
Poiyester filament spinneret in operation

8 3picnerets Dor pONOn, 4 st ’
poa! 3 Lt nHon
(Resitennduser KG) Pumes per pos

haul-off speed, and ranges from 4
to 10 metres (fig. 12).

A number of spinning positions or
heads with spinnerets ars combined
into a distributor block or spinning
manifoid (box) with sets of spinne-
rets (fig. 13).
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Atter applying a fibre finish the fila-
ment bundies from the spinnersts
of one unit are gathered togsther,
hauled off and coiled into spinning
cans.

The undrawn filaments have little
preorientation- and are non-crystal-
line. Conventional haul-oft speeds
lie between 1000 and 2000 m/min,
going up to 5000 m/min on the latest
machines. In" present high.
spmnmg. however, the orlontlﬂon
increases with the haul-oft speed,
requiring only partial post-drawing.
Usually a medium haul-off speed is
stilt adopted today, foliowed by
post-drawing as usual. It is impor-
tant to know that the further pro-
cessing of the filaments depends
crucially on the preorientation, be-
cause this aiready anticipates part
of the total drawing. The operations
following upon spinning usually take
up more time and space. One of the
most important processes after
spinning and coiling into cans is this
drawing. Only through this does the
thread acquire the necessary
strength. Dopondi g on tho Drocess

Fg 14

0 ning
may be up to about 100 ktox On
account of the heavy tow weights
and the high drawing forces entail-

180

ed by them (typically 60kN for
100 ktex undrawn), and the high tor-
Qques at speeds around 300 m/min,
the individual machine components
must be of appropriately rugged de-~
sign.

cﬁ wﬂlﬁ

M“MWMMIOW"O.
(nm)

Mot drawing (M)
Hot drawing II l.llhg nstead of the flatiron
calenders. : x

Finish
7-roll M stand (septet)
Heating duct

Mmm

'!bn mmmmmm
Mmﬁmm for tows foided
CTORSWiee, repiaced By a sieve beit wash for
potyamide

* GAQNe o

Thotowcnnbcdrawnbythem-

fncﬂon. or by wrappmg fncﬂon
alono uamg a numbor ot roilers.

o AT
er IS pressured hydnuuully or
pneumaticaily onto a wrapping rok
ler. The nip rolier is then not driven
but merely entrained. With the quin-
tet arrangement thers are two pairs
of nip and wrapping rollers. Thus
for pure wrapping friction, only sex-
tets can be used. Depending on the
procsss the roller surtaces may be
heated electrically, by steam or heat
transfer oil, to temperatures of
80...
type, tow weight and speed. in the
conventional hot drawing of poiy-
ester the tow may be drawn through
a heating duct (heated by steam,
hot air or radiation) piaced in the
drawing stand, or by a flatiron con-
tact heater. Using heating ducts the
temperatures are 130... 180 °C,
with flatiron contact heaters 170 . . .
180 °C (fig. 15).

Besides this conventional spinning
process, which will aiso be deait
with further below, high-speed

180 °C according to fibre.
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spinning processes have now been
deveioped, allowing haul-off speeds
up to 5000 m/min and - more with can
coiling. Barmag has deveioped a
high-performance can coiler for
this.

The basic development trends here
are characterized by the desire to
rationalize the process, raise per-
formance and cut costs. The new
can coiler works with cans of 4. ..
10 m? capacity. The tow is blown
into and through a coiler by an air
injector. and emerges spirally, as-
sisted by an air blower. In this way
the tow emerging downward from
the coiler forms a halix, thereby lo-
wering the impact velocity of the
tow. The can rotates, and at the
same time either the can or the coi-
ler performs traversing movements.
Can changing is fully automatic.

Comptnd with conventional spinn-
ing the high-speed process brings
the following advantages: Higher
production, low capillary denier —
hence better heat transfer in draw-
ing, simplified drawing system (tem-
peratures), less water application

Mg 18
Dmmﬂtoumu-«wmh(lmn
or sentet), bearings a1 both sides. iraction 80 kN

{8000 kp) for conventionsity or
mmmwhum dtex st 300 m/min
(mmuumwml automatic lap re-

h.lnﬂg dudl, ustre-polishe
mwmmﬁmdmlmmeom
pressed air (Barmag)

(finishing) — hence less evapora-
tion energy, fewer outside-inside ef-
fects in the can, with capillary
breaks lower denier at the broken
end (e. g. polyamide 6 carpet fibres
without subsequent drawing, po-
lyester cotton type with subsequent
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drawing only 1 : 1.6 without interme-
diate heating), trend to higher
Speeds, less subsequent drawing.

Ancther new piant component that
will revolutionize staple fibre pro-
duction is the new US 10 drawing
system from Barmag (fig. 18).

The system consists of drawing le-
veis arranged horizontally or to save
space vertically (6 or 7 rollers with
the same angle of wrap). A Barmag
invention is the pneumatic threading
device which isads the filament tow
automatically round the roliers of
the draw stands up to the crimping
device. Furthermore. an automatic
lap remover eliminates all the dis-
advantages otherwise inherent to
drawing systems empioying horizon-
tally disposed rolis. This drawing
system therefore aiso satisfies ail
requirsments of accident safsty.

n— - !
The setting trestment given by the
manmade fibre producer serves to

Due to the high speeds on the tow
lines (up to 300 m/min), in order to
attain the dwell times the
tow or staple fibre fleece must be
deflected a number of times, or the
tow cross-folded (i. e. buckied ope-~
ration, lead). Besides the beit con-
veyor system and calender (contact)
sstting, the sieve or perforated drum
technology has acquitted itself and
found acceptance in continuous
setting. it offers uniformity, turnover
of the fibre material and modest
.energy and space demands (fig. 17).

In continuous (hot-air) setting by
the perforated drum technique, the
tow is able to shrink on account of
the lead. With contact drying on the
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Setting poiyester taws (Fisissner)
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Hot aie setting with sieve drum dryer. tree

shrinkage, leed up 10 1000 %

3 Hot sir setting aliowing for shrinkage curve with
siove drum

Contact setting with calender under defifned

tow tansion (before crimping)

IS

other hand the tow is kept under
constant tension. Depending on the
process and fibre type, setting may
be done after stapling too. For this
the fibre fleece is taken by a duct
onto the sieve or perforated drum.

Fibre finishes

R ———
Here the term «finishing= means the

application: of spinning finishes and
lubricants on the tow line in order
to secure optimal running behaviour
during the production and down-
stream processing of manmade
fibres. The finish ensures

running on the tow line itself, and
also assists drawing thanks to its
softening action. Adequate filament
adhesion assures good closure of
the filaments, thus preventing
gumming or breaking of the indivi-
dual filaments, which otherwise
leads to lap-ups on the drawing sy~

* stems. Moreover a certain filament-

to-metal friction is desirable, in
order to obtain siip-free drawing. it
is not proposed to enlarge here
upon the application of finish to
assists further processing of the
fibres. Finish application on the tow
line may be effected by means of
rolls or by spraying. Other proces-
ses practicable on major instaila-
tions are shown in fig. 15 among
others.

In immersion rod finishing the tow

" is pressed into the bath by rods;

with sieve drum finishing the finish
flows through the entire tow.

Crlmpin! .

Staple fibres are charactsrized by
a particular length and irregular
waviness - the so-called crimp.
Crimp and staple length are familiar .
features of natural fibres.

In the course of the development
of the textile industry its machinery
and equipment have been matched
to the properties of the natural fi-
bres, and analogously the manmade
fibres were adapted too. According-
ly a distinction is made between
cotton and wool types. The crimp
is crucial to the achievement of a
satisfactory yam. It occurs in coarse
— and fine-waved forms. Besides its
outer form its stabiiity is of special
importance, becauss the fibres are
exposed to very strong tensile for-
ces during processing. In principle
crimping may be achieved by two
routes: expioiting small differences
in the inner structure of the fibre,
or external mechanical action.

Ag. 19
Oiagram of & stuffer-bax crimpeng system

1 Roliers tor introducing the tow
2 Stufter box

3 Tempering (only with certain types)
4 Tow

In the former case structural diffe-
rences cause stresses, which when
released lead to ditferential con-
traction and hence to irregular
kinks (see viscose staple crimping
or bicomponent fibres). In meit-
spinning such structural differences
may be induced amoeng other ways
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v means of a cold air blast from
Jne side under the spinneret. Two
‘nethods are employed in practice:
stufter-box crimping (figs. 18, 19)
and the now little-used gear crimp-
ng method. Worldwids the greater
oart of the thermoplastic spinning
“ bres are crimped by the stuffer-box
-oute. By this process a pair of
seavily loaded, partly watercooled
steel rollers delivers the tow at,
nigh speed intc a duct-shaped
champer adjustable in volume,
causing buckling of the tow accom-
panied by pressure build-up. In this
way the crimped tow is forced
through the narrowing end of the
chamber and led off continuously.

Fig. 19
Noubte crimping un« (sfter Fisisener)

1 Entry
2 Ext

The theorstical expianation of this
process is extremely complicated,
consequently the various construc-

tions are mostly based on empiri~

cism. Though the crimp form yield-
ed by the stuffer-box process is un-
favourabls, considered mechani-
cally, on account of the sharp kinks,
it is preferred on the strength of the
nigh production attsined. For that
reason continuous endeavours are
being made to effect improvements
by examining the process parame-
ters, such as the influence of the
flap loading, stuffer-box geometry,
overall and individual denier, nature
and quantity of finish application,
fibre stiffness (drawing process),
fibre cross section etc.

SIapum

The type of a spinning fibre is go-
verned primarily by its length. The
average cut length with the crimp
drawn out is generally termed the
staple length. This value is a mean
cinglging rom the so-catler staple
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diagram. For producing spun yarns
and electrostatically tiocked artic-
les, industry demands stapie lengths
of typically 0.1 mm for flocks, up
to 200 mm for carpet yarn spinning.
The individual fibre deniers range
between 1.2 and 20 dtex, and like
the staple lengths they are also
matched to the conditions of the
particular yarn spinning operation.
in the case of blends with natural
fibres like wool and cotton, they
are adapted to these likewise.

At the high tow speeds (up to 380 m/
min), exacting demands are placed
on the unitormity of the cut length.
Cutter life also plays an important

Fig. 20
Three ditferent stapiing methods

A Stapling mechine Typs Gru-Gru with siotted
wheels and cutter head, running tow and
rotating cutters (Neumag)

Stapling machine on the Kodsk principle, with
tow 0N rotating drum ana statonary cutters
Muodified stapiing machinve on the Bena
principle. with tow rotating and tixed culters
Prass rait

Cutting whesi s
Adjustable tow guide 6
Tow 7

O w

Dehvery
Cutter
Rotor

b -

Ceey e s
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part. Fibres dulled with titanium oxi-
de shorten the cutter ife. Blunt cut-
ters result in fusions or overlength
fibres. There are three basic stapl-
ing methods:

— Arevolving tow is cut by
stationary knives.

~ Atow running through is cut by.
moving (rotating) cutters.

— Atow wound onto a revolving
knife drum is cut by the knives
{fig. 20).

Two designs tracing back to BERIA
and GRUNERT and developed ori-
ginally for rayon serve today, after
various improvements, for stapling
synthetic filament tows.

Staple converting machines are ma-
de by Barmag, Day Mixing, Durani-
tre, Fleissner, Krupp Spinnbau,
Lummus Industries, Neumag. AT.
Pierret S.p.r.l, Rieter AG, Sant’
Andrea Novara etc.

After cutting, the stapie fibres drop
into a hopper and are then corvey-
sd pneumatically (maximum draw-
off speed 380 m/min). Handling a
tow weight up to 220 ktex, the cutt-
ing speed is 150 m/min, which con-
stitutes a performance of about
2000 kg/h. After stapling, the fibres
are either opened or conveyed
straight to the baie press, where
they are pressed into bales weigh-
ing 200 . . . 300 kg.

Processing polyester wastes

According 1o experisnce the pro-
duction of staple fibre is accompa-
nied by 5...10% waste fibres.
Whereas polyamide wastes can be
r ited and pr d into low-
grade fibres or plastics, direct
re-use of polyester waste is not pos-
sible on account ot its thermal in-
stability. One practicable method is
to split the polymeric polyester mo-
lecule into its two component mo-
nomers by cracking the characteri-
stic ester groups with the aid of sui-
table saponification reagents. This
can be accomplished with the fol-
lowing processes:

1. Cracking hydrolysis by means of
water and forming terephthalic
acid and glycol.
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2. Saponitication with cracking by
inorganic acids or fatty acids,
again yielding terephtaitic acid.

3. Saponification with caustic soda
_so!ution or sodium carbonate and

moldionoftonphulicccid.
4. Aicoholysis with ethylene glycol
with formation of me ic

spun from round or special spinne-
ret orifices (figs. 21, 22).

Tows for processing via converters
may be produced in weight of 100
ktex and more.

terephthalic acid diglycol ester.

Reprocessing is justified by ecoio-
gical as well as sconomic grounds.

As with any industrial product, qua-
lity control and grading piay a major
part in the production of polyester
stapie and filament yarns too. Pro-
duction controi starts with the
spinning and runs through all pro-
duction stages. The assessment of
the strength, crimp, coloration, cut
length etc. at the end-product ac-
ceptance provides the: yardstick for
quality grading.

Among the synthetic fibres, po-
lyester has the widest variation
range thanks to its- universal pro-
perties. Besides the main types -
the cotton, wool, filling and carpet
fibres and those for technical appli-
cations — there are modifications
for speciai purposes and applica-
tion areas. Denier and cut length
are the primary distinguishing featu-
res. A substantial part is played
also by the strength, pilling and
shrinkage behaviour, fibre cross
section, dyeability with and without
carrier and with various. dyestuff
classes, and resistance to physical,
chemical and biological influences.
Individuai fibre denier lies between
1.2 and 20 dtex, cut length between
0.1 and 200 mm. The fibres may be

2. Hesled
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Dry spinning

As solvent for the powder polymer,
dimethyiformamide (DMF) is used
exclusively. Fig. 23 shows a dry
spinning plant schematically. A few
technical detaiis of it are given be-
low:

of the polyacrylic spinmng solution

A B .
{25 . .. 30 % OMF onty)
(heat

exchanger 110. . . 120 *C)

matering gear pumg. 10. ., 18 bar,
temperature up 1o 130 *C

3. Spinning shafts . .. 8 m, annuier spinneret with

e 22

Croes sactiona of poivester staple fibres

; Triangul; ; Mww
lar

3 Trilobal 8§ Motow

2.4 Dry- and wet-spun
polyacrylonitrile staple

Polyacrylonitrite may be spun only
from solution, because decomposi-
tion of the raw material ensues al-
ready before the meiting point is
reached (330 °C), The term «poly-
acrylonitrile fibress covers afl fibres
consisting of at least 85 % polyme-
rized acrylonitrile. Most fibres con-
tain 89...95% ternary copolymers
and4...11%of a non-ionogenic
comonomer with a sulpho or sui-
phonate group. The composition of
the copoiymer determines the dye-
ing behaviour. As internal softeners
the non-ionogenic comonomers
raise the dye uptake speed, while the
iogenic ones allow dyeing with brii-
liant basic dyestuf!f thanks to their
sulpho or suiphonate groups. Basic
comonomers allow dysings with
acid dyestutfs,

The term «modacryiic fibress is
applied to fibres containing between
85 and 50% combined polyacrylic.
Fibres with flame-retardant proper-
ties are obtained for exampis with
50 ... 60% vinyl chioride polymeriz-
ed-in or-30 . . . 40 % vinylidene chio-
ride.

$ E Quiding )
8. Hauk-off: 250. .. 500 m/min by rok trio or quartet
7. Can coiling

inger and auter fiow of hot gas
1or getting, 300 . . . 2000 .
Literature: 2. .. 5000 (15 000 7)

4. Hot gase flow 310 . .. 400 *C,
Q4 oy,

adsent
DME evaporstioninshait: 70 . .. 80 %
DM evaporstion st shatt end: 10... 15 %
{vacuum in sheft)

After degassing and filtration the

25...30% solution is first kept bet-
ween 70 and 100 °C, because
after a certain time the solution

Ag. 23 '4
Schematic dry soinmng piant

1 Spinning tana

2 Cooling water supply

3 Spinmng head

4 Gewsr spmning pump

5 Annular sprinerer

8 Carrier gas

7 Gas heater

8 Soinnng shaft

2 Shaitsheh

10 Soiven recovery

11 Oritice

12 Firusiy apphcaton rofls
13 Haui-off roliy

14 Cancoiing
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starts to gel both above and below
this temperature range. Prior to
spinning, the temperature of the se-
lution is raised up to 150 °C, and
can then bs extruded through the
=pinneret plate with up to 2000 ho-

128,

in the direction of the emerging so-
‘ution a hot inert gas is biown at
300,,.400 °C. The soivent evapo-
rates, causing the filaments to soli=,
dify. The filaments run through the
vertical spinning shaft, whose walls
are heated to 150...220 °C, and
are havied off at 200...500 m/
min, treated with spin finish below
the shaft and coiled into cans. The
OMF entrained by the inert Qas is
sondensed in coolers and thus re-
covered. The filaments still contain
some7 ... 30 % DMF, which is wash-
2d out in the post-treatment and
likewise recoversd by distilling the
wash liquor.

The spinning conditions, e. g. sol-
vent, shaft and spinning gas tempe-
ratures, gas flow rate and haui-off
speed, determine the properties for
downstream processing, i. ¢. draw-
ability, strength and extension.

Vet spinning

Whereas only one soiveni (DMF) is
used for dry spinning, various. pure
organic substances are employed
in wet SpiNNIng as well as mixtures
2nd solutions of acids or saits in
water (table I1). This table aiso gives
the concentrations of the spinning
solutions, the compasition and tem-
perature of the precipitation baths
and the breakdown of totai preduc-
lion between the various processes.
The spinning solution is extruded
through spinnersts with 3000 ...
50 000 holes into the precipitation
oath, which generaily consists of
e soivent diluted with water. Haul-
oft speed is 5. .. 20 m/min, ranging
Lp to 70 m/min according to recent
laims. Precipitation or coagulation

Sig. 24
‘clyacrylonitnie wet spinmng process

3 Washi
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Tabie !l Advaning of high-ep
Process stage Advantages . Oisadvantages
to mﬂ-mnmmwn’ Threads per speviing position,
mimin, starting problemetic with fine
savings, - doniers,
Smooth thread run in spinning shaft, 18, maybe only 4. 8 or 8 filament
better uniformty of the Mament yern, Yarne pee pomtion .
m:mmnn. .
Storage and tranaport Betrer te, delicate, ioud, weer- .
4weehs 2t 25°C,65% . h. more wasts when dotfing.

- undrawn 1. .. 2 wesks, more stable and -
hardar spinning packeges, better packing

and transport.
Drawing

Eliminsted. specially suited for

Packege instesd of drawn Cops (savings).

ensues by diffusion of the solvent
out of the thread into the bath, and
by diffusion of the precipitant water
into the thread. In the process a
highly swollen get thread results at
first, which has to be densified in
the post-treatment stiit (fig. 24). The
process stages for wet spinning are
set out below.

3. Precipitation bath OMF/H:O (spprox. 50/50 %),
temperature 18. .. 35°C

4. Number of spinneret hoiss 3000 . . . 80 000,
100 000 and mare sccording to the literature,
hoie diamter 0.07 ... 0.2 mm

9 g o the

‘.WQ'MH.,!:IM.ZMMDMFIH-O.
1t . - . 50 *C without contact
drawing (hot sir)

7. Weahing by tud wesher or perfarsted drum

[ 3 cwm

9. Shrinking (Mot water) Shrinkage sector

10. Crimper (wet tow) Finish application
11, Stapling Steaming
12. Oryer bait Crimping
13. Opener {Stephing)
14, Bale prese Packing
carton fitling

Between the processes employed
mostly there is a wide variation in
the percentage composition of the
precipitation baths and in the tem-
peratures applied. Thus by appro-
priate choice of the coagulation
conditions in the precipitation bath
the core-sheath structure of the fila-
ments can be developed, the fibres
made more or less porous, and the

cross section varied from round to
kidney-shaped.

Post-treatment

The post-treatment endows the fibre
materiai with the technological pro-
pertiss needed for downstream pro-
cessing, and with the textile proper-
ties required for the snd use. Both
dry- and wet-spun fibras require the
following procesa stages:

washing -~ drawing — finishing
— crimping ~ drying ~ stapling -
packing. . .

While dry-spun filaments are first
gathered together as tows of 40 . . .
100 g/m (40 . . . 100 ktex) and coiled
into cans prior to poat-treatment,
wet-spun filaments are post-trested
continuously from the precipitation
bath (fig. 25).

From can storage the tow 08...
2.5 mio. dtex) is led to washing in
a muiticompartment or perforated
drum washing machine. Here the
rest of the DMF (2. . . 4%) is washed
out at temperatures of 50...
80 °C. This may be followed by
wet drawing or finish application.
After finishing comes drying on a
rofler dryer at 120. .. 180 °C, calen-
dering and drawing with ratios from
1:2...1:5 and more. After this
three different process routes are
possible:

ing (perforated drum wash) 6 Wstdrawing 9 Cooling
Tantnuing 4 Finish apptication 7 Crmping 1@  Stapting
¢ Veatdrawng 5 Drying 8 Steaming 11 Balepress
192
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My 28

s t4 44 W LS

2 cw.:m"“" 7 Crimping

3 Washing - 8 Staping

§ Doy iy

6 After-drawing 11 Carton fiting (foiding)
TEke  igmm Sgmom
Steweming Crimping Drying
Crimping Staphng Opening
Stapling Steaming {tensioning)
Packing Crimping

Cnmalmg
Steaming may be applied with heat-

od rollers, in steaming chambers,
perforated drum dryers or sieve
beit dryers. .

Dryandwouplnnlngeompond

Potyacryionitrile fibres spun by the
wet and dry routes are equivaient
in quality and differ only in the cross
section (fig. 28), handie and lustre
of the fibres. Dry-spun fibres have
more sheen and softer handle.

1 —'J _-"‘ T .
‘:-{i'* 'Tg;)"r A‘g 4
f”{ J§ . g i

o W -

Fg.2e i
fibre crom sections

1 Dry-spun f

2 Wet-spun tilaments

3 Bicomponent filsments

These properties are important oniy
from the fashion aspect, depending
on the articie. The somewhat faster
dye uptake by the wet-spun fibres
is explained by the slightly higher
comonomer content of 7... 10%
compared with 5...79% in the.dry-
spun material. The concentration
of the spinning soiution in dry spinn-
ing is 25...30%, which together
with the rapid evaporation of the
solvent and the speedy formation
of an aiready preoriented fibre
structure allows high haui-off
speeds and direct coiling into cans.

Inwet spinning, outofthe20 ... 25%
solution a highly swolien, hardly
oriented gei thread is formed first;
its fibre structure emerges only after
washing out the residuai saits and
drawing, ‘which explains the conti-
nuous further processing and the
low haui-oft speeds.

The post-treatment stages have
been set out brietly, and it is not
proposed o go into dstails here
insofar as the processes invoived
are applicabie to other synthetic fi-
bres aiso. Only a few special featu-
res and data will be given. Draw
ratio ranges generaily from 1:2. ..
1:10. with wet-spun fibres requir-
ing a higher draw on account of
the reasons aiready quoted. Draw-
ing is accomplished mainly in baths
with entry and exit quintets or sep-
tets, with hot water as medium. Aftsr
drying, the fibres have a boil shrin-
kageof 15 . . . 45 % depending on the
amount of drawing. Blending fibres
with ditferent boil shrinkage enables
buiked yarns to be produced. The
dry and wet spinning processes
described are used also for produc-
ing bicomponent stapie fibres and
tows. The essential differences ars
the type of spinnerst and method
ot crimping, which may be induced
by steam, moist heat or hot air.

Crimp is imparted by the stuffer-
box method, and may be applied
before or after drying. Drying is
applied down t0 1. .. 2 % moisture
content. In tensionless drying the
shrinkage is included automaticaily,
30 that the fibre is stabilized or set.
Otherwise steaming must be applied
for this purpose (fig. 27). Spin-dys-
ing in the spinning solution (spinne-
ret dyeing) is possible, as well as
dyeing of the spun material, which
gives rapid dye uptake especially
in wet spinning with the highly swoi-
len gel threads. Drying is performed
with perforated drums for wet-3pun,
dull types in particular, while calen-
der drying is used for bright types.

End products of polyacrylonitrile
fibre- production are tows for con-
version on stretch-breakers, or cut

fibres pressed into bales. Usua
fibre lengths lie between 30 anc
150 mm depending on the applica-
tion area.

Packing

All presses apply a pre - and a post
— or final pressing. By prepressing
the material is condensed. Post-
pressing reaches the final bale
weight while the pre-press is al-
ready being filled again.

3. Filament yarn production
3.1 Viscose filament yrins
Spinning filament yarn

The traatment of the viscose spinn-
ing solution and the spinning or
thread formation have already been
deait with at length under 2.1 (visco-
se staple production). The normat
spinning bath has the following
composition:

100. .. 125 g/ sulphuric acid HySO.

230 . . 250 g/1 sodium Suiphate Ne2SO.
5. . 109/l tinc suiphate ZnS0.

The coagulation zone is normailly
about 25...40cm long, though it
may measure 80 . . . 200 cm accord-
ing to process and spinning speed.
In fig. 28 the production stages for
viscose filament yarns are shown
schematically.
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13cose filament yarns are normally
Tun with one bath. In high-speed
-~ continuous Spinning a second
'+ even a third decompasition bath
s used, a third decomposition bath
: used, in order to acceierate the
=composition reactions. The im-
-ortance of zinc sulphate in the
-oinning bath and the chemical
actions associated with it have

an mentioned aiready under 2.1,

-~

o ¢&§‘Er

1+
~duchon stages for viscose filament yarns
Spinning (tske-up)
ment

/ith the ciassical procses - in con-
‘ast to continuous spinning - the
‘2composition or regeneration pro-
=S8 is accomplished 80...90% in
e first or primary bath. Residual
‘2composition takes plece on the
ackage or in a second bath. For
2ntinuous spinning even a third
2th is employed for decomposition.
-th regard to concentration, eva-
ration and preparation of the ra-
.n spinning bath, the same proce-
Jres are followed as for rayon
aple. The draw filament yarn is
.ther taken up on a package
‘ackage spinning) or oise in the
»rn of a spinning cake by a revoiv-
.3 spinning pot (6...1200 rpm).
:! modem machines are equipped
th godets. In the package spinn-
3 procass the thread guider and
averse motion play a special part
assuring perfect yam build. With
gard to package spinning it must
: 3aid aiso that apart from the nor-
aif treatment the package under-
es  only deacidification, after
tich the non-desulphurized yarn
dried. Further treatment is then
plied to a yarn package produced
. twisting machines. A wash with
it water is always given between
‘2 two treatment stages.

~art from the old, familiar package

nning process (ses under Post-
atment), modern spinning machi-
~ are presented in figs. 29 and 30.

R 29

Post-ireatment of fllament yarns

The various post-treatment baths do
not ditfer essentially from those
used [n rayon production (see 2.1).
In contrast, however, various possi-
bilities are open depending on the
spinning process. The treatment
stages are listed balow.

Treatment b.ttn_

1 Packages — vacuum and pres-
sure wash, insido;:outlido

2 Spinning cakes - pressure wash,
inside ——s outside

3 Continuous: individual or group
treatment

Drying .
Drying on spinning packagse, only
partially deacidified ——>
foilowed by twisting package +
finish, drying

ITB 2/78 Spinning

Drying spinning cakes

Drying running filament yarns in the
continuous process

Drying channel

Beit.dryers

Vacuum drying

High-frequency (tunnel) dryer

Drum dryer (continuous)
Conditioning

The take-up arrangements for the
filament yam spun determine the
various forms of post-treatment too.
In discontinuous post-treatment,
trucks with boxes or rods loaded
with spinning or twisting packages
or spinning cakes are taken to the
individual washing stations with the
appropriate connections for the in-
dividual  post-trestment  baths
(fig. 31). To protect the yarn build
the spinning cakes and twisting

are provided with sleeves
and knitted nets.

Final textile operations

After compieting the chemicai post-
treatment and ‘drying, which is cru-
cial to the internal and external
shrinkage equalization, the yarn is
brought into sales form ready for
dispatch. The individual production
operations are attuned to the spinn-
ing process. Continuous machines
usually deliver a material raady for
dispatch. The cakes from the centri-
fuges can be dispatched after post-
treatment in many cases. The
package process entails a iengthy
post-treatment. Twisting is follow-
ed by shrinkage on the twisting
package, immersion in finish and
drying once more. For processing
viscose filament yarns the thread
closure by twisting is practicaily
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indispensable. The various twisting
possibilities are:

— twisting in the spinning pot

~ twisting with ring spindles

- twisting with cap spindies

~ twisting with uptwisters

— twisting on two-for-one twisting
machines.

This is followed by:

— shrinking the twisting packages
(without package centres) -

- winding (cones, cheeses) or

~ production of spinning cakes
ready for dispatch :

~ production of twisting packages
ready for dispatch :

- sorting

— packing and

= winding thread sheets onto warp
beams or section beams.

Despite the warp beam make-up,
cones are still the predominant
dispatch form for viscosa filament
yarns. The cones are wound on
standardized tubes of impregnated
cardboard or plastic. Under circum-
stancss, twisted yarns produced by
the continuous routs may undergo
no further post-treatment at ail if the
original packages are fit for dis-
patch. Textile viscose filament yarns
are generally rewound onto cones
or dispatched on warp beams.

3.2 Polyester flament yarns

Like the stapie fibres, poiyester fila- 3

ment yarns consists in nearly ail
cases of polyethyiene terephthaiate,
their modification of potybutylene
telephtaiate. Raw material produc-
tion and extrusion have been: des-
cribed largely for the production of
stapie fibres. On the other hand the
spinning technology has undergone
fundamental innovations compared
with ciassical spinning. Flig. 32 pro-

vides an overview of filament yarn .

production.

in the production of filament yarns
special requirements are placed in
the way of raw material purity and
filtration. Besides the proven sand
filters (sew 2.2), sintered metal filters
or muitilayer fabric tilters of metalilic
fibres have been used recently. The
spinnerets normally have oniy 4. ..
48 holes, in contrast to the big spin-
nerets usad for stapie fibres (fig. 33).

Soinning piate with 32 holes

Hole for hollow-section fibres
Spinnerst for pentaiobal tibres
Spinneret for trilobat fibres

Hole piaie with 8 holes (cutoff)
Section through ticomponent spinneret

Solidification of the filaments is ef-
fscted in special biowing and spinn-
ing shatts; the length of these de-
pends on the haul-off speed among
other things and ranges from 4 . . .
10 m. Special guide piates are nsed-
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ed aiso, for optimal flow conditions
in the blowing shatt.

The layout and subdivision of a
spinning plant’ have already been
dealt with in 2.2. In the production
of filament yarn, however, a need
has arisen recentty for great flexibi-
lity in the spinning plant, in order
to keep the denier range in fine with

the changing demands of the mar-

ket. No production must be sacrific-
ed when spinning fine deniers: the
number of filament yarns in the tow
is increased instead. The spinning
manifold in fig. 13 Is designed to
aliow 1, 2, 4, 8 etc. filament yams
to be spun optionaily at each spinn-
ing position. Only the pump block
and spinneret blocks are changed.

Conventional take-up umt
{Hoechst-Uhde internations! GmoH)

In filament yarn production, further
processing of the yarns is given
singly after leaving the spinning
shaft and finish application on the




B N

X el S e e <

running rolier. in classicai spinning,
which is now limited to a haul-off
speed of about 1500 m/min, the fila-
ment yarn is taken up on spinning
packages and taken on special
trucks to the draw-twisting or draw-
winding machine (figs. 34, 38).

k1% 46 48 7 8

Fig. 38
mm mm' heaters. delivery 1200 m/min
{Rister Lid,

Here after a drawing of 1:3. ..
1:3,5thoylmistlkmupondrlwn
cops with a twist of 5...20%/m
(heated godets 80...110 °C).

by

T

Fig. 38

igh-speed draw-twasti machine with delivery
2000 m/mén (Rister Ud')"

These drawn cops weighing 2. ..
3kg pass to further praceesing.
Depending on the application area
of the filament yam a high twist
oetween 350 and 1000 T/m may be
mparted. This highly twisted yarmn
S put through a seiting process
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lasting 1...2 hours at 110...
120 °C (steaming). Generally re-
winding from draw-twisting cops
onto cones takes place (figs. 36, 37).

nmmmmmm—m
(Schrweiter Ltd.)

Cwnmmdwolopnmu

8y new deveiopments in machinery
for the spinning and texturing of
synthetic filament yarns, during re-
cent years the foundations have
been laid for an improved process
technology, and substantial advan-
ces have been achieved in the de-
signs of spinning instalistions. Start-
ing from conventionat spinning with
initially 800 m/min, attemps have
besn made to link up spinning,
drawing and texturing. The mein
deveicpment emphasis has been
©on spin-drawing, i. e. spinning com-

Fig. 38
Spin-drawing mucmine with delivery up to
3000 m/ m.:(oﬂlmw Ltg.)
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economicat spin-drawing process is
a take-up system with a working
speed far superior to the performan-

-ces of the spinning take-up posi-

tions for the discontinuous process.

-Because of this, spin-drawing was

first develaped to technical maturi-
ty. With this process, prior to take-
up the filament yarn runs over go-
dets turning at different Speeds,
drawing it as on a draw-twisting
machine {figs. 38, 39).

" Mn”‘smddwyupw
b <t ooty

Spin-dnwlng is smpioyed today pri-
marily for the production of bright
filament yarns which undergo down-
stream processing without texturing.
Since with this proceas the spinn-
ing rate is reduced in reiation to the
take-up speed by the draw ratio,
progreas and profitability depended
only onh the advent of new-type
high-speed winding heads. This
gave birth to the idea of combining
Spinning, drawing and in part textur-
ing too into one continuous process.
The resuit is the present high-speed
spinning of PQY (partly oriented
yam). At the present states of the
art, six spinning processes may be
distinguished:

1. conventional or classical spinning
(1200. .. 1500 m/min)
2. medium-speed spinning
(1800. . . 3000 m/min)
3. high-speed Spinning
(3000 . . . 4000 m/min)
4. super-high-speed spinning
(5000.. . . 6000 m/min)
S Spin-drawing (up to 4000 m/min)
6. high-speed Spin-drawing
(5000 . . . 6000 m/min)
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Process ind machine technology of m

By raising the take-up speed the
thread tension is increased in reia-
tion to the drawing resistance, air
drag, inertia resistance, surface ten-
sion and filament yarn weight. The
development of the high-speed
winding heads has resuited from
spin-drawing technology (1000...
4000 m/min).

The modem high-speed spinning
Processes wers preceded by some
special deveiopments. Extruders,
available on the market in various
sizes, are empioyed almost exclu-
sively: for melting. The short and
equal dwell time of the product due
to transport by the screw is decisi~
vely important especially - for large
delivery rates. The grouping of a
number of spinnerets into spinning
positions and several of these into
one spinning manifold has made
possible or simplified large-volume
spinning. Throughput for a given
fioor space has been boosted sub-
stantiaily, especially in high-speed
spinning. The spinneret assemblies

"y
Take-up machine for delivery of 2800 m/min
(TWKA} .

already mentioned consist essen-
tiaily of the spinneret plate and fil-
ter. The speciai blowing shatts ar-
ranged under the spinning unit coal
the filament yarns by laminar air-
flow (cross current).

To improve the take-up processes,
machinery has been introduced aj-
lowing higher package weights and

Ry 41 )
Take-up machine for dalivery of 3000 m/min,
pachage tour packages per spinning
position (IWKA)}

Wmmwmwmm.
friction roler and traverss motion, for delivery up

" t9 5000 m/min (Aieter Ltd.)

g 43
High-speed spinning machine SW 48 with Calivery
4000 m/min (Barmag)

1 Finish rolter

at the same time a number of fila-
ment yarns per spindle (e.g. 8
packages weighing 8 kg each on
each spindle) (fig. 40).

On the other hand there are machi-
nes on the market winding fewer
packages but with heavier package
weights, e.g. two-tiered arrange-
ment with four packages per wind-
ing position (packages weighing
10. .. 30 kg, weight diminishing with
increasing number of packages).
{figs. 41.._44).

L2

Trwogeodss

f o ccacee”

Migh-speed winder 0SG 4000 es doubie winder for
haui-oft speeds up to 4000 m/min {Alucolor)

The winding heads with high draw-
off speed employ friction drive
without exception. At the texturer's
the spun packages running out one
by one on the creel must be knotted.
The so-cailed transtar tail is provid-
ed for this. The winding machines
are equipped with a device which

Fig. 45

Pnsumaticeily controtied dotfing dence
(Liebherr)

first winds on the transter tail when
the thread is placed on, offset axial-
ly in relation to the package. When
spinning without godets the filament
yarn coming from the spinning shaft
must first be taken up on a waste
winding until the correct denier is
established, only then may the
transfer tail be wound on.
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\Vith large package weights (e. g.
35 kg) mechanized doffing devices
are indispensable. Most of the dot-
iers now in use are operated ma-
nually, but pneumaticaily controlled
doffing applicances are aiready on
the scene (fig. 45). (See Bulletin
1/78, page 72).

Mowadays high-speed winding sy-
stems are being used increasingly
tor the high-speed spinning of POY
‘partially oriented yarn), especially
volyester  (3000. .. 4000 m/min).
These yams are particularly suited
‘or  draw-texturing (simuitaneous
arocess). Development here is by
10 means at an end.

- gh-paeformance winding

head SW48 880 for
very 3peeas up to 8000 m/min (Bermag)

7ig. 48 shows a winding head de-
-igned for speeds up to 6000 m/min.
The filament yarmn comes from
:bove, over the preliminary travers-
ng device in the form of a revers-
1g thread shaft and the grooved
‘2ler, to the take-up package heid
entered on the spindle. The packa-
-2 is driven by the friction roller,
+hich is supported in a common
ousing together with the grooved
olfer and reversing thread shaft.
~s the package diameter grows,
7is housing travels upward in pre-
1sion ball guides, unioaded by two
xtremaly easy-moving air cylin-
‘ers so that the required pressing
arce is obtained.

‘e winding head. is controlied by
pneumatic logic circuit which trig-
2rs the necessary sequences of
tion semi-automatically after the
‘art and stop signais.

«ith rising spinning (take-up) speed
@ throughout rate per filament
‘N Increases. typically by about
"% from 1200 ... 3500 m/min. At
00 m/min the increase in the
'roughput rate already fiattens off
snsiderably, however. it does not

i3
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rise proportionaily with the spinning
speed, on account of the growing
molecular orientation in the spun fi-
lament yarn. The greater the spinn-
ing orientation is, the lower the
draw ratio is, in other words it be-
comes necessary to adopt a finer
spinning denier.

The thread tension in spinning is the
product of drawing resistance, air
drag, inertia ' resistance, surface

" tension and thread weight. The first

three parameters increase with the
thread speed. In conventionai spinn-
ing on the other hand it reaches
the necessary take-up tension or
aven exceeds it.

A

10 —1 o
100 .\2 /F‘ ras
90 \‘. 1:3
80 12,5
70 - 1:2
80 T has
50 1:1
1 2 3 4 B
]
7
[}
5
4
3
2
1
) 1 2 3 4 5 BE
My 47
Tmm:«wmmumn.
A Throughput/threed (grems/min)
R of 167 dtex (1000 m/min) fore dener
g o~ &a-mg( (!m,mlmm]
£ Sonning apeed (1000 m/awny
; Moum

In high-speed spinning the take-up
tension ranges between 20 and
50 cN. By coping with the parame-
ters up to 3500 m/min the greater
part of the possible production in-
crease is alrsady accomplished
(fig. 47). The advantages and disad-
vantages of high-speed spinning are
set out in tabie (1.

The take-up tension in high-speed
spinning is higher than that used
in conventional spinning, with the
result that harder and very stable
packages are produced. The spun
packages can be packed and dis-
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Table i Textie-physieai propertios of POY
. fHament yorns.

Spinmng Density Crystaliing percen-
speed tags aseuming
amerphous density
{m/min) {g/ems) 1.331 1.338
g/cm? g/cm?
1200 1.338 L] 2
2500 1.341 L] 4
3000 1.343 10 L]
3500 1.344 17" 7
drawn y
{88/180C) 1378 40 k14
simul
deaw-textured

(190...2107C) 1.390...1.395 50...54 47,53

° acrystailine density of 1.458 9/Cm? has been
assumad for calculation.

patched with confidence. Unsuscep-
tibility to storage and aging increa-
ses with the spinning speed and
hence with the orientation compar- .
ed with conventionai undrawn fila-
ment yarns. Aging itseif is accelerat-
ed by higher temperature and air
humidity (storage up to 4 weeks).

The high thread tension in high-
Speed spinning brings a smoother
thread run in the blowing and spinn-
ing shaft, so that a more regular
yam results.

Though filament yarns spun at high
spesd may be processed on draw-
twisting or draw-winding machines,
they are empioyed preferentially for
draw-texturing, so that the drawing
operation prior to dispatch is dis-
pensed with. Theoretically up to 18
filaments per spinning position may
be produced by the high-speed pro-
cess, though with fine deniers this
poses difficulties when starting. For
the time being, 4 . . . 8 filaments are
regarded as optimal.

The high spesds cail for a very
stable and precise aasembly of the
winding machine; the traverss me-
chanism is very complicated. On
account of the very high noise ge-
neration, remedies are awaited from
the makers of winding machinery
and take-up tubes.

With  high-speed spinning  every
package change is accompanied by
considerable waste, while with go-
det spinning there is the risk of
lap-ups. Resort may be had to a de-
vice for automatic doffing without
losses, though of course this entails
commensurately higher investment.
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Physicai properties of POY

The throughput rate per poiyester
filament yam depends on the spinn-
ing speed. With higher speed the
draw ratio diminishes too, while the
double refraction and. density vary
correspondingly. The stress-strain
curves lis between those of a con-
ventionally spun and a drawn yarn.
Depending on the spinning process
the preorientation must be deter-
mined by double refraction, sonic
speed, breeking extsnsion, natural
draw ratio, residual draw ratio and
drawing force at constant draw ra-
tio (fig. 48, Tables i) and IV) (2}.

Table tv

oY,
4008 of the ort for simuitancens draw.
tenturing

Denier (deen)

(total range 80 , m)
Residual draw retio-
Double refraction (an - 10%
Tenacity (ch/dtex)
Braaking entension (%)
Duneity (g/cms) :
Ustar evenness (U %)
(normel opersting

3

50700 200 300 400 B

[ X

denier 187 dtem t

A Sirees (cN/dte)
B Straia (%)

y spun (1300 m/

1
2 {3800 m/min,
3 Normelty spun (1300 m/min}

)

Processing polyester wastes

In the production ot potyester fila-
ment yarns as staple fibres, accord-
ing to experience 5...10% fibre
waste occurs, which cannot be ussd
for further processing, As mention-
ed previously in 2.3 under the same
heading, there ars several ways of
cracking the polymer polyester mo-
lecule into its monomer consti-
tuents.

Quality and types

As with every industrial product,
quality control and grading play a
decisive part in the production of
poiyester filament yarns too. Pro-
duction control starts at the spinn-
ing machine and runs through all
stages of production. The assess-
ment of the strength, coloration,
package build, extension, shrinkage
etc. at the end-product acceptance
provides the yardstick for quality
grading.

1+2 T
3+4  Trilobad

5 HoWow section
8 Crosssection of a holiow filament

Among the synthetic fibres poiyester
filament yarns offer a wide variation
range thanks to their universal pro-
perties. Thus filament yarns aren
spun from round and special spin-
nerst holes (Nig. 49).

They are supplied bright, duil, extra-
dull, partly spin-dyed and black-
spun. The yarns are untwisted, en-
tangled or twisted, bright or textur-
ed when delivered. The textured

.types are stabilized or unstabilized

according to the application area.
Deniers extend from 30 . . . 300 dtex.
Besides normat polyester types
there are also chemically modified
ones, such as specially deep-dye-
able, basically dyeabie, capitlary
melange, disperse dyeable, yarns
with differential capillary shrinkage
and with special effects, loop yarns,
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carrier-free-dyeable and low-flar
mable types as well as other item
Polyester filament yarns have four
large-scaie use in knitting, hosie
and weaving.

3.3 Polypropylene ﬂhMt yarns

During recent years, extensive wo:
has been done on the deveiopme:
of film tape and film fibre produ:
tion. Most of these articles are use
to produce technical textiles an
carpet backings. In the meantimr
the production of meit-spun pol:
propylene fibres and filament yar
has arrived. Chiet application ares
are household textiles (e. g. upho
stery or fumishing fabrics), wort
wear, outsrwear, technical fabric:
rope articles and carpets. in som
cases the production and applice
tion of these items is shifting ste:

* dily into the developing countries.

In contrast to meit-spinning plant
for polyamide and polyester, thos
for polypropylene are equipped les
elaborately. Total investments ar
much lower, while production cost
are no higher. in many cases thes
fibres are used at their place ¢
production, cutting-out marketin.
costs. Already small, iow-cost plant
have been engineered which ope
rate economically from 100 kg pe
hour.

In principle al} plants work on th
familiar extrusion spinning systerr
As on the major instailations fc
meit spinning, here 100 the proces
stages are granulate feed, coolin:
and take-up. The modular desig:
allows these plants to be extende

" series at will, if large-scale prc

duction with major instailations i
not envisaged from the outset. A
the mode of operation of thes:
plants is similar or identical to tha
of the meit-spinning piants describ
ed, there is no point in eniarginc
upon the separate items or equip
ment and processes.

Here too the take-up units hav
been developed to the point wher:
package weights of 40 kg are attain
ed. Although the melting range o
polypropyiene lies between 163 an¢

Continued on page 26



Knitted fabrics from HSO filaments
reveal a soft hand and good drape.
Dye uptake is very uniform, and di-
mensional stability after washing is
excellent.

The hihger outpist in spinning, lower
energy and labour costs and reduc-
ed waste yield conversion costs

substantially lower than those of

conventional spin-draw processas.

The economy caiculation for nylon 6
filaments, untextured, is basad on
8-end spinning at 4000 m/min,
though the equipment is capable
mechanically of delivery up to
6000 m/min. Spin finish is applied by
means of metering pumps and per-
forated guides.

Take-up is without godets. Two win-

. ders are provided for each position,

————
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each forming 4 packages, i.e.
8 packages per spinning position.
The daily capacity of 7tonnes is
achieved with 40 positions. Cost cai-
culations are based on caprolactam,
i. 8. chip-making aquipment is in-
cluded. With this capacity the con-
version costs for producing HSO
yarns of 44 dtex from caprolactam
work out at about DM 2.80 per kg.

Continued from page 213

170 °C, spinning temperatures of
275...290°C must be employed
in the extruder, on acoount of the
proportion of chains with particu-
larly high polymerization (isotactic
polypropyiene). :

Fig. 50 .,
Spi plant with take-ug for
filsment yarns (Barmag)

Polypropyiene production centres
mainly on staple fibres and carpet
filament yarns for texturing, in the
500. .. 4000 dtex range. Textile fila-
ment yarn prodyction is still modest,

and is at an early development sta-
ge. Deniers of 120, 165, 210, 330 and
470 dtex have been reported in
some cases (fig. 50).

Figs. 51 and 52 show a few produc-
tion machines for polypropyiense fi-
lament yarns. Though the new spin-
draw-texturing process is being
used onfy for polypropyiene carpet
yarns at present, it shouid be men-
tioned on account of its novelty.

K

0 ine NPT 2000,
withBreumatic stuffer box for 00 . . 4000 dtex,
texturing speed 2 10 2500 m/min (Neumsg)

4. Summing-up

The three familiar spinning proces-
Ses — wet, meit and dry spinning -
have been presented in the form of
examples from viscose, polyacryio-
nitrile and polyester production. The
processes described represent the
latest state of the art. In addition
developments have been mentioned
which in some cases will become
the production technalogy of tomor-
row. Al other manmads fibres have
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been ignored. Finally the produc-
lion of polypropylene filament yarn
1s described.

5. Development trends

“he present state of the manmade
fibre industry, viewed woridwide,
makes it difficuit to venture a fore-
cast. The current situation in marfy,
countries is characterized by plants
operating below capacity. Neverthe-
less world output of manmade fibres
has been rising again since 1978,
and is now higher than before the
anergy cridis even at 12,3 mio. tons.
Howaver in Western: Europe, the
'JSA and Japan, production has not
vet recovered to the 1973 level. On
the other hand the rest of the world
n1s continued to boost its produc-
tion, and since 1975 it has attained
25 % of world output (e. g. polyester).
Some countries in the rest of the
vorld are expanding their share
still further, and with their relatively
irge-scale export-orisnted textile
‘nd apparel industries they are
steadily narrowing the outiets for
nanmade fibres from the traditional
“dustrial countries.

iew polymers or synthetic fibres

de fibre prod

groups (poiyamide, polyester, poly-
acryionitrile) are not to be expected
for the time being. An exception are
the new polymers with specific pro-

perties for limited application areas.

In the next few vears it is pretty sure
that research will be focused on
chemical and physical modification
of the existing raw materiais and
fibre types. The entire spinning and
post-treatment technology will have
to be aimed at production with good
quality but still lowsr costs, though
angineering has its limits too.

The medium- and long-term market
prospects for manmade fibres may
be assessed optimisticaily. By the
mid-1980's manmade fibres could
Overtake cotton on the textile mar-
ket. Compared with the other man-
mades, polyester fibres will conti-
nue to gain stiil more ground. The
importance of viscose fibres will
diminish further, owing to raw ma-
terial problems, ecological reasons
and higher production costs. Based
on a world fibre usage of 22 million
tons and a per-capita increase of
2%, an increase may be expected
from about 8 mio. tons to a total of
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