1 The invention relates to a device for the melt spinning of mul k53 anent

fibres fromfibre-formng polyners according to the pre-characterizing

clause of daiml, as is known, for exanple, fromDE-A-1 914 556. The

i nvention also relates to the use of thisldevice to manufactur
filanment yarns.
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The present invention relates to apparatus for
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Description:

high speed spinning multifilament yarns £from fibre-
forming polymers at wind-up speeds of at least
2,000 m/min, comprising a spinnerette, a cooling means
for solidifying the filaments, a convergence element for
the filaments and a wind-up means and having, at least
between the spinnerette ‘and the £first convergence
element, an essentially vertical spinline. The invention
also concerns the use of this apparatus for manufacturing
polyester filament yérns.

In the manufacture of multifilament yarns from
fibre-forming polymers the economics are crucially
affected by the wind-up speed. Wind-up speeds of 3,500 to
about 5,000 m/min are common today, while wind-up speeds
of more than 5,000 m/min to about 12,000 m/min are also
known. At these high wind-up speeds, in particular at
wind-up speeds above 5,000 m/min, it is known from prior
art manufacturing processes that the design of the
apparatus used plays an ever greater part, whereas purely
process features are increasingly less significant.

For instance, EP-A-56 963 describes a process for
manufacturing a polyester fibre using a wind-up speed of
at least 5,000 m/min wherein the extruded filaments are
initially guided through a heating zone at least 50 mm in
length and then directly into a suction means before they
are wound up. As is discernible from the drawing, the
apparatus described for carrying out this process has a
notably simple design. o _

Further simplification of this known apparatus is
revealed in EP-A-95 712, wherei_n the heating zone is
initially followed by a cooling means for solidifying
filaments and then by a convergence element for the
filaments, after which the multifilament varn is wound
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has"errerged fromthe manufacturing processes that havqhipgggqgsg&;m@blgcmthe

past that the structure of the device used for manufact

i ncreasingly inportant role whereas process t echnol ogy wl EE‘RHIB
increasingly fading into the background.” 2 EP-A-56 963,

descri bes a proces or .t.he manufact ure _qf ester _fibre w,th a w nding
speed of at |e4Bt %@(9 %'n PIFGHhi OF RS eﬂ‘?ﬁﬂ%ﬂ“ﬁ I ﬁﬁﬁntg e EAERT al 1 y
gui ded t hr oughzenkehélag m@esyiﬁﬂemeﬁtm}gttmeoioaath.easfoﬁammdmmlg ttthen
directly into @k |Qg r \Qﬁﬂp sSeen
fromthe ill usfa;rQ ?‘é‘gﬁég g*adg'\%éc % eﬁp %e%yntc’l%:\el an( rocess that
is described i slmi,arngnpgne&usy i rﬁﬂﬂélm(h?@t rlathRJ'rA 117 a‘lﬁr:t twrerein
simplificaki onpgt Whils W&@é{t% eﬁSEQ@Sn"vEQ&KEB Q\h%5 fﬁh%mézﬁ:s""%?@

first a cooling_devicé for solidifying the fibhrées and I ni ng
device for the2tPPakRRtdistange Thdde Fﬁénﬁéﬁf"fhﬁﬁ E‘Bﬁe‘?}‘%\f‘f’é?dvﬂﬁ ch
the multifil anmeangaakel speelifidedSHBseaBehfialoffipadapes. of

Although the descriptions of the aforementioned

pieces of apparatus mention that a cooling means is

10 necessary for solidifying the filaments, they do not
provide any indications about the design of the cooling
means.

EP-A-244 216 observes in relation to the design
of the cooling means that the cocling air should be

15 supplied under controlled conditions radially from ocut to
in via a wire mesh cylinder. This apparatus additionally
requires a sharp reduction in the exit cross-section of
the wire mesh cylinder to a narrow tube, as a result of
which the start-up of spinning is very complicated.

20 In WO 90/02222 the filament yarns are spun into
a closed spinchamber. When this spin chamber is used as
cooling means, cooling air is sucked in wvia an injector.
To start up spinning it is initially necessary to remove
the injector, as a result of which the start-up of

25 spinning is very complicated.'

It is an object of the present invention to
provide apparatus of the type mentioned at the beginning
that is simple in structure and suitable for manufactur-
ing multifilament yarns from fibre-forming polymers at

30 wind-up speeds of at least 2,000 m/min, in particular at
least 5,000 m/min, where, furthermore, the start-up of
spinning shall be simple to accomplish and the use of
which for manufacturing multifilament yarns shall be
particularly versatile.

35 This object is achieved when the cooling means is
a porous tube which is open in the spinning direction
and concentric relative to the spinline, which porous
tube is neither preceded nor followed by any further
means for charging and/or discharging a cooling medium.
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this device are_the heati ng zone under the spinneret, the place where the
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and the wi nding speed of 7000 mMm n and nore. A
escribed in

of multifilament yarns especially at very high wind-up
speeds is particularly successful without an active
supply of a cooling medium. It is surprisingly completely
sufficient for the spinnerette to be followed by a porous
tube which is open in the spinning direction without
having to provide further attachments to the tube for
charging a cooling medium or for sealing off from the
outside. It is even completely sufficient for the air
which surrounds the porous tube to be at room tempera-
ture, so that the apparatus of the invention is
particularly economical to operate. Additionally to the
above-recited features of the cooling means employed in
the apparatus of the invention it is merely necessary to
arrange the porous tube concentrically relative to the
spinline. A length of 200 to 1,800 mm for the porous tube
has been found to be favourable.

Using spinning apparatus of the type defined it
is possible to process virtually'a.ny gspinnable polymer
into multifilament yarn. Especially polyethylene tereph-
thalate, polyamide, nylon-S, nylon-6,6, copolymers
thereof and mixtures of these polymers are best suited
for spinning by apparatus of the invention.

Owing to the simple construction of cooling means
of apparatus of the invention it is alsoc very simple to
adapt the length of the tube to optimal spinning at all
times. It is merely necessary to provide a set of porous
tubes of different lengths within the range from 200 to
1,800 mm, in which the lengths of the individual tubes
differ for example by increments of about 100 mm.
However, for further simplification the porous tube may
also have a telescopic structure. To manufacture fully
oriented yarns (FOYs), which are wound up at a speed of
5,000 to 10,000 m/min, it is particularly advantageous
for the porous tube to be from 200 to 1,200 mm in length,
whereas partially oriented yarns (POYs), which in general
are wound up at 2,000 to 5,000 m/min, will be produced
using a porous tube from 900 to 1,800 mm in length. To
manufacture thicker filaments or filament yarns having a
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COOIThifghesl®Mi B&n RpidegAUI red in order to solidify the fibres there are no

I ndi he construction of the cooling device. As regards the
stru E"lll H‘Mol i ng device, EP-A-244 216 states that the cooling air
shoul radially fromthe omtéide inwards via a wire mesh

cylinder under controlled conditions. In this device a_considerable

reduction of BHGheF tatads Jdneag:deneidy tthe BIRRUR MRS IYaRE SRR N
Nerges into ahawle WV Defgthi Staltie nasper eénd WBiEC ke adlsovdradpecifbed deal
of outlay is gssociated with starting spinning. In WD 90/ 02222 the
filanment fibr §n§% &BTS'n a cl osed spinning chamber. Insofar as this

spi nni ng chanber is udéd s &uldyl sudfdeiens, fidre thel pagousr tubeexteo act ed

via an | Nsect fayelNG | UGN Urddd Hedi o MP] 41 St RS PALETALD.
whi ch makes starting very_ conplicated, c .
direction, which makes the start-up of spinning with the
apparatus particularly simple to accomplish, since the
filaments pass through the tubular zone in free-fall and
can be collected underneath the tube. However, it is also
10 possible to use other tube shapes, for example
frustoconical tubes.

The cooling air required for solidifying the
filaments is aspirated through the porous tube by the
filaments themselves, owing to their high speed. Pre-

15 treatment of the cooling air is not neceésary. Especially
in the case of polyester filament yarns the usual
atmospheric conditions in the vicinity of the apparatus
of the invention are sufficient, which is why the operat-
ing personnel can work on the apparatus of the invention

20 under comfortable conditions. Compared with known
apparatus the apparatus of the invention requires less
space, since no ducts are necessary for supplying'con-
ditioned air. The start-up of spinning is less wasteful.
The apparatus is also notable for particularly low energy

25 requirements, since no conditioning of the cooling air
and no further means for influencing the temperature of
the yarn are required until the yarn is wound up.

Especially at very high spinning speeds it is an
advantage for the spinline to be essentially vertical

30 between spinnerette and wind-up.

In the apparatus of the invention it has proved
to be particularly advantageous for the porous tube to be
cylindrical, in which case the cross-section of the

. eylinder may have virtually any widely-used geometric

35 shape such as, for example, -that of a circle, ellipse,
octagon or hexagon. It is particularly advantageous for
the inner cross-section of the poroué tube to have at
least approximately the same geometrical shape as thé
outer contour of the filament bundle. This results in a
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For SPlidMHed YaSREERS16d 1000 mMmin it is also known that the cooling device

isap I n the spinning direction, which is arranged
concenq Hﬁumﬂm “Mespect to the spinning line, and no further devices
suppl yi ving a cooling medfuh are connected up- and/ or
downstream of the porous pipe (DE-A-19 14 556)., A further nelt  spingning
devi ce was knoBiFFiGmtarin. HG?-(f§EB‘ i?PWW?%\E‘%rBGS ﬂ%e%gaéyéagﬁiced
one above the pil@fients Thatveiy agbvaritddedudhktrebSEoandidt AikGandes
| ndi cates that,thc. DerS0D Siidd Sobidebd S A nd 3 1HentOBEAL ki Ene
inner surface of the porous tube at the entry cross-

5 section to be selected in such a way that contact with
the tube wall is avoided in any event. A suitable figure
for the d:istance between filament bundle contour and tube
wall is 5 to 40 mm, the distance being shorter, for
example 5 to 20 mm, in the case of shorter porous tubes

10 and greater, for example 20 to 30 mm, optionally up to
40 mm, in the case of longer "tubes.

In the choice of material for the porous tube it
is merely necessary to ensure that the porous tube can be
attached directly to the spinnerette and thus that it

15 will not soften at the temperatures prevailing in the
spinnerette. Suitable materials for this purpose are in
particular metals, especially steel. At least the porous
tube should adjoin the spinnerette, the spin pack or a
cooling delay means interposed between spinnerette and

20 porous tube in such a way that, in the region of the
porous tube, air ingress is possible only via the pore
system of the porous tube and that uncontrolled inflow of
cooling medium into the region underneath the spinnerette
is effectively avoided.

25 ‘The porosity of the tube can in the simplest case
be achieved with a perforated tube or else with sintered
metals. In principle, any porous tube is suitable whose
porosity will, at an air flow rate of 1 m/s, produce a
pressure drop of about 3 to 150 Pa, advantageously in the

30 region of 10 Pa. However, it is particularly advantageous
for the porous tube to be formed of a metal sieve, in
which case a metal sieve of 60 mesh is most suitable. To
stabilize the metal sieve a further tube of perforated
metal can be arranged inside it.

35 The porous tube can be connected directly to the
spinnerette. However, it is also possible to connect
between the spinnerette and the porous tube a device up
to 300 mm in length which will inhibit the cooling of the
filaments and is adjdined by the porous tube.
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3 usability of these known devices for higher spinning speeds. The
obj g4 sk HaliBeeh Ret@med on is to provide a device of the above- mentioned kind

i C |icated structure and is suitable for the manufacture of
nul ti s fromfibre- fornming folyners with winding speeds of at
| east )
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conbi ni ng devi deg drhe hEilaments: sThissepsrassi & IBANEleREAFr1¥ prRAEAT®| i ne
bei ng provigled g1 tcooling of the filaments. Advantageous results
are achieved when the hot air jacket has a temperature
which corresponds approximately to the temperature of the
spinnerette.
The hot air jacket can be put into effect

10 particularly advantageously when the spinnerette is a
multiple spinnerette where the melt is extruded in the
centre and where there are arranged concentrically around
the centre one or more orifices through which exits a hot
airstream which envelops the filaments. It is particu-

15 larly advantageous here for the orifice arranged
concentrically around the centre to be-an annular gap.
The use of such spinnerettes for the delayed cooling of
filaments is known per se from DE-A-3 941 824 and EP-A-
0 455 897,

20 Inhibition of filament cooling can alsoc be
achieved in a particularly simple manner when the means
inhibiting the cooling of filaments is a heated tube or
in particular an unheated tube.

This means inhibiting the cooling of filaments is

25 particularly simple when a part, up to 300 mm in length,
of the end of the porous tube facing the spinnerette is
sealed off. The sealed-off part is preferably situated
directly underneath the spinnerette.

Inhibited filament cooling results in delayed

30 cooling of the filaments, as a result of which smoocth
processing is promoted in particular at low filament
linear densities.

However, to manufacture thicker filaments or if
relatively long porous tubes are used it is advantageous

35 for the sealing of the porous tube to be situated at a

"distance of 200 to 300 mm away from the spinnerette.
The apparatus of the invention is particularly

advantageous when the convergence element is situated at

a distance of 400 to 2,200 mm away from the spinnerette,
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bet ween nozzle and first conbining device and the cooling device being a
porous pipe open in spinning direction, which pipe is arranged
concentrically with respect to the spinnipng line, and no further devices
suppl yi ng and/ or renoving a cool i ng nedi umbei ng connected up- and/ or

50 has a wi R FortanamiTe el Bk Sred B5C 0w neibE 4 L ehS e
porous pi pe hasimplEEtoscagewtinsh bonvesszboet glgn@s’gwc@m ose @f Yarw 150
Pa at a throu%gjilo 'wﬁ%tl ﬁq'ja' A ﬁ béafré§cu1afi¥h géﬁt;lé&&éu@ef&:fé’ﬂgd t hat

t he manufactu ment es I's particule successful ,
particul arly sonmexgencsh eiemeRy ebe i3 caerventiondla@nive §1pbFY of a
cool i ng megli ungppilidytsr.Ngly it is entirely sufficient to connect a porous

pi pe open in the spinning direction do reagm of the spinneret wthput the
need to provide furthé‘?hest?%?ﬁ?ﬁ‘s‘sorf’%ggﬁi p’é’“‘f"’cﬁt’s‘ﬁbp%ﬁﬁgm& 5ol T hg

medi um and/ or Paxsitda iteg aghfi ewmet particularly large distances between
spinnerette and wind-up, for example up to 9,000 mm. The
apparatus of the invention is particularly suitable when
10 the wind-up means is situated about 2,000 to 4,000 mm
underneath the spinnerette. At spinning speeds of
6,000 m/min or more for manufacturing FOY a distance
between spinnerette and wind-up of 2,000 to 3,500 mm,
preferably 2,400 mm, is most suitable, and in the case of
15 spinning speeds of 2,000 to 5,000 for manufacturing POY
a distance of 2,500 to 3,500 mm, preferably 3,000 mm, is
most suitable, although for the manufacture of yarns
having a filament linear density of more than 3 dtex or
a total linear density of more than 100 dtex this dis-
20 tance should be extended to as far as 4,000 mm. Such
apparatus is notable in particular for its lack of
height, as a result of which the operating personnel need
work only on one flcor. Installation of the apparatus
according to the invention from scratch thus also results
25 in lower building costs. The apparatus of the invention
is particularly notable for reliability.
In most cases a means for entangling the fila-
ments is disposed upstream of the wind-up means.
A further reduction in spinning problems is
30 achieved by disposing upstream of the spinnerette a line
for feeding the polymer melt from an extruder to the
spinnerette, in which line there is disposed at least one
static mixer. In this way the uniformity properties of
the spun filament vyarng are also advantageously
35 influenced.
It is of édvantage for the static mixers to be
disposed within the melt line at one or more locations
between extruder and spinnerette.

It is particularly advantageous for the static
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4 respect t t@glagéroundings. It is even entirely sufficient for the air
sur e ous pipe to be at anbient tenperature, so that the

devi c _HT H;the i nvention operates particularly economcally. In
addi t §paiiliAik m@ IM Bkt ur es of the cooling-d&vtce used in the device according
to the invention which have already been described, the only further -

requi rement | dipgars hEopPousdigpesed; dtrefblyigdPatdinddht PEc A | Fihter
respect to theadkdti B3 tuated AupeBgeAmof o200the Ispithrnerditse Pr aediko be

oot i e e ey %e 8! Bsure ALY ARY 211¢2R PBRCE BRSLICLE 63" °
the spinnerette achieves very intensive filtration.

5 If the apparatus of the invention is used for
manufacturing polyester filament yarns at wind-up speeds
of up to 10,000 m/min, the yarns obtained as a result
exhibit low coefficients of wvariation, low boiling-water
and hot-air shrinkage values and are particularly simply

10 and deeply dyeable. The use of the apparatus of the
invention for ﬁanufacturing polyester yarns at wind-up
speeds of 6,000 to 8,000 m/min has proved particularly
advantageous. As mentioned "earlier, the use of the
apparatus has alsoc been found to be particularly

15 advantageous for manufacturing filament yarns £from
polyethylene terephthalate, polyamide, nylon-6,
nylon-6,6, copolymers thereof or mixtures of these
polymers. The apparatus is likewise highly suitable in
use for manufacturing filament yarns at wind-up speeds of

20 2,000 to 8,000 m/min with filament linear densities of
0.1 to 5 dtex. Using the apparatus of the invention it is
thus also posgsible to manufacture in a particularly
favourable manner microfibres, whose linear densities are
within the range from about 0.1 to 1.5 dtex, although it

25 is advisable to reduce the wind-up speed and the machine
height as the filament linear density of the £filament
yarns to be produced decreases.

The apparatus of the invention is also suitable
for manufacturing POY yarns. Preference is therefore also

30 given to using the apparatus of the invention for manu-
facturing polyester yarns by winding up at speeds of
2,000 to 5,000 m/min. _

The apparatus of the invention will now be more
particularly described with reference to the figure.

35 A gpin pack 1 contains a spinnerette 2. The
spinnerette 2 extrudes a plurality of filaments 3, which
enter a porous tube 4 directly underneath the
spinnerette. On leaving the porous tube 4 the filaments

pass through a convergence element 6 - a yarn guide in
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mul tifilament yarns with a spinning device of this kind. In particular,
pol yet hyl ene terephthal ate, pol yam de, polyanm de 6, polyamde 6,6, their
copol ymers and m xtures of these polynmers are nost suitable for spinning
with the device according to the inventrofl. - Because of the sinple .design
of the cooling device, of the device according to the invention it is also
very sinple totB@a$ePifeed cFRER of tPnEopmpe ¥8x@n &oE hettes srhsgion
proce]gure in ea_ehtnes]cﬁh{&??ntbiﬁileuiﬁOﬁnei ara afl sai&e]ges:sa%ghglatogiode a
set of porous pipes_ of, di rent ngt hs i e ran rom o] mm
the | engths ofg?'ﬁegfend'ln\ﬂt&&;e%pi‘i‘?ess %ﬂ e??n Q‘rer o EEP ot FiEre bé/‘a Fox.
100 mm i n eachatusiet f entexgiere. 7 Tadyviamtlaigepualiyt hbakes héheorfrerm pofe can,
however, akso | | I : K whi ch
5 Q&r&'fféﬂ#ﬁ%éé k222168, SRALBA: aFQaéﬂeﬁﬁng?%ﬁszﬁgX O%&Eéd :

are wound at a speed of 5000 to 10,000 m n, rous pipe
of 200 to 12002EmBressuresyiof | ¢-5ui £abl B, bAKer cBRE f R ERBUXEr RRORBACh ar e

usual Iy wound fhcP8ffin® RO6R Whel BpihnItPUsSpee@e Albhgathengpindfind00 to
1800 mm shoul d; be Jiogd, I P SRS 1Y S add LT For nbi ARG 2" NS
with a
systems such as, for example, broken-filament detectors
10 and cutters (not depicted).

The use of the apparatus will now be more
particularly described in the following examples,
although first a table will summarize the essential
features of the apparatus according to the invention, the

15 processing conditions maintained and the properties of

the yarns obtained.
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count a porous pipe with a length in the upper range of the

hi gher overall
5

| engt hs quoted shoul d be used.
It is entirely sufficient for the porgu? pi pe to have a constant
cross-section in its longitudinal direc PoR, which neans that preparing the

device to start spinning is particularly S|nple because the filanents pass

t hrough the pipe zone in free faJl and can bE gat hered up undey the pipe.
Q her pi pe shapes, such @s§?ipes iQ’the shapp of a truncated cpne, can
however, also be con%iddied® w h v e R R
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Beéause of the high speed of the fibres the cooling air

required to

solidify the fibres is drawn through the porous pipe by the fibres

t hensel ves.

There is no need to preparalhe cooling air.

The standard

at nosphere in the region of the device according to the invention is

sufficient, particularly for polyest
operators can work at the device acq
confortabl e at nosphere. Cgnpared W {
according to the |nventhog requfés
suppl yi ng condi ti one® afir jame 3 el f enl
spi,nning. The device is aFSo 8 st ithg
requirenent as there is no need to r
devi ces influencing the tenperature

er filament yarns,
ording to the invention in a
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It being
oct agon or hexagon. It .

cross-section of the porous pipe

el lipse,

possi ble for the cross- section of the &¢l+nder to have virtually al
shapes such as circle,

I'n the device according to the invention it has proved particularly
comon geonetrica

‘appropriate-for the porous pipe to be cylindrically configured,

Is particularly favourable if the internal

has at
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fifanent package.

di st ance bet ween ext er nal

wal | of the porous pipe at the inlet cro3d-section in such a way that

contact with the pipe _wall avoi ded at aII costs. pPistances
filament package cont J&e &/t %ﬁWHﬁﬂMﬂ?m%ﬁ % whi Oaﬁﬂ+ﬁ5v€°ﬁP59€8n81°n

satisfactory; of dhe ttabldi:st ance

This achieves a particularly uniformsolidification of
the individual filaments. In this case it is appropriate to select the
contour of the_filanment package and the internal

such as 5 to 20 nm should be mai ntai ned

in the case of shorter porous ﬁe Casghg}egng%réLsnéﬁgéheﬁﬁgggaé gg to 30

mm optionally up to
t he naterlal

t hat the

t herefore yet sof
Metals in particular,

and/ or
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35

onger

e tenperatures preva| e spinperet.

the autogenous vapour pressure.
a calibration curve it is .possible to determine the
moisture content of the granules.

The relative solution viscosity was determined in
a standard Ubbelohde viscometer on a 1% strength solution
in n-crescl. The measurement was carried out at 25°C. The
quantities measured are, on the one hand, the flow time
of the solution and, on the other, the flow time of the
solvent within the same viscometer, £from which the
relative viscosity is calculated as the ratioc of the two
flow times.

The entanglement jet used was a parallel plate
nozzle in which the plate spacing was 1.2 mm and the
diameter cof the perpendicular air line was 1.1 mm.

The Uster CV 100 wvalues of linear density
imiformity were determined with an Uster tester II-C at

20°C and 65% relative humidity. The test speed was

100 m/min over 2.5 min.

To measure the hot-air shrinkage hanks are reeled
with a yarn length' of 10 mm. After one hour’s relaxation
at 20°C room temperature and 65% relative humidity the
starting length is determined under a load of 0.5 cN/tex.
This is followed by 15 minutes of hot air in an oven at
190°C. After one hour’s cbnditioning at 20°C and 65%
relative humidity the hank is remeasured. The change in
length is expressed relative to the original value.

The entanglement spacing is measured with the
Entanglement tester from Rothschild. The test is carried
out at 20°C and 2-5% relative hﬁmidity. In the examined
linear density range between 50 and 200 atex the pre-
tension is 10 cN and the pin trip level is 20 cN.

The levelness of dyeability is determined by
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that in the r

system of the porous pipe and that uncontrolled inflow of cooling nmedium
on beneath the spinneret is effectively prevented. In the

into the regi

egion of the porous pipe air can only enter via the pore

si npl est case the porosity of the pipes tan-be assured by neans of

perforated pi
t hose porous

to 150 Pa at aochBisHghfl 8w waced Qhdadét&igdntl St i Ceamppdrdt@re o HPIFSSUr €

loss in the r
favourabl e. |

pi pe i s fornethémomm arvfxhmei ee, a a steamesh preladatsdvieobdil@d Q.heThost

suitable.sA f
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20

pes, but also by neans of sintered netals., In principle al

plparingoPIRf okPifFtEai nERoBbbe aYPFREsiTe RosEOWItiGhrox. 3

Fglhgg"(')];l g E%?%F‘%gg&%;ﬁq%%eﬂdé’r%t ﬁ%%%&f‘{/o%e&’ﬁtg por ous

YeEREEnBLPE 1 HBIES 010 PRIA T BAEdPLALE £8 6N carried out

in a solution of water, 60% acetic acid and the dye Foron
Blue E-BL. The residence time in the dyeing liquor is
about 50 min at temperatures of about 125°. Finally, the
hogses are dried and wvisually assgessed according to
standardized criteria on a scale from 1 to 10, where 10
denotes very good. The barriness or stripiness of the
dyeings is also rated on a scale from 1 to 10, where 10
again denotes a particularly uniform material. As regards
specks (thick places in the yarn) the rating scale
extends from 1 to 6, where 6 denotes complete absence of
specks.

As is evident from the preceding table, use of
the apparatus according to the invention results in yarns
of very good Uster CV 100 uniformity and good levelness
and nonbarriness when dyed.
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7 Larranged inside the metal sieve pipe to stabilize the netal sieve.

porous pipe-can be directly connected to the spinneret.

The

A device which is

up to 300 mm Il ong and inpedes the cooling of the filanents and which the

por ous pi pe adjoins can,

and t he porous pipe. Fil ament cooling can be inpeded, for exanple,
that the devi dpPagatys fpedaiah peed sRipng pudddfilppenti yaxns and

surroundi ng t el itha¥dies. This achieves a particularly uniform del ayed
cooling of the filanments. Favourabl e
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Claims:

1. Apparatus for melt spinning multifilament yarns
from fibre-forming polymers at wind-up speeds of at least
2,000 m/min, comprising a spinnerette (2), a cooling
means (4) for solidifying thé filaments, a convergence
element (6) for the filaments and a wind-up means (8) and
having, at least between the spinnerette (2) and the
first convergence element (6), an essentially vertical
spinline (A-A), characterized in that the cooling means
is a porous tube (4) which is open in the spinning
direction and concentric relative to the spinline (A-A)
and neither upstream nor downstream of which are there
any further means for charging and/or discharging a
cooling medium.

2, Apparatus according to Claim 1, characterized in
that the spinline is essentially vertical between spin-
nerette (2) and wind-up (8). -

3. Apparatus according to Claim 1 or 2, charac-
terized in that the porous tube (4) forming the cooling
means has a length of 200 to 1,800 mm.

4, Apparatus according to one or more of Claims 1 to
3, characterized in that the porous tube exhibits a
pressure drop of about 3 to 150 Pa when air flows through
its walls at a speed of 1 m/s.

5. Apparatué according to one or more of Claims 1 to
4, characterized in that the porous tube (4) is a
cylinder whose inner cross-section has at least approxi-
mately the same geometrical shape as the outer contour of
the filament bundle (3).

6. Apparatus according to one or more of Claims 1 to
5, characterized in that the porous tube (4) comprises a
metal sieve with or without a perforated metal sheet
support.

7. Apparatus according to Claim 6, characterized in

apn——"

however, al so-bé5connected between t ECW3A%her et

in
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air
nult

gEggh& yed if the hot air jacket has a tenperature which

articularly favourabl effected i f the spinneret
in the centre of whirchSthe extrusion of the nelt

re I
'apzi;fl ﬂﬁiﬂ“ ﬂ sponds to the tenperature of the spinneret. The hot

is a
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prOV|ded and in mhlch one Qr nore Qpenlngs are pr vided concentrically

about the
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7, characteried in that there is disposed directly
underneath the spinnerette (2) a means, up to 300 mm in
length, which inhibits the cooling of the filaments and
which is adjoined by the porous tube (4).

10. Apparatus according to Claim 9, characteried in
that the means inhibiting the cooling of the filaments
comprises a hot airstream enveloping the filaments. |
11. Apparatus according to Claim 10, characterized in
that the spinnerette is a multiple spinnerette where the
melt is extended in the centre and where there are
arranged concentrically around the centre one or more
orifices through which exits a hot airstream which
envelops the filaments.

12. Apparatus according to Claim 11, characterized in
that the orifice arranged concentrically arocund the
centre is an annular gap.

13. Apparatus according to Claim 9, characterized in
that the means inhibiting the cooling of the filaments is
a heated tube.

14. Apparatus according to Claim 2, characterized in
that the means inhibiting fhe cooling of the filaments is
an unheated tube. .

15. Apparatus according to one or more of Claims 1 to
8, characterized in that to inhibit filament cooling a
part (5), up to 300 mm in length, of the end of the
porous tube (4) facing the spinnerette (2) is sealed off.
16. Apparatus according to Claim 15, characterized in
that the sealed-off part (5) is situated directly under-
neath the spinnerette (2).

17. Apparatus according to Claim 15, characterized in
that the sealed-off part is situated at a distance of 200
to 300 mm from the spinnerette.

18. Apparatus according to one or more of Claims 1 to
17, characterized in that the convergence element (6) is

A O \T?\Téng;L o ___ﬂ




ﬁ ! qpedes the cooling of the filaments is particularly
lf en FRE” o 300 nm | ong section of that part of the porous pipe
faC| i's 8_ covered.
The n is preferably arr legchy under neath the spinneret.

By 1 e “gna“e? R 0P i Bdel YU APOLLIS hod U Tk aENRe LS |
in the case (ﬁsﬂxnnerette (2) but at least about 100 mm below the
porous tube (4).
19. Apparatus according to one or more of Claims 1 to
5 18, characterized in that the convergence element (6) is
a conventional spin finish applicator.
20. Apparatus according to one or more of Claims 1 to
19, characterized in that the wind-up means (8) is
gituated about 2,000 to 4,000 mm underneath the spin-
10 nerette (2).
21. '~ Apparatus according to one or more of Claims 1 to
20, characterized in that a means (7) for entangling the
filaments is disposed upstream of the wind-up.
22, Apparatus according to one or more of Claims 1 to
15 21, characterized in that -disposed upstream of the
spinnerette there is a line for feeding the polymer melt
from an extruder to the spinnerette, in which line there
is disposed at least one static mixer. ‘
23. Apparatus according to Claim 22, characterized in
20 that static mixers are disposed within the melt line at
one or more locations between extruder and spinnerette.
- 24, Apparatus according to Claim 22 or 23, charac-
terized in that the static mixers are disposed directly
upstream of a filter packet situated upstream of the
25 spinnerette.
25. Use of the apparatus according to ocne or more of
Claims 1 to 24 for manufacturing filament yarns at wind-
up speeds of up to 10,000 m/min.
26. Use according to Claim 25, wherein the filament
30 yarns comprise polyethylene- terephthalate, poi&amide,
nylon-6, nylon-6,6, copolymers thereof or mixtures
thereof.
27. Use of the apparatus according to one or more of
Claims 1 to 24 for manufacturing polyester filament yarns
35 at wind-up speeds of up to 10,000 m/min.
28. Use of the apparatus according to one or more of
Claims 1 to 24 for manufacturing polyester yarns at wind-
.up speeds of 5,000 to 8,000 m/min.
29, Use of the apparatus according to one or more of

TR O A R | e SHEE RS 6T




i ndi vi dual counts. To manufacture thicker filament onger
porous pipes are used it has, however, proved sati st!,!ﬂmlmum}Eﬂnver of
the porous pipe is arranged at a distance of 200 to c ML

Spi nneret . The device according to thel8nvention has proved particularly
satisfactory when the conbining device is arranged at a distance of 400 to
2200 nm from CA2iBS; hnkP A4 HRRT manwéaﬁuaapswpgruséwrlm% ghoekndat h t he
Iporpus Ei pe. up hbee_aignlalfelat, 008Seot bgooon:h%/ﬂ'iﬁg de\r/rib_ce_ candbe_ a yarn gui de.
t is, howeve partigul arly propriate if the.gconbjnin evice is per
se known prepaPation JB8 PEAERBERERFRESS SFFOTALAECHR CBe ThBRTY 95  he

i nvention, pafilantmball ol 24 g€odi maévumtastinetng efi bamente ryed rmen catviwided - of up
to 9000 mg) fﬁb %ﬁ@@@éiofxib6%§Otgee?ﬁBbeﬁ?ﬂihnwﬁ%ﬁpgfﬁﬁment linear

densities of 0.1 to 6 dtex. - -
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The device according to the invention has proved to be particularly

sati sfactory when the wi nder is arranged approxi mately 2000 to 4000 nm
underneath the spinneret. At spinning speeds of 6000 nminmn and nore for the
manuf acture of FOY yarns, a distance of 2806 to 3500 mm pref chE¥2302400
mm between spinneret and wi nder has_proved to be the best and at spinning
speeds of 200RrRaTetwE for highApredaRinning MW‘*&HY@F&H&‘E f 2500

to 3500 MM prifetdirec000 mMm this di stance should be increased to up to
4000 nmfor the manufacture of yarns with an individual count—of nore than

3 dtex and/or an overall

Akzo nv, Arnhem
Absgtract:

Apparatus and use thereof £for melt spinning
multifilament yarns from fibre-forming polymers at wind-
up speeds of at least 2,000 m/min, comprising a spin-
nerette (2), a cooling means (4) for solidifying the
filaments, a convergence element (6) for the filaments
and a v;rind-up means (8) and having, at least between the
spinnerette (2) and the convergence element (6), an
essentially vertical spinline (A-A), characterized in
that the cooling means is a porous tube (4) which is open
in the spinning direction and concentric relative to the
spinline (A-A) and neither upstream nor downstream of
which are there any further means for charging and/or
discharging a cooling medium.
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9 count of nore than 100 dtex. A device of this kind is distinguished in
particular by a | ow structural height, which neans that the operators have
to work on one |level only. This neans | ower costs for buildings, therefore,
mhere the device according to the invention is installed new The device
according to the invention is particularly distinguished by a very |ow
susceptibility to faults. In nost cases a device for entangling the
filaments is arranged upstream of tiHé wi nder. A further reduction of
spinning faults is achieved in thaZ\a melt line for conveying the polyner
melt froman extruder to the spinnféhet is connected upstream of the
spinneret, in which line at |east gne static mxer is arranaed. This al so

has a favourable ipfwgnce on the unifornmity properties f. ffhe spun
filament yarns. * //a.f_
I_‘.
’ M—_z
L__T_
!
L |
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It "is of YA A08ch ke didlg Static m xers are arranged at one or nbfgjpoints
i n the melgyyy extruder and spi nneret. It has proved
parti cul ajl mlﬁﬂkﬁm' f the static mxers are arranged directly upstream
of a filtel ed upstream of the spinneret. Preferably, in the
case of the filter pack connected uﬁstrean1of t he spinneret, care should be
t aken to endpperakus fhe high speeshspienpogsingl eifilanentoyarss sagsdr ed.

Wien the de&'bgetﬁ%g_.gg}_i ng to the invention is used to manufacture polyester
filament yarns, the polyester filament yarns bei ng wound at speeds of up to
10,000 mM m n,—the yarns achieved in this way have a low coefficient of
variation, |ow values for shrinkage at the boil and hot air shrinkage and

can be particularly easily dyed gnd deep- dyed. The use of the device
according to the invention to &zo v,  Arnhem

Description:

The present invention relates to apparatus for
high speed spinning multifilament yarns £from £ibre-
forming polymers at wind-up speeds of at 1least
2,000 m/min, comprising a spinnerette, a cooling means
for solidifying the filaments, a convergence element for
the filaments and a wind-up means and having, at least
between the ‘spinnerette 'and the £first convergence
element, an essentially vertical spinline. The invention
also concerns the use of this apparatus for manufacturing
polyester filament yérns.

In the manufacture of multifilament yarns from
fibre-forming polymers the economics are crucially
afg&ected by the wind-up speed. Wind-up speeds of 3,500 to
about 5,000 m/min are common today, while wind-up speeds
of more than 5,000 m/min to about 12,000 m/min are also
“known. At these high wind-up speeds, in particular at
wind-up speeds above 5,000 m/min, it is known from prior
art manufacturing processes that the design of the
apparatus used plays an ever greater part, whereas purely
process features are increasingly less significant.

For ingtance, EP-A-56 963 describes a process for
manufacturing a polyester fibre using a wind-up speed of
at least 5,000 m/min wherein the extruded filaments are
initially guided through a heating zone at least 50 mm in

* length and then directly into a suction means before they
are wound up. As is discernible from the drawing, the
apparatus described for carrying out this process has a
notably simple design. .

Further simplification of this known apparatus is
revealed in EP-A-95 712, wherein the heating =zone is
initially followed by a cooling means for solidifying
filaments and then by a convergence element for the

filaments, after which the multifilament yarn_is wound
REPLACEMENT SHEET |
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10 - -manufacture polyester yarns at w nding speeds of 6000 to 8000 m mn
has proved particularly favourable. As already stated, the use of the

devi ce has al so proved particularly favourable for the manufacture of
filanment yarns from pol yet hyl ene terephthal ate, pol yam de, pol yam de- 6,

pol yam de 6,6, their copolyners or m xtures of these lg ners. The device

I s al so outstandingly suitable when used to manufactur M n Yeplapesi, t he
filanment yarns being wound at speeds 1 2000 to 8000 n17 I lt rl !\{" ch the

filanments of the filanment yarns have an i ndividual
1. Apparatus for melt spinning multifilament yarns
from fibre-forming polymers at wind-up speeds of at least
2,000 m/min, comprising a spinnerette (2), a cooling
means (4) for solidifying the filaments, a convergence

element (6) for the filaments and a wind-up means (8) and

Claims:

having, at least between the spinnerette (2) and the
first convergence element (6), an essentially vertical
spinline (A-A), characterized in that the cooling means
is a porous tube (4) which is open in the spinning
direction and concentric relative to the spinline (aA-A)
" and neither upstream nor downstream of which are there
any further means for charging and/or discharging a
cooling medium. ’ '
2. Apparatus according to Claim 1, characterized in
that the spinline is essentially vertical between spin-
nerette (2) and wind-up (8). -
3. . Apparatus according to Claim 1 or 2, charac-
terized in that the porous tube (4) £forming the cooling
means has a length of 200 to 1,800 mm.
4, Apparatus according to one or more of Claims 1 to
3, characterized in that the porous tube exhibits a
pressure drop of about 3 to 150 Pa when air f£lows through
its walls at a speed of 1 m/s.
5. Apparatus according to one or more of Claims 1 to
4, characterized in that the porous tube (4) is a
cylinder whose inner cross-section has at least approxi-
mately the same geometrical shape as the outer contour of
the filament bundle (3).
6. Apparatus according to one or more of Claims 1 to
5, characterized in that the porous tube (4) compr:.ses a
metal sieve with or without ‘a perforated ‘metal sheet
support.

7. Apparatus according to Claim 6, characterized in

-—--"M-—*M. ———
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couﬁ{ of 0.1 to 5 dtex. It is also possible to manufacture nicro*?ﬁ?gk
whose individual counts are in the range fromapprox. 0.1 to 1.5 dtex
particularly favourably using the device according to the invention
although it is advisable to select a | ower w nding speed and nachi ne

hei ght, the | ower the individual cgunt of the filaments of the filanent
yarns is intended to be. The device according to the invention is also

sui tabl.g for manufacturjng PQY yarns., Th use of Eﬁéhdemice accquing to
the i nngl?‘ﬁ? i’o"hv‘?%t’t‘?fér’é?jo?geil D abr‘%"e,\lrcree30970r heh St TR 8T pol yest er
yar ns, ikt bl asert fibrss bbrony fidered farmsipee g lome2 3 Gaa X0y N m n.

The devi : i : . ' : , ¢ det ai |
wth the S e el et iGN s GRPAT e b T o i ng

head 1.f®evesrample] afeem PB-Awhi TH 56 + aklhe dnventd gibradee pi pe 4

relates to the use of this device to manufacture polyester
filament yarns.

In the manufacture of multifilament fibres from fibre-
forming polymers, the winding speed of the multifilament
fibres is a substantial factor for reasons of economy.
Winding speeds of 3500 up to approx. 5000 m/min are common
nowadays, and winding speeds of more than 5000 m/min up to
approx. 12,000 m/min are also known. At these high winding
speeds, particularly at winding speeds above 5000 m/min, it
has emerged from the manufacturing processes that have
become known in the past that the structure of the device
used for manufacture plays an increasingly important role
whereas process technology features are increasingly fading
into the background. -

EP-A-56 963, for example, describes a process for the
manufacture of a polyester fibre with a winding speed of at
least 5000 m/min in which the extruded filaments are
initially guided through a heating zone with a length of at
least 50 mm and then directly into an extraction device
before they are wound. As can be seen from the
illustration, the device for implementing the known process
that is described is distinguished by simple construction.

A further simplification of this known device emerges from
EP-A-95 712, in which first a cooling device for
solidifying the fibres and then a combining device for the
filaments is arranged under the heating zone, after which
the multifilament yarn is wound. Substantial components of
this device are the heating zone under the spinneret, the
place where the filaments are packed and the winding speed
of 7000 m/min and more. A similar device is described in




di rec£I \ o pi nneret, are extruded fromthe spinneret 2. On
yﬁﬁ@ﬂgﬁwﬁﬂiqﬁfgi ff the filanments are conbined into a yarn via the

| eavin

combi nifng device 6 - alyfrn guide in the case illustrated. An air

ent anglli ng 22i APR 199" be}incorporated upstream of the winder 8 in order to
keep thelfilanents together in the yarn in a nore satisfactory nanner.

Par al | ¢| praremozztes which are favourably operated with

bl ow ng_pressures of 1.5{to 8 bar arquarticularly suitable for the air

entangling unit 7;

EP-A-117 215 in which the distance between nozzle and
winder is quoted as a substantial feature in addition to
the place where the filaments are combined.

Although the devices described in the past mention that a
cooling device is required in order to solidify the fibres
there are no indications about the construction of the
cooling device.

As regards the structure of the cooling device,

EP-A-244 216 states that the cooling air should be supplied
radially from the outside inwards via a wire mesh cylinder
under controlled conditions. 1In this device a considerable
reduction of the outlet cross-section of the wire mesh
cylinder, which merges into a narrow pipe, is also
required, which means that a great deal of outlay is
associated with starting spinning.

In WO 90/02222 the filament fibres are spun in a closed
spinning chamber. Insofar as this spinning chamber is used
as a cooling device, the cooling air is extracted via an
injector. The injector must first be removed to start

spinning, which makes starting very complicated.

For spinning speeds of 1000 m/min it is also known that the
cooling device is a porous pipe open in the spinning
direction, which is arranged concentrically with respect to
the spinning line, and no further devices supplying and/or
removing a cooling medium are connected up- and/or

downstream of the porous pipe (DE-A-19 14 556).

A further melt spinning device was known from CH-A-467 348

in which two porous pipes were placed one above the other.

The very age of DE-A-19 14 556 and CH-A-467 348 indicates
that the person skilled in the art has not considered the



t he m

det ai |

features of the device according to the invention,

gher the spinning speed that is set, the higher the pressure should
be selected. Fibre nonitoring systens such as thread-end nonitors and fibre
cutters can also be provided along the spinning line A-A although these
are not illustrated. The use of the device will be described in greater

below with the aid of the exanples which follow, the substantial

mai nt ai ned and the properties of the yarns obt ai ned being initially
sunmmari zed in a table.

usability of these known devices for higher spinning speeds.

The object of the invention is to provide a device of the above-
mentioned kind which has an uncomplicated structure and is
suitable for the manufacture of multifilament fibres from fibre-
forming polymers with winding speeds of at least 2000 m/min,
particularly at least 5000 m/min, and in which starting spinning
can also be effected in a simple manner, and whose use to

manufacture multifilament fibres is particularly versatile.

In a device for the melt spinning of multifilament fibres from
fibre-forming polymers with a spinneret, a cooling device for
solidifying the fibres and a combining device for the filaments,
a substantially vertical spinning line being provided at least
between nozzle and first combining device and the cooling device
being a porous pipe open in spinning direction, which pipe is
arranged concentrically with respect to the spinning line, and
no further devices supplying and/or removing a cooling medium
being connected up- and/or downstream of the porous pipe, this
object 1is achieved in that the device also has a winder for
winding speeds of at least 2000 m/min and that the porous pipe has
a porosity which brings about a pressure loss of 3 to 150 Pa at

a throughflow speed of air of 1 m/s.

It has in fact been found that the manufacture of multifilament
fibres is particularly successful particularly at very high
winding speeds if there is no active supply of a cooling medium.
Surprisingly it is entirely sufficient to connect a porous pipe
open in the spinning direction downstream of the spinneret without
the need to provide further structures on the pipe for supplying

a cooling medium and/or for sealing off with

the process conditions
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4

respect to the surroundings. It is even entirely
sufficient for the air surrounding the porous pipe to be at
ambient temperature, so that the device according to the
invention operates particularly economically. 1In addition
to the features of the cooling device used in the device
according to the invention which have already been
described, the only further requirement is for the porous
pipe to be arranged concentrically with respect to the
spinning line. A length of 200 to 1800 mm has proved to be
favourable for the porous pipe.

Virtually all spinnable polymers can be processed into
multifilament yarns with a spinning device of this kind.
In particular, polyethylene terephthalate, polyamide,
polyamide 6, polyamide 6,6, their copolymers and mixtures
of these polymers are most suitable for spinning with the
device according to the invention.

Because of the simple design of the cooling device of the
device according to the invention it is also very simple to
adapt the length of the pipe to an optimal spinning
procedure in each case. For this purpose it is only
necessary to provide a set of porous pipes of different
lengths in the range from 200 to 1800 mm, the lengths of
the individual pipes differing from each other by approx.
100 mm in each case, for example. To simplify further, the
porous pipe can, however, also be designed like a
telescope. To manufacture FOY yarns which are wound at a
speed of 5000 to 10,000 m/min, a length of the porous pipe
of 200 to 1200 mm is particularly suitable, whereas for POY
yarns which are usually wound at 2000 to 5000 m/min, a
porous pipe with a length of 900 to 1800 mm should be used.
To manufacture thicker filaments or filament yarns with a
higher overall count a porous pipe with a length in the
upper range of the lengths quoted should be used.

oo
(AT

Y
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5

It is entirely sufficient for the porous pipe to have a
constant cross-section in its longitudinal direction, which
means that preparing the device to start spinning is
particularly simple because the filaments pass through the
pipe zone in free fall and can be gathered up under the
pipe. Other pipe shapes, such as pipes in the shape of a
truncated cone, can, however, also be considered.

Because of the high speed of the fibres the cooling air
required to solidify the fibres is drawn through the porous
pipe by the fibres themselves. There is no need to prepare
the cooling air. The standard atmosphere in the region of
the device according to the invention is sufficient,
particularly for polyester filament yarns, so that the
operators can work at the device according to the invention
in a comfortable atmosphere. Compared with the known
devices the device according to the invention requires less
space because no channels for supplying conditioned air are
required. There is less waste when starting spinning. The
device is also distinguished by a particularly low energy
requirement as there is no need to prepare the cooling air
and no further devices influencing the temperature of the

fibres are required up to the winder.

At very high spinning speeds in particular it is of
advantage if the spinning line runs substantially

vertically between nozzle and winder.

In the device according to the invention it has proved
particularly appropriate for the porous pipe to be
cylindrically configured, it being possible for the cross-
section of the cylinder to have virtually all common
geometrical shapes such as circle, ellipse, octagon orx
hexagon. It is particularly favourable if the internal
cross-section of the porous pipe has at least approximately
the same geometrical shape as the external contour of the
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15 THe following is intended to aid conprehension of the table.

Experinent D a spinneret with 36 hol es,
cross-section which corresponds to a dianmeter of approx.

used.

The noi sture content of the granules was determ ned by heat

In

which Y-profile for a triangul ar
250 [err]m was

ing a

sanmpl e in vacuo to 200 [err]C and reading off the vapour pressure that was
establ i shing. The npisture content of the granules can be determ ned by
means of a calibration curve. The relative solution viscosity was

neasured in a standard Ubbel ohde vi scoOnet er,

a 1% solution in n-cresol

having fdfSindifebROERK o4 TH¢ JBRPWET pd AYER AN, Uniode 71 C

solidification of the individual filaments. 1In this case
it is appropriate to select the distance between external
contour of the filament package and the internal wall of
the porous pipe at the inlet cross-section in such a way
that contact with the pipe wall is avoided at all costs.
Distances between filament package contour and pipe wall of
5 to 40 mm have proved satisfactory; a shorter distance,
such as 5 to 20 mm, should be maintained in the case of
shorter porous pipes and a longer distance, such as 20 to
30 mm, optionally up to 40 mm, in the case of longer pipes.

When selecting the material for the porous pipe the only
factor to be borne in mind is that the porous pipe can be
fixed directly to the spinneret and does not therefore yet
soften at the temperatures prevailing in the spinneret.
Metals in particular, and particularly steel, are suitable
for this. As a minimum the porous pipe should adjoin the
spinneret, the spinning head and/or a cooling delay device
connected between spinneret and porous pipe in such a way
that in the region of the porous pipe air can only enter
via the pore system of the porous pipe and that
uncontrolled inflow of cooling medium into the region

beneath the spinneret is effectively prevented.

In the simplest case the porosity of the pipes can be
assured by means of perforated pipes, but also by means of
sintered metals. In principle all those porous pipes whose
porosity brings about a pressure loss of approx. 3 to

150 Pa at a throughflow speed of air of 1 m/s are suitable,
a pressure loss in the region of 10 Pa at the air speed
quoted having proved favourable. It has, however, proved
particularly satisfactory if the porous pipe is formed from
a metal sieve, a 60 mesh metal sieve being the most

suitable. A further pipe made of perforated plate can be

R,
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The throughput tine of the solution on the one hand and the throughput tine
of *the solvent on the other hand are neasured in the sane visconeter, the
relative viscosity being calculated as the ratio of the two throughput

tines.

A parallel plate nozzle was used as the entangling nozzle, the

di stance between plates being 1.2 mm and the dianmeter of the air supply
running at a right angle being 1.1 mm The values for Uster CV 100 were
determ ned by neans of an Uster Tester |1-C as values for the count
uniformty. The neasurenent was carri@d out at 20 [err]C and 65% relative
at nospheric hum dity. The test speed was 100 mMmn for 2.5 mn.

St randl easrangtdaipgide| thgt mebal 19ipweveiperee| etpkbl ipasthe nekahot air

shrinkagg;efkt
and 65%relative humdity the initial

| oad.

ffter an hour's relaxation time at 20 [err] C anbient tenperature
| ength is determ ned under 0.5 cNtex

The porous pipe can be directly connected to the spinneret.
A device which is up to 300 mm long and impedes the cooling
of the filaments and which the porous pipe adjoins can,
however, also be connected between the spinneret and the
porous pipe.

Filament cooling can be impeded, for example, in that the
device which impedes the cooling comprises a hot air stream
surrounding the filaments. This achieves a particularly
uniform delayed cooling of the filaments. Favourable
results are achieved if the hot air jacket has a
temperature which approximately corresponds to the
temperature of the spinneret.

The hot air jacket can be particularly favourably effected
if the spinneret is a multiple spinneret in the centre of
which the extrusion of the melt is provided and in which
one or more openings are provided concentrically about the
centre, through which openings a hot air stream, which
surrounds the filaments, emerges. In this case it is
particularly favourable if the opening arranged
concentrically about the centre is an annular gap. The use
of such spinnerets for the delayed cooling of the filaments
is known per se from DE-OS 39 41 824 and EP-A- 0 455 897.

The filament cooling can also be impeded in a particularly
simple way in that the device which impedes the cooling of
the filaments is a heated, particularly an unheated, pipe.

The device which impedes the cooling of the filaments is
particularly simple when an up to 300 mm long section of

that part of the porous pipe facing the spinneret is

2 2 APR 1999
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Hot a?r Is then applied in the oven at 190 [err]C for 15
16 mnutes. After an hour's conditioning tine at 20 [err]C and 65%

relative humdity the strandlet length is neasured. ThelT rthe
length is related to the initial value. The openi ng Iaﬁ@@ﬂ%@égtﬂﬁé%ﬁgEd
usi ng ‘the Rothschild Entangl enent tester. The test is c@rfied out at

[err]C and 22 APR 1999

8

covered. The covered section is preferably arranged
directly underneath the spinneret.

By impeding the filament cooling, a delayed cooling of the
filaments is achieved, and this promotes a trouble-free
spinning procedure particularly in the case of low
individual counts.

To manufacture thicker filaments and/or where longer porous
pipes are used it has, however, proved satisfactory if the
cover of the porous pipe is arranged at a distance of 200
to 300 mm from the spinneret.

The device according to the invention has proved
particularly satisfactory when the combining device is
arranged at a distance of 400 to 2200 mm from the spinneret
but at least approximately 100 mm underneath the porous
pipe. In the simplest case the combining device can be a
yarn guide. It is, however, particularly appropriate if
the combining device is a per se known preparation
application device.

In the device according to the invention, particularly
large distances between spinneret and winder of up to

9000 mm, for example, can also be achieved in practice.
The device according to the invention has proved to be
particularly satisfactory when the winder is arranged
approximately 2000 to 4000 mm underneath the spinneret. At
spinning speeds of 6000 m/min and more for the manufacture
of FOY yarns, a distance of 2000 to 3500 mm, preferably
2400 mm, between spinneret and winder has proved to be the
best and at spinning speeds of 2000 to 5000 for the
manufacture of POY yarns, a distance of 2500 to 3500 mm,
preferably 3000 wm; this distance should be increased to
up to 4000 mm for the manufacture of yarns with an

individual count of more than 3 dtex and/or an overall



25%)rélative hum dity. In the count range tested, between 50
the initial tension is 10 cN and the release force of the neqdiggp(f I
level) 20 cN.  To determine the dye absorption uniformty, tihe-sEGEKitHg SHEET
t ubes produced fromthe yarns are washed in a solution conprifsiing water and™
detergent at a tenperature of 30 to 35 [err]. The stocking t{b SM%F‘WW}g
drawn over steam boards and introduced with a frame into a sftegm cupboar
pre- heated to 110 [err]C for fixing. The residence tinme is '
then takes place in a solution of watér, 60%acetic acid and
blue E-BL. The residence tipe in the dye_liguor jis approx..50 mn at
tenperatﬁ?%%to?faﬁﬁFﬁthQESIPQraf?xFinél@?Yl??mpétEEignﬁf?%bﬁi are dried
and vi sualbyinyaishe@dincparticglap bpeai 1owdststwmciaralk. hédglts, bet ween 1
and 10 are. awarded f y b | unLform t r f enot i ng
very gooﬁﬁlﬁﬁﬁwggggtgé%g Ehgnésggggggsa é%gaﬁgfé%ﬁékﬁw}%%%é%%g% dye
streaki nesdy.a Whik veans 3gwen deabsi figrpbuildings| ythewetore goods. In
respect aﬁepénEaéeaeﬂeécagés,@aﬁgnt&h@haaime&tms kipefypem legnd 6 is

awar ded, a mark of 6 denoting no pinholes at all, ] ]
new. The device according to the invention is particularly

d_200 dtex,

distinguished by a very low susceptibility to faults.

In most cases a device for entangling the filaments is
arranged upstream of the winder.

A further reduction of spinning faults is achieved in that
a melt line for conveying the polymer melt from an extruder
to the spinneret is connected upstream of the spinneret, in
which line at least one static mixer is arranged. This
also has a favourable influence on the uniformity
properties of the spun filament yarns.

It is of advantage if the static mixers are arranged at one
or more points in the melt line between extruder and
spinneret.

It has proved particularly favourable if the static mixers
are arranged directly upstream of a filter pack connected
upstream of the spinneret. Preferably, in the case of the
filter pack connected upstream of the spinneret, care
should be taken to ensure that the most intensive possible
filtration is assured.

When the device according to the invention is used to
manufacture polyester filament yarns, the polyester
filament yarns being wound at speeds of up to 10,000 m/min,
the yarns achieved in this way have a low coefficient of
variation, low values for shrinkage at the boil and hot air
shrinkage and can be particularly easily dyed and deep-

dyed. The use of the device according to the invention to



As can be seen fromthe above Table, when the devic
invention is used yarns are obtained which are di st
uniformty (Uster CV 100) and a dye absorption unif
assessed as good.

for the nelt spinning of nmultifilament fibres

10

manufacture polyester yarns at winding speeds of 6000 to
8000 m/min has proved particularly favourable. As already
stated, the use of the device has also proved particularly
favourable for the manufacture of filament yarns from
polyethylene terephthalate, polyamide, polyamide 6,
polyamide 6,6, their copolymers or mixtures of these
polymers. The device is also outstandingly suitable when
used to manufacture filament yarns, the filament yarns
being wound at speeds of 2000 to 8000 m/min, after which
the filaments of the filament yarns have an individual
count of 0.1 to 5 dtex. It is also possible to manufacture
microfibres whose individual counts are in the range from
approx. 0.1 to 1.5 dtex particularly favourably using the
device according to the invention although it is advisable
to select a lower winding speed and machine height, the
lower the individual count of the filaments of the filament
yarns is intended to be. '

The device according to the invention is also suitable for
manufacturing POY yarns. The use of the device according
to the invention is therefore also preferred for the
manufacture of polyester yarns, the polyester yarns being
wound at speeds of 2000 to 5000 m/min.

The device according to the invention will be described in
greater detail with the aid of the drawing.

A spinneret 2 is incorporated in a spinning head 1.

Several filaments 3, which are taken up by a porous pipe 4
directly underneath the spinneret, are extruded from the
spinneret 2. On leaving the porous pipe 4 the filaments
are combined into a yarn via the combining device 6 - a
yvarn guide in the case illustrated. An air entangling unit
7 can be incorporated upstream of the winder 8 in order to
keep the filaments together in the yarn in a more
satisfactory manner. Parallel plate nozzles which are



fromfibre-formng polymers with a spinneret (2), a cool ing device (4)
for solidifying the fibres and a conbi ni ng device (6) for the
filaments, a substantially vertical spinning line (A-A) being

provi ded at | east between nozzle (2) and first conbi ni ng device (6) and
t he cooling device being a porous pipe (4) open in the spinning

di rection, which pi pe is arranged concentrically with respect to the
spinning line (A-A), and no further devices supplying and/ or renoving a
cool i ng nedi um bei ng connected up- 11 and/or downstream of the porous pipe
(4), characterized in that the device also has a w nder (8) for

wi ndi ng faysugabdy sperated wiob BlewingapdessBures oft heSpboo8sbarpe has a

por osi t wrehipalkrthcungs1gbeutitable £Breehdl §ik08atQhgBihg 4RQP2,at a
throughfIOM/S%S%d O&F gb_ain of 1 nms. . Dev?c écggragﬁgafo Caiml
char act &S, B3ONRY: fhe spdnning sperdi khati Ae eaks Sheshaghesi Fhevertical Iy
bet ween pressumrez sheuld) bangelerded.( 8Fibre monitoring systems such

as thread-end monitors and fibre cutters can also be

provided along the spinning line A-A, although these are

not illustrated.

The use of the device will be described in greater detéil
below with the aid of the examples which follow, the
substantial features of the device according to the
invention, the process conditions maintained and the
properties of the yarns obtained being initially summarized
in a table.
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whi ch the porous pipe (4) adjoins, is arranged dipcecAd:y -yrdets h the
spi nneret (2). 9. Device according to Claim8, chargeterzed.ln I hat the
devi ce which inpedes the cooling of the filanents conprises a hot air
stream surrounding the filanments.  10. Device accorfdijng? AR 3999 9
characterized in that the spinneretjgis a nmultigl pinneret injthe
centre of whi ch the extrusion of the nelt is pjovided and In

whi ch one or nore openings are provided concentri cal4= about t hel

centre, through wkich ogpenings a hot air

filanments, energes. 1. Device according togC & m 10, characteri ze
1 1 o (@]
thatI the opefing arrangédl cdncentrj call ySabgut J,heb,ceg,t ey
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12, Device according to aim8, characterized in that the devi ce

whi ch i npedes the cooling of the filanents conpri se
19 13. Device according to daim8, characterized in th LAGRMENT SHewT de
whi ch i,npedes the cooling of the filanents conpri sesj afh unheat &d pi-pe.

14. Device according to one of Clains 1 to 7, 22 APR 1999
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The following is intended to aid comprehension of the
table.

In Experiment D a spinneret with 36 holes, which Y-profile
for a triangular cross-section which corresponds to a
diameter of approx. 250 um, was used.

The moisture content of the granules was determined'b§ :
heating a sample in vacuo to 200 °C and reading off the
vapour pressure that was establishing. The moisture
content of the granules can be determined by means of a
calibration curve.

The relative solution viscosity was measured in a standard
Ubbelohde viscometer, a 1% solution in n-cresol having
first been prepared. The measurement took place at 25 °C.
The throughput time of the solution on the one hand and the
throughput time of the solvent on the other hand are
measured in the éame viscometer, the relative viscosity
being calculated as the ratio of the two throughput times.

A parallel plate nozzle was used as the entangling nozzle,
the distance between plates being 1.2 mm and the diameter
of the air supply running at a right angle being 1.1 mm.

The values for Uster CV 100 were determined by means of an
Uster Tester II-C as values for the count uniformity. The
measurement was carried out at 20 °C and 65% relative
atmospheric humidity. The test speed was 100 m/min for
2.5 min.

Strandlets with a yarn length of 10 mm were reeled to
measure the hot air shrinkage. After an hour’s relaxation
time at 20 °C ambient temperature and 65% relative humidity
the initial length is determined under 0.5 cN/tex load.

Hot air is then applied in the oven at 190 °C for 15
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characterized in that an up to 300 mm | ong section (5)
the porous pipe (4) facing the spinneret (2) is cove
i npede t he filament cooling. 15. Devi ce according
characterized in that the covered section (5) is arr
underneath the spinneret (2). 16. Device according to
characterized in that the covered section is arrang
200 to 300 mMmm from the spinner 17. Device accd

of that part of
REPLACEMTAT SHEE
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ed,at._a _distancg ¢

t
Clains 1 to 16, characterized iﬁﬁﬂuﬂ t he conbi ning '

arrangeg, At g di siﬁﬁgoﬂmﬁwrlﬁnﬁn%%g{%gm at 3P

| east approximately porous pip
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rding to one of

[ 2), but at
A R

65% relative humidity the strandlet length is measured.
The change in the yarn length is related to the initial

value.

The opening length was measured using the Rothschild

Entanglement tester.

25% relative humidity.
50 and 200 dtex,
release force of the needle (trip level) 20 cN.

the initial tension is 10 ¢N and

In the count range tested,

The test is carried out at 20 °C and

between
the

To determine the dye absorption uniformity, the stocking

tubes produced from the yarns are washed in a solution

comprising water and detergent at a temperature of 30 to

35 °,
and introduced with a frame into a steam cupboard
heated to 110 °C for fixing.
Dyeing then takes place in a solution of water,
acid and the dye Foron blue E-BL.

The stocking tubes are then drawn over steam boards

pre-

The residence time is 10 min.
60%

The residence time in

acetic

the dye liquor is approx. 50 min at temperatures of approx.

125 °. Finally, the stocking tubes are dried and

evaluated according to specified standards.

visually

Marks between

1 and 10 are awarded for dye absorption uniformity, a mark

of 10 denoting very good. Marks between 1 and 10

are also

awarded in respect of dye streakiness, a mark of 10 again

denoting particularly uniform goods.
pinholes (thick spots in the yarn) a mark between

is awarded,

As can be seen from the above Table,

In respect of

1 and 6

a mark of 6 denoting no pinholes at all.

when the device

according to the invention is used yarns are obtained which
are distinguished by very good uniformity (Uster CV 100)

and a dye absorption uniformity and streakiness assessed as

good.



18. Device according to one of Clains 1 to 17, characterized in that

t he conbining device (6) is a per se known preparatipn de cat

devi ce. 19. Device according to one of Cains 1 to 18, REP %ﬂ%ﬁﬂbﬁEFVQ%d

in that the wi nder (8) is arranged approxi mately 2000 to 4000 nm

under neath the spinneret (237 20. Device accordin toqug Eﬂw§§alnﬁ

1 to 19, characterized in that a device (7) for enthng ? %

filaments is arranged upstream of the w nder (8). :
CLAIMS e
1. Device for the melt spinning of multifilament fibres

from fibre-forming polymers with a spinneret (2), a
cooling device (4) for solidifying the fibres and a
combining device (6) for the filaments, a
substantially vertical spinning line (A-A) being
provided at least between nozzle (2) and first
combining device (6} and the cooling device being a
porous pipe (4) open in the spinning direction, which
pipe is arranged concentrically with respect to the
spinning line (A-A), and no further devices supplying
and/or removing a cooling medium being connected up-
and/or downstream of the porous pipe (4),
characterized in that the device also has a winder (8)
for winding speeds of at least 2000 m/min, and that
the porous pipe has a porosity which brings about a
pressure loss of 3 to 150 Pa at a throughflow speed of
air of 1 m/s.

2. Device according to Claim 1, characterized in that the
spinning line runs substantially vertically between
nozzle (2) and winder (8).

3. Device according to Claim 1 or 2, characterized in
that the porous pipe (4) forming the cooling device
has a length of 200 to 1800 mm.

4. Device according to one of Claims 1 to 3,
characterized in that the porous pipe (4) is
cylindrically configured, its internal cross-section
having at least approximately the same geometrical
shape as the external contour of the filament

package (3) R O A0 1

5. Device according to one of Claims 1 to 4,

characterized in that the porous pipe (4) is formed



20,
that a nelt
t he spi nneret

| east one static m xer
characterized in that

I n
according to

are arranged directly upstream

t he spi nneret

10.

11.

12.

21. Device according to one of Clains 1 to 20,
line for conveying the

characterized in

polymer nelt froman extruder to

S connect ed upstream of the spinngre § C FNé at
i s arranged. 22. Device accor diﬂkautdﬂfg&;i r
_ static mixers are arranged jat{ one or nore poilnts
the nelt |ine between extruder and spinneret. 239 “DRpRC999
Claim21 or 22, characterized in that the static m Xerns
B a filter pack cpnhected-upstieamlof

from a metal sieve which is optionally supported by a

perforated plate

Device according
metal sieve is a

Device accorxrding
characterized in

connected to the

Device according

to Claim 5, characterized in that the
60 mesh sieve.

to one of Claims 1 to 6,
that the porous pipe (4) is directly

spinneret (2).

to one of Claims 1 to 6,

characterized in that a device which is up to 300 mm

long and impedes the cooling of the filaments and

which the porous pipe (4) adjoins, is arranged

directly underneath the spinneret (2).

Device according to Claim 8, characterized in that the
device which impedes the cooling of the filaments '
comprises a hot air stream surrounding the filaments.

Device according to Claim 9, characterized in that the
spinneret
which the
which one
about the
stream,

is a multiple spinneret in the centre of
extrusion of the melt is provided and in

or more openings are provided concentrically
centre, through which openings a hot air
which surrounds the filaments, emerges.
Device according to Claim 10, characterized in that
the opening arranged concentrically about the centre
is an annular gap.

Device according to Claim 8, characterized in that the
device which impedes the cooling of the filaments

L]

comprises a heated pipe.



24, Use of the device according to one of Clains 1 to 23 to

manuf acture filanment yarns, the filanent yarns being wound at speeds

of up to 10,000 nim n. 25. Use according to C aim 24, e ft—-yalns
poI eﬁgﬂﬁ

conpri si ng pol yet hyl ene terephthal ate, pol yani de, ACEMENT SHEET
pol yam de 6,6, their copol yners or m xtures thereof. P6. 58 ofthe
device according to one of Clainms 1 to 23 to manufacturie pel yg L@é9
filanment yarns, the polyester fiLament yarns being und aF sp of
up to 10,000 M m n. 27. Use of "the device accordi nqg to—ette—ef-Clal
1to 23 to manufacture pol yester yarns, the pol yester| yarns bei ng|
wound aty speastsride FHHHOAARARP XD WIHIM 8, characterized in that the

device which impedes the cooling of the filaments

comprises an unheated pipe.

14. Device according to one of Claims 1 to 7,
characterized in that an up to 300 mm long section (5)
of that part of the porous pipe (4) facing the
spinneret (2) is covered in order to impede the
filament cooling.

15. Device according to Claim 14, characterized in that
the covered section (5) is arranged directly
underneath the spinneret (2).

16. Device according to Claim 14, characterized in that
the covered section is arranged at a distance of 200
to 300 mm from the spinneret.

17. Device according to one of Claims 1 to 16,
characterized in that the combining device (6) is
arranged at a distance of 400 to 2200 mm from the
spinneret (2), but at least approximately 100 mm

indernesch the porous sipe. (4 AL

18. Device according to one of Claims 1 to 17,
characterized in that the combining device (6) is a

per se known preparation application device.

19. Device according to one of Claims 1 to 18,
characterized in that the winder (8) is arranged
approximately 2000 to 4000 mm underneath the spinneret
(2).

20. Device according to one of Claims 1 to 19,
characterized in that a device (7) for entangling the
filaments is arranged upstream of the winder (8).




28. Use of the device according to one of Clainms 1 to 23 |, to

manuf act ure pol yester yarns, the pol yester yarns bei g REPLADE MENT SpEES
of 2000 to 5000 m mi n. —2%-—--29%:-- tse
of the device according to one of Clains 1 to 23 to nufggt%
filament yarns, the filanent yarns bei ng wound at sp eﬁs %%
8000 mmnmn, after which the filanments of the filanment yarns. bave an.
20
21. Device according to one of Claims 1 to 20,

22.

23.

24.

25.

26.

27.

28.

characterized in that a melt line for conveying the
polymer melt from an extruder to the spinneret is
connected upstream of the spinneret, in which line at
least one static mixer is arranged.

Device according to Claim 21, characterized in that
static mixers are arranged at one or more points in

the melt line between extruder and spinneret.

Device according to Claim 21 or 22, characterized in
that the static mixers are arranged directly upstream
of a filter pack connected upstream of the spinneret.

Use of the device according to one of Claims 1 to 23
to manufacture filament yarns, the filament yarns
being wound at speeds of up to 10,000 m/min o o
AR RO
Use according to Claim 24, the filament yarns e toms o
comprising polyethylene terephthalate, polyamide,
polyamide 6, polyamide 6,6, their copolymers or
mixtures thereof.

Use of the device according to one of Claims 1 to 23
to manufacture polyester filament yarns, the polyester
filament yarns being wound at speeds of up to

10,000 m/min.

Use of the device according to one of Claims 1 to 23
to manufacture polyester yarns, the polyester yarns
being wound at speeds of 5000 to 8000 m/min.

Use of the device according to one of Claims 1 to 23
to manufacture polyester yarns, the polyester yarns
being wound at speeds of 2000 to 5000 m/min.



i ndi vi dual count of -0.1 to 6 dtex.

21

29. Use of the device according to one of Claims 1 to 23
to manufacture filament yarns, the filament yarns
being wound at speeds of 2000 to 8000 m/min, after
which the filaments of the filament yarns have an
individual count of 0.1 to 6 dtex.

REPLACEMENT SHEET
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