
1  The invention relates to a device for the melt spinning of multifilament
fibres from fibre-forming polymers according to the pre-characterizing
clause of Claim 1, as is known, for example, from DE-A-1 914 556. The
invention also 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                                         2
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. In 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



3   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 is 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     



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. In
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.                                         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 or 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                                         6 



filament package. This achieves a particularly uniform solidification of
the individual filaments. In 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       



7  arranged inside the metal sieve pipe to stabilize the metal sieve.   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                                        8_  covered.
The covered section is preferably arr 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 mm; 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            



9  count of more than 100 dtex. A device of this kind is distinguished in
particular by a low structural height, which means that the operators have
to work on one level only. This means lower costs for buildings, therefore,
where the device according to the invention is installed new. The device
according to the invention is particularly 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  



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 yarn 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              favourably operated with
blowing pressures of 1.5 to 8 bar are particularly suitable for the air
entangling unit 7; 



the higher the spinning speed that is set, the higher the pressure should
be selected. Fibre 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
detail 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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15  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 [err]m, was
used.   The moisture content of the granules was determined by heating a
sample in vacuo to 200 [err]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 [err]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 same 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 [err]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 [err]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 [err]C for 15
16  minutes.  After an hour's conditioning time at 20 [err]C and 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. The test is carried out at 20
[err]C and 



25% relative humidity. In the count range tested, between 50 and 200 dtex,
the initial tension is 10 cN and the release force of the needle (trip
level) 20 cN.   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 [err]. The stocking tubes are then
drawn over steam boards and introduced with a frame into a steam cupboard
pre- heated to 110 [err]C for fixing. The residence time is 10 min. Dyeing
then takes place in a solution of water, 60% acetic acid and the dye Foron
blue E-BL. The residence time in the dye liquor is approx. 50 min at
temperatures of approx. 125 [err]. Finally, the stocking tubes are dried
and visually evaluated according to specified standards. 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. In
respect of pinholes (thick spots in the yarn) a mark between 1 and 6 is
awarded, a mark of 6 denoting no pinholes at all. 



As can be seen from the above Table, 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.                                 17    CLAIMS  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).  5.  Device according
to one of Claims 1 to 4,     characterized in that the porous pipe (4) is
formed        



18      from a metal sieve which is optionally supported by a
perforated plate.   6.  Device according to Claim 5, characterized in that
the     metal sieve is a 60 mesh sieve.   7.  Device according to one of
Claims 1 to 6,      characterized in that the porous pipe (4) is directly
connected to the spinneret (2).   8.  Device according 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).   9.  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.   10. Device according to Claim 9,
characterized in that 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.   11. Device according to Claim 10, characterized in
that      the opening arranged concentrically about the centre      is an
annular gap.   



12. Device according to Claim 8, characterized in that the      device
which impedes the cooling of the filaments      comprises a heated pipe.
19   13.  Device according to Claim 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     underneath the porous pipe (4).  



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).        



20   21. Device according to one of Claims 1 to 20,      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.   22. 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.   23. 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.  



24. 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.   25.  Use according to Claim 24, the filament yarns
comprising polyethylene terephthalate, polyamide,      polyamide 6,
polyamide 6,6, their copolymers or      mixtures thereof.   26. 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.   27. 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.  



28. 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.                                        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.    


