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1. A spinnerette for spinning of a plurality of

cellulose filaments from a solution of cellulose in a solvent,
which is characterised in that it comprises a pluralicv of
metal aperture plates (32), the plates (32) each having a
plurality of holes for the spinning of the filaments, the
aperture plates (32) being welded around their peripheries to
a metal frame member (20, 22, 23, 24), the aperture plates
(32) and the frame member (2 22, 23, 24} are made of
stainless steel and each aperture plate has a thickness in the
range 0.5 to 3mm.

2. A spinnerette according to claim 1, characterised
in that each aperture plate (32) has between 500 and 10,000
holes.

3. A spinnerette as claimed in claim 1 or 2,

characterised in that the frame member (20) has at its end
opposed to the aperture plates (32) an outwardly extending
internal flange (21).

4. A spinnerette as claimed in claim 1, 2 or 3,
characterised in that the aperture plates (32) are electron
beam welded to the frame member (20, 22, 23, 24).

5. A spinnerette as claimed in any one of claims 1 to
4, characterised in that the frame member (20) has a rebate
. (31) into which each aperture plate (32) is located and
welded.

6. A spinnerette according to claim 5, characterised
in that each of the aperture plates (32) is of a thickness
corresponding substantially to the depth of the rebate (31)
in which it is located.

7. A spinnerette as claimed in any one of the preceding
claims, characterised in that the aperture plates (32) are of
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AISI 430 grade stainless steel.

8. A spinnerette as claimed in any one of the preceding
claims, characterised in that the frame member is of AISI 304
grade stainless steel.

9. A spinnerette as claimed in any one of the preceding
claims, characterised in that the frame wmember {20) is
rectangular and an aperture plate (32) is welded into the
frame member (20) so as to have the periphery of an inner side
of the aperture plate (32) abutting the frame member (20) and
in that the spinning holes (60) are tapered in internal
diameter ~and are larger on the inner side of the aperture
plate (32).

10. A spinnerette as claimed in claim 9, characterised
in that the smallest diameter of the holes is in the range
25um to 200um.

i1. A sﬁinnerette as claimed in ahy one of the preceding
claims, characterised in that the diameter (61) of the holes
in the central region of the aperture plates is smaller than
the diameter of the holes adjacent at least one of the edges
(71A, 71B, 72A, 72B, 73A, 73B, 74A, 74B, 75A, 75B, 76A, 76B)
of the plate 71, 72, 73, 74, 75, 76).

12. A spinnerette as claimed in any one of the preceding
claims, characterised in that there is provided at least one
internal brace (22, 23, 24) in the interior of the metal frame

" member (20) to provide at least two apertures (25)
therethrough and in which each aperture (25) is rectangular
and has sealed within its lower end a respective aperture
plate (32).

13. A spinnerette as claimed in claim 12, characterised
in that the braces'(22, 23, 24) are tapered at their upper
edges and the tapers are so formed that the area of each
aperture (25) at its entrance as defined by the tapered edges
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14. A spinnerette as claimed in <claim 12 or 13,
characterised in that the metal frame member (20) is machined
from a solid plate to provide at least one integral intsrnal
brace (22, 23, 24).

15. A spinnerette as claimed in claim 12, 13 or 14,
characterised in that the upper edge of each brace (22, 23,
24) lies in substantially the same plane as the upper face of
a flange (21) of the frame member.

16.- A spinnerette as claimed in any one of the preceding
claims, characterised in that the holes are spaced from one
another by a centre-to-centre distance in the range 0.5mm to

3mm.

17. A method of manufacturing a spinnerette for the
production of a plurality of cellulose filaments from a
solution of cellulose, the method comprising:

i) providing a framework including an outer wall
(20) of a generally rectangular shape in plan view, the
outer wall (20) defining a space of a depth between the
two edges of the wall equal to the depth o¢f the
spinnerette, the rectangular framework having a length
and a width, wherein said length is greater than said
width so as to define a major axis and a minor axis,

ii) at one peripheral edge of the outer wall (20)
providing an outwardly extending flange (21) around the
periphery of the outer wall integral with the outer wall
(20),

(1ii) -~ providing within the outer wall (20) at least one
major axis internal bracing wall (22, 23) and at least
one minor axis internal bracing wall (24) transverse to
the major axis bracing wall (22, 23) defining a
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plurality of apertures (25) through the {Tamework,
(iv) forming a plurality of aperture plates (32),

(v) forming a plurality of spinning holes (80) in
each of the aperture plates (32} through which the
cellulose solution can pass to £form the filaments,

characterised by:
(vi) forming the framework of stainless steel,

(vii) forming rebates (31) in the portions of the outer
walX:.(20)and the portions of the bracing walls (22, 23,
24) around the periphery of each aperture (25} ¢to
accommodate in each aperture (25) an aperturs plate
(32),

(viii) forming each of the bracing walls (22, 23, 24)
with a tapered upper edge (27, 28, 29) remote from the
rebated edge,

(ix} forming the plurality of aperture plates (32)
from stainless steel of a thickness in the range 0.5 to
3mm, dimensioned to fit, respectively, one into each
aperture (25) to locate in the rebates surrounding said

aperture,

(x) forming the plurality of spinning holes (60) in
each of the aperture plates (25) to be tapered so as to
be larger in diameter on one side of said aperture plate
(25) than on the other side, .

(x1i) subsequent to the formation of the spinning holes
in each of the aperture plates (32), locating the
aperture plates (32) in the rebates (31) in the aperture
(25) with the side of the aperture plate (32) having the
larger diameter portion of the holes facing towards the
bottom of the rebate (31), and
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(xii) eleétron beam welding the aperture plates (32) to
the framework (20) and bracing walls (22, 23, 24) around
the entire periphery of each aperture plate (32).

18. A method as claimed in claim 17, characterised in
that the metal framework (20) is machined from a solid plate
to provide the outer wall (20), internal bracing walls (22,
23, 24) and flange (21).

19. A method as claimed in claim 17 or 18
characterised in that the smallest diameter of the holes is

in the range 25um to 200um.

20. A method as claimed in claim 17, 18 or 19,
characterised in that the holes are spaced from one another
by a centre-to-centre distance in the range 0.5mm to 3mm.
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ABSTRACT

A spinnerette for the spinning of a plurality of
cellulose filaments from a solution of cellulose in a solvent,
comprises a plurality of metal plates (32), each having a
plurality of spinning holes welded around their peripheries
to a metal frame member (20, 22, 23, 24). The aperture plates
(32) and the frame member (20, 22, 23, 24) are made of
stainless steel and each aperture plate has a thickness in the
range 0.5 to 3 mm.

Figure S

ReEnh] with a specific nunmber of
ave been widely used in the
pr ocess—Hhe—rndi-vidgal

be
The



inserted into a holder i h that th ' b0 dues "t
[ er in such a way a e pressure

spi nning solution acting within the spi nnerettg t ends (;ﬁEF %eﬂﬁafs@gqhe
spinperettes into the cluster jet hol der assenbly. Suc et assenblieg df
the single dished jet type with a | arge nunber of holes pr0& Q{8 jlet
type.are widely used in the production of viscose celljulbse. Viscose
cellulose is produced by wet spinning. Exanples of such jets are to be

-1-

SP D OF USING S

This invention relates to spinnerettes suitable for the spinning
of filaments from a solution of cellulose in a solvent, particularly a tertiary
amine N-oxide, and to a method of using such spinnerettes to produce cellulose

filaments.

McCorsley US Patent 4,416,698 describes a system of producinig - -
cellulose filaments b); dissolving the céllulose i a suitable solvent such as a.
. t'ertiary' amine N-oxide. One of the features of such a system is ihat'«the_ :
solution, commonly feferred to as a dope, is both hot and, if it contains a
significant quantity of cellulose, viscous requiring the.use of extrusion
pressures in the range 1.5 MPa to 20 MPa. Such pressures are similar to those
experienced in melt-spuﬁ polymer systems, such as polyester systems.

Having produced the solution of cellulose in the solvent the solution is
extruded or spun through a suitable die assembly including an unspemﬁed Je’t
to produoe shaped material which is passed into water to. regenerate the
cellulose by leaching out the amine oxide solvent from the extruded material.

The producnon of artificially formed filaments of material by extruding
or spinning a solution or liquid through a spinnerette to form the filaments is,
of course, well known. Initially, relaﬁvel.y- small numbers of individual
filaments were prepared, which filaments were individually wound up for use
as. continuous filament material. This meant that the number of continuous
filaments which needed to be produced was essentially dictated by the number
of filaments which could be individually wound either before or after drying.

However, if fibre is produced as a tow or if fibre is produced as staple
fibre then different criteria apply to the number of filaments which can be

produced at any one time.
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A tow essencially comprises a bundle of essentially parallel
filaments which are not handled individually. Staple fibre
essentially comprises a mass of short strands of fibre.
Staple fibre can be produced by the cutting of dry tow or it

. can be produced by forming a tow, cutting it whilst still wet,
and drying the cut mass of staple fibre.

Because there is no need to handle individual filaments
in the case of a tow product or a staple product, a very large
number of strands or filaments can be produced simultaneocusly.

Thus in the case of spinnerettes for the production of
tow or staple fibre, in comparison to spinnerettes used for
the production of continuous £filament _material, it 1is

economically essentially to use spinmerettes with a large
number of spinning holes.

Initially, a spinnerette for the production of continuous
filament might have had 20 to 100 holes, with productivity
being increased by the use of higher spinning speeds. With
spinnefettes used for the production of tow ox staple the
numbers of holes can grow into thousands or even tens of
thousands. Productivity can thus be increased by the use of
more holes as well as higher speeds. Initially such
spinnefetteS-with large numbers of holes were produced in
thick plates, as in polyester jets. However, it is expensive
and time-consuming to produce large numbers of holes in such
thick plates. Thus attempts were made teo use thinner plates
by taking a dish of metal and forming the holes through the
dish to produce a spinnerette in the form of a dished member
with the holes arrayed in some suitable pattern in the lower
portion of the dish. Such a dish member was then bolted into
a jet for the production of the spun material.

Unfortunately, however, the production of jets is a very
expensive and time-consuming process. Each hole has to be
pierced individually. Very often the holes are of a complex
shape and are produced by a series of drilling, punching or
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With any production process there is a risk of defects
and for a given percentage defect level, however low, the
absolute number of defects per jet will increase as the number
of holes in the jet increases. This can mean that there
reaches a stage where it is not practical to increase the
number of holes in a single jet face because of the chances
that the final product will have too many defects to be useful
without subsequent refurbishment. - '

One way round this problem is the aéoption of the
so-called cluster jet or thimble jet In a cluster jet a
large number of small thimbles are 'produced each with a
specific number of holes - say 1 to 1500 holes. Such clustex
jets have been'widely used in the production of cellulose
filaments by the viscose proceés. The individual thimbles of
a2 cluster jet can be manufactured relatively cheaply and if
a defect is found in one hole in one thimble that particular
thimble can be replaced without losing the work of producing
many thousands of holes. The thimbles of a cluster jet are
insefted into a holder in such a way that the pressure of the
dope or spinning solution acting within the spinnerette tends

to firmly force the spinnerettes into the cluster jet holder
assembly.

Such jet asgemblies of the single dished jet type with
a large number of holes or a cluster jet type are widely used
in the production of viscose cellulose. Viscose cellulose is
produced by wet spinning. Examples of such jets are to be
found in Ullman Encyclopaedia of Industrial Chemistry, Sth
Edition, 1987, volume AlQ, page 554.

Ullman also refers to the use of rectangular spinnerettes
in the spinning of polyolefin fibres.

In DD-A-223740 is disclosed a spinnerette suitable for
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low pressure wet spinning which is formed by joining together 2 number of
nozzle elements having rectanglar or square base plates by means of peripheral
webs that are welded, soldered, screwed or otherwise adhered together. EP-A-
(0494852 describes the production of cellulose filaments from a solution of
cellulose in a solvent' and proposes the use of a long jet channel length but does
not contain detaﬂs of the structure of the jet.
' The presmt mvennon is concerned with the pmduehon and structure of |

a spmnerette partlcula.rly suited for the productlon of cel}nlose fibres from a

- solution of cellulose in a solvent. Such spinnerettes are further particularly

~ useful for the production of staple fibre of cellulose from a solution of cellulose

. in a solvent such as amine oxide.

In one aspect of the pfesent invention there is provided a spinnerette
comprising a plurality of flat metal apperture plates each having a plurality of
holes for the spinning of the filaments, the aperture plates being attached
around their peripheries to a stainless steel metal frame member, which is
characterised in that, for the spinning of a plurality of cellulose filaments from
a solution of cellulose in a solvent, the flat aperture plates are made of stainless
steél, each flat aperture plate having"h thickness in the range 0.5 to 3 mm so
as to be able to withstand pressures of up to 20 MPa, and in that the stainless
steel flat aperture plates are welded around their peripheries to the stainless
steel metal frame member.

JP-A-63085103 discloses a spinnerette for the wet spinning of filaments
utilising flate plates of tantalum or a gold/platinum alloy secured around their

peripheries into a holder of stainless steel.

The present invention further provides a method of producing cellulose
filaments from a solution of cellulose (preferably in a tertiary amine oxide),
characterised in that said filaments are produced utilising a spinnerette

according to the invention.
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The invention will now be further described, by way of

example, with reference to the accompanying drawings, in
which: -

Figures 1A, 1B and 2a, 2B illustrate prior art

spinnerette designs of the simple dish type and of the cluster
jet type,

Figure 3 is a perspective view of a spinnerette in
accordance with the invention,

Figure 4 is a plan view of Figure 3,

F;gure 5 is a s;ctional view of Figure 3,

Figure 6 is an enlarged view of a corner of Figure 5,
Figure 7 is a further enlarged view of Figure 6,
Figure 8 is a perspective view of an aperture plate,

Figures 9A to 9G are plan views of portlons of aperture
plates,

Figure 10 is a sectional view of a hole, and
:Figure 11l is a plan view of a spinnerette.

Referring to Figures 1A and 1B these show a prior art

spinnerette (seen in sectiénal view in Figure 1A) in the form
of a dished plate 1 (seen in end-on view in Figure 1B) having
an integral flange portion 2. The flange 2 is trapped between
a large nut 3 screwed onto the back of a jet head 4. In turn
the jet head is connected, via any suitable coupling member
5, to a pipe 6 for the supply of spinning solution, commonly
referred to as a dope. Such a prior art device essentially
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has a plurality of holes 7 formed in the base 8 of the dish

to produce from the dope the filaments which form the fibrg-.

In the case of such a spinnerette used in the production of
viscose rayon, the spinnerette would be immersed in a spin
bath to regenerate cellulose fibres from the dope as it passes
into the spin bath. For the production of continuocus filament
viscose, the number of holes 7 would be in the range of about
10 to 100.

For the production of tow (a plurality of essentially
parallel filaments used as such) or staple fibre (small
lengths of individual fibres prbduqedﬁby-cutting up a tow) che
number of holes 7 can be increased. to a very high level
indeed. The prior art devices of this"t?pé;may typically be
formed.as large as 10 cm in diameter and may have as many as
50,000 holes. The holes may be arrayed in patterns, such as

segments, as 1is, for example, illustrated in Ullman Sth
Edition 1987, volume AlQ, page S54.

For the reasons outlined above, increasing the number of

holes in the spinnerette can cause practical manufacturing

problems which are associated with the virtual impossibility -

of reducing the statistical defect rate. to zero. One answer
to this problem ‘is the use of a cluster jet of the type
illustrated in Figures 2A, 2B. The portion of the cluster jet
illustrated in Figure 2A effectively replaces the dished plate
1 a2nd nut 3 and is screwed by an intermal thread onto the
backing member 4 illustrated in Figure 1A. In the embodiment
illustrated in Figures 2A and 2B the cluster jet comprises a

substantial metal dished member 9 having the internal thread

10 referred to above and being formed with a series of stepped

bores 11. These bores have a larger diameter 12 on the inside

and a smaller diameter 13 on the outside. Located within the

stepped bores 11 are a series of thimbles Such as thimble 14
which in turn has an integral flange 15 an annular wall 16 and
a2 base 17. The spinning holes 18 are formed in the base 17.

"In such prior art devices the thimbles are inserted from the
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inside of the substantial holder so that the action of the
pressure of the dope on the thimbles is to force the dope intc
strong contact with the thimbles 12 so as to urge the thimbles
into contact with the tapered portion 13 of the holes. The
purpose of inserting the thimbles from the inside is to
enhance sealing of the thimbles in the holes by having the
pressurised dope act in a direction to enhance sealing. If
required, each thimble may be screwed into the hole or may be
retained in the hole by prov::d:mg in the portion 12 of the

hole a female thread anit:hread:.ng a tubular male member (not
shown) into the t:l'n':eaded?l:vc:::&E:\haw

port:.cn 12 of the hole 11. The
7o {Eh& Eace 18 of the member 9.
This can clearly be seen in the?'UIlman Encyclopaedla article

referred to above page 554, volume AlOD, 1987

‘Referring to Piqures 3 to 8 these show a spinnerette in
accordance with the present invention. The spinnerette is
essentially of rectangular shape as shown in Figure 3. The
spinnerette is of generally top hat shape having a rectangular
outer wall 20 with an integral upper flange member 21. The
flange member may be provided with holes. Located within the
wall 20 and integral with or welded thereto are a series of
bracing walls 22, 23, 24. The braced structure may, in the
case of an integral unit, be machined from a single plate or
thin slab. The bracing walls 22 and 23 are formed along the
major axis of the spinnerette and the bracing wall 24 lies
transverse to the major axis along a minor axis of the
spinnerette. The bracing walls form, together with the outer
wall 20, a series of apertures or windows. such as aperture 25.
The material from which the outer wall and braces of the
spinnerrette is formed is stainless steel and is pfeferably stainless steel in
accordance with AISI code 304. The upper walls of the braces 22, 23 and 24
are tapered to form substantially knife edge lines such as lines 27, 28, 29.

The knife edge 27 of the brace 24 is centrally located on the brace, but the

knife edges 28, 29 of the braces 22 and 23 (see Figure 5) are located to one




accordance with the invention, Figure 4 is a plan view Hien
5 is a sectional view of Figure 3, Figure 6 is an enla gie%f‘\% T\fSiJ;gg

of Figure 5, Figure 7 is a further enlarged view of Figufe

6
perspective view of an aperture plate, Figures 9A to 9 %r@ '“b %ﬁ'f%é@\/\s
portions of aperture plates, -
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side of the brace memibers, so that the distances d are all equal, and hence, as

the apertures are all the same length, the areas of the apertures are all the

same. This means that, in use; substantially equal. a;mounts- of>depe. are.passed

into each aperture. These. of tapered braces reduces the the pressure drop of the
dope across the jet compared to flat topped braces. -

At their lower ends, the peripheral outer wall 20 and the
bracing walls 22, 23, 24 define the lower edges of the
apertures. The bottom of each of the bracing walls lies in
the same plane 30 as the base of the cuter wall 20. Around
each aperture the walls are rebated such as at 31 to accept
an aperture plate 32. The aperture plate 32 is also formed

- of stainless steel, in this case AISI code 430 stainless
steel. PFormed in the aperture$glate 32 are a series of
spinnerette holes produced by“ ﬁconvem::.onal processing
techni‘ques such as those described in "“Fiber Producer"
December 1978 pages 42 to 50 by Schwab of Enka, or in "Fiber
Producer® April 1978 pages 14 to 18 and 74 to 75 by Langley
of Spinning Services and Systems, the contents of both

- articles being incorporated herein by way of reference. The
spinnerette holes are preferably tapered in form as shown in
Figure 7 so as to have a larger internal diameter on the
inside of Ithe jet and a narrower diameter on the outside of
the jet. The plates, having been produced, are then located
in the rebate 31 in the framework and braces of the
spinnerette, and are electron beam welded around the periphery
as at 33 to seal the plates within the apertures.

By selecting the plates 32 to be the same thickness as
the depth of the rebate 31, and by the use of electron beam
welding the underside of the sSpinnerette has a smooth face and
effectively lies in the single plane 30.

Because the aperture plates 32 can be punched prior to
assembly into the jet, and because they are substantially
rectangular in form and flat :hey are easily handled and
punched. There is no need to punch holes into a dished
flanged member as was necessary with prior art designs. This
means that the holes can be punched right across the plate
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Figure 10 is a sectional view of a hole, and Figure 11 |stPb¥hh?VPe@WﬂT:$.

spinnerette. Referring to Figures 1A and 1B these show g pfrtof
spinnerette (seen in sectional viewin Figure 1A) in the
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_ onal Vi 1) in o5ER fhe"
plate 1 (seen in end-on view in Figure 1B) having an |nteqra Vf hge
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portion 2. The flange 2 is trapped between a |arge nut 3 screwed-onto—t
back of a jet head 4. In turn the jet hgpd is connected, via any suitable

coupl i ng memnber

ne

very close to the edges. This in turn means that the spinning

holes can come very close to the outer walls of the plate and
very close to the bracing walls.. The use of electron beam
welding minimises distortion of the assembly. By using the
two particular grades of stainless steel referred to above,
the softer grade used for the aperture plates can be punched
to produce the shaped spinning holes whilst still being
capable of being welded to the material of the frame.
Electron beam welding is preferred as being a wmethod of
obtaining a high integrity joint without distorting the plates
more than is necessary. Alternative methods of welding could
include laser welding or plasma arc welding.

It can be seen, therefore, that the spimmerette has a
smooth underside and may readily be manufactured from small
components in terms of aperture plates whilst providing a

large area for the production of large numbers of individual
fibre strands.

The metal plates 32 have a thickness in the range 0.5 to
3 mm. The use of the welded construction enables the plates
to withstand the high internmal pressures to which they are
subjected in use. This means that the plates can be as thin
as 0.5 mm whilst still enabling high pressure dope to be used
in the production process. Alternatively, thicker plates may
be provided such as plates as thick as 0.75 mm or 1 mm or 1.25
mm or 1.5 mm or 2 wm Or 2.5 mm or 3 mm. The plates may be of
almost any length albﬁé the major axis, as the plates are
supported by being welded on either side on the minor axis.
Typically the width of the plate may be about 50 mm but it may
be 10, 15, 20, 25, 30, 35 or 45 mm wide. The plates may be
Up to 500 mm long or even longer and typically can be 100,

350 or 400 mm long, the length to width
ratio can be in the range 1:1 to 50:1.

150, 200, 250, 3100,



5, to a pipe 6 for the supply of spinning solution,

a dope.
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The use of AISI 430 stainless steel plate for cthe
aperture plate 32 enables the holes to be punched readily
through the plate. The holes are disposed in a regular array
on the plate. Figures SA to 9G show preferred forms of
regular array. In Figure 9A the holes 57, 58 are located at
the corners of equilateral triangles with the bases and apexes
of the triangles located parallel to one of the edges 40 of

- the aperture plate. In Figure 9B the holes 41 are located at

the corners of hexagons again with the hexagons having one
edge parallel to an edge 42 of the aperture plate. In Figure
9C the holes 43 are located at the corners of isosceles
triangles with the base of the isosceles triangles being of

+ less distance than the equilateral edges. The bases may

alternatively be longer than the edges. The bases are
arranged parallel with an edge 44 of the aperture plate. 1In
Figure 9D the holes 45 are located at the corners of squares

with an edge of the square parallel to an edge 46 of the
aperture plate.

In Figure 9E the holes 47-are located at the corners of

diamonds with 2 diagonal of the diamond parallel to an edge
48 of the aperture plate. B

In Fiqure 9F the holes .are arrayed in two alternating
rows 49, S50 with the rows being at right angles to an edge 51
of the aperture plate. It is not necessary for the rows tc
lie at a perpendicular to the aperture plate, for example in
Figure 9G holes 52 are arrayed in lines such as line 53 which

is at an angle 54 to a perpendicular 55 to an edge 56 of the
apsrture plate.

Typically there may be 2775 holes per aperture plate with
a centre to centre packing distance for the holes being in the
range 0.7 mm to 1.5 mm, typically 1.2 mm. Thus in the case
of the holes illustrated in Figqure 9A each hole 57 would be

commonly referred to as

Such a prior art device essentially - 6- has'g&%kurqtrty“pt:ho
7 fornmed in the base 8 of the dish to produce fromthe CACHEENT 1SRt
which formthe fibre

| es
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In the case of such a spinnerette used in the productio

the spinnerette would be imersed in a spin bath to re ewpg&@g.@g@ glpse

fibres fromthe dope as it passes into the spin bath. Horthe nrndurfl

continuous filament viscose, the nunmber of holes 7 woul|d be Iy %”C
f @ssehilgi

about. 10 to 100. For the production of tow (a plurality; o
filaments used as such) or stapkf fibre (snal

parall e

je
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at 1.2 mm from its nearest neighbour hole 58. Obviously, in
the case of holes arrayed in different packing arrangements,

the intercentre distance will differ from one hole to the
other.

A cross section of a typical hole is shown in Figure 10.
The hole is substantially trumpet shaped having a
substantially parallel section 60 which has an internal
diameter 61 and a length 62. Above the parallel portion 60
there is a tapered portion 63. The length 62 of the narrow
portion 60 is approximately equal to the diameter 61 of the
narrow portion 60. The length of the hole is effectively, the
length of the capillary or substantially parallel portion 60.
The tapered portion 63 is effectively a means of delivering
dope into the portion 60 of the hole. The portion 60 may have
a diameter of 25 microns or 35 microns or' 40 microms or 50
microns or 60 microns or 70 microns or 80 microns or 90
microns or 100 microns or 110 microns or 120 microns or 150
microns, depending on the eventual decitex of the fibre which
is to be manufactured using the spinnerette. The length. 62

" may be equal to the diameter 61 or may be in the range 0.1 to

10 or 0.5 to 2 times the diameter 61.

The holes ‘in the spinnerette can be made by any
conventional manner, -usually by drilling, punching and
broaching. Typical manufacturing processes are described in

the articles by Schwab and Langley in "Fiber Producer®
referred to above.

In a spinnerette according to the invention, it is not
essential that all of the holes have the same diameter in
their capillary portion 60.

Referring to Figure 11 this shows a plan view of a
spinnerette having an outer flange 70 and containing six
aperture plates 71 to 76. The aperture plates are welded into
a2 framework in the manner illustrated in Figures 3 to 8. On

either side of the aperture plates 71 to 74 in the regions

of
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i ndi vidual fibres produce by cutting up a tow)_the nunber of

hol es 7 can be increased to a very high | evel indeed. T*eRﬁﬂA@Eyng

of this type may typically be forned.as large as 10 cmin

have as many as 50, 000 hol es. The holes nmay be arrayed in t rem SUC
segnents, |fhé) Egéﬁn

vol unme Al10, page 554. For the reasons outlined above, ifncreasing the nu
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71A, 71B to 74A, 74B the capillary portion of the holes :is
about 10 per cent larger in diameter than the capillary
portion in the remaining parts of the plates 71 to 74.
Similarly the capillary portions of the holes in the regions
75A, 75B and 76A, 76B are approximately 10 per cent largexr in

diameter cthan the holes in the remaining portions of the
plates 75 and 7e6.

Racther than having the tapered portion 63 as a smooth
taper, it may be easier to form the taper in a series of

. frusto-conical regions merging intec the parallel portion 60.

The welded structure spinnerette according to the

invention has a number of very significant advantages over the
prior art structures.

The welded structure permits the use of thin aperture
plates whilst still enabling'a large area to be provided
within which the aperture holes can be made. The thin
raperture plates can be welded into a framework so as to
withstand the distortion effects which arise with the use of
high pressure dope. This advantage is of particular
significance when using the spinnerette with high viscosity
dope. The use of high viscosity dopes inevitably means that
if highlthroughputs are required high pressures such as up to

20 MPa must be used to force the daope through the aperture
holes.

The welded structure also minimises dead areas within the
spinnerette where the spinning solution can stagnate. These
otherwise can give rise to non-uniform spinning, particularly
in the case of spinning a hot dope into a cool region. The

welded structure can readily be manufactured with a smooth
underface.

A yet further advantage is that it enables rectangular
designs readily to be produced. Because the plates can be
preproduced prior to welding inco che framework, the plates



holes in the spinnerette can cause practical manufact

ing _probl ens which

are associated with the virtual inpossibility of redudi pgpf

it EREEEq
defect rate to zero. One answer to this problemis thd use %@’?’@T ng"é*r
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of the type illustrated in Figures 2A, 2B. The porti on
Illustrated in Figure 2A effectively replaces the dish
and is screwed by an internal thread ont% t he backi ng
in Figure 1A. In the enbodi nent - 13.-

Q
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can have holes close to their edges. The platés canm all e~

the same size, which means that the aperture platas can be
manufactured on a repetition basis and if one plate contains
defective holes than only a single plate needs to be rejected.
' Compared, therefore, to a large single plate spinning jet the
product of the invention is much easier to manufacture and
much less susceptible to distortion under pressure. If
préssed, single jet plates are used of the type illustrated
in Figure 1A, it is very difficult to produce such a jet with
holes close to the edges because of the difficulty of working
inside a dished member. If only a single plate is used, it
needs to be thick to avoid collapse which means that it is
difficult to form holes through the plate and, therefore, it
is not possible to pack the holes closely together.

The use of AISI 430 stainless steel, [containing 16-18%
by weight chromium and low levels of nickel (less than 0.5%),
manganese (less than 0.5% by weight) and molybdenum (less than
0.5% by weight) as well as low levels of carbon (less than
0.12 % by weight)] means that the plates may be punched and

" welded whilst still being able to resist the conditions of
use.

j et

—+

3
ed



illustrated in Figures 2A and 2B the cluster jet conprispRERLAGHEERNSHERT

net al di shed nenbe#~9-ha¥Lng—Lhe_Lnternal thread 10 refefr FU’LU above—at

bei ng forned mﬁth ped bores 11. These bofe$ bay P hggnodgr
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wi thin the stepped *borest arse a series of thinbles such as—thimbte—1#

which in turn has an integral flange 151# annular wall {6 and a base 17.

The spinning holes 18 are fornmed in therthage 17.
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1. 2 spinnerette comprising a plurality of flat metal
aperture plates (32) each having a plurality of holes for the
spinning of the filaments, the aperture plates (32) being
attached around their peripheries to a stainless steel metal
frame wmember (20, 22, 23, 24), characterised in that, for the
spinning of a plurality of cellulose filaments from a solution
of cellulose in a solvent, the flat aperture plates (32) are
made of stainless steel, each f£lat aperture plate having a
thickness in the range 0.5 to 3mm So as to be able to
withstand pressures of up to '26 MPa , and in that the

, Stainless steel flat aperture plates are welded around their
peripheries to the stainless steel metal frame member (20, 22,

23, 24). -

2. A spinnerette acéafaing to clalm 1, characterised
in that each aperture plate (32) has between 500 and 10,000
holes.

3. A spinnerette as claimed in c¢laim 1 or 2,

characterised in that the frame member (20) has at its end

opposed to the aperture plates (32) an outwardly extending
internal flange (21).

4. A spinnerette as claimed in claim 1, 2 or 3,
characterised in that the aperture plates (32) are electron
beam welded to the frame mewber (20, 22, 23, 24).

5.- A spinnerette as claimed in any one of claims 1 to
4, characteriged in that the frame member (20) has a rebate

{31) into which each aperture plate (32) is located and
welded.

6. A spinnerette according to claim S, characterised
in that each of the aperture plates (32) is of a thickness

corresponding substantially to the depth of the rebate (31)
in which it is located.

7. A spinnerette as claimed in any one of the preceding

claims, characterised in that the aperture plates (32) are of
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AIST 430 grade stainless steel.

8. A spinnerette as claimed in any one of the preceding
claims, characterised in that the frame member is of AISI 304
grade stainless steel.

9. A spinnerette as claimed in any one of the preceding
claims, characterised in that the frame member (20) is
rectangular and an aperture plate (32) is welded into the
frame member (20) so as toc have the periphery of an inner side
of the aperture plate (32) abutting the frame member (20) and
in that the spinning holes. (60) are .tapered in internal

diamecter, and are larger on the inner side of the aperture
plate (32).

10. A spinnerette as claimed in claim 9, characterised

in that the smallest diameter of the holes is in the range
25um to 200um. '

11. A spinnerette as'claimed:in ahy one of the.preceding
claims,’ characterised in that the diameter (61) of the holes
in the central region of the aperture plates is smaller than
the diameter of the holes adjacent at least one of the edges
(71A, 71B, 723, 725, 73A, 73B, 74A, 74B, 75A, 75B, 7€A, 76B)
of the plate(71, 72, 73, 74, 75, 76).

12. . A spinnerette as claimed in any one of the preceding
claims, characterised in that there is provided at least one
internal brace (22, 23, 24) in che interior of the metal frame
member (20) to provide at least two apertures (25)
therethrough and in which each aperture (25) is rectangular

and has sealed within its lower end a respective aperture
plate (32).

13. A spinnerette as claimed in claim 12, characterised
in chat the braces (22, 23, 24) are tapered at their upper
edges and the tapers are so formed that the area of each
aperture (25) at its entrance as defined by the tapered edges



into contact with the tapered portion 13 of the holes. TH

inserting the thinbles fromthe inside is to enhance seagli% MCEW‘%T JHE

t hi nbl es +A—the—hotes—by—having the pressuri sed dope actji nEITo
enhance se each thinble may be screwed |npqt e for
may be ret ill“ﬂ"“ﬂml“ﬂumﬂﬁ by providing in the portion f12 o "th%%’hwg
femal e thredd &and‘tHhYeddi ng a tubul ar mal e nenber (not '
t hreaded bore portion 12 of the hole ¥ -Fhe

is equal.

14. A spinnerette as claimed in claim 12 or 13,
characterised in that the metal frame wmember (20) is machined
from a solid plate to provide at least one integral intermal
brace (22, 23, 24).

15. A spinnerette as claimed in claim 12, 13 or 14,
characterised in that the upper edge of each brace (22, 23,
24) lies in substantially the same plane as the upper face of
a flange (21) of the frame member.

16. A spinnerette as claimed in any one of the preceding
claims, characterised in that the holes are spaced from one

another by a centre-to-centre distance in the range 0.5mm to
3mm. '

17. Theuseofa spmnerette as claimed in any one of claims 1 to 16.
- for producing cellulose filaments froma solutwn of. cellulose in solvent by

- extrusion of the solution through the spinnette. _ -



t hi nbl es 14 may project beyond the faces 18 of the nmepber—9;~This Tan

clearly be seen inU I nan Encycl opaedi a article referrpdiForabéidl SégeT 54,
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ABSTRACT

A spinnerette for the spianing of a plurality of
cellulose filaments from a solution of cellulose in a sclvent,
comprises a plurality of metal plates (32), each having a
plurality of spinning holes welded around their peripheries.
to a metal frame member (20, 22, 23, 24). The aperture plates
(32) and the frame member (20, 22, 23, 24) are made of

stainless steel and sach aperture plate has a thickness in the
range 0.5 to 3 mm.

Figufe S
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fl ange nmenber may be provided with holes. Located within the wall 20 and
integral with or welded thereto are a series of bracing walls 22, 23, 24.
The braced structure nmay, in the case of an integral unit, be_machined from
a single plate or thin slab. The bracing walls 22 and 23 are fm{pl@ @
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and braces of the spinnerrette iS

stainless steel and is preferably stainless steel

in accordarfce with AlSI
code 304. The upper walls of the braces 22, 23 and 24 are tadere8 §bPfi88In
substantially knife edge |ines such as lines 27, 28, 29. Thelknife edge 27|

of the brace 24 is centrally located on the brace, but thelknife edges 28,

29 of.the braces 22 and 23 (see Figure 5) are located to o
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8 side of the brace nenbers, so that the distances d are all equal and
hence, as the apertures are all the sane length, the area
are all the sane. This neans that, in use, substantially qBéﬂJﬁﬁﬁﬂhfsggﬂ
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At their lower ends, the peripheral outer wall 20 and the bracing walls 22,
23, 24 define the | ower. edges of the apertures. The Ol t he
bracing walls lies in the same plane 30 as the base g@& E% ,\gﬁﬁﬁFq 20.

Around each. aperture the walls are rebated such as 3t [3T to accgg@
aperture plate 32. The aperture-plate 32 is al so foringd P8 SERi}
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in this-case Al ST code 430 stainless steel. Forned iln the apert
32 are a series of - .
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spinnerette holes produced by conventional processing technlques‘sdcﬁ <
+as- those described in "Fi ber Producer” 1978 pages 42 to 50 by
Schwab of Enka, or in "Fiber L‘y@anﬁrﬂbgﬂf®1978 pages 14 to 18 and 74 to

75 by Langl ey of Spinning Ser t he con
articles being incorporated h reference.

y way of

| arger internal diameter on the -1 -

Spinnerette

This invention relates to spinnersttes and has particular
reference to spinnerettes suitable fcor the spinning of shaped
cellulose products (e.g. filaments) from a sclution of

5 cellulose in a solvent, particularly a tertiary amine N-oxide.

McCorsley US Patent 4,416,698, the contents of which are
incorporated herein by way cf refersnce, describes a system
of procducing csllulose filaments by dissolving the cellulose
in a suitable solvent such as a tertiazry amine N-oxide. One

10 of the featurses of such a system is that the solution,
commonly referred to as a dope, is both hot and, if it
contains a significant quantity of cellulose, viscous,
requiring the use of extrusion pressures in the range 15 bar
to 200 bar. Such pressures are similar to those experienced

15 in melt-spun polymer systems, such as polyester systems.

Having produced the solution of cellulose in the solvent
the solution is extruded or spun through a suitable die
assembly including an unspecified jet to produce shaped
material which is passed into water to regenerate the

20 cellulose by leaching out the amine oxide solvent from the

. extruded material.

The production of artificially formed £filaments of

material by extruding or spinning a solution or liquid through

a spinnerette to form the filaments is, of course, well known.

25 Initially, relatively small numbers of individual filaments

were prepared, which filaments were individually wound up for

use as continucus filament material. This meant that the

number of continuous filaments which needed to be produced was

. essent:iaily dictated by the number of filaments which could
30 be individually wound either before or after drying.

However, if fibre is produced as a tow or if fibre is
produced as staple fibre then different criteria apply to the
number of filaments which can be produced at any one time.



inside of the jet and a narrower_di aneter on the outside

"plates, having been produced, arleTtiber:EOeAEed NI the re aFEPmG%Emhg {EET
framewor k and braces of the spi ﬁneretik@LA@Bﬂ are gelectro d..
around the periphery as at 33 to seal The ptrates—w thin th e,g,, 't

et ot FERaR9Zp

selecting the plates 32 to be the sane thickness as the
31, and by the use of electron beam wel di ng the underS| de of-the———__]

spi nnerecte has a snmooth face and -2 -
A tow essentially comprises a bundle of essentially parallel
filaments which are not handled individually. Staple fibre
essentially comprises a mass of short strands of fibre.
Staple fibre can be produced by the cutting of dry tow or it
can be produced by forming a tow, cutting it whilst S\.lll wet,

tn

and drying the cut mass of staple fibre.

Because there is no need to handle individual filaments
in the case of a tow product or a staple product, a very large
number of strands or filaments can be produced simultaneously.

10 Thus in the case of spinnerettes for the production of
tow or staple fibre, in comparison to spinnerettes used for
the production of continucus f£ilament material, it is
economically essentially to use spinnerettes with a large

number of spinning holes.

15 Initially, a spinnerette for the production of continuous
filament might have had 20 to' 100 holes, with productivity
being increased by the use of higher spinning speeds. With
spinnerettes used for the production of tow or staple the
numbers of holes can grow into thousands or even tens of

20 thousands. Productivity can thus be increased by the use of
more holes as well as higher speeds. Initially such
spinnerettes with large numbers of holes were prcduced in
thick plates, as in polyester jets. However, it is expensive
and time-consuming to produce large numbers of holes in such

25 thick plates. Thus attempts were made to use thinner plates
by taking a dish of metal and forming the holes through the
dish to produce a spinnerette in the form of a dished member

with the holes arrayed in some suitable pattern in the lower -

portion of the dish. Such a dish member was then bolted into

30 a jet for the production of the spun material. )

Unfortunately, however, the production of jets is a very
expensive and time-consuming process. Each hole has to be
pierced individually. Very often the holes are of a complex
shape and are produced by a series of drilling, punching or

|
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+ be punched prior to assenbly into ftt SHEET

substantial ly rectangul ar |nformc HE re teasi |y fhgn
punched. There is no- need to punch! led fl apg dfn_?npﬂ%,ggc?
was necessary with prior art designs. This neans that the ho es_can e”

punched right across the plate -3 -
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machining operations, which have only recently benn\‘\!

semi-automated.

With any production process there is a risk of defects

and for a given percentage defect level, however low, the
5 absolute number cf defects per jet will increas.e as the number
of holes in the jet increases. This can mean that Ehere
reaches a stage where it is not practical to incresase the
number of holes in a single jet face because of the chances
that the final product will have too many defects to be useful

10 without subsequent refurbishment.

One way round this problem is the adoption of the
so-called cluster jet or thimble jet. 1In a cluster jet a
large number of small thimbles are produced each with a
specific number of holes - say 1 to 1500 holes. Such cluster

15 jets have been widely used in the production of cellulose
filaments by the viscose process. The individual thimbles of
a cluster jet can be manufactured relatively cheaply and if.
a defect is found in one hole in one thimble that particular
thimble can be replaced without losing the work of producing
20 many thousands of holes. The thimbles of a cluster jet are
inserted into a holder in such a way that the pressure of the
dope or spinning solution acting within the spinnerette tends
to firmly force the spinnerettes into the cluster jet holder

assembly.

25 Such jet assemblies of the single dished jet type with

a large number of holes or a cluster jet type are widely used
in the production of viscose cellulose. Viscose cellulose is
produced by wet spinning. Examples of such jets are to be
found in Ullman Encyclopaedia of Industrial Chemistry, Sth

30 Edition, 1987, volume Al0, page 554.

Ullman alsc refers to the use of rectangular spinnerettes
in the spinning of polyolefin fibres.

The present invention is concerned with the production
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and structurs cf a spinnerette particularly suited for the

procduction of cellulose fibkres from a solution of cellulose

in a solvent. Such spinnerettes are further particularl

useful for the production of staple fibre of cellulose from
5 a solution of cellulose in a solvent such as amine oxide.

In one aspect of the present invention there is provided

a spinnerette which is characterised in that it comprises a

metal aperture plate, the plate having a plurality of holes

for the spinning of a shaped product from a spinning sclution,

10 the aperture plate being welded around its periphery to a
metal frame member.

In a further aspect a'spinnerette for the spinning of a
plurality of cellulose filaments from a solution of cellulose
in a solvent, the spinnerette having a frame member defining

15 a portion through holes of which the solution is passed to
form the filaments, is characterised in that the holes closest
to the frame member are larger-in diameter at their smallest
diameter portion than the holes in a region more remote from .

the frame member.

-

20 In a still further aspect of the inveantion a spinnerette
for the production of a plurality of cellulose filaments from
a solution of cellulose in a solvent for the cellulose, is

characterised by:

i) a metal framework including an outer wall of
25 generally rectangular shape in plan view, the outer
wall defining a space of depth between the two
edges of the wall equal to the depth of the
spinnerette, the rectangular £ramework having a
length and a width, wherein the length is greater .
30 than the width so as to define a major axis and a

minor axis,

ii} an outwardly extending flange around the periphery
of the wall integral with the wall,
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It can be seen, theregore, that the g$pilnnerette has p

iii) at least one major axis internal bra&: 'ﬁﬁ‘wai'r*and*—*-——
at least one minor axis internal K bracing wall
transverse to the major axis bracing wall provided
within the outer wall thereby defining a Plurality
of apertures through the framework,

iv) 1rebates in the portions of the outer wall and the
portions of the braces at the cuter edges thereof
around the periphery of each apercure to
accommodate in each aperture an apertures plate,

v) a plurality of metal aperture plates dimensioned to
fir into the rebates around the apertures,

vi) a plurality of spinning holes formed in each of the
aperture plates through which the cellulose
solution can pass to form the filaments, and

vii) the aperture plates being welded in the rebates to
the framework and braces around the entire
periphery of each aperture plate.

-

The present invention further provides a method of

manufacturing a spinnerette for the production of a plurality
20 of cellulese filaments from a solution of cellulose
{preferably in a tertiary amine oxide), which method is

characterised by:

(i)

25

30

providing a stainless steel framework including an
outer wall of a generally rectangular shape in plan
view, the outer wall defining a space of a depth
between the two edges of the wall equal to the
dépth of the spinnerstte, the rectangular framework
having a length and a width, wherein said length is
greater than said width so as to define a major
axis and a minor axis,

at one peripheral edge of the wall providing an
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outwardly extending flange around the periphery of
the wall integral with the wall,

providing within the outer wall at least one major
axis internal bracing wall and at least cne minor
S internal axis bracing wall transverse to the rriajor
is bracing wall defining a plurality of apertures

(iii)

through the framework,

(iv) - forming rebates in the portions of the outer wall

and the portions of the braces at the outer edges

10 thereof around the periphery of each aperture tc
accommodate in each aperturs an aperture plate,

(v) forming each of the braces with a taperad upper
edge remote from the rebated edge.

(vi) forming a plurality of aperture plates from
15 stainless steel dimensioned to fit into the rebates

around the apertures,

(vii) forming a plurality of spinning holes in each of
said aperture plates through which the cellulose
solution can pass to form the filaments, the holes

20 being tapered so as to be larger in diameter on one
side of said aperture plate than on the other side,

(viii) subsequent to the formation of the spinning holes
in each of the aperture plates, locating the
aperture plates in the rebates in the apertures"

25 ' with the side of the aperture plate having the
larger diameter portion of the holes towards the

bottom of the rebate, and

(ix) electron heam welding the aperture plates to the
framework and braces around the entire periphery of

30 each aperture plate.
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The invention will now be further described, by way

example, with reference to the acccmpanying drawings, in

wkich: -

Figures 1A, 1B and 2A, 2B illustrate prior art
5 spinnerette designs of the simple dish type and of the cluster

jet type,

Figure 3 is a perspective view of a spinnerstte in
accordance with the invention,

Figure 4 is a plan view of Figure 3,

10 Figure 5 is a sectional view of Figure 3,
Figure 6 is an enlarged view of a corner of Figure 5,
Figure 7 is a further enlarged view of Figure 6,
Figure 8 is a perspective view of an aperture plate,

Figures 9A to 9G are plan views of poftions of aperture
15 plates,

Figure 10 is a sectional view of a hole, and
Figure 11 is a plan view of a spinnerette.

Referring to Figures 1A and 1B these show a prior art
spinnerette (seen in sectional view in Figure 1A) in the form

20 of a dished plate 1 (seen in end-on view in Figure 1B) having
an integral flange portion 2. The flange 2 is trapped between

a large nut 3 screwed onto the back of a jet head 4. In turn
the jet head is connected, via any suitable coupling member
5, to a pipe 6 for the supply of spinning solution, commonly-

25 referred to as a dope. Such a prior art device essentially
has a plurality of holes 7 formed in the base 8 of the dish
to produce from the dope the filaments which form the fibre.
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In the case of such 2 spinnerette used in the production of
viscose rayon, the spimnerette would be immersed in a spin
bath to regenerate cellulose fibres frcm the dope as it passes
into the spin bath. For the production of continuous filament
viscose, the number of holes 7 would be in the range of about

10 to 100.

For the production of tow (a plurality of essesntially
parallel filaments used as such) or staple fibre (small
lengths of individual fibres produced by cutting up a tow} the
number of holes 7 can be increased to a very high level
indeed. The prior art devices of this type may typically be
formed as large as 10 cm in diameter and may have as many as
50,000 holes. The holes may be arrayed in patterns, such as
segments, as is, for example, illustrated in Ullman Sth
Edition 1987, volume 'Alo, page 554.

For-the reasons outlined above, increasing the number of
holes in the spinnerstte can cause practical manufacturing
problems which are associated with the virtual impossibility
of reducing the statistical defect rate to zero. One answer
to this problem is the use of a-cluster jet of the type
illustrated in Figures 2A, 2B. The portion of the cluster jet
illustrated in Figure 2A effectively replaces the dished plate
1 and nut 3 and is screwed by an internal thread onto the
backing member 4 illustrated in Figure 1A. In the embediment
illustrated in Figures 2A and 2B the cluster jet ccmprises a
substantial metal dished member 9 having the internal thread
10 referred to above and being formed with a series of stepped
bores 11. These bores have a larger diameter 12 on the inside
and a smaller diameter 13 on the outside. Located within the
stepped bores 11 are a series of thimbles such as thimble 14
which'in turnm has an integral flange 15 an annular wall 16 and
a base 17. The spinning holes 18 are formed in the base 17.
In such prior art devices the thimbles are inserted from the
inside of the substantial holder-so that the action of the
pressure of the dope on the thimbles is to force the dope into
strong contact with the thimbles 12 so as to urge the thimbles
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into contact with the tapered portion 13 'O0f thHE LRolas. The
purpose of inserting the thimbles from the inside is to
enhance sealinc of the thimbles in the holes by having the
pressurised dore act in a direction to enhance sealing. If
5 required, each thimble may be screwed into the hole or may be
retained in the hole by providing in the portion 12 of the
hole a female thr=ad and threading a tubular male member (not
shown) into the threaded bore pcrtion 12 of the hcole 11. The
thimbles 14 may project beyond the face 18 of the member 9.
10 This can clearly be seen in the Ullman Encyclopaedia article
referred to abcve page 554, volume AlQ, 1987.

Referring to Figures 3 to 8 these show a spinnerestte in
accordance with the present invention. The spinnerette is
essentially of rectangular shape  as shown in Figure 3. The

15 spinnerette is of generally top hat shape having a rectangular
outer wall 20 with an integral upper flange member 21. The
flange member may be provided with holes. Located within the
wall 20 and integral with or welded thereto are a series of
bracing walls 22, 23, 24. The braced structure may, in the

20 case of an integral unit, be machined from a single plate ox
thin slab. The bracing walls 22 and 23 are formed along the
major axis of the spinnerette and the bracing wall 24 lies
transverse to the major axis along a minor axis.of the
spinnerette. The bracing walls form, together with the outer
25 wall 20, a series of apertures or windows such as aperture 25.
The material frem which the outer wall and braces of the
spinnerette is formed is preferably stainless steel and is
further preferably stainless steel in accordance with AISI
code 304. The upper walls of the braces 22, 23 and 24 are
30 tapered to form substantially knife edge lines such as lines
27, 28, 29. The knife edge 27 of the brace 24 is centrally
located on the brace, but the knife edges 28, 29 of the braces
22 and 23 (see Figure S5) are located to one side of the brace
members, so that the distances d are all equal, and hence, as
35 the apertures are all the same -length, the areas of the
apertures are all the same. This means that, in use,'
substantially equal amounts of dope are passed into each
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apercure. The use of tapered braces reduces the pressure drop
of the dope across the jet comparsd to £lat topped bracss.

At their lower ends, the peripheral ocuter wall 20 and the
bracing walls 22, 23, 24 define the lower edges of the
apertures. The bottom of each of the kracing walls lies in
the same plane 30 as the base of the outer wall 20. Around
each aperture the walls are rsbated such as at 31 to accept
an aperture plate 32. The apecture plate 32 is also formed
of stainless steel, in this case AISI code 430 stainless
Steel. Formed in the aperturs plate 32 are a series of
spinnerstte heoles produced by conventional processing
techniques such as those described in *"Fiber Producer®
December 1978 pages 42 to S0 by Schwab of Enka, or in "Fiber
Producer" April 1978 pages 14 to 18 and 74 to 75 by Langley
of Spinning Services and Systems, the contents of both
articles being incorporated herein by way of refersnce. The
spinnerette holes are preferably tapered in form as shown in
Figure 7 so as to have a larger intermal diameter on the
inside of the jet and a narrower diameter on the cutside of
the jet. The plates, having been produced, are then located
in the rebate 31 in the framework and braces of the
spinnerette, and are electron beam welded around the periphery
as'at 33 to seal the plates within the apertures.

By selecting ‘the plates 32 to be the same thickness as
the depth of the rebate 31, ard by the use of electron beam

welding the underside of the spinnerette has a smooth face and

effectively lies in the single plane 30.

Because the aperture plates 32 can be punched prior to
assembly into the jet, and because they are substanmally
rectangular in form and flat they are eas:.ly handled and
punched. There is no need to punch holes into a dished
flanged member as was necessary with prior art deéigns. This
means that ‘the holes can be punched right across the pladte
very close to the edges. This in turn wmeans that the spinning
holes can come very close to the outer walls of the plate and

In Figure 9C the hol es
i sosceles triangles with the base of the

The

%ure 9D t he hoj es 45
theF&BdS7e pafal I el
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very close to the bracing walls. The use of electron beam

welding minimises distortion of the assembly. By using the
two particular grades of stainless steel referred to above,
the softer grade used for the aperture plates can ke punched
to produce the shaped spinning holes whilst srill being
capable of being welded to the wmaterial of the frame.
Electron beam welding is preferred as being a method of
cbtaining a hich integrity joint without distorting the plates
more than is necessary. Altermative methods of welding could
include laser welding or plasma arc welding.

It can be seen, thersfore, that the spinnerstte hag a
smooth underside and may readily be manufactured from small
ccmponents in terms of aperture plates whilst providing a
large area for the production of large numbers of individual

fibre strands.

The metal plates 32 preferably have a thickness in the
range 0.5 to 3 mm. The use of the welded constructicn enables
the plates to withstand the high internal pressures to which
they are subjected in use. This means that the plates can be
as thin as 0.5 um whilst still enabling high pressure dope to
be used in the production process. Alternatively, th;.cker

" plates may be prcvided such as plates as thick as 0.75 mm or

25

30

35

lmmor 1.25 mm or 1.5 mm or 2 mm or 2.5 mm or 3 mm. The
plates may be of almost any length along the major axis, as
the plates are supported by being welded on either side on the
minor axis. Typically the width of the plate may be about 50
mm but it may be 10, 15, 20, 25, 30, 35 or 45 wm wide. The
plates may be up to 500 mm long or even longer and typically
can be 100, 150, 200, 250, 300, 350 or 400 wm long, the length
to width ratio can be in the range 1:1 to 50:1.

The use of AISI 430 stainless steel plate for the
aperture plate 32 enables the holes to be punched readily
through the plate. 'l‘h_e holes are disposed in a regular array
on the plate. Figures SA to 9G show preferred forms of
regular array. In Figure 9A the holes 57, 58 are located at
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the corners of ecuilateral triangles with the bases and apexes
of the triangles located parallel to one of the edges 40 of
the apercure plate. In Figure 9B the holes 41 are located at
the corners of hexagons again with the hexagons having one
edge parallel to an edce 42 of the apertire plate. Ia Figure
9C the holes 42 are located at the
riangles with the base of the isosceles triangles being of
less distance than the equilateral ecdzes. The bases may
longer than the edcss. The bases ars
arranged parallel with an edge 44 of ths aperture In
Figure 9D the holes 45 are located at tie corners :
with an edge of the square parallel to an edge 46 of the

corners of iscosceles

alternatively kLe
plate.

of squares
aperture plate.

corners of
to an edge

In Figure 9E the holes 47 are located at the
diamonds with a diagonal of the diamond parallel
48 of the aperture plate.

In Figure SF the holes are arrayed in two alternmating
rows 49, 50 with the rows being at right angles to an edge 51
of the aperturs plate. It is not necessary for the rows to
lie at a perpendicular to the apérture plate, for example in
Figure 9G holes 52 are arrayed in lines such as line 53 which
is'at an angle 54 to a perpendicular 55 to an edge 56 of the

aperture plate.

Typically there may be 2775 holes per aperture plai:e with
a centre to centre packing distance for the holes being in the
range 0.7 mm to 1.5 mm, typically 1.2 mm. Thus in the case
of the holes illustrated in Figure 9A each hole 57 would be
at 1.2 mm from its nearest neighbour hole 58. Obviocusly, in
the case of holes arrayed in different packing arrangements,
the intercentre distance will differ from one hole to the

other.

" A cross section of a typical hole is shown in Figure 10.
The hole is substantially trumpet shaped having a
substantially parallel section 60 which has an intermal
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diameter 61 and a length 62. Above the parallel pcrtion 60
there is a tapered portion 63. The length 62 of the narrow
portion 60 is approximately equal to the diameter 61 of the
narzow portion 60. The length of the hole is effectively, the
length of the capillary or substantially parallel portion 60.
The tapered portion 63 is effectively a means of delivering
dope into the porticn 60 of the hole. The porticn 60 may have
a diameter of 25 micrens or 35 microns or 40 microns or 50
microns or 60 microns or 70 microns or 80 micrens cr 90

lcrons or 100 microns or 110 microns or 120 microns cr 150

10 micx

18

20

25

30

microns, depending on the eventual decitex of the fibre which
is to be manufactured using the spinnerette. The length 62
may be equal tc the diameter 61 or may be in the range 0.1 to
10 or 0.5 to 2 times the diameter 61. .

The holes in the spimnnerette can be made by any
conventional mamner, usually by drilling, punching and
broaching. Typical manufacturing processes are described in
the articles by Schwab and ‘Langley in "Fiber Producer"
referred to above.

In a spinnerette according to.the invention, it is not
essential that all of the holes have the same diameter in

their capillary portion 60.

Referring to Figure 11 this shows a plan view of a
spinnerette having an outer flange 70 and -containing six
aperture plates 71 to 76. The aperture plates ares welded into
a framework in the manner illustrated in Figures 3 to 8. On
either side of the aperture plates 71 to 74 in the regions
712, 71B to 74A, 74B the capillary portion of the holes is
about 10 per ceant larger in diameter than the capillary
portion- in the remaining parts of the plates 71 to 74.
Similarly the capillary portions of the holes in the regions
75A, 75B and 76A, 76B are approximately 10 per cent larger in
diameter than the holes in the remaining portions of the

plates 75 and 74.

ase
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effectively a neans of delivering 14

Rather than having the tapered pcrtion 63 as a smooth
taper, it may be easier to form the taper in a series of
frusto-conical regions merging into the parallel pcrtion 60.

The welded structure spinnerette according to the
5 invention has a numbexr of very significant advantages over the

prior art structures.

The welded structure permits the use of thin aperture
plates whilst still enabling a large area to be provided
within which the aperture holes can be made. The thin

10 aperture plates can be welded into a framework so as to
withstand the distortion effects which arise with the use of
high pressure dope. This advantage is of particular
significance when using the spinnerette with high viscosity
dope. The use of high viscosity dopes inevitably means that

15 if high throughputs are required high pressures such as up to
200 bar must be used to force the dope through the aperture

holes.

The welded structure also minimises dead areas within the
spinnerette whers the spinning solution can stagnate. These

20 otherwise can give rise to non-uniform spinning, particularly
in. the case of spimning a hot dope into a cool region. The
welded structure can readily be manufactursed with a smooth

underface.

A yet further advantage is that it enables rectangular
25 designs readily to be produced. Because the plates can be
Preproduced prior to welding into the framework, the plates
can have holes close to their edges. The plates can all be
the same size, which means that the aperture plates can be
manufactured on a repetition basis and if one plate contains
30 defective holes than only a single plate needs to be rejected.
Compared, therefore, to a large single plate spinning jet the
product of the invention is much' easier to manufacture and
mch less susceptible to distortion under pressure. If
pressed, single jet plates are used of the type illustrated
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61.
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' in Figure 1A, it is very difficult to produce such a jet with
holes close to the edges because of the difficulty cf working

10

inside a dished member.

If only a single plate is used,

ic

needs to be thick to avoid collapse which means that it is

difficult to form holes through the plate and, thersfore,

it

is not possible to pack the holes closely together,

The use of AISI 430 stainless steel,
by weight chromium and low levels of nickel

[containing 16-18%
(less thaan 0.5%),

manganese (less than 0.5% by weight) and molybdenum (less than

% by weight) as well as low levels of carbon (lsss than
0.12 % by weight)] means that the plates may be purched and
welded whilst still being able to resist the conditions of

use.
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CLAIMS

1. A spinnerette characterised in that it ccmprises a
metal aperture plate (32), the plate (32) having a plurality
of holes for the spinning of a shaped product from a spirzning
solution, the aperture plate (32) being welded around its

periphery to a metal frame member (20, 22, 23, 24).

2, A spinnerette for the spimning of a plurality of
cellulose filaments from a solution of cellulose in a sclvent,
the spinnerette having a frame member (20) defining a portion
through holes which the solution is passed to form the
filaments, characterised in that the holes closest to the
frame member (20) are larger in diameter (61) at their
smallest diameter portion (60) than the holes in a region more
remote from the frame member (20).

3. A spipnerette according to Claim 2, characterised
in that the portion through which the soluticn is passed to
form the filaments comprises a metal aperture plate (32)
having between 500 and 10,000 holes.

4. A spinnerette as claimed in Claim 1 or claim 3,
characterised in that the frame member (20) has at its end
opposed to the aperture plate (32) an outwardly extending

integral flange (21).

-

5. A spinnerette as claimed in Claim 1,
characterised in that the aperture plate {32) is electron beam
welded to the frame member (20, 22, 23, 24).

3 or 4,

6. A spinnerstte as claimed in any one of claims 1 and
2 to 5, characterised in that the frame member (20) has a
rebate (31) into whlch the aperture plate member (32) is
located and welded

7. A spinnerette according to Claim 6, characterised
in that there is a plurality of aperture plates (32) each of
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a thickness in the range 0.5 to 3.0mm and corzs
substantially toc the depth of the rebate (31).

8. A spinnerette as claimed in any one of Claims 1 and
3 to 7, characterised in that the aperturs plate (32) is of
5 stainless steel, preferably AISI 430 grade stainless s~=e1

9. A spinnerette as claimed in any one preceding claim,
characterised in that the frame member is of stainless steel,
preferably AISI 304 grade stainless steel.

10. A spinnerette as claimed in any one of Claims 1 and

10 3 to 9, characterised in that the frame member (20) is
rectangular and the aperture plate (32) is welded into the
frame member (20) so as to have the periphery of an inner side

of the aperture plate (32) abutting the frame member (20) and

in that the spinning holes (60) are tapered in internal
15 diameter, and are larger on the inner side of the aperture

plate (32).

11. A spinnerette as claimed in any cne of Claims 1 and

3 to 9, characterised in that the diameter (61} of the holes
in the central region of the apertﬁre plate is smaller than
20 the diameter of the holes adjacent at least one of the edges
(71A, 71B, 72A, 72B, 73A, 73B, 74A, 74B, 75A, 75B, 76A, 76B)

of the plate (71, 72, 73, 74, 75, 7s6).

12. A spinnerette as claimed in any one preceding claim,
-characterised in that there is provided at least one intermal °

25 brace (22, 23, 24) in the interior of the metal frame (20) to

provide at least two apertures (25) therethrough and in which

the apertures (25) are rectangular.

13. A spinnerette as claimed in Claim 12, characterised

in that the braces {22, 23, 24) are tapered at -their upper
30 edges and the tapers are -so formed that the area of each
aperture (25) at the entrance as defined by the tapered edges

is equal.
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A spinnerette as claimed in Claim 13, characterised

in that the upper edge of the braces (22, 23, 24) lie in
substantially the same plane as the upper face cf a flange
(21} of the frame member.

15.

A spinnerette for the production of a plurality of

cellulose filaments from a solution of cellulose in a solvent
for the cellulcse, characterised by:

i)

ii)

iii)

iv)

v)

2 metal framework including an ocuter wall (20) of
generally rectangular shape in plan view, the outer
wall defining a space of depth between the two
edges of the wall (20) equal to the depth of the
spinnerette, the rectangular £ramework having a
length and a width, wherein the length is greater
than the width so as to define a major axis and a

minor axis,

an outwardly extending flange (21) around the
periphery of the wall (20) integral with the wall,

at least one major axis intermal bracing wall (22,
23) and at least .one. minor axis internal bracing
wall (24) transverse to the major axis bracing wall
(22, 23) provided within the outer wall (20)
thereby defining a plurality of ape*'tz.res (25)
through the framework,

rebates ({31) in the portions of the outer wall (20)
and the portions of the braces (22, 23, 24) at the
outer edges therecf around the periphery of each
aperture (25) to accommodate in each aperture an
aperture plate (32),

a plurality of metal aperture plates (32)
dimensioned to £it into the rebates (31) around the

apertures (25),
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vi) a plurality of spinning holes fomed in each of the
aperture plates (32) through which the cellulose
solution can pass to form the filaments, and

T

vii) the aperture plates (32) being welded in the

5 rebates to the framework (20} and braces (22, 23,
24) around the entire periphery of each aperture
plate (32).

15. A method of manufacturing a spinnerette for the
production of a plurality of cellulose filaments from a
10 sclution of cellulocse, characterised by:

i) providing a stainless steel framework including an
ocuter wall (20) of a generally rectangular shape in
plan view, the outer wall (20) defining a space of
a depth between the two edges of the wall equal to

15 the depth of the spinnerette, the rectangular
framework having a length and a width, wherein said
length is greater than said width so as to define

a major axis and a minor axis,

ii) at one pez:ipheral edge of the wall (20) providing
20 an outwardly extending flange (21) around the
periphery of the wall integral with the wall (20),

iii) providing within the ocuter wall (20} at ledst one

) major axis internal bracing wall (22, 23) and at
least one minor axis intermal bracing wall (24)

25 transverse to the major axis bracing wall (22, 23)
defining a 'plurality of apertures {25) through the

£ramework,

iv) forming rebates (31) in the portions of the outer

wall (20) and the portions of the braces (22, 23,

30 : 24) at the outer edges thereof around the periphery
of each aperture (25) to accommodate in each

aperture (25) an aperture plate {32)
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forming each of the braces (22, 23, 24) with a
tapered upper edge (27, 28, 29) remote from the
rebated edge,

forming a plurality of aperture plates (32) from
stainless steel dimensioned to fit into the rebates
{31) around the apertures (25),

forming a plurality of spinning holes (60) in each
of the aperture plates (25) through which the
cellulose solution can pass to form the filaments,
the holes being tapered so as to be larger in
diameter on one side of said aperture plate (25)
than on the other side,

subsequent to the formation of the spinning holes
in each of the aperture plates (32), locating the
aperture plates (32) in the rebates (31) in the
aperturss (25) with the side of the aperture plate
(32) héving the larger diameter portion of the
holes towards the bottom of the rebate (31), and

electron beam welding the aperture plates (32) to
the framework (20} and braces (22, 23, 24) around
the entire periphery of each aperture plate (32).

A method as claimed in Claim 15 or 16, characterised

sed

in that the metal framework (20) and internal bracing walls
(22, 23, 24) are machined from a solid plate. '

25 18. A method as claimed in Claim 15,

1§ or

characterised in that the smallest diameter of the holes is

in the range 25um to 200um.

19. A method as claimed in any one of Claims 15 to 18,
characterised in that the holes are spaced from one another
30 by a centre-to-centre distance in the range 0.5mm to 3mm.
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Spinnerette

A gpinnerette for the spinning of fibres comprising a

rectangular frame (20) having an upper flange (21) for

5 conmnection to a jet assembly and a lower planar apertured

plate (32) for the passage of spinning dope, the apertures

plate (32) being formed with its spinning holes and then

electron beam welded into the bottom of the frame (20) from
the outside.

FIGURE 5
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This invention relates to spinnersttes and has particular
reference to spinnerettes suitable for the spinning of shaped
cellulose prcéucts (e.g. filaments) from a solution of
cellulose in a solvent, particularly a tertiary amine N-oxide.

McCorsley US Patent 4,416,698, the contents of which are
incorporated herein by way of refersnce, describes a system
of producing cellulose filaments by dissolving the cellulose
in a suitable solvent such as a tertiary amine N-oxide. One
of the features of such a system is that the solution,
ccmmonly referred to as a dope, is both hot and, if it
contains a significant quantity of cellulose, viscous,
requiring the use of extrusion pressures in the range 15 bar
to 200 bar. Such pressures are similar to those experienced
in melt-spun polymer systems, such as polyester systems.

Having produced the solution of cellulose in the solvent

the solution is extruded or spun through a suitable die
assembly including an unspecified jet to produce shaped-

material which is passed into water to regenerate the
cellulose by leaching out the amine oxide solvent from the
extruded material.

The production of artificially formed filaments of
material by extruding or spinning a solution or liquid through
a spinnerette to form the filaments is, of course, well known.
Initially, relatively small numbers of individual filaments
were prepared, which filaments were individually wound up for
use as continucus filament material. This meant that the
number of continuous filaments which needed to be produced was
essentially dictated by the number of filaments which could
be individually wound either before or after drying.

However, if fibre is produced as a tow or if fibre is
produced as staple fibre then different criteria apply to the
number of filaments which can be produced at any one time.

5 Cd .
g i»?’*" e g
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L1 ~CwA=Spinnerette conprising a plurality of flat nmetal aperture;/
(32) each haV| ng a pl urallty of holes for the spinning of the fil anents,
the aperture plates (32) Bei ng attached around their peripheries to,'g}a@
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A tow essentially comprises a bundle cf essentially parallel
filaments which are nct handled individually. Staple fibre
essentially comprises a mass cf short strands of fibre.
Staple fibre can be produced by the cutting of dry tow or it
can be produced by forming a tow, cutting it whilst still wet,
and drying the cut mass of staple fibre.

26941 ng
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Because there is no need to handle individual filaments
in the case of a tow product or a staple product, a very large
number of strands or filaments can be produced simultanecusly.

Thus in the case of spinnerettes for the production of
tow or staple fibre, in comparison to spinnerettes used for
the production of continuous £ilament material, it is
economically essentially to use spinnerettes with a large
number of spinning holes. '

Initially, a spinnerette for the production of continuous
filament might have had 20 to' 100 holes, with productivity
being increased by the use of higher spinning speeds. With
spinnerettes used for the production of tow or staple the
numbexrs of holes can grow into thousands or even tens of
thousands. Productivity can thus be increased by the use of
more holes as well as higher speeds. Initially such
spinnerettes with large numbers of holes were produced in
thick plates, as in polyester jets. However, it is expensive
and time-consuming to produce large numbers of holes in such
thick plates. Thus attempts were made to use thinner plates
by taking a dish of metal and forming the holes through the
dish to produce a spinnerette in the form of a dished member
with the holes arrayed in some suitable pattern in the lower
portion of the dish. Such a dish member was then bolted into
a jet for the production of the spun material.

Unfortunately, however, the production of jets is a very
expensive and time-consuming process. Each hole has to be
pierced individually. Very often the holes are of a complex
shape and are produced by a series of drilling, punching or
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machining operations, which have only recently Dbeen

semi-autcmated.

With any production process there is a risk of defects
and for a given percentage defect lsvel, however low, the
absolute number of defects per jet will increase as the number
of holes in the jet increases. This can mean that there
reaches a stage where it is not practical to incresase the
number of holes in a single jet face because of the chances
that the final product will have too many defects tc be useful

without subsequent refurbishment.

One way round this problem is the adoption of the
so-called cluster jet or thimble jet. In a cluster jet a
large number of small thimbles are produced each with a
specific number of holes - say 1 to 1500 holes. Such cluster
jets have been widely used in the production of cellulose
filaments by the viscose process. The individual thimbles of
a cluster jet can be manufactured relatively cheaply and if
a defect is found in one hole in one thimble that particular
thimble can be replaced without losing the work of producing
many thousands of holes. The thimbles of a cluster jet are
inserted into a holder in such a way that the pressure of the
dope or spinning solution acting within the spinnerette tends
to firmly force the spinnerettes into the cluster jet holder

assembly.

Such jet assemblies of the single dished jet type with
a large number of holes or a clustér jet type are widely used
in the production of viscose cellulose. Viscose cellulose is
produced by wet spinning. Examples of such jets are to be
found in Ullman Encyclopaedia of Industrial Chemistry, Sth

Edition, 1987, volume AlQ, page 554.

Uliman also refers to the use of rectangular spinnerettes
in the spinning of polyolefin fibres.

The present invention is concernmed with the production



4,: ¢hardcterised in that the frame nmenber (20) has a rebate (31) into which
each aperture plate (32) is |located and wel ded. 6. A 9Pty
according to claimb5, characterised in that each of the aper
(32) is of a thickness corresporiBisiheet {y to th L
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one of the erecedi ng
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and structure of a spinnerette particularly suited for the

production of cellulose fibres from a solution of cellulose

in a solvent. Such spinnerettes are further particularly

useful for the production of staple fibre pf celluleose from
5 a solution of cellulose in a sclvent such as amine oxide.

In cne aspect of the present invention there is provided

a spinnerstte which is characterised in that it comprises a
metal aperture plate, the plate having a plurality of holes
for the spinning of a shaped product from a spinning sclution,

10 the aperture plate being welded around its periphery to a

metal frame member.

In a further aspect a.spinnerette for the spinning of a
plurality of cellulose filaments from a solutionm of cellulose
in a solvent, the spinnerette having a frame wmember defining

15 a portion through holes of which the solution is passed to
form the filaments, is characterised in that the holes closest
to the frame member are larger in diameter at their smallest
diameter portion than the holes in a region more remotes from .

the frame member.

20 In a still further aspect of the invention a spinnerette
for the production of a plurality of cellulose filaments from
a solution of cellulose in a solvent for the cellulose, is

characterised by:

i) a metal framework including an outer wall of

25 generally rectanguiar shape in plan view, the ocuter
wall defining a space of depth between the two

edges of the wall equal to the depth of the

spinnerette, the rectangular Eframework having a

length and a width, wherein the length is greater

30 than the width so as to define a major axis and a

minor axis,

ii) an outwardly extending flange around the periphery
of the wall integral with the wall,
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iii) at least one major axis intermal bracing wall and
at least one mincr axis internal bracing wall
transverse to the major axis bracing wall provided
within the outer wall thereby defining a plurality

5 of apertures through the framework,

iv) rebates in the portions cf the outer wzll and the
portions of the braces at the cuter edges thereof
around the periphery of each aperture to
accommodate in each aperture an aperture plate,

10 v) a plurality of metal aperture plates dimensicned to
fit into the rebates around the apertures,

vi) a plurality of spinning holes formed in each of the
aperture plates through which the cellulose
solution can pass to form the filaments, and

is vii) the aperture plates being welded in the rebates to
the framework and braces around the entire

periphery of each aperture plate.
The present invention further provides a method of
manufacturing a spinnerette for the production of a plurality
20 of cellulecse filaments from a solution of cellulose
(preferably in a tertiary amine oxide), which method is

characterised by:

(1) providing a stainless steel framework including an
outer wall of a generally rectangular shape in plan
R 25 view, the outer wall defining a space of a depth
between the two edges of the wall equal to the
depth of the spinnerette, the rectangular framework
having a length and a width, wherein said length is
gréater than said width so as to define a major
30 ’ axis and a minor axis,

(ii) at one peripheral edge of the wall providing an
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{iv)

(v)

(vi)

(vii)

(viii)

(ix)

9.
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outwardly extending flange around the periphery of
the wall integral with the wall,

providing within the outer wall at least one major
axis internmal bracing wall and at least one minor
internal axis bracing wall transverse to the major
axis bracing wall defining a plurality of apertures
through the framework,

forming rebates in the porticns of the outer wall
and the portions of the braces at the outer edges
thereof around the periphery of each aperture to
accommodate in each aperture an aperture plate,

forming each of the braces with a tapered upper
edge remote from the rebated edge.

forming a plurality of aperture plates from
stainless steel dimensiocned to fit into the rebates

around the apertures,

forming a plurality ¢f spinning holes in each of
said aperture plates through which the cellulose
solution can pass to form the filaments, the holes
being tapered so as to be larger in diameter on one
side of said aperture plate than on the other side,

subsequent to the formation of the spinning holes
in each of the aperture plates, locating the
aperture plates in the rebates in the apertures:
with the side of the aperture plate having the
larger diameter portion of the holes towards the
bottom of the rebate, and

electron beam welding the aperture plates to the
framework and braces around the entire periphery of

each aperture plate.
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The invention will now be further described, by way cf
example, with reference to the accompanying drawings, in

which:-

Figures 1A, 1B and 2A, 2B illustrate prior art
5 spinnerette designs of the simple dish type and of the cluster

jet type,

Figure 3 is a perspective view of a spinnerette in

accordance with the invention,
Figure 4 is a plan view of Figure 3,
10 Figure 5 is a sectional view of Figure 3,
Figure 6 is an enlarged view of a corner of Figure 5,
Figure 7 is a further enlarged view of Figure 6,
Figure 8 is a perspective view of an aperture plate,

Figures 9A to 9G are plan views of poftions of aperture

1S plates,
Figure 10 is a sectional view of.a hole, and
Figure 11 is a plan view of a spinnerette.

Referring to Figures 1A and 1B these show a prior art
spinnerette (seen in sectional view in Figure 1A) in the form
20 of a dished plate 1 (seen in end-on view in Figure 1B) having
an integral flange portion 2. The flange 2 is trapped between
a large nut 3 screwed onto the back of a jet head 4. In turn
the jet head is connected, via any suitable coupling member
5, to a pipe 6 for the supply of spinning solution, commonly-
25 referred to as a dope. Such a prior art device essentially
has a plurality of holes 7 formed in the base 8 of the dish
to produce from the dope the filaments which form the fibre.



(71A, 71B, 72A, 72B, 73A, 73B, 74A, 74B, 75A, 75B, 76A, 76

pl até(?l, 72, 73,, 74, 75, 76). Wette as cl ai

the preceding clainms, characteri g gShent hat there i s provi
i nternal brace (22, 23, 24) in thqyg & 3 cfen

to provide
aperture (25
respective a

at
IS

10

15

20

25

30

35

latdde nmetal fran®e
rethrough and in which ea
|n its lower end a
PCT/GB94/61100

| east two apertf,_
re(‘:)t angul ar and

In the case of such a2 spinnerette used in the production of
viscose rayon, the spinnerette would be immersed in a spin
bath to regenerate cellulose fibres from the dope as it passes
into the spin bath. For the production of continuous filament
viscose, the number of holes 7 would be in the range cf about

10 to 100.

For the production of tow (a plurality of essentially
parallel filaments used as such) or staple fibre {(small
lengths of individual £ibres produced by cutting up a tow) the
number of holes 7 can be increased tc a very high level
indeed. The prior art devices of this type may typically be
formed as large as 10 cm in diameter and may have as many as
50,000 holes. The holes may be arrayed in patterns, such as
segments, as is, for example, illustrated in Ullman 5th
Edition 1987, volume Al0, page 554.

For-the reasons cutlined above, increasing the number of
holes in the spinnerette can cause practical manufacturing
problems which are associated with the virtual impossibility
of reducing the statistical defect rate to zero. One answer
to this problem is the use of a-cluster jet of the type
illustrated in Figures 2A, 2B. The portion of the cluster jet
illustrated in Figure 2A effectively replaces the dished plate
1 and nut 3 and is screwed by an internal thread onto the
backing member 4 illustrated in Figure 1A. In the embodiment
illustrated in Figures 2A and 2B the cluster ;'iet ccmprises a
substantial metal dished member 9 having the intermal thread
10 referred to above and being formed with a series of stepped
bores 11. These 'bores have a larger diameter 12 on the inside
and a smaller diameter 13 on the outside. Located within the
stepped bores 11 are a series of thimbles such as thimble 14
which in turn has an integral flange 15 an annular wall 16 and
a base 17. The spinning holes 18 are formed in the base 17.
In such prior art devices the thimbles are inserted from the
inside of the substantial holder -so that the action of the
pressure of the dope on the thimbles is to force the dope into
strong contact with the thimbles 12 so as to urge the thimbles
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into contact with the tapered pcrtion 13 of the holes. The
purpose of inserting the thimbles frcm the inside is to
enhance sealing of the thimbles in the holes by having the
pressurised dope act in a direction to enhance sealing. If

5 required, each thimble may be screwed into the hole or may be
retained in the hole by providing in the portion 12 of the
hole a female thread and threading a tubular male member (not
shown) into the threaded bore portion 12 of the hcle 11. The
thimbles 14 may project beyond the face 18 of the member 9.

10 This can clearly be seen in the Ullman Encyclopaedia article
referred to above page 554, volume AlQ, 1987.

Referring to Figures 3 to 8 these show a spinnerette in
accordance with the present invention. The spinnerette is
essentially of rectangular shape- as shown in Figure 3. The

' 15 spinnerette is of generally top hat shape having a rectangular
outer wall 20 with an integral upper flange member 21. The
flange member may be provided with holes. Located within the
wall 20 and integral with or welded thereto are a series of
bracing walls 22, 23, 24. The braced structure may, in the

20 case of an integral unit, be machined from a single plate orx

thin slab. The bracing walls 22 and 23 are formed along the

major axis of the spinnerette and the bracing wall 24 lies

transverse to the major axis alony a minor axis.of the

spinnerette. The bracing walls form, together with the outer

25 wall 20, a series of apertures or windows such as aperture 25.

The material from which the outer wall and braces of the

spinnerette is formed is preferably stainless steel and is

further preferably stainless steel in accordance with AISI

code 304. The upper walls of the braces 22, 23 and 24 are

. 30 tapered to form substantially knife edge lines such as lines
27, 28, 29. The knife edge 27 of the brace 24 is centrally
located on the brace, but the knife edges 28, 29 of the braces

22 and 23 (see Figure 5) are located to one side of the brace
members, so that the distances d are all equal, and hence, as

35 the apertures are all the same -length, the areas of the
apertures are all the same. This means that, in use,
substantially equal amounts of dope are passed into each
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apercure. The use cf tapered braces reduces the pressure drop
of the dope across the jet compared to flat topped braces.

At their lower ends, the peripheral outer wall 20 and the
bracing walls 22, 23, 24 define the lower edges of the
apertures. The bottom of each of the kracing walls lies in
the same plane 30 as the base of the outer wall 20. Around
each aperture the walls are rebated such as at 31 to accept
an aperture plate 32. The aperture plate 32 is also formed
of stainless steel, in this case AISI code 430 stainless
steel. Formed in the aperture plate 32 are a series of
spinnerstte hcles produced by conventional processing
techniques such as those described in "Fiber Producer"
December 1978 pages 42 to 50 by Schwab of Enka, or in "Fiber
Producer™ April 1978 pages 14 to 18 and 74 to 75 by Langley
of Spinning Services and Systems, the contents of both
articles being incorporated herein by way of reference. The
spinnerette holes are preferably tapered in form as shown in
Figure 7 so as to have a larger internal diameter on the
inside of the jet and a narrower diameter on the outside of
the jet. The plates, having been produced, are then located
in the rebate 31 in the framework and braces of the
spinnerette, and are electron beam welded around the periphery
as 'at 33 to seal the plates within the apertures.

By selecting the plates 32 to be the same thickness as
the depth of the rebate 31, and by the use of electron beam
welding the underside of the spinnerette has a smooth face and
effectively lies in the single plane 30.

Because the aperture plates 32 can be punched priocr to
assembly into the jet, and because they are substantially
rectangular in form and flat they are easily handled and
punched. There is no need to punch holes into a dished
flanged member as was necessary with prior art désigns. This
means that the holes can be punched right across the pldte
very close to the edges. This in turn means that the spinning
holes can come very close to the outer walls of the plate and
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very close to the bracing walls. The use of elsctron beam
welding minimises distortion of the assembly. By using the
two particular grades of stainless steel referred to above,
the softer grade used for the aperture plates can be punched
5 to produce the shaped spinning holes whilst still being
capable of being welded to the material of the frame.
Electron beam welding is preferred as being a method of
obtaining a hich integrity joint without distorting the plates
more than is necessary. Alternative methods of welding could
10 include laser welding or plasma arc welding.

It can be seen, therefore, that the spinnerette has a
smooth underside and may readily be manufactured frcm small
components in terms of aperture plates whilst providing a
large area for the production of large numbers of individual

15 fibre strands.

The metal plates 32 preferably have a thickness in the
range 0.5 toc 3 mm. The use of the welded construction enables
the plates to withstand the high intermal pressures to which
they are subjected in use. This means that the plates can be

20 as thin as 0.5 mm whilst still enabling high pressure dope to
be used in the production process. Alternatively, thicker
" plates may be provided such as plates as thick as 0.75 mm or
l mmor 1.25 mmor 1.5 mm or 2 mm or 2.5 mm or 3 mm. The
plates may be of almost any length along the major axis, as
25 the plates are supported by being welded on either side on the
minor axis. Typically the width of the plate may be about 50
mm but it may be 10, 15, 20, 25, 30, 35 or 45 mm wide. The
plates may be up to 500 mm long or even longer and typically
can be 100, 150, 200, 250, 300, 350 or 400 wm long, the length

30 to width ratio can be in the range 1:1 to 50:1.

The use of AISI 430 stainless steel plate for the
aperture plate 32 enables the holes to be punched readily
through the plate. The holes are disposed in a regular array
on the plate. Figures 9A to 9G show preferred forms of

35 regular array. In Figure 9A the holes 57, 58 are located at
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the corners of equilateral triangles with the bases and apexes
of the triangles located parallel to one of the edges 40 of
the aperture plate. In Figure 98 the holss 41 are located at
the cormers of hexagons again with the hexagons having one
edge parallel to an edge 42 of the aperture plate. In Figure
8C the holes 43 are located at the corners of isosceles

riangles with the base of the isosceles triangles being of
less distance than the equilateral edges. The bases may
alternatively be longer than the edcss. The bases are
arranged parallel with an edge 44 of thsz aperture plats. In
Figure 9D the holes 45 are located at the corners of squares
with an edge of the square parallel to an edge 46 of the

aperture plate.

In Figure 9E the holes 47 are located at the corners of
diamonds with a diagonal of the diamond parallel to an edge
48 of the aperture plate.

In Figure SF the holes are arrayed in two alternating
rows 49, 50 with the rows being at right angles to an edge 51
of the aperture plate. It is not necessary for the rows to
lie at a perpendicular to the apérture plate, for example in
Figure 9G holes 52 are arrayed in lines such as line 53 which
is-at an angle 54 to a perpendicular 55 to an edge 56 of the

aperture plate.

Typically there may be 2775 holes per aperture plate with
a centre to centre packing distance for the holes being in the
range 0.7 mm to 1.5 mm, typically 1.2 mm. Thus in the case
of the holes illustrated in Figure 9A each hole 57 would be
at 1.2 mm from its nearest neighbour hole 58. Obviocusly, in
the case of holes arrayed in different packing arrangements,
the intercentre distance will differ from one hole to the

cther.

" A cross section of a typical hole is shown in Figure 10.
The hole is substantially trumpet shaped having a
substantially parallel section 60 which has an internal
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diameter 61 and a length 62. Above the parallel portion 60
there is a tapered portion 63. The length 62 of the narrow
portion 60 is approximately equal to the diameter 61 of the
narrow portion 60. The length of the hole is effsctively, the
length of the capillary or substantially parallel portion §0.
The tapered portion 63 is effectively a means of delivering
dope into the porticn 60 of the hole. The porticn 60 may have
a diametaer of 25 microns or 35 microns or 40 microns or 50
microns or 60 microns or 70 microns or 80 microns or 90
microns or 100 microns or 110 microns or 120 microns or 150
microns, depending on the eventual decitex of the fibre which
is to be manufactured using the spinnerette. The length 62
may be equal to the diameter 61 or may be in the range ¢.1 to
10 or 0.5 to 2 times the diameter 61. '

The holes in the spinnerette can be made by any
conventional manner, usually by drilling, punching and
broaching. Typical manufacturing processes are described in
the articles by Schwab and 'Langley in 9“Fiber Producer”
referred to above.

In a spinnerette according to.the invention, it is not
essential that 21l of the holes have the same diameter in
their capillary portion 60.

Referring to Figure 11 this shows a plan view of a
spinnerette having an outer flange 70 and -containing six
aperture plates 71 to 76. The aperture plates are welded into
a framework in the manner illustrated in Figures 3 to 8. On
either side of the aperture plates 71 to 74 in the regions
71A, 71B to 742, 74B the capillary portion of the holes is
about 10 per cent larger in diameter than the capillary
portio'n.' in the remaining parts of the plates 71 to 74.
Similarly the capillary portions of the holes in the regions
75A, 75B and 76A, 76B are approximately 10 per cent larger in
diameter than the holes in the remaining portions of the
plates 75 and 76.



WO 94/28210

10

15

20

25

30

I THIS Srz?‘ 2T HAS BEEN
s Sheet Has Been Ri:p‘lii‘-ed REPLACED
T —
- 14 -

Rather than having the tapered portion 63 as a smooth
taper, it may be easier to form the taper in a series of
frusto-conical regions merging into the parallel portion 60.

The welded structure spinnerette acccrding to the
invention has a number of very significant advantages cver the

prior art structures.

The welded structure permits the use of thin aperture
plates whilst still enabling a large area to be provided
within which the aperture holes can be made. The thin
aperture plates can be welded into a framework so as to
withstand the distortion effects which arise with the use of
high pressure dope. This advantage is of particular
significance when using the spinnerette with high viscosity
dope. The use of high viscosity dopes inevitably means that
if high throughputs are required high pressures such as up to
200 bar must be used to force the dope through the aperture

holes.

The welded structure also minimises dead areas within the
spinnerette where the spinning solution can stagnate. These
otherwise can give rise to non-uniform spinning, particularly
in the case of spinning a hot dope intoc a cool region. The
welded structure can readily be manufactured with a smooth

underface.

A yet further advantage is that it enables rectangular
designs readily to be pfoduced. Because the plates can be
preproduced prior to welding into the framework, the plates
can have holes close to their edges. The plates can all be
the same size, which means that the aperture plates can be
manufactured on a repetition basis and if one plate contains
defective holes than only a single plate needs to be rejected.
Compared, therefore, to a large single plate spinning jet the
product of the invention is much' easier to manufacture and
much less susceptible to distortion under pressure. it
pressed, single jet plates ars used of the type illustrated
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in Figure 1A, it is very difficult to produce such a jet with
holes close to the edges because of the difficulty of working
inside a dished member. If only a single plate is used, it
needs to be thick to avoid collapse which means that it is
difficult to form holes through the plate and, therefore, it
is not possible to pack the holes closely together.

The use of AISI 430 stainless steel, [containing 16-18%
by weight chromium and low levels of nickel (less than 0.5%),
manganese {less than 0.5% by weight) and molybdenum (less than
0.5% by weight} as well as low levels of carbon (less than
0.12 % by weight)] means that the plates may be punched and
welded whilst still being able to resist the conditions of

use.
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CLAIMS

1. A spinnerette characterised in that it comprises a
metal aperture plate (32), the plate (32) having a pluralicy
of holes for the spinning of a shaped product from a spinning
solution, the aperture plate (32) being welded around its
periphery to a metal frame member (20, 22, 23, 24).

2. A spimnnerette for the spinning of a plurality of
cellulose filaments from a solution cf cellulcose in a sclvent,
the spinnerette having a frame member (20) defining a portion
through holes which the solution is passed to form the
filaments, characterised in that the holes closest to the
frame member (20) are larger in diameter (61) at their
smallest diametsr portion (60) than the hcles in a region more
remote from the frame member (20).

3. A spinnerette according to Claim 2, characterised
in that the portion through which the solution is passed to
form the filaments comprises a metal aperture plate (32)
having between 500 and 10,000 holes.

4. A spinnerstte as claimed in Claim 1 or claim 3,
characterised in that the frame member (20) has at its end
opposed to the aperture plate (32) an outwardly extending
integral flange (21).

5. A spinnerette as claimed in CQlaim 1, 3 or 4,
characterised in that the aperture plate (32) is electron beam
welded to the frame member (20, 22, 23, 24).

6. A spinnerette as claimed in any one of claims 1 and
2 to 5, characterised in that the frame member (20) has a
rebate (31) into which the aperture plate member (32} is

located and welded.

7. A spinnerette according to Claim 6, characterised
in that there is a plurality of aperture plates (32) each of
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a thickness in the range 0.5 to 3.0mm and corresponding
substantially to the depth of the rebate (31).

8. A spinnerette as claimed in any one of Claims 1 and
3 to 7, characterised in that the aperture plate (32) is of
stainless steel, preferably AISI 430 grade stainless steel.

9. A spinnerette as claimed in any one preceding claim,
characterised in that the frame member is of stainless steel,
preferably AISI 304 grade stainless steel.

10. A spinnerette as claimed in any one of Claims 1 and
3 to 9, characterised in that the frame member (20) is
rectangular and the aperture plate (32) is welded into the
frame member (20} so as to have the periphery of an inner side
of the aperture plate (32) abutting the frame member (20) and
in that the spinning holes (60) are tapered in internal
diameter, and are larger on the inner side of the aperture

plate (32).

11. A spinnerette as claimed in any ome of Claims 1 and
3 to 9, characterised in that the diameter (61) of the holes
in the central region of the aperture plate is smaller than
the diameter of the holes adjacent at least one of the edges
(71n, 71B, 727, 72B, 73A, 73B, 74A, 74B, 75A, 75B, 76A, 76B)
of the plate (71, 72, 73, 74, 75, 786) .

12. A spinnerette as claimed in any one preceding claim,

.characterised in that there is provided at least one intermal -

brace (22, 23, 24) in the interior of the metal frame (20) to
provide at least two apertures (25) therethrough and in which

the apertures (25) are rectangular.

13. A spinnerette as claimed in Claim 12, characterised
in that the braces (22, 23, 24) are tapered at ‘their upper
edges and the tapers are so formed that the area of each
aperture (25) at the entrance as defined by the tapered edges

is equal.
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14. A spinnerette as claimed in Claim 13, characterised
in that the upper edge of the braces (22, 23, 24) lie in
subgtantially the same plane as the upper face cf a flange
{(21) of the frame member.

15. A spinnerette for the production of a plurality of
cellulose filaments from a solution of cellulose in a solvent
for the cellulose, characterised by:

1) a metal framework including an outer wall (20) of
generally rectangular shape in plan view, the outer
wall defining a space of depth between the two
edges of the wall (20) equal to the depth of the
spinnerette, the rectangular framework having a
length and a width, wherein the length is greater
than the width so as to define a major axis and a

minor axis,

ii) an outwardly extending flange (21} around the
periphery of the wall {20) integral with the wall,

iii) at least one major axis intermal bracing wall (22,
23) and at least .one minor axis internal bracing
wall (24) transverse to the major axis bracing wall
(22, 23) provided within the outer wall (20)
thereby defining a plurality of ape*'tures (25)
through the framework,

iv} rebates (31) in the portions of the cuter wall (20)
and the portions of the braces (22, 23, 24) at the
outer edges therecf around the periphery of each
aperture (25) to accommodate in each aperture an
aperture plate (32),

v) a2 plurality of metal aperture plates (32}
dimensioned to f£it into the rebates (31) around the

apertures {25),
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a plurality of spinning heles formed in each of the
aperture plates (32) through which the cellulose
solution can pass to form the filaments, and

the aperture plates (32) being welded in the
rebates to the framework (20) and braces (22, 23,
24) around the entire periphery of each aperture
plate (32).

A method of manufacturing a spinnerette for the

production of a plurality of cellulose filaments from a
10 sclution of cellulose, characterised by:

i)

ii)

iii)

iv)

providing a stainless steel framework including an
outer wall (20) of a generally rectangular shape in
plan view, the ocuter wall (20) defining a space of
a depth between the two edges of the wall equal to
the depth of the spinnerette, the rectangular
framework having a length arnd a width, wherein said
length is greater than said width so as to define
a major axis and a minor axis,

at one peripheral edge of the wall (20) providing
an outwardly extending flange (21) around the
periphery of the wall integral with the wall (20),

providing within the ocuter wall (20) at least ome
major axis intermal bracing wall (22, 23) and at
least one minor axis intermal bracing wall (24)
transverse to the major axis bracing wall (22, 23)
defining a.plurality of apertures (25) through the

framework,

forming rebates (31) in the portions of the outer
wall (20) and the portions of the braces (22, 23,
24) at the outer edges thereof around the periphery
of each aperture (25) to accommodate in each
aperture (25) an aperture plate {(32)
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v} forming each of the braces (22, 23, 24) with a
tapered upper edge (27, 28, 29) remote from the
rebated edge,

vi) forming a plurality of aperture plates (32) from
5 stainless steel dimensioned to £fit into the rebates
(31) around the apertures (25),

vii) forming a plurality of spinning holes (60} in each
of the aperture plates (25) through which the
. cellulose solution can pass to form the filaments,
10 the holes being tapered so as to be larger in
diameter on one side of said aperture plate (25)

than on the other side,

viii) subsequent to the formation of the spinning holes
in each of the aperture plates (32), locating the
15 aperture plates (32) in the rebates (31) in the
apertures (25) with the side of the aperture plate
(32) hé.ving the larger diameter portion of the
holes towards the bottom of the rebate (31), and
ix) electron beam welding the aperture plates (32) to
20 . the framework (20) and braces (22, 23, 24) around
the entire periphery of each aperture plate (32).

17. A method as claimed in Claim 15 or 16, characterised
in that the metal framework (20) and internmal bracing walls
(22, 23, 24) are machined from a solid plate. '

25 18, A method as claimed in Claim 15, 16 cor 17,
characterised in that the smallest diameter of the holes is

in the range 25um to 200um.

19. A method as claimed in any one of Claims 15 to 18,
characterised in that the holes are spaced from one another
30 by a centre-to-centre distance in the range 0.5mm to 3mm.



