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This invention relates to spinning cells and has
particular reference to spinning cells used for the
coagulation of lyocell filaments.

As used herein, the term "lyocell" is defined in
accordance- with the definition agreed by the Bureau
International pour la Standardisation de la Rayonne et de
Fibres Synthetique (BISFA) namely:-

"A cellulose fibre obtained by an organic solvent
spinning process; it being understood that:-

(1) an "organic solvent" means essentially a mixture of
organic chemicals and water; and

(2) "solvent spinning" means dissolving and spinning
without the formation of a’ derlvat:.ve"

Thus a lyoéell fibre 1is produced by the direct
dissolution of the cellulose in a water containing organic
solvent - typically N-methyl morpholine N-oxide - without the
formation of an intermediate compound. After the solution is
extruded (spun) the cellulose is precipitated as a fibre.
This production process is different to that of other
cellulosic fibres such as viscose, in which the cellulose is
first converted into an intermediate compound which is then
dissolved in an inorganic "solvent”. The solution in the
viscose process is extruded and the intermediate compound is
converted back into cellulose.

, The general process for the preparation of lyoccell fibres
is described and illustrated in US Patent 4,416,698,
McCorsley, the contents of which are incorporated herein by'
way of reference.

The present invention is particularly concerned with the
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spinning cell into which the extruded fibres pass after
leaving the spinnerette or jet, first passing through an air
gap and then into a coagulation bath.

Accordingly, in one aspédt, the . present invention
provides a spinning cell for the coagulation of filaments from
a solution of cellulose contained in an organic solvent for
the cellulose, the cell including a spin bath for the leaching
of the solvent from the filaments and a gap above the spin
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‘bath, the gap being defined at the lower side by the surface -

of the spin bath and at the upper side by a spinnerette from
which the filaments emerge, and having means to provide a flow

of gas across the gap. The means preferably comprise a suck '

nozzle having an entrance on one side of the gap.

In another aspect the invention provides a method for the
production of cellulose filaments from a solution of cellulose
in an organic solvent, which comprises the steps of extruding
the solution through a die having a plurality of holes to form
a plurality of strands, passing the strands across a gaseous
gap into a water-containing spin bath to form the filaments
and providing a forced flow of gas through the gap parallel
to the upper surface of the water in the spin bath by
providing a flow of gas across the gap. The gas may be sucked
across the gap.' . |

As indicated above, the invention is particularly
suitable for the production of lyocell filaments.

The gap may conveniently be an air gap and a blow nozzle
‘having an exit on one side of the air gap may be provided on
the opposite side of the air gap to the suck nozzle.

The suck nozzle preferably has a greater cross-sectional
area at its entrance than the blow nozzle has at its exit.

Baffle means may be located within the spin bath to
restrict the flow of currents of liquid within the spin bath

y
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tion of an intgrrgdiates gad. After the solution is extruded

, the cellul os Tl ed as a fibre. This production process
ifferent to that I“Iﬂ&ﬂﬁﬂ“‘gﬂl L‘I osic fibres such as viscose, in which
cellulose is fir to an internmedi ate conpound whi-ch is

t jen di ssolved in an inorganic "solvent"._ JThe solution in the viscose
rocess is extruded and the internedi ate conpound is converted back into

el I ul ose. and to calm the surface of the liquid, and in another aspect
the invention provides a spinning celi for the coagulation of
cellulose filaments formed from a solution of cellulose in an
organic solvent, characterised in that the cell has a spin
S bath for the leaching of the solvent from a tow of the
filaments as it is passed through the spin bath, the spin bath

having baffles to reduce turbulence.

The invention also provides a method for the production
of cellulose filaments from a solution of cellulose in an
10 organic solvent, characterised in that the solution 1is
extruded through a die having a plurality of holes to form a
plurality of filaments, the filaments are passed as a tow
through a water-containing spin bath to.leach solvent from the
filaments, and baffles are provided in the spin bath to reduce

15 turbulence. '

In a yet further aspecﬁ the invention provides a spinning

cell for the coagulation of cellulose filaments formed from

a solution of cellulose in an organic solvent, characterised

in that the cell has a spin bath for the leaching of the

20 solvent from a tow of the filaments, the lower end of the spin
bath having a hole through which the tow can be passed, the

hole being provided with a reSilient'periphery to resiliently

contact the tow.

The invention also provides a method for the production

25 of cellulose filaments from a solution of cellulose in an

organic solvent, characterised in that the solution is

extruded through a die having a plurality of holes to form a

plurality of filaments, the filaments are passed through a

water-containing spin bath to leach solvent from the filaments

30 and the tow of the filaments is passed through a hole at the

lower end of the spin bath, the hole being provided with a
resilient periphery to resiliently contact the tow.

The resilient periphery may be provided by a cylindrical
gaiter of flexible resilient material having an orifice which

(U |
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The general process for t padgation of lyocell fibres is described an
i Flustrated in U 8 WO 93/19230, which is prior art under
Article 54(3) EPC. oceII spi nning process with an air gap

bet ween splnneret bath. It also discloses air flowin the

air gap. JP-A-05 044 104 dlscloses that a gas flowin the air gap of

dry-jet wet

spi nni ng processes inproves the stability of the fllanentary

streans in tHa aithgapinrestrained condition 1is slightly smaller in

10

15

20

25

30

cross-sectional area than the tow, the gaiter being sealingly
secured at its upper end around the aperture in the lower end
‘of the spin bath, the tow passing, in use, through the orifice
and thereby expanding the cross-sectional .area of the orifice
in the gaiter.

The apparatus of the invention may include, as required,
means to supply spin bath liquor to a spin bath;

means to remove spin bath liquor from the spin bath; and

means to supply air of defined temperature and humidity
to the blow nozzle, where provided.

The solvent used to dissolve the cellulose is preferably
an aqueous n-methyl morpholine N-oxide solvent.

The temperature of the air in the air gap is preferably
maintained below S50°C and above the temperature which would
cause freezing of water within the strands of the mixture and
the relative humidity of the air is preferably maintained
below a dew point of 10°C.

The length of the strands in the gaseous, e.g. air, gap
is preferably maintained in the range 0.25 to 50 cm.

The die through which the solution is extruded may have
in excess of 500 holes and may have between 500 and 100,000
holes, preferably between 5,000 and 25,000 holes and further
preferably between 10,000 and 25,000. The holes may have a
diameter in the range 25 microns to 200 micromns.

The solution of cellulose may be maintained at a
temperature in the range 90°C to 125°C.

_ As indicated above, the gas may be air and thé air may
be both sucked and blown across the air gap and the air gap

o
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e spinning cell % Uextruded fi bres pass after |eaving the

erette or jet, fi rough an air gap and then into a
coggul ati on bath. Acco resent invention provides a nethod for
~production of cellulose filanents froma solgtion of

may have a height between 0.5 cm and 25 cm. The solution may
be extruded substantially vertically downward into the spin
bath. The air may have a dew point of 10°C or below and may
have a temperature in‘the range 0°C to 50°C.

5 The filaments may be extracted from a hole in the bottar
of the spin bath, and the hole may be providsd with a flexibl-
gaiter to contact the filaments passing therethrough so as t:
reduce spin bath liquid passage through the hole.

There may be a weir surface to define the upper level ©
10 liquid in the spin bath. The weir may be defined by at leas
one edge of the spin bath. There may be provided a drainag
passage down the side of the spin bath adjacent the weir
There may be a water trap in the drainage passage. Tk
spinning cell may be rectangular in shape with a blow nozzl
15 on one longer side and the suck nozzle on the opposed longe
side. There may be an access door in one or both shorts
sides of the cell. The upper edge of the cell on the suc
side may act as a weir to define the level of liquid in t:
- . cell. There may be a drainage passage on the outside of t!
20 wall having the weir. The drainage passage may include
'liquid trap to prevent air being sucked up the passage.

Baffles may be provided at a plurality of levels in t
cell. The baffles may comprise apertured plates.

There may be provided a thermally insulating lay

25 beneath the side walls of the spinnerette on at least the bl

side. The insulating layer may be provided on the blow s:i
and on the two short sides.

By way of example embodiments of the present invent
will now be described with reference to the accompany
30 drawings of which:-

Figure 1 is a cross sectional view along a minor axis
a jet assembly,
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perpendicular to the section of Figure 1,
Figure 3 is a perspective view of a spinnerette,

Figure 4 is an underneath plan view of the spinnerette
and insulation,

Figure S5 is a perspective view of one form of spinning
cell,

Figure 6 is a perspective'view of a second form of
spinning cell, '

Figure 7 is a perspective view of the upper portion of
the spinning cell of Figure 6 showing the air gap,

Figure 8 is a cross-sectional view of the exit from the
spinning cell, o '

Figure 9 is a petspectiﬁe view of the top of a spin bath,
and

Figure 10 is a cross-sectional wview of a water trap.

The invention c¢an most clearly be understood by
comparisons of the drawings attached hereto with the invention
described and illustrated in US Patent 4,416,698.

In Figure 2 of UP Patent 4,416,698, it can be seen that
the solution of cellulose in amine oxide and non-solvent -
typically water - is extruded through a jet or spinmnerette 10
to form a series of filaments which pass through an air gap:
into a water bath. The filaments then pass around a roller
12 to emerge from the upper surface of the water bath. When
the filaments emerge from the spinnerette 10 and encounter the

air gap they are stretched within the air gap. When the

filaments enter the liquid in the spin bath the solvent
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sucked across the gqmlslgﬁée a‘Piézzl e. The gap may conveniently be an
ai’r gap and a bl ow no “ eX|t on one side of the air gap may be

Vi ded on the oppos air gap to a suck nozzle. A suck

| e preferably has ea er cross- sectional area at its entrance than a
ow nozzle has at its eX|t Baffl e neans mpy be located within the spin
ath to restrict the flow of currents of I|qU|d within the spin bath

leaches out of the filaments to re-form the filaments so as
to produce the cellulosic filaments themselves.

. The number of filaments produced by the spinnerette in
the prior reference US Patent 4,416,698 is low - typically 32
S filaments are produced, see Example 1 (column 6, line 40).

Although such low numbers of filaments may be suitable

for the 'preparati'on of filamentary lyocell yarn, when it is

- required to produce staple fibre, then it is necessary to spin

very large numbers of filaments simultaneously. Typically in

10 excess of 5,000 filaments would be produced per spinning cell

and a plurality of spinning cells would be arranged in a

side-by-side location to produce very large numbers - in the

hundreds of thousands - of filaments which could be washed and
cut to form staple fibre.

1s The invention provides a spinning cell in which there is
provided a cross-draught of air in the air gap to cool the
filaments as they emerge from the spinnerette. Typically the
temperature at which K the cellulose solution is extruded
through the Spinneretﬁe is in the range 95°C to 125°C. If the

20 temperature drops too low, the viscosity of the cellulose
solution becomes so high that it is impractical to extrude it
through a spinnerette. Because of the potential exothermic
nature of the cellulose solution in N-methyl morpholine
N-oxide (herein NMMO), it is preferred that the temperature

25 of the solution - sometimes referred to as a dope - is
maintained below 125°C, preferably below 115°C. Thus the
temperature of the dope in the spinnerette is close to at or
above the boiling point of the water which is typically used
in the spin bath. The contents of the spin bath may be water

30 alone or a mixture of water and NMMO. Because the NMMO is
continuously leached from the filaments into the spin bath,
the spin bath would, during normal operation, always contain
NMMO .

The provision of the cross-draught of air in the air gap
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has been found to stabilise the filaments as they emerge from
the spinnerette, thus enabling larger numbers of filaments to
be spun at a given time and enabling the simultanecus
production of the large number of filaments required for the
manufacture of staple fibre on a commercial scale.

The use of a cross-draught enables the gap between the
face of the spinnerette and the liquor in the spin bath to be
kept to a minimum level, hence reducing the overall height of
the spinning cell. '

For optimum performance the humidity of the air should
be controlled so that it has a dew point of 10°C or less. The
dew point may be in the range 4°C to 10°C. The temperature
of the air can be in the range 5°C to 30°C, but the air can
be at 10°C with a relative humidity of 100%.

Referring to Figure 5 this shows a spinning cell 101
which has a generally rectangular shape with a prismatic
portion 102 towards the lower end. At the bottom of the cell
is an outlet hole 103 which will be described in further
detail below. The upper edge 104 of the spinning cell defines
the upper level of liquor in the spinning cell. Typically the
liquor contained in the cell would be a mixture of water. and
25% NMMO, but concentrations in the range 10% to 40% or 20%
to 30% by weight of NMMO can be used. The dotted lines 105,
106, define the path of the filaments passing through the spin
bath during the leaching process. At the upper end of the
cell the filaments are in a generally rectangular array 107.
The shape of the array 107 will be defined by the shape of the
spinnerette or jet through which the filaments are extruded

:
\

in the spinning process. To prevent excessive turbulence of _

spin bath liquor within the cell, perforated plates 108, 109,
110 having 3mm holes and 40% voidage are located within the
upper region of the cell to restrict flow of cell liquor
within the cell.

As the filaments pass downwardly in a tow through the
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cro#é;sectional are h gn ea grea of the filanments, the - 3-
gai/t ar bei ng sealing p s upper end around the aperture in the
r end of the spln nents passi ng, in use, through the

fice in the gaiter

cell they entrain spin bath liquor held at 25°C, or in the
range 20°C to 30°C and the entrained liquor 1is carried
downwardly. Because the total cross sectional area of the tow
. of filaments is reduced as they approach the outlet, excess
S spin bath liquor is expressed sideways from the tow of
filaments. This sets up a pumping action of liguor within the
bath, tending to produce currents of liquor in the cell. The
use of the porous baffles 108, 109 and 110 significantly
reduces turbulence of the surface of the spin bath and within
10 the upper portion of the bath. This reduction in turbulence
prevents or significantly reduces splashing of the spin bath
liguor up onto the face of the spinnerette and prevents
disruptive movement of the filaments.

As shown in Figure 6, the baffles 111 and 112 are
15 preferably shaped so as to be quite close to the. mov:.ng"
surfaces of the tow or tows of filaments passing’ downwardly
through the cell. In the case of the use of a spinnerette
which forms the filaments into two rectangular tows 113, 114
which pass downwardly through the spinning cell as prismatic
20 regions 115, 116 until they combine to emerge through the hole
103 at the bottom of the spinning cell.

Referring to Figure 7, this shows in more detail the air

gap and the croés—draught arrangement. The spin bath 115

which has an upper surface 116 defined by the edges 117, 118,

25 119 and 120 of the spinning cell. Effectively the edges act

as dams or weirs and a slight excess of spin bath liquor is

passed into the cell to flow over the weirs so as to form a

surface 116 of constant location and therefore of fixed
height. ' '

30 A cross-draught in the form of air having a temperature
in the range 10°C to 40°C and a relative humidity in the range

of dew points 4°C to 10°C is blown across the air gap from a
blow nozzle 121 into a suction nozzle 122. Air is sucked
through the nozzle 122 so as to maintain a parallel flow of

. 35 air across the spin bath. The thickness of the blow nozzle
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sbl vent used to di' s I ul ose is preferably an aqueous N- nethyl
nor phol i ne N-oxideJ gl tﬂ enperature of the air in the air gap is
pref erably nmaintai 3 r] C and above the tenperature which woul d
cause freezing of water within the strands,1@8nd the relative hunidity of
the air is pre ably .mai nt ai ned bel ow a dew pai nt .
P {5{ Jt.)syabout: one quarter to one I9.’:i.ft:h of the thickness of the
suction nozzle 122. The lower edge 123 of the suction nozzle
122 is substantially at the same level as the edge 119 of the
spin bath. The edge 123 may be slightly below the level of
5 the spin bath edge 119. Air typically at 20°C is blown at 10
metres/second across the air gap. '

Typically the suck nozzle 122 would have a thickness of
about 25 mm and the air gap would then be about 18 to 20 mm
high.

10 The jet assembly 124 which produces the filaments 125
preferably comprises a spinnerette formed of thin sheets of
stainless steel welded into a structure which has a flat under
surface mounted in an assembly which provides heat to the
spinnerette and which thermally insulates the bottom of the

1S spinnerette. Such spinnerettes are ideally suited to a
spinning cell according to the present invention in that the
cross-draught of air has been found to stabilise the filaments
emerging from the spinnerette.

Referring to Figure 1, this shows a jet assembly located
20 within an insulating cover 1 and frame 2. The frame 2 is
thermally insulated from its steel support structure, and has
a bore 3 extending around the frame through which a suitable
heating medium such as hot water, steam, or oil, can be passed :
to heat the lower end of the frame. Because the cellulose
25 solution spun through the jet assembly is supplied to the jet
assembly at an elevated temperature, typically 105°C, it is
preferable to provide heating to waintain the solution at the
correct temperature and to provide insulation to minimise
excessive heat loss and to prevent injury to operating

30 personnel. |

Bolted to the frame 2 by means of bolts or studs 4, 5 is
a top housing 6. The top housing forms an upper distribution
chamber 7 intc which is directed an inlet feed pipe 8. The
inlet feed pipe is provided with an O-ring seal 9 and a flange
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[.err]C. The length of the strands in the gaseous, e.g.

al gap s
pfeferably maintai She e). 5 to 25 cm The die through whi ch the
S tion is extrude xcess of 500 hol es and nmay have between
5 and 100, 000 hol bet ween 5, 000 and 25, 000 hol es and

rther preferably between 10, 000 and 25, GG0.. The holes may have a di aneter
n the range 25 mcrons to 200 m crons.
10. A locking ring 11 is bolted to the upper face 12 of the

top housing 6 to trap the flange 10 to hold the inlet feed
pipe on the top housing. Suitable bolts or studs 13, 14 are

provided to bolt the ring 11 to the top housing 6.

5 Bolted to the underside of the top housing 6 is a bottom
housing 20. A series of bolts 21, 22 are used to bolt the top
and bottom, housing together and an annular spacer 23 forms a
positive stop to locate the top and bottom housings together
at a predefined distance.

10 The bottom housing 20 has an inwardly directed flange
portion 24 which has an annular upwardly directed surface 25.
The upper housing 6 has an annular downwardly directed
horizontal clamping face 26.

Clamped between the faces 25 and 26 is a spinnerette, a
15 breaker plate and filter assembly. The spinnerette, shown in
perspective view in Figure '3, essentially comprises a
rectangular member in plan view, having a top hat cross
section and comprising an upwardly directed peripheral wall
generally indicated by 28 incorporating an integral cutwardly
20 directed flange portion 29. The spinnerette incorporates a
plurality of aperture plates 30, 31, 32 which contain. the
holes through which the solution of cellulose in amine oxide,

33 is spun or extruded to form filaments 34.

Located on the upper surface of the flangelzé is a gasket

25 35. Located on top of the gasket 35 is a breaker plate 36
which essentially comprises an apertured plate used to support

a filter element 37. The filter element 37 is formed of
sintered metal, and if the sintered metal has a fine pore
size, the preséure drop across the filter can, in use, rupture

30 the filter. The breaker plate 36, therefore, supports the
filter in use. A pair of gaskets 38, 39 on either side of the
filter completes the assembly located between the upwardly
directed face 25 of the bottom housing and the downwardly
directed face 26 of the top housing. By clamping the assembly
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The seol uty wefsgq MY be nmintained at a tenperature in the range
90[err] C ?LQ Hk B g}ndicated above, the gas may be air and the air
may be bOtael H‘ own across the air gap, and the air gap may have a°

hei ght bet 25 cm The not cellul ose solution may be extruded
substantially vertically dowward into the-sp2n-bath. The filanments may be

extracted froma hole in the hottomof _the_spin bath, and the hol e nmay be \
provided with a~PFESEBF FHLF ttg'fe &’BTEén?éctthéﬂle Spinnerette, g?eaker pfat:e \
and filter are held positively in position. \

Located beneath the bottom housing 20 is an annul.ar
thermally insulating ring 40 which is ggnerally rectangular
S in plan shape. The annular insulating ring extends around the
complete periphery of the wall 28, which wall 28 extends below
the lower.face 41 of the bottom housing 20. On one long side
of the spinnerette, there is provided an integral extension
portion 42 of the insulating ring 40 which extends below the
10 long wall portion 43 of the peripheral wall 28. On the other
long wall portion 41 of the peripheral wall 28 the insulating
ring 40 does not have the integral extension portion 42, but
. the lower face 44 of that portion of the ring 40 is in the
same plane as the face 46 of the portion 41 of the peripheral

15 wall 28 of the spinnerette.

As is more easily seen in Figure 2, the insulating ring

40 which is secured to the underside of the bottom housing 20

by screws (not shown) has the integral extension portions 50,

51 extending over the lower faces of the portions 52, 53 of

20 the shorter lengths of the peripherai wall 28 of the
spinnerette.

Referring to Figure 3 this shows in perspective the
spinnerette incorporated into the jet assembly. The
spinnerette, generally indicated at 60, has an outer flange

25 29 integral with the wall 28. The rectangular nature of the
spinnerette can clearly be seen from the perspective view in
Figure 3. The minor axis of the spinnerette is shown in the
sectional view of Figure 1 and the major axis is shown in
sectional view in Figure 2. Welded into the bottom of the

30 spinnerette are six aperture plates 61 of which three of the
plates 30, 31, 32 can be seen in secticnal view in Figure 1.
These plates contain the actual holes through which the
cellulose solution is extruded. The holes can have a diameter
in the range 25y to 200y and be spaced by 0.5 to 3mm in a

35 centre-to-centre measurement. The spinnerette has an
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t*hr ough t he hol e.
liquid in-the spin m Mﬂ [ may be defined by at | east one edge
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underside in a single plane and is capable of withstanding the
high extrusion pressures experienced in spinning a hot
cellulose solution in amine oxide. Each plate can contain
between 500 and 10,000 holes, i.e. up to 40,000 holes for jets
5 with four plates. Up to 100,000 holes can be used.

Figure 4, is an underneath view of the spinnerette
showing the location of the insulating annular member 0. It
can be seen that the insulating layer, typically formed of a
resin impregnated fabric material such as Tufnol (trade mark)

10 extends below the lower portion of the peripheral wall 28 on
three sides of the spinnerette. Thus, seen from below, on
sides 62, 63 and 64, the lower portion of the wall 28 is
obscured by the extension portions in the insulating layer
shown as 42, S0 and 51 in Figures 1 and 2. However, on the

15 fourth side, side 65, the lower portion 66 of the wall 28 of
the spinnerette 60 is not insulated and is, therefore exposed.
The insulating annulus, therefore, is effectively surrounding
the spinnerette completely and extends on three sides beneath
the peripheral wall of the wall of the spinnerette. '

20 It will be noted that the breaker plate 36 has tapered
holes 67 which enhance the flow of viscous cellulose solution
through the jet assembly whilst providing a good support. for
the filter 37. In turn the breaker plate 36 is supported by
the upper edges of the internal bracing members or spars 68,

25 69, 70. The upper edges of the internal bracing members or
spars may be displaced from the centre line of the members or
spars so that the entrance area above each aperture plate is
equal. '

30 The facings 25, 26 of the housing and/or the breaker
plate 36 may be provided with small recesses such as recess
80 (see Figure 2) so as to permit the gasket to be extruded
into the recess to enhance sealing when the bolts holding the
top and the bottom housing together are tightened. An O-ring
35 84 may be provided between the top and bottom housing to act
as a second seal in the event of failure of the main seals
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passage dqﬁﬂshﬁ Sipden platede spin bath adjacent the [err] There may be a "

water [err] e passage. The spinning cell may be rectangul ar
i n shape mﬁ‘“““L \ ne | onger side and the suck nozzle on the opposeq"
| onger si de. an access [err] is one or [er] shorter sides of

the cell. The upper edge of the cells or thg4suck side may act as a [err]

' the Jevel of liquid in_the cell. There may be a drai nage passage
g? ?ﬁglgﬁtsideb%?w?ﬁ% theqtop and bottom housing andythe breaker plate and

filter assembly.

A spinnerette as employed in the invention is, therasfore,
capable of handling highly viscous high pressure cellulose
S solution in which typically the pressure of the solution
upstream of the filter may be in the range 50 to 200 bar and
the pressure at the inside of the die face may be in the range
20 to 100 bar. The filter itself contributes to a significant
amount of pressure drop through the system whilst in

10 operation.

The assembly of the invention also provides a suitable
heat path whereby the temperature of the dope in the spinning
cell can be maintained close to the ideal temperature for
Spinning for extrusion purposes. The bottom housing 20 is in

-15 firm positive contact with the spinnerette through its annular
upwardly directed face 25. The bolts or set screws 21, 22
ensure a firm positive contact. Similarly, the bolts 4,5
positively ensure that the bottom housing 20 is held tightly
to the frame member 22 via its downwardly directed face 81

20 formed on an outwardly directed flange portion 82. The face
81 is in positive contact with the upwardly directed face 83
of the housiﬁg 2.

By providing a heating element in the form of a heating

tube 3 directly below the face 83 there is a direct flow path

25 for heat from the heating medium in the bore 3 into the

spinnerette. It can be seen that heat can flow through the

faces 83, 81 which, as mentioned above, are held in positive

contact by the set screws 4, S. Heat can then flow through

the bottom housing 20 via the face 25 and flange 29 into the
30 spinnerette wall 28.

It will readily be'appreciated'that assemblies of the
type illustrated in the accompanying drawings are normally
assembled in an ambient temperature workshop. Thus typically
the top and bottom housing, the spinnerette, the breaker plate
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wal | “havi ng t he [err : The dr ai nage passage may include a liquid trap to
prevent EW&ﬁm@ dup the passage. Baffles may be provided at a

allty he call. The baffles may .canpri se apertured
vided a thermally insulating | ayer beneath the

de malls of the sprnnerette on at |east {fe_blow side. The insulating
Iayer may be provided on the bl ow side and on the two short sides.

and filter plate assembly will be bolted up at ambient
temperacﬁre by tightening the screws 21, 22. To enable the
- spinnerette to be inserted into the bottom housing 20 there
needs to be a sufficient gap between the peripheral wall 28
5 and the interior hole of the bottom housing 20 which permits
the spinnerette to be inserted and removed. It will also be
appreciated that in use the assembly is heated to typically
100°C. The.combination of heating and internal pressure means
that there will be an unregulated expansion of the assembly.
10 All of this means that it is not possible to rely upon a
direct heat transfer 51deways from the lower portion of the
bottom housing directly horizontally into the side of the
peripheral wall 28.

Similar constraints apply to the direct horizontal
15 transfer of heat into the outer side wall of the bottom
housing 20 directly from the heated loﬁer'portion of the frame
2. However, by providing for a positive clamped face-to-face
surface such as surface 81, 83, a positive route for the
transfer of heat from the medium within bore 3 to the
20 spinnerette is provided. Any suitable heating medium such as
hot water, steam or heated oil can be passed through the bore

3. '

The provision of the lower thermal insulation 40 whilst.

not needed from a safety-to-personnel view point ensures that

25 the heat from the hot cellulose solution itself is passed into

the jet assembly from the bore 3 and does not éescape through
the lower face of the bottom housing.

It will readily be appreciated that the components of the

~ spinning cell should be manufactured from material capable of

30 withstanding'any solvent solution passed through it. Thus,

for example, the spinnerette may be made from stainless steel

and the housings may be made from stainless steel or castings

of cast iron as appropriate. The gaskets may be formed of
PTFE.
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By way of exanple enbodlnents of t he present invention will now be o
described with refém npanyi ng draw ngs of which:- Figure
1 is a cross sectionaf ﬁ m nor axis of a jet assenbly, Figure 2

is a cross section of

Figure 1 perpendicular to the section of

Figure 1. Figure 3 is a perspective view ef1a spinnerette

10

15

20

25

30

35

Without prejudice to the present invention it is believed
that the cross-draught tends to evaporate some of the water
contained in the cellulose NMMO water solution so as to form
a skin on the filaments as they emerge from the spinnerstte.
The combination of the cooling effect of tne cross-draucght and

.the evaporation of moisture from the filaments cools the

filaments, thus forming a skin which stabilises the £ilaments
prior to their entry into the spin bath. This means that very
large numbers of filaments can be produced at a single time.

At the bottom end of the spinning cells, the holess 103
are each provided with gaiters as is illustrated in more

detail in Figure 8. The tow 130 of filaments passes through.

the hole 103 into a resilient gaiter 131 which is located at
its upper end in firm and liquid-tight contact with the wall
in which the hole 103 is provided. The gaiter 131 has an
aperture at its lower end slightly smaller in diameter than
the tow 130. The gaiter is formed of neoprene rubber and the
tow 130 stretches the rubber slightly so as to form a form
contact with the tow as it passes through the gaiter. The
gaiter thus restricts the excess flow of liquor out of the
bottom of the spinning cell.

The tow subsequently passes undermneath a godet and then
upwardly for washing and further processing. Below the godet
there may be provided a drip tray to catch spin bath liquor
entrained in the tow and passing through the gaitersd hole
103.

The flow of spin bath liquid in the upper portion of the
spinning cell will now be described more clearly with
reference to Figures 9 and 10. PFigure 9 shows a perspective
plan view of an empty upper portion of a spinning cell. The
spinning cell effectively comprises a liquid-tight vessel
defined by side walls 135 and 136 and by end walls 137 and
138. The side walls 135 and 136 are continuous steel side

walls, whereas the end walls 137 and 138 are provided with .

doors 139 and 140 as described more fully below.
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Flgure 41is a lepngaRke cgian view of the spinnertta andplnsu Fa
-b- Figure iﬁ‘ “\ﬂn‘ﬂ \I ve view of one form of spin bath, :

- 17 -

Qutside of the liqﬁid-tight spinning cell defined by the
walls 135 to 138, there is an external framework defined by
side walls 141 and 142 and end walls 143 and 144. It can be
seen that the end walls 143 and 144 are provided with U-shaped

S cut outs generally indicated by 145 and 146. The upper edges
of the side walls 135 and 136 are slightly below the upper
edges of the end walls in particular that portion of the end
walls defined by doors 139 and 140. The doors may be formed
of metal or may be formed of glass or a clear plastics

10 material. The doors are mounted in the side walls so thét
they may be conveniently opened. The doors may, for example,
be hinged at their lower edges and held in closed position by
means of side bolts or the doors may be bolted around three
sides to the side walls of the cell.

15 In use, a slight excess of liquid is pumped into the
spinning cell and the excess liquid overflows the upper sides
of the edges 135 and 136 to form an upper surface of liquid
in the cell. If desired the upper edges may be serrated.

" On the suck side of the cell, there .is preferably
20 provided a liquid trap. This is shown more clearly in Figure
10 but it essentially comprises a channel formed between an
angled wall 147 and the upper portion of the side wall 135.
The suck nozzle 148 has a dependent strip 149 which extends
below the upper surface of the channel 147. Excess liquid
25 then flows over the upper edge 150 into the channel 151 to
£ill the channel and overflow as at 152 into a gutter 153.
Excess liquid flows ocut of a pipe 154 from the gutter 153 to
be recycled as required. The effect of the combination of the
liquid in the channel 151 together with the dependent strip
30 149 is to form a gas-tight seal to prevent the suction nozzle
. 148 sucking air up along the side of the cell between the
~ walls 141 and 135.

By providing the hole 103 at the bottom of the spin bath
cell as described above, the initial lacing up of the tow to
35 commence preparation of the production of lyocell fibres is’
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Fi gure 6 is a perspem.sst@etmmenﬁ; a@e gecond form of spin bath, Figure 7 is:
a’ perspective view of |on of the spin bath of Figure 6
showi ng the air gap, ross sectioal view of the exit fromthe
spin bath, Figure 9 i view of the top of a nodified spin
bat h and - 18 -
considerably eased. The process for commencing production,
therefore, simply comprises spinning a small quantity of
fibres into the cell and then hooking the fibres through the
hole in the bottom to pull the tow downwardly around the lower
5 godet or roller (not shown) and then thread the tow onwardly

through the following fibre washing and fibre drying sections
(not shown) .

Because of the narrow gap between the upper end of the
spinning cell and the lower regions of the jet assembly,
10 lacing up of the tow is considerably eased by the provisions
of the doors 139 and 140. To lace up the cell at the
commencement of a spinning operation, the doors 139 and 140
are opened - the spin bath liquid from the cell then falling
into the surrounding catchment troughs. Spinning is then
15 commenced and the spun fibres can be manipulated and pushed
through the hole at the bottom of the cell. Once the cell has
been laced up, the door 139, 140 can be closed, the cell
refilled and operation can then be continued automatically.

If required, plain water can be used in the spin bath for

20 starting purposes. This water tends to froth less than

aqueous amine oxide mixtures and eases start-up of the cell.

The provision of the doors 139, 140 also enables ready access

to the interior of the spin bath and to the edges of the suck

nozzle. This enables small quantities of crystal'line growth

25 which appear on the cell during operation to be removed. It

is believed that these cfystalline “growths arise from the
slight evaporation of amine oxide. |

It will be appreciated that a large number of cells may

be aligned in a side-by-side relationship and the bottom of

30 each cell can readily be assessed by an operator. If on the
other hand the fibres emerge through the upper surface of the
spin bath, the lacing up of the system is very much more
complicated and involves an operator trying to work below the
surface of the spin bath to collect the fibres in a tow from

35 below the surface of the spin bath. Additionally, when large
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Figure 10 is a cross-sectional view of a water trap. The invention can nost
clearly be wunderstood by conparisions of the drawi ngs attached hereto .
ghh the invention described and illustrated in US Patent 4.416,698. In
ure 2 of UP Patent 4,436,698, it can be seen that the solution of
cellul ose in am ne OX|de and non-sol vent .- jgypically water - is extruded
through a jet or spinnerette 10 to forma series of filanments which pass

t hrough an ai nughprs of cells are placed in side-by-side relationship it
becomes difficult to access the top of the cells, particularly
if the air gap is very small and the cells are narrow. It can
be seen that by utilising a narrow and little larger than the

5 wedge of tow passing through the spin bath.

[
et Has Been Replaced
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into a spin bath. The filanments then pass around a roller 12 to emerge from
t he Upper surface of the spin bath. Wen the filanments enmerge fromthe
spi nnerette 10 and BmﬂhmﬂesrBelem%de gap they are stretched within the ai r.

gap. Wen the fila liquid in the spin bath the sol vent
| eaches out of the f

formt-hezo‘i-l anents so as to produce the
cellulosic filanments thensel ves. The nunber of filanments produced by the
spi nnerette in the prior CLAIMS

1. A method for the production of cellulose filaments from
a solution of cellulose in an organic solvent, characterised
in that it comprises the steps of extruding the solution
5 through a die (60) having a plurality of holes to form a
plurality of strands, passing the strands (12S) across a
gaseous gap into a water-containing spin bath (101, 115) to
form the filaments and providing a forced flow of gas through
the gap parallel to the upper surface (116) of the water in
10 the spin bath (101, 115).

2. A method as claimed in claim 1, characterised in that the
gas is sucked across the gap.

3. A method as claimed in Claim 1 or 2, characterised in
that the die (60) has between 500 and 100,000 holes,

1S preferably between 1,000 and 15,000 holes and €£further
preferably between 2,000 and 10,000 holes.

" 4. A method as claimed in Claim 1, 2 or 3, characterised in
that the solution of cellulose is maintained at a temperature

in the range 100°C to 125°C.

20 5. A method as claimed in any one of claims 1 to 4, in which
the gas is both sucked and blown across the gap.

6. A method as claimed in Claim 1, 2, 3, 4 or 5§,
characterised in that the gas is air.

7. A method as claimed in Claim 6, characterised in that the
25 air has a dew point of 10°C or below.

8. A method as claimed in Claim 6 or 7, characterised in
that the air is at a temperature between 0°C and 50°C.

9. A method as claimed in any one of Claims 1 to 8, in which

the gap is between 0.5cm and 25cm in height.
‘LR A
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sée Exanple 1 (colu .-6- Al though such | ow nunbers of
figmanents may be suﬂ%ﬂm‘“ﬂﬂ“m rep_ar ation of filanmentary |yocell yam
it is a1
10. A spinning cell for the coagulation of filaments formed
from a solution of cellulose in an organic solvent,
characterised in that the cell includes a spin bath (101, 115)
for the leaching of the solvent from the filaments (34) and
5 a gap above the spin bath (101, 115), the gap being defined
at the lower side by the surface of the s;iin bath (101, 115)
and at the upper side by a spinnerette (60) from which the
filaments (34) emerge, and means to provide a flow of gas
‘across the ..gap.

10 11. A spinning cell as claimed in claim 10, characterised in
that said means comprises a suck nozzle (122, 148) having an
entrance on one side of the gap.

12. A spinning cell according to Claim 11, characterised in
that a blow nozzle (121) is positioned to have an exit on the

15 opposite side of the gap to the entrance to the suck nozzle
(122, 148).

13. A spinning cell according to Claim 12, characterised in

that the suck nozzle (122, 148) has a greater cross-sectional

area at its entrance than the blow nozzle (121) has at its
20 exit.

14. A spinning cell act:o'rding to any one of Claims 10 to 13,
characterised in that baffle means (108, 109, 110, 111, 112)
are located within the spin bath to restrict the flow of

25 currents of liquid within the spin bath and to calm the
surface of the liquid.

15. A spinning cell according to any one of Claims 10 to 14,
characterised by an aperture (108) at the lower end of the
spin bath through which coagulated filaments emerge in the
30 form of a tow (130), and a gaiter (131l) of flexible resilient
material having an orifice which in the unrestrained condition

- is slightly smaller in cross-sectional area than the tow
(130), the gaiter being sealingly secured at its upper end
around the aperture (103) at the lower end of the spin bath

A
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requi,yed to proglQeectliames Heblade®, then it is necsssary to spin very large

nunbers. of fila ously. Typically in excess of 5,000 filanents _
woul d be producgﬁ!‘mﬂmm ‘cell and a plurality of spinning cells woul c.
be arranged in a Sy - Si | ocation to produce very large nunbers in the
hundreds of thousands - of filanents which22oul d be washed and cut to form

staple fibre. The inventiqn provides a nethod using an agparatus,for
pr oduci ng (101, 115), che tow passing, in use, through the orifice and

thereby expanding the cross-sectional area of the orifice.

16. A spinning cell as claimed in any one of Claims 10 to 15,
characterised in that the cell (101, 115) is rectangular in

5 shape with the blow nozzle (122, 148) on one of the longer
sides.

17. A spinning cell as claimed in Claim 16, characterised in
that there is an access door (139, 140) in at least one
shorter side of the cell.

10 18. A spinning cell as claimed in any one of Claims 10 to 17,
characterised in that the upper edge (150) of the cell on the
suck side (148) acts as a weir to define the level of liquid
in the cell.

19. A spinning cell as claimed in Claim 18, characterised in
15 that there is a drainage passage (153) on the outside of the
wall having the weir.

20. A spinning cell as claimed in Claim 19, characterised in
that the drainage passage (153) includes a liquid trap (149,
151) to prevent air being sucked up the drainage passage.

20 21. A spinning cell as claimed in any one of Claims 10 to 20,
characterised in that there is provided a thermally insulating
layer (40) beneath the side walls of the spinnerette (60) on
at least the blow side.

22. A method for the production of cellulose filaments from
25 a solution of cellulose in an organic solvent, characterised
in that the solution is extruded through a die (60) having a
‘plurality of holes to form a plurality of filaments (34), the
filaments are passed through a water-containing spin bath
(101, 115) to leach solvent from the filaments and the tow of
30 filaments (130) is passed through a hole (103) at the lower
end of the spin bath (101, 115), the hole (103) being provided

BT
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the air gamsﬂmadbaB #d anents as they energe fromthe spinnerette.
|caIIy t H at which the celluol ose solution is extruded

ough th s in the range 95[err]C to 125C. If the
tenperature rops too | ow, the vircosity_ oi the cellul ose sol ution becones
so high that it is inpractical to extrude % t hrough a spinnerette. Because

of the potenty ex ' h | WL n n ‘pyl
Tor phol | ne - ol G- (her ST LeRRnES” Epfery Mo CResHLESREED Pbedck el EblY
the solution - sonetines referred to as a dope

23. A method according to Claim 22, characterised in that the
hole (103) is provided with a resilient gaiter (131) to
provide the resilient periphery to contact the tow.

S 24. A method according to Claim 23, characterised in that the
gaiter (131) has an orifice at its lower end slightly smaller
in diameter than the tow (130).

25. A method according to Claim 22, 23 or 24, characterised
in that the filaments (34) are passed through a gap between

10 the die (60) and the spin bath (101, 115) and a forced flow
of gas is provided through the gap parallel to the upper
surface of the liquid in the spin bath.

26. A spinning cell for the coagulation of cellulose
filaments formed from a solution of cellulose in an organic
15 solvent, characterised in that the cell has a spin bath (101,
115) for the leaching of the solvent from a tow (130) of the
filaments, the lower end of the spin bath (101, 115) having
a hole (103) through which the tow (130) can be passed, the
hole (103) being provided with a resilient periphery to
20 resiliently contact the tow (130). |

27. A spinning cell-aécording to Claim 26, characterised in
that the resilient periphery is provided by a resilient gaiter
(131) . '

28. A spimning cell according to Claim 27, characterised in

25 that the resilient gaiter (131) is sealingly secured at its
upper end around the hole (103) and has an aperture at its
lower end slightly smaller in diameter than the tow of
filaments (130).

29. A spinning cell according to Claim 26, 27, or 28,
30 characterised in that a gap is provided above the spin bath

_ (101,115) and is defined between the upper surface of the spin
| 0



- is muintai ned bel ow. 125[ err]C re%erabl y below 115[err]C. Thus the

terrperat ure of the

rette is close to at or above the

boiling point of the EVI ﬁl} typically used in the spin bath. The
contents of the spin ter alone or a mxture of water and

NVMO. Because the NMMO is continuously | eagdged fromthe filanments into the

spin bath, the spin bath would, during normal operation, always contain
NWO. The provwashorangt thee Lowes- euzfighe of & rdie (6@) abhrgagh which the

10

15

20

25

30

filaments (34) are formed.

30. A spinning cell according to Claim 29, characterised in
that means (121, 122) are provided to provide a forced flow
of gas through the gap parallel to the upper surface of the
spin bath (101, 115).

31. A method for the production of cellulose filaments from
a solution of cellulose in an organic solvent, characcarised
in that the solution is extruded through a die (60) having a
plurality of holes to form a plurality of f£ilaments (34), the
filaments are passed as a tow (130} through a water-containing
spin bath (101, 11S) to leach solvent from the filaments, and
baffles (108, 109, 110, 111, 112) are provided in the spin
bath to reduce turbulence. |

32. A method according to Claim 31, characterised in that the
cross-sectional area of the tow (130) is reduced as it travels

towards the outlet of the spin bath (101, 115).

33. A method according to Claim 31 or 32, characterised in
that the baffles (108, 109, 110, 111, 112) are porous.

34. A method according to Claim 31, 32 or 33, characterised

in that the baffles (108, 109, 110, 111, 112) are provided at
a plurality of levels in the spin bath (101, 115).

35. A method according to any one of Claims 31 to 34,

characterised in that the filaments (34) are passed through
a gap between the die (60) and the spin bath (101, 115) and
a forced flow of gas is provided through the gap parallel to
the upper surface of the liquid in the spin bath.

36. A spinning cell £for the coagulation of cellulose
filaments formed from a solution of cellulose in an organic
solvent, characterised in that the cell has a spin bath (101,
115) for the leaching of the solvent from a tow (130) of the

* 4 L L S *
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gas “heer found to sta |I| he filaments as they enmerge fromthe
splnnerette 1N$ rge nunbers of filaments to be spin at a given
"F and ena t aneous production of the | arge nunber of
fPament s reqU| nufacture of stapte fibre on a comercia

scal e. - 25 -

filaments as it is passed through the spin bath (101, 115),
the spin bath having baffles (108, 109, 110, 111, 112) to
reduce turbulence.

37. A spinning cell according to Claim 36, characterised in
S that the baffles (108, 109, 110, 111, 112) are porous.

38. A spinning cell according to Claim 36 or 37,
characterised in cthat the baffles (108, 109, 110, 111, 112)
are perforated plates.

39. A 'spinning cell according to Claim 36, 37 or 38,

10 characterised in that the baffles (108, 109, 110, 111, 112)
are positioned at a plurality of levels in the spin bath (101,
115) .

40. A spinning cell according to any one of Claims 36 to 39,
characterised in that the baffles (108, 109, 110, 111, 112)

15 are positioned within the upper region of the spin bath (101,
115) .

41. A spinning cell according to any one of Claims 36 to 40,
characterised in that the baffles (108, 109, 110, 111, 112)
are shaped to be positioned close to the moving surfaces of

' 20 the tow or tows (130) of filaments passing through the spin
bath (108, 109, 110, 111, 112).

42. A spinning cell according to any one of Claims 36 to 41,
characterised in that a gap is provided above the spin bath
(101, 11S) and is defined between the upper surface of the

25 spin bath and the lower surface of a die (60)through which the
filaments (34) are formed.

43. A spinning cell according to Claim 42, characterised in
that means (121, 122) are provided to provide a forced flow
of gas through the gap parallel to the upper surface of the
30 spin bath (101, 115). ___;______r__—————¥
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-7- The use of a cross-draught enabl es the gap between the face of the

spinnerette and the liquor in the spin bath to be kept to a mninmum|evel,

hence reducing the overall height of the spinning apparatus. For.optium
performance the humdity of the air should be controlled so that it has a
dew point of 10[err]C |ess. The dew point #8y-be in he range 4[err]C to

~10[err] C enper a e air _can_be in_the e 5SLe
30[err] G, butg%heng gﬂg gor the pro& Qeén' 8e' 8&11 31986 El h s from
a solution of cellulose in an organic solvent substantially
as hereinbefore described with reference to and as shown in

the accompanying drawings.

S 45. A spinning cell for the coagulation of filaments formed
from a solution of cellulose in an organic solvent
'substantia;ly as hereinbefore described with reference to and
as shown in the accompanying drawings.

46. Cellulose filaments produced by the method or with the
10 apparatus claimed in any one of claims 1 to 4S.

/
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be at 10[err]th|ch aretative humdity of 100% ReferringctT!GgguﬁeISU ] ] 07
this shows a spin bath 101 which has a generally rectangul ar shape with a
pnifnatic portion 102 towards the |ower end. At the bottomof the bath is
outl et hole 103 which will be described in further detail below The
upper edge 104 of the spin bath defines thegsupper level of liquor in the
spin bath. Typically the Iiquor contined in the spin bath would be a
m xture of water and 25% NMMO, but concentrations in the range 10%to 40%
or 20%to 30% by wei ght of NMMO can be ﬁ%ﬂ&ﬁ dotted

A method of producing lyocell fibres (125) by spinning

a solution of cellulose in an organic solvent through an air
gap and into a spin bath (115)in which there is provided means

5 (121, 122) to generate a cross-draught of air in the air gap.

[
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| i nes-105, 106, define the path of the filanents pa.s',.si ng th?‘d‘EéﬁBtﬁeds{oﬂ}I 1 ﬂ

bath during the - enReple®ed At' t'he upper end of the spin bath the
f ments are in ctangul ar array 107. The shape of .the array
107" will be defin e of the spinnerette or jet through which
the filanments are extruded 1 n the:spinning process. To prevent excessive

turbul ence of liquor within the spin baf”i6 perforated plates 108, 109, 110
havi ng 3mm hol es and 40% vQi. are |ocated within the upper region of the

bath to restrict flow of W’thi!{the spin bath.\
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As the filanments pass downwardly in a tow through the spin bath they

eéntrain spin bath liquor held at 25[err]C, or in the range 20[err]C to
30[err]C and the entrained liquor is carried dowwardly. Because the total .
cross sectional area of the tow of filanents is reduced as they approach

the outlet, excess spin bath liquor is 2)75 essed sideways +mmThe—row—Uf—‘—

filaments. This sets up a punping actio quor withint at enﬂel
to produce currents of liquor in pin b th e use of X
baffl es 108, 109 and 110 signific redugces tunbul ence of
the liquor in the spin bath and '
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l'iquer in the upper portion of the bath. This reduction inptq].llb
_prevents or significantly reduces splashing of the spin bath liquor up onto
t face of the spinnerette and prevents disruptive novenent of the
fivaments. As shown in Figure 6, baffles 111 and 112 are pr @iieShadHas Bdea ced
so as to be quite close to the noving surfaces of the tow or.

filaments passing 3/6
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downwardly through the spin bath. In the case of the use of a spinnerette -
which forms the filaments into two rectangul ar tows 113, 114 which pass
downwardly through the spin bath as prismatic regions 113", 114' until they.
conbine to energe through the hole 103 at the bottomof the spin bath

Rferring to Figure 7, this shows in rmrzagetail the air gap and the
cross-draught arrangenent. A spin bath 6/\,hi ch has an ThipBleeet laceds
defi ned by edges 117,118, 119 and 120 of the spin H I“ mT mt
Ef fectively the edges ac _

107 104

/|
110

~116
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as dans or [err] and a slight excess of spin bath |iquor ispg;r!sne%q #tg phle] 0

bath to fl ow om@rshéehHas[BeénReplidas to forma surface 116 of constant

I tion and t ) xed height. A cross-draught in the formof air
haVing a tenper
hum dity in the

“i&mange- 10[err]C tpo 40[err]C and a rel ative
W
air gap froma blow nozzle 121 into a SS(_:,SOH nozzle 122. Air is sucked

points 4[err]Cto 10[err]Cis blown across the

103 . ‘/ 130

131

e
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%’:ough the nozzle 122 so as to maintain a parallel flow of air across the*
top of the spin bath. The thickness of the bl ow nozzle 121 is about one
quarter to one fifth of the thickness of the suction nozzle 122. The | ower
“edge 123 of the suction nozzle 122 is substantially at the sane |evel as

t he edge 119 of the spin bath. The edge z 3 may be slightly, below the

| evel of the spin bath edge 119. Air tyﬂs ly at 20[err] CTS browrat—16
metres/ second across the a|r12%p

This Sheet Has Been Repl

R




‘ S Ttk D

Typ| cal | y the suck nozzle 122 woul d have a thi ckness of about 25 mm and the

aiT .a.p_._\,l.\g.u.l,_d__,t__hen he_about 18 to 20 nmm hi gh. 79 - PTH‘EALE}/‘E&HS
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DATE Q7 RECEIPT oo izaizg Cell

This invencicn- relates tc sSpimning cells azd has
particular refersnce to spinning cells wused £o- the
coagulation of lyocell filaments.

As used herain, the cerm "lyocell" is defined in

wn

accerdance with the definicion agreed by the 3Sureau
Incernational peus la Standardisaction de la Raycnzne et de
Fibres Synthetique (3ISFA) namely:- '

A cellulose fibre obtained by an organic sclvent
10 spinning process; it being understood that:-

_ (1) an "organic solvent" means essencially a mixture of
organic chemicals and water; and

(2) "solvent spinning" means dissolving and spinning
without the formaticn of a derivative”. -

1s Thus a lyoccell f£ibre is producded by the direct
dissolution of the esllulose in a water containing organmic
solvent - typically N-mechyl morpholine N-oxide - withouc the
formation of an incermediate compound. After the solution is
excruded (spun) the cellulose is precipitated as a fibre.

20 This production process is diffexrent ¢o that of -octher
cellulosic f£ibres such as viscose, in which the cellulose is
first converted into an intermediate compound which is then
dissolved in an inorganic "solvent". The solution in the
viscose process is extruded and the intermediate cocmpound is

25 converted back iato cellulose.

The general process for the preparation of lyccell fibres
is described and illustrated in US Patent 4,416,698,
McCorsley, the contents of which are incorporated kerein by

way of reference.

- 30 The present invention is particularly concerned with the
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preferably conprises a spinnerette forned of thin sheers of stainless steel
wel ded into a structure which has a flat under surface nounted in an
dssenbly which provides heat to the spinneretta and which thermally

i nsul ates the bottom of the spinnerette. Such spinnerettes are ideally
suited to spinning apparatus according to the present invention in that the
cross-draught of air has been found to stabilise the filanments energing
fromthe spinnette. -2 -

spinning cell into which the extruded fibres pass after
leaving the spinnerstte or jet, first passing through an air
gap and then into a cocagulation batkh.

Accerdingly, in one aspect, the present invertien
S provides a spinning cell for the coagulation of filamen:s £rom _
" a soluticn of cellulose contained in an organic solven:z for
the callulose, the csll including a spin bach for the lsaching
cf the solvent from the filaments and a gap above tze spin
bath, the gap being defined at the lower side by the suriace .
10 of the spin bath and at the upper side by a spinnerstzz from
which the filaments emerge, and having means to provicde a flow
of gas aczoss the gap. The means preferably comprise 2 suck
nozzle having an entrance on one side of the gap.

In another aspect the inventicn provides a methed for the
15 production of cellulose filaments from a solution of cellulose
in an organic solvent, which comprises the steps of extruding
the soclution through a die having a plurality of holes to form
a'plu:alit:y of strands, passing the strands across a gaseous
gap into a water-containing spin bath to form the filaments
20 and providing a forced flow of gas ’chrough the gap pazallel
to the upper surface of the water in the spin bath by
prév:’.ding a flow of gas across the gap. The gas may be sucked
across the gap. )

. As indicated above, the invention is particularly
25 suitable for the production of lyocell filaments.

‘I.']:ie gap may conveniently be an air gap and a blow nozzle
having an exit on one side of the air gap may be provided on
the opposite side of the air gap to the suck nozzle.

The suck nozzle preferably has a greater cross-sectional
30 area at its entrance than the blow nozzle has at its exit.

Baffle means may be located within the spin bath to
restrict the flow of currents of liguid within the spin bath
he replacement sheet
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Ref erring to Fi gure 1, this shows a jet assenbly located within an
I psul ating cover 1 and frame 2. The frame 2 is thermally insulated fromits
steel support structure, and has a-bore 3 extending around the frane

t hrough which a sui

tabl e heating medi um such as hot water, steam or oil,

can be passed to heat the lever end of the frangs. Because the cellul ose
sol ution spin thorugh the jet assenbly is supplié€d to the jer-‘assenbly at

an el avated tenperagygeyo loMlkC ghh VsubQRIR deCenbliiduia, axd in another aspect

10

i5

20

the invencicn provides a spianing cell for the coagulatien
cellulose filaments formed from a soluticn of cellulose in an
crganic solvent, characterised in that the cell has a spin
bath for the lesaching of the solvent from a tow cf the
filamenrs as it is passed through the spin bath, the spin bath
having bafiles to rsduce turbulence.

The invention also pT ides a method for the praduction
of cellulose filaments from a solution of cellulosa in an
organic solvent, characterised in that the solution is
extruded through a die having a plurality of holes to form a
plurality of filaments, the filamencs are passed as a tow
throuch a water-containing spin bath to leach solvent from the
filaments, and baffles are provided in the spin bath to reduce
turbulence. )

In a yet further aspect the invention provides a spinning
cell for the coagulation of cellulose filaments formed from
a solution of cellulcse in an organic solvent, characterised
in that the cell has a spin baz:h'_for the leaching of the
solvent £rem a tow of the filaments, the lower end of thke spin

- bath having a hole through which the tow can be passed, the

25

30

hole being provided with a resilient perighery to resiliently
contact the tow.

1

The invention alsc provides a method for the production
of cellulose filaments frem a solution of cellulose in an
organic solvent, characterised in that the solution is
extruded through a die having a plurality of holes to form a
plurality of filaments, the filaments are passed through a
water-containing spin bath to leach solvent from the filaments
and the tow of the filaments is passed through a hole at the
lower end of the spin bath, the hole being provided with a
resilient periphery to resiliently contact the tow.

The resilient periphery may be provided by a cylindrical
gaiter of flexible resilient material having an orifice which
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preferable to provide heating to maintain the solution at the correct
tenperature and to provide insulation to mnimse excessive heat |oss and.
to prevent injury to operating.personnel. Bolted to the frane 2 by nmeans of
bolts or studs 4, 5 is a top housing 6. The top housing forns an upper
di stribution chamber 7 into which is directed an inlet feed pi pe 9. The
inlet feed pipe is provided with an Oring seal 9 and a frange '
- 4 = .
in cthe unrescrained condicion is slightly smaller in
cross-sectional aresa than the teow, the gaiter being sezlingly
secured at its upper end around the apercture in the lecwer en
of the spin bath, the tow passing, in use, through the orifice
5 and chereby expanding the cross-sectional area of the crifice.

in che ga:.te"

The apparatus of the invention may iaclude, as rsguired,
means. to supply spin bath ligquor to a spia bath;

means to remove spin bath liquor from the spin bath; and

10 means to supply air of defined temperature and humidity
to the blow nozzle, where provided.

The solvent used to dissolve the cellulose is preferably
an aguecus n-me:hyl morpheline N-oxide solvent.

The temperature of the air in the air gap is preferably

15 maintained below 50°C and above the temperature which would

cause freezing of water within the strands of the mixture and

the relative humidity of the air is preferably maintained
bé_low a dew point of 10°C. :

_ The length of the strands in the gaseous, e.g. air, gap
20 is preferably maintained in the range 0.25 to.50 cm. '

The die through which the solution is extruded may have

in excess of 500 holes and may have between 500 and 100,000

holes, preferably between 5,000 and 25,000 holes and further

25 preferably between 10,000 and 25,000. The holes may have a
diameter in :he range 25 microns to 200 microms.

The solution of cellulose may be maintained at a
temperature in the range 90°C to 125°C.

As indicaced above, the gas may be air and the air may
30 be both sucked and blown across the air gap and the air gap
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10. Alocking ring 11 is bolted to the upper face 12 of the top housing 6
to trap the flange 10 to hold the inlet feed pipe on the top housing.
Suitable bolts or studs 13, 14 are provided to bolt the ring 11 to the top
housing 6. Bolted to the underside of the top housing 6 is a bottom housing
20. A series of bolts 21, 22 are used to bolt the top and bottom housi ng
toget her and an annul ar spacer 23 forns a positive stop to |ocate the top
and bottom housi ngs toget her

s
-
. =

may have a height becween 0.5 cm and 28 cm. The solucicn may

4]

e excruded substantially verctically downward izcc che spi
bach. The air may have a dew poiznc cf 10°C cr belcw and ma

‘<

have a :empe:a:u:a-i: the rangs 0°C to 50°C.

The filamenis may Dbe excracead £rcm a hole in the bercroem
of the spin bach, angd the hole may be providad wich a Ele:c-n’e
gaiter to concact the filamencs passing thersthrcugh sc as to

w

reduce spin tach ligquid passage throuch the hole.

There may be a weir surface to define the upper level cf
10 liguid in the spin bach. The weir may be defined by ac least
one edge of the spin bath.. Theres may be'pr:vided a drainage
passage dcwn the side of the spin bath adjacent the weir.
There may be a water ctrap in the drainage passagce. The
spimning cell may be rectangular in shape with a blow nozzle
15 on one longer side and the suck nozzle on the opposed longe*'
side. e may be an access door in one or both shorter
sides of the cell. The upper edge cf the cell on the suck
side may act as a weir to define the level of liquid in the
cell. There may be a drainage passage on the outside of thke
20 wall having the weir. The draznage passage may inciude a
liguid trap to prevent air being sucked up the passage.

Baffles may be provided at a pluralicy of levels in the
cell. The baffles may comprise aperturesd plates.

There may be provided a thermally insulating layer

25 beneath the side walls of the spinnerecte on at least the blow

side. The insulating layer may be provided cn the blow side
and cn the two short sides.

By way of example embodiments of the present invention
‘will now be described with reference to the accompanying
30 drawings of which:-

Figure 1 is a cross sectional view along a minor axis of

a jet assembly, Thig is the renlsnement shent
] b 4 This Sheet Has Been Rep Ynis is the replacement shest
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at a predefined distance. - 10- The bottom housing 20 has an inwardly
di.rected flange portion 24 which has an annul ar upwardly directed surface
25. The upper housing 6 has an annul ar downwardly directed

-6 -
Figure 2 is a cross section cf a portion of Ficure 1
perpendicular to the saction of Figure 1,

Figures 3 is a perspective view of a spiznerects,
. 4
Figure 4 is an undermeath plan view of the spinneracea

€ and insulation,

Figure 5 is a perspective view of one fcrm of sgianing
cell, ' '

Figure 6 is a perspective view of a second fecrm of
spinning cell,

.10 | Figure 7 is a perspective view of the upper porticn of
the spinning cell of Figure 6 showing the air gap,

Figure 8 is a crass-sec::.onal view of the exit from the
spinning cell,

Figure 9 is a perspective view of the top of a spin bath,

15 and

Figure 10 is a cross-sect :.cnal view of a water trap.

The invention can most clearly be understood by
comparisons of the drawings attached hereto with the invention
described and illustrated in US Pacent 4,416,698.

20 In Figure 2 of UP Patent 4,416,698, it can be seen that
the solution of celluleose in amine oxide and non-solvent -
typically water - is extruded through a jet or spinnerette 10

- to form a series of filaments which pass through an air gap
into a water bath. The filaments then pass around a roller

25 12 to emerge from the upper surface of the water bath. When
the f£ilaments emerge £rom the spinnerette 10 and encounter the
air gap they are stretched within the air gap. When the
filaments enter the liquid in the spin bath the solvent
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hori zonal clanping face 26. C anped between the faces 25 and 26 is a
spinnerette, a breaker plate and filter assenbly. The spinnerette, shown in
perspective view in Figure 3, essentially conprises a rectangular
menber in plan view, having a top hat cross section and conprising an
upwardly directed peripheral wall generally indicated by 28 incorporating
an integral outwardly directed flange portion 29. The spinnerette:
i ncorporares a _ -7 -

leaches out of the filamencs to re-form the filaments so a

to produce the cellulesic filaments themselves.

The number of filamencs produced by the spinneratce i:
the prior reference US Fatent 4,416,638 is low - typically 3:
5 filaments are produced, see Examgle 1 (column 6, line 40).

Although such low numbers cf filaments may be suitable
for the preparation of filamentary lyocell yar:, when it it
req'ui;:ed to preduce staple fibre, then it is necessary to spir
very large numbers of filaments simultaneously. Typically.ir

10 excess of 5,000 filaments would be preduced per spinning csll
.and a plurality ‘of spinning cells would be arranged in &
ide-by-side locaticn to produce very large numbers - in the
hundreds of thousands - of filaments which could be washed anc
cut to form staple fibre.

15 The inventicn provides a spinning cell in which there is
provided a cross-draught of air in the air gap to coel the
filaments as they emerge from the spinnerette. Typically the
temperature at which the cellulose solution is extruded
through the spinnerscte is in the range 95°C to 125°C. If the

20 temperature drops too low, the viscosity of the cellulose
‘solution becomes so high that it is impractical to extrude it
through a spinnersette. Because of the potential excthermic
nature of the cellulose solution in N-methyl morpholine
N-oxide (hersin NMMO)}, it is preferred that the temperature

25 of the solution - sometimes referred to as a dope - is
maintained below 125°C, preferably below 115°C. Thus the
temperature 'of the dope in the spinnerette is close to at or
above the bciling pdim: of the water which is typically used
in the spin bacth. The ccntents of the spin bath may be water

30 alcne or a mixture of water and NMMO. Because the NMMO is
continuously leached from the filaments into the spin bath,
the spin bath would, during normal operation, always contain

- NMMO.

The provision of the cross-draught of air in the air gap
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plurality of aperture plates 30, 31, 32 which contain the hol es through

Whi ch the solution of cellulose in amne oxide, 33 is spun or extruded to
formfilanments 34. Located on the upper surface of the flange 29 is a '
gasket 35. Located on top of the gasket 35 is a breaker plate 36 which
essentially conprises an. apertured plate used to support a filter element
37. The filter elenment 37 is forned of sintered netal, and if the sintered

met al hasaflne por e -8 -
has besn found ts stabilise the filaments as they emerce from
the spinnerecce, thus enabling larger numbers of filamencs to
be spun at ‘a given time and enabling the simultaneous
preduction of the large number of filaments required for the
5 manufacture of sctaple fibre on a commercial scale.

The use of a cross-draught enabhles the gap between the
face of the spinnerstrte and the liguor in the spin back to be
kept to a minimum level, hence rsducing the overall height cf

the spinning cell.

10 For optimum performance the humidity of the air should
be controlled so that it has a dew point of 10°C or less. The
dew point may be in the range 4°C to 10°C. The temperature
cf the air can be in the range S°C to 30°C, but the air can
be at 10°C with a reslative humidity-of 100%.

1s Referring to Figure 5 this shows a spinning cell 101
which has a generzlly rectangular shape with a. prismatic
portion 102 towards the lower end. At the bottom of the csll
is an ocutlet hole 103 which will be described in further
detail below. The upper edge 104 of the spinning cell defines

20 the upper level of ligquor in the spinning cell. Typically the
ligquor contained in the cell would be a mixture of watsr. and
25% NMMO, but concentzations in the range 10% to 40% or 20%
to 30% by weight of NMMO can be used. The dotted lines 105,
106, define the path of the filaments passing through the spin

25 bath during the leaching process. At the upper end of the
cell the filaments are in a generally rectangular axray 107.
The shape of the array 107 will be defined by the shape of the
spii:neret:te or jet through which the filaments are excruded
in the spinning process. To prevent excessive turbulence of

30 spin bath liguor within the cell, perforated plates 108, 109,
110 having 3mm holes and 40% voidage are located within the
upper region of the cell to restrict flow of cell liquor

wichin the cell.

As the filaments pass downwardly in a tow through the
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size, the pressure drop across .the filter can, in use, rupture the filter.
The breaker plate 36, therefore, supports the filter -in use. A pair of
gaskets 38, 39 on either side of the filter conpletes the assenbly | ocated
bet ween the upwardly directed face 25 of the bottom housing and the
downwardly directed face 26 of the top housing.. By clanping the assenbly
together with the bolts 21. 22. the spinnerette? breaker plate and filter

are held positivel i n_position.
P yce-_p they entrain spin bath liquor held at 25°C, or ia the

range 20°C to 30°C &and the entrained liguer is cacried
downwarZly. Secause the total cross secticnal area cof che tow
of filaments is r=duced as :hey'approach the cutcletc, excess
soin bath llicucr is expressed sideways from the tow of
filaments. This sets up a pumping acticn of liguor within the
bath, tending to produce currents of liguor in the cell. The
use of the porous baffles 108, 109 and 110 significancly
reduces tuzbulence cf the surface of the spin bath ancd within
10 the upper portion of the bath. This reduction in tucbulence

prevents or significantly reduces splashing of the spin bath

liguor up onto the face of the spinnerette and prevents

disruptive movement of the filaments.

w

As shown in Figure 6, the baffles 111 and 112 are
15 preferably shaped so as to be quite clocse to the moving
surfaces of the tow or tows of filaments passing ccwnwardly
through the cell. In the case of the use of a2 spinnerette
which forms the filaments into two rectangular tows 113, 114
which pass downwardly through the spinning cell as prismatic
20 regions 115, 116 until they combine to emerge through the hole
103 at the.bottom of the spimming cell.

Referring to Figure 7, this shows in more detail the air

gap and the cross-draught arrangement. The spin bath 115
which has an upper surface 116 defined by the edges 117, 118,
25 119 and 120 of the spinning cell. Effectively the edges act
as dams or weirs and a slight excess of spin bath liguor is
passed into the cell to flow over the weirs so as to form a
surface 116 of constant location and therefore of fixed

height.

30 ° A cross-draught in the form of air having a temperature
in the range 10°C to 40°C and a relative humidity in the range
of dew points 4°C to 10°C is blown across the air gap from a

-blow mozzle 121 into a suction nozzle 122. Air is sucked
through the nozzle 122. so as to maintain a parallel flow of

35 air across the spin bath. The thickness of the blow nozzle
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Locat ed beneath the bottom housing 20 is an annul ar ther mal | y insulating

ri.:ng 40 which is generally rectangular in plan shape. The annul ar
insulating ring extends around the conplete periphery of the wall 28. which
wal | 29 extends below the | ower face 41 of the bottom housing 20. On one

long side of the spinnerette, there is provided an integral extension
- 10 - '
121 is about one quarter to cne fifth of the thickness of the
suction nozzle 122, The lower edge 123 of the sucticn zozzle
122 is substantially at the same level as the edge 119 af the
spin bath. The edge 123 may be slighzly below the laval of
5 the spin bath edge 119. Air typically at 20°C is blown at 10

metras/second across the air gap.

Typically the suck nozzle 122 would have a thickzess of
about 25 mm and the air gap would then be abour 18 t2 20 mm

high.

10 - The jet assembly 124 which produces the filamerts 125
‘preferably comprises a spinmerecte formed of thin sheets oz
stainless steel welded into a structure which has a flar under
surface mounted in an assembly which provides heat 5 the
spimnerette and which thermally insulates the bottom of the

15 spinnerette. Such spinnerattes are ideaily suited to a
spinning cell according to the present invention in that the
cross-draught of air has been found to stabilise the filamenrs
emerging from the spinnerette. '

Referring to Figure 1, this shows a jet assembly locaced

20 within an insulating cover 1L and frame 2. The frame 2 is
thermally insulated from its steel support st-ucture, ard has

a4 bore 3 extending around the frame through which a suicable
heating medium such as hot water, steam, or oil, can be passed

to heat the lower end of the frame. Because the cellulose
25 solution spun through the jet assembly is supplied to the jet
assembly at an elevated temperature, typically 105°C, it is
preferable to provide heating to maintain the solution at the
correct temperaturs and to provide insulation to miaimise
excessive heat loss and to prevent injury to operacing

30 personnel.

Bolted to the frame 2 by means of bolts or studs 4, 5§ is
a top hous'i'nQ 6. The top housing forms an upper distribution
chamber 7 into which is directed an inlet feed pipe 8. The
inlet feed pipe is provided with an O-ring seal 9 and a flange
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portion 42 of the insulating ring 40 which extends bel ow the | ong wall
portion 43 of the peripheral wall 28. On the other long wall portion 41 of
t'he peripheral wall 28 the insulating ring 40 does not have the integral
extension portion 42, but the lower face 44 of that portion of the ring 40
Is in the sane plane as the face 46 of the portion 41 of the peripheral
wal | 28 of the spinnerette. _ - 11 -

iC. A locking ring 11 is bolted to the upper faces 12 of the
top housing 6 te trap :he flange 10 to hold .the inlatc feeg
pipe orn the top housing. Suitable bolts or studs 13, 14 are
providad to bolt the ring 11 to the tcp hcusing 6. '

5 Bolted to the undexrside of the top housing 6 is a totcom
housing 20. A series.cf bolts 21, 22 ars used to bolt the tep
and kbocttom housing together and an annular spacer 23 forms a |
positive stop to locate the top and bottom housings together
at a predefined distance.

10 The bottom housing 20 has an inwardly directed flange
portion 24 which has an annular upwardly directed surface 25.
The upper housing 6 has an annular downwardly directed
horizental clamping face 286. '

Clamped between the faces 25 and 2§ is a spinnerstte, a
15 breaker plats and filter assemhly; The spinnerette, shown in
perspective view in Figure '3, essentially comprises a
rectangular member- in plan view, having a top hat cross
section and comprising an upwardly directed peripheral wall
generally indicated by 28 incorporating an integral outwardly
20 directed flange portion 29. The spinnerette incorporates a
plurality of aperture plates 30, 31, 32 which contain. the
holes through which the soclution of cellulose in amine cxide,
33 is spun or extruded to form filaments 34. .

Located on the upper surface of the flange 29 is a gasket

25 35. Located on top of the gasket 35 is a breaker plate 36
which essentially comprises an apertured plate .'used O support

a filter element 37. <The filter element 37 is formed of
sintered metal, and if the sintered metal has a fine pore
size, the pressure drop across the filter can, in use, rupture

30 the filter. The breaker plate 36, therefore, sSupports the
filter in use. A pair of gaskets 38, 39 on either side of the
filter completes the assembly located between the upwardly
directed face 25 of the bottom housing and the downwardly
directed face 26 of the top housing. By ciamping the assembly
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As is nmore easily seen in Figure 2, the insulating ring 40 which is secured
to the underside of the bottom housing 20 by screws (not shown) has the

i ntegral extension portions 50, 51 extending over the | ower faces of the
portions 52. 53 of the shorter lengths of the peripheral wall 28 of
the spinnerette. Referring to Figure 3 this shows in perspective the

spi nnerette |ncorporated into the jet assenbly The

together with tha bolts 21, 22, the spinnerette, breaker plate
and filter ares held pesitively in pesictien.

Located berceatch the botzem housing 20 is an annular
thermally insulating ring 40 which is generally resctancular
5 in plan shape. The annular insulating'ring extends arcund tche
complece perighery of the wall 28, which wall 28 extends below
the lower face 41 of the bottoem housing 20. On one leag side
of the spinnerette, there is provided an integral extension
porcion 42 of cthe insulating ring 40 which extends below the
10 long wall portica 43 of the peripheral wall 28. On the other
long wall portica 41 of the peripheral wall 28 the insula:ing'
ring 40 does not have the integral extension porticn 42, but
the lower face 44 of that portion of the ring 40 is in the
same plane as the face 46 of the portion 41 of the pe::nha:al
i5 wall 28 of the spinnerstte.

As is more easil? seen in Figure 2, the insulating ring

40 which is secuzed to the underside of the bottem hcusing 20
by screws (not shown) has the integral extension porziecns S0,
51 extending over the lower faces of the portions 52, 53 of

20 the shorter lengths o©f the peripheral wall 28 of the

spinnerette.

Refe:ring to Figure 3 this shows in perspective Cthe
spinnerette incorporated into the jet assembly The
spinnerecce, generally indicated at 60, has an outer flange

25 29'integral with the wall 28. The rectangular nature of the
spinnerette can clearly be seen from the perspective view in
Figure 3. The minor axis of the spinnerette is shown in the
sectional view of Figure 1 and the major axis is shown in
sectional view in Figure 2. Welded into the bottom of the

30 spinnerette are six aperture plates 61 of which three of the
plates 30, 31, 32 can be seen in sectional view in Figure 1.
These plates contain the actual holes through which the
cellulose soluticn is extruded. The holes can have a diameter
in the range 25z to 200p and be spaced by 0.5 tc 3mm in a

35 centr=-to-centrs measurement. The spinnerette has an
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spinnerette. generally indicated at 60, has an out er flange 29 integral
with the wall 28. The rectangul ar nature of the spinnerette can clearly be
seen fromthe perspective viewin Figure 3. The mnor axis of the
spinnerette is shown in the sectional view of Figure 1 and the mgjor axis
IS shown in sectional viewin Figure.-2. WIlded into the bottom of the
spinnerette are six aperture plates 6l of whichsthree of the plates 30. 31,
32 can be seen in sectional viewin Figure 1.
undersice in a single plane and is capable of withstanding the
igh extrusicn pressures experienced in spinaing a het
cellulose soclution in amine oxicde. Each plate can concain
becwesen 500 and 10,000 holes, i.e. up to 40,000 holes for jets

with four plates. Up to 100,000 holes can be used.

w

_ Figure 4, is an underneath view of the spizneretce
- shewing the lccaticn of the insulating annular member iC. It
can be seen that the insulating laysr, typically formed of a
resin impregnated fabric material such as Tufnol (trade mark)
10 extends below ths lower portion of the peripheral wall 28 on
three sides of the spinnerecte. Thus, seen from below, on
sides 62, €3 and 64, the lower portion of the wall 28 is
cbscured by the extension pcrtions in the insulating layer
shown as 42, 50 and 51 in Figures 1 and 2. Eowever, on the
15 fourth side, side 65, the lower portion 66 of the wall 28 of
the spinnerette 60 is not insulated and is, therafore exsoséd
The insulating annulus, therefore, is effectively surrcunding
the spinnmerstte completely and extends on three sides beneath
the peripheral wall of the wall of the spinnerette. '

20 It will be noted that the breéker plate 36 has tapered
holes 67 which enhance the flow of viscous cellulose solution
through the jet assembly whilst providing a good supporc for
the filter 37. 1In turn the breaker plate 36 is supported by
the upper edges of the intermal bracing members or spars 68,

25 69, 70. The upper edges of the intermal bracing members or
spars may be displaced from the centre line of the members or
spars so that the entrance area above each aperture plate is

equal.

30 The £facings 25, 26 of the housing and/or the breaker
plate 36 wmay be provided with small recesses such as recess
‘80 (see Figure 2) so as to permit the gasket to be extruded
into the recess to enhance sealing when the bolts holding the
top and the bottom housing together are tightened. An O-ring

35 84 may be provided between the top and bottom housing to act
as a second seal in the eveat of failure of the main seals
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These plates contain the actual holes through which the cellul ose solution
IS extruded. The hol es can have a dianeter in the range 25[err] to 200[err]
and be spaced by 0.5 to 3 min a centre-to-centre neasurenent. . The
spinnerette has an underside in a single plane and is capabl e of

wi chstandi ng the high extrusion pressures experienced in spinning a hot
cellul ose solution in am ne oxide. Each plabé“%éh contai n between 500 and

10,000 holes..i.e. wHfdart@n@0P-Ha25nbREchSiSising and ché breaker plare and
filcer aSsembly.

A spinnerette as-‘employed in the invention is, therefore,

capable of handling highly viscous high pressure cellulose

5 sclution in which ctypically the pressurs of the solutien

upstream cf the filcer may be in the range 50 to 200 bar and

the prassure at the inside of the die face may be in the range

20 tc 100 bar. The filtsr itself cantribuces to a signilficant

amount of pressure drop through the system whilst in
10 operaticn. ' '

The assembly of the invention also provides a suitable
heat path whersby the temperature of the dope in the spinning
cell can be maintained close to the ideal temperaturs for.
spinning for extzusion purposes. The bottom housing 20 is in

.15 firm positive ccntact with the spinnerette through its annular
upwardly directed face 25. The bolts or set screws 21, 22
ensure a firm positive contact. Similarly, the bolts 4,5
positively ensurs that the hottom housing 20 is held tightly
to the frame member 22 via its downwardly directed face 81

20 formed on an outwardly directed flange portion 82. The face
81 is in positive comtact with the upwardly directed face 83
of the housing 2. '

By providing a heating element in the form of a heating
tube 3 directly below the face 83 there is a direct flow path
25 for heat from the heating medium in the bore 3 into the
spinnerette. It can be seen that heat can flow through the
faces 83, 81 which, as mentioned above, are held in positive
contact by the set screws 4, 5. Heat can then flow through .
the bottom housing 20 via the face 25 and flange 29 inco the
30 spinnerette wall 28. '

It will readily be appreciated that assemblies of the
"type illustrated in the accompanying drawings are normally _
assembled in an ambient temperatura workshop. Thus typically
the top and bottom housing, the spinnerette, the breaksr plate
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with four plates.

formed of a

—
as Been RTlaced .

il

Up to 100. 000 hol es can be used. - 12 - Figure 4, is
an underneath view of the spinerette showing the |ocation of the insulating
annul ar menber 40. It can be.seen that the insulating |ayer typically

i0

s

20

25

30

- 15 -
and filter place assembly will be bcli:ed up at ambient
temperature by tightening the screws 21, 22.. To eratie the
spinnereccte tc be inserzed into the bottom housing 2C there
needs to be a2 sufficient gap between the peripheral wall 28
and the intexicr hole of the bottom housing 20 which permi:s
the spinneretts to be insercted and remcved. It will also be

appreciated tha: in use the assembly is heated t> tyrically

-100°C. The combination of heating and incernal pressurs means

that thers will be an unregulated expansion of the assembly.
All of this means tkat it is not possible to rely upon a
direct heat transfer sideways from the lower portion of the
botrtom housing diractly horizontally into the side of the
peripheral wall 28.

Similar constraints apply to the direct horizontal
transfer of heat into the outer side wall of the bottom
housing 20 directly £rom the heaced lower portion of the frame
2. However, by providing for a positive clamped faca-to-face
surface such as surface 81, 83, a positive route for the
transfer of heat from the medium within bore 3 to the
spinnerette is provided. Any suitable heating medium such as
hot water, steam or heated oil ¢an be passed through the bore

3.

' The provision of the lower thermal insulation 40 whilst
not nseded from a safety-to-personnel view point ensurss that
the heat from the hot cellulose sclution itself is passed into
the jet assembly from the bore 3 and does not escape through
the lower face of the bottom housing.

It will readily be appreciated that the components of the
spinning cell should be manufactured from material capable of
withstanding any solvent sclution passed through it. Thus,
for example, the spinnerette may be made from stainless steel
and the housings may be made from stainless steel or castings
of cast iron as appropriate. The gaskets may be formed of

PTFE.
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resin inpregnated fabric material such as Tufnal (trade nark) extends bel ow
the lower portion of the peripheral wall 28 on three sides of the '
spinnerette. Thus, seen from bel ow, on sides 62. 63 and 64, the | ower
portion of the wall 28 is obscured by the extension portions in the

i nsul ating | ayer showmn as 42, 50 and 51 in Figures 1 and 2. However, on
the fourth side, side 65 the |ower portion 66.0f the wall 28 of the
spinnerette 60 is not insulated and is therefdre exposed. :

Without prejudice to the present invention it is believed
that the cross-draught tands to evaporats some of the wacer
contained in the csllulose NMMO water sclution so as ts form
a skin cn the filamencs as they emerge from the spinnerascre.

The combination of the cooling effect of the cross-draughc and

(Y]

the evaporatcion c¢f moisturz from the filaments cccls. the
- £ilaments, thus forming a skin which stabilises the filaments

prior to their entry into the spin bach. This means thac very

large numbers of filaments can be produced at a single cime.

10 At the bottcm end of ‘the spinning cells, the holes 103
are each provided with gaiters as is illustrated iz more
detail in Figure 8. The tow 130 of filaments passes tkrough
the hole 103 into a resilient gaiter 131 which is lccacad at
its upper end in firm and ligquid-tight contact with the wall

1S in which the hole 103 is provided. . The gaitexr 131 has an
aperture at its lower end slightly smaller in diameter than
the tow 130. The gaiter is formed of necoprene rubber and the
tow 130 strstches the rubber slightly so as to form a form
‘contact with the tow as it passes through the gaiter. The

20 gaiter thus restzicts the excess flow of liguor cut of the
bottom of the spinmning cell. )

The tow subseguently passes underneath a gedec and then
upwardly for washing and further processing. Below the godet
there may be provided a drip tray to catch spin bath liguor

25 entrained in the tow and passing through the gaitered hole
103.

The flow of spin bath liquid in the upper portion of the
spinning cell will now be described more clearly with
reference to Figures 9 and 10. Figure 9 shows a perspective

30 plan view of an empty upper portion of a spinning cell. The
spinning cell effectively comprises a liquid-tight vessel
defined by side walls 135 and 136 and by end walls 137 and
138. The side walls 135 and 136 are continuocus steel side
walls, whereas the end walls 137 and 138 are provided with

35 doors 139 and 140 as described more fully below.
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The insul ating annulus, therefore, is effectively surrounding the

- spinnerette conpletely and extends on three sides beneath the peri pheral
-wall of the wall of the spinnerette. It will be noted that the breaker

pl ate 36 has tapered holes 67 which enhance the flow of viscous cellul ose
solution through the jet assenbly whil st providing a good support for the
filter 37. In turn the breaker place 36 isjpupported by the upper edges of

the internal bracing nenbers or spars 68, _
: OQucside of the liguid-tight spinning cell defined by che

walls 135 to 138, there is an external framework defined by
sice walls 141 and 142 and end walls 143 and 144. It can be
sesn that the end walls 143 and 144 are provided with U-shaped

5 cut outs generally indicaced by 145 and 146. The uprer edges-
cf the side walls 135 and 136 are slightly below the upper
edces of the end walls in parcicular that porticn cof the erd
walls defined by doors 139 and 140. The doors may be formed
cf mecal cor may be formed of glass or a clear plastics

10 macerial. The doors are mounted in the side walls so that
they may be conveniently opened. The doors may, for example,
be hinged at their lower edges and held in closed pecsition by
means. of side bolts or the doors may be bolted around three
sides to the side walls of the cell.

15 In use, a slight excess of liguid is pumped intco the
spinning cell and the excess licuid overflows the upper sides
of the edges 135 and 136 to fozm an upper surface of liguid
in the cell. If desirsd the upper edges may be serrated.

On the suck side of the cell, there is praferably

20 provided a liquid trap. This is shown more clearly in Figure
| 10 but it essentially comprises a channel formed between an
angled wall 147 and the upper portion of the side wall 135.
The suck nozzle 148 has a dependent strip 149 which extends
 below the upper surface of the channel 147. Excess liquid .
25 then flows over the upper edge 150 into the  channel 151 to
£ill cthe chamnnel and overflow as at 152 intec a gucger 153.
Excess liquid flows out of a pipe 154 from the gutter 153 to
be recycled as required. The effect of the combination of the
liquid in the channel 151 together with the dependent strip

30 149 is to form a gas-tight seal to prevent the suction nozzle
148 sucking air up along the side of the cell between the

walls 141 and 135. |

By providing the hole 103 at the bottom of the spin bath
cell as described above, the initial lacing up of the tow to
35 commence preparation of the production of lyocell fibres is
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69, 70. The upper edges of the internal bracing nenbers or spars nmay be

di spl aced fromthe centre line of the nenbers or spars so that the entrance
area above each- aperture ptate is equal. The. facings 25, 26 of the housing
and/ or the breaker plate 36 nay be provided with small recesses such as
recess 80 (see Figure 2) so as to permt the gasket to be extruded into the

recess to enhance sealing when the bolts holding the
' | ' - 18 -
considerably eased. The process for commencing prsduction,
therefcore, simply comprises spinning a small quanticy of
fibras into the cell and then hocking the f*.sres threuch the
hole in the bottem to pull the tow dewnwardly around the lower
5§ godet or rollesr (not shown) and then thrsad the tow cnwazdly
through the following fibre washing and fibre drying ssctions

{(noc shown) .

Becausé of the narrow gap between the upper end cf the
spinning cell and the lower regions of the jet assembly,
10 lacing up of the tow is considerably eased by the provisions
of the.doors 139 and 140. To lace up the cell at the
commencement of a spinning operation, the doors 139 and 140
are opened - the spin bath ligquid from the cell then falling

. into the surrounding catchment troughs. Spinning is chen
15 commenced and the spun fibres can be manipulated ard pushed
through the hole at the bottom of the cell. Once the cell has
been laced up, the door 1395, 140 can be closed, the cell
refilled and operation can then be contimued automaticaily.

If required, plain water can be used in the spin bach for

20 starcting purposes. This water ténds to froth less than
agquecus amine oxide mixtures and eases start-up of the cell.
The provision of the doors 139, 140 also enables ready access
to the interior of the spin bath and to the edges of the suck
nozzle. This enables small guantities of crystalline growth

25 which appear on the cell during operation to be removed. It
is believed that these crystalline growths arise from the
slight evaporation of amine oxide. '

It will be appreciated that a large number of cells may

be aligned in a side-by-side relationship and the bottom of
30 each cell can readily be assessed by an operator. If on the
other hand the fibres emerge through the upper surface of the
spin bath, the lacing up of the system is very much more
complicated and involves an operator trying to work below the
surface of the spin bath to collect the fibres in a tow from

35 below the surface of the spin bath. Additionally, when large
This is the replacement sheet
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top and the bottom housing together are tightened. An 0O-ring 94 may be
provi ded between the top and bottom housing to act as a second seal in the -

gvent of failure of the main seals between the top and bottom housing and
the breaker place and filter assenbly. ¢ -

numbers of cells are placed in side-by-side relationship it
becomes difficult to access the top of the cells, particularly
if the air gap is very small and the cells are narrow. It can
be seen that by utilising a lower outlet, the cells can be narrow
and little larger than the wedge of tow passing through the spi
bath. _

_"_____’_——;——
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- 13 - A spinnerette as enployed in the invention is therefore, capable of
handl i ng highly viscous high pressure cellul ose solution in which typically
the pressure of the solution upstreamof the filter nay be in the range 50
to 200 bar and the pressure at the inside of the die face may be in the
range 20 to 100 bar. The filter itself contributes to a si gﬂliisféhé‘e@HLsB%mTaced

of pressure drop through the systemwhilst in . | ”“IlHI““l“l IHI

- 20 -

1. A mechod fcr the producticn of cellulose filamerts from
a scluticn of cellulose in an organic solvent, characterised
in that ic cemprises the steps of extruding the solution

S through a die (€60} having a plurality of holes tc form a

plurality of strands, passing the strands (125) across a

cLATMS

gasecus gap inco a water-containing spin bath (101, 1:i5) to
form the filaments and providing a forced flow of gas th-ough
the gap parallel to the upper surface (1l16) of the water in

10 the spin bath (101, 115}.

2. A method as claimed in claim 1, characterised in that the
gas is sucked across the gap.

3. A method as claimed in Claim 1 or 2, characterised in
that the die (60). has bhetween 500 and 100,000 holes,

15 preferably between 1,000 and 15,000 holes and further
preferably between 2,000 and 10,000 holes.

4. A method as claimed in Claim 1, 2 or 3, characterised in
that the solution of cellulose is maintained at a temperatuze
in the range 100°C to 125°C. )

20 5. A meched as claimed in any one of claims 1 to 4, in which
the gas is both sucked and blown acrcss the gap.

° 6. A method as claimed in Claim 1, 2, 3, 4 or 5,
characterised in that the gas is air. '

7. A methed as claimed in Claim 6§, characterised in that the
25 air has a dew point of 10°C or below.

8. A method as claimed in Claim 6 or 7, characterised in
that the air is at a temperature between 0°C and 50°C.

9. A method as claimed in any one of Claims 1 to 8, in which
the gap is between 0.5cm and 25cm in height. '
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operation. The nethod of the invention also provides a suit—abl—e—beat—pat—h——
wher eby the tenperature of the dope in the spinning cell can be nai nt ai
close to the ideal tenperature for spinning for extrusion p °°d
bottom housing 20 is in firmpositive contact with the spinne “ m;
its annul ar upwardly directed face 25. The bolts or sec scre
ensure a firmpositive contact. Simlarly, the bolts 4,5

' B - 21 -

10, A spinning cell for the coagulation of filaments formed -
from a sclution of cellulose in an organic solvent,
characterised in that the cell includes a spin ‘bath {101, 115)
for the leaching of the solvent from the filaments (34) and

- 5 a gap above the spin bath (101, 115), the gap being defined
at the lower side by the surface of the spin bath (101, 115)
and at the upper side by a spinnerette (60) from which the

- filaments (34) emerge, and means to provide a flocw of gas

across the gap.

10 11. A spinning cell as claimed in claim 10, charactsrised in
that said means comprises a suck nozzle (122, 148) having an
entrance on one side of the gap.

12. A spinning cell according to Claim 11, characterised in
that a blow nozzle (121) is positioned to have an exit on the

15 opposite side of the gap to the entrance to the suck nozzle
(122, 148).

J

13. A spinning cell according to Claim 12, characterised in

that the suck nozzle (122, 148) has a2 greater cross-sectional

area at its entrance than the blow- nozzle (121) has at its
20 exit. |

14. A spinning cell according to any one of Claims 10 to 13,
characterised in that baffle means (108, 109, 110, 111, 112)
are located within the spin bath to restrict the flow of
25 currents of liquid within the spin bath and to calm the

surface of the ligquid.

15. A spimming cell according to any one of Claims 10 to 14,
characterised by an aperture (108) at the lower end of the
spin bath through which coagulated filaments emerge in the
30 form of a tow (130), and a gaiter (131) of flexible resilient
material having an orifice which in the unrestrained condition
is slightly smaller in cross-sectional area - than the tow
(130), the gaiter being sealingly secured at its upper end
around the aperture (103) at the lower end of the spin bath
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positively ensure that the bottom housing 20 is held tightly to the Trane

menber 22 via its downwardly directed face 81 fornmed on aq-hggﬁe)éﬁ_[ag genR
directed flange portion 82. The face 81 is in positive cont

upwardly directed face 83 of the housing 2. By -providing mnt
in the formof a heating tube 3 directly below the face 8

direct flow path for heat fromthe heating ned#amin the bore 3 |nto t he

(0%, 115), the tow passing, in use, through the crifice and
thereby expanding the cross-secticnal area of the oriiice.
16. A spinning cell as claimed in any one of Claims 10 to 15,
characterised in that the cell (101, 1l15) is reczancular in

5 shape with the blow nozzle (122, 148) on one of the longer
sides. '

17. A spinning cell as claimed in Claim 16, characterised in
that thers is an access decor (139, 140) in at least one
shorter side of the cell.

10 18. A spinning cell as claimed in any one of Claims 10 to 17,
characterised in that the upper edge (150) of the cell on the
suck side (148) acts as a weir to define the level of liguid

in the cell.

_ 19. A spinning cell as claimed in Claim 18, characterised in.
15 that there is a drainage passage (153) on the outside of the
wall having the weir.

20. A spinning cell as claimed in Claim 19, characterised in
that the drainage passage (153) includes a liquid trzp (1489,
151) to preveant air being sucked up the drainage passage.

20 21. A spinning cell as claimed in any one of Claims 10 to 20,
characterised in that there is provided a thermally insulating
layer (40) beneath the side walls of the spinnerstte (60) on
at least the blow side.

22. A method for the production of cellulose filaments from
25 a solution of cellulose in an organic solvent, characterised
in that the solution is extruded through a die (60) having a
pluralicy of holes to form a plurality of filaments (34), the
filaments are passed throuch a water-containing spia bath
(101, 115) to leach solvent from the filaments and the tow of
30 filaments (130) is passed through a hole {103) at the lower
end of the spin bath (101, 115}, the hole (103) being provided

s the replacement sheet
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spinnerette. It can be seen that heat can-flow through the—faces-83, 81

whi ch, as nentioned above, are held in positive contact by ';[The set screws

4. 5. Heat can then flow through the.bottom housing 20 v his n Réplaced
and flange- 29 into the spinnerette wall 28. It will readily H |
t hat .assenblies of the type illustrated in the acconpanying

normal | y assenbled in an arhi ant tenperature wgrkshop. Thus typically

with a resilient periphezy to resiliexntly contac:t the tow,

23. A methed according to Claim 22, characcterised in thac the
hole (103) is provided with a resilient gaiter (i131) =zo
provide the resilient periphery to ccntact the tow.

5 24. A method acccrding to Claim 23, characterised iz chac che
gaiter (131) has an orifice at its lower end slightly smaller
in diamecer than the tow (130). "

25. A metchod acécrding to Claim 22, 23 or 24, characterised
in that the filaments (34) are passed through a gap between

10 the die (60) and the spin bath (101, 11S5) and a forced flow
of gas is provided through the gap parallel tc the upper
surface of the liguid in the spin bath.

26. A spirning cell for the coagulation c¢f cellulose

filaments formed from a solution of cellulose in an organic
15 solvent, characterised in that the cell has a spin bath (101,

115) for the leaching of the solvent from a tow (130) of the

filaments, the lower end of the spin bath (101, 11S) having

a hole (103) through which the tow "(130) can be passed, the

“hole (103). being provided with a resilient pexiphery to
20 resiliently contact the tow (130].

27. A spinning cell according to Claim 26, characterised in
that the resilient periphery is provided by a resilient gaiter
{131).

28. A spimming cell according to Claim 27, characterised in

25 that the resilient gaiter (131) is sealingly secured at its
upper end arcund the hole (103) and has an aperture at its
lower end slight:ly smaller in diameter than the tow of
filaments (130).

29. A spinning cell according to Claim 26, 27, or 28,
30 characterised in that a gap is provided above the spin bath
(101,115) and is defined between the upper surface of the spin
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the top and bottom housing, the spinnerette, the breaker—pltace— 14- _and
filter place assenbly w il be bolted up at anbient te erature by

tightening the screws 21, -22. To enable the spinneret ﬁﬁ [ﬁxmﬁiﬁT

into the bottom housing 20 there
bath and the lower surxface of a die (§0) through which che

£il ncs (34) ars formed.

-24-

30. A spinning cell accardiné te Claim 29, characterised i:ﬁ
- that means (121, 122) are provided to provide a forced flow
5 of gas through the gap parallel to the upper surfacs of the
spin bath (101, 115). '

31. A mechod fo= the production of cellulose filaments frem
a solution of cellulose in an orgaric solvem:,. charactarised
in chat the solucion is exrruded through a die (60) having a
10 plurality of holes to form a plurality of filaments (34), the '
filaments are passed as a tow (130) through a water-concaining
spin bath (101, 115) ‘to leach scolvent from the filaments, and
atfles (108, 109, 110, 111, 112) are provided in the spin
bath tc resduce turbulence. '

15 32. A methed according to Claim 31, characcerised in that the |
zoss-secticnal arsa of the tow (130) is reduced as it travels
towards the outlet of the spin bath (101, 115).

33. A method according to Claim 31 or 32, charactsrised in
that the baffles (108, 109, 110, 111, 1l12) ars parous. .

20 34. A method acesrding to Claim 31, 32 or 33, characterised
in that the baffles (108, 10%, 110, 111, 112) are provided at
a plurality of levels in the spin bath (101, 115).

35. A mechod according to any one of Claims 31 to 34,
‘characterised in that the filaments (34) are passed through

25 'a gap between, the die (60) and the spin bath (101, 115) and
a forced flow of gas is provided through the gap parallel to
the upper surface of the liguid in the spin bath.

36. A spimning cell for the coagulation of cellulose
filaments formed from a solution of cellulose in an crganic
30 solvent, characterised in that the cell has a spin bath (101,
115) for the leaching of the solvent from a tow (130) of the
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needs to be a sufficient gap between the peri bheral wal | 28 and the

interior hole of the bottom housing 20 which permts‘t‘he-?pfﬁnepei_t_e_m be

“inserted and renoved. It will also be appreciated th n use the assenbl y
is heated to typically.100[err] C. The conbi nati on of agqdal | _
pressure neans that there will be an unregul ated expan enbly.
Al of this nmeans that it is not possible to rely upon

transfer sideways fromthe | ower portion of-the
| - 25 -

the spin bach having bafZfles (108, 109, 110, 111, 112) to
reduce tuxbulernce. :

filamencs as it is passed throush the spin bath (101, 115),

37. A spinning cell according to Claim 36, characcerised in
that the baffles (108, 109, 110, 111, 112) are porcus.

n

38. A spinning cell according to Claim 38 oz 137,
charactarised in that che baffles (108, 109, 110, 111, 112)
are pexforataed places.

39. A spinniag cell according to Claim 36, 37 or 18,

10 characterised ir that the baffles (108, 109, 110, 11ii, 112)
are positioned at a plurality of levels iz the spin bach (101,
115).

40. A spinning cell accozding to any one of Claims 36 to 39,
characterised in that the baffles (108, 103, 110, 111, 112)

15 are positioned within the upper region of the spin bath (101,
115).

41. A spinning cell according to any one of Claims 36 to 40,
characterised in that the baffles (108, 109, 110, 111, 112)
are shaped to be positioned clese to the moving surfacss of

20 the tow or tows (130) of filaments passing through the spin
bath (108, 109, 110, 111, 112). :

- 42. A spinning cell according to any one of Claims 36 to 41,
characterised in that a gap is provided above the spin bath
(101, 115) and is defined between the upper surface of the

25 spin bath and the lower surface of a die {60)through which the
filaments (34) are formed.

43. A spinning cell according to Claim 42, characterised in

that means (121, 122) are provided to provide a forced flow

of gas through the gap parallel to the upper surface of the
30 spin bath (101, 115).

* c L L] s *
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bottom housing directly horizontally into the side of the peripheral wall. -
28. Simlar constraints apply to the direct horizontal transfer. of heat
into the outer side wall of the bottom housing 20 directly fromthe heated

| ower portion of the frane 2. However, by providing for a positive clanped
face-to-face surface such as surface .51, 53, a positive route for the
transfer of heat fromthe nediumw thin bore 3 to the

- 26 - _
44. A methed for the producticn of cellulose filamenrs frem
a solution of csllulose in an ‘organic solvent substancially
as hereinbefcre described with rzference to and as shown in
the accempanying drawings.

S 45. A spinning cell for the coagulatiocn of filaments formed
frecm a solution of cellulose in an organic sclvent
substancially as hereinbefore described with reference to and
as shown in the accocmpanying drawings.

46. Cellulose filaments prcduced by the methed or with the
10.apparactus claimed in any one of claims 1 to 4S.

i

R
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spinnerette is provided. Any suitable heating nedium such.as hot water,
steam or heated oil can be passed through the bore 3. The provision of the
| ower thermal insulation 40 whilst not needed from a safety-co-personnel

vi ew point ensures that the heat fromthe hot cellul ose solution itself is
passed into the jet assenbly fromthe bore 3 and does not escape through
the I ower face of the bottom housing. -2

SPINNING CELL
ABSTRACT

A method of producing lyocell fibres (125) by spinning

a solution of cellulose in an organic solvent through an air
gap and into a spin bath (115)in which there is provided means

5 (121, 122) to generate a cross-draught of air in the air gap.

FIG. 7
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It wll readily be appreciated that the conponents of the spinning cell
shoul d be manufactured frommaterial capable of wthstandi ng any sol vent
sol ution passed through it. Thus. for exanple, the spinnerette may be made
fromstainless steel and the housings may be nmade from stainl ess steel or
castings of cast iron as appropriate. The gaskets may be fornmed of PTFE.
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-15- Wthout prejudice to the present invention it is believed that the
cross-draught tends to evaporate sone of the water contained in the
cel l ul ose NMMO water solution so as to forma skin on the filanents as they
energe fromthe splnnnerette The conbi nation of the cooling effect of the
cross-draught and . ' '
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. the evaporation of noisture fromthe filanments cools the filanments, thus _
fQrm ng a skin which stabilises the filanments prior to their entry into the
spin back. This nesns that-'very large nunbers of filaments can. be produced

at a single time. At the bottomend of the spin bath, a hole 103 is
provided with a gaiter as is illustrated in nore detail in Figure 8. The
tow 130 of filanments passes.through the hole 103 into a resilient gaiter

131 which is located at its upper end in firmand liquid-tight contact with
the wall in mhjch t he hol e

. \\ — )
&\
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103 is provided. The gaiter 131 has an aperture at its |ower end slightly
smaller in dianmeter than the tow 130. The gaiter is formed of neoprene
rrubber and the tow 130 stretches the rubber slightly so as to forma form
contact with the tow as it passes through the gaiter. The gaiter thus
restricts the excess flow of liquor out of the bottom of the spin bath. The
tow subsequent|y passes underneath a godet and t hen upwardly for washing
and further processing. Bel ow the coder there may be provided a drip tray
to catch spln bath |iquor -

I
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entrained in the tow and passing through the gaitered hole 103. The fl ow of
spin bath liquid in the upper portion of the spinning cell will now be
described nore clearly wth reference to Figures 9 and 10. Figure 9
shows a perspective plan view, of an enpty upper portion of a spin bath.
The spin bath  effectively conprises a |iquid-tight vessel defined by
side walls 135 and 136 and-by end walls 137 and

103l

131

I Fig. 8
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138. The side walls 135 and 136 are continuous steel side walls, whereas
the end walls 137 and 138 are provided with doors 139 and 140 as descri bed
nore fully bel ow. Qutside of the liquid-tight spin bath defined by the
wall's 135 to 138 there is an external framework defined by

Fig. 9

-
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side walls 141 and 142 and end wal I's 143 and 144. |t can be seen WhatI e
end Wal Ii—'_s-'-.r,1_43?5-v'3a.nd 134 ai€ prodided with U-shaped cut cuts generally

ed. Oy 145, andi 146 h uupper edges of the side walls 135 and 136 are
QW t.he upmet; !g\ 0f the end wall's in particular that portion
- The doors may be forned of
pI astics material. The doors are

Ve ) g ass or a cl ear
“the s’i%?é‘ vial't §°$0° t'hat

BT 2fafad . _SPINNING CELL

S

_ .This ‘invention relates to the spimning of lyccell
filamencs. "

As used herein, the cterm "lyocell" is defined in-
-accordance with che definition agreed by che Bureau
International pour la Scandardisacion de la Rayonne et de
| Fibres Synthetique (BISFA) namely:- '

“A cellulose fibre -obtained by an organic solveat
spinning process; it being understood that:-

"{1) an "organic solvent" means essentially a mixcture of
organic chemicals and watcer; and

(2) "solvent spinning" means dissolving and spinning
without. the formation of a-derivative".

Thus, a lyocell fibre is produced by the direct
" dissclution of the cellulose in a wacerécontaining ‘organic .
solvent - typically N-methyl morpholine N-oxide - without the
formation of an intermediate compound. After the solution is
extruded (spun), the cellulose is precipitated as a fibre.
This production process is different to that of other
cellulosic fibres ‘such as viscose, in which the cellulose is
first converted intc an intermediate compound which is then
dissolved in an inorganic "solvenc". The solution in cthe
viscose process is extruded and the intermediate compound is
converted back into cellulose.

The general process- for the preparation of lycocell fibres
" is described and illustrated in UsS Patent 4,416,698.
WO 93/19230, which is prior art under Article 54(3) EPC, discloses a lyocell
spinning process with an air gap between spinneret and coagulation bath. It also
discloses air flow in the air gap. JP-A-05 044 104 discloses that a gas flow in the
air gap of dry-jet wet spinning processes improves the stability of the filamentary

s!ream; In the air gap. . - This is the replacement sheet
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they may be conveniently opened. The doors may, for exanpl, be hinged at
their |lower edges and held in closed position by neans of S|de bolts or the
doors may be bolted argued three sides to the side walls or the bath. In
use, a slight excess of liquid is punped into the spin bath and the
exCess liquid overflows the upper sides2of the edges 115 and 136 to form at
upper surface of -liquid in the bath If desired the upper edges may be
serrated.
S The present invention is particularly concerned with process steps

relatmg to the spinning cell into which the extruded fibres pass after leaving the
".spinnerette or jet, first passing through an air gap and then into a coagulation
bath. ' -

- Accordingly, the pfeéenc invéncion:ﬁ:ovides_a mechad fcr
the production of cellulose filamencs f£rom a solucion of
cellulose in an organic solvent, which comprises the steps of
extruding the solucion through a die having a pluralicy of
‘holes to form a plurali:y of strands, passing the strands

~ across a gaseous gap ints a'wa:ef-ccncaining spin bath to form

. the filaments, providing a forced flow of gas_throﬁgh the gap
parallel to the upper surface of the liguid in the spin bath,
and providing means to supply liquid to the spin bath and
means. to remove ligquid from the spin bath. The gas may be
sucked across the gap using a suck nozzle. '

The gap may convenigntly'be an air gap and a blow naozzle
having an exit on one side of the 2ir gap may be provided on
the opposite side of the air gap to a2 suck nozzle.

A suck nozzle preferably has a greater cross-sectional
area at ics entrance than a blow nozzle has at its exic.

Baffle means may be located within the spin bath to
restrict the flow of currents of liquid within the spin bach

: and_to'éalm the upper surface of the liguid within the spin
bach. h

The spin bath may include an orifice in its lower end,
the aperture being provided with a resilient periphery to
resiliencly contact a tow of filaments passing cherechrough.

The resilient periphery may be provided by a cylindrical
gaiter of flexible resilient material having an orifice which
in cthe unrestrained condition is sli§htly smaller in
cross-sectional area than the total area of the filaments, the

This is the replacement sheet
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On the suck side of the bath, there is preferably provided a liquid trap.
This is shown nore clearly in Figure 10 but it essentially conprises a
channel formed between an angled wall 147 and the upper portion of the side
wal | 135. The suck nozzle 148 has a dependent strip 149 which extends bel ow
t he upper surface of the channel 147.- Exeess Liquid then flows over the
upper edge 150 into the channel 151 to fill the channel and overflow as at
152 Imto a QUtr Eelngsseal-ngly secu*ed at its upper end around Cae
'ane*tu*e in the lower end of che spin bath, che filamencs
nass-ng, in use, through ‘the orifice Ln the gaiter and thereby
' expanding the cross- -séctional area of the orifice in the

gaiter.

The solvent used to d:.ssclve the cellulose is prel.erably
an aguecus N-methyl morpholine N-ax:._de sclvent.

The temperatura of the air in the air gap is preferably
maintained below 50°C and above the temperature which would
cause freezing of water within the strands, and che relacive
humidity of the air is preferably maintained below a dew poinc
of 10°C.

The length of the strands in the gasecus, e.g. air, gap
is preferably maintained in the range 0.5 to 25 cm.

The die through which the solution is extruded may have
in excess of 500 holes and may have between 500 and 100,000
hol-es, preferably between 5,000 and 25,000 holes and further
preferably between 10,000 and 25,000. The holes may have a
diameter in the range 25 microns to 200 microms.

The solution of. c'ellulose_ may be maintained at a
temperature in the range 90°C to 125°C. '

As indicated above, the gaé may be air and the air may
be both sucked and blown across the air ga.p. and the air gap

may have a height between 0.5 cm and 25 cm. The not cellulose solution
may be extruded substantially vertically downward mto the spin bath.

'The' filaments may be extractéd-from a hole-in the bottom of the spin
bath, and the hole may be provided with a flexible gaiter. to contact the "
filaments passing therethrough so as to reduce spin bath hqmd passage

through the hole.
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Excess liquid flows out of a pipe 154 fromthe gutter 153 to be recycled as
required. The effect of the conbination of the liquid in the channel 151
fogether with the dependent strip 149 i's to forma gas-tight seal to
prevent the suction nozzle 148 sucking air up along the side of the bath
between the walls 141 and 135. By providing the hole 103 at the bottomof
the spin bath as described above, the i-f#tial lacing up of the towto

‘i'::_s:e M2y be a veir surface tc define the upper lavsl cf
_l;:.*.d in th2 stiz kach. The weir mav be dafined =y az laasc
qne edce of tha sgiz bach. Thars may 2e grovided
-a.ssar.-a down che .sids ¢ che sx_:r.:'. Bath adjacex=: e weir,
T-ars may be a wacer cyap in tke <-ai=zce cassasa. The
'Spizmize c2il may be rsczamculas iz shape wizk 3 Blew ze=sl
oo cne lomges side asd the suck moz=ls: on cke cppesed longer
sida. == may b= 3gn access docr iz ema or hech shorzaes
sides of txe cell. <The upper edge cf tte call oo cie suck
gide RIy ACT as I weir to defize the level of liguid iz the
cell. TRes=z may ke a d=z2inages passage or the cu.:?"-‘- cf tha
wall havins che weis, - T2a :‘.:a:.nage passace may iaclude a.
liguid trap &3 prevenc air Being sucksd up the gassage.

‘.v.

Balfles may be provided ac a pluralicy cf levels in tha
cell. The baffles may cooprise apercured placas.

These may be provided a chermally izsulating layes
bensack che side walls of tks spimmareccte on at leas- the blow
‘side. Tke inmsulacing layer may ke provided on che blow side
ard cr the cwe-short s:.des '

" By way of examnle embodimercs af cthe p:esé:z: invencion
¥ill maw Ee descTibed with rafsTemce to cthe accompanying

drawiags of wnieh:- .

Figus: 1 is a c=9ss seczionmal view aleng a mirsr axis af

figurs 2 is a erSSy secsiz= o2 & pastism @f Fizuza 1
gerpandiculac gs cha saction of Siguse 1.

Figure 3 is 2 parspective view of 3 spimmerezcs,

Figure 4 is a= underpmeach pian view of che spimnere=zs
ard iasulatien,
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comence- peparation of the production of Iyocell fibres is - 17-
conS|derany eased. The process for commencing-production, therefore,
Sinply conprises spinning a snall quantity of fibres into the bath and then
hooki ng the fibres through the hole in the bottomto pull the tow
downwar dl y around _5-

Figure 5 i3 a pgewspective view of cne Zczm af spin

bath,

Figurs § is a pe-sgecsive view cf a secam2 It af

spin bath,

Figu=e 7 is a pezspective view of the upper peItism cf
the spin bath: of Figure 6 showing the air gap, '

Figure 8 is a coss-secs =:a.1 view af ghe exit fzmm che
spm bath,

Figu=e § is a pe=spective view of tie top of a modified,
. spin bath and i '

== 10 is a2 cooss-secticnal view of a wacer t=3p.

The inveszion can most élea:ly Be undewsezsed by
ccmpariscas of thas drawings actached herero wich the invencion
desczited and illusesated :.n U&Ea:en: 4,418,698.

In Figuze 2 of UE Ea.:an: 4 41.6 §98, it can be seen thac
cke soclution of :.llulnse.:.n ‘amine oxide and non-solvenc -
cypically water - is ext:udad :n.-aud. a jet or spinmersette 10
to form 3 series of f;lam:s ‘'which pass through azn air gap
inca a spm bars. The f£ilaments then passg around a zaller
12 to emerge from the upper surface of the SPil . hach. When
che filamencs emevge £zom the spimaerette 10 and encsumges e -
air gap chey a=s scretched within the 2ir gap. Whez the
£ilamants ences tle liguid in the spin bath the sclvent
leaches out of the filaments to re-form the filaments so as to produce the

cellulosic filaments themselves. _

The number of filaments produced by the spinnerette in the prior
reference US Patent 4,416,698 is low - typlcally 32 filaments are produced, see
Example 1 (column 6, line 40).
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the | ower godet or roller (not shown) and then thread the tow onwardly
through the following fibre washing and fibre drying sections (not shown)..
Because of the narrow gap between the upper end of the spin bath and the

| ower regions of the jet assenbly, lacing up of the tow is considerably
eased by the provisions of the doors 139 and_ 140. To lace up the apparatus
at the commencement of a spinning operation, the doors 139 and 140 are
opened- sone spin bat h liquid then falling into the surroundi ng catchnent

t roughs. - Spi nni ng lﬁ%@ﬂucgﬁfé@ﬂ%d =a8de dd16 25 i abvelt 8 Smpaebsuitmdilpul at ed

and pushed - Eas chs prapasiizn of filamencazy lyccall yamm, whea if is

$wea .,:;ev- iz is pecsssasy I stin

:."_....a'.‘. 14 ::::a:: geaple
'ver_f lazge purmpess of filams=cs sizulcazecusly. Typizally in
‘ax=ess gf 5,000 filamercs would De prsduced peI spismiag call
a=d a plu=alisy cf spizsizg cells would De arzacged iz a
sida-by-sida lecacian ta prsducs veTy latge mm‘-"ers - i= ghe.
rund=ads qf cheousamds - of filaments wh..r.‘t :nuhi he wasted and
cut c3 fom staple fikze. '

The mvennon providéé a m_etl;od:usx’ng an apparatus for producing
lyocell filament in which: there is provided a cross-draught of air gap in the:
" air gap to cool the filaments as they-emerge from the spinnerette. Typically
the temperatnre at which the cellulose solution is extruded through the
spinmerette is in the range 95°C to 125°C. If the temperature drops too low, the
vircosity of the cellulose solution becomes so high that it is impractical to
extrude it through a spinnerette. Because of the pdtential exothermic nature of
the cellulose solution in N-nethyl morpholine N-oxide (herein NMMO), it is
preferred that the tenperature of the solution - sox_netixiies_ referred to as a dope
' - is maintained below 125°C, preferably below 1157 C. Thus the temperature of
the dope in the spinnerette is close to at or above the boiling point-of the water
which is typically used in the spin bath. The contents of the spin bath may be
water alone or a mixture of water and NMMO. Because the NMMO is
caﬁéi:.ncusly leached fxem che filamencs inta the sp:: bach,
the spin bath would, duving pazmal operatiom, always c::.ca.ia

NMMO . )
The provision af the cTess-dzaught of airin che i7 gap

nas heeaz fouxmd tc stabilises che filame=cs as thay =mecge fzam
tte spinnerstte, thus emabling largey numbers of filaments te
be spun a¢ a given +ime and enabling che simuitanaqus
- produckion cf cks large number ¢f filaments :aéui:a& for the
manufacture ¢S staple fibre on a2 commexcial scala.

This is the replacement shegt

Date: 7 0 5£p 1999



. -

t hrough the hole 103 at the bottom of the bath. Once the apparatus has been
| aced up, the door 139, 140 can be closed, the bath refilled and operation
. can then be continued automatically. If required, plain water can be used
in the spin bath for starting purpos ; This water tends to froth |ess
t han aqueous ami ne oxi de mi xtures arid’ éases start-up The provision of the
doors 139, 140 al so enabl es ready access to the interior of the spin bath

and t.o t he edges ! r&ge of' a cross-draught enables the gap between the face of the
_ epinne-i'ett_e and the liquor in the spin bath to be kept to 2 minimum level,._hence
. reducing the overall height of the spinning apparatus. |
_ For cpoimum parformzncs the hHumi d:."y el the aic should
te CS=tzallad sc izt it kas a dew peinz of 10°C o lasz. .The
. dew point may ke iz ghe Tazga 4°C ts 10°C. The :.::t:ﬂratu:e-
cf tke air caz ke in che range 5°C to 30°C, buc :..e alr can
ke at 10°C with a zalacive mmd;:y cﬁ mc*-

Referring to Figure 5 this shows a spin bath 101 which has a genetally
rectangular shape with a prismatic pomon 102 towards the lower end. At the
bottom of the bath is an outlet. hole. 103 which wilIbe described ir further -
detail below The upper edge 104 of the spin bath deﬁnes the apper level

of hquor in the spin bath. Typically the liquor contained in the spin bath
would be 2 mixture of water and 25% NMMO, but concentrations in the range
10% to 40% or 20% to 30% by weight of NMMO can be used. The dotted
lines 105, 106, define the path of the filaments passing through the spin bath
during the leaching process. At the upper end of the spin bath the ﬁlaments are

_ in a generally rectangnlar array 107 The shape of the : array 107 will be defined
by the shape of the spinnerette or je_tthmugh which the filaments are extruded
in the spinning process. To prevenl: éxcessive turbulence of hqnor within the
spin bath, perforated plates 108, 109, 110 having 3mm holes and 40% voidage
are located within the upper region of the bath to restrict flow of liquor within
the spin bath.

As the filaments pass downwardly in a tow through the spin bath they
entrain spin bath liquor held at 25°C, or in the range 20°C to 30°C and the
entrained liquor is carried downwardly. Because the total cross sectional area
of the tow of filaments is reduced as they approach the outlet, excess spin bath
liquor is expressed sideways from the tow of filaments. This sets up a
pumping action of liquor within the bath, tending to produce currents of liquor
in the spin bath. The use of the porous baffles 108, 109 and 110 significantly
reduces turbulence of the surface of the liquor in the sﬁin bath and within the
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nozzle. This enables small quantities of crystalline growth which appear
on the spin bath during operation to be renoved. It is believed that these
crystalline growth arise fromthe slight evaporation of amine oxide. It

wi |l be appreciated that a | arge nunber of spin baths may be aligned in a
si de-by-side rel ationship and the bottgm of each bath can readily be
assessed by an operator. |If on the other hand the fibres energe through the
upper . surface of the

. liquor in-the upper portion of the bath. This reductxon in turbulence prevents '
.ot significantly reduces splashing of the spin bath liquor up onto the face of the
" spinnerette and prevents disruptive movement of the filaments.

As shown in Figure 6, baffles 111 and 112 are preferably shaped so as

| to be qmte close to the moving surfaces of the tow or tows of filaments passing

downwardly through the spin bath. In the case of the use of a spinnerette whxch_

forms the filaments into two rectangular tows 113, 114 which pass downwardly
through the spin bath as prismatic regions 113°, 114’ until they combire to
emerge tlu'ough the hole 103 at the bottom of the spin bath.

?.af.a:.r:.neeehgue‘l :n.sshcwsumr-de:.z.lnhea..
gap amd che cosss-dzaught arsasgement. Aspm bath 115
whick has an wgres surface 11§ defined by . dges 117, 118,
119 and 1240 of the spix bzith-'- ~ . Effectively the edges aes
as dams or weirs, a.n:l a sligh: excess of spin bach r is
‘passed iznco tha’ bath ts flaw cver the weirs sc as ta form a
su=face 11§ of ecsmstanc locaticn and thezmfers of fixed
keight. ' ‘

A cxuss-draughc iz che fora of air having a temperature
iz the razge 10°C B0 40°C and a relative humidity in tSe ramge
of daw poizts 4°C £g 10°C.is Blewn aczuss the 3ir gap frem a2
blow zozzle 121 izts 3 sucticn nozzle 122. Air is sucked
c..raugh che mezale.122. sg_as te maincain a pa.ra.lle. flogw of
air across: the top of the spin bath. The thickness of the blow nozzle-

121 is aBcut cne qua.:.'ter: TS cne nftb =2 che chickhess =3 che

suctien nezz-e 122. The lcwer adge -23 ¢i che suctien nozzle _
133 is substantially at chs same level as cle edge 119¢f che
svin bach. Tha edga 123 may be slightly telow the laval of
== spin bath sdge 125. Air cypically ac 20°C is blowh ac 10

meccsas/sassnd assIss the air gag.

Typically the sauck nozzle 122 weculd Dave a thickness of
asaut 15 mm and che air gap would chen be abcuc 18 to 20 mm

Bigh.
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spin bach, the lacing up of -the systemis very nuch nore conplicated and
i nvol ves an operator trying to work bel ow the surface of the spin bath to
collect the fibres in a tow from bel owthe surface of the spin bath.

Addi tionally, when | arge -18 -

-9-

The 'i'e: assamibly 124 wiick precduces the filageznis 125
. sze2fazally c:x::::ses a4 spizmezscte fgrmed of chin s::e.-.:s ag
s:a'_'.:'.’.sss scteal welded imsg a stoussure which has a f£las uzde=
.SuTface moumces in an assembly which providss heac s tze
spinzevects a=d whizh ghermally imsulaces the boroem of the
| spimmevecte. Such spizsezsctas ars ideally suited oo
spinning apparatus- according to the present inventionin that the

' cross-draughr of an- has been fcnmd to stablhse the ﬁlaments emergmg
from the spmnette .

Refazzing =5 Figuee 1, this shows 3 jet assembly lecacsd
wizliin ar izsylaging cover 1 and fzame 2. The frace 2 is
thermally insulzted foocm its stael support st—ucsure, a=d has
a bors 3 extesdisc avound the frame through which a saitable
heatiae medium such as kot waca=, steam, or oil, can be jassed
€3 heat the lowver end of the fzame. Hecause the callulase
solutica spun tiTEugk the jat assembly is supplied to the jet
assembly ac ar elevaced cemperasuraz, typisally 105°¢C, it is
prefazable to praovide hearipe ©o maintzin che solucicnm ac cthe
carrsct tempezarusa anéd ta providse insulaticn to mizimise
excessive haac loss amd ®c prevent ipjusy to operacing
persancel. -

Balted to ths frame 2 by means of bolts er studs 4, § is

a top housing §. Tke top housing forms an upper diseczitucisn
chamber 7 inte which is directad an inler feed pipa €. The
_inlec feed pipe is provided wich ar O-ring seal 9 and 2 flange

10. A locking ring 1l is balced te the upper face 12 of the
Cop hausing € to crap the flange 10 co hold the inlec feed
Pipe on che top housing. Suicable bolts or scuds 13, 14 are
orovided ce bolc che ring 1l cto the top housing 6.

Bolted to che underside of the cop housing 6 is a bottom
Rousing 20. A saries of boles 2l, 22 are used to bolt the top
and Bottom housing cogecher and an annular spacer 23 forms a
pesicive scop co lacace :ne :cp and boctom housings t:cge:he"
AC a predefined discance.
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nunbers of cells are placed in side-by-side relationship it becones
difficult to access the top of the spin baths, particularly if the air gap
sis very small and the cells are narrow It can be seen that by utilising a
| ower outlet, the baths can be narrow and little |arger than the wedge of
tom1pa55|ng through t he spln bat h. -10- 19-

Theé bottem housing 20 has an -inwazdly dirsczad flange
gorticn 24 which has an annular upwardly directed surface 25.
The upper housing 6 has an anmular downwardly directed

' horizemcal clamping face 26.

Clamped between :he' faces 25 and 26 is a spiamerecce, 2
breaker plate and filter assembly. The spirmmerecce, shown in
perspective view in Figure 3, essentially comprises a
recrangular member in plan view, having a top hat cross
section. and comprising an upwardly dirzeczed peripheral wall
generally indicaced by 28 incorporating an integzral cucwardly
direcced flange portionm 25. The spinnerette incorporaces a
pluralicy of aperture plates 30, 31, 32 which contain.the
boles through which che sclution ef cellulose in amime oxide,
‘33 is spun or extruded to form filaments 34.

Locaced on the upper surface of the flange 29 is a gasket
35. Located an top of the gasket 35 is a breaker plate 1§
which essentially comprises an apertured plate used co support
a filcer element 37. The filter elemenc 37 is formed eof
sincered mectal, and if the sintered mecal has a fine pore
size, che preassure drop across the filter can, in use, rupture
the filter. The breaker plate 36, therefore, Supports the
filcer in use. A pair of gaskets 38, 39 on either side of the
filter completes the assembly located between the upwardly
directed face 25 of the bottom housing and the downwardly
direcced face 26 of the top housing. By clamping the assembly
togacher with the belts 21, 22, the spinnerette, breaker place
and Zilcer are held posicively in pesitien.

Located beneach che botzom housing 20 is aa arnular
thermally insulacing ring 40 which is gemerally ractangular
in plan shape. The annular insulating ring extends around the
complete periphery of che wall 28, which wall 28 extends below
the lower face 41 of the boctem housing 20. On one laeng side

of the spinnerecte, chere is provided an integral excension
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1. A nmethod for the production of cellulose filaments froma solution

of cellulose in an organic solvent, characterised in that it conprises
fthe steps of extruding the solution through a die having a plurality of
holes to forma plurality of strands, passing the strands across a gaseous
gap into.a water-containing spin bath to formthe filaments. providing a
forced flow of gas through the gap parajjel to the upper surface of the
.I|qU|d in the spin bath, and.providing.

poTticn 42 of che imsulacting ring 40 which extends bDelow che
) leng wall poTtion 43 of the peripheral wall 28. On tle other
. long wall porticn 41 of the peripheral wall 28 the iasulacing
ring 40 does not have cthe -n:egral .axtensicn pericn 42, but
che lower face 44 of that porticn cf the ring 40 is in the
same pla;ne as the face 46 of the portion 41 of the peripheral
wall 28 of the spinnerscte.

As is more easily seen in Figure 2, the imsulating riag
40 which is secured te the underside of the bottom housing 20
by screws (not shown) has the integral extensiecn portions 50,
51 excending over the lower faces of the portions S2. 53 of
:ne shorzer lengths of che penpheral wall 28 of cthe
spmnere::e.

Referring to Figure 3 this shows in perspective che
spinnerecte incorporated into the jet assembly. The
spinnerecte, generally indicated at 60, has an cuter flange
2% integral with the wall 28. The rectangular nacure of the
spinnerecte can clearly be seen from the perspective view in
Figure 3. The minor axis of the spinnefe::e is shown in the
sectional view of Figure 1 and che major axis is shown in
sectional view in Figure 2. Welded ince the bottom of the
spinnerecte are six apercture plates €1 of which three of the
plates 30, 31, 32 can be seen in secticnal view in Figure 1.
These places contain che. actual holes cthrough which the
cellulose solution is ex:'ua.ed The holes can have a cu.amete-
in ‘the range 2S5u to ZDOu and be spaced by 0.5 to 3mm in a
centre-co-centre measurement. The spinnerecce has an

undersz.de in a single p-ane and is capa.ble of wichstanding che
high excrusion pressures experieanced in spianing a het
cellulose solution in amine oxide. Each plate can ccncain

' between 500 and 10,000 holes..i.e. up to 40,000 holes for jets
wich four places. Up to 100,000 holes caa be used.

This is the replacement sheet

Date: 2 0 SFP 1999



“means to supply liquid to the spin bath and neans to renove liquid fromthe
spin bath. 2. A nethod as clainmed in claim1, characterised in that the
gas i s sucked across the gap. 3. A nmethod as clainmed in claim1l or 2,
characterised- in-that the die has between 500 and 100,000 holes. 4. A
method as claimed in claim 1, 2 or 3, characterised in that the
solution of cellulose is maintained 712- '

. Figuze 4, -is an underneath view of the spizzsrecce
' showing the locacicn aof tha iasulacing annular member 0. It
. can be seen chact che insulacing layer. cypically formed cf a
resin impregnaced fabric material such as Tufnol (crade mark)
excends below the lower portion of the peripheral wall 28 on
‘three sides of che spinnerecte. Thus, seen from below, on
sides 62, 61 and €4, the lower portion of the wall 28 is
cbscured By the extemsion porticms in the insulating layer
showf1.as 42, 50 and SI.;n.Exguzes 1 and 2. However, on the
fourch side, side 85, the lawer'pcztxon 66 of the wall 28 of
zhe spimnerscre §0 is na:;znsu;a:ed.and is., thersfore exposed.
The insulacing anmulus, cherefore, is effectively surrounding
' the spinnerecce canple:eiy‘and extends on three sides beneath
che peripheral wall of the wall of the spimmerette.

It will be noted chat the hreaker pla:e'JG has tapered
holes 67 which enhance the flow of viscous esllulese sclution
cthrough the jet assembly whilst providing a gsod suppert for
the filter 37. In curn the breaker placte 36 is supporzed by
the upper edges of the internal bracing members or spars €8,
.69, 70. The upper edges of the intermal bracing members or
spars may be displaceé frem the cen::e'liﬁe of the members or
Spars so that the entrance area above each aperture place is
equal. '

Tneftacings 25, 26 of the housing and/er the breaker.
place 36 may be provided with small recesses'such as recess
80 (see Figure 2) so as to permit the gasket to -be extruded

~ into the recess to enhance sealing when the bolts holding the
top and the bottom housing together are tightened. An 0-ring
84 may be provided becween the tep and boctom housing to act

. as a second seal in the event of failure of the main seals
between che Cop and Boctom housing and the tr2aker place and
filva= assat:ly
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at a tenperature in the range 100[eir]C to 125[err]C. 5. A net hod as
claimed in any one of clainms 1 to 4, characterised inn that the gas is both
*sucked and bl own across the gap. 6. A nmethod as claimed in claim1l1, 2, 3,
4 or 5, characcerised in'that the gas is air. 7. A nmethod as clainmed in
claim6, characterised in that the alr Bas a dew point of 10[err]C or

bel ow.

A sBimmarTsrcs as employed ig che invegticn is, therefazs,
cazasla’ of hazdaling righly visseus high FressuTz callulcse
- sgluzicd in whigh cypically che pTessuse @f Ile solustice
upsizzam ¢l cha filzas may pe iz Tle Tazge SO ez 60 far aae

- =hd prassucz st tha inside qf the die facs may e iz tia razge

20 ©c 100 baz. The filcar itself cansTituctes to 2 significame .
amsumz of prassuce drgp ‘through che sysssm whilss iz
cperacisz, '

The method: gf che invescion alse provides a suizable
Reaz pa..h. wr'.a:-"'y che cemperatuss ¢S the dope in the spimning
cell can be mzizcaized close T3 Che ideal Cempesactus: for
spizming for exz=isien pusposes.  The boctem housizg 20 is in
- £izm pasitive cs=oact wich che spizmeracte through ifs aooulaz
upwasdly direciad face 25. 1Ixe Bolts or sec scraws 21, 22
ensuze a fizm pesitive comeacs. Similarly, the balds 4,5
pesitively enmsuss thac the baetom housing 28 is held tighzly
£2 the fzame memker 22 via ics dowvawarldly diveccad facs 81
fotmed on an outwasdly dirscced flance portion 82. T2e face
81 is in positive ccacact wich the upwardly dizectad Zacs g3
cf the housing 2.

By paovidizg 3 heacing element ia the form of 3 heacting
tube J dirme:ly balow the face 83 tlere is 3 dirac: flcw pach
for heatc fzom cthe heating medium iz the bors 3 into Che
spinnevacte. I: caz be Seen that hezt can flow thwough the
facas 83, 81 whick, as menciomed abova, are held in positive
contact by the sec screws 4, 5. Heat can chen flow through
Che botcom housizng 20 via che face 25 amd flamge 29 iazs the
spimmerscce wall 23. '

It will readily be appreciaced tlac assemhlies cf the
Cype illustrated iz cha aceewpanying drawings are notmally
 assembled in an ambient tempezacure workshep. Thus typically
the tcp and bocizm housing, the su.:.e:-.-.::e, tie breaksr place
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8. A nmethod as clainmed in claim6 or 7, characterised in that the air is
aj a tenperature between O[err]C and 50[err]C 9. A nethod as clained in
any one of claims 1 to 8, in which the gap is between 0.5cm and 25cmin
hei ght . - 20-

- 14-
and filtar place assembly will be bholtad up ac lent
. ‘temperacure by cightening the screws 21, 22. To anable che
s*...nerec.:e tc be insaztad ince the poctom housing 2C cheze
1eeds ta be a sufficient gap between che perigheral wall 28
and the incerior hole of che bottom housing 20 which permics
the spinnerscte Co be inserced and removed. IT will also be
appreciated chac in use the assembly is heaced to cypically
100°C. The combinacion of heating and incermal pressurs means
that chere will be an unregulaced expanéion of cthe assembly.
- All of this means chat it is nat passible tco rely upon a
_@irect heat cransfer s:.dewa.ys from che lower particn of Che
bgttom housing d.nc:ly h.a::.zan:a.lly inco che side of che
peripheral wall 28.

Similar ' constraints apply to cthe direct BRorizoatal
' czansfer. of heat intc the ocuter side wall of che boccom
housing 20 directly from cthe heatad lower portion of the frame
2. However, by_.. providing for a positive clamped face-ts-face
surface such as surface 81, 83, a posicive rouce for the
transfer of heat from the medium within bere 3 to che
. spinmerecte is provided. Any suitable beating medium such as
hot water, steam or heated cil can be passed through the bore
3. :

The provision of the lower thezrmal izsulation 40 whilst
not needed from a safecy-co-personnel view point ensures chac
che heat from the het cellulose solution itself is passed into
the jet assembly from che boze 1 and does nat escape ch.rougn
the lcwer face of the battom haus:.ng

It will readily be apprecia:ed that the compcnments of the
spimming cell should be manufactured from material capable of
withstanding any solvent solution passed through it. Thus,
for example, the spinnerscte may be made from stainless steel
and che housings may be made from stcainless steel or castings
of cast iron as appropriate. The gaskets may be formed of

PTFE. .
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10. A nethod as clained in any one of clains 1 to 9, characterised in that
there is provided baffle means within the. spin bath to restrict the flow
of currents of liquid within the spin bath and to cal mthe upper surface of
the liquid within the spin bath. 11. A nethod as clained in any of clains
1 to 10, further characterised in that the filanents are withdrawn fromthe
spinning cell through an aperture in the | ower end of the

. . -15- |
N Wichout prejudice ce che gpresenc imventica it As Sabiaves
"IR&I Ehe cITss-dosugzt cands 2o evaporabe scme of chs waces
cznzaized in che csllulgse NMMO watss ssluzion so a5 te Sz
4 scie e cre Ililamencs as chey emerge £oom the spinmasasza.
The cimbiraczicn =2 ehe cgoling effect cf cae cIsss-drztght ard
the evagaTacizz cf meiscurs fram che #flamesmss c=cl$ che
Tilamenzs, t=us Za-ming a skin whizh stabilises cha Eilame=cs
pricr ts cheir entry inczo che spiz back. TRis means g=at vesy
lzsse mumters cf ;iIa.nar.:s cax be prosuces it 2 single time.

_ At the bottom end of the spi-n'bath, a hofe 103 is prdvid—ed with a gaiter
as is illustrated in more detail in Figure 8. The tow 130 of filaments passes
through the hole 103 into a resilient gajter 131 which is located at

its upper end in firm and liquid-tight contact with the wall in which the hole
103 is provid.ed.. The gaiter 131 has an aperture at its lower end slightly
smaller in diameter than the tow 130. The gaiter is formed of neoprene rubber
and the tow 130 stretches the rubber slightly so as to form a form contact with
the tow as it pasées througk the gaiter. The .gaiter thus restricts the excess flow -
of liquor out cf the bottom of the spin bath. - | |

IZ2 tow subseguently passes undezmeach 2 godet aze chen
upwasdly for waskisg and Surther pracessisz. Below the sodec
Ehere may be provided a dzip tmay to catck spim bach liguer

. encTained iz the cow and passisg throuch the gaictersd hole
103. ‘ - : -

The flow of spin bath liguid in the urper paoctice ¢f the
ssianing cell will now be descriBed mare cleazly wich
reta;e::e Co Figuses 9 and 10. Figuze 9 shows a pesspezctive
Plan view of an emnty upper percicm cf a spin . path . The
spix  bath  effectively couprises a liquid-tight vessel
delinec by side walls 135 ard 136 and by end walls 137 and
138. Tie side walls 135 aad 136 are cenecinucys scasi side
walls, whereas tte end walls 137 and 138 aze previded wich

deors 113 and 140 as descTibed mere fully belaw.
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spin bath, the filanments passing through a gaiter of flexible materi al
having an orifice which, in an unrestrained condition, is slightly smaller
in cross-sectional area than the total area of the filanments, the gaiter
bei ng sealingly secured at its upper end around the aperture in the | ower
end of the. spin bath, the filaments passing through the orifice in the
gaiter and thereby expanding the cross-sectional area of the orifice in the

-gaiter. o . : -16 -

Cutsi-ée. <2 che liguic-zighe spin bath . cefined by z=xa
walls 135 o 138, zher= is am extammal framewerte defins¢ v
sica walls 141 and 142 and end walls 143 azd 144. I2 =2z se
Saen chat the end walls 143 a=d 144 aze soovicded with U-skagad
Cut ‘cucs genazzlly imdicated by 145 a=< 146. The ypgpes adcas
cZ the side walks 115 and 136 are siighzly belew =2 ugpes
edoes c2 the end walls iz pardtirulac csoac portion cf ize ecd
walls dafined bty docrs 133 a=Z 140. The dcass may be ta;med
cf mazal cor may be formed of glass c- & clear siascics
macesizl. Tiue degrs ase mous=zed i the side walls sc chac
they way be cszveniszcly gpened. The doess may, f£2r axamcle,
be hi=ged ac their lewer edges and held ip closed pesitien by
means Qf side bolts ¢r the doess may Be bolted arausd choee
sides tc tke gide walls of che bath..- ' '

Iz usa, a slight exmess ¢f liguid is pumped Izzg the
spin bath and che excess liguid ovesZlows the uppes sides
Qf the edgas 135 aad 136 to f£3=m an ugper suzface of liguid
iz ghe bath. % desized che upper edges may be serraced.

On the stck side of che bath, chers is praferably
. provided a licuid ezap. This is shown more claarly ia Figurs
10 but it essextially compsisas a cka=wnel formed bervesn ax
angled wall 147 and the uppes pozticn of the side wall 135.
The suck nozzls 148 has a dege=dent stIip 149 which excends
below tke upper surface of the2 channel 147. Excess liguid
then flows oves the upper edge 1350 into the' charmnel 151 to
£ill eka chan=el and ovezflow as ac 1S2 into a gutsar 153.
Excess liquid flows cutc gf a pipe 154 from the gucter 153 o
be recycled as requirsd. The effect of the combinaticz of the
liquid in the chamnsl 151 ecogethes with the dependen: strip
149 is to form a gas-tight seal to pravent the suction nczzle
148 sucking ais up along the side of che b'a‘th"‘be:ween the
walls 141 amd 135.

By pravidizg the hcls 103 ac the bottom of the spia bath
 as dascrited akgve, the initial lacing up cf the gsw €3
commercs prapasation of the production of lyocell fib-es is
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" considerably eased. The process for mmmeﬁdng prodoction, therofore, simplj
comprises spinning a small quantity of fibres into the bath and then hooking .
the fibres through the hole in the bottom to pull the tow downwardly around.

the lower godet or roller (not shown) and: then thread the tow onwardly through
the following fibre washing and fibre drying sections (ot shown).

Because of the narrow gap between the upper end of the spin bath and
the lower regions.of the jet assemblv; lacing up of the tow is considerably
eased' by the prov:smns' of the doors 139 and 140 To lace up the .apparatus at
- the commencement of a spinning operatxon the doors 139 and 140 are opened-
~ some spm bath liquid then fallmg into the surrounding catchment troughs.
Spinning is then commenced and the spun fibres can be manipulated and pushed
through the hole 103-at the bottom of the bath. Once the apparatus has been
laced up, ‘the door 139, 140 can be closed the bath refilled and operation can
then be contn!ued automatically.

If required, plainwacer caz ke used in the spin bach far
stcarsing pus=ssas. This wacer cénds £33 £-acth less :ha.n
aquecus amine cxide mixtures and eases staTT-up - :
Tha prsvisicn of tha doers 139, 140 also enables ready access
to tke incerior c¢£ the spinm baeh and cg che edges af che suck
no=zle. This enables small quaneiries of csystalline gzoweh
~which appear on the spin bath during operation to be removed. It

. is beliaved tha: chese cryscalline growths azise fzum Che
slight evaperatica of aming cxide. '

It will be acpreciaced that a large numher of spim baths “_‘a_y
be aligned in a side-by-sida relacicmship and the bottcm of
each bath, can readily be assessed by an cperaces. If co the
other hz.n:'. the £ihres emerge thrcugh Che upper susface of the
spiz bach, the laciag up of the system is vesy much mozre
complicaced and invelves an ope~ator tTyisg te work below the
suzface of tha sgin bath to callect the fibrss in a zow fIom
below the surfacs of the spin bath. Addizionally, whe= large
This is the replacement sheet

2 0 SFp 1999

sle:



-18 -

- numbers of cells .are placed in side-by-side relationship it becomes difficult to
‘access the top of the spin baths, particularly if the air gap is very small and the
cells are narrow. It can be seen that by utilising a lower outlet, the baths can

" be narrow and little larger than the wedge of tow passing through the spin bath.’
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SLAIMS

‘1. A-mechod for the production cf cellulose filamencs
E£rom. ‘a solucion of cellulose im an crganic solvenc,
characuerlsed in that it comprises the steps of excrud_nc the
. Solutien through a die having a pluralicy of holes tc form a
'plural:.ty of strands, passing the strands acrass a gaseous gap
into a water-concaining spin bath to form cthe filaments,
providing a forced flow of gas through the gap parallel to cthe
upper surface of the liquid in the spin bath, and providing
means te supply liquid to the spizi bath and means to remove
liquid from the 'spin bath.

. 2. A method as claimed in claim 1, characterised in
that the gas is sucked across the gap.

3. A method as claimed in claim 1 or 2, char;cuerised.
in that the die has between 500 and 100,000 holes.

4. A method as claimed in claim 1, 2 or 3,
characterised in that the solution of cellulose is maintained
at a temperature in the range 100°C to 125°C.

S. A mechod as claimed in any one of claims 1 to 4,

. characterised in that che gas is both sucked and blown across
the gap.

6. A method as claimed in claim 1, 2, 3, 4 or 5,
characterised in that the gas is air.

7. A method as claimed in claim &, characterised in
that the air has a dew point of 10°C or below.

8. A method as claimed in claim 6 or 7, characterised
in that the air is at a temperature between 0°C and 50°C.

5. A method as claimed in any one of claims 1 to 8, in
which the gap is betwesen 0.5cm and 25cm in height.

(T
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o _10_; A methed as claimed in any one of claims 1 t< 3,
.characterised in that cthere is provided baffle means within
the. spin bath to restrict the flow of currents of liquid
within the spin bath and cto calm cthe upper surface of the
li'quid.wichin the spin bath.

| 11. A method as claimed in amy of claims 1 to’ 10,
further characterised in that che filaments are wichdrawn £rom
the spinning cell through an aperture in the lower end of the
spin bath, the filaments passing through a gai:er." of flexible
material _'.having an orifice which, in an unrestrained
- condition, is slightly smaller in cross-sectional area than
the total area of the filaments, the gaiter being sealingly
secured at its upper end around the aperture in the lower end
of the spin bath, the filaments passing through the orifice
in the gaiter and thereby expanding the cross-sectional area

of the orifice in the gaic.er;

WA o o
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SPINNING CELL
ABSTRACT

A method of producing lyocell fibres (125) by spinning
" a solution of cellulose in an organic solvent . through an air
gap and into a spin bath (115)in which there is provided means
(121, 122) to generate a cross-draught of air in the air gap.

FIG. 7
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