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MANUFACTURE OF SOLVENT-SPUN CELLULOSE FIBRE
AND QUALITY CONTROL DETECTION MEANS THEREFOR

This invention relates to the manufacture of cellulose
fibre by a method comprising the spinning of continuous
cellulose filaments from a solution of cellulose in an organic
solvent, particularly an amine oxide solvent. Cellulose
manufactured in this manner is known as lyocell and will
hereafter be referred to as solvent-spun cellulose or lyocell.
The invention particularly aims to provide a detection means
to enable the presence of so-called "trash" on the formed
continuous filaments to be detected at an appropriate stage
in the manufacturing process.

The manufacture of lyocell cellulose filaments is
described, for example, in U.S. Patent No. 4,416,698 the
contents of which are incorporated herein by way of reference.
This Patent discloses a method of producing cellulose
filaments by dissolving the cellulose in a suitable solvent
such as a tertiary amine N-oxide.

A hot solution of the cellulose is extruded or spun
through a suitable die assembly including a jet to produce
filamentary material which is passed into water to leach out
the amine oxide solvent from the extruded filaments.

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

However, if fibre is produced as a tow or if fibre is
produced as a staple fibre then different criteria apply to
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the number of filaments which can be produced at any one time.
A tow essentially comprises a bundle of essentially parallel
filaments which are not handled individually. Staple fibre
essentially comprises a mass of short lengths of fibre.
Staple fibre can be produced by the cutting of dry tow or it
can be produced by forming a tow, cutting it whilst still wet,
and drying the cut mass of staple fibre.

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

One problem encountered in the commercial production of
solvent-spun cellulose filamentary tows as described above is
that "trash" can become attached to the filaments and so
degrade their quality. "Trash" in this process is usually in
the form of globules of cellulosic polymer formed from the
"dope" or hot solution of cellulose. These globules have not
been spun into filamentary form and they attach themselves to
the filaments of the formed tow. "Trash" can also be formed
by pieces of broken filamentary fibre. It can occur from time
to time for a variety of reasons. For example, breakage may
occur due to the tensions applied to the formed filaments at
various points in the manufacturing process. Polymer globules
may be caused, for example, by partial blockage of one or more
of the spinning holes. Broken filaments, being undrawn, are
much thicker than the drawn filaments.

Accordingly the present invention seeks to provide
detection means in the manufacturing process to alert to the
formation of "trash" on the tow of cellulose filaments.

In one aspect, therefore, the invention provides a method
of making a tow of continuous filaments of solvent-spun
cellulose in which:

i) cellulose is dissolved in an amine oxide solvent to

form a hot cellulose solution,

ii) the hot cellulose solution is extruded through a
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die assembly to form a tow of continuous
filaments,

iii) the tow is passed through a water bath to leach out
the amine oxide, and

iv) the tow is passed through detection means in which

V) a beam 1s projected across the tow towards
receiving means on the opposite side of the tow,
the receiving means being calibrated to initiate a
signal if obscurement of the beam by the tow varies
beyond a predetermined amount.

In another aspect the invention provides an apparatus for
the detection of faults on a filamentary tow, which apparatus
comprises means to provide a tow of filaments of solvent-spun
cellulose, means to transport the tow along a path and
detection means positioned on the path, the detection means
comprising means to project a beam across the tow and
receiving means on the opposite side of the tow, the receiving
means being calibrated to initiate a signal if obscurement of
the beam by the tow varies beyond a predetermined amount.

The solvent will preferably be a tertiary amine N-oxide
and the bath a water bath to leach out the solvent.

The detection means may be installed at any desired
position in the manufacturing process and, indeed, detection
means may be installed at more than one position in the
process, if so desired.

Particularly suitable positions to locate the detection

means are:

i) between the spinning, i.e. extrusion, stage where
the filamentary tow is formed and the washing stage
to leach out the solvent,

ii) after the washing stage, and

iii) if the washed filamentary tow 1s to have crimp
applied to it, immediately before the crimping
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In the latter instance, the tow of fibres, which is
normally dried in an oven after the washing stage, will pass
through the detection means between the drying stage and the
crimping stage.

The detection means preferably comprises a source of
collimated infra red light or a laser beam, which is projected
across the path of travel of the tow and is received by a
photo-receiver, for example a silicon photo diode. The
detection means is calibrated so that the desired amount of
beam blockage by the desired thickness of the tow causes no
alarm signal. However, any change, e.g. increased blockage
of the beam caused by "trash" or undesired change in thickness
of the tow, causes a change in the electrical output of the
photo-receiver. Any change beyond a predetermined amount
triggers an appropriate signal. For example, it may trigger
an audible alarm. '

The detection means is preferably coupled to a
microprocessor which has been programmed to analyse the data
fed to it by the receiver. The microprocessor can, therefore,
initiate any desired alarm and can also be used to maintain
overall records for quality control analysis purposes.

It will be appreciated that in a largely automated
manufacturing process an audible alarm signal will be
desirable in view of the unpredictable and intermittent nature
of the occurrence of "trash" on the tow.

Specific embodiments of the invention will now be
described by way of example only with reference to the

accompanying drawings in which:

Figure 1 is a diagrammatic representation of the various
stages in the manufacture of a continuous tow of solvent-spun

cellulose fibres, i.e. lyocell;
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Figure 2 is a diagrammatic side view showing a detection

means positioned in the manufacturing process of Figure 1;

Figure 3 is a plan view of the position shown in Figure

Figure 4 is a side view showing the tow passing through
the detector in a first embodiment;

Figure 5 is a similar side view to Figure 4 but showing
the tow passing through the beam in a second embodiment; and

Figure 6 is a diagrammatic representation showing the
detection means at a different position in the manufacturing

process.

In Figure 1, is shown a mixer 10 with inlets 11 and 12
to receive shredded cellulose and an amine oxide solvent
respectively. The hot solution is pumped via metering pump
13 to a spinnerette 14 where the solution is spun into a
continuous tow 15 of fibres.

As the hot tow leaves the spinnerette 14 it is passed
through a spin bath 16 in which a mixture of water and the
amine oxide is recirculated. At start-up there will be no
amine oxide in the spin bath but its proportion to water may
rise to about 40% by weight, e.g. 25% by weight. From spin
bath 16 the tow is passed via roll 17 through a water bath 18.
The tow passing through the water bath may be, for example,
up to 12 to 14 inches wide. In the water bath, the amine
oxide is dissolved out of the fibres and the tow 19 emerging
from the water bath is of solvent-spun cellulose, 1i.e.

lyocell.

From water bath 18 the tow 19 is passed through a nip
between rolls 20 and 21 to a detection means 30, which is
described in greater detail below with reference to Figures
2 and 3. The tow is then passed through a finishing stage
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30A where the filaments are lubricated using spin finishes
well known in the art. The tow is then passed through a
drying oven 22 maintained at a temperature of about 100 to
180°C e.g. 165°C.

The drying oven is preferably of the perforated drum
type, well-known in the art, but may, alternatively, be of the

can or calender drier type.

There may be, as shown, a single tow emerging from the
spinnerette and this may contain, for example, up to 400,000
filaments and may weigh, for example 65 ktex, i.e. 65g/metre,
after the drying stage. Alternatively, the spinnerette may
produce more than one, for example, four streams of tow and
these may contain over 1 million filaments each and weigh, for
example, about 181 ktex each after drying.

A single tow passing through the water bath may be, as
indicated above, up to 12 to 14 inches (30 to 35 cms) wide.
However, where four tows, for example, are produced from the
spinnerette, these may be combined into two tows, each pair
of tows going through a separate water bath which is at least
48 inches (120 cms) wide and each pair of tows 24 inches (60
cms) wide.

The dry tow from drier 22 is then passed into a nip
defined by rolls 23 and 24 from which it is fed into stuffer
box 25. The crimped tow 26 emerging from the stuffer box is
passed via roll 27 to a cutter 28 where it is cut to staple
fibre lengths. The crimped staple fibre lengths are collected
in box 29.

In Figure 2 and 3 the tow 19 is shown passing from rolls
20 and 21 through the detection means 30. The detection means
comprises a counter base 31 above which are set rolls 32 and
33 over which the tow passes. Between rolls 31 and 32 the tow
passes in front of an infra-red light source 34 which projects
an infra-red beam across the path of travel of the tow. On
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the other side of the tow from light source 34 is a silicon
photo-diode receiver 35 which detects the infra-red beam
passing across the tow. As indicated above, at this point,
the tow may be from 12 to 14 inches wide so that light source
34 and receiver 35 are spaced apart by a little more than that

amount.

As shown in Figure 4, the beam 36 is set so that tow 19
passes centrally through it. If desired the bottom half of
the beam, i.e. below tow 19 may be blocked off from the
receiver by, e.g. a brass shield 37. This enables the system
to run without alarm or counting of occasional loose edges
beneath tow.

Alternatively, the beam 36 may be set a little higher
relative to the tow 19 so that the tow passes through its
lower half - see Figure 5. The tow may be, for example about
2mm above the bottom of a beam of diameter about 10mm. In
this set up sensitivity of the detection means is increased
towards larger obstructions. In Figure 4, an obstruction of
height 2x is seen to produce less than double the obscurement
of the beam caused by an obstruction of height x. In Figure
5, an obstruction of height 2x gives obscurement of the beam
more than double that caused by an obstruction of height x.
Thus it can be appreciated that the position of the beam

" relative to the tow can be adjusted according to the type and

25

30

size of trash or other obstruction preferably wished to be
detected.

The system is calibrated so that a predetermined level
of obscurement of the beam will increment a counter in counter
base 31 and sound an alarm (not shown). Counter base 31 may
contain or be connected to a microprocessor which may centrol

the alarm and analyse the counter data.

The detection means may also be calibrated to allow for
gradual changes in tow thickness whereby it slowly
automatically compensates for changes in the amounts of light
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received by the receiver. Thus, if for example, 50% of the
beam becomes obscured for any length of time, the remaining
50% becomes the "normal" level and the sensitivity is,
therefore, doubled. In other words, the detection means
counts sudden changes in the level of light received, while
at the same time slowly adjusting the notional normal or

"zero" obscurement level.

It will be appreciated that various embodiments may be
changed from those described above without departing from the
scope and spirit of the invention., In particular, the
detection means may as previously suggested, be positioned at
a different stage in the process. Thus it may be found useful
to position a detection means immediately after the filament
spinning stage and before the washing stage to leach out the
amine oxide solvent. The tow may be positioned to travel just
outside the path of the beam so that the beam is only
interfered with by, e.g. trash, extending from the tow.

The detection means may, of course, be incorporated in
a process in which the tow is not crimped or in which the tow
is crimped but is not passed to a cutter.

An alternative embodiment is, therefore, described with
reference to Figure 6. In this embodiment a detection means
40 of the same type as described above is positioned between
the spinnerette 14 in which the tow of filaments has been
formed and the water bath (not shown) in which the solvent is
leached out.

In this embodiment the detection means 40 is so
positioned that as tow 19 passes over roll 41, the lowermost
portion of the beam traverses the travel path of the tow a
small distance above the top of the tow. This distance may
be adjusted according to the minimum upstanding size of trash
or other unwanted material that it is desired to detect. For
example, the gap between the beam and the tow may be up to
3/8inch (9.5 mm).
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The receiving diode in this embodiment may be connected
to an alarm, counting means and microprocessor as previously

described.
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CLAIMS

1. A method of making a tow of continuous filaments of

solvent-spun cellulose characterised in that:

i) cellulose is dissolved in an amine oxide solvent to
form a hot cellulose solution,

ii) the hot cellulose solution is extruded through a
die assembly (14) to form a tow (15) of continuous
filaments,

iii) the tow (15) is passed through a water bath (18) to
leach out the amine oxide, and

iv) the tow (19) is passed through detection means (30)
in which a beam (36) is projected across the tow
(19) towards receiving means (35) on the opposite
side of the tow, the receiving means (35) being
calibrated to initiate a signal if obscurement of
the beam (36) by the tow varies beyond a
predetermined amount.

2. A method according to Claim 1, characterised in that
the tow (19) is passed through the detection means (30) after
passing through the water bath (18) and is then dried and,
optionally, crimped.

3. A method according to Claim 1 or 2, characterised
in that the receiving means (35) initiates an audible signal
when the beam (36) is obscured beyond said predetermined
amount.

4. A method according to Claim 1, 2 or 3, characterised
in that the receiving means (35) 1is coupled to a
microprocessor (31) programmed to analyse the data fed to it
by the receiver.

5. An apparatus for the detection of faults on a
filamentary tow, characterised in that the apparatus comprises
means to provide a tow (19) of filaments of solvent-spun
cellulose, means to transport the tow (19) along a path and
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detectiorn means (30) positioned on the path, the detection
means (30) comprising means (34) to project a beam (36) across
the tow (19) and receiving means (35) on the opposite side of
the tow (19), the receiving means (35) being calibrated to
initiate a signal if obscurement of the beam by the tow (19)
varies beyond a predetermined amount.

6. An apparatus according to Claim 5, characterised in
that it includes means (10) to mix cellulose and solvent to
form a hot cellulose solution, means (14) to form a tow (15)
of continuous filaments from the hot solution and a bath (18)
through which the tow (15) can be passed to leach the solvent

from the filaments.

7. An apparatus according to Claim 6, characterised in
that it includes drying means (22) to dry the tow (19) after
it has passed through the bath (18) to leach out the solvent
and crimping means (25) to crimp the dry tow (19), the
detection means (30) being positioned between the drying means
(22) and the crimping means (25).

8. An apparatus according to Claim 5, 6 or 7,
characterised in that the signal is an audible signal.

9. An apparatus according to any one of Claims 5 to 8,
characterised in that the detection means (30) comprises a
collimated light source and a photo receiver between which the
tow (19) passes.

10. An apparatus according to any one of Claims 5 to 9,
characterised in that the light source is an infra-red light
source (34) and the photo receiver is a silicon photo diode

receiver (35).

11. An apparatus according to any one of Claims 5 to 10,
characterised in that the detection means (30) is positioned
to project the beam (36) such that the tow (19) passes through
the beam (36).
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12. An apparatus according to any one of Claims 5 to 10,
characterised in that the detection means (40) is positioned
to project the beam (36) such that the tow (19) passes just
outside the beam (36).
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