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Solvent-spun cellulose filaments

Akz0 Nobel nv, Arnhem

Abstract:

Solvent-spun cellulose filaments from a solution of cellu-
lose 1n a tertiary amine N-oxide and if necessary water
with a strength of 50 to 80 cN/tex, an elongation at break

of 6 to 25% and a specific breaking time of at least 300
s/tex.

Solvent-spun cellulose filaments from a solution of cellu-
lose in a tertiary amine N-oxide and if necessary water

with a strength of 50 to 80 cN/tex and an elongation at
break of 9 to 25%.
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Solvent-spun cellulose filaments

Akzo Nobel nv, Arnhem

Description:

The invention relates to solvent-spun cellulose filaments
from a solution of cellulose in a tertiary amine N-oxide.

The publication "Spinning of cellulose from N-methylmorpho-
line-N-oxide in the presence of additives" by H. Chanzy, M.
Paillet and R. Hagége (Polymer, 1990 Vol. 31, March, pages
400 to 405) discloses such filaments (fibers) which were
manufactured from a solution of cellulose with a degree of
polymerization (DP) of 600 or 5000 in the tertiary amine N-
oxlide N-methylmorpholine-N-oxide (NMMO). Based on the cel-
lulose with a DP of 600, filaments were obtained having a
strength of 0.5 GPa corresponding to 33.3 cN/tex and a 16%
elongation at break. When cellulose with a DP of 5000 was

employed the strength amounted to 56.7 ¢cN/tex (0.85 GPa)
and a 4% elongation at break.

By adding 2% ammonium chloride (NH,Cl) to the cellulose so-
lution (DP 600) the strength of the filaments produced
thereby increased to 60 cN/tex (0.9 GPa). The elongation at
break of these filaments amounted to 8%. Likewise by adding
ammonium chloride or calcium chloride to the solutions of
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the cellulose with a DP of 5000, filaments with high
strength were obtained (up to 87 cN/tex), but whose
elongation at break was below 5%. The salts added to the
solutions '(NH4C1 or CaCl,;) were no longer detectable 1n the
filaments. This effect was to be attributed to the process
steps which are typical for the production of these
filaments: the passage through an aqueous coagulation bath
in order to precipitate the cellulose, subsequent to the
spinning in an air gap and the washing baths which follow
the coagulation bath. The NMMO solvent 1s removed from the
filaments in these baths. Considering the statement 1in the
above mentioned publication that the salts were no longer
detectable in the filaments, i1t 1s to be assumed that the
salts were washed out of the filaments during these

treatment steps.

The solvent spinning process with a tertiary amine N-oxide
as a solvent for the cellulose is characterized by 1its
pronounced environmental acceptability since the solvent
washed out of the filaments can be nearly completely
recovered and be used agalin 1n preparing the solution. In

p—

respect to an economical way of carrying out the process,

the addition of salts to the spinning solution is therefore
disadvantageous since the recovery of the tertiary amine N-
oxide, which is achieved 1in general with ion exchangers,
becomes considerably more difficult since the resins in the
ion exchangers are saturated by the i1ons of the salts
instead of the desired degradation products of the
cellulose and the amine N-oxide, which are present 1in the
wash water in addition to the tertiary amine N-oxide.
Moreover chlorides lead to corrosion of installation parts

made of steel.
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Besides these process-related disadvantages of adding salts
to the cellulose solution, the resulting filaments also
exhibit considerable disadvantages regardless of their high
strength. As explained in the above mentioned publication,
adding salts influences greatly the internal morphology ot
the filaments. In this case not only was a modification of
the internal structure discovered, but also a reduction was
found in the lateral cohesion compared to filaments which
were produced without adding salts. Based on this fact each
rubbing, bending or repetitive handling leads to a
significant delamination of the filaments with a release of
microfibrillar lint, which is also called fibrillation.
This extremely pronounced fibrillation was not observed
with filaments produced without adding salts to the
spinning solution. Based on this characteristic, filaments
produced under the addition of salts to the spinning
solution are in general not suited for a textile

application.

The present invention was therefore based on the objective
to provide other solvent-spun cellulose filaments from a
solution of cellulose in a tert-_ary amine N-oxide, which
moreover can be manufactured in an economical way. A
further objective of the present invention was to provide
solvent-spun cellulose filaments from a solution of
cellulose 1in a tertiary amine N-oxide which are

particularly suited for industrial usage.

SUMMARY OF THE INVENTION

This objective 1s met by solvent-spun cellulose filaments
from a solution of cellulose in a tertiary amine N-oxide
and, 1f necessary, water with a strength ranging between 50
and 80 cN/tex, a 6 to 25% eldngation at break and a

specific breaking time of at least 300 s/tex.
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In accordance with one aspect of the present invention
there is a solvent-spun cellulose filaments from a solution
of cellulose in a tertiary amine N-oxide and water with a
strength of 50 to 80 cN/tex, an elongation at break of 6 to
25% and a specific breaking time of at least 300 s/tex, and

wherein the solution is substantially free of salt

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a schematic of a set up used for measuring

breaking time;

FIG. 2 1s a perspective view of an ejector 10 of FIG. 1;

and

FIG. 3 1s a schematic drawing for the measurement of

filament tension.

DETAILED DESCRIPTION OF THE INVENTION

The strength of the filaments amounts preferably to 50 to
70 cN/tex, in particular 53 to 66 CN/tex, and their

elongation at break ranges between 6 and 20%, 1n particular
6 to 13%. Specific breaking times of 300 to 2000 s/tex, for
example 300 to 1000 s/tex or 304 to 767 s/tex, can be
obtained without problems. The cellulose which 1s dissolved
in the tertiary amine N-oxide is preferably southern pine

chemical wood pulp.

According to the prior art described by the aforementioned
publication, filaments are known to exhibit a strength of
33.3 cN/tex and a 16% elongation at break (DP 600) or 56.7
cN/tex with a 4% elongation at break (DP 5000). By adding
NH,;Cl, filaments are obtained which demonstrate a strength
of 60 cN/tex with an 8% elongation at break (DP 600) and
which, due to the modification of the morphology, exhibit a

very pronounced fibrillation.
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Surprisingly it was found that filaments also exist which
demonstrate a high strength (50 to 80 cN/tex) and a 6 to ’
25% elongation at break and which, compared to filaments
wlith normal values of strength and elongation for textile
applications, do not have a modified morphology and
demonstrate therefore a fibrillation similar to that of
filaments suited for textile applications, or their

fibrillation i1s even less pronounced than that of the

latter filaments.

One measure of the fibrillation tendency is the specific
breaking time represented as s/tex. The higher the value of
this quantity, the less pronounced the fibrillation of the

filament. For measuring the breaking time, as depicted in

FIG. 1, a bundle 1 made up of 50 filaments and secured at

one end with a.thread clamp 2 is guided through a thread
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guide 3. The bundle 1 is oriented with a Y piece 4 in rela-
tion to an ejector 10. The ejector 10 is followed by a
thread guide 5 by which a deflection of the bundle 1 takes
place, the bundle being weighted at its other end with a
weight 6 of 20 grams. The distance between the first thread
guide 3 and the Y piece 4, as well as between the Y piece 4
and the entrance of the ejector, is approx. 3 cm. The dis-
tance between ejector exit and the second thread guide 5 is
approx. 11 cm. The ejector 10 is 22 mm long.

According to the perspective depicted in figure 2, the
ejector 10 exhibits an entrance slit 11 for bundle 1 with a
square cross-section. The width b, and the height h, of the
entrance slit 11 are 1 mm. The thread channel 12, which ex-
tends through the entire ejector 10, exhibits at a distance
1, of 8 mm from the entrance slit 11 in both side walls 13
and 13' liquid feeding ducts 14 and 14' which are facing

each other. Water at a temperature of approx. 25°C streams
through these feeding ducts 14 and 14' at an angle a of 15°

relative to the axis of the bundle 1. The water flows at a

rate totaling 45 1/h into the thread channel 12 and exits
the ejector 10 at exit slit 15. The width b of the liquid

feeding ducts 14 and 14' is 0.6 mm and their height h is 1
mm. The length 1 of the feeding ducts 14 and 14' is 6 mm.
The width of the thread channel 12 from the junction of the
liquid feeding ducts 14 and 14' up to the exit slit 15 is
1.2 mm. The height h is 1 mm. Feeding with water takes
place via bores 16 and 16' with a diameter of 4 mm from the
underside of the ejector 10. The ejector 10 is closed off

from above by a cover, not depicted, resting flatly on the
ejector.

TO determine the breaking time, the filament bundle 1 is
inserted into the apparatus according to figure 1 and the
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welght is applied. The conduction of water into the ejector
10 represents the beginning of the time measurement. The
time measurement ends when the welight falls, i.e. when the
bundle tears. Ten individual measurements were carried out
for each example, and the data stated for the breaking time
represent the mean values of these 10 measurements. For
standardization, the time measured is related to the fila-

ment titer (specific breaking time in s/tex).

The strength and elongation were determined using the
strength-elongation behavior of single filaments under cli-
matized conditions (T= 21 +4/-2 °C). relative humidity
(65+5%) with the Fafegraph test device (Textechno). The
clamping length amounted to 20 mm and the test speed was 20
mm/min. based on an initial tension of 1 cN/tex. The Fafe-
graph has pneumatic clamps made of hard rubber/vulkollan

with an area of approx. 4 mm x 6 mm.

Immediately before the elongation test, a fineness measure-
ment was carried out on each filament using a Vibromat de-
vice (Textechno), so that the tensile test data of a fila-
ment were related to the fineness of this filament. For the
Vibromat the fineness-related initial tension amounted also
to 1 cN/tex.

The 1nvention will be explained and described in the fol-
lowing in further detail with reference to examples.
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Solvent-spun cellulose filaments were manufactured using a
solution of cellulose in the tertiary amine N-oxide NMMO
and water, to which gallic acid propyl ester was added as a

stabilizer and which was extruded through a spinneret disc
plate with 50 nozzle bores.

In examples 1 to 9 the southern pine chemical wood pulp Ul-
tranier-J (ITT-Rayonier) with a degree of polymerization
(DP) of 1360 was employed. For comparison, in example 10,
which represents filaments known in common textile applica-
tions, the chemical wood pulp Viscokraft VHV (International

Paper Company), a pre-hydrolysis kraft pulp from hardwoods
with a DP of 1667, was employed.

After leaving the spinneret the filaments were cooled, in
an air gap spanning 17.5 cm, by air flowing with a velocity
of 0.8 m/s at a right angle to the filaments. The cellulose

was precipitated in an aqueous coagulation bath 40 mm deep

and directed through a washing zone to remove NMMO. The ex-
cess finishing agent (2% K 7451 in water, distributed by
Stockhausen GmbH, Krefeld, Germany), applied after the

washing, was stripped off the filaments in a squeezing step
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between two rollers. Subsequently the filaments were dried
and wound up.

After the filaments had exited the coagulation bath, the
filament tension was determined at several positions. These
positions are schematically depicted in figure 3:

- position 21: between the coagulation bath 20 and the wash
zone 25

- position 22: between the wash zone 25 and the application
of finishing agent 26

- position 23: between the squeezing step 27 and the drying
zone 28

- position 24: prior to being wound up 29.

The filament tension was measured with the Tensiomin meas-

uring device Bn 135.205.2 and the measuring sensor 100 cN
type Bn 125.126.1 (Kurt Honigmann) .

The further test conditions and properties of the filaments
obtained according to examples 1 to 9 and the comparison
example 10 are summarized in table I.
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In two further examples solvent-spun cellulose filaments
were produced via a spinneret which only had a nozzle bore
with a diameter of 130 pm. The spinning temperature
amounted to 100°C. The filaments were cooled in an air gaé
spanning 15 cm by means of immobile air at a temperature of
25°C. Subsequent to the coagulation bath maintained at
18°C, the filaments were washed, treated with a finishing
agent (1% Leomin 1n water, distributed by Hoechst AG), and
dried. Between the spinneret and the winding up a drawing
ratio of 1 : 13 was adjusted. The spinning speed amounted
to 48 m/min. In order to determine the specific breaking
time, bundles of 50 individual filaments were produced from

the continuous filaments.

In example 11, as 1n examples 1 to 9, the chemical wood
pulp Ultranier-J (DP 1360) was employed. The solution ex-
hibited a cellulose concentration of 10 per cent by weight,
11.5 per cent water by weight and 78.4 per cent NMMO by
welght. The concentration of gallic propyl ester amounted
to 0.1 per cent by weight.

For the production of filaments according to example 12
(comparison example) Viscokraft 4.3 from the International
Paper Company with a degree of polymerization of 650 1n a
concentration of 12.7 per cent by weight was employed as a
chemical wood pulp. The water concentration amounted to 9.0
per cent by weight. 78.2 per cent NMMO by weight and 0.1
per cent gallic acid propyl ester by weight were present.
The properties of the filaments produced according to exam-
ple 11 and the comparison example 12 are shown in table II.
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T ablelII

Example 11 12

Filament titer/dtex 1.2 1.8
Strength/ (cN/tex) 52.8 36.4
Elongation at break/% 13.0 11.7
Specific breaking time/ (s/tex) 1000 250

The tables I and II show clearly that the filaments exhibit
according to the comparison examples 10 and 12 a specific
breaking time of 257 and 250 s/tex, respectively. The
strength of the filaments of 43.8 and 36.4 cN/tex and their
elongation at break of 8.9 and 11.7%, respectively, lie in
a range which 1s normal for solvent-spun cellulose fila-
ments for textile applications. Surprisingly, the filaments
of the invention (examples 1 to 9 and 11) exhibit a high
strength, with an elongation at break which is comparable
to the one of the comparison examples 10 and 12. In par-
ticular they do not exhibit the disadvantage of the very
pronounced fibrillation observed in the prior art cited. On
the contrary, the filaments of the invention exhibit a
clearly reduced tendency toward fibrillation (up to a fac-
tor of 4) compared to the filaments of the comparison exam-
ples. The filaments of the invention therefore combine a
high strength which is desired for industrial areas of ap-
pPlication and a decreased tendency toward fibrillation,

making those filaments also very suited for textile appli-
cations. ’

Additionally, the filaments of the invention can be eco-
nomically produced and the disadvantages for obtaining high
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strength 1n the prior art, such as the addition of salts to
the cellulose solution, can be advantageocusly avoided. For
the manufacture of the filaments of the invention the de-
gree of polymerization of the cellulose employed in the
production of the solution, and the concentration of the
cellulose, 1s decisive on the one hand, as well as the
winding speed of the filaments on the other hand. To pro-
duce filaments of the invention, the degree of polymeriza-
tion DP, the cellulose concentration ¢ in %, and the wind-
1ng speed w in m/min are adjusted so that the size K, which

depends on these three values and whose value 1s calculated

according to the following equation:

-0.075

K= DP'° . C « W

exceeds 259. The values of K are stated for examples 1 to
10 in table I. For the example 11 of the invention this
value 1s 276, whereas its value 1is only 229 for the com-

parison example 12.

Furthermore for the manufacture of the filaments of the in-
vention the following process parameters are also impor-
tant. In order to obtain the highest strength possible, the
chemical wood pulp employed in the production of the solu-
tion should contain a percentage of a-cellulose as high as
possible, such as the chemical wood pulp of southern pine
employed i1n examples 1 to 9 and 11. For example, during the
manutacture of filaments according to example 10, using a
chemical wood pulp with a higher DP than the DP of southern
pine chemical wood pulp, the desired strength could not be

obtained.

Besides these influencing quantities, the temperature of
the coagulation bath and the filament tension at position

\bx\x
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23, 1i.e. in the drying zone 28, likewise influence the
strength.

It was found that the temperature of the coagulation bath
should be as low as possible to obtain high strength. In
examples 5, 6 and 7, where the coagulation bath temperature
amounted to 30°C, the resulting strengths were 53.3, 52.7
and 53.9 cN/tex respectively. In example 3, despite a lower
cellulose concentration, the resulting strength amounted to
58.6 cN/tex with a coagulation bath temperature of 12°C.

By increasing the filament tension at position 23 an in-
crease 1in the strength can likewise be obtained. As the ex-
amples 2 and 3 illustrate, the strength of the filaments
can be raised via the increase of filament tension at posi-
tion 23 while all other test conditions are approximately
comparable. High strength filaments can also be obtained if
a low temperature of the coagulation bath i1s chosen and a
high filament tension is applied at position 23 as the ex-
amples 3, 4 and 9 show. In contrast, in example 6 where a
filament tension on the same order as in examples 3, 4 and
9 was likewise applied, but with a significantly higher co-
agulation bath temperature, the resulting strength of the
filaments was low.

The elongation at break, conversely, decreases due to the
increase of the filament tension at position 23. Addition-
ally it was found that an increase in the elongation at
break can be obtained by reducing the filament tension in
the area of the washing zone and prior to the application
of the finishing agent (position 22). According to example
1 the elongation at break of the filaments amounts to 13%,
whereby the filament tension was 12 cN at position 22, and
> CN at position 23. In contrast to that, example 8 re-
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sulted in an 8.2% elongation at break. At position 22 the
filament tension was however only 10 ¢cN, but at position 23

a filament tension of 79 cN was applied.



CA 02205459 2005-03-03

CLAIMS:

1. Solvent-spun cellulose filaments from a solution of
cellulose 1in a tertiary amine N-oxXxide and water with a
strength of 50 to 80 cN/tex, an elongation at break of 6 to
25% and a specific breaking time of at least 300 s/tex, and

wherein the solution 1s substantcially free of salt.

2. Filaments according to claim 1, characterized 1in that

their elongation at break amounts to 6 to 20%.

3. Filaments according to c¢leim 1 or 2, characterized 1in
that their strength amounts to 53 to 66 cN/tex and their

elongation at break to 6 to 13%.

4 . Filaments according ¢to one of claims 1 to 3,
characterized 1n that their elongation at break 1is 6 to

9.7%.

5. Filaments according to one of claims 1 to 4,
characterized in that their e_ongation at break 1is 6 to

9.5%.

6. Filaments according to one of claims 1 to 5,

characterized in that their elongation at break is 6 to 9%.

7. Filaments according to one of claims 1 to 6,
characterized 1in that the cellulose is a southern pine

chemical wood pulp.
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