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ABSTRACT

The present invention relates to cellulose fiber containing 500 to 2000 of filaments and
having homogeneous physical properties and the multi-filaments according to the
present invention is characterized in that the strength and the breaking elongation of the
multi-filaments are 4 to 9 g/d and 4 to 15 %, respectively. In particular, the present
invention is characterized in that each mono-filament selected 100 strands from every
three part divided from multi-filaments has properties as following: (a) 3 to 9 g/d n
average strength, 7 to 15 % 1n average breaking elongation and 0.035 to 0.055 in by
birefringence, (b) the differences of the above three parts are below 1.0 g/d in average
strength, 1.5 % in breaking elongation and 0.7 demer mm demer, (c¢) the CV
(%)(coefficient of variation) of the above three parts are below 10%, and (d) the

birefringence differences of the above three parts are below 0.004.
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Industrial Cellulose Fiber

BACK.GROUND OF THE INVENTION

The present invention relates to cellulose fiber having homogeneous physical property,
in particular cellulose fiber for using as industrial matenals, preferably tire-cord
produced as following steps: preparing a homogeneous cellulose solution by swelling a
cellulose powder with a concentrated liquid N-methyl morpholine N-oxide (NMMO);
extruded-spinning the cellulose solution through an air gap using a spinning nozzle with
500 to 2000 of onfices and then obtaining a multi-filaments after solidifying the spun

cellulose solution; and winding the multi-filaments after water-washing, drying and

treating with a finishing oil.

In particular, the present invention relates to cellulose fiber having 500 to 2000
filaments, and 1s characterized 1n that the strength of multi-filaments 1s 4 to 9 g/d, the
breaking elongation 1s 4 to 15% and the multi-filaments have homogeneous physical
properties. More specifically, the present invention relates to the cellulose multi-
filaments for use of industrial matenials, 1n which each 100 mono-filaments selected
from each three parts divided from the multi-filaments have the properties as following;
a) 3 to 9 g/d in average, 7 to 15% 1n average breaking elongation and 0.035 to 0.055 in
average birefringence, b) the differences of three parts in average strength, breaking
elongation and demier are below 1.0 g/d, 1.5 % and 0.7 denier, respectively, c)
CV(coefficient of variation)(%) of three parts 1n average strength, breaking elongation
and denier 1s below 10 %, and d) the differences of the average birefringence of three

parts are below 0.004.

A cellulose fiber manufactured with cellulose and NMMO 1is utilized 1n various fields
needing the cellulose fiber in the process of manufacturing, because all the solvent used
in the process of manufacture of the cellulose fiber 1s recycled and therefore the
manufacture of the cellulose fiber corresponds to a non-pollution process, and the
produced fiber has high mechanical strength, and referring to EPO no. 0356419 a
cellulose solution produced using amine oxide together with NMMO 1s described, and
US patent no. 4246221 discloses a method for producing a cellulose solution with a
tertiary amine oxide, and according to the above US patent no. 4246221 the cellulose
solution 1s spun using a device for forming such as a spinneret as filaments and then the

filaments are precipitated in a bath to pass a coagulating bath and finally the swollen

cellulose containing water 1s produced. But the above method takes a long time from
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dissolving to spinning, and the degradation of physical properties results from the long
time. And also the expense of energy 1s so much that the cost for manufacturing is non-

avoidable.

On the other hand, H. Chanzy et al. produced a cellulose fiber with 56.7 cN/tex of
strength and 4 % of breaking elongation 1n a manner that a cellulose solution which a
DP 5,000 of cellulose was dissolved by NMMO and ammonium chlornide or calcium
chloride was added and the resultant was spun through an air gap, but the method for

producing the cellulose fiber has difficulty with being available commercially because

the number of filament is only 1 strand and the fibnl orientated in direction of axis 1s
exfohiated.

Referring to other prior invention, US patent no. 5,942,327 describes a cellulose fiber
having 50 to 80 cN/tex (5.7 to 9.1 g/d) of strength, 6 to 25 % of elongation and 1.5 dtex
of mono strand fineness and produced 1n a manner that a aqueous NMMO solution into
which DP 1,360 of cellulose 1s dissolved 1s spun through an air gap, but the number of
filaments 1s only 50 strands. The cellulose fiber produced in the above manner has

difficulty with being available commercially, considering that generally the number of
filaments for using as industrial materials should be about 1000 strands (1,500denier)

because (a) the efficient remove of solvent 1s necessary 1n view of process and (b) the

capacity of inner skin is enough maximized to resist the repeated fatigue in view of

physical property.

In general when a spinning process is performed, in view of technology to spin with
500 to 2,000 of orifices per spinning nozzle 1s more difficuit than to spin with 50

orifices per spinning nozzle. The reason 1s why that the adjustment of spinming pressure

1s more difficult in proportion to the increase of the number of onfices and thus 1t 1s
difficult to design a spinning nozzle and a distributing plate, in particular to adjust the

condition for cooling evenly in an air gap and for washing and drying homogeneously
all the filaments of 500 to 2,000, and as result it 1s very difficult to make all the

filaments posses physical properties above a certamn level and the homogeneous
physical properties, and therefore the physical properties of 50 strands according to US

patent no. 5,942,327 is not sufficient for reference to the application of industral

materials.

In particular, because the increase of the number of filaments affects the stability of

process relating to adhesion to the filaments spun from the nozzle and the efficiency
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when a spinning is performed through an air gap, the number of holes in a distributing
plate for dispersing evenly the cellulose solution on the nozzle, the space of the holes

and the diameter of the holes as well as the outer diameter of the nozzle and the

diameter and space of orifices are very important.

As described in the above, as the number of filaments increases a new design for
spinning 1s necessary considering the length of air gap, the blowing condition of
cooling air, the direction of the coagulating solution and the spinning speed, and the

physical properties may be different according to the design.

US patent n0.5252284 describes a cellulose fiber having 800 to 1,900 of filaments,
however, from the spinning condition that air gap below 10mm is too short and
spinning speed, 45 m/min 1s too slow reveals that the 15.4 % of elongation is
sufficiently high, but the 47.8 cN/tex(5.3 g/d) of strength is not sufficient for use of a
industrial material, in particular tire-cord and also the cellulose has disadvantage that

the physical properties of each filament are not homogeneous.

SUMMARY OF THE INVENTION

The present invention provides a solution to the problems that the prior inventions
mentioned above has, and in a preferred embodiment of the present invention, there is
provided with a cellulose fiber having 500 to 2000 filaments, and characterized in that
the strength of multi-filaments is 4 to 9 g/d, the breaking elongation is 4 to 15% and the

multi-filaments has homogeneous physical properties. More specifically, the present

“invention provides a cellulose multi-filaments for use of industrial materials, in which

each 100 mono-filaments selected from each three parts divided from the multi-
filaments have the properties as following; a) 3 to 9 g/d in average, 7 to 15% in average
breaking elongation and 0.035 to 0.055 in average birefringence, b) the differences of
three parts in average strength, breaking elongation and denier are below 1.0 g/d, 1.5%
and 0.7 denier, respectively, c) CV(coefficient of variation)(%) of three parts in average
strength, breaking elongation and denier is below 10%, and d) the differences of the
average birefringence of three parts are below 0.004.

In accordance with an aspect of the present invention, there is provided a method for

prepare a cellulose fiber for using industrial materials comprising the steps:
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(A) producing a cellulose solution by swelling and homogenizing a cellulose powder
into an aqueous concentrated N-methyl morpholine N-oxide (NMMO) solution,
wherein the cellulose solution comprises 3-20wt% of the cellulose powder;

5 (B) spinning said cellulose solution with a spinning nozzle having 500 to 2000
orifices, wherein the nozzle further comprises a distributing plate having 50 to
300 holes:

(C) precipitating the cellulose solution into a coagulating bath through an air gap to

thereby obtain multi-filaments, wherein an air being 5 to 30°C in temperature
10 and 10 to 60% 1n humidity 1s blown into the air gap at 3 to 12 m/sec air speed,
and wherein the temperature of the coagulating bath is 0 to 35°C; and

(D) water-washing, drying, treating with a finishing oil and winding said multi-
filaments, wherein said drying is performed with a drying roller being 80 to
170°C 1n temperature.

15 DETAILED DESCRIPTION OF THE PRESENT INVENTION

According to other aspect of the present invention, the cellulose may further comprise

a distributing plate have 50 to 300 of holes within the nozzle.
According to another aspect of the present invention, the air gap may be in 5 to 30°C

3a
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temperature and in 10 to 60 % of relative humidity, and the cooling air may be supplied

with 3 to 12 m/s of velocity.

According to a further aspect of the present invention, the temperature of the

coagulation bath may be between 0 and 35 C

According to a further aspect of the present invention, the temperature of the drying

roller may be between 80 and 170 C.

According to a further aspect of the present invention, there may be provided with a

tire-cord including the cellulose fiber of the present invention.

In the following the present invention will be described in detail as examples using
accompanied drawings. The following description is 1llustrative of embodiments of the
present invention. The following description 1s not to be construed as limiting, 1t being

understood that the skilled person may carry out many obvious varnants to the invention.

The cellulose used in following examples may be pulverized to particles with a
diameter no more than 500 m, preferably 300 (m. If the diameter 1s more than 500 m,

then the dispersion and swelling is not performed constantly into a extruder.

Meanwhile, according to the present invention, in a known manner a NMMO solution
with 50 wt% of concentration is condensed to make a concentrated NMMO solution
with 10 to 15 wt% of moisture. In this case, if the contents of moisture are to be made
below 10 wt %, then a disadvantage in view of manufacturing expense may be caused
owing to the increase of cost, while the solubility may be degraded 1f above 15 wt%.

0.001 wt% to 0.01 wt % anti-oxidant is added to the concentrated aqueous NMMO
solution. And then the concentrated aqueous NMMO solution and the cellulose powder
are continuously fed into the extruder at temperature of 65 to 110C, to produce a
homogeneous cellulose solution after mixing, swelling and dissolving. The contents of
cellulose powder contained in the cellulose solution which 1s mixed, swollen and
dissolved in the extruder is 3 to 20 wt%, and preferably 9 to 14 wt% compared to the
aqueous NMMO depending on the degree of cellulose polymer. If the contents of
cellulose powder are below 3 wt%, then there may not be the properties of fiber, while

all the cellulose powder may not be dissolved into the aqueous NMMO solution

resulting in non-homogeneous solution 1f above 20 wt%.

The extruder which is used for producing the homogeneous cellulose solution 1n step
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(A) may be preferably a twin-screw extruder mn which the twin- screw extruder
preferably may have barrels of 8 to 14 and the length/diameter (L/D) of screws may be
preferably 24 to 64. If the number of barrels 1s less than 8 or L/D of the screws 1s less
than 24, then the time interval for which the cellulose solution passes the barrels 1s too
short to swell and dissolve the cellulose powder and thus a certain cellulose powder
may remain not being dissolved, while the expense for manufacturing the extruder may

be high and also the pressure exerted on the extruder may be large 1f the number of

barrels is more than 14 or L/D of the screws are more than 64.

In step (B), the cellulose powder may be used with other high molecular matenals or

additives mixed. The high molecular matenals may include poly vinyl alcohol, poly
ethylene, poly ethylene glycol, poly methyl methacrylate and the like, and the additives

may comprise viscosity-dropping agents, TiO;, S10,, carbon, carbon nano tube,

inorganic clay and the like.

The method for producing a cellulose fiber will be described more specifically
including the steps of spinning, water-washing, drying and winding in the following.

But it should not be understood that the cellulose fiber claimed in the present invention

will be limited to any of the above steps.

Referring to the step (B) corresponding to the process of spinning, a distnbuting plate
having the diameter of 50 to 200 nm and holes of 50 to 300 serves the solution to be

dispersed evenly on the nozzle. If the number of holes 1s less than 50, then the pressure
of the cellulose solution may be concentrated on a part of the nozzle and thereby the
mono denier of the filaments through the nozzle may be not constant, even to atiect the
property of spinning. On the other hand, 1f more than 300, the pressure on the nozzle

may be made constant, but the slight difference from the pressure of the solution

passing the nozzle may affect the property of spinning.

The spinning solution is extruded-spun through orifices being installed on the nozzle

and being 100 to 300 /m in diameter and 200 to 2400 gm 1n length wherein
length/diameter (L/D) is 2 to 8 and the space between the orifices 1s 0.5 to 5.0 mm, and

the spun solution is precipitated into a coagulating bath through a air gap to be made a

multi-filaments after coagulation.

The form of the nozzle used for spinning is usually circular, and the diameter of nozzie
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may be 50 to 200 mm, and preferably 80 to 150 mm. If the diameter of nozzle 1s less
than 50 mm, then the short distance between the orifices may make the cooling
efficiency be lowered resulting in adhesion of the spun solution before coagulation,
while the device may be so large that 1t cause disadvantage in view of equipment if the
diameter of nozzle 1s more than 200 mm. And also 1f the diameter of nozzle is less than
100 ¢m or more than 300 /m, then the nozzle may affect the spinning property with
worse quality, for example, 1t happens to break strands down frequently. If the length of
orifices 1s less than 20 /m, then the physical properties are poor because of the worse

orientation of the solution, while 1f more than 2400 ym, then the cost and endeavor for

manufacturing the orifices may be excessive.

Considering the cellulose of the present invention to be used for industrial matenals, 1n
particular for tire-cord, the number of the onfices may be 500 to 2000, and preterably
700 to 1500. Some development of cellulose fiber for use of industrial matenials has
been reported, but no development of cellulose fiber for use of high strength filaments

such as tire-cord, for more i1s the number of spinming-filaments, more affected the

spinning property is by the number of onfices and more excellent spinning technology

1S required.

The present invention used a spinning nozzle containing a proper number of onfices
for solving the above problem as mentioned above. If the number of orifice 1s less than
500, then the fineness of each filament 1s thicker than required and thus the processes of
coagulating and water-washing may be performed incompletely because the time
interval to remove NMMO from filament 1s too short. On the other hand, 1f the number
of orifices is more than 2000, then a filament may be easily sticked with adjacent
filament during passing the air gap, and the stability of each filament may be degraded

after spinning and thus the quality of physical property may be poor, subsequently to
cause some problems in the processes of twisting and heat-treatment with RFL solution

for application of tire-cord.

If the diameter of the spun filament 1s too large when the solution spun from the
spinning nozzle is precipitated into the coagulating bath, then it is difficult to obtain a
cellulose fiber formed closely and homogeneously owing to the difference of the
coagulation speed between skin and core part of filament. Therefore, on spinning a

cellulose solution spun through a suitable air gap length, even though the discharging

quantity is same, may be precipitated into the coagulating solution keeping the diameter
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of filament finer. Too short length of the air gap may make 1t difficult to increase the
spinning velocity because fast coagulation of filament-surface and diffusion of solvent
increase fine pores, while too long length of the air gap make 1t difficult to keep process

stability because the spinning solution 1s more subject to the adhesion of filament,

ambient temperature and humidity compared to other cases.

The length of the air gap may be preferably 10 to 200 mm, and more preferably 20 to
100 mm. When the cellulose solution passes through the air gap, a cooling air is
provided for avoiding adhesion among adjacent filament and coagulating the filament,
and for enhancing the resistance against penetrating into the coagulating solution. And a
sensor may be installed between a opening of a cooling air supply and the filament to
adjust temperature and humidity by monitoring the temperature and humidity. In general
the temperature of the supplied air may be kept between 5 to 30 C. If the temperature is
less than 5 C, then the expense for cooling is excess as well as high speed spinning is
difficult because the coagulation of filament is accelerated, while if more than 30 C,
then broken filaments may occur frequently owing to the degradation of the cooling
effect for the discharged solution. On the other hand the contents of the moisture
within the air gap may be important factor to aftect the process of coagulation, and
therefore the relative humidity within the air gap should be properly between RH10%
and RH60%. More specifically, for controlling the coagulation speed and preventing the
adhesion on the surface of the nozzle, dned air of RH10% to 30% may be supphed 1n
the area adjacent to the nozzle and wet air of RH30% to 50% may be supplied 1n area
adjacent to the coagulating solution. The cooling air may be blown horizontally to the
side of the filaments discharged perpendicularly, and the air velocity 1s preferably 3 to
12 m/sec, and more preferably 4 to 10 m/s for stability. If the cooling air velocity 1s too
slow, then non-homogeneous filaments may be produced owing to the difference of the
solidification speed and the broken strand wherein the difference may be caused by the
latest arrival of the cooling air on the spinning nozzle, while 1f it 1s too fast, then the

spinning stability may be deteriorated by the risk of the adhesion caused from the

filaments swing and by the hindrance of the homogeneous flow.

According to the present invention, the concentration of the aqueous solution 1n the
coagulating bath may be 5 to 40%. If the spinning speed 1s more than 50 m/min when
the filaments pass the coagulating bath, then the fluctuation of the coagulating solution

may be severely owing to the friction between the filaments and the coagulating

solution. For obtaining excellent physical properties and enhancing the productivity
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with the increase of the spinning speed, the above phenomenon may harm the process
stability, and therefore the occurrence of the phenomenon has to be minimized through a

coagulating bath design considering the shape and size of the bath, the flow and

quantity of the coagulating solution.

In step (C) according to the present invention, the produced multi-filaments are
directed toward a water-washing bath to wash. For the remove of solvent and the
construction of form that affect the formation of the physical properties are performed
concurrently when the filaments pass into coagulation bath, the temperature and

10  concentrate of the solution has to be kept constant. The temperature of the bath may be
0 to 35 T, and preferably 10 to 25 C. If the temperature is less than 0 C, then the
filament may be washed incompletely, while if more than 35 C, then the NMMO
contained within the filament will be extracted too fast to generate voids within the
filament and thereby the degradation of physical properties may be caused. Afier

15  coagulating, the filament is water-washed in a chamber about at 35 C until NMMO is

removed completely.

After water-washing, the multi-filaments are dried continuously using a drying roller

which can adjust the temperature between 80 and 170 C, and preferably between 100

20 and 150. If the temperature is less than 80 C, then the filaments may be dried
incompletely, while if more than 170 C, the filaments may be contracted suddenly and
excessively to cause the degradation of the physical property. The dried filaments are
wound in a known manner after treating with organic solvent. The multi-filaments
according to the present invention are characterized 1n that the total range of denier 1s

25 700 to 3000 and the breaking load i1s 4.0 to 27.0 kg. The multi-filaments consist of a set
of filaments in which each filament 1s 0.5 to 4.0denier and the total number of filament

is 500 to 2000. And also the multi-filaments are 4.0 to 9 g/d in strength and 4 to 15 % 1n

elongation with homogeneous physical property.

30 The cellulose fiber for use of industrial materials according to the present invention is
characterized in that each mono-filament selected 100 strands from every three part
divided from multi-filaments have properties as following: (a) 3 to 9 g/d in average
strength, 7 to 15 % in average breaking elongation and 0.035 to 0.055 in by
birefringence, (b) the differences of the above three parts are below 1.0 g/d 1n average

35 strength, 1.5 % in breaking elongation and 0.7 denier in demer, (c) the CV
(%)(coefficient of variation) of the above three parts are below 10%, and (d) the
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birefringence differences of the above three parts are below 0.004.

To produce the cellulose fiber for use of industrial matenals to fulfill all the above
physical properties, the factors of process mentioned foregoing are important. In
particular, the determinant factors to form homogeneous physical properties of the
cellulose fiber may be the number of orifices, the distributing plate, the cooling level
within the air gap, the temperature of the coagulating bath and the temperature of the
drying roller. The proper adjustment of the above factors may lead to the cellulose

fiber for use of industrial material according to the present invention.

In the following the cellulose fiber according to the present invention will be described
in detail with examples and comparisons, but they are given to clear understand, not to

limit the present invention. In examples and comparison, the properties of the cellulose

are estimated as following.

(a) Degree of polymerization (DPy):

The intrinsic viscosity [IV] of the dissolved cellulose was measured using 0.5M
cupriethylenediamine hydroxide solution obtained according to ASTM D539-51T 1n the
range of 0.1 to 0.6g/dl of concentration at 25+0.01°C with Ubelohde viscometer. The
intrinsic viscosity was calculated from the specific viscosity using extrapolation method

according to the concentration and then the value obtained 1n the above was substituted

into Mark-Houwink’s equation to obtain the degree of polymerization.
[TV] =0.98 * 10°DP,,"”.

(b) Birefringence
Birefringence was measured with Berek compensator using a polarization microscope

for which the light source i1s Na-D.

(c) Strength (g/d) and breaking elongation (%) of multi-filaments
The above values were measured immediately after dned with a heat wind dryer for 2
hours at temperature of 107 C. The measurement was performed with a low-speed

clongating tensile strength tester from Instrong LTD., USA and the conditions of

measurement are as following:
80 Tpm(80turns twist/m); 250 mm in length of sample; 300 m/mm at speed of

elongation.
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(d) Strength (g/d), breaking elongation (%) and CV (%) of mono-filament

The multi-filaments were divided into three parts after keeping at temperature of 25 C
and at relative humidity of 65 RH% for 24 hour, and then 100 mono-filaments from
each of the three parts was selected to measure denier and elongation-strength with
Vibrozet 200 from Lenzing LTD. Imtial load of 200 mg was exerted on the mono-
filament of 20 mm in length, and then the denier and elongation-strength was measured
with 20 mm/min. The coefficient of varniation (CV) was calculated after the average
strength and breaking elongation was measured. CV indicates the degree of vanation,

and 1s calculated by dividing the standard deviation with the average value.

Example 1
An aqueous concentrated NMMO solution 1s fed into a twin-screw extruder, which is

kept at temperature of 78 T, at 6900g/hour with a gear pump. And cellulose sheet (V-
81 available from Buckeye LTD) with 1200 average degree of polymenzation was put
into a crusher with 250 m filter to be made as powder being less than 200 gm in
diameter and 5% in contents of moisture, and then the power was fed into the extruder
at 1031 g/hour (concentration of 13 wt%) with a screw type supply. The remaining time
in swelling area was for 8 to 10 minutes 1n order to swell sufficiently the cellulose
powder, and then the cellulose powder was dissolved completely under condition that
each block temperature in the dissolving area of the extruder was 90 to 95 C and the
screws operated at speed of 200 rpm. Subsequently the solution was discharged
through a nozzle in which the diameter of onfice was 150 pm, the space between
orifices was 1.5 mm and the number of orifices was 800 (example 1-1), 1,100 (example
1-2) and 1,500 (example 1-3), respectively. The length of an air gap was 100 mm in
which cooling air brown to the filaments within the air gap was under temperature of
20 C, 45 RH% of relative humidity and 6 m/min of velocity. The filaments
precipitated into a coagulating bath (5 C in temperature) from the air gap were water-
washed, dried (140 T in the temperature of a roller) and treated with organic solvent to
be wound finally in which the fineness of the fimal multi-filaments was adjusted as
1500 denier. Each of the obtained multi-filaments were divided three parts, A, B and C,
to select 100 mono filaments from each of the parts, and then the average strength,

elongation and denier were measured to calculate C V (%), and also the birefringence of

each mono filament was measured.

Comparison 1

10
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The multi-filaments were produced under the same condition as example 1, only
except for changing the number of orifices as 450. The result shows that If the number
of orifices is 4500, the strength was weaker because the time was too short for the
NMMO solution to be removed sufficiently owing to thickened fineness of each mono-

filament during the processes of coagulation and water-washing and the physical

properties was inhomogeneous.

The results are shown in Table 1 in the following.

11
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Table 1
Exampie |
e — — — Comparison
Kind 1-1 1-2 1-3
H ' A l B .’ C A l B C I A |B [C | A
Strength
7.5 8.0 7.5 3.8
Multi- | (g/d)
filame | Breaking ‘ I ‘ ‘l
nts elongation 5.5 4.5 5.5 4.7
| (%) I |
” | Strength ] ] | I
5.0 5.3 5.9 6.8 6.0 6.7 5.0 5.1 5.3 2.5
(g/d)
Strength I l I l I |
7.3 6.6 | 7.0 7.7 7.4 6.4 7.0 7.0 6.5 103
CV (%)
| Breaking
Elongation | 12.0 ' 129 | 12.1 ‘ 11.3 ‘ 11.1 { 109 | 123 [ 124 | 12.8 | 11.2
Mono- | (%)
filame | Breaking | l I | h |
nt Elongation | 5.4 57 | 6.4 6.4 6.9 7.2 55 149 5.7 94
CV (%)
Denier l 1.82 | 1.73 | 1.71 | 1.71 | 1.79 | 190 | 1.67 | 1.73 | 1.81 | 231 | 2.43 | 2.27
 Der 2 (1o o o7 [ o [2on 20 |
Denter CV
0.8 8.7 8.8 8.3 8.1 Q.2 7.9 8.8 7.3
(%)
— | ! | —  IR—— | I
Birefringe | 0.04 | 0.04 1 004 | 004 | 004 | 004 | 004 | 004
nce 49 43 42 43 47 45 42 42 41
I e SN S— 1
Example 2

I —
11.3 1125
L
0.04W0.04 !
90 | 40 4

13.5

1

b,

Three kind of multi-filaments were produced under the same condition as example 1,
but the nozzle for spinning has 1000 orifices with 150 gm 1n diameter of each onfice,
and three distributing plates having 100 holes (example 2-1), 200(example 2-2) and 350
(example 2-3) respectively, were used for producing three kinds of multi-filaments.

Comparison 2
Under the same condition as example 2, spinning was tried on using two kind of

distributing plates having 45 holes and 400 holes, but 1n case of the distnibuting plate

having 45 holes, spinning was impossible because the spinning solution was not

12
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discharged owing to the decrease of the solution pressure within the spinning nozzle

caused by partially concentrating on some portion of the spinning nozzle.

In case of

the distributing plate having 400 holes, some filaments was broken within the air gap,
but some filaments could be obtained and the physical properties of them were

measured.

The result 1s shown together with that of example 2 1n table 2 in the following.

Table 2
Example 2
o S — ] — | Comparison 2
Kind 2-1 2-2 2-3
| —— S —T —7 -
a8 [c [a |B Jc [a B [c [a |6
- N L —— 1 e
Strength
7.8 8.2 6.7 5.4
| Multi- | (g/d) _l
filame | Breaking
nts elongation 5.3 6.4 5.7 4.2
e |
Strength
5.7 5.3 6.1 6.4 6.2 6.7 4.8 4.3 4.4 3.2
| (g/d) + 1 ' i_ } | | I '
1 Strength
8.4 8.3 8.9 7.5 6.4 7.1 9.3 8.4 8.8 11.0
CV (%)
e rwvarw—— — e —rr— T :'——-—- +
| Breaking ' | | | '
I Elongation 123 | 12.8 | 12.9 | 134 | 130 ¢t 13.1 1122 ] 129 | 124 | 11.3 | 11.8
Mono- | (%)
| filame | Breaking 7 ‘l- I | I ]
nt Elongation |83 [88 |84 [64 |65 [72 |74 |87 |83 |[124 |118
CV (%)

13

1.29

15.4

93

Denier 1.84 l 1.91 l 1.79 l 1.71 l 1.83 ' 1.87 | 1.84 | 1.75 I 1.77 | 1.41 1.33
l__. —

Denier CV

9.8 9.7 8.6 8.4 8.0 9.1 9.3 8.4 8.3 13.3 14.1

(%)
— — 4 —_— SN —

Birefn'nge 0.04 0.04 0.04 0.04 | 0.04 0.04 0.04 | 0.0TI 0.04 ' 0.03 1 0.03 0.03
Nnce 43 41 41 49 47 43 41 42 42 41 31
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Example 3
The filaments were produced under the same condition as example 1, except for the

following;:
150 um in diameter of orifice; 1.0 mm 1n space between ornfices; 1100 in the number

of orifices; and the temperature and relative humidity within air gap were changed as 1n

table 3.

Comparison 3
The filaments were produced under the same condition as example 3, except for the

following:
The temperature and relative humidity within the air gap were changed into

35 C/30RH% and 20 C/65RH%, respectively. In the condition of 35 C/30RH% the

filament was not cooled to be broken within the air gap.

The results are shown in Table 3 in the following.

14
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Table 3
Example 3
' — 1 — — — — Comparison 3
Air gap 3-1 3.2 3.3
Kind ,, — - — - — = 20 C/65RH%
Tem. C/ 10 C/40 RH% 20 C/55 RH% 25 CT/20RH%
| mmem[a 5 Jc [a 5 [c [a ][5 Jc [a s Jc |
Strength
8.3 5.1 I 8.7 3.9 '
Multi- | (g/d) |
filame | Breaking
nts | elongation | 4.7 6.9 1 5.0 ' 7.1 |
(%)
| Strength l | | | ' I | | 1'
6.9 6.8 6.7 3.5 3.1 3.7 6.9 7.1 7.0 | 2.1 2.8 2.7
(g/d)
| Strength | l T | | | ]
7.4 7.1 |63 7.3 6.9 6.9 6.3 6.4 70 1103 |1 1.1 1 10.8
CV (%)
— — + — SN S - v—— — — -
Breaking I | I | | L
| | 12 |
Elongation 11.3 [ 114 | 11.7 | 134 | 131 | 134 | 120 | 124 142 | 143 | 13.8
g
(%) | |
Mono- | —l— —t - ——-l _|_ | _i. .I
Breaking
filame
| Elongation | 7.4 7.2 7.0 6.8 7.3 7.1 7.2 7.1 6.4 | 10.7 | 9.7 11.0
nt | I
Denier 1.69 l 1.70 | 1.80 | 1.70 ’ 1.83 | 1.81 | 1.66 1.91
i — e e — —_
Denier CV
8.4 8.4 | 9.0 7.3 7.2 7.5 6.9 12.3 |
e ] I
Birefringe | 0.04 | 0.04 | 0.04 | 0.04] | 0.042 | 0.042 | 0.044 0.041
l nce 42 52 l53 '3 ALI I3 [3 |8 l'0 J

Example 4
The cellulose fiber was produced under the same condition as example 1, except for

changing the degree of cellulose sheet polymenzation and concentration of cellulose

solution into DP1500 (Buckeye V5S) and 10%, respectively. The solution was spun
using a spinning nozzle with 1000 orifice in which the diameter of each orifice was 250

gm and the space between orifices was 2.0 mm, and the final denier of the cellulose

multi-filaments were adjusted as 2000. The temperature of the coagulating bath was
adjustedas 5 C,15 T and 25 T to produce the filaments.

15
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Comparison 4

The multi-filaments were produced under the same condition as example 4, except for
the temperature of the coagulation bath of 40 C. In case of the bath of 40 C, the
5 NMMO was escaped rapidly from the coagulated filaments to generate voids, resulting

in the degradation of the physical properties.

The results are shown 1n Table 5 1n the following.

Table 4
Example 3
' Comparison 3
Temperatur | 4-1 4-2 4-3 ,,
i 40 C
Kind e of the 5T 15 C 25 C
coagulating
A B C A B C A B C A B C
bath
Strength
| 7.8 7.3 6.5 3.3
Muliti- | (g/d)
filame | Breaking
nts elongation 4.1 4.7 6.2 7.1
(%)
Strength
5.7 5.8 5.6 5.3 5.7 5.8 4.1 4.5 4.9 2.1 3.0 2.7
(g/d)
Strength
7.0 7.0 7.3 7.1 6.9 6.9 7.4 7.8 7.9 9.3 191 9.8
CV (%)
Breaking
Elongation | 11.3 | 114 | 107 | 104 | 11.1 [ 11.2 | 13.1 | 13.0 | 13.0 | 142 | 143 | 11.8
Mono- | (%)
4 + 1 [
filame | Breaking
nt Elongation | 7.0 7.1 6.3 6.5 7.1 7.3 7.1 7.0 6.9 9.1 9.4 10.0
CV (%)
Denier 2.35 | 241 (229 | 233 {251 1241 222 231 |230 {236 {224 {217
. - , 1
Denier CV
8.0 8.1 7.8 8.4 7.8 7.9 8.0 7.9 7.4 6.3 8.2 10.3
(%)
Birefringe | 004 | 004 | 004 | 004 | 004 | 004 | 004 | 004 | 004 | 003 | 003 | 0.03
nce 43 4] 33 42 42 31 31 33 31 17 4] 81

10
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Example 5
The cellulose solution was produced under the condition the same as example 1,

except for changing the degree of cellulose sheet polymernzation and the concentration
of the solution into DP 850 (Buckeye V60)and 14 %, respectively. The solution was
spun through the spinning nozzle with 1000 orifices in which the diameter of each
orifice was 250 um and the space between the orifices was 2.0 mm, and the final denier
of the cellulose multi-filaments was adjusted 2000. The temperature of the drying
rollers were adjusted as 100 C, 130 C and 160 C to produce the filaments.

Comparison 3

The filaments were produced under the same condition as example 1, except for the
75 C in temperature of the drying roller. In case of 75 C, drying was performed
incompletely to result in the degradation of the physical properties.

The results are shown in Table 5 in the following.

17
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Table 5
[ Example 3 :l l
The 5-1 5-2 5- Comparison 75 C
S R r__ ——e— i
i | temperature | 100 C 130 C 160 C I
Kind S : — — W
of the T F |
' | drying A B {C |A B C | A B C A B C
ol
L ....-f r_(.)._.fr I | S SR | 1 /I — 1 ._|_ 1 1 |
-~ Strength
| 5..8 6.9 8.3 3.3
| Multi- r_(g/d}_— JI‘ - | o L l e - N - ]
| filame l' Breaking
|
nts elongation 10.9 6.4 | 4.1 7.1 i
(7o)
Strength
3.7 (38 3.6 i47 47 |48 |61 |67 |68 |41 |[30 |47 |
| (g/d) | | R R R
— — ——e e —_— S — e
Strength
90 |94 |97 |77 |78 |73 |63 |64 1 59 | 103 | 141 | 138
CV (%) |
——  E— — — I - — — N i S —
Breaking l I | | | I I
Elongation | 153 | 154 | 157 | 13.4 {13.1 128 [ 11.1 | 11.0 | 107 | 140 | 153 | 148
- Yo
N e e B S e R e B s e B
filame | Breaking
nt Elongation I 7.4 ’ 7.7 7.4 6.8. 7.2 I 7.7 6.3 5.3 6.4 l 8.1 13.4 | 11.9
’ CV (%)
Denier 230 | 231 | 2.27 | 2.18 {241 | 239 (232 | 224 | 221 {231 {214 | 2.29
QN R ELTH £ R R e Y
Enicr
7.8 7.3 7.4 7.4 7.1 7.3 7.8 6.7 7.4 8.3 9.2 9.3
| S SRR A U [ S SN S S T S - —
— 1
Birefringe | 0.04 | 003 | 004 | 004 | 004 | 004 | 004 | 004 | 004 | 003 [003 | 004
l nce |_32 | 98 | 10 ‘ 20 _Lzo 1_1% | 31 J 23 | 12 _L60 ] 47 J 00 l

The cellulose filaments according to the present invention consists of 500 to 2000
filaments, and 1s characterized in that the strength and breaking elongation of the
filaments are 4 to 9 g/d and 4 to 15 %, respectively and the physical properties are
homogeneous. Therefore, the cellulose filaments can be used as industnal matenals, 1n
particular tire-cord requiring the high strength and homogeneous properties. More
specifically, that each mono-filament selected 100 strands from every three part divided

- O AT '*L:lc&ummu‘,mw adingers gl g e
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from multi-filaments have properties as following: (a) 3 to 9 g/d in average strength, 7
to 15 % 1n average breaking elongation and 0.035 to 0.055 in by birefringence, (b) the

differences of the above three parts are below 1.0 g/d 1n average strength, 1.5 % in
breaking elongation and 0.7 denier in denier, (c) the CV (%)(coefficient of variation) of
the above three parts are below 10%, and (d) the birefringence differences of the above

three parts are below 0.004.

While embodiments of the present invention have been described by way of
tllustration, 1t will be apparent that this invention may be carried out with many

modifications, variations and adaptations without departing from its spirit or exceeding

the scope of the claims.

19
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CLAIMS

1. A method for prepare a cellulose fiber for using industrial matenals
comprising the steps:

S (A) producing a cellulose solution by swelling and homogenizing a cellulose
powder 1nto an aqueous concentrated N-methyl morpholine N-oxide (NMMO)
solution, wherein the cellulose solution comprises 3-20wt% of the cellulose
powder;

(B) spinning said cellulose solution with a spinning nozzle having 500 to 2000

10 orifices, wherein the nozzle further comprises a distributing plate having 50 to
300 holes;

(C) precipitating the cellulose solution into a coagulating bath through an air gap
to thereby obtain multi-filaments, wherein an air being 5 to 30°C in temperature
and 10 to 60% 1n humidity i1s blown into the air gap at 3 to 12 m/sec air speed,

15 and wherein the temperature of the coagulating bath is 0 to 35°C; and

(D) water-washing, drying, treating with a finishing oil and winding said multi-
filaments, wherein said drying is performed with a drying roller being 80 to
170°C 1n temperature.

20 2. A cellulose fiber produced by claim 1 and characterized by the following
physical properties;
(1) 700 to 3000 1n denier of original strands;
(2) the multi-filaments having a strength of 4 to 9 g/d and breaking elongation
of 4 to 15%;
25 (3) said multi-filaments are divided into three parts, and 100 mono-filaments
selected from each part have following physical properties;
a) 3 to9 g/d in average strength, 7 to 15% in average breaking elongation
and 0.035 and 0.055 birefringence;
b) the differences in average strength, average breaking elongation and
30 demer of each part 1s less than 1.0 g/d, 1.5% and 0.7 denier,
respectively;

c) CV (Coefficient of Variation) of average strength, average breaking

20
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élongation and denier of said three parts less than 10%; and

d) The differences in average birefringence of said three parts 1s less than
0.004.

A tire cord comprising the cellulose fiber according to claim 2.

21
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