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(54) An apparatus, process and an array of nozzles for extruding cellulose fibers

(57) An apparatus is disclosed for extruding cellulose
fibers. The apparatus includes a first member, a second
member and a third member all secured together. Multi-
ple nozzles extend outward from the first member and
each is designed to direct an aqueous cellulose solution
therethrough. As the aqueous solution is extruded, it is
accentuated and accelerated by pressurized gas flowing
through the first member and the second member and

out through first openings formed in the third member.
The pressurized gas at least partially surrounds each
nozzle and shelters the molten filaments extruded there-
from. The third member also has multiple second open-
ings formed therethrough which are also connected to a
source of pressurized gas. The pressurized gas streams
exiting each of the second openings function to keep
each of the molten filaments from contacting an adjacent
molten filament.
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Description

�[0001] This invention relates to an apparatus, process
and an array of nozzles for extruding cellulose fibers.
�[0002] Currently, there are several different methods
for extruding an aqueous solution containing cellulose
and a water soluble solvent into cellulose fibers. Each of
these methods utilizes special equipment to heat the
aqueous solution and extrude it through a die block as-
sembly. The die block assembly can include various com-
ponents for directing and distributing the aqueous solu-
tion and pressurized gas through a plurality of nozzles
to form a plurality of molten filaments. The aqueous so-
lution is usually extruded in a downward direction such
that the pressurized gas and gravity will cause the aque-
ous solution to attenuate into a plurality of molten fila-
ments. The molten filaments are then contacted with a
liquid which causes a major portion of the solvent to sol-
vate into the liquid solution and thus allows the molten
filaments to coagulate into solid cellulose fibers. These
solid cellulose fibers are then collected on a moving sur-
face, such as a porous conveyor belt or rotatable drum
and form a non- �woven web.
�[0003] Up until now, no one has been able to design
and construct an apparatus or process which will allow
cellulose fibers having a diameter of less than about 15
microns to be extruded and formed at a throughput that
would make such a process economically feasible. In
addition, no one has been able to design and construct
a spinnerette that extrudes 20 or more molten filaments
per linear centimeter at a throughput of greater than 0.1
grams/ �holelminute at a production speed of up to about
750 meters per minute. Furthermore, no one has been
able extrude an aqueous solution containing cellulose
and a solvent at back pressures of more than 20 bar
without damaging the spinnerette. Still further, no one to
date has been able to extrude and form very fine cellulose
fibers having a diameter of less than 5 micron at a
throughput of greater than 0.5 grams/�hole/ �minute at a
production speed of up to about 750 meters per minute.
Lastly, no one to date has been able to form a non-�woven
web constructed from such cellulose fibers which has a
basis weight of less than about 1 gram per square meter
at a production rate of more than about 30 meters per
minute.
�[0004] Now an apparatus, process and array of noz-
zles have been invented which will allow one to extrude
and form cellulose fibers each having a diameter of less
than about 15 microns at a throughput of greater than
about 0.1 grams/�hole/ �minute. The apparatus, process
and array of nozzles is also capable of forming very fine
cellulose fibers each having a diameter of less than about
5 microns at a throughput of greater than about 0.5
grams/ �hole/ �minute. Furthermore, the apparatus, proc-
ess and array of nozzles produces cellulose fibers having
unique characteristics that can be collected to form a
non-�woven web.
�[0005] Briefly, this invention relates to an apparatus,

process and array of nozzles for extruding cellulose fib-
ers. The apparatus includes a first member secured to a
dope delivery mechanism. The first member has multiple
nozzles arranged in rows. Each of the nozzles has an
inside diameter through which an aqueous solution of
cellulose and a solvent can be extruded. Each of the noz-
zles also has at least one other passage formed therein
through which a pressurized gas can be routed. The ap-
paratus also includes a second member secured to the
first member. The second member has multiple corridors
formed therethrough which are connected to the passage
formed in the first member, and multiple openings formed
therein through which the multiple nozzles can pass. The
apparatus further includes a third member secured to the
second member. The third member has multiple first
openings formed therethrough. Each of the multiple first
openings is sized to permit one of the multiple nozzles
to pass therethrough. Each of the first openings being
connected to the pressurized gas corridors formed in the
second member. Each of the first openings is capable of
emitting pressurized gas therethrough such that the pres-
surized gas at least partially surrounds the aqueous so-
lution extruded from each of the nozzles. The third mem-
ber also has multiple second openings formed there-
through which are connected to the pressurized gas cor-
ridors formed in the second member. Each of the second
openings is positioned adjacent to one of the nozzles, in
each of the rows, and each of the second openings has
an opening through which the pressurized gas can be
emitted.
�[0006] The process includes the steps of forming an
aqueous solution of cellulose and a solvent. This aque-
ous solution is directed through a spinnerette having mul-
tiple rows of nozzles and second openings. The nozzles
are different from the second openings. At least one of
the nozzles in one of the rows is staggered from at least
one of the nozzles in an adjacent row, and each of the
nozzles having a first opening aligned adjacent thereto.
The aqueous solution is extruded through each of the
nozzles to form multiple molten filaments. At least a por-
tion of each of the molten filaments is shrouded in a pres-
surized gas emitted through the adjacent first opening.
The molten filaments are then attenuated into a circular
cross- �sectional configuration having a diameter of less
than about 5 microns. Each of the molten filaments is
contacted with a liquid which chemically reacts with the
solvent to remove some of the solvent whereby each of
the molten filaments is transformed into a continuous sol-
id fiber. The continuous solid fibers are then collected on
a moving surface to form a non- �woven cellulose web.
�[0007] Each nozzle has a longitudinal central axis and
includes a hollow cylindrical tube with a predetermined
cross- �section. An aqueous solution of cellulose and a
solvent is extruded through each of the hollow cylindrical
tubes into multiple individual molten filaments. Each of
the hollow cylindrical tubes is surrounded by a first open-
ing having a uniquely shaped cross-�section with a diam-
eter. The diameter of each of the first openings is greater
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than the diameter of each of the hollow cylindrical tubes.
Each of the first openings is capable of emitting a pres-
surized gas which surrounds one of the extruded molten
filaments. At least three second openings are spaced
outward from each of the first openings. Each of the sec-
ond openings is capable of emitting a pressurized gas
stream essentially parallel to the longitudinal central axis
of each of the nozzles which functions to shrouds each
of the extruded molten filaments.
�[0008] The general object of this invention is to provide
an apparatus capable of extruding cellulose fibers having
a diameter of less than about 15 microns at a throughput
of greater than 0.1 grams/ �hole/ �minute at a production
speed of up to about 750 meters per minute. A more
specific object of this invention is to provide an apparatus
capable of extruding very fine cellulose fibers having a
diameter of less than about 5 microns at a throughput of
greater than 0.5 grams/�hole/�minute at a production
speed of up to about 750 meters per minute.
�[0009] Another object of this invention is to provide an
apparatus for extruding cellulose fibers having a circular
cross-�sectional configuration and a diameter of about 5
microns or less.
�[0010] A further object of this invention is to provide an
apparatus for extruding very fine cellulose fibers having
a diameter of less than about 3 microns.
�[0011] Still another object of this invention is to provide
an apparatus for extruding cellulose fibers which includes
an array of nozzles which are capable of extruding an
aqueous solution of cellulose and a water soluble solvent
along with pressurized gas such that an attenuated mol-
ten filament will not adhere to an adjacent molten fila-
ment.
�[0012] Still further, an object of this invention is to pro-
vide an apparatus for extruding cellulose fibers in an eco-
nomical and efficient manner.
�[0013] Another object of this invention is to provide a
process of forming a non-�woven cellulose web. A more
specific object of this invention is to provide a non- �woven
cellulose web produced by such a process.
�[0014] Still another object of this invention is to provide
a process of forming a web from multiple cellulose fibers
each having a diameter of less than about 15 microns.
�[0015] Still another object of this invention is to provide
an array of nozzles for extruding multiple cellulose fibers
at high speeds. A more specific object of this invention
is to provide an array of nozzles for extruding multiple
cellulose fibers having a diameter of less than about 15
microns at a throughput of greater than 0.1 grams/�hole/
minute at a production speed of up to about 750 meters
per minute..
�[0016] Still further, an object of this invention is to pro-
vide an array of nozzles for extruding multiple cellulose
fibers each having a uniquely shaped cross- �sectional
configuration and a diameter of about 5 microns or less.
�[0017] According to an embodiment, an apparatus for
extruding cellulose fibers, comprises: a) a first member
having multiple nozzles arranged in rows, each of said

nozzles having an inside diameter through which an
aqueous solution comprised of cellulose and a solvent
can be extruded, and having at least one passage formed
therein through which a pressurized gas can be routed;
b) a second member secured to said first member, said
second member having multiple corridors formed there-
through which are connected to said at least one passage
formed in said first member, and multiple openings
formed therein through which said multiple nozzles can
pass; and c) a third member secured to said second
member, said third member having multiple first openings
formed therethrough, each of said multiple first openings
sized to permit one of said multiple nozzles to pass
through, each of said multiple first openings being con-
centrically aligned about each of said multiple nozzles,
each of said multiple first openings being connected to
said pressurized gas corridors formed in said second
member and each capable of emitting pressurized gas
therethrough such that said pressurized gas at least par-
tially surrounds said aqueous solution extruded from
each of said multiple nozzles, and said third member also
having multiple second openings formed therethrough
which are connected to said pressurized gas corridors
formed in said second member, each of said multiple
second openings being positioned adjacent to one of said
multiple nozzles in each of said rows, and each of said
multiple second openings having a diameter through
which said pressurized gas can be emitted.
�[0018] According to an embodiment, the apparatus of
one of the previous embodiments is capable of forming
cellulose fibers having a diameter of less than about 15
microns at a throughput of greater than 0.1 grams/�hole/
minute, and in particular capable of forming cellulose fib-
ers having a diameter of less than about 5 microns at a
throughput of greater than 0.5 grams/ �hole/ �minute.
�[0019] According to an embodiment of the apparatus
of one of the previous embodiments, said third member
has an even number of rows of nozzles with at least one
of said nozzles in one row being offset from one of said
nozzles in an adjacent row.
�[0020] According to an embodiment of the apparatus
of one of the previous embodiments, each of said multiple
hollow cylindrical tubes has an inside diameter ranging
from between about 0.125 millimeters to about 01.25 mil-
limeters.
�[0021] According to an embodiment of the apparatus
of one of the previous embodiments, each of said multiple
nozzles is formed from stainless steel.
�[0022] According to an embodiment of the apparatus
of one of the previous embodiments, each of said multiple
second openings has a venturi formed therein.
�[0023] According to an embodiment of the apparatus
of one of the previous embodiments, said third member
has an odd number of rows, and wherein at least two of
said nozzles in one row are offset from two of said nozzles
in an adjacent row.
�[0024] According to an embodiment of the apparatus
of one of the previous embodiments, each of said second
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openings contains a pin therein.
�[0025] According to an embodiment of the apparatus
of one of the previous embodiments, an apparatus for
extruding cellulose fibers, comprises: a) a filter block se-
cured to a dope delivery mechanism, said filter block hav-
ing a first passageway formed therein through which an
aqueous solution comprised of cellulose and a solvent
can be routed, and a second passageway formed therein
through which a pressurized gas can be routed; b) a spin-
nerette secured to said filter block, said spinnerette hav-
ing multiple nozzles arranged in rows, each of said noz-
zles having a longitudinal central axis with an inside di-
ameter through which said aqueous solution can be ex-
truded, and said spinnerette having at least one passage
formed therethrough which is connected to said second
passageway; c) a gas distribution plate secured to said
spinnerette, said gas distribution plate having multiple
corridors formed therethrough which are connected to
said at least one passage formed in said spinnerette, and
multiple openings formed therein through which said mul-
tiple nozzles can pass; and d) an exterior plate secured
to said gas distribution plate, said exterior plate having
multiple first openings formed therethrough, each of said
multiple first openings sized to permit one of said multiple
nozzles to pass through, each of said multiple first open-
ings being concentrically aligned about each of said mul-
tiple nozzles, each of said multiple first openings being
connected to said pressurized gas corridors formed in
said gas distribution plate and each capable of emitting
pressurized gas therethrough such that said pressurized
gas at least partially surrounds said aqueous solution
extruded from each of said multiple nozzles, and said
exterior plate also having multiple second openings
formed therethrough which are connected to said pres-
surized gas corridors formed in said gas distribution
plate, each of said multiple second openings being po-
sitioned adjacent to one of said multiple nozzles in each
of said rows, at least one of said nozzles being offset
from a nozzle in an adjacent row, and each of said mul-
tiple second openings having a diameter through which
said pressurized gas can be emitted.
�[0026] According to an embodiment of the apparatus
of one of the previous embodiments, said exterior plate
has at least three rows of nozzles with each row contain-
ing an equal number or an unequal number of said first
and second openings.
�[0027] According to an embodiment of the apparatus
of one of the previous embodiments, said exterior plate
has at least 20 openings per linear centimeter.
�[0028] According to an embodiment, in particular of
the apparatus of one of the previous embodiments, an
apparatus comprises: a) a dope delivery mechanism hav-
ing a first conduit formed therein through which an aque-
ous solution comprised of cellulose and a solvent can be
routed, and a second conduit formed therein through
which a pressurized gas can be routed; b) a filter block
secured to said dope delivery mechanism, said filter
block having at least two separate passageways formed

therethrough, each of said passageways connecting with
one of first and second conduits; c) a spinnerette secured
to said filter block, said spinnerette having multiple noz-
zles arranged in rows, each of said nozzles being an
elongated, hollow tube having a longitudinal central axis
with a cross-�section having an opening through which
said aqueous solution can be extruded and having at
least one passage formed therein which is connected to
said pressurized gas passageway formed in said filter
block; d) a gas distribution plate secured to said spinner-
ette, said gas distribution plate having multiple corridors
formed therein which are connected to said passage
formed in said spinnerette for routing said pressurized
gas therethrough, and multiple openings formed there-
through each of which is sized to permit one of said mul-
tiple nozzles to pass through; and e) an exterior plate
secured to said gas distribution plate, said exterior plate
having multiple first openings formed therethrough, each
of said multiple first openings sized to permit one of said
multiple nozzles to pass through, each of said multiple
first openings being concentrically aligned about each of
said multiple nozzles, each of said multiple first openings
being connected to said pressurized gas corridors
formed in said gas distribution plate and each capable
of emitting pressurized gas therethrough such that said
pressurized gas at least partially surrounds said aqueous
solution extruded from each of said multiple nozzles, and
said exterior plate also having multiple second openings
formed therethrough which are connected to said pres-
surized gas corridors formed in said gas distribution
plate, each of said multiple second openings having a
central shaft positioned therein and having a cross-�sec-
tion through which said pressurized gas can be emitted,
and at least one of said nozzles in one of each of said
rows being staggered from at least one of said nozzles
in an adjacent row.
�[0029] According to an embodiment of the apparatus
of one of the previous embodiments, pressurized gas
can pass through said assembly at a velocity of at least
45 meters per second and each of said multiple first open-
ings includes at least two crescent shaped slots.
�[0030] According to an embodiment of the apparatus
of one of the previous embodiments, said exterior plate
has at least 60 openings per linear centimeter.
�[0031] According to an embodiment, in particular of
the apparatus of one of the previous embodiments, an
apparatus comprises an array of nozzles for extruding
multiple cellulose fibers, comprising: a) multiple nozzles
each having a longitudinal central axis and each including
a tube with a cross-�section having a diameter through
which an aqueous solution comprised of cellulose and a
solvent can be extruded into a molten filament, and a first
opening surrounding each of said tubes having a cross-
section with a diameter, said diameter of said first open-
ing being greater than said diameter of said tube, and
each of said first openings capable of emitting a pressu-
rized gas which surrounds one of said extruded molten
filaments; and b) at least three second openings each
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spaced outward from each of said first openings, each
of said second openings capable of emitting a pressu-
rized gas stream essentially parallel to said longitudinal
central axis of said nozzle, and each of said pressurized
gas streams functioning to shroud one of said extruded
molten filaments.
�[0032] According to an embodiment of the apparatus
of one of the previous embodiments, said pressurized
gas emitted from each of said first openings attenuates
and accelerates each of said molten filaments extruded
from each of said tubes into a continuous fiber having a
diameter of less than about 15 microns.
�[0033] According to an embodiment of the apparatus
of one of the previous embodiments, each of said first
and second openings is aligned parallel to one another.
�[0034] According to an embodiment of the apparatus
of one of the previous embodiments, each of said second
openings is spaced from between about 1 millimeter to
about 4 millimeters from said longitudinal central axis of
said nozzle. each of said second openings is spaced from
between about 1 millimeter to about 2 millimeters from
said longitudinal central axis of one of said nozzles.
�[0035] According to an embodiment of the apparatus
of one of the previous embodiments, each of said tubes
extends downward beyond said first openings by at least
1 millimeter, in particular by at least 3 millimeters, and in
particular by at least 5 millimeters.
�[0036] According to an embodiment, in particular of
the apparatus of one of the previous embodiments, an
apparatus comprises an array of nozzles comprising: a)
multiple nozzles each having a longitudinal central axis
and each including a hollow cylindrical tube with a cross-
section having a constant diameter through which an
aqueous solution comprised of cellulose and a water sol-
uble solvent can be extruded into a molten filament, and
a first opening surrounding each of said hollow cylindrical
tubes and having a cross-�section with a constant diam-
eter, said diameter of each of said first openings being
greater than said diameter of each of said hollow cylin-
drical tubes, and each of said first openings capable of
emitting a pressurized gas which at least partially sur-
rounds one of said extruded molten filaments; and b) a
plurality of second openings each spaced outward from
each of said first openings, each of said second openings
capable of emitting a pressurized gas stream essentially
parallel to said longitudinal central axis of each of said
nozzles, and each of said pressurized gas streams func-
tioning to shroud one of said extruded molten filaments.
�[0037] According to an embodiment of the apparatus
of one of the previous embodiments, there are at least
three second openings for each first opening and each
of said second openings is equally spaced apart from an
adjacent second opening.
�[0038] According to an embodiment of the apparatus
of one of the previous embodiments, there are eight sec-
ond openings for each first opening and each of said
second openings is spaced approximately 45 degrees
apart.

�[0039] According to an embodiment, in particular of
the apparatus of one of the previous embodiments, an
apparatus comprises an array of nozzles comprising: a)
multiple nozzles arranged in rows, each of said nozzle
having a longitudinal central axis and including a hollow
cylindrical tube with a cross-�section and having a con-
stant diameter positioned therein through which an aque-
ous solution comprised of cellulose and a water soluble
solvent can be extruded into a molten filament, and a first
opening concentrically aligned about each of said hollow
cylindrical tubes and having a cross-�section with a con-
stant diameter, said diameter of said first opening being
greater than said diameter of each of said hollow cylin-
drical tubes, and said first opening capable of emitting
pressurized gas therethrough which at least partially sur-
rounds said extruded molten filament; b) multiple second
openings arranged in said rows with said multiple noz-
zles, at least two of said second openings being posi-
tioned adjacent to one of said nozzles in each of said
rows, each of said second openings having a pin posi-
tioned therein and having a diameter through which a
pressurized gas can be emitted; and c) at least one of
said nozzles in one row being offset from one of said
nozzles in an adjacent row.
�[0040] According to an embodiment of the apparatus
of one of the previous embodiments, each of said first
openings includes at least two crescent shaped slots
spaced apart from said hollow cylindrical tube.
�[0041] According to an embodiment of the apparatus
of one of the previous embodiments, each of said hollow
cylindrical tubes is vertically spaced downward from each
of said first openings by at least 3 millimeters.
�[0042] According to an embodiment of the apparatus
of one of the previous embodiments, each of said second
openings has a sidewall aligned perpendicular to each
of said second openings.
�[0043] According to an embodiment, an process of
forming a non- �woven cellulose web, comprises: a) form-
ing an aqueous solution of cellulose and a solvent; b)
directing said aqueous solution through a first member
having multiple rows of first and second openings, each
of said first openings having a nozzle positioned therein,
and at least one of said nozzles in a row being staggered
from at least one of said nozzles in an adjacent row; c)
extruding said aqueous solution through each of said
nozzles to form multiple molten filaments; d) shrouding
at least a portion of each of said molten filaments in a
pressurized gas emitted through each of said adjacently
aligned first and second openings; e) attenuating said
molten filaments into a circular cross-�sectional configu-
ration having a diameter of less than about 15 microns;
f) contacting said molten filaments with a liquid, said liquid
mixing with said solvent to remove some of said solvent
whereby each of said molten filaments is transformed
into a continuous solid fiber; and g) collecting said con-
tinuous solid fibers on a moving surface to form a non-
woven cellulose web.
�[0044] According to an embodiment the process of one
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of the previous embodiments comprises heating said
aqueous solution to a temperature of from between about
80°C to about 140°C and heating said pressurized gas
to a temperature of at least about 120 °C.
�[0045] According to an embodiment the process of one
of the previous embodiments comprises extruding said
aqueous solution through each of said nozzles at a
throughput of greater than 0.1 grams/�hole/ �minute.
�[0046] According to an embodiment the process of one
of the previous embodiments comprises emitting said
pressurized gas through each of said first openings at a
velocity of at least 45 meters per second and each of
said first openings includes at least two crescent shaped
slots.
�[0047] According to an embodiment the process of one
of the previous embodiments comprises emitting said
pressurized gas through each of said second openings
at a velocity of at least 45 meters per second.
�[0048] According to an embodiment of the process of
one of the previous embodiments, said pressurized gas
is pressurized air which is emitted from each of said first
openings essentially parallel to said molten filament ex-
truded through each of said nozzles, and said pressu-
rized air accelerates and attenuates each of said molten
filaments.
�[0049] According to an embodiment, the process of
one of the previous embodiments comprises contacting
each of said molten filaments with a liquid which causes
said molten filaments to coagulate into a continuous solid
fiber.
�[0050] According to an embodiment of the process of
one of the previous embodiments, said liquid is water,
and each of said molten filaments is contacted with said
water at a distance of at least about 3 centimeters from
each of said nozzle.
�[0051] According to an embodiment, the process of
one of the previous embodiments comprises: a) forming
an aqueous solution of cellulose and a solvent, said aque-
ous solution having a temperature of at least about 100
°C; b) directing said aqueous solution through a first
member having multiple rows of first and second open-
ings, each of said first openings having a nozzle posi-
tioned therein, and at least one of said nozzles in a row
being staggered from at least one of said nozzles in an
adjacent row; c)� extruding said aqueous solution through
each of said nozzles at a back pressure of at least 10 bar
to form multiple molten filaments; d) shrouding at least a
portion of each of said molten filaments in a pressurized
gas emitted through each of said adjacently aligned first
and second openings; e) attenuating said molten fila-
ments into a circular cross- �sectional configuration having
a diameter of less than about 5 microns; f) contacting
said molten filaments with a liquid, said liquid mixes with
said solvent to remove some of said solvent whereby
each of said molten filaments is transformed into a con-
tinuous solid fiber; and g) collecting said continuous solid
fibers on a moving surface to form a non-�woven cellulose
web.

�[0052] According to an embodiment of the process of
one of the previous embodiments, said pressurized gas
emitted from each of said second openings prevents
each of said molten filaments from physically contacting
one another.
�[0053] According to an embodiment, the process of
one of the previous embodiments comprises extruding
said aqueous solution downward from each of said noz-
zles parallel to a longitudinal central axis and contacting
each of said molten filaments with water introduced at
an angle of from between about 5 degrees to about 175
degrees, said water causing each of said molten fila-
ments to coagulate into a continuous solid fiber.
�[0054] According to an embodiment, the process of
one of the previous embodiments comprises heating said
pressurized gas to a temperature from between about
120° C to about 160° C.
�[0055] According to an embodiment of the process of
one of the previous embodiments, said moving surface
is a rotatable drum having a porous surface or a conveyor
belt having a porous surface.
�[0056] According to an embodiment, the process of
one of the previous embodiments comprises starting up
said process by: a) heating said aqueous solution to a
predetermined temperature above 80° C; b) directing
said heated aqueous solution to said first member and
extruding said heated aqueous solution through each of
said nozzles at a back pressure of at least 10 bar; c)
routing said pressurized gas through each of said first
and second openings at a velocity of from between about
1 meter per second to about 10 meters per second; d)
heating said pressurized gas to a temperature of about
100° C; and e) gradually increasing said velocity of said
heated pressurized gas until said pressurized gas reach-
es a velocity of at least about 45 meters per second.
�[0057] According to an embodiment, the process of
one of the previous embodiments comprises shutting
down said process by: a) turning off said heat used to
heat said pressurized gas; b) gradually reducing said ve-
locity of said pressurized gas to 0 meters per second; c)
stopping said aqueous solution from flowing through
each of said nozzles; and d) allowing said aqueous so-
lution to cool to room temperature.
�[0058] Other objects and advantages of the present
invention will become more apparent to those skilled in
the art in view of the following description and the ac-
companying drawings.�

Fig. 1 is a schematic of a process of forming cellulose
fibers.
Fig. 2 is a cross-�sectional view of a die block assem-
bly showing multiple first and second nozzles.
Fig. 3 is an end view of a nozzle.
Fig. 4 is an end view of a second nozzle.
Fig. 5 is a partial exploded view of a portion of the
spinnerette body shown within the area labeled A.
Fig. 6 is an enlarged, partial cross- �sectional view of
a second nozzle having a constant inside diameter.
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Fig. 7 is an enlarged, partial cross- �sectional view of
a second nozzle having a venturi.
Fig. 8 is an end view of an alternative design for the
first opening.
Fig. 9 is an end view of still another embodiment for
the first opening.
Fig. 10 is an end view of a further embodiment for
the first opening.
Fig. 11 is an end view of still another embodiment
for the first opening.
Fig. 12 is an end view of still another embodiment
for the first opening.
Fig. 13 is a plane view of an array of first and second
nozzles formed in an exterior plate.
Fig. 14 is a plane view of an alternative array of first
and second nozzles formed in an exterior plate.
Fig. 15 is a plane view of an array wherein each
nozzle is surrounded by three of the second open-
ings.
Fig. 16 is a plane view of an array wherein each
nozzle is surrounded by four of the second openings.
Fig. 17 is a plane view of an array wherein each
nozzle is surrounded by six of the second openings.
Fig. 18 is a plane view of an array wherein each
nozzle is surrounded by eight of the second open-
ings.
Fig. 19 is an enlarged cross sectional view of a nozzle
showing a molten filament being extruded therefrom.
Fig. 20 is a plane view of a coagulated cellulose fiber.

�[0059] Referring to Fig. 1, a process 10 of forming cel-
lulose fibers 12 which can be formed into a non-�woven
web 14 is shown. The process 10 includes the steps of
combining and dissolving cellulose 16 and a solvent 18
to form an aqueous solution 20. The aqueous solution
20 is commonly referred to as dope in the industry. The
type of raw cellulosic material used can vary. Cellulose
is a complex carbohydrate C6H10O5 that is composed of
glucose units which form the main constituent of the cell
wall in most plants. The cellulosic material may be
bleached or unbleached wood pulp which can be made
by various processes of which kraft, pre-�hydrolyzed kraft,
and sulfite would be exemplary. Many other cellulosic
raw materials, including but not limited to: purified cotton
linters, plants, grasses, etc. can also be used separately
or in combination with wood pulp. The cellulose 16 can
be wood pulp from any of a number of commercially avail-
able dissolving or non-�dissolving grade pulps. Examples
of some sources of wood pulp include: The Weyerhae-
user Company, International Paper Company, Sappi Sa-
iccor sulfite pulp, and pre-�hydrolyzed kraft pulp from In-
ternational Paper Company. In addition, the wood pulp
can be a high hemi-�cellulose with a low degree of polym-
erization pulp. The cellulosic material can be chopped or
shredded into a fine fluff to promote forming an aqueous
solution 20 with the solvent 18.
�[0060] The solvent 18 is desirably a water soluble sol-
vent. For example, the solvent 18 can be an amine oxide,

desirably a tertiary amine N- �oxide containing a non-�sol-
vent for the cellulose, such as water. Representative ex-
amples of amine oxide solvents useful in the practice of
this invention are set forth in U.S. Patent 5,409,532, is-
sued to Astegger et al.� The desired solvent is N-�methyl-
morpholine-�N-�oxide (NMMO). Other representative ex-
amples of solvents include dimethylsulfoxide (DMSO),
dimethylacetamide (DMAC), dimethylforamide (DMF)
and caprolactan derivatives. The pulp can be dissolved
in an amine oxide solvent by any art recognized means
such as set forth in U.S. Patents: 4,246,221, issued to
McCorsley, III; 5,330,567, issued to Zikeli et al. � and
5,534,113, issued to Quigley et al.� Still other solvents
that may be used in this invention include dilute caustic
soda, phosphoric acid, a mixture of liquid ammonia/�am-
monia thiocynate and others. Still another way of making
an aqueous solution of the cellulose is described in U.S.
Patent 6,306,334 issued to Luo et al.�
�[0061] The aqueous solution 20 is then heated in a
heater 22 or by some other type of heating mechanism
to a predetermined elevated temperature. The aqueous
solution 20 can be heated to a temperature ranging from
between about 80° C to about 140° C. Desirably, the
aqueous solution 20 is heated to a temperature of at least
100° C. More desirably, the aqueous solution 20 is heated
to a temperature of at least about 110° C. Most desirably,
the aqueous solution 20 is heated to a temperature of at
least about 120° C.
�[0062] The aqueous solution 20 of the cellulose 16 and
solvent 18 can be made in a known manner, for example,
as taught in U.S. Patent 4,246,221, issued to McCorsley,
III which is incorporated by reference and made a part
hereof. In U.S. Patent 4,246,221, the cellulose is wet in
a non-�solvent mixture of about 40% NMMO and 60%
water. The ratio of cellulose to wet NMMO is about 1:�5.1
by weight. The mixture is mixed in a double arm sigma
blade mixer for about 1.3 hours under vacuum at about
120° C until sufficient water has been distilled off to leave
about 12%-�18% based on NMMO so that a cellulose so-
lution is formed. The resulting dope should contain from
about 8% to about 15% cellulose.
�[0063] The heated aqueous solution 20 is then directed
to a dope delivery mechanism 24, for example an extrud-
er, where it is routed through a die block/�spinnerette as-
sembly 26. The die block/�spinnerette assembly 26 can
be directly secured to the dope delivery mechanism 24
or it can be spaced apart from the dope delivery mech-
anism 24.
�[0064] It should be noted that even though the prepa-
ration of the aqueous solution 20, consisting of cellulose
16 and a water soluble solvent 18, such as aqueous
NMMO, is known to those skilled in the art, the apparatus
and method of spinning the heated aqueous solution 20
into cellulose fibers 12 is very unique. Up until now, no
one has been able to form cellulose fibers 12 each having
a diameter of less than about 15 microns at a throughput
of greater than 0.1 grams/ �hole/ �minute at a production
speed of up to about 750 meters per minute. In addition,
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no one has been able to form very fine cellulose fibers
12 each having a diameter of less than about 5 microns
at a throughput of greater than 0.5 grams/�hole/ �minute at
a production speed of up to about 750 meters per minute.
�[0065] Referring now to Fig. 2, the die block/�spinner-
ette assembly 26 includes a die block 28 having a first
conduit 30 formed therein through which the heated
aqueous solution 20 is routed. The die block 28 also has
at least one second conduit 32 formed therein. In Fig. 2,
a pair of second conduits 32 is shown in a spaced apart
configuration. Each of the second conduits 32 is sized
and configured to route or direct a pressurized gas 34
therethrough. Desirably, the pressurized gas 34 is air.
�[0066] Those skilled in the art should understand that
two, three, four or more second conduits 32 can be uti-
lized. For better distribution of the pressurized gas 34,
multiple spaced apart, second conduits 32 can be uti-
lized.
�[0067] The pressurized gas 34 is normally heated to a
predetermined elevated temperature. The pressurized
gas 34 can be heated to a temperature ranging from be-
tween about 100° C to about 160° C. Desirably, the pres-
surized gas 34 is heated to a temperature ranging from
between about 110° C to about 160° C. More desirably,
the pressurized gas 34 is heated to a temperature ranging
from between about 120° C to about 160° C. Most desir-
ably, the pressurized gas 34 is heated to a temperature
of about 120° C. The pressurized gas 34 should have a
velocity of at least about 45 meters per second (m/sec.).
Desirably, the pressurized gas 34 should have a velocity
ranging from between about 45 m/sec. to about 500
m/sec. More desirably, the pressurized gas 34 should
have a velocity ranging from between about 50 m/sec.
to about 450 m/sec.
�[0068] It should be evident to one skilled in the art that
the cross-�sectional area, the internal shape and the in-
ternal configuration of each of the conduits 32 can vary.
The internal diameter of each of the conduits 32, the ma-
terial from which each of the conduits 32 are formed of,
the back pressure on the pressurized gas 34, the tem-
perature of the pressurized gas 34, the as well as other
factors, will influence the velocity of the pressurized gas
34.
�[0069] The die block/ �spinnerette assembly 26 also in-
cludes a filter block 36 which is secured to the die block
28. The filter block 36 has at least two separate passage-
ways 38 and 40 formed therethrough. The passageway
38 is sized and configured to match up and align with the
first conduit 30 so that the heated aqueous solution 20
can be routed through the filter block 36. The other pas-
sageways 40, of which two are shown, are sized and
configured to match up and align with the two second
conduits 32 so that the pressurized gas 34 can be routed
through the filter block 36. It should be understood that
the size and shape of the passageways 38 and 40 do
not have to be identical to the size and shape of the first
and second conduits, 30 and 32 respectively. However,
the number of passageways 40 should be equal to the

number of conduits 32 and each passageway 40 should
be aligned with one of the conduits 32.
�[0070] The filter block 36 serves to filter particulate
matter, such as non- �dissolved pulp, solution grit, etc.
from the aqueous solution 20.
�[0071] Referring to Figs. 2 and 3, the die block/�spin-
nerette assembly 26 further includes a first member 42
which can be a spinnerette. The first member 42 is se-
cured to the filter block 36. The filter block 36 is sand-
wiched between the die block 28 and the first member
or spinnerette 42. The first member 42 has multiple noz-
zles 44 arranged in rows and/or columns or in some other
desired pattern. Each of the nozzles 44 can be formed
from a metal such as steel, stainless steel, a metal alloy,
a ferrous metal, etc. Desirably, each of the nozzles 44 is
formed from stainless steel. Each of the nozzles 44 is
shown as an elongated, hollow tube 46. By "tube" it is
meant a hollow cylinder, especially one that conveys fluid
or functions as a passage. Each of the hollow cylindrical
tubes 46 has a longitudinal central axis X-�X and a unique-
ly shaped cross-�section. Desirably, the cross-�section is
circular but almost any geometrical cross-�section can be
utilized. The cross-�section should be constant. Each of
the hollow cylindrical tubes 46 has an inside diameter d
and an outside diameter d1. The inside diameter d can
range from between about 0.125 millimeters (mm) to
about 1.25 mm. The outside diameter d1 should be at
least about 0.5 mm. Desirably, the outside diameter d1
of each of the hollow cylindrical tubes 46 can range from
between about 0.5 mm to about 2.5 mm.
�[0072] The heated aqueous solution 20 is extruded
through the inside diameter d of each of the hollow cy-
lindrical tubes 46. The back pressure on the heated aque-
ous solution 20 present in the passageway 38 of the filter
block 36 or in each of the hollow cylindrical tubes 46
should be equal to or exceeds about 5 bar. By "bar" it is
meant a unit of pressure equal to one million (106) dynes
per square centimeter. Desirably, the back pressure on
the heated aqueous solution 20 present in each of the
hollow cylindrical tubes 46 can range from between about
20 bar to about 200 bar. More desirably, the back pres-
sure on the heated aqueous solution 20 present in each
of the hollow cylindrical tubes 46 can range from between
about 25 bar to about 150 bar. Even more desirably, the
back pressure on the heated aqueous solution 20 present
in each of the hollow cylindrical tubes 46 can range from
between about 30 bar to about 100 bar.
�[0073] The first member or spinnerette 42 also has at
least one other passage 48 formed therein. In Fig. 2, two
spaced apart passages 48 are depicted, each of which
is sized and configured to align with one of the two pas-
sageways 40 formed through the filter block 36. The pas-
sages 48 are connected to an enlarged chamber 50
formed on one surface of the first member or spinnerette
42. The enlarged chamber 50 can be centrally located
about the longitudinal central axis X-�X of each of the hol-
low cylindrical tubes 46. The enlarged chamber 50 is
spaced away from and aligned opposite to the surface
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of the first member or spinnerette 42 that is secured to
the filter block 36. The size, depth and shape of the en-
larged chamber 50 can vary. Desirably, the enlarged
chamber 50 has a circular shape with a depth of at least
0.1 inches. More desirably, the enlarged chamber 50 has
a circular shape with a depth of at least 0.2 inches. The
passages 48 function to direct the pressurized gas 34
from the passageways 40 to the enlarged chamber 50
of the spinnerette 42.
�[0074] It should be understood that since the number
of passageways 40 formed in the filer block 36 can vary,
the number of passages 48 formed in the first member
or spinnerette 42 can also vary. Desirably, there will be
an equal number of passages 48 formed in the first mem-
ber or spinnerette 42 to correspond and align with the
number of passageways 40 formed in the filter block 36.
As stated above, better distribution of the pressurized
gas 34 may be possible when a greater number of pas-
sageways 40 and passages 48 are utilized. For example,
twelve passageways 40 can be formed in the filter block
36 and each can be aligned with one of the twelve pas-
sages 48 formed in the first member or spinnerette 42.
Each of the twelve passageways 40, as well as each of
the twelve passages 48, can be spaced approximately
30 degrees apart from an adjacent passageway 40 or
passage 48 respectively, when viewing the filter block 36
and the first member or spinnerette 42 from one end.
Better distribution of the pressurized gas 34 correlates
with more uniformly formed cellulose fibers 12.
�[0075] Still referring to Fig. 2, the die block/�spinnerette
assembly 26 further includes a second member in the
form of a gas distribution plate 52. The second member
is secured to the first member or spinnerette 42. The first
member or spinnerette 42 is sandwiched between the
filter block 36 and the second member or gas distribution
plate 52. The second member or gas distribution plate
52 has multiple corridors 54 formed therein. The second
member or gas distribution plate 52 also has a chamber
56 spaced away from and aligned opposite to the surface
of the second member or gas distribution plate 52 that is
secured to the first member or spinnerette 42. The cor-
ridors 54 connect the enlarged chamber 50 to the cham-
ber 56. The chamber 56 can be centrally located about
the longitudinal central axis X-�X of each of the hollow
cylindrical tubes 46. The size, depth and shape of the
chamber 56 can vary. The corridors 54 function to route
the pressurized gas 34 through the second member or
gas distribution plate 52. The second member or gas
distribution plate 52 also has multiple openings 58 formed
therethrough which are separate and distinct from the
corridors 54. Each of the multiple openings 58 is sized
to permit one of the multiple nozzles 44, in the form of
the elongated, hollow cylindrical tubes 46, to pass there-
through. Desirably, each of the multiple openings 58 has
a circular cross-�section with a diameter d2 that is larger
than the outside diameter d1 of each of the hollow cylin-
drical tubes 46. In other words, the outside diameter d1
of each of the hollow cylindrical tubes 46 does not form

a snug or an interference fit with the inside diameter d2
of each of the multiple openings 56.
�[0076] It should be understood that additional smaller
holes or passages can also be formed in the second
member or gas distribution plate 52 to allow pressurized
gas to pass therethrough.
�[0077] Referring again to Figs. 2 and 3, the die block/
spinnerette assembly 26 includes a third member in the
form of an exterior plate 60. The third member or exterior
plate 60 is secured to the second member or gas distri-
bution plate 52. The second member or gas distribution
plate 52 is sandwiched between the first member or spin-
nerette 42 and the third member or exterior plate 60. The
third member or exterior plate 60 has multiple first open-
ings 62 formed therethrough. Each of the multiple first
openings 62 is sized to freely permit one of the multiple
nozzles 44, in the form of an elongated, hollow cylindrical
tube 46, to pass therethrough, see Fig. 3. Each of the
hollow cylindrical tubes 46 can extend outward or down-
ward beyond the third member or exterior plate 60. The
distance the free end of each of the hollow cylindrical
tubes 46 extends beyond the exterior plate 60 can vary.
Alternatively, each of the hollow cylindrical tubes 46 can
stop short of the third member or exterior plate 60.
�[0078] Each of the nozzles 44 has a first openings 62
formed adjacent thereto. Desirably, each of the first open-
ings 62 is concentrically aligned about each of the noz-
zles 44. Each of the multiple first openings 62 can have
a uniquely shaped cross- �section with an inside diameter
d2, see Fig. 3. Desirably, each of the multiple first open-
ings 62 has a circular cross- �section. The inside diameter
d2 of each of the first openings 62 can vary. Desirably,
each of the first openings 62 has the same inside diam-
eter d2. More desirably, the inside diameter d2 of each
of the first openings 62 is at least 7.5 mm. Even more
desirably, the inside diameter d2 of each of the first open-
ings 62 is at least 10 mm. Most desirably, the inside di-
ameter d2 of each of the first openings 62 is at least 12
mm.
�[0079] The inside diameter d2 of each of the first open-
ings 62 should be greater than the outside diameter d1
of each of the hollow cylindrical tubes 46. Each of the
first openings 62 is connected to the chamber 56 formed
in the second member or gas distribution plate 52. Each
of the first openings 62 is capable of emitting pressurized
gas 34 therethrough such that the pressurized gas 34 at
least partially surrounds the heated aqueous solution 20
extruded from each of the nozzles 44. Desirably, each
of the first openings 62 completely surrounds the heated
aqueous solution 20 extruded from each of the nozzles
44 and this pressurized air shrouds or forms a curtain
around the heated aqueous solution 20 extruded from
each of the nozzles 44.
�[0080] Referring to Figs. 2 and 4, the third member or
exterior plate 60 also has multiple second openings 64
formed therethrough which are connected to the cham-
ber 56 formed in the second member or gas distribution
plate 52. Each of the multiple second openings 64 has a
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uniquely shaped cross-�section through which the pres-
surized gas 34 can be emitted. Desirably, each of the
multiple second openings 64 has a circular cross-�section.
Each of the multiple second openings 64 has an inside
diameter d3. Desirably, the inside diameter d3 is of a sin-
gle dimension. The inside diameter d3 of each of the mul-
tiple second openings 64 can vary. Desirably, the inside
diameter d3 of each of the multiple second openings 64
is of the same dimension. More desirably, the inside di-
ameter d3 of each of the second openings 64 is equal to
the inside diameter d2 of each of the first openings 62.
More desirably, the inside diameter d3 of each of the sec-
ond openings 64 is at least 0.75 mm. Even more desir-
ably, the inside diameter d3 of each of the second open-
ings 64 is at least 1.0 mm. Most desirably, the inside
diameter d3 of each of the second openings 64 is at least
1.2 mm.
�[0081] Each of the second openings 64 can be posi-
tioned adjacent to one of the first openings 62. Each of
the first and second openings, 62 and 64 is aligned par-
allel to one another. Alternatively, two or more of each
of the second openings 64 can be positioned adjacent
to one of the first openings 62. In some embodiments,
three (3) to eight (8) of the second openings 64 can be
positioned adjacent to one of the first openings 62. Still
further, each of the second openings 64 can also be po-
sitioned adjacent to one of the nozzles 44 in each of the
rows or in each of an adjacent row. Many different pat-
terns or arrays can be utilized wherein the arrangement
of the multiple first and second openings, 62 and 64 re-
spectively, can be varied.
�[0082] Each of the second openings 64 is spaced from
between about 1 mm to about 3.8 mm from the longitu-
dinal central axis X1-X1 of each of the nozzles 44. Desir-
ably, each of the second openings 64 is spaced from
between about 1 mm to about 2.5 mm from the longitu-
dinal central axis X-�X of each of the nozzles 44.
�[0083] Referring to Figs. 2 and 4, each of the multiple
second openings 64 can have a stationary, elongated
central pin or shaft 66 positioned therein. The elongated
central pin 66 has a constant outer diameter d4 and is
secured to the spinnerette 42, see Fig. 2. The diameter
d4 of the central pin 66 can vary. Desirably, the diameter
d4 of the central pin 66 is at least 0.25 mm. More desir-
ably, the diameter d4 of the central pin 66 is at least 0.5
mm. Even more desirably, the diameter d4 of the central
pin 66 is at least 0.64 mm. Most desirably, the diameter
d4 of the central pin 66 is at least 0.75 mm.
�[0084] Referring to Fig. 5, the stationary central pin 66
is shown being positioned parallel and adjacent to one
of the hollow cylindrical tubes 46. The pressurized gas
34 can follow a straight or a circuitous route through the
second member or gas distribution plate 62 and the third
member or exterior plate 60 such that it will form an en-
velope, shroud or curtain of pressurized gas 34 around
at least a portion of the circumference of the hollow cy-
lindrical tube 46. By "shrouding" it is meant something
that conceals, protects, or screens. In addition, the pres-

surized gas 34 existing through the adjacent second
opening 64 will provide a barrier or veil which will limit or
prevent the heated aqueous solution 20, extruded out of
each of the nozzles 44, i.e. hollow cylindrical tubes 46,
from contacting, touching and/or bonding to the heated
aqueous solution 20 extruded from an adjacent nozzle
44. By "veil" it is meant something that conceals, sepa-
rates, or screens like a curtain. In short, the pressurized
gas 34 emitted through the multiple second openings 64
will form pressurized gas streams which will limit or pre-
vent individual molten filaments from joining with one or
more other molten filaments and forming ropes and/or
bundles. Desirably, the pressurized gas 34 can form an
envelope, shroud or curtain around the entire circumfer-
ence of each of the hollow cylindrical tubes 46. The ve-
locity and pressure of the pressurized gas 34 can be var-
ied to suit one’s equipment.
�[0085] Still referring to Fig. 5, one can dearly see that
the hollow cylindrical tube 46 extends downward beyond
the first opening 62 by a vertical distance d5 which is at
least 1 mm. Desirably, the vertical distance d5 is at least
3 mm, and more desirably, the vertical distance d5 is at
least 5 mm.
�[0086] In Figs. 4 and 5, each of the multiple second
openings 64 completely surrounds the central pin 66
such that the pressurized gas 34 can be emitted about
the entire outer circumference of each of the central pins
66. One can view the pressurized gas 34 exited from
each of the second openings 64 as shrouding or forming
a veil about or around the heated aqueous solution 20
extruded from each of the nozzles 44.
�[0087] Referring now to Figs. 6 and 7, the central pin
66 in each of the second openings 64 has a constant
outer diameter d4. In Fig. 6, the central pin 66 is coaxially
aligned within the second opening 64 such that a sidewall
82 of the second opening 64 is aligned parallel to the
elongated central pin 66. The sidewall 82 is also aligned
perpendicular to the second opening 64. In this embod-
iment, an even discharge of pressurized gas 34 is emitted
about the entire circumference of the central pin 66. Al-
ternatively, one can utilize a second opening 64’ which
has a venturi configuration, see Fig. 7. By "venturi" it is
meant a constricted throat in a gas passage used to in-
crease the velocity of the passing gas. Each of the mul-
tiple second openings 64’ has a sidewall 84 which has a
venturi shape. For example, the sidewall 84 has a convex
shape which can form a restricted passageway about or
below the circumference of the central pin 66. The convex
shape of the sidewall 84 increases the velocity of the
pressurized gas 34 passing therethrough. In some ap-
plications, this design may be desirable.
�[0088] It should be noted that in Fig. 6, the terminal
end of the central pin 66 is flush with the outer surface
of the exterior plate 60 while in Fig. 7, the terminal end
of the central pin 66 is located inward from the outer sur-
face of the exterior plate 60. Alternatively, the terminal
end of the central pin 66 can be located within the thick-
ness of the exterior plate 66.
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�[0089] Referring now to Figs. 8 - 12, alternative em-
bodiments for the first opening 62 are depicted. In Fig.
8, a first opening 68 is shown having a square configu-
ration with a hollow cylindrical tube 46 positioned therein.
In Fig. 9, a first opening 70 is shown having a triangular
configuration with a hollow cylindrical tube 46 positioned
therein. In Fig. 10, a first opening 72 is shown having of
two crescent shape slots 74 spaced apart from a hollow
cylindrical tube 46. In Fig. 11, a first opening 76 is shown
having four shorter crescent shape slots 78 spaced apart
from a hollow cylindrical tube 46 and from one another.
Lastly, in Fig. 12, a first opening 80 is shown having a
plurality of circular holes 83 spaced apart from a hollow
cylindrical tube 46. In Fig. 12, ten circular holes are shown
each being equally spaced apart from one another. It
should be understood by one skilled in the art that the
actual number of holes 83 can vary. Likewise, various
arrangements for the first openings 62 can be utilized.
�[0090] Referring to Fig. 13, an array 86 is shown which
includes a plurality of the first openings 62, each having
a nozzle 44 positioned therein, and a plurality of the sec-
ond openings 64 formed in the third member or exterior
plate 60. The array 86 has a longitudinal central axis
X1-X1 and a transverse central axis Y1-Y1. The array 86
includes a plurality of columns 88 aligned parallel to the
longitudinal central axis X1-X1 and a plurality of rows 90
aligned parallel to the transverse central axis Y1-Y1. In
the array 86, the number of columns 88 and the number
of rows 90 can each vary. The number of columns 88
can be greater than, equal to or less than the number of
rows 90. Desirably, the number of columns 88 exceeds
the number of rows 90. The number of columns 88 can
be an even number or an odd number. Likewise, the
number of rows 90 can be an even number or an odd
number. The number of columns 88 can range from be-
tween about 1 per spinnerette to about 1,000 per spin-
nerette. Desirably, the number of columns 88 can range
from between about 2 per spinnerette to about 800 per
spinnerette. More desirably, the number of columns 88
can range from between about 10 per spinnerette to
about 500 per spinnerette. Even more desirably, the
number of columns 88 can range from between about 20
per spinnerette to about 250 per spinnerette. In Fig. 13,
the exterior plate 60 is shown with an even number of
columns 88 and an even number of rows 90.
�[0091] The number of rows 90 can range from between
about 1 per spinnerette to about 100 per spinnerette.
Desirably, the number of rows 90 can range from be-
tween about 2 per spinnerette to about 50 per spinner-
ette. More desirably, the number of rows 90 can range
from between about 3 per spinnerette to about 25 per
spinnerette. Even more desirably, the number of rows 90
can range from between about 6 per spinnerette to about
18 per spinnerette. Most desirably, the exterior plate 60
will contain at least about 10 rows 90 per spinnerette. In
Fig. 13, eighteen rows 90 are present.
�[0092] One will also notice that each of the nozzles 44,
positioned in each of the columns 88, is offset or stag-

gered from a nozzle 44 positioned in an adjacent column
88. By "staggered" it is meant to place on or as if on
alternating sides of a centerline; set in a zigzag row or
rows. Likewise, each of the nozzles 44, positioned in each
of the rows 90, is offset or staggered from a nozzle 44
positioned in an adjacent row 90. Desirably, at least one
of the nozzles 44 in one of the columns or rows, 88 or 90
respectively, is staggered from at least one of the nozzles
44 present in an adjacent column or row, 88 or 90 re-
spectively. More desirably, at least two of the nozzles 44
in one of the columns or rows, 88 or 90 respectively, is
staggered from at least two of the nozzles 44 present in
an adjacent column or row, 88 or 90 respectively. Even
more desirably, at least three of the nozzles 44 in one of
the columns or rows, 88 or 90 respectively, is staggered
from at least three of the nozzles 44 present in an adja-
cent column or row, 88 or 90 respectively.
�[0093] It has been recognized that in order to achieve
uniform and high quality formation of the cellulose fibers
12, the nozzles 44 should be staggered so that as the
heated aqueous cellulose solution 20 is extruded into
multiple molten filaments, each of the multiple molten
filaments can remain separate and distinct. By establish-
ing a minimum distance between two adjacent nozzles
44, the molten filaments extruded therefrom will not touch
or bond to one another. The staggering of the nozzles
44 also minimizes the pressurized gas streams exiting
from one of the nozzles 44 from interfering with the pres-
surized gas streams associated with a neighboring noz-
zle 44.
�[0094] Still referring to Fig. 13, the third member or
exterior plate 60 has at least about 8 of the first and sec-
ond openings, 62 and 64 respectively, per linear centim-
eter. The number of first openings 62 can be equal to or
be different from the number of second openings 64. The
inside diameter d2 of each of the first openings 62 can
be equal to or be different from the inside diameter d3 of
the second openings 64 or 64’. Desirably, the third mem-
ber or exterior plate 60 has at least about 20 of the first
and second openings, 62 and 64 respectively, per linear
centimeter. More desirably, the a hollow cylindrical tube
46 exterior plate 60 has at least about 40 of the first and
second openings, 62 and 64 respectively, per linear cen-
timeter. Still more desirably, the third member or exterior
plate 60 has at least about 60 of the first and second
openings, 62 and 64 respectively, per linear centimeter.
Most desirably, the third member or exterior plate 60 has
at least about 90 of the first and second openings, 62
and 64 respectively, per linear centimeter.
�[0095] It should be apparent to one skilled in the art
that many different arrays can be constructed and uti-
lized. For example, one could form an array in the third
member or exterior plate 60 that has at least six rows 90
per spinnerette and each of the rows 90 includes an equal
number of the first and second openings, 62 and 64 re-
spectively. Alternatively, one could form an array in the
third member or exterior plate 60 that has at least ten
rows 90 per spinnerette and each of the rows 90 includes
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at least two of the first openings 62, i.e. two of the nozzles
44, and at least two of the second openings 68. Further-
more, one could form an array in the third member or
exterior plate 60 that has at least ten rows 90 per spin-
nerette and each of the rows 90 contains an unequal
number of the first and second openings, 62 and 64 re-
spectively.
�[0096] Regardless of the particular array one selects,
it should be noted that by offsetting one of the first open-
ings 62, with one of the nozzles 44 located therein, in
one of the columns 88 or rows 90, from one of the first
openings 62 present in an adjacent column 88 or row 90,
one can increase the distance between adjacent first
openings 62. Likewise, the distance between two adja-
cent nozzles 44 is also increased. As this distance is
increased, the likelihood that a molten filament extruded
from one of the nozzles 44 will contact or touch a molten
filament extruded from the adjacent nozzle 44 is de-
creased. Each of the first openings 62, in Fig. 13, is shown
to contain a nozzle 44. By limiting or preventing such
contact, one can form individual molten filaments that
can attenuate into very fine cellulose fibers. By "attenu-
ate" it is meant to make slender, fine, or small. Each of
the molten filaments are then coagulated, as well be ex-
plained later, to form a soft, solid cellulose fiber. By "co-
agulate" it is meant to cause a transformation of a liquid
into a soft, solid mass.
�[0097] Referring now to Fig. 14, a second array 92 is
shown which includes a plurality of the first openings 62
and a plurality of the second openings 64 formed in the
third member or exterior plate 60. Each of the first open-
ings 62 has a nozzle 44 positioned therein. The array 92
has a longitudinal central axis X2-X2 and a transverse
central axis Y2-Y2. The array 92 includes a plurality of
columns 94 aligned parallel to the longitudinal central
axis X2-X2 and a plurality of rows 96 aligned parallel to
the transverse central axis Y2-Y2. In the array 92, the
number of columns 94 and the number of rows 96 can
each vary as was explained above with reference to Fig.
13. One noticeable difference, between the array 86,
shown in Fig. 13, and the array 92, shown in Fig. 14, is
that in the array 92, every other column 94, as well as
the two outer rows 96, contains only the second openings
64. This creates a pattern wherein each of the nozzles
44 is surrounded by eight of the second openings 64.
This means that eight pressurized gas streams are
present to separate and shroud each molten filament ex-
truded from each of the nozzles 44 from contacting or
touching an adjacent molten filament. By keeping each
molten filament separate, one can limit or eliminate rop-
ing and/or bundling of the molten filaments and thereby
obtain multiple fine cellulose fibers.
�[0098] Still referring to Fig. 14, one will also notice that
the outer columns 94, 94 on the left and right sides of the
array 92 and the outer rows 96 on the top and bottom of
the array 92 are void of the first openings 62 and the
nozzles 44. This pattern is not required but can assist in
limiting air turbulence on each end of the array 92. In

addition, one can further limit air turbulence by making
the two columns 94, 94, located on the right side of the
Figure void of the first openings 62 and the nozzles 44,
as shown. Likewise, the outer two columns 94, 94 on the
left side of the array, as well as the outer two rows 96,
96 on the top and bottom of the array 92 can also be
made void of the first openings 62 and the nozzles 44.
�[0099] Referring to Figs. 15 - 18, four different arrays
are depicted. In Fig. 15, the third member or exterior plate
60 contains a plurality of first and second openings, 62
and 64 respectively. In this array, each of the first open-
ings 62 contains a nozzle 44 and each of the first open-
ings 62 is surrounded by three of the second openings
68 through which pressurized gas is routed. This is re-
ferred to as a "three hole" pattern. In Fig. 16, the third
member or exterior plate 60 contains a plurality of first
and second openings, 62 and 64 respectively. In this ar-
ray, each of the first openings 62 contains a nozzle 44
and each of the first openings 62 is surrounded by four
of the second openings 64 through which pressurized
gas is routed. This is referred to as a "four hole" pattern.
In Fig. 17, the third member or exterior plate 60 contains
a plurality of first and second openings, 62 and 64 re-
spectively. In this array, each of the first openings 62
contains a nozzle 44 and each of the first openings 62 is
surrounded by six of the second openings 64 through
which pressurized gas is routed. Each of the second
openings 64 is spaced approximately 60 degrees apart
from an adjacent second opening 62. This is referred to
as a "six hole" pattern. In Fig. 18, the third member or
exterior plate 60 contains a plurality of first and second
openings, 62 and 64 respectively. In this array, each of
the first openings 62 contains a nozzle 44 and each of
the first openings 62 is surrounded by eight of the second
openings 64 through which pressurized gas is routed.
Each of the second openings 64 is spaced approximately
45 degrees apart from an adjacent second opening 62.
This is referred to as an "eight hole" pattern.
�[0100] Referring to Figs. 1, 13 and 19, the process 10
further includes directing the heated aqueous solution 20
through each of the nozzles 44 formed in the first member
or spinnerette 42. The first member or spinnerette 42 has
multiple rows 90 of the first openings 62 each containing
one of the nozzles 44. The first member or spinnerette
42 also has a plurality of second openings 64 formed
therein. The first openings 62 differ from the second
openings 64 in that each of the first openings 62 has a
nozzle 44 positioned therein. In the first member or spin-
nerette 42, at least one of the nozzles 44, located in a
row 90, is staggered from at least one of the nozzles 44
located in an adjacent row 90. Each of the nozzles 44 is
concentrically arranged within each of the first openings
62 and one or more of the second openings 64 are located
adjacent to each of the nozzles 44.
�[0101] The heated aqueous solution 20 is extruded
through the hollow cylindrical tube 46 of each of the noz-
zles 44 at a predetermined back pressure. The back pres-
sure should be at least 10 bar to form a molten filament
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98. The back pressure can range from between about
10 bar to about 200 bar as was explained earlier. The
velocity of the heated aqueous solution 20 exiting the
nozzle 44, including the adjacent air stream, should be
at least about 100 meters per second. Desirably, the ve-
locity of the heated aqueous solution 20 exiting the nozzle
44, including the adjacent air stream, should be at least
about 250 meters per second. More desirably, the veloc-
ity of the heated aqueous solution 20 exiting the nozzle
44 should be at least about 450 meters per second. The
extruded molten filament 98 forms a bulge 100, see Fig.
19, immediately upon exiting the hollow cylindrical tube
46. A number of factors contribute to this bulge 100 being
formed. Such factors include but are not limited to: friction
between the aqueous solution 20 and the inside diameter
d of the hollow cylindrical tube 46, the velocity of the
aqueous solution 20, the viscosity of the aqueous solu-
tion 20, the inside diameter d of the hollow cylindrical
tube 46, gravity acting on the aqueous solution 20, etc.
�[0102] The extruded molten filament 98 is at least par-
tially shrouded, and desirably, completely shrouded, by
the pressurized gas 34 emitted through the first opening
62 which surrounds each of the nozzles 44. The pressu-
rized gas 34 can be heated to a temperature of at least
about 100° C. Desirably, the pressurized gas 34 is heated
to a temperature of at least about 120° C. More desirably,
the pressurized gas 34 is heated to the same temperature
as that of the heated aqueous solution 20. The pressu-
rized gas 34 is emitted as gas streams 102 aligned es-
sentially parallel to the molten filament 98. The pressu-
rized gas streams 102 form a veil or curtain around at
least a portion of the circumference of the molten filament
98. Desirably, the pressurized gas streams 102 form a
veil or curtain around the entire circumference of the mol-
ten filament 98. The pressurized gas 34, which is desir-
ably air, is emitted from each of the first openings 62 at
a velocity of at least 45 meters per second as was ex-
plained earlier. The pressurized gas streams 102, along
with gravity, will attenuate and accelerate each of the
molten filaments 98 into a circular cross-�sectional con-
figuration having a diameter of less than about 15 mi-
crons. Desirably, each of the molten filaments 98 will
have a diameter of from between about 0.5 microns to
about 10 microns. More desirably, each of the molten
filaments 98 will have a diameter of from between about
1 micron to about 8 microns. Still more desirably, each
of the molten filaments 98 will have a diameter of from
between about 1 micron to about 5 microns. Most desir-
ably, each of the molten filaments 98 will have a diameter
of from between about 1 micron to about 3 microns.
�[0103] Still referring to Fig. 19, the attenuation and ac-
celeration will occur over a predetermined distance h.
The actual amount of attenuation and the acceleration
can vary. Both the amount of attenuation and the accel-
eration can be calculated and can be adjusted to obtain
a cellulose fiber 12 having a predetermined diameter.
The distance h can vary depending upon a number of
factors, including but not limited to: the composition of

the heated aqueous solution 20, the finish diameter of
the cellulose fibers, the temperature of the molten fila-
ment 98, the inside diameter of the hollow cylindrical tube
46, etc. The distance h can range from between about 3
centimeters to about 3 meters. Desirably, the distance h
should range from between about 15 centimeters to
about 2 meters. More desirably, the distance h should
range from between about 20 centimeters to about 1.5
meters. Even more desirably, the distance h should
range from between about 30 centimeters to about 1 me-
ter.
�[0104] The process 10 further includes extruding the
heated aqueous solution 20 downward from each of the
nozzles 44 parallel to a longitudinal central axis X3-X3
and contacting each of the molten filaments 98 with a
liquid 104. The liquid 104 causes each of the molten fil-
aments 98 to coagulate into a continuous solid fiber 12.
The liquid 104 can be water, alcohol or a solution having
a high concentration of water. The temperature of the
liquid 104 can be adjusted to suit one’s particular needs.
For example, the liquid 104 can be at room temperature.
Alternative, the liquid 104 could be cooler than room tem-
perature. The velocity of the liquid 104 can also vary. It
has been found in some applications that using a pres-
surized liquid 104 produces a better chemical reaction
between the molten filaments 98 and the liquid 104. For
example, the liquid 104 can be introduced as a hydro jet.
By "hydro jet" it is meant a jet of pressurized liquid or
mixture of liquid and air. The liquid 104 causes a major
portion of the solvent 18 to solvate into the liquid solution
and thus allow the molten filaments 98 to transform or
coagulate into a continuous solid fiber. The amount of
solvent 18 that is actually removed by the liquid 104 can
vary depending upon the percentage of solvent 18
present in the heated aqueous solution 20. Desirably, at
least 75% of the solvent present in the heated aqueous
solution 20 will be removed. More desirably, at least
about 80% of the solvent present in the heated aqueous
solution 20 will be removed. Even more desirably, at least
about 85% of the solvent present in the heated aqueous
solution 20 will be removed. Most desirably, at least about
90% of the solvent present in the heated aqueous solu-
tion 20 will be removed.
�[0105] For example, if the heated aqueous solution 20,
as it leaves the nozzle 44, includes about 85% solvent,
about 10% cellulose and about 5% water, then once the
molten filament 98 is contacted with the liquid 104, the
percentages can change to about 10% solvent, about
10% cellulose and about 80% water. In order to remove
all of the solvent 18 that is present in each of the molten
filaments 98, one will normally have to subject the cellu-
lose fibers 12 to additional washing steps.
�[0106] Each of the molten filaments 98 should be con-
tacted with the liquid 104 at a distance h of at least about
3 centimeters from each of the nozzles 44. The liquid 104
can be introduced at an angle alpha α. The angle α can
range from between about 5 degrees to about 175 de-
grees as measured from the longitudinal central axis

23 24 



EP 2 108 719 A1

14

5

10

15

20

25

30

35

40

45

50

55

X3-X3. Desirably, the angle α can range from between
about 10 degrees to about 135 degrees as measured
from the longitudinal central axis X3-X3. More desirably,
the angle α can range from between about 25 degrees
to about 90 degrees as measured from the longitudinal
central axis X3-X3. Even more desirably, the angle α can
range from between about 30 degrees to about 60 de-
grees as measured from the longitudinal central axis
X3-X3. The angle α can be an acute angle or an obtuse
angle as measured from the hollow, cylindrical tube 46.
�[0107] Referring again to Figs. 2 and 19, as each of
the molten filaments 98 is extruded from each of the hol-
low cylindrical tubes 46 and each is attenuated and ac-
celerated by the pressurized gas 34 exiting through the
first openings 62 as the pressurized gas streams 102.
Additional pressurized gas 34 is emitted from each of the
second openings 64. The pressurized gas emitted from
each of the second openings 64 limits or prevents each
of the molten filaments 98 from physically contacting one
another. This decreases the possibility that two or more
of the molten filaments 98 can contact or touch one an-
other and form ropes and/or bundles of filaments 98. It
is desirable that each of the molten filaments 98 be kept
separate and distinct from adjacent molten filaments 98.
By doing so, one can produce a multitude of individual
cellulose fibers 12 each having essentially the same di-
ameter.
�[0108] The pressurized gas 34 emitted through each
of the second openings 64 will shroud or assist in keeping
adjacent molten filaments 98 separate from one another.
The pressurized gas 34 emitted from each of the second
openings 64 can also be heated so that it has an elevated
temperature. The temperature of the pressurized gas 34
emitted from each of the second openings 64 can be
equal to or closely match the temperature of the pressu-
rized gas streams 102. Alternatively, the temperature of
the pressurized gas 34 emitted from each of the second
openings 64 can be at a higher or a lower temperature
than the temperature of the pressurized gas streams 102.
�[0109] Likewise, the velocity of the pressurized gas 34
emitted from each of the second openings 64 can be
adjusted to be less than, equal to or be greater than the
velocity of the pressurized gas streams 102. Desirably,
the velocity of the pressurized gas 34 emitted from each
of the second openings 64 is essentially equal to the ve-
locity of the pressurized gas streams 102. Furthermore,
the velocity of the pressurized gas 34 emitted from each
of the first and second openings, 62 and 64 respectively,
can be less than, equal to or greater than the velocity of
the heated aqueous solution 20 extruded from each of
the nozzles 44. Desirably, the velocity of the pressurized
gas 34 emitted from each of the first and second open-
ings, 62 and 64 respectively, is greater than the velocity
of the heated aqueous solution 20 extruded from each
of the nozzles 44.
�[0110] Still referring to Figs. 1 and 19, the continuous
cellulose fibers 12 are still relatively soft and wet when
they are collected on a moving surface 106. The moving

surface 106 can be a conveyor belt 108, as illustrated,
or be some other type of moving member, such as a
rotatable drum. The moving surface 106, i.e. the convey-
or belt 108 or the rotatable drum, can be porous so that
water can easily pass therethrough. The moving surface
106 can be constructed so as to be able to move at dif-
ferent speeds. As the continuous, coagulated cellulose
fibers 12 contact the moving surface 106 they will accu-
mulate to form a non-�woven web 110. The loft or thick-
ness t of the non-�woven web 110, see Fig. 19, will vary
depending upon the speed of the moving surface 106.
For example, the slower the speed of the moving surface
106, the greater the loft or thickness t of the non- �woven
web 110 will be. Likewise, as the speed of the moving
surface 106 is increased, the loft or thickness of the non-
woven web 110 will decrease.
�[0111] The distance between the nozzles 44 and the
moving surface 106 is commonly referred to in the indus-
try as the "die to collector" distance. This distance, de-
noted h1 in Fig. 19, can range from between about 15
centimeters to about 3 meters. Desirably, the distance
h1 is from between about 20 centimeters to about 1 meter.
More desirably, the distance h1 is from between about
25 centimeters to about 120 centimeters. Even more de-
sirably, the distance h1 is from between about 30 cen-
timeters to about 90 centimeters. Most desirably, the dis-
tance h1 is at least 50 centimeters.
�[0112] The non-�woven web 110 can be constructed to
have an open pore structure. The size and quantity of
the pores can vary. The non- �woven web 110 can be an
entangled accumulation of the coagulated cellulose fib-
ers 12. By "non- �woven" it is meant that the fibers 12 are
not arranged or weaved into a set pattern. The non- �wo-
ven web 110 can be constructed of 100% cellulose fibers
12 or be a combination of cellulose fibers 12 and poly-
mers fibers. The polymers fibers (not shown) can be ex-
truded from another extruder which is positioned up-
stream or downstream from the die block/�spinnerette as-
sembly 26, see Fig. 1. The polymers fibers can be poly-
olefin fibers, such as polyethylene and polypropylene fib-
ers, or they can be bicomponent fibers, etc. The percent-
age of the various cellulose and polymer fibers can vary
to suit one’s particular needs and requirements.
�[0113] It should be understood that the cellulose fibers
12 can be combined with a polymer to form a bicompo-
nent fiber as well.
�[0114] The process 10 can be started up by heating
the aqueous solution 20 to a predetermined temperature.
The aqueous solution 20 can be heated to an elevated
temperature of from between about 80° C to about 140°
C. Desirably, the aqueous solution 20 is heated to a tem-
perature of at least 100° C. More desirably, the aqueous
solution 20 is heated to a temperature of at least about
110° C. Even more desirably, the aqueous solution 20 is
heated to a temperature of about 120° C. Simultaneously
or sequentially, the pressurized gas 34 can be heated to
an elevated temperature. The elevated temperature can
be at least 100° C or higher. Desirably, the elevated tem-
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perature of the pressurized gas 34 is about 110° C. More
desirably, the elevated temperature of the pressurized
gas 34 is about 120° C. The heated aqueous solution 20
is then directed through the die block/ �spinnerette assem-
bly 26 to the fist member or spinnerette 42. At the first
member or spinnerette 42, the heated aqueous solution
20 is extruded through each of the multitude of the hollow
cylindrical tubes 46 which form the nozzles 44. The heat-
ed aqueous solution 20 is extruded through each of the
hollow cylindrical tubes 46 at a back pressure of from
between about 5 bar to about 200 bar. Desirably, the
back pressure is higher than 20 bar. More desirably, the
back pressure is higher than 30 bar. Even more desirably,
the back pressure is higher than 40 bar. The heated pres-
surized gas 34 is simultaneously routed through each of
the first and second openings, 62 and 64 respectively,
at a velocity of from between about 1 meter per second
to about 10 meters per second. The velocity of the heated
pressurized gas 34 is then gradually increased until the
pressurized gas 34 reaches a velocity of at least about
45 meters per second. At this time, production grade cel-
lulose fibers 12 can be extruded.
�[0115] Shutting down the process 10 can be accom-
plished by turning off the heat used to heat the pressu-
rized gas 34. The velocity of the pressurized gas 34 is
then gradually reduced from about 45 meters per second
down to 0 meters per second. The flow of the heated
aqueous solution 20 flowing through each of the nozzles
44 is then stopped. The heated aqueous solution 20 is
then allowed to cool down to room temperature. At this
time the various lines or hoses which route the heated
aqueous solution 20 to the die block/�spinnerette assem-
bly 26 can be flushed or purged. It is important to flush
or purge such lines or hoses, especially if the dope de-
livery mechanism 24 is to be inoperative for an extended
period of time.
�[0116] Referring to Fig. 20, a coagulated cellulose fiber
12 is shown having a circular cross-�sectional configura-
tion with a diameter d6. The diameter d6 of the cellulose
fiber 12 should be less than about 15 microns. Desirably,
the diameter d6 of the cellulose fiber 12 is less than about
10 microns. More desirably, the diameter d6 of the cel-
lulose fiber 12 ranges from between about 0.5 microns
to about 8 microns. Even more desirably, the diameter
d6 of the cellulose fiber 12 ranges from between about
0.5 microns to about 5 micron. Most desirably, the diam-
eter d6 of the cellulose fiber 12 ranges from between
about 0.5 microns to about 4 microns.
�[0117] The cellulose fiber 12 has a uniformly smooth
outer surface 112 when viewed at a magnification of
100X. The coagulated cellulose fiber 12, before contact-
ing the moving surface 106, contains less than about
20% of the water soluble solvent 18. In other words, the
concentration of the solvent 18 is measured immediately
after the molten filament 98 is coagulated into a solid
fiber 12. Desirably, the coagulated cellulose fiber 12, be-
fore contacting the moving surface 106, contains less
than about 15% of the water soluble solvent 18. More

desirably, the coagulated cellulose fiber 12, before con-
tacting the moving surface 106, contains less than about
10% of the water soluble solvent 18. Even more desira-
bly, the coagulated cellulose fiber 12, before contacting
the moving surface 106, contains less than about 8% of
the water soluble solvent 18.
�[0118] As mentioned above, each of the cellulose fib-
ers 12 is formed from a heated aqueous solution 20 that
can vary in composition. The aqueous solution 20 can
include from between about 5% to about 35% cellulose,
from about 60% to 90% solvent 18, and from between
about 5% to about 35% water. Typically, the aqueous
solution will contains about 10% cellulose, about 85%
solvent and about 5% water. The most common water
soluble solvent 18 is N-�methyl-�morpholine- �N-�oxide
(NMMO).
�[0119] The heated aqueous solution 20 is extruded
through the first member or spinnerette 42 at a throughput
of greater than 0.1 grams/ �hole/ �minute at a production
speed of up to 750 meters per minute. Desirably, the
heated aqueous solution 20 is extruded through the first
member or spinnerette 42 at a throughput of greater than
0.5 grams/�hole/ �minute at a production speed of up to 750
meters per minute. More desirably, the heated aqueous
solution 20 is extruded through the first member or spin-
nerette 42 at a throughput of greater than 1 gram/�hole/
minute at a production speed of up to 750 meters per
minute. Immediately after being extruded from each of
the nozzles 44, the heated aqueous solution 20 is formed
into a molten filament 98. The molten filament 98 is at-
tenuated and accelerated by gravity and by the adjacent
pressurized gas streams 102 exiting from the first open-
ings 62. Each of the molten filaments 98 are coagulated
by the liquid 104 into a continuous, solid fiber 12. This
solid fiber 12 is still soft and wet and contains less than
20% of the water soluble solvent 18.
�[0120] Referring again to Fig. 1, the multiple continu-
ous cellulose fibers 12 are collected on the moving sur-
face 106 to form the non-�woven cellulose web 110. The
non-�woven cellulose 110 web contains less than about
20% solvent. The non- �woven cellulose web 110 has a
basis weight of at least about 1 gram per square meter
(gsm). Alternatively, the non-�woven cellulose web 110
has a basis weight of at least about 1.25 gsm. Still alter-
natively, the non-�woven cellulose web 110 has a basis
weight of at least about 1.5 gsm or higher.
�[0121] The non-�woven cellulose web 110 is directed
to a wash station 114 where an additional liquid, desirably
in the form of water, is brought into contact with the non-
woven cellulose web 110. This additional liquid mixes
with the residual solvent 18 and reduces the concentra-
tion of the solvent 18 to less than 10%. Desirably, the
concentration of the solvent 18 in the cellulose fiber 12
is reduced to less than 5%. More desirably, the concen-
tration of the solvent 18 in the cellulose fiber 12 is reduced
to less than 3%. Even more desirably, the concentration
of the solvent 18 in the cellulose fiber 12 is reduced to
less than 1%.
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�[0122] It should be noted that the non- �woven cellulose
web 110 can be subjected to additional washing stations
so that over 99% of the solvent 18 is removed.
�[0123] After the concentration of the solvent 18 has
been reduced to a preselected value or until essentially
all of the solvent 18 is removed from the non-�woven cel-
lulose web 110, the non-�woven web 110 is dried in a
dryer 116. The non- �woven cellulose web 110 can be dried
using heated air, steam, moving air, contact with another
member such as a felt or a cloth, etc. Other means of
drying the non-�woven cellulose web 110 that are known
to those skilled in the art can also be used.
�[0124] Each of the cellulose fibers 12 is white or off
white in color. A colorant can be added to the heated
aqueous solution 20 or to the molten filaments 98 to form
cellulose fibers 12 of a particular color, if desired.
�[0125] The dried non-�woven cellulose web 110 can be
subjected to other mechanical methods, if desired. For
example, the non-�woven cellulose web 110 can be hy-
droentangled. Furthermore, the non-�woven cellulose
web 110 can be subjected to any paper making proce-
dure, including but not limited to: being perforated, being
punched, being stamped, being embossed, being print-
ed, being coated, etc. After being so treated, the non-
woven cellulose web 110 can be wound up into a supply
roll 118. The supply roll 118 can be loaded and trans-
ported in a semi- �trailer or in a railroad car to a manufac-
turer, distributor or consumer, or the supply roll 118 can
be stored until it is ready to be shipped to a consumer.
�[0126] While the invention has been described in con-
junction with several specific embodiments, it is to be
understood that many alternatives, modifications and
variations will be apparent to those skilled in the art in
light of the foregoing description. Accordingly, this inven-
tion is intended to embrace all such alternatives, modifi-
cations and variations which fall within the spirit and
scope of the appended claims.
�[0127] Summarized, an apparatus is disclosed for ex-
truding cellulose fibers. The apparatus includes a first
member, a second member and a third member all se-
cured together. Multiple nozzles extend outward from the
first member and each is designed to direct an aqueous
cellulose solution therethrough. As the aqueous solution
is extruded, it is accentuated and accelerated by pres-
surized gas flowing through the first member and the sec-
ond member and out through first openings formed in the
third member. The pressurized gas at least partially sur-
rounds each nozzle and shelters the molten filaments
extruded therefrom. The third member also has multiple
second openings formed therethrough which are also
connected to a source of pressurized gas. The pressu-
rized gas streams exiting each of the second openings
function to keep each of the molten filaments from con-
tacting an adjacent molten filament.
�[0128] A process is also disclosed of forming cellulose
fibers. The process includes extruding an aqueous solu-
tion of cellulose and a solvent through a first member to
form molten filaments. The first member has multiple

rows of first and second openings with a nozzle posi-
tioned in each of the first openings. At least one of the
nozzles in one row is staggered from at least one of the
nozzles in an adjacent row. At least a portion of each of
the molten filaments is shrouded in a pressurized gas
emitted through each of the first openings. Each of the
molten filaments is contacted with a liquid to remove
some of the solvent and transform each of the molten
filaments into a continuous solid fiber. The continuous
solid fibers are then collected on a moving surface to
form a non- �woven cellulose web.

Claims

1. An apparatus for extruding cellulose fibers, compris-
ing: �

a) a first member having multiple nozzles ar-
ranged in rows, each of said nozzles having an
inside diameter through which an aqueous so-
lution comprised of cellulose and a solvent can
be extruded, and having at least one passage
formed therein through which a pressurized gas
can be routed;
b) a second member secured to said first mem-
ber, said second member having multiple corri-
dors formed therethrough which are connected
to said at least one passage formed in said first
member, and multiple openings formed therein
through which said multiple nozzles can pass;
and
c) a third member secured to said second mem-
ber, said third member having multiple first
openings formed therethrough, each of said
multiple first openings sized to permit one of said
multiple nozzles to pass through, each of said
multiple first openings being concentrically
aligned about each of said multiple nozzles,
each of said multiple first openings being con-
nected to said pressurized gas corridors formed
in said second member and each capable of
emitting pressurized gas therethrough such that
said pressurized gas at least partially surrounds
said aqueous solution extruded from each of
said multiple nozzles, and said third member al-
so having multiple second openings formed
therethrough which are connected to said pres-
surized gas corridors formed in said second
member, each of said multiple second openings
being positioned adjacent to one of said multiple
nozzles in each of said rows, and each of said
multiple second openings having a diameter
through which said pressurized gas can be emit-
ted.

2. The apparatus of claim 1 wherein said extruded cel-
lulose fibers have a diameter of less than about 15
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microns at a throughput of greater than 0.1 grams/
hole/�minute.

3. The apparatus of claim 1 further comprising a filter
box secured between a dope delivery mechanism
and said first member, said filter box having a first
passageway formed therein through which an aque-
ous solution comprised of cellulose and a solvent
can be routed, and a second passageway formed
therein through which a pressurized gas can be rout-
ed.

4. The apparatus of claim 3 wherein said dope delivery
mechanism has a first conduit formed therein
through which an aqueous solution comprised of cel-
lulose and a solvent can be routed, and a second
conduit formed therein through which a pressurized
gas can be routed, and pressurized gas can pass
through said apparatus at a velocity of at least 45
meters per second and each of said multiple first
openings includes at least two crescent shaped
slots.

5. The apparatus of claim 1 wherein each of said mul-
tiple nozzles is formed from stainless steel, and each
of said multiple second openings has a venturi
formed therein.

6. A process of forming a non-�woven cellulose web,
comprising the steps of: �

a) forming an aqueous solution of cellulose and
a solvent;
b) directing said aqueous solution through a first
member having multiple rows of first and second
openings, each of said first openings having a
nozzle positioned therein, and at least one of
said nozzles in a row being staggered from at
least one of said nozzles in an adjacent row;
c) extruding said aqueous solution through each
of said nozzles to form multiple molten filaments;
d) shrouding at least a portion of each of said
molten filaments in a pressurized gas emitted
through each of said adjacently aligned first and
second openings;
e) attenuating said molten filaments into a cir-
cular cross- �sectional configuration having a di-
ameter of less than about 15 microns;
f) contacting said molten filaments with a liquid,
said liquid mixing with said solvent to remove
some of said solvent whereby each of said mol-
ten filaments is transformed into a continuous
solid fiber; and
g) collecting said continuous solid fibers on a
moving surface to form a non-�woven cellulose
web.

7. The process of claim 6 further comprising heating

said aqueous solution to a temperature of from be-
tween about 80° C to about 140° C and heating said
pressurized gas to a temperature of at least about
120° C, and extruding said aqueous solution through
each of said nozzles at a throughput of greater than
0.1 grams/�hole/�minute.

8. The process of claim 6 further comprising emitting
said pressurized gas through each of said first open-
ings at a velocity of at least 45 meters per second
and emitting said pressurized gas through each of
said second openings at a velocity of at least 45 me-
ters per second.

9. The process of claim 6 further comprising extruding
said aqueous solution downward from each of said
nozzles parallel to a longitudinal central axis and
contacting each of said molten filaments with water
introduced at an angle of from between about 5 de-
grees to about 175 degrees, said water causing each
of said molten filaments to coagulate into a continu-
ous solid fiber.

10. The process of claim 6 further comprising starting
up said process by: �

a) heating said aqueous solution to a predeter-
mined temperature above 80° C;
b) directing said heated aqueous solution to said
first member and extruding said heated aqueous
solution through each of said nozzles at a back
pressure of at least 10 bar;
c) routing said pressurized gas through each of
said first and second openings at a velocity of
from between about 1 meter per second to about
10 meters per second;
d) heating said pressurized gas to a temperature
of about 100° C; and
e) gradually increasing said velocity of said heat-
ed pressurized gas until said pressurized gas
reaches a velocity of at least about 45 meters
per second.

11. The process of claim 6 further comprising shutting
down said process by: �

a) turning off said heat used to heat said pres-
surized gas;
b) gradually reducing said velocity of said pres-
surized gas to 0 meters per second;
c) stopping said aqueous solution from flowing
through each of said nozzles; and
d) allowing said aqueous solution to cool to room
temperature.

12. An array of nozzles for extruding multiple cellulose
fibers, comprising:�
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a) multiple nozzles each having a longitudinal
central axis and each including a tube with a
cross- �section having a diameter through which
an aqueous solution comprised of cellulose and
a solvent can be extruded into a molten filament,
and a first opening surrounding each of said
tubes having a cross- �section with a diameter,
said diameter of said first opening being greater
than said diameter of said tube, and each of said
first openings capable of emitting a pressurized
gas which surrounds one of said extruded mol-
ten filaments; and
b) at least three second openings each spaced
outward from each of said first openings, each
of said second openings capable of emitting a
pressurized gas stream essentially parallel to
said longitudinal central axis of said nozzle, and
each of said pressurized gas streams function-
ing to shroud one of said extruded molten fila-
ments.

13. The array of claim 12 wherein said pressurized gas
emitted from each of said first openings attenuates
and accelerates each of said molten filaments ex-
truded from each of said tubes into a continuous fiber
having a diameter of less than about 15 microns.

14. The array of claim 12 wherein each of said first and
second openings is aligned parallel to one another,
and each of said second openings is spaced from
between about 1 millimeter to about 4 millimeters
from said longitudinal central axis of said nozzle.

15. The array of claim 14 wherein each of said second
openings is spaced from between about 1 millimeter
to about 2 millimeters from said longitudinal central
axis of one of said nozzles, each of said second
openings contains a venture, and each of said tubes
is a hollow cylindrical tube formed from stainless
steel which extends downward beyond said first
openings by at least 1 millimeter.

16. The array of claim 12 wherein said multiple nozzles
are arranged in rows, each of said nozzle including
a hollow cylindrical tube with a cross-�section and
having a constant diameter positioned therein
through which said aqueous solution can be extrud-
ed, and said first opening being concentrically
aligned about each of said hollow cylindrical tubes
and having a cross- �section with a constant diameter,
said diameter of said first opening being greater than
said diameter of each of said hollow cylindrical tubes,
and said first opening capable of emitting pressu-
rized gas therethrough which at least partially sur-
rounds said extruded molten filament; said second
openings being arranged in said rows with said mul-
tiple nozzles, at least two of said second openings
being positioned adjacent to one of said nozzles in

each of said rows, each of said second openings
having a pin positioned therein and having a diam-
eter through which a pressurized gas can be emitted;
and at least one of said nozzles in one row being
offset from one of said nozzles in an adjacent row.
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