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PLANT FOR THE PRODUCTION OF CELLULOSE FILMS AND FIBRES, AND
INTEGRATED FILM AND FIBRE PLANT

The present invention is concerned with a plant for the
production of cellulose films, fibres, membranes or other
moulded bodies according to the amine-oxide process, and an
integrated film and fibre plant. Further, the present
invention is concerned with a process for the production of
cellulose films, fibres, membranes etc. according to the

amine-oxide process.

From US-PS 2,179,181 it is known that tertiary amine-oxides
are capable of dissolving cellulose and that from these
solutions cellulose moulded bodies may be produced by
precipitation in an aqueous medium. For the purposes of the
present specification and claims, such a process is referred

to as "amine-oxide process”.

From US-A - 4,246,221, an amine-oxide process for the
production of mouldable cellulose solutions using as starting
material, among other substances, a mixture of cellulose in
aqueous N-methylmorpholine-N-oxide (NMMO) is known. The known
process is carried out discontinuously, presenting the
following 4 steps for obtaining the mouldable solution:

1. processing a mixture of pulp containing approximately
6% by mass of water in an aqueous solution of NMMO in a
mixing vessel by subjecting the mixture to reduced
pressure and elevated temperature, a first solution
being produced,

2. intermediately storing the first solution in a tank,

3. intermediately filtering said solution and

4. processing said first solution in an extruder to obtain
the mouldable solution.

According to this process, cellulose may be dissolved only
discontinuously, which moreover is very time-consuming. The
first step already takes 1 hour and 20 minutes. In this
period of time, the pulp is exposed to the amine-oxide
solution at a temperature of more than 100°C, which leads to
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a significant degradation of the cellulose and the amine-
oxide and-to undesired by-products, deteriorating the
properties of the produced fibres. Moreover, the big amount
of amine-oxide processed per batch implies the risk of
explosions, due to the thermal instability of the amine-oxide
and degradation of the polymerisation degree of the cellulose

may occur.

On the other hand, EP-A - 0 356 419 published in 1990
describes a technique whereby it was possible to overcome the
multi-step extruder technique, as for instance described in
US-A-4,246,221, and transform a suspension of cellulose in an
aqueous solution of an amine-oxide into a mouldable solution
continuously and even in one single step. According to this
technique, first the suspension is spread like a layer on a
heating surface while being intensively mixed and treated by
transporting it, while intensively mixing it, across the
heating surface, the layer heating up. Simultaneously, the
layer is subjected during the treatment to a reduced pressure
in such a way that water evaporates and those concentration
conditions are adjusted which according to the phase diagram
for the ternary substance mixture cellulose/amine-oxide/water
(see e.g. W094/28212) allow for the cellulose to dissolve.

The thin-film treatment process described above conveniently
is carried out in an apparatus as illustrated in EP-A - 0 356
419. This apparatus is called a thin-film treatment
apparatus. An embodiment of a thin-film treatment apparatus
is for instance a so-called Filmtruder, as manufactured by
the company Buss AG (Switzerland). A thin-film treatment
apparatus is also described in DE-0S 2 011 493.

WO 94/06530 published in 1994 uses the thin-film technique
known from EP-A - 0 356 419 to obtain a mouldable solution
from a mixture of cellulose in an aqueous solution of a
tertiary amine-oxide. The process is carried out in a
Filmtruder, analogously to an embodiment described in EP-A -
0 356 419. The process of WO 94/06530 has as its object to
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save energy and proposes for this purpose to rotate the rotor

more slowly.

It is the object of the present invention to provide a plant
and a process for the production of cellulose films and
fibres using as a starting material a suspension of pulp in
an aqueous amine-oxide solution, said suspension exhibiting a
dry substance density of not more than 10% by mass of dry
pulp. This kind of starting material has a high water content

and thus a low consistency.

The plant according to the invention for the production of
cellulose films and fibres according to the amine-oxide
process substantially comprises the following parts:

- a mixing device for the production of a first suspension
of pulp in an aqueous amine-oxide solution, which
suspension has a dry substance density of not more than
10% by mass of dry pulp;

- a device for the concentration of the first pulp
suspension produced in the mixing device, wherein the
pulp suspension is mechanically spread like a layer on a
heating surface, heated and transported across said
heating surface while intensively mixing it and
evaporating water, until a predetermined amount of water
has evaporated and a concentrated pulp suspension is
produced;

- a further device, preferably a thin-film treatment
apparatus, wherein the produced concentrated pulp
suspension is transformed into a mouldable solution of
cellulose and

- an additional device connected to said further device or
said thin-film treatment apparatus, wherein the mouldable
cellulose solution is processed to cellulose films,

fibres etc.

It has been shown that when processing a suspension of very

humid pulp, i.e. pulp having a water content of more than 10%
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by mass, in an aqueous amine-oxide solution or when
processing a suspension of pulp in an amine-oxide solution
having a very high water content, it is convenient to first
suspend the pulp homogeneously in the aqueous amine-oxide
solution by using a mixing device, said suspending being
carried out without evaporating any water, then to transfer
the homogeneous suspension to a further device to concentrate
it by means of the film technique, particularly the thin-film
technique, to produce a concentrated suspension, and then to
transfer the concentrated suspension to a third device,
wherein it is transformed into a solution.

A preferred embodiment of the plant according to the
invention is characterized in that the device for the
concentration of the first pulp suspension is a thin-film
treatment apparatus.

If in the plant according to the invention a discontinuously
operating mixing device is used, there should be provided at
least two such mixing devices feeding the continuously
operating thin-film treatment apparatus alternatively. Thus a
continuous overall operation of the plant can be assured.

Another preferred embodiment of the plant according to the
invention is characterized in that as a mixing device a
device capable of defibrating and/or grinding pulp is
provided. Such machines include machines of the hollander
type, Jordan mills, refiners, disk mills and pulpers.
Grinding consists in the processing of pulp between one

moving and one fixed machine component.

Further, the invention is concerned with an integrated film
and fibre plant for the production of cellulose films and
fibres according to the amine-oxide process, said plant

substantially comprising:

— a plant for the production of pulp; and
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- a plant according to the invention for the production of
cellulose films and fibres as described herein, said
plant being provided downstream to the plant for the
production of pulp.

The plant for the production of pulp usually starts from
cellulose-containing raw materials, particularly wood. To
produce pulp, the cellulose-containing raw material is first
subjected to a chemical disintegration, attendant materials
such as lignine and hemicellulose going into solution. Then
the resulting pulp is purified and bleached.

A preferred embodiment of the integrated film and fibre plant
according to the invention consists in that the plant for the
production of pulp is designed in such a way that it is able
to produce humid pulp having a water content of at least 20%
by mass of water, based on the pulp. In this embodiment of
the plant according to the invention, the pulp is not dried
before being processed to a suspension, and thus the
cellulose in the aqueous amine-oxide may be ground in a less
aggresive way, later dissolving more easily.

Moreover, the invention is concerned with a process for the
production of cellulose films and fibres according to the

amine-oxide process, comprising:

- suspending pulp in an aqueous amine-oxide solution to
produce a first suspension with a dry substance density
of not more than 10% by mass of dry pulp;

- concentrating this first pulp suspension by mechanically
spreading the pulp suspension like a layer on a heating
surface, heating and transporting it across said heating
surface while intensively mixing it and evaporating
water, until a concentrated pulp suspension is produced;

- producing a mouldable cellulose solution by heating the
concentrated pulp suspension and transforming it into a
mouldable cellulose solution while evaporating water; and
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-  processing said mouldable cellulose solution in a known
way to fibres, films or other moulded bodies;

provided that the concentration of the first pulp suspension
and the production of the mouldable cellulose solution are

carried out in different devices.

A preferred embodiment of the process according to the
invention is to transform the concentrated pulp suspension
into a cellulose solution by mechanically spreading the
suspension like a layer on a heating surface, heating it and
transporting it across this heating surface while intensively
mixing it and evaporating water, until the mouldable
cellulose solution is produced.

In the process according to the invention, a humid pulp
having a water content of at least 20% by mass is preferably
used for the production of the first suspension.

Another preferred embodiment of the process according to the
invention is to suspend the pulp in the aqueous amine-oxide
solution by means of grinding previously shredded pulp in the
aqueous amine-oxide solution. It has been shown that a wet
grinding in the presence of the amine-oxide disintegrates or
activates the pulp in such an appropriate way that the
subsequent production of the solution is achieved more

readily.

The wet grinding of cellulose as such is known from CA-PS
914674. Its object is to improve the disintegration of pulp
which subsequently is to be transformed into cellulose

acetate for the chemical reaction.

The wet grinding consists in cutting, fibrillating and
swelling the cellulose fibres. By fibrillation, those skilled
in the art mean the splicing of the fibres parallelly to the
fibre axis. After grinding, a substantial portion of the
fibrils sticks to the fibres like fringes.
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Preferably, the concentrated suspension has a dry substance
density of not less than 12% by mass of dry pulp.

The process according to the invention may be carried out
continuously.

In the process according to the invention for the production
of cellulose films and fibres, as an amine-oxide most
preferably N-methylmorpholine-N-oxide is used.

In the following an embodiment of the plant according to the
invention (Figure 1) and an embodiment of the integrated film
and fibre plant according to the invention (Figure 2) will be
schematically illustrated by means of the attached drawings

In Figure 1, B and B' respectively denote two so-called
pulpers as used for paper production. In paper production,
pulpers are used to prepare a fibre paste from pulp and
water, from which fibre paste finally paper is made. Pulpers
which may be used in the plant according to the invention are
available for instance from the compény Cellwood Grubbens AB
under the product name flat pulper of the W type or vertical
pulper of the SRM type. In the illustrated embodiment of the
plant according to the invention, the pulpers B, B' are used
to prepare the first suspension from pulp and aqueous amine-
oxide solution, which suspension is concentrated in thin-film
treatment apparatus C and then transformed into a mouldable
solution in thin-film treatment apparatus D. From thin-film
treatment apparatus D, the mouldable solution is withdrawn
and processed to films, fibres or other moulded bodies in a

known way. This processing is not illustrated in Figure 1.
The mode of operation of this plant is as follows:
First, a predetermined amount of aqueous amine-oxide is

placed in pulper B. Then pulp, in the present case as sheet
pulp, is added to the pulper B by means of a belt weigher 1
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while operating the rotor until the desired dry substance
density is reached. Preferred dry substance densities are
from 4 to 10% by mass of pulp. Subsequently, the pulp is
processed in the pulper for some 15 - 30 minutes while
operating the rotor to produce a homogeneous first
suspension.

This homogeneous first suspension is fed to the thin-film
treatment apparatus C, for instance a Filmtruder of the
HS/HSG type of the company Buss AG, Switzerland. The
illustration chosen for the drawing is typical of a
Filmtruder (see e.g. Erich Heimgartner, "Devolatilisation of
Plastics”, in Ingenieurwissen, pages 69-97, Diisseldorf 1980,
VDI-Verlag GmbH). Fiqure 1 shows a partial longitudinal
section of the apparatus. 2 denotes the internal wall of a
preferably upright rotational body, which in the exemplary
embodiment illustrated is designed as a cylindrical container
almost over its entire length. For the major part, the
internal wall 2 is surrounded by a heating jacket 3,4 having
connection means 5, 6, 7 and 8 for heating medium, the
connection means 6 and 8 serving to supply the heating medium
(saturated vapor) and the connection means 5 and 7 serving to

withdraw it.

9 denotes a rotor having rotor blades 11 connected thereto
driven by motor 10. The rotor blades 11, which are plain in
the exemplary embodiment illustrated, extend radially to the
axis, their plane enclosing an angle of inclination «
relative to the axis of rotor 9, the size of the latter
preferably being adjustable. In part of the rotor blades 11,
this angle may be 0°.

Above the rotor blades 11, a distribution ring 12 is attached
to the rotor 9, which ring spreads the cellulose suspension
introduced through intake 13, 13' in layers on the internal
wall 2 . Thus the distribution ring 12 is provided at the
level of the intake 13, 13'.
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The rotor blades 11 have a radial clearance from the internal
wall 2 of the container over the total extension of the
container, which clearance is 20 mm at most and may be
constant or may vary over the length of the container 2.

At its lower end, the container is frustoconically tapered,
leading.into a receptacle 14 for the concentrated pulp
suspension 15. A device for stirring the concentrated
suspension in receptacle 14 may be provided by e.g. joining a
stirrer to the rotor, which stirrer protrudes into the
suspension in receptacle 14 (not shown). The level of the
suspension in receptacle 14 may be supervised by means of a
radicactive level indicator.

Further, an opening 16 is provided for evacuating the
container and for drawing off water vapor. The concentrated
pulp suspension is discharged by means of a discharge pump 17
and introduced into the thin-film treatment apparatus D,
which may be e.g. a Filmtruder of the HS 0200 type
manufactured by Buss AG, Switzerland.

The thin-film treatment apparatus C.functions in the

following manner:

The first pulp suspension is continuously fed through the
intake 13 into the container being under a reduced pressure,
is seized there by the distribution ring 12, is spread on the
internal wall 2 and is transported by the rotor blades 11
along the indirectly heated internal wall 2 serving as
heating surface, to the outlet at the lower end of the
container. Heat carrier media such as water, oil or vapor are

suited for indirect heating.

The suspension is heated during its transportation along the
indirectly heated internal wall 2, and simultaneocusly water
evaporates due to the reduced pressure, so that the

suspension becomes concentrated. Due to constant circulation
and mixing of the cellulose suspension within the thin film,
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water can be removed in a very short period of time. The
water vapor is withdrawn preferably in the same direction the

pulp suspension is being transported.

Since the thin-film treatment apparatus C is operating
continuously and the pulper is operating discontinuously, a
second pulper B' is provided producing pulp suspension in
counteroperation to pulper B, so that the apparatus C may be

operated without interruption.

The concentrated pulp suspension discharged from thin-film
treatment apparatus C is fed into Filmtruder D and processed
to a solution in a known way. The production of the solution
is described in EP-A - 0 356 419. To produce the solution,
the suspension is introduced through intake 18 into the
Filmtruder. Filmtruder D is designed essentially the same way
as Filmtruder C: the fed suspension is seized by a
distribution ring and transported along a heating surface by
the rotor blades and heated, while simultaneously further
water is evaporated under reduced pressure, until according
to the ternary phase diagram cellulose/amine-oxide/water (see
e.g. WO94/28212) the pulp dissolves. The water vapor is
withdrawn in opposite direction to the transportation
direction of the suspension. The withdrawing openiﬁg for the

water vapor is indicated by 19.

The final mouldable cellulose solution is discharged from the
Filmtruder D by means of a discharge pump (not shown), fed
e.g. to a spinning machine in a known way and processed to
fibres. Appropiate processes for the production of fibres and
films are known for instance from WO 93/19230 and WO 95/07811
respectively of the applicant.

Figure 2 schematically shows an embodiment of the film and
fibre plant according to the invention, A denoting a plant
for the production of preferably humid pulp. B, B', C and D
denote the pulpers and Filmtruders represented in Figure 1. E
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indicates known devices for the production of fibres, films

or other moulded bodies.

By means of the following Example, the production of a
mouldable cellulose solution will be described.

Example

100 kg of humid pulp of the "Lenzing BKZ EM 9 feucht" type
containing 50% of water was suspended for about 5 minutes in
a pulper of the company Cellwood Grubbens AB (vertical
pulper) in 600 kg of a commercially available solution of N~
methylmorpholine-N-oxide having an NMMO content of
approximately 58% by mass. A homogeneous pulp suspension
having a dry substance density of 8,33% by mass of pulp was
obtained.

This suspension (58°C) was fed into a Filmtruder of the Buss
HS/HSG 0200 type at a rate of 600 kg/h and therein
concentrated to a dry substance density of 12,38% by mass of
pulp. The heating surface of the Filmtruder was heated by
means of saturated vapor at 160°C. The circumferential rate
of the rotor was 4 m/s. Approximately 404 kg of concentrated
suspension per hour having a temperature of 85°C could be
withdrawn from the Filmtruder.

The concentrated suspension was fed into the Filmtruder of
the Buss HS 0200 type at a temperature of 80°C at a rate of
about 404 kg/h, therein further concentrated and finally
transformed into a mouldable solution having a cellulose
concentration of 15,0%. The heating surface of the Filmtruder
was heated by means of saturated vapor at 142°C. The
circumferential rate of the rotor was 4 m/s. Approximately
333 kg of mouldable cellulose solution per hour having a
temperature of 105°C could be withdrawn from the Filmtruder.
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CLAIMS:

1. A plant for the production of cellulose films, fibres and
other moulded bodies according to the amine-oxide
process, said plant substantially comprising:

- a mixing device (B, B') for the production of a
first suspension of pulp in an aqueous amine-oxide
solution, which suspension has a dry substance density
of not more than 10% by mass of dry pulp;

—a device (C) for the concentration of the first
pulp suspension produced in said mixing device (B,

B'), in said device (C) the pulp suspension being
mechanically spread like a layer on a heating surface,
heated and transported across said heating surface while
intensively mixing it and evaporating water, until a
predetermined amount of water has evaporated and a
concentrated pulp suspension is produced;

- a device (D) wherein the concentrated pulp suspension
produced in said device (C) is transformed into a
mouldable solution of cellulose and

- a device (E) connected to said device (D), wherein the
mouldable cellulose solution is processed to cellulose
films, fibres and other moulded bodies.

2. A plant according to Claim 1, characterized in that said
device (D) is a thin-film treatment apparatus.

3. A plant according to Claim 1 or 2, characterized in that
said device (C) is a thin-film treatment apparatus.

4. A plant according to Claim 1, 2 or 3, characterized in
that at least two mixing devices (B, B'} are provided
which are connected to said device (C) by means of a

conduit.

5. A plant according to one of the Claims 1 to 4,

characterized in that as said mixing device (B, B'} a

L
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device capable of defibrating and/or grinding pulp is
provided.

An integrated film and fibre plant for the production of
cellulose films, fibres and other moulded bodies
according to the amine-oxide process, said plant
substantially comprising:

—a plant (A) for the production of pulp; and

—-a plant for the production of cellulose films, fibres
and other moulded bodies according to one or more of the
claims 1 to 5, provided downstream to said plant (a) for
the production of pulp.

An integrated film and fibre plant according to Claim 6,
characterized in that said plant (A) is designed such
that it is capable of producing humid pulp having a water
content of at least 20% by mass of water, based on the

pulp.

A process for the production of cellulose films, fibres
and other moulded bodies according to the amine-oxide

process, comprising:

- suspending pulp in an aqueous amine-oxide solution to
produce a first suspension with a dry substance density
of not more than 10% by mass of dry pulp;

— concentrating said first pulp suspension by mechanically
spreading the pulp suspension like a layer on a heating
surface, heating and transporting it across said heating
surface while intensively mixing it and evaporating
water, until a concentrated pulp suspension is produced;

- producing a mouldable cellulose solution by heating the
concentrated pulp suspension and transforming it into a
mouldable cellulose solution while evaporating water;
and '

— processing said mouldable cellulose solution in a known
way to fibres, films or other moulded bodies;

L
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provided that said concentration of said first pulp
suspension and said production of said mouldable

cellulose solution are carried out in different devices.

9. A process according to Claim 8, characterized in that
said mouldable cellulose solution is produced by
mechanically spreading the concentrated pulp suspension
like a layer on a heating surface, heating and
transporting it across said heating surface while
intensively mixing it and evaporating water, until a
mouldable cellulose solution is produced.

10. A process according to Claim 8 or 9, characterized in
that for the production of said first suspension a humid
pulp having a water content of at least 20% by mass is

used.

11. A process according to one of the Claims 8 to 10,
characterized in that said suspending of the pulp in the
aqueous amine-oxide solution is achieved by defibrating
and/or grinding previously shredded pulp in said aqueous

amine-oxide solution.

12. A process according to one of the Claims 8 to 11,
characterized in that said concentrated suspension has a
dry substance density of not less than 12% by mass of dry

pulp.

13. A process according to one of the Claims 7 to 10,
characterized in that it is carried out continuously.

14. A process for the production of cellulose films, fibres
and other moulded bodies according to one of the Claims 7
to 11, characterized in that as the amine-oxide N-
methylmorpholine~N-oxide is used. o
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