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TRANSPORT OF SOLUTIONS OF CELLULOSE TEROUGE PIPES

This invention relates to the transport of solutions of
cellulose in a tertiary amine N-oxide, in particular N-
methylmorpholine N-oxide, through pipes.

5 It is known that cellulose fibre can be made by extrusion
of a solution of cellulose in a suitable solvent into a
coagulating bath. One example of such a process is described
in US Patent 4,416,698 (McCorsley III), the contents of which
are incorporated herein by way of reference. Cellulose is

10 dissolved in a solvent containing a tertiary amine N-oxide
(which may also be called for brevity an amine oxide), for
example N-methylmorpholine N-oxide (NMMO). The solvent may
also contain a proportion of a non-solvent for cellulose, for
example water. The resulting solution is extruded through a

15 suitable die to produce filaments, which are coagulated,
washed in water to remove the solvent, and dried. This
process of extrusion and coagulation is referred to as
"solvent-spinning", and the cellulose fibre produced thereby
is referred to as "solvent-spun" cellulose fibre. It is also

20 known that cellulose fibre can be made by extrusion of a
solution of a cellulose derivative into a regenerating and
coagulating bath. One example of such a process is the
viscose process, in which the cellulose derivative is
cellulose xanthate. ‘Solvent-spinning has a number of

25 advantages over other known processes for the manufacture of
cellulose fibre such as the viscose process, for example
reduced environmental emissions.

US Patent 4,416,698 describes a method of preparing a
solution of cellulose in a tertiary amine N-oxide and a method

30 for preparing a shaped article such as a fibre from such a
solution. A mixture of the tertiary amine N-oxide containing
the preferred amount of water and the cellulose are ground to
the same predetermined particle size and charged
simultaneously to the barrel of an extruder. The preferred

35 temperature range in the barrel of the extruder for processing
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and promptly precipitating the cellulose before degradation
of the cellulose.

US Patent 4,426,228 (Brandner et al), the contents of

which are incorporated herein by way of reference, describes

10 a solution of cellulose in a solvent which is a tertiary amine

N-oxide optionally mixed with a non-solvent for the cellulose

and a method of preparing the same. The solution may contain

up to 25% by weight of the non-solvent, for example water.

The solution additionally comprises an additive which limits

15 polymer decomposition at elevated temperétures so that the

solution is only slightly coloured and cellulose articles made

there from exhibit improved properties such as strength. One

example of such an additive is propyl gallate used at 0.0l to

5% by weight relative to the solvent. US Patent 4,426,228

20 also describes a method of preparing such a solution in which

the cellulose and the solvent are processed at temperatures

between 70°C and 190°C until the cellulose has been dissolved.

A solution containing 5 to 8% by weight cellulose is

particularly appropriately prepared by processing at

25 temperatures between 70°C and 100°C. In order to hold the

processing time as low as possible and to attain high

production rates, temperatures between 100°C and 150°C or
between 115°C and 130°C may be used.

It is known that the solutions of cellulose in a tertiary

30 amine N-oxide exhibit high wviscosity, particularly those
solutions which contain more than about 10% by weight, for
example 10 to 25% by weight, cellulose. Solutions containing
such relatively high concentrations of cellulose are desirably
used in the commercial manufacture of fibre and £ilm both to

35 reduce processing costs and in particular because extrusion
of such solutions leads to the production of fibre and £ilm
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solutions decreases as their temperature is raised. It is
therefore desirable to transport such solutions at high
S temperature in order to reduce the pumping costs associated

with transporting high viscosity solutions.

It is also known that solutions of cellulose in a
tertiary amine N-oxide such as NMMO are liable to degradation
when stored at elevated temperatures. Such solutions may

10 become discoloured when stored at temperatures above about
130°C. It is also known that uncontrolled exothermic reaction
may occur when such solutions are stored at temperatures above
about 170°C. It has further been observed that such
uncontrolled exothermic reaction may occur even when such

15 solutions are stored for extended periods of time at
temperatures considerably below 170°C. This fact has hampered
the commercial development and utilisation of solvent-spinning
processes, because the risk- of uncontrolled exothermic
reaction is not acceptable in industrial-scale- plant. The

20 risk has previously been minimised on the laboratory or pilot
plant scale by extruding the solution immediately after its
preparation, so minimising the time during which the solution
is stored. However, this solution is less than satisfactory
for industrial-scale production, both because it is desirable

25 to submit the solution to intermediate processing operations
such as filtration between preparation and extrusion, and
because it is not possible to assemble the elements of
industrial-scale plant in as close a spatial relationship as
the elements of laboratory or pilot plant apparatus.

30 The invention provides in a first aspect a method for
transporting a flowable solution of cellulose in aqueous N-
methylmorpholine N-oxide through a pipe, the temperature in
degrees Centigrade of the solution in the centre of the pipe
being controlled at no more than

. v
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where D represents the internal diameter of the pipe in
millimetres and X represents a numerical value. The value of
X may be equal to or greater than 5.0, in preferred
embodiments of the invention the value of X is 5.25 or 5.75,

5 and in a particularly preferred embodiment the value of X is
5.5. If the internal diameter of the pipe is measured in
inches the wvalue 0.19 in the above-noted expression should be
replaced by 0.98.

The invention further provides in a second aspect a

10 method for transporting a solution of cellulose in aqueous

N-methylmorpholine N-oxide through a pipe, the temperature in

degrees Centigrade of the solution at the interior wall of the
pipe being controlled at no more than

1000 / (Y + 0.23 x VD),

15 where D represents the internal diameter of the pipe in
millimetres and Y represents a numerical value. The value of
Y may be equal to or greater than 5.4, in preferred
embodiments of the invention the value of Y is 5.65 or 6.15,
and in a particularly preferred embodiment the value of Y is

20 5.9. If the internal diameter of the pipe is measured in
inches, the wvalue 0.23 in the above-noted expression should
be replaced by 1.15.

The solution of cellulose in N-methylmorpholine N-oxide
may be referred to hereinafter alternatively as the "dope”.

25 The dope may for example comprise by weight 10 to 25%,
preferably 13 to 17%, cellulose and 7 to 13% water, with the
balance being largely NMMO. The dope preferably contains an
additive which 1limits polymer decomposition at elevated
temperatures, as describéd for example in US Patent 4,426,228,

30 for example propyl gallate. The dope preferably contains 0.01
to 0.5%, more preferably 0.05 to 0.2%, by weight propyl
gallate. It has been found that the presence of such an
additive increases the temperature at which the dope may be
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Degradati on of the cellul ose can be
solving the cellulose in the barre
he extrusion apparatus. extrud- ing the Sotution to forma filmor
anent and pronptty precipitating the cellul ose before degradation of the
cél - |ul ose. store and transported without undergoing exothermic
decomposition by several degrees Centigrade, for example by

S to 1l0°C.

Use of the value 5.5 for X 'or of the value 5.9 for the

S value Y is believed to give a safety margin of at least about

10°C between the temperature of the dope in the centre of the

pipe and the temperature at which spontaneous exothermic

decomposition may occur during operation when the dope
contains an additive as hereinbefore described.

10 The pipe is generally at least 0.5 or 1 inch (12.5 or 25
mm) in external diameter, preferably at least 2, 3 or 4 inches
(50, 75 or 100 mm) in external diameter. The pipe may be up
to 12 inches (300 mm) in external diameter, but is generally
no more than 10 or 8 inches (250 or 200 mm)in external

15 diameter. Pipes of 6 inches (150 mm) external diameter may
also be used. Pipes of 4 to 8 inches (100 to 200 mm) external
diameter may be preferred. - It will be noted that the
equations defined in the methods of the invention relate the
temperature of the dope to the internal diameter of the pipe,

20 whereas the preceding numbers refer to the nominal external
diameter of the pipe. Pipework is generally specified and
sold commercially by reference to its nominal external
diameter.

The flow rate of the dope through the pipe may be for
25 example in the range 0.1 to 10 m/min, preferably 1 to 5 m/min.

The methods of the invention have been found to be
génerally'less satisfactory for vessels of large diameter than
for pipes of about 12 inches (300 mm) diameter or below, for
example filters and tanks having internal diameters in the

30 range about 20 to about 40 inches (500 mm to 1000 mm). Such
filters and tanks may in general be operated at a temperatures
several degrees above those according to the method of the
invention, at least during continuous operation.
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a hollow jacket containing a circulating heat transfer fluid
such as water. The temperature of the thermostatic jacket is
generally maintained below the temperature of the dope at the
centre of the pipe to provide some external cooling and
thereby remove any heat generated by any exothermic reaction
which may take place in the dope. The temperature of the
thermostatic jacket is essentially the same as that of the
dope at the wall of the pipe. It has been found that slow
exothermic reaction may take place in dope stored at
temperatures considerably below 170°C, the temperature in
which spontaneous decomposition is known to occur. Use of
such external cooling means is therefore preferred. It will
be understood from the above that the value of Y is geherally
higher than the value of X. In particular it may be preferred
that the value of (Y-X) is about 0.4. The temperature of the
dope in the centre of the pipe is generally about 10 to about
15°C, preferably about 11 to about 14°C, higher than the
temperature of the dope at the wall of the pipe, although it
will be understood that this preferred temperature difference
is to some extent dependent on the internal diameter of the
pipe. The temperature of the dope may be controlled by
suitably varying the flow rate or the temperature of the heat
transfer fluid acting as cooling medium.

The minimum temperature of the dope in the centre of the
pipe is preferably at least 100°C, more preferably at least
105°C. It has been found that the viscosity of the dope is
sufficiently low for the dope to be pumped through pipes in
a commercial scale factory when it has at least such a minimum
temperature. A dope containing about 15% by weight cellulose
may exhibit a viscosity of about 2000 Pa.s (20,000 poise) at
a shear rate of 1 sec™ at 100°C, 1500 Pa.s (15,000 poise) at
110°C and 1000 Pa.s (10,000 poise) at 120°C. The first aspect
of the invention provides for a dope temperature in the sensor
of the pipe which may be 105°C or higher for all pipe sizes
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The preferred temperature of the dope in the centre of the
pipe 1is between the minimum and maximum temperatures
hereinbefore mentioned.

Processing' of cellulose and solvent to dissolve the
cellulose may provide dope at a higher temperature than that
required by the methods of the invention, and in such a case
the hot dope may be cooled to the desired temperaturs shortly
after dissolution by passage through a suitable heat
exchanger. It may be desired to extrude the dope to form
fibre or f£ilm at a higher temperature than that required by
the methods of the invention, for example to obtain optimum
tensile properties, and in such a case the dope can be warmed
to the desired temperature shortly before extrusion by passage
through a suitable heat exchanger. One example of a suitable
type of heat exchanger is a shell-and-tube heat exchanger in
which the dope passes through the tubes, the tubes being
equipped with static mixers which serve to mix the dope and
so improve the efficiency of the heat exchange, and the heat
transfer medium passes through the shell, as available for
example from Kenics Corporation. Another example of a
suitable type of heat exchanger consists of a chamber
containing a sinuous tube, the heat transfer medium passing
through the sinuous tube, and the dope passing through the
chamber over the tube, as available for example f£rom Gebrueder
Sulzer Ag under the Trade Mark "Sulzer SMR".

Use of the methods of the invention permits solvent-
spinning of cellulose to be carried out safely on the
industrial scale. The methods of the invention have the
advantage that additional process items, for example filters,
mixers and buffer tanks, can be interposed between the
dissolution apparatus and the extrusion apparatus. They have
the further advantage that pipes containing dope do not need
to be emptied if dope transport is stopped for any reason, for
example to allow plant maintenance such as filter changes.
The dope in the pipe is advantageously cooled to lower

THIS SHEET HAS BEEN
REPLACED

Eﬁ}ures bet ween 70C and BHE/GBCGust/ 010

9 ‘



3 It is known that—the solutions of cellulose in a terlﬂﬁ/;ﬁﬂingdkl'
N-oxi de exhibit high visgpskieysHapBéch Reglicat | y t hose sol utions which contain

nore than about 10% by wel le 10 to 25% by wei ght, cellul ose.
Sol uti ons contai ning such h concentrations of cellu- |ose are
desirably used in the co ture

temperature, for example around 80°C, during such a stoppage
by circulation of cool heat transfer fluid through the
thermostatic jacket. The dope so coocled can be warmed to the
required temperature for transport after the stoppage by
5 increasing the temperature of the heat transfer fluid.
Nevertheless, such additional process items are preferably
emptied'during such a stoppage and refilled afterwards.

Practical experience and experiment bears out the value
of the methods of the invention, in particular in reducing the
10 occurrence of uncontrolled exothermic reaction to an
acceptably very low value. This is especially remarkable in
that the equations upon which they rely they have no apparent
theoretical basis. In particular, it is surprising that they
should involve the square root of a linear dimension, namely
15 the internal diameter of the pipe, rather than either the
dimension itself or its square or cube, which are proportional

to surface area and volume respectively.

The invention will now be more particularly explained
with reference to the accompanying drawing, in which:

20 Figure 1 is a graph of 1000/T against VD, where T is
dope temperature in °C and D is the internal pipe
diameter, and

Figure 2 is a graph of T against D, where T and D have
the same meanings as in Figure 1.

25 Referring to Figure 1, line 1 corresponds to the equation
1000/T = 5.5 + 0.98 x VD

representing the relationship between a preferred maximum

temperature of the dope in the centre of the pipe and the

internal diameter of the pipe. Line 2 corresponds to the
30 equation
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representing the relationship between a preferred maximum
temperature of the dope at the wall of the pipe and the
internal diameter of the pipe. Line 3 corresponds to 105°C,
which is a preferred minimum temperature for the dope in the
centre of the pipe. The data points represented by squares
correspond.to dope temperature in the centre of the pipe and
the data points represented by crosses to dope temperature at
the wall of the pipe as recorded in Table 1 below:

Table 1
D _inches Centre °C Wall °C
2 146 133
3 140 125
4 133 121
6 125.5 114
8 121 109
10 117 105

The data points in Table 1 have been determined
empirically to provide a safety margin of at least 10°C .
between the dope temperature in the centre of the pipe and the
temperature at which spontaneous exothermic reaction may take
place when the dope contains about 0.05 to about 0.2% by
weight propyl gallate. It will be observed that the agreement
between the relevant equations and the data points is
excellent.

Referring to Figure 2, line 1 relates dope temperature
in the centre of the pipe to internmal pipe diameter when X =
5.5, line 2 relates dope temperature at the wall of the pipe
to internal pipe diameter when Y = 5.9, and line 3 corresponds
to 105°C. The data points of Table 1 are represented by
squares and crosses as in Figure 1.
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processes, because the risk of uncontrollégé%xnf therm i I'S” not
acceptable in industrial-scale plant. The risk has previously been
mnimsed on the 1. A method for transporting a flowable solution of

cellulose in aqueous N-methylmorpholine N-oxide through a
pipe, the temperature in degrees'CentigraQe of said solution
5 in the centre of said pipe being controlled at
1000 / (X + 0.19 x VD),
where D represents the internal diameter of said pipe in
millimetres and X represents a value equal to or greater than
5.0.

10 2. A method for transporting a flowable solution of
cellulose in aqueous N-methylmorpholine N-oxide through a
pipe, the temperature in degrees Centigrade of said solution
at the interior wall of said pipe being controlled at

1000 / (Y + 0.23 x VD), _

15 where D represents the internal diameter of said pipe in
millimetres and Y represents a value equal to or greater than
5.4.

3. A method according to claim 1, wherein X represents
a value equal to or greater than 5.25.

20 4. A method according to claim 1, wherein X represents
a value equal to or greater than 5.5.

5. A method according to claim 2, wherein Y represents
‘a value equal to or greater than 5.65.

6. A method according to claim 2, wherein Y represents
25 a value equal to or greater than 5.89.

7. A method according to any one of the preceding
claims, wherein said solution comprises 10 to 25 percent by
weight cellulose and 7 to 13 percent by weight water.

8. A method according to any one of the preceding
30 claims, wherein said solution comprises an additive which
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limits decomposition at elevated temperatures.

9. A method according to claim 8, wherein said additive
is propyl gallate at a concentration of 0.05 to 0.2 percent
by weight. '

S 10. A method according to any one of the preceding
claims, wherein the nominal external diameter of said pipe is
at least 50 mm.

11. A method according to claim 10, wherein the nominal
external diameter of said pipe is no more than 300 mm.

10 12. A method according to claim 10, wherein the nominal
external diameter of said pipe is in the range 100 to 200 mm.

13. A method according to any one of the preceding
claims, wherein the temperature of said solution in said
centre of the pipe is at least- 100°C.

15 14. A method according to c¢laim 13, wherein the
temperature of said solution in said centre of the pipe is at
least 105°C.

1s. A method according to any one of the preceding

claims, wherein the temperature of said solution in said

20 centre of said pipe is 10 to 15°C higher than the temperature
of said solution at said interior wall of said pipe.

16. A method according to any one of the preceding
claims, wherein said pipe is equipped with a thermostatic

jacket.

25 17. A method according to claim 16, wherein said
thermostatic jacket is a hollow jacket through which water is
circulated.

A method according to any one of the precedlng
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19. A wmethod according to claim 18, wherein the flow
rate of said solution of cellulose through said pipe is in the
range 1 to 5 m/min.

20. A method - of manufacturing a shaped cellulosic
product which includes the steps of dissolving cellulose in
an aqueous N-methylmorpholine N-oxide to form a solution,
transporting the solution through at least one pipe and
passing the solution into a coagulation bath to form the
shaped cellulosic product, characterised in that the solution
is transported through the pipe in accordance with the method
of any one of the preceding claims. .

21. A method as claimed in claim 20, characterised in
that the shaped cellulosic product is a cellulosic fibre.
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pre red enbodi ment the val - ue of Xis 5.5.11 the internal dianeter
of the pipe is neas- ured in inches theigal-ue 0.19 in the above-noted
expres- sion should be replaced by 0.98. The invention further
provides in a second aspect a met hod ABSTRASTSporting a sol ution of
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A method for transporting a solution of cellulose in
aqueous N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the

5 centre of said pipe being controlled at 1000/(X + 0.19 x VD)
and/or the temperature of said solution at the interior wall
of said pipe being controlled at 1000/(Y + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres,
X fepresents a value equal to or greater than 5.0, and Y

10 represents a value equal to or greater than 5.4.
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to hereinafter alter
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This invention relates to the transport of solutions of
cellulose in a tertiary amine N-oxide, in particular N-
methylmorpholine N-oxide, through pipes.

n

It is known that cellulose fibre can be made by excrusion
of a solution cf cellulcse in a suitable solvent into a
ccagulating bath. One example of such a process is described
in US Patent 4,416,698 (McCorsley III), the contencs of which
are ihcorpcrated herein by way of reference. C=llulose is
10 dissolved in a solvent containing a tertiary amine N-oxide
(which may alsoc be called for brevity an amine oxide), for
example N-methylmorpholine N-oxide (NMMO). The solvent may
also contain a proportion of a non-solvent for cellulose, for
example water. The resulting solution is extruded through a
15 suitable die to produce filaments, which are coagulated,
washed in water to remove the solvent, and dried. This
process of extrusion and coagulation is referred to as
"solvent-spinning”, and the cellulose fibre produced thereby
is referred to as "solvent-spun" cellulose fibre. It is also
20 known that cellulose fibre can be made by extrusion of a
solution of a cellulose derivative into a regenerating and
coagulating bath. One example of such a process is the
viscose process, in which the cellulose derivative is
cellulose xanthate. Solvent-spinning has a number of
25 advantages over other known processes for the manufacture of
cellulose fibre such as the viscose process, for example
reduced environmental emissions.

US Patent 4,416,698 describes a method of prepé.ring a
solution of cellulose in a tertiary amine N-oxide and a method

30 for preparing a shaped article such as a fibre from such a
solution. A mixture of the tertiary amine N-oxide containing
the preferred amount of water and the cellulose are ground to
the same predetermined particle size and charged
simultaneously tc the barxrel of an extruder. The preferred

35 temperature range in the barrel of the extruder for processing
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"dop‘e". The dope may for exanple conprise by Wweig

preferably 13 to 17% cellul ose andIhiéSh&tHﬁ%:en E&H mPLAeEMENWBHEET
bei ng largely NMWO. The dope prefe | -G H—-1

pol ymer de- conposition al el evate H , e

exanple in US Patent 4,426.228. For eX g | B 2@#@%"3
preferably conlains O. 01 to 0.5% nore preferably 0.0 t-y—e—%%—-bmgh
propyl gallate. It has been found that jthe presence such an additive

i ncreases the tenperature at which the dépe nay be st
W t hout undergel rgxe¥@Eh8ENES1lulose and solvent thersby dissolving the

cellulose is frem atbecut S0°C to about 140°C. Degradation of
the cellulose can be avoided or substancially reduced by
dissolving the c¢sllulose in the barrel of the extrusion

5 apparatus, extruding the solution to form a film or filament
and promptly precipitating the cellulose before degradation
of the cellulose.

US Patent 4,426,228 (Brandner et al), the contents of

which are incorporated herein by way of reference, describes

10 2 solution of cellulose in a solvent which is a tertiary amine

N-oxide optiocnally mixed with a non-solvent for the cellulose

and a method of preparing. the same. The solution may contain

up to 25% by weight of the non-solvent, for example water.

The solution additionally comprises an additive which limits

15 polymer decompositicn at elevated temperatures so that the

solution is only slightly coloured and cellulose articles made

there from exhihit improved properties such as strength. One

example of such an additive is propyl gallate used at 0.01 to

5% by weight relative to the solvent. US Patent 4,426,228

20 also describes a method of preparing such a solutiomn in which

the cellulose and the solvent are processed at temperatures

between 70°C and 190°C until the cellulose has been dissolved.

A solution containing 5 to 8% by weight cellulose is

particularly appropriately prepared by processing at

25 temperatures between 70°C and 100°C. 1In order to hold the

processing time as low as possible and to attain high

production rates, temperatures between 100°C and 150°C or
between 115°C and 130°C may be used.

It is known that the solutions of cellulose in a tertiary

30 amine N-oxide exhibit high wviscosity, particularly those
solutions which contain more than about 10% by weight, for
example 10 to 25% by weight, cellulose. Solutions containing
such relatively high concentrations of cellulose are desirably
used in the commercial manufacture of fibre and film both to

35 reduce processing costs and in.part:icular because extrusion
.of such solutions leads to the production of fibre and film
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deconposition by several degrees—€entigrade. for ex- EPLAGEMEND SHEET

10[err] C Use of h Rl X or of the valu ;
value Y is believed t e&{ayﬁee é, margin of at l|east {apogtf Iy q?]g7 g
bet ween the tenperatur n the centre of t |pe and t
tenperature at which s xot herm ¢ deconposifion
during operation when the dope cont ains an additive as jhere- inbefore
descri bed. The pipe preferably at Teast 2, 3 or 4 inches (50, 75 or
100 mm) in e%%nakmeka@s&ernn&%ﬂ Pgrbbegengsal | ¥oO M@Maeaé&ﬂé
i nches (250 or n) in external dianefer. Pi Pes .0

sn:r,.ngt:n It is also known that ' the v:.scos:.L:v of such

solutions decrszases as their temperature is raised. It is
therefore desirable to transport such sclutions at high

S temperaturs in crder to reduce the pumping costs as:ccxated
with transporting high viscosity solutions.

It is also known that soluticns of cellulose in a
tertiary amine N-oxide such as NMMO are liable to degradation
when stored at elevated temperatures. Such solutions may

10 become discoloursd when stored at temperatures above about
130°C. It is also known that uncontrolled exothermic reaction
may occur when such solutions are stored at temperatures above
about 170°C. It has further been observed that such
uncontrolled exothermic reaction may occur even when such

15 soluticons are stored for extended pexricds of time at
temperaturas considerably below 170°C. This fact has hampered
the commercizl development and utilisation of solvent-spinning
processes, because the risk' of uncontrolled exothermic
reaction is not acceptable in industrial-scale plant. The

20 risk has previously been minimised on the laboratory or pilot
plant scale by extruding the solution immediately after its
preparation, so minimising the time during which the solution
is storsd. However, this solution is less than satisfactory
for industrial-scala production, both because it is desirable

25 to submit the solution tc intermediate progessing operations
such as filtration between preparation and éxtrusion, and
because it is not possible to assemble the elements of
industrial-scale plant in as clese a spatial relaticnship as
the elements of laboratory or pilot plant apparatus.

30 The invention provides in a first aspect a method for
transporting a flowable solution of cellulose in aqueous N-
methylmorpholine N-oxide through a pipe, the temperature in
degrees Centigrade of the solution in the centre of the pipe

being controlled at no more than

35 1000 / (X + 0.19 x VD),
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where D represents the incernal diameter of the pipe i
millimetres ané X represents a numerical value. The value of

- 4 -

5]

X may be egqual to or greater than 5.0, in prsferred
embodiments of the invention the value of X is 5.25 or 5.75,

S and in a particularly preferred embodiment the value of X is
5.5. If the intermal diameter of the pipe is measured in
inches the value 0.19 in the above-noted expression shcould be
replaced by 0.98.

The invention further provides in a second aspect a

10 method for transporting a solution of cellulose in aquecus

N-methylmorpholine N-oxide through a pipe, the temperature in

degrees Centigrade of the solution at the interior wall of the
pipe being controlled at no more than

1000 / (Y + 0.23 x VD),

15 where D represents the internmal diameter of the pipe in
millimecres and Y represents a numerical value. The value of
Y may be equal to or greater than 5.4, in preferrzed
embodiments of the invention the value of Y is 5.65 or 6.15,
and in a particularly preferred embodiment the value of Y is

20 5.9. If the intcermal diameter of the pipe is measured in
inches, the value 0.23 in the above-noted expression should
be replaced by 1.15.

The solution of cellulose in N-methylmorpholine N-oxide
may be referred to hereinafter altermatively as the "dope".

2s The dope may for example comprise by weight 10 to 25%,
preferably 13 to 17%, cellulose and 7 to 13% water, with the
balance being largely NMMO. The dope preferably comntains an
additive which limits polymer decomposition at elevated
temperatures, as described for example in US Patent 4,426,228,

30 for example propyl gallate. The dope preferably contains 0.01
to 0.5%, more preferably 0.05 to 0.2%, by weight propyl
gallate. It has been found that the presence of such an
additive increases the temperature at which the dcpe may be

THIS SHEET HAS BEEN
REPLACED




ferred. It will be ﬂeped—tha{—t—he—equa{ ions defined in rﬁEPLACEMENTr’&HEEf{d

ol the invention rela h i{atlurde of the ope TU the—hie I
di ameter of the pipe, ace precedi ng nunpef spr@fpy gﬁf
nom nal external di am f the pipe. Pipewgrk|is geneBr

specified and sold Iy by reference tq its nonrmat

external diam eter. The flow ratejof the dope throu h
t he pi pe may be for exanple in theSrange 0.1 to 10 m m n.preteradl y
1 to 5 mmn The met hods of the i nvention have been

found to s“""ﬁ@ g&FEr al FRAISRETTEG: | LAWY f BRASEIVAS oF<FHGFIIG am

decomposition by several degrees Centigzrade, for example by
S to 10°C.

Use of the value 5.5 for X or of the value 5.2 for the

5§ value Y is believed to give a safety margin of at least about

10°C between the temperature of the dope in the centrs of the

pipe and the temperature at which spontaneous excthermic

decomposition wmay occur during operation when the dope
contains an additive as hereinbefore described.

10 The pipe is generally at least 0.5 or 1 inch (12.5 or 25
mm) in external diameter, preferably at least 2, 3 or 4 inches
(50, 75 or 100 mm) in external diameter. The pipe may be up
to 12 inches (300 mm) in external diameter, but is gererally
no more than 10 or 8 inches (250 or 200 wm)in extermal

15 diameter. Pipes of 6 inches (150 mm) external diameter may
alsoc be used. Pipes of 4 to 8 inches (100 to 200 mm) extermal
diameter may be preferred. It  will be noted that the
equations defined in the methods of the invention rslate the
temperature of the dope to the internal diameter of the pipe,

20 whereas the preceding numbers refer to the nominal external
diameter of the pipe. Pipework is generally specified and
sold commercially by reference to its nominal external
diameter.

The flow rate of the dope through the pipe may be for
25 example in the range 0.1 to 10 m/min, preferably 1 to S m/min.

The methads of the invention have been found to be
generally less satisfactory for vessels of large diameter than
_ for pipes of about 12 inches (300 mm) diameter or below, for
example filters and tamks having internal diameters in the
30 range about 20 to about 40 inches (500 mm to 1000 mm). Such
filters and tanks may in general be operated at a temperatures
several degrees above those according to the method of the
invention, at least during continuous operation.
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St

degrees a
| east

i

hose according to the nethod of |t he TTvefrt+

- during continuous operation. The tenperature of

the dope in the pipe both at the - gatl of the pipe and—Tmthe—cendre
of the pipe may be controlled by equipping the g%pe with a

thernostatic
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by equipping the pipe with a thermostatic jacket, for example
a hollow jacket cocntaining a circulating heat transfer fluid
such as water. The cemperature of the thermostatic jackst is
generally maintained below the temperature cf the dope at the
centre of the pipe to provide some extermal cooling and
theraby remove any heat generated by any exothermic resaction
which may take place in the dope. The temperature cZ the
thermostatic jacket is essentially the same as that of the
dope at the wall of the pipe. It has been found that slow
exothermic reaction may take place in dope stored at
temperacures considerably below 170°C, the temperaturs in
which spontanecus decomposition is known to occur. Use of
such external ccoling means is therefore praferred. It will
be understood from the above that the value of Y is generally
higher than the value of X. 1In particular it may be preferred
that the value of (Y-X) is about 0.4. The temperature of the
dope in the centrs of the pipe is generally about 10 to about
15°C, preferably about 11 to about 14°C, higher than the
temperature of the dope at the wall of the pipe, although it
will be understocd that this preferred temperature difference
is to some extent dependent on the intermal diameter of the
pipe. The temperature of the dope may be controlled by
suitably varying the flow rates or the temperature of the heat
transfer fluid acting as cooling medium.

The minimum tamperature of the dope in the centre of the
pipe is preferably at least 100°C, more prefefably at least
105°C. It has been found that the viscosity of the dope is
sufficiently low for the dope to be pumped through pipes in
a commercial scale factory when it has at least such a minimum
temperature. A dope containing about 15% by weight cellulose
may exhibit a viscosity of about 2000 Pa.s (20,000 poise) at
a shear rate of 1 sec™ at 100°C, 1500 Pa.s (15,000 poise) at
110°C and 1000 Pa.s (10,000 poise) at 120°C. The first aspect
of the invention provides for a dope temperature in the sensor
of the pipe which may be 105°C or higher for all pipe sizes
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of the thernostatic jacket is gepe al ly mai ntai ned bel opv REPLACEMENEGSHEET
tenperature of the d&geShsst & of the pi pe to : rovi de s
external cooling and t ﬁ any heal gehefapeul FFR 4987
exot herm c reaction | take place in the dppe. The
tenperature of the therno- static7j acket is essentially the sane
t hat of the dope - '

up to at least about 12 inches (300 mm) internal diamecer.
The preferred temperature of the dope in the cencre ¢f the
Pipe is between the minimum and maximum temperaturas
heresinbefore mentioned.

5 Processing of cellulose and solvent tc dissolve the
cellulose may procvide dope at a higher temperatuxre than that
required by the methods cf the invention, and in such a case
the hot dope may be cooled to the desired temperature shortly
after dissolution by passage through a suitable heat

10 exchanger. It may be desired to extrude the dope to form
fibre or film at a higher temperature than that required by
the methods of the invention, for example to obtain cptimum
tensile properties, and in such a case the dope can be warmed
to the desired temperature shortly before extrusion by passage

15 through a suitable heat exchanger. One example of a suitable
type of heat exchanger is a shell-and-tube heat exchanger in
which the dope passes through the tubes, the tubes being
equipped with static mixers which serve to mix the dope and
80 improve the efficiency of the heat exchange, and the heat

20 transfer medium passes through the shell, as available for
example from Kenics Corporation. Another example of a
suitable type of heat exchanger consists of a chamber
containing a sinucus tube, the heat transfer medium passing
through the sinuous tube, and the dope passing through the

25 chamber over the tube, as available for exampls from Gabrueder
Sulzer Ag under the Trade Mark "Sulzer SMR”.

Use of the methods of the invention pexmits solvent-
spinning of cellulose to be carried out safely on the
industrial scale. The methods of the invention have the

30 advantage that additional process items, for example filters,
mixers and buffer tanks, can be interposed between the
dissolution apparatus and the extrusion apparatus. They have |
the furcher advantage that pipes containing dope do not need
to be emptied if dope transport is stopped for any reascn, for

35 example to allow plant maintenance such as filter changes.
The dope in the pipe is advantageously cooled to lower
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7 at the wall of the pipe. It has been found that sl OWVGREPLIIGEMENTCSHEET

reaction may take place in dope stored at tem peraturesfc

170C, the tenperature in which spontaneous deconpositio o] t C ur.
1.2'B; e o

the val ue of_ (Y-

Use of such external cooling nmeans is therelore pre- fe
understood fromthe above that the val- ue of Y is gene
the value of X In par- ticular it may _bg preferred tha
is about 0.4. The tenperature of the dope in the centre
general |y abeetpdPat@rabotir EakepleGroued gedy,Y during such a stoppage
by circulation cf cool heat transfer fluid through the
thermostacic jacke:z. The dope so ccoled can be warmed to the
requirad temperaturs for transport after the stoppace by

5 incresasing the ctsmperacturse of the heat transfer fluid.
Nevertheless, such additional procsss items aze refarably
emptied during such a stoppage and refilled afterwards.

Practical experience and experiment bears out ths value
of the methods of the invention, in particular in reducing the
10 occurrence of uncontrclled exothermic reaction to an
accepcably very low value. This is especially remarkable in
that the egquaticns upon which they rely they have no apparent
theoretical basis. In particular, it is surprising that they
should involve the square root of a linear dimensioen, namely
15 the internal diameter of the pipe, rather than either the
dimension itself or its square or cube, which are proporsional

Lo surface area and volume respectively.

The invention will now be more particularly explained
with refarence to the acccmpanying drawing, in which:

20 Figure 1 is a graph of 1000/T against ¥D, where T is
.dope temperature in °C and D is the internal pipe
diameter, and

Figure 2 is a graph of T against D, where T and D have
the same meanings as in Figure 1.

25 Referring to Figure 1, line 1 corresponds to the equation
1000/T = 5.5 + 0.98 x VD

representing the relationship between a preferred maximum
temperature of the dope in the centre of the pipe and the
internal diameter of the pipe. Line 2 corresponds to the
30 equation
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foundipbayrthes W scashgyxo¥pt he dope is suffilerentty—towor
be punped through pipes in a commercial scale factory when it
representing the relaticnship between a preferrsd maximum
t:emperat:ﬁre of the dope at the wall of the pipe and the
incernal diameter of the pipe. Line 3 corresponds to 105°C,
which is a praferrad minimum temperature f£or the dope in the
centra of the pipe. The data points represented by squares .
correspond to dope temperature in the csntre of the pipe ‘and
the data points represented by crosses to dope temperature atc
the wall of the pipe as recorded in Table 1 below:

D inc} Centre °C wall ¢
2 146 133
3 140 127
4 . 133 21
6 125.5 114
8 121 108

10 117 105

The data points in Table 1 have been determined
empirically to provide a safety margin of at least 10°C
between the dope temperature in the centre of the pipe and the
temperature at which spontanecus exothermic reaction may take
place when the dope contains about 0.05 to about 0.2% by
weight propyl gallate. It will be observed that the agrsement
between the relevant equations and the data points is
excellent.

Referring to Figure 2, line 1 reslates dope temperature
in the centre of the pipe to intermal pipe diameter when X =
5.5, line 2 relates dope temperature at the wall of the pipe
to internal pipe diameter when Y = 5.9, and line 3 corresponds
to 105°C. The data points of Table 1 are represented by
squares and crosses as in Figure 1.
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1. A methcd for transpcrting a flowable solucion of
cellulose in aqueous N-methylmorpholine N-oxide thzough a
pipe, the temperature in degrees Centigrade of said solution
in the centre of said pipe being controlled at
1000 / (X + 0.19 x VD),

where D represents the internal diametsr of said pi
millimetres and X represents a value equal to or great
5.0.

in
than

ipe
er

2. A method for transporting a flowable solution of
cellulose in aqueous N-methylmorpholine N-oxide through a
pipe, the temperature in degrees Centigrade of said solution
at the interior wall of said pipe being controlled at

1000 / (¥ + 0.23 x VD),
where D represents the internal diameter of said pipe in
millimetres and Y represents a value equal to or greater than
5.4.

3. A methed according to claim 1, wherein X represents
a value equal to or greater than 5.25.

. 4. A method according to claim 1, wherein X represents
a value equal to or greater than 5.5.

5. A methed according to claim 2, whersin Y represents
a values equal to or greater than 5.65.

6. A method according to claim 2, wherein Y reprssents
a value equal to or greater than 5.9.

7. A method according to any one of the preceding
claims, wherein said solution comprises 10 to 25 percent by
weight cellulose and 7 to 13 percent by weight water.

8. A method according to any one of the preceding
claims, wherein said solution comprises an additive which

‘AR )R O




8. Processing of cellul ose"%c"rﬁ# cedi ssol v Lllc cet--ese. uny
provi de dope at a hi gher terrperat““li eqw re B§ MﬁM‘IhSHEE'pf

the invention and in such a case

n

10

15

20

25

y be cgolfed—to—the—deshr

2 6 FEB 1997

«w 11 -

limits decomposition at elevated temperacures.

9. A methed according to claim 8, whersin szid additive
is propyl gallate at a concentratien of 0.05 to 0.2 percent

-

by weight.

10. A method according to any one of the preceding
claims, wherein the nominal external diameter of said pipe is
at least 50 mm.

11. A method according to claim 10, wherein the nominal
external diameter of said pipe is no more than 300 mm.

12. A methed according to claim 10, wherein the nominal
external diameter of said pipe is in the range 100 to 200 mm.

13. A method according to any one of the preceding
claims, wherein the temperaturz of said solution in said
centre of the pipe is at least  100°C.

14. A method according to claim 13, wherein the
temperature of said solution in said centre of the pipe is at
least 105°C,

" 15. A method according to any one of the preceding
claims, whersin the temperature of said solution in said
centre of said pipe is 10 to 15°C higher than the temperature
of said solution at said interior wall of said pipe.

16. A method according to any ons of the preceding
claims, wherein said pipe is equipped with a thermostatic
jacket.

17. A method according to claim 16, wherein said
thermostatic jacket is a hollow jacket through which water is
circulated.

18. A method according to any one of the preceding

* C L M 1 *
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tenperature short| y- ‘after .di ssol ut.i.on’ by passage through a suitable heat

exchanger. It may be deSired to extrude the dopetoformf re or filmat a
hi gher tenper- atre:than that-required by the nethods of ‘
exanple to obtain optimumtensile properties, and in such}a rﬁEPLrl\ W&ﬁn%

can.be warned to the desired tem perature shortly before e>tru lon b
passage through a suitable heat exchanger. One exanpl e of |a|sdi BabEB
of heat exchanger is a shell-and-tube heal exchanger in whig Qpe ‘
passes through the tubes, the tubes being equipped with sjatic m xers which
serve to mx the dope and so inprove the efficiency of the-heal ex:
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claims, wherein the flow rate of said solution of csllulose
through said pipe is in the range 0.1 to 10 m/min.

19. A method according to claim 18, wherein the flow
rate of said solu=zion of cellulose through said pipe is in the
5 range 1 to 5 wm/mian.

20. A method of manufacturing a shaped cellulosic
product which includes the steps of dissolving cellulose in
an aqueous N-methylmorpholine N-oxide to form a solution,

10 transporting the solution through at least one pipe and
passing the sclution into a coagulation bath to form the
shaped cellulosic product, characterised in that the solution
is transported through the pipe in accordance with the method
cf any one of the preceding claims.

1is 21. A metkod as claimed in claim 20, charactexised in
that the shaped cellulosic product is a cellulosic fibre.
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change, and the heat transfer nedium passes t hrough the shell, as avail able
for exanple from Kenics Corpo- ration. Another exanpl e e

of heat ex- changer consists of a chanber containing a <|R&d&$£~%@ Sﬁéé‘e
heat transfer medi-.um passing through the sin- uous tube] dnd the dope +

Q

passi ng- t. hr ough the chanber over the tube, as avail able}fdr zeﬁaFEBemWo
Gebrueder ‘Sul zer ‘Ag under the Trade Mark Sul zer SMR'. Use of the
nmet hods of the invention permts solvent- spinning of ¢ellulose to be
carried out safely on the in- dustrial scale. The nethgdds of the inventign
have the advantage that additional process itens, for exanple fil-
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ABSTRACT

A method for transporting a solution of cellulose in
agqueous N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the

5 centre of said pipe being controlled at 1000/(X + 0.19 x VD)
and/or the temperature of said solution at the interior wall
of said pipe being controlled at 1000/(Y + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres,
X represents a value equal to or greater than 5.0, and Y

10 represents a value equal to or greater than 5.4.
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ters, mxers and buffer tanks, can be |nterposed be- tween the dissolution
apparatus and the extrusion ap pagatus:’~They,have the fu t%ﬁ?
that pipes containing dope do not need to be enptied if HﬁﬁgpﬁﬂhagﬁﬁﬁT
I s stopped for any reason, for exanple to i||0m1p|ant
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9 nmaintenance such as filter changes. The dope in the pipe is '
advant ageously cooled to | ower tenperature, for exanple around 80[err]C,
during such a stoppage by cir- culation of cool heat transfer fluid through
the therno static jacket. The dope so cooled can be warned to the required
tenperature for transport after the stoppage by increasing the tenperature
of the heat transfer fluid. Neverthel ess,,,such additional process itens are
prefer- ably enptied during such a stopp&ae and réffi41%d after- wards.

’ TRANSPORT OF SOLUTIONS OF CELLULOSE THROUGH PIPES

REPLACEMENT SHEET

07 APR 1997

ABSTRACT

A method for transporting a solution of cellulose in
aqueous N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the
centre of said pipe being controlled at 1000/(X + 0.19 x VD)

R and/or the temperature of said solution at the interior wall
of said pipe being controlled at 1000/(Y + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres,
X represents a value equal to or greater than 5.0, and Y
- represents a value equal to or greater than 5.4.

‘
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Practical experience and experinent bears ouf i vatue of—tireinet hods of
the invention, in particular in reducing the MMEA'TﬁHEETCGmt roll ed
1s

exothermic Te- _action to an acceptably very |oyvaruoe—This especially
remar kabl e i nThifstectHaeBegRaficahs upon whi ch {hqy r gl yafiaeeg no

appar eni t heor et ! particular iti$ qur- prising thatf they should
i nvol ve the sq |
di aneter of th er

lin- ear di ston, nanely tnhe 1ngernel

han either the ¢limension itself o its square
or cube. which are proportional to surfgasxg ea and vol une respectively,
The invention will now be nore particularly ex- 23{t}q=

-4

1. A methed for transpcrting a flowable scluzion of
cellulose in aqueous N-mechylmorpholine N-cxide thrzough a
pipe, the temperacure in degrees Centigrade of said solution
in the centre of said pipe being contrelled at

1000 / (X + 0.1% x VD),
where D repraesents the intermal diametsr of said pipe in
millimetres and X rsprasents a value equal to er greatar than
5.0.

2. A method for transpcrting a flowable soluzion of
cellulose in aqueous N-methylmorpholine N-oxide through a
pipe, the temperazture in degrees Centigrade of said solution
at the interior wall of said pipe being concrolled at

1000 / (¥ + 0.23 x VD),
where D represents the internal diameter of said pipe in
millimetres and Y represents a value equal to or greater than
5.4.

3. A method according to claim 1, wherein X reprssents
a value egual to cr greater than 5.25.

4. A method according to claim 1, wheresin X represents
a value ecual to cr greater than 5.5.

5. A methcd according to claim 2, whersin Y represents
a value ecual to or greater than 5.65.

6. A method accozding to claim 2, wherein Y reprssents
a value equal to or greater than 5.5.
7. A methcd according to any one of the preceding

claims, whersin said solution comprises 10 to 25 percent by
weight cellulose and 7 to 13 percernt by weicht water.

8. A methed according to any one of the preceding
claims, wherein said scluzisn conprises zn additive which

. REPLACED
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plalned W th referencetoth npanyi ng drawi ng, in which: _Fi gure

cQ
Is a graph of get epce r]D, where T I's dopq ¢ :
[err] Cand Dis th i E di aneter, and F|H U @@hmf§H%ET
_graph of T.agai nst have the sane nearlings as in
Figure 1. 23 JAN 1938

..ll..

limics dscomposition at elevated temperacures

§. A mechcd according to claim 8, whersin said zddicive
is propyl gzllate at a concentracicn of 0.03 to 0.2 percant
by weight.

10. A method accorzding to any one2 of the pracedin
claims, wharein the ncminal external diameter of said pipe is
at least SO0 mm

11. A method accerding to claim 10, whersin the nominal
excternal diameter of said pipe is no more than 300 mm.

12. A methed according to claim 10, whersin the nominal
external diametsr of said pipe is in the range 100 to 200 mm.

13. A methed according to any cne of the preceding
claims, whersin the temperaturs of said solution in said
centre of the pipe is at least  100°C.

14. A method according to claim 13, whereia the
temperacure of said solution in said centrs of the pipe is at
least 105°C.

is. A methed according to any cne of the preceding
claims, whezein the temperature of said soluticn in said
centre of said pipe is 10 to 15°C higher than the temperaturs

of said soluticn at said interior wall of said pipe.

16. A methcd according to any cone of the presceding
claims, wherein said pipe is ecuipped with a thermostatic
jacker.

17. A method according to claim 16, whersin said
thermostatic jackat is a hollow jacket throucgh wkich water is

irsulatced.

18. A method according tc any cne of the preceding

A A O TRIS SHEET HAS BN
* [ L M S %*
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Referring to Figure 1. line 1 corresponds to the equation.

1000/ T=-5.5 + 0.98x[err] D representing the relationship between a preferred

max- imumtenperature of the dope in the centre of thanEP‘EﬁCmﬂNT@-IEET
internal diameter of the pipe. Line 2 corresponds

23 JAN 1938

- 12 -
claims, wherein the flow rate of said solution of czllulose
throuch said pipe is in the range 0.1 to 10 m/min.

15. A me:zhzd according to claim 18, whersin ths flow
rats of said sclucion of cellulese thrcuch said pipe is in the

range 1 teo § m/mia.

20. A mechod of manufacturing a shaped cellulosic
product which iacludes the steps of dissolving csllulose in
an agueous N-methylmorpholine N-oxide to form a solution,
transporting the solution through at  least one pipe and
passing the sclution into a coagulaticn bath to form the
shaped cellulosic product, characterised in that the solution
is transperted thrsuch the pipe in accordance with the method
of any one of the preceding claims.

21. A methed as claimed in claim 20, charactexised in

that the shaped cellulosic product is a cellulosic fibre.

22. A method as claimed in claim 20, characterised
in that the shaped cellulosic product f£ilm.

I —
heet Has Been Replaced
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to the equation 1000/T =.5.9 + 1.15 x [err] D representing
the relationship between a preferred max- inmumtenperature of the dope at
the interior wall of the pipe and the internal dianeter of the pipe. Line 3
corre- sponds to 105[err]C, which is apreferred mnimumtenper- ature for
the dope in the centre of the pipe. The data points represented by squares
correspond to dope tem perature in the centre of the pipe the data

poi nts represented by crosses to dope tenperature at the | RERIfA i
as recorded in Table 1 bel ow CEMENT SAgeT

23 JAN 1998
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ABSTRACT

A method for transporting a solution of cellulose in
aqueous N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the
centre of said pipe being controlled at 1000/(X + 0.19 x VD)
and/or the temperature of said solution at the interior wall
of said pipe being controlled at 1000/(Y + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres,
X represents a value equal to or greater than 5.0, and Y
represents a value equal to or greater than 5.4.

This Sheet Has Been Replaced
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Table 1 0 inches Centre [err]C \Vall [err]C

146 133 : 3 a0 1407 127 Aboa|® -9

133 121 6 125.5 114 8

121 109 . 10 117 105 (1 in

= 2,54 XA0[err]n) ° "*The data points bn Table 1 have been determ ned
Majag

Transport Of Solutions Of Cellulose Througe Pipes

ABSTRACT

A method for transporting a solution of cellulose  in
aqueous N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the

5 centre of said pipe being controlled at 1000/(X + 0.19 x VD)
and/or the temperature of said solution at the interior wall
of said pipe being controlled at 1000/(Y¥ + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres,
X represents a value equal to or greater than 5.0, and Y

10 represents a value equal to or greater than 5.4.

-
~
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- 11 -  gApHeaty—to IJ.'U i de a safety margin of at | east 1Oﬁe(?P]CE5&8tvgbn
the 'dope centre of the pipe and the tenperature at which

»spont anequ ernT fadt i on nmay take place when the dope contains about
0.05 to gb Utﬂ 9 g%pb}gggei ght propyl gallate. It will be
_ 1
_ tlalqq
TRANSPORT OF SOLUTIONS OF CELLULOSE THROUGH PIPES

— -
%‘C
[z,
==

This invention reiates 1o the transpert of solutions
" ol callulose n a lertiary amine N-oxide, in panicular N-
" methyimorpholine N-oxide, through pipes.

N is known that cellulose fibre can be made by ex-
trusion ol a solution of callulose in a suitable solvent inta
'a coagulating bath. One example of such a process 1S -
described in US Patent 4.416,698 (McCorsley-(l]), Cel-
lulose is dissolved in 8 soivent containing a tertary
amine N-oxide (which may alsc be called 1ar bravity an
‘arnine oxide), for example N-methylmorphaline N-oxide
(NMMO). The solvent may also contain a proportion of
a non-soivent for celiulase, for example water. The re-
sulling solulion is extruded through a suftabla die lo pro-
duce filaments, which ars coagulaied. washad in waler
to remove the solvent, and.dried. This process of extru-
sion and coagulation is refarred 1o as "solvent-spinning”,
and 1the celiulose fibre produced thereby is referred 1o
as "solvent-spun” cellulose fibre. {1 is also known 1hat
ceilulose fibre can be made by extrusion aof a salution of
a cellulose derivative into a regeneraling and coagulat-
ing bath. One sxample of such a process is the viscose
precess, in which the cellulose derivalive is cellulose
xanlhale. Solvent-spinning has a number of advantages
over other known pracesses for the manufacture of cel-
lulose fibre such as the viscose process, for example

- reduced environmenial emissians. _
US Palent 4,418,698 describes a methad of prepar-
ing a solution of cellulase in 2 tentiary amine N-oxide and
‘a method for preparing a shaped article such as a fibre
from such a solution. A mixture of the tertiary amine N-
oxide containing the preferred amount of water and the
cellulose are ground to the same predstarmined particle



'_'U

'obs'erved that the agre %ﬁFEMENMEFh, rel evant equations and the data
points is excellent Referrin SEKF gure 2, line 1 relates dope tenpera-

v

_ture in the centre hﬁ?pl&&?ﬂ Fnal pipe dianeter when X= 5.5. line
2 rel ates dope tenpegrature at the | 1| of the pipe to internal pipe

di ameter when Y = 5.19, and line 3 corrpspdnds to 1 05[err]C. The data

p0| nts of Table 1 ar epresented by slguares and crosses as in Figure 1.

. size and charged simultaneously 1o the barrel of an ex-
- trudef. The preferred 1emperature range in the barrel of
' the e:nruderior processing the mixture of callulose and
"~ solvent theraby dissolving 1he tellulose is from about
. .90°C 1o about 140°C. Degradation of the cellulose can
be avoided or subsiantially reduced by dissolving the .
cellulose in the barrel of the exirusion apparatus. exlrud-
- ing the solution to form a film or filament and promptly

precxpnanng 1he cellu!ose before degradauon of Ihe cel-
lulose.

- US Patent 4,426,228 (Brandner et 2l) describas a
- solulion of cellulose in 8 solvent which is a leniary amine
N-oxide optionally mixed with a non-soivent for the cel-
lulose and a method of preparing the same. The solution
may contain up to 25% by waight of the non-solvent. for
example waler. The solulion additonally comprises an
additive which limits polymerdecombosnion al elevaied
lemperalures so that the solution is only slightly col-
oured and cellulose anicles made there from exhibit im-
proved propenies such as strength. One example oi
such an additive is propyl gallale used at 0.07 10 5% by
weight relative 10 the solvent. US Palent 4.428,22E also
describes a method of preparing such a solution in
which the celiulose and the solvent are processed al
lemperatures betwsan 70°C and 130°C until the celly-
lose has been dissolved. A solution containing 5 to 29,
by weight celiulose is panicularly appropriately pra-
pared by processing at tamperatures between 70°C and
100°C. In order 1o hold the processing tima as low ag
possible and to anain high production rates, tempera-

lures between 100°C and 150°C or between 115°C and
130°C may be used.
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-12- ' €t II\/S 1. A nethod for transporting a
f.l owabl e sol uti on of ?7 %gs n agueous N-net hyl nor phol i ne N oxi de
t hrough a pi pe of ngm pal externa iapeter in the ) range from25 to
300 mm the tenperatjure Th degrees 3 Centigrade of said solution in

the centre of said gipe be-

Il is known thatthe solunons ol cellulose in @ tertiary

. amine N-oxide exhibit high viscasity, particularly those
‘solutions which conlain more than about 10% by weight, -
for example 10 to 25% by waeight, cellulose. Solutions
containing such relatively high concentrations of cellu-
lose ars desirably used in the commoarcial manuiacture
of fibre and film both to reduce processing costs and in
particular because extrusion of such solutions leads 1o
the production of fibre and film with improved physical

- _properties, far example 1ensile strength. ltis also known
that the viscosity of such solutions decreases as their
temperature is raised. It is therefore desirable fo trans-
pon such solutions at high 1emperature in order 10 re-
duce the pumping costs associated with transponting
'hlgh viscosity solutions.

It is also known hat solutions of cellulose in a leni-
ary amine N-oxide such as NMMO are liable to dagra-
dalion when storad al elevated temperalures. Such so-
lutions may become discoloured when siored al iemper-
atures above about 130°C. It is also known that uncon-
rolled exothermic reaction may occur when such solu-
lions are siored at temperatures above aboul 170°C. 1
has turther bean cbserved that such uncontrolied exo-
thermic reaction may occur even when such solutions
are stored for exiended pericds of lime at temperatures
considerably below 170°C. This fact has hampered the
commercial devalopment and utilisation of solventspin- -
ning processes, because the risk of uncontrolled exo-
thermic reaction is nat 3ccepiable in industrial-scale
plant. The risk has previously been rminimised on the
laboratory or pilot piant scale by extruding the solution
immediately afier its preparation, so minimising the time
during which the solution is slored, However. this solu- -
tion is less than satisfaciory for indusirial-scals produc-
lion. both because il is desirable to submit the solution
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ing controlled . 1000/ (X + 0.19 x [err] D). wher e
O- represents thel i pternal dianetlerfof said pipe in mllinetres and X
represnts a val ye Eﬂgaﬂ SEP 1999 tjo pr greater than 5.0. 2. A nethod for
transporting a ro le solutio cel | ul ose in aqueous

N- et hyl mor phol ijne N-oxi de rough a pi pe of nom nal external
di ameter in the :

Cent i gr ade of sHf -?%ﬁﬁ,%ﬂe%#ﬂgféfc era rrgnlar}bgegre:aﬁg
~controlled at  belwsan preparation and exirusion, anc becauss nis
: L not possible 1o assemble the glements of industrial
scale plant in as close a spatial rglationship as the ele-
ments of laboratory or pilot plant apparalus.

The invention provides in a first aspesl a method for
transporting a flowable solulion of cellulose in aqueous

" N-methylmorpholine N-oxide through a pipe of nominal external
diameter in the range from 25 to 300 mm the temperature in.
degrees Centigrade of the solution in the centre of the pipe
being controlled at no more than

1000/ (X + 0.19 x ~D)

‘where D represents the internal diameter of the pipe in
millimetres and X represents a numerical vaiue. The val
ue of X may be equal to or greater than 5.0. in prelerred

embodiments of the invention the value of X is 5.25 or

5.75, and in a particularly preferrad ambodiment the val-

ue of X is 5.5.{1 the internal diameter of the pipe is meas-

ured in inchas the value 0.19 in the above-noted sxpres-
sion should be replaced by 0.98. |

The invantion further provides in a sscond aspect a
method for transponting 2 solution of cellulese in ague.

ous N-methyimarpholine N-oxide through a pipe of
nominal external diameter in the range from 25 to 300 mm, the

temparature in degrees Cenligrade of the solution atthe
interior wall of the pipe being controlled at nc more than

1000/ (Y +0.23 x VD).

where D represenis the internal diameisr of the bipe in
millimatres and Y reprasents a nurmnericalvaiue. Thaval-
ue of Y may be equal 1o or greater than 5.4, in prefarred
embodiments of the invention the value of Y is 5.65 or
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1000 / (Y +0.23 x [lerjr] D). wherg¢ ) represents the internal dianeter of
sai d pipe in mllijndg 7eSERNY9Y fedresents a val ue equal to or greater
than 5.4. 3. A nefhdd_according t¢ dlaimi1, wherein X repre. sents a
val ue equal to or g¢reater than 5.25. | 4. A nethod according to claim1,
wherein X repre- sents a val ue ecd%l to or greater than 5. 5 5. A

nmet hod according to claim?2, wherein Y repre-
. - B8.15, andin a particularly prefgrred embodiment the val-

“-ue of Y is 5.9. I the imernal diameter of the pipe is meas-
ured in inches, the value 0.23 in the above-noted ex-
pression should be replaced by 1.15.

The solution of celluicse in N-methyimorpholing N-
~oxide may be referred 10 hereinafter allernatively as the
"Hope”, o
The dope may for example comprise by weight 10
10 25%, preferably 13 1o 17%. celiulose and 7 10 13%
watar. with the balance being largely NMMO. The dope
preferably contains an additive which limits polymer de-
compaosition al elevated lemperatures, as described for
example in US Patent 4.426.228. 1or exampie pmpyl'
gallale. The dope preferably contains 0.01 1o 0.5%,
mare prefarably 0.05 1o 0.2%. by weight propy! gallate.
It has been found that \he presance of such an addltive
increases the lemperature a1 which the dope may be
stored and transported without undergoing exothsermic
decomposition by several degress Centigrade. for ex-
ample by 510 10°C.

Use of the value 5.5 for X or of the value 5.8 for the
value Y is believed 1o give a safety margin of at least
about 10°C betwesn the temperatura of the dope in the
centrs of the pipe and the 1emperature at which spon-
lanecus exothermic decomposition may occur during
operation when the dope contains an additive as here-
'inbefore described.

The pipe preferably at least 2, 3 or 4 inches (50, 75 or

100 mm) in external diameter. The pipe is generally no.more than

110 or 8 inches (250 or 200 mm) in external diameter. Pipes of 6.

inches (150 mm) external diameter may also be used. Pipes of 4.to



sents a val ue equBEFHACERMENT SHEBT k han 5.65. 6. A method according to
cl-aim 2. wherein repre- sgntjs a val ue equal to or greater tnan 5.09.

13 . 07 SEP 1999
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8 inches (100 10 200 mm) exiernal diameter may be pre-
tefred. |t will be nolad thal the equalions defined in the
methods of the invention relale the 1emperaiure of the
dope to the internal diameler of the pipe, wh_ereas. the
preceding numbers refer1o the nominal exiemal diam-
eter of he pipe. Pipework is generally specified and ;old :
commercially by relerence 1o its nominal externai diam-

. elal

The flow rate of the dope through the pipe may be
for example in the range 0.1 10 10 m/min. preferably 1
10 5 m/min. | :

The methods of the invention have been found to
be genarally lass satisfactory for vessels of large diam-
glerthanior pipes of about 1.2 inchas (300 mm) diameter
or belaw, tor example filters and tanks having intemal
diamelers in the range about 20 ta about 40 inches (300
mm 1o 1000 mm). Such filters and 1anks may in general
be operated a! 3 lemperalures several degrees above
Ihose according 10 the method of the invantion, at least
during continuous aperation. | |

The tamperalure of tha dope in the pipe both at the

- wall of the pipe and in the centre ol the pipe may be "
controlled by equipping the pipe with a thermostatic
jackat, for example 2 hollow jacket containing a circu-
lating heattransfer fluid such as water. The temperature
of the thermostalic jackst is generally maintained below
the temperaiure of the dope al the cantre of the pipe 10
provide some external cocling and thereby remove any
heat genarated by any exothermic reaclion which may
1ake place in the dope. The temperature of the thermo-
stalic jackat is essentially the same as that of the dope
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7. A nethod accordifngf to any one ofj the preceding _claims: wherein said
solution conprises |10 t@ 728EP 199gerjcent by wei ght cellul ose and 7 to 13

- percent by

pr ecedi ng

limts deconpostionp_at el evated tenpgr
to cla|n15 wherei n said addi -

. at the wall of the pipe. it has been found thal siow exo-

wei ght} water. 8. A|ngthod according to any one of the

clai s, wherern sal' scl;tion conprises an additive

thermic reaction may take place in dope stored at1am-

: peratures consaderably below 170°C. the temperature -
". in which spomaneods dacompasition is known 10 occur.

Use of such external cooling means is therelore nre-

-~ ferred. It will be understood {rom the above that the val- -

ue ol Y is generally higher than the value of X, In par-
ticular it may be preferred that the value of (Y-X) is about
0.4. Tha \emperature of the dope in the centre of the
pipe is generally about 10 to about 15°C, preferably
about 11 10 about 14°C. highsr than the tempsrature of
the dope a1 the wall of the pipe. although it will be un-
derstood that this preterred temperature difference is 1o

a some extent dependent on the internal diameter of the
pipe, The 1emperature of the dope may be contrelled by

suftably varying the flow rate or the temperalure of {he
heal transfer fluid acling as cooling medium. .

" The minimum temperature of the dope in the centre
of 1he pipe is preferably al least 100°C, more preterably
al least 105°C. It has been found that the viscosity of
the dope is sufficienily low for the dope to be pumped
through pipes in a commercial scale factery when it has

 alleastsucha mimmum 1empera1ure A dope containing

about 15% by weight cellulose may exhibit a viscosity
of about 2000 Pa.s (20.000 poise) &l a shear rate of 1
sec™? a1 100°C, 1500 Pa.s (15.000 poise) a1 110°C and
1000 Pz.s (10.000 poise) a1 120°C. The first aspec! of
the invention provides lor a dope {emperature in the cei-
tre of the pipe which may be 105°C or higher for all pipe
sizes up 1o at leas! about 12 inches (300 mm) internal
diameler. The preferred \emperature of the dope in the
centre of 1he pipe is between the minimum and maxi-
mum 1emperalures herginbefore mseniioned.

whi ch

tures. 9. A nethod according
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live is propyl gal{al ration of 0.05 to 0.2 percent by
weight. 10. A net o gmgwgo apy one of the preceding cl ai ns.
*wherein the nomn erna I ane e of said pipe is at |east 50 nm
11. A nethod accordi t Re precedi ng cl ai ns, wherein the
nontnal external djaneter of said p| pe i s in the range 100 to 200 nm
12. A method according t0 any one of the preceding clains; wherein the

tenperature of saiRrceessing dircellulose and solvent 10 dissolve the
' - . cellulose may provide dope at a hngher iemperature than
_ that required by the methads of tha invention, and in
* such a case the hat dope may be cooled to the desired
tempaerature shorlly after dissolution. by passage
through 2 suitable heat exchanger. It may be desired to
‘extrude the dops to torm fibre or film at-a higher temper-
ature than that required by the methaods of the invention, -
for exampla to obtain optimum tensile properties, and in
such a case the dope can be warmed to the desired tem-
perature shortly before extrusion by passage through a
suitable heat exchanger. One exampie of a suitabie type
- of heat exchanger is a shell-arid-tube heal exchanger
in which the dopse passss through the tubes, the tubes -
being equipped with stalic mixsrs which serve 10 mixthe
dope and so improve the efficiancy. of the heal ex-
change, and. the heat \ransfer medium passes through
‘the shell, as available tor exampls from Kenics Corpo-
ration. Another example of a suitable type of haat ex-
changer consists of a chamber containing a sinuous
tube. the heat transfer medium passing through the sin-
uous tubse, and the dope passing through the chamber
ovar the wbe, as available for sxample from Gebrueder
Sulzer Ag under the Trade Mark "Sulzer SMR".

Use of the methods of the invention pemmits solvent-
spinning of celilulose 10 be carrigd out sately on the in-
dustrial scale. The methods of the invenlion have the
advaniage that additional procass items, for exampile fil-
ters, mixers and buffer tanks, can be intarposed be-
tween lhe dissolution apparatus and the extrusion ap-
paratus. They have the further advantage that pipes
comtaining dope do not need to be emnptied if dopa trans-
port is stopped for any reason. for example 1o aliow plant



said centre of the pipe is_at |east 100[er ]BEPLACEMEM SMERToqd according to
claim 12 wherein the tem perature of $aifd—sotruttonr—msdid centre of
t he pipe is at least 105[err]C, 14. A thoﬂsa? gggng o any one of
t he preceding clains, wherein the genperature of said polfution in
said centre of said pipe is 10 to 15[ err] C higher—ttam t he tenperature
of sald solution at said interior wall iof sai d :pi pe,

maintenance such as filter ¢ n the
L -plpe is advantageously cooled 10 lowar temperalure for
_ example around B0°C, during such a stoppags by cir-
- culation of cool heat transfar fluid through the therme-
static jackel. The dope so cooled can be warmed to ths
required temperaturs tor transport after the stoppags by
increasing the temperature cf the heat transfer fluid.
'Neverheless. such addilional process items are prafer-
ably emptied during such a stoppage and refilled after-

wards. ;
Praclical experiencs and experimen! bears out the
_value of the methads of the invertion, in particular in
reducing the occurrence of uncontrolled exothermic re-
action o an acceptably vary low value. This is especially
remarkable in thal the eguations upon which they rely
have no apparenttheoreticaibasis. In particular, itis sur-
prising that they should invalve the square root of a lin-
ear dimension, namely the interna! diameter of the pipe
rather than either the dimension itself or its square or
cube, which are proportiona! to su 'face arsa and volume

respectively,

The invention will now be 'nore pamcularly ex-

plained with reference to the accompanylng drawnng. in
. which: . -

Figure 1 is a graph of 1000/T against VD, where T
is dope temperature in °C and D is the internal pipe

diametar, and

Figure 2 is a graph of T against D. where Tand D
hav§ the same meanings as in Figure 1.



14 15. A nethod according to any one of tHd‘ﬁ?MQBMENB SHEET: | o ns, wherein
said pipe is equipped with a ther- nost fl JaCKet . '
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| Referring 16 Figure 1, line
- .equation . '

| 1000/T = 5.5 +0.98 x VD
- rapresenting the relationship between a prelerred max-
_imum temperatura of the dape in the cenire of the pipe

and the internal diameter of the pipe. Line 2 correspands -
. 1o the equation

1000/T=5.9+1.15x VD

representing the relationship between a praterred max-
imum temperature of the dope at the interior wall of the
pipe and the interndl diamster of ths pipe. Line 3 corre-

* spands to 105°C, which is 2 preferred minimum lemper-
‘ature for the dopa in the centre of the pipe. The data
points reprasented by squares correspond 1o dope tem-
perature in the centre of the pipe and the data points
represented by crosses 1o dops temperature at the wall
of the pipe as recorded in Table 1 below;

Tablo 1
O inches | Centra¢C | Wall °C
2 148 133
3 140 127
4 133 121
6 125.5 114
8 121 109
10 117 108
(1in = 2,54 X 10*¢m)

The data points in Table 1 have besn determined



16. A method “according to claim 15, wherein s&REFLAGBMENT SHERSS| atic j acket
i.s a-hollow jacket through which wa- terji Fcrrcurated— 1V. A net hod.-

according to any one of the preceding cl af mp nvjmggp r}ggg1e flow ral e of
sai d sol ution of cel- | ul ose throughtisaid| p|pe is in the fahpge 0.1 to 10

m mn. 18 A nethod according to claim 7vmere|ntneT oW ral e of

said soI ution Ofeﬁfﬁli‘wﬁfté rﬁmaesgl ga?eﬁe 0°C
. betwsen the dope temperature in the cemre of the pipe
and the temperature at which sponianeous exothemmic
reaction may take place when the dope contains about
0.05 to about 0.2% by weight propy! gallate. It will be
observed that the agreement beiween ths relevant
equations and the dsta points is sxcellenL
Referring 1o Figure 2, line 1 relates dope tempera-
wre in the centre of the pipe to intemal plpe diameter
when X=5.5. line 2 raelates dope temperalure at the wall
of the pipe o internal pipe diameter when Y = 5.9, and
lina 3 corresponds 10 105°C. The data points of Table 1
are represented by squares and crosses as in Figure 1.




isintherange 1 to 5 mMmmn. 19. A netnod 7 al shaped
cellulosic product which includes the st Mﬁewg‘gﬁ I-ﬁ.g_T al -

l1ul ose in an aqueous N-nethyl norpholi ns N- ox| d€ to formp sol ution,
transporing the solution through - eas png i SeP éﬂ&ﬁ Asei ng the
solution into a co- agul ati on bat h ofmit he shaped | ul osi ¢ prods
uct. characterised in that the solution |s t f ansponed t hroigh t he pi pe

in accordance with the method of LRAMS1 of the preceding ¢l ai ms.

1. A method for transporting a flowable solution of
 cellulose in aqueous N-methylmorpholine N-oxide
through' a pipe of nominal external diameter in the
raﬂge from 25 to 300 mm, the temperature in degrees

Centigrade of said solution. in the centre of sa1d pipe be- -
ing ..ontrollad a '

1000/ (X + 0,19 x YD),

‘wherz D.rearesents the imemal diameter of said
pipe in millimetras and X raprassnts 3 value egual
to or greater than S.0.

‘2, Amethad for transpaning a flowable solution of cal-
luicsa in aqueaus N-mathyimorpholine N-oxide
through a pipe of nominal external diameter in the
range from 25 to 300 mm, tlie temperature in degrees
Centigrade of said solution at the interior wall of

said pipe being controlled at
1000/ (Y +0.23x wID)

whera D represents the intemal diamater of said

pipe in millimetras and Y reprasents a value equal
10 or greater than 5.4. '

3. A memad acz crdlng to claim 1, wherein X repre-
_sents a value equal 10 or grealer than 5.25.

4, A msthod écccrd'mg to claim 1, wherein X repre-
sents 3 value squal to or greatarthan S.5.

§. A methed according to claim 2, whersin Y repre-
sents a value aquai to cr greater than 3.63.

€. A mathod accarding to claim 2, wharsin Y repre-
sents 3 vaive equal 1o or greatar than 5.9.

* [ L M S *




20 A nethod as cl ai ned ih claim 19 ;, char actfert

SEd T nat] t he shaped
cel llulosic product is a cellulosic ii- brsREPbﬁCEMﬁNﬁﬁﬁgg‘F s clainmed in
‘claim19 , characterised in t hat the shagedrcarturosic prjoduct is
cellulose film - 07 SEP 1399
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7 ‘A methed according to any one of the precading

- claims, wnerein said solution comprises 10 1o 25

" percant by weight zsllulose and 71013 percent by
weaight water,

. 8. A methea according [0 any one of the preceding
claims, wheremn said solution comprises an additive
whick limiis decompesition at elevated tempera-
fures. ' -

. 8, A methcd accerding to claim 5, wherein saig addi-

" live is propyl gallats at 3 concentration of 0.05 to
0.2 percent by wetght

10. A method according to any ona of the precading
- claims. wherein the neminal external diamater of
s3id pipe is at least 50 mm. |

~ 11. A method according to any one of the preceding claims,
wheréin the nominal external diameter of said pipe is
- in the rangelOOtoZOOmm
12. A method according to any one of the preceding

claims: whereln the tamperature of said solution in
said cantre of the pipe is 3t laast 10Q°C.

13. A methed aceording Lo claim 12 ‘whargin the tem-
peraturs of said seiution in said centre ol tha pipe
is at jaast 105°C,

14. A method according to any ona of the preceding . -
claims, wherain the temperature of said solution in
said cantrs ol said pips is 10 1o 15°C higher than
tha temperaturs of said solution at said interior wall
of said pipe.

A



BEET dcterised in

22. A net hod "accordi ng to any one of clains L9REP7LA EMENT S
. _

that the tenperature of the solution s | e{through a
heat exchanger shortly after the dissolutidn ste efone the
transport step. 23.. A nmethod according to any orﬂe%ogﬁglngggns 19 to 22,

charaterised in that the tenperature of the dollutiom ts—t ndr eased by.
passage through a beat exchanger after 14 tHe transport step gnd shortly
before the step of passing - '
o 13 A methad acearding 1o any one of the praceding
claims. whersin said pipe is squipped with a ther-

mastalic jacket. -

16. A methad aczarding to claim 15, wherem said ther-

mostalic jacket is a holiaw jacket thraugh which wa-
ter is circulated. '

17. A rtr\athod according o any ene of the pfece:ting '
claims. whergin tha flow rale of said solution of cel-

lulose through said pipe is in the range €.1 16 10 mv
min, T

18. A method according 10 claim 17 wherein the flow

rate af said sclution of cellulose thraugh saig pipe
_i8.In the range 1 10 5 m/min. ]

19. A ‘metnod of manufacturing 3 shaped celluiosic
* product which includes the steps of dissalving cal-
lulose in-an aqusous N-methylmorphaline. N-oxide
1o form g seiution, ransporting the solution through
at leas! one pipe and passing the solution into a co-
agulation bath to form the shaped caliulosic prods
uct. characterised in that tha solution is ransponed
through the pipe in accordance with the methoc of

any one of the praceding claims. -

20- A method as claimed in claim 19 , characterised in
that the shaped cellulosic precuet is a celiuiosic fi-
bre.

21.. A method as claimed in claim 19 , characterisad in
that tha shaped callulosic product is cellulose film.

[T



the solution into the coagulation bath.  [Topp| AGEMENT SHEET
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_22. A method according to any one of claims 19 to 21,
* characterised in thai the te;nperatnre of the solution
is lowered by passage through a heat exchanger shortly
after the dissolution step and before the transport step.
23.. A method according to any one of claims 19 to 22,

charaterised in that the temperature of the solutiom
is increésed by passage through a heat exchanger after
the transport step and shortly before the step of passing
the solution into the coaguldtion bath.

AT
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TRANSPORT OE SOLUTIONS OF CELLULOSE THROUGH PIPES

ABSTRACT

. A method for transporting a solution of cellulose in
aquecus N-methylmorpholine N-oxide through a pipe, the
temperature in degrees centigrade of said solution in the
centre of said pipé being controlled at 1000/(X + 0.19 x vD)
and/or the temperature of said solution at the interior wall -
of said pipe being tontrolled at 1000/(Y + 0.23 x VD) where
D represents the internal diameter of the pipe in millimetres, .
X rephresents a value equal to or greater than 5.0, and Y
represents a value equal to or greater than 5.4.
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