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Backaground of the Invention

1. Field of the Invention
This inventicen relates to a method of forming solutions
5 and has particular reference to forming solutions of
cellulose in tertiary amine N-oxide solvents.

2. Description of the Related Art
For many years shaped cellulose products such as fibres
have been produced from cellulose by the formation of a
10 cellulose compound which can be processed. Typically, the
cellulose compound is cellulose xanthate.

More recently, proposals have been made to form shaped
cellulose articles by forming true solutions of cellulose in
a solvent and spinning the solvent to form a fibre or film.

15 A preferred form of solvent is a tertiary amine N-
oxide, typically N-methylmorpholine N-oxide. Although
cellulose can be dissolveq in such cyclic compounds, it has
proved difficult to dissolve it at rates which are
commercially acceptable.

20 In US Patent 4,246,221 there is described a process for
forming a true soclution of . cellulose in which there is
prepared a premix of cellulose, a solvent such as a tertiary
amine N-oxide and a non-solvent for cellulose such as water.
A premix of the three components is made, and on heating the

25 premix to evaporate the water, a true solution can be

formed.

The US patent referred to above describes forming the
solution particularly by heating the mixture in an extruder.
~There is however description of alternative various tybes of
30 equipment, in particular thin-film evaporators. Thin-film
evaporators are well known as being suitable for the
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evaporation of meisture or liquid from a viscous solution.
The premix of cellulose solvent and non-solvent is a viscous

i L -
mixcure.

An unusual aspect of the process of heating the premix
and evaporating the water is that the result is to form a
true solution of cellulose in the amine oxide. This
solution is quite viscous - having a viscosity of typically
50,000 to 10,000,000 centipoise - and is more viscous than
the premix which is the starting material. Thus, the
resultant product from the thin-film evaporator has a higher
viscosity than the starting material but is a true liquid
whersas the premix is not. In normal operations the
evaporation of a product from a material tends to result in
the production of a solid as the material is processeé.

‘ _

Por the production of a solution capable of being spun
into fibres it is necessary to form a solution containing
very little, if any, undissolved cellulose. It will bhe
appreciated that the solution is formed into fibres by being
spun or extruded through a jet plate containing many fine-
diameter holes. Typically, the holes will have a diameter
of 250 miéfons or less. Such holes quickly become blocked
if the product passing through them is not a true solution.

Although the use of a thin-film evaporator is described
in US-A-4,246,221 and is illustrated in EP-A-0,356,419, it
has been discovered that there are economic problems
associated with the scaling-up of the process for forming a
true solution from a laboratory-scale to a large commercial-

scale system.

Laboratory-scale thin-film evaporators having four
blades and a heated surface area of about 0.5 m2 have been
found readily to produce a solution in accordance with the
teachings of US-A-4,246,221 and as illustrated in EP-A-
0,356,419,
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On attempting to cazry out the same process utilising
thin-film evaporators having a heated surface area of im2 or
above it has been found. that a large increase in electrical
(o rotor-induced) energy is recuired to obtain a cocmplete

tn

solution of commercially viable quantities of the cellulose
in the tertiary amine N-oxide. As the rate of production of
solution is increasesd, there is a disproportionate increase
in energy consumption.

A  thin-film evaporator <comprises an evacuable
10 vertically orienteé cylinder heated on the outsiée and
containing a central rotatable shaft provided with paddle
blades which distribute the material to be heated over the
internal surface of the cylinder. As the central shaft is
rotated the material passes down the evaporator, under the
15 combined saction of gravity and the paddles, to be subjected
to heat and a vacuum within the thin-£film evaporator. At
the lower end of the cylinder the heated and processed
material is removed by any suitable means. The nor'mal-
arrangement for the paddles is to provide them in four

20 vertical rows spaced at 90° around the central shaft.

It has now been discovered that with larger thin-film
evaporators (by which is meant thin-film evaporators having
a heated surface area in eicess of 1m2) it is not possible
to operate such a thin-film evaporator as described ia the
25 prior art in a method which will produce a satisfactory true
solution of cellulose in tertiary amine N-oxide at an energy
consumption rate in kilowatt hours of consumption per kg per

m2 (kw/kg/m2) which is economic.

Summary of the Invention

30 By the present invention there is provided a method of
. forming a solution of cellulose in a tertiary amine N-oxide
which comprises the steps of: forming a premix of a tertiary
amine'N-oxide, water and cellulose, heating the premix under

a pressure lower than atmospheric in a vertically mounted

35 thin-film evaporatcr having a heated innez _surface and a
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ntral shait witl padéle blades disposed along the shaft so

e
that, on rotation of the shaft, material in the evaporator .
will be contacted by two cr more blades, evaporatiag the
water from the premix to a level such that the cellulose
forms a solution in the amine oxide and removing the
solution from the thin-film evaporator, charactasrised in
that the heated surface has an area in the range 1m? to
125m2, the rotor is rotated to give a tip velocity of up to
8 metres/sec., a separation is provideé between tips of
acdjacent blades iz the range of 65mm to 17Smm, a vacuum in
the range 25 mill ibars to 100 millibars is apnlled and the
heated surface is heated to a temneratufe such tha;, under
the conditions of applied vacuum, the solution is removed at
a2 temperature irn the range 90°C to 135°C.

Suitably the surface area is in the range 10m2 to 125m2
preferably 10m? to 75m2 and the separation between blade
tips is preferably in the range 75mm to 150mm.

Preferably the rotor blades are located at intervals of
5° to 15° or 5' to 10° around the circumference of the

rotor..

The paddle blades - may be symmetrically or
asymmetrically arranged about the central shaft. The paddle
blades may be disposed in sets vertically spaced along the
shaft. Each set may have the same number of blades, or the
upper half of the shaft may have more blades than the lower
half, or alternatively the blade density may be varied along

the shaft.

The blades may be spirally arranged about the shaft
with adjacent blades being angularly and axially spaced from
one another.

The blades may be fixed blades and may be provided with
teeth. '
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The bladés may be aligned in the same direction as the

rotational axis of the shaft, or may be inclined so as to
force material ccwnwards through the tkin-film evaporator.

The central shaft may conveniently be revolveé at a
speed in the range 40 to 75 revolutions per minute (RPM). A
speed of the tips of the blades in the range 2.5 to s,
preferably 2.5 to 4.5, metres/second woulé be typical.

The tertiary amine N-oxide is preferably: a cyclic
mono(N-methyl amine- N-oxide) such as N-methylmorpholiae N-

oxide.

Suitably the solution is manufactured at an exit
temperature in the range 100°C to 115°C. Conveniently the
premix is fed into the thin film evaporator at a temperature
between dmbient and 95°C, preferably between 75°C and 85°C.

The cellulose preferably has been derived from wood but
may have been derived from cotton linters or other suitable

cellulosic sources.

Preferably the solution contains 7% to 35% by weight
cellulose, 15% to 4% water and the balance amine oxide.

The central shaft may be hollow and may be provided
with integrally formed projecting blade root members to
which the blades may be attached. The blades may comprise
strips with integrally formed teeth. The teeth may comprise
10 to 40% of the vertical length of the strip. '

Brief Description of the Drawings

By way of example embodiments of the present invention
will now be described with reference-to the accompanying

drawings, of which:-

Figure 1 is a schematic sectional view of a system in

accordance with the present invention, ]
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Figure 2 is an end view c¢f the top of the rotor ¢? the

system shown in Figure 1,

igure 3 is a more deta ed view of a blade to rotor

Leh |

connection,

Figure 4 is a perspective view of the arrangement of
Figure 3, '

Figure S 1is a schematic view of an alternative

structure of rotor,

Figures 6a and 6b are schematic perspective views of

different rotor desigas,

Figure 7 is a graph of energy consumption and capacity

against rfotor speed,

Figure 8 is a graph of energy consumption against
capacity, and

Figure 9 is an extended graph of energy consumption
against capacity, derived from Figure 8.

Description of Preferred Embodiments

Referring to Figure 1, this shows schematically a
system for performing the process of forming a cellulose
solution in a tertiary amine N-oxide.

A tertiary amine N-oxide, such as N-methylmorpholine N-
oxide, is fed into a container 1 along line 2. Feed lines
are also provided for cellulose, 3, and water, 4. Typlcally,
the premix formed by mixing these components contains 10% by
wez.ght of cellulose, 50% by weight of water and 40% by
weight of N-methylmorpholine N-oxide. The three components
are mixed in the container 1 by means of a paddle screw 5
rotated by an electric motor 6. The paddle screw agitates
the mixture and passes the mixed components aiong a pipeline

| THIS SHEET Hag B BEEN
REPLACED
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to a thin-film evaporator indicated genezally by 8. The
Pipeline preferably has a diameter such txat it is always
full, otherwise a restriction may be provided in its outlet
into the thin film evaporator, so that material in the

5 pipeline 7 is not exposed to the vacuum in the evaporator 8.

The thin-film evaporator 8 comprises -a rotor
within a cylindrical member 9 which is heatsd on the outside
by means of a heating element 10. The heating element may
be an electrical heating element, or an oil-filled element,

10 or a complete stsam-filled or hot-water-filled heating
jacket. At the lower end of the cylindrical portion 9 there
is a tapered port;on 11 leading to a discharge line 12.

At the upper end of the cylindriéal portion 9 there is

a feed chamber 13 provided with an exit duct 14 through

15 which evaporated vapours may be removed. Premixed material

passes into the chamber 13 through the pipeline 7 and is

distributed around the thin-film evaporator by a distributor

plate 15 on rotation of the rotor, indicated generally by
16.

20 The central shaft of the rotor 16 is rotated by means
of an external electric motor 17.

The rotor 16 is provided with a series of blades 18
which are described in more detail below. In operation, a
reduced pressure is applied through the duct 14, whereby, on
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heating of the pramix by means of the heating element 10,
the water is evaporated during operation of the thin-film
evaporator to reduces the water content of the premix as .it
is heated.

A description of a thin film evaporator, trademark
Filmtruder is to be found in Devolatalisation of Plastics,
English translation by S. Welling, published by VDI-Verlag
GmbH, Diisseldorf 1980, pp69-97, the contents of whicha are
incorporated herein by way of reference.

This continuous heating and evaporation results in a
lowering of the water, i.e. the non-solvent, component in
the premix to such aa extent that the cellulose forms a true
solution in the tertiary amine N-oxide.

[

In the lower portions of the thin-film evaporator 8,
therefore, there is formed a viscous solution which is
pushed downwards by inclined blades 19 on a conical member
20 into the neck at the bottom of the tapered portion 11 of
the thin-film evaporator. By rotation of a screw member 21
the solution of cellulose in solvent is passed to a pump 22
driven by an eléctric motor 23. From there the solution is
passed by means of suitable pipework 24 to a spin nozzle 25.

The screw member 21 is rotated by means of an electric
motor 26', ‘and control of the electric motor 26' in
conjunction with control of the electric motors 6 and 17
controls the flow of solution through the system.

Figures 2 to 4 show in more detail the structure of the
rotor illustrated generally at 16 in Figure 1. It can be
seen from Figures 2 and 3 that the rotor comprises a
cylindrical central portion 26 having at its lower end a
tapered conical portion. At its upper end the cylindrical
portion has a terminating plate 28 to which the rotational
shaft from motor 15 is connected.

THIS SHEET HAS BEEN
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The rotor ceztzal portion 25 is essentially a hollow
cylinder hawving iztagrally projecting from it a series of
Six parallel blads roots 29, 30 etc. These blade roots

US

extend the length of the central portion 26 of the rotor.
The blade roots ars welded to ané form an integral portion
of the central regicn of the rotor.

Bolted to the roots such as root 30 are a series of
plates 31,32,33,34,35 and 36 which form the actual blades of
the thin-film evaporator. As is shown more clearly in
Figure 3, a blade plate 38 is bolted to a blade root 39 by

means of a conventicnal bolt 40. As can be seen in Figure

- 4, a blade plate 4! has a series of teeth members 42,43, 44

15

20

25

30

and 45 which extené to the far edges of the blade plate 41
and the blade plate 41 is secursed to a blade root 45 by

means of QQlts 47,48 and 49.

The blade tseth 42 to 45 may be angled to push the
viscous premix and viscous solution downwards through the
thin-film evaporator. Because the rotor 16 of the thin-film
evaporator 8 is arranged in a _vertical disposition, the
action of the inclined blades cooperates with the action of

ravity to enhance movement 'of the premix and solution
downwards through the evaporator.

As is shown schematically in Figure 5, the blades on
the central rotor portion may be staggered around the rotor
rather than being in straight lines as is shown in Figures
1 to 4. In the case of the rotor shown in Figure 5 a blade
51 is located axially and angularly spaced from its nearest
adjacent blade 52. 1In the case of staggered paddle blades,
as is shown in Figure 5, the angle between the blades should

be no more than 60°.

In EP-A-0,356,419 referred to above, it is indiqated
that the thin-film evaporator should incorporate four paddle
wheels located arouné a small-diameter central shaft, there
being a large region in the centre of the evaporator in
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wiich ‘the cellulose may mix withk the solvent ané non-

solvent.

It has been found, however, that scaling-up the
apparatus, whilst still using four blades in the thia-film
evaporator, results in a2 large and uneconomic increase in
the unit costs for the formation of a true solution of
cellulose in the solvent. It might have been thougkt that
the rotor in the evaporator was not operating quickly enough
to form a true solution. On manufacture, therefore, of a
thin-film evaporator having a surface area in excess of 1
m2, attempts were made to increase the rotational speed of
the centra; rotor, so as to increase the number of wipes per
minute experienced by the premix to increase the rate of
formation of solution. However, this increased the unit

cost significantly.

A series of tests was, therefore, carried out using a
different number of rotor blades on the rotor rather than
increasing the speed of rotation of the central rotor. For
ease of understanding how the number of rotor blades on a
rotor can be varied, it is desirable to refer to Figures 6a
and 6b which are schematic cross-sections of portions of a
rotor. In Figure 6a a central rotor shaft 60 carries a pair
of flat rotor blades 61,62 which are disposed at an angle of
20" to one another. The blade 61 would have an opposing
blade at the other end of its diameter and the blade 62
would also have an opposing blade at the other end of its

iameter. Thus as the rotor 60 was rotated the material in
the thin-film evaporator would first be agitated by blade
61. The blades 61 and 62 are shown in a vertically
staggered position and it will be appreciated that material
being agitated by the blade 61 will drop off the bhlade at
its lower edge 63, which is its drop-off point. The
material will then stay in a fixed position until rotation
of the rotor 60 results in the same material bein§ contacted
by the blade 62. This constitutes its piék-up point. Thus,
the angular disposition of the flat blades 61 and 62 is 90°

THIS SHEET HAS BEEN
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and each particle of material will be contacted four times

for every revolutien of the rotor 60.

The concept of 90° located blades and four wipes per
revolution implies +that the blades 61,62 ars arranged

perpendicularly along the axis of the rotor 60. 1Ia many
Ccases the blades 6! and 62 would extend over the complete
length of the rotor 60 without any interruption. In such

cases agitation takes place between the tip of the rotor and
the interior wall of the thin-film evaporator.

It is possible, however, to use rotor blades which are
not completely vertically oriented. Referring to Figure 6b,
therefore, rotor blades 71,72 are again disposed on a
central rotor shaft 70. In this case, however, the rotor
blades haye inclined lower edges.- The tops of the rotor
blades are therefore arranged at 90° angles as shown by the
angle 73 generated between the upper edges of the blades 71
and 72. However, material being wiped by the blade 71 .will
be moved downwardly to leave the blade at its lower edge 74.
In this case, the angle 75 between the drop-off point of the
blade 71, i.e. edge 74, and the pick-up point of the blade
72 is less than 90°. By dividing the angle 75 into 360° a
notional number of rotor blades per rotor can be generated.
Thus, if the angle 75 is 75° then there will be a notional
4.8 blades per rotor. Thus, the notional number of blades
per rotor can be increased either by including more sets of
rotor blades disposed around the rotor or by angling the
rotor blades so that the drop-off point for ome rotor blade
is less than 90° before the pick-up point for the next rotor
blade.

It has now unexpectedly been discovered that by
reducing the angle between the drop-off point for one rotor
blade "and the pick-up point for the next rotor blade to
engage that material, significant increases in producti#ity
can be obtained in the thin-film evaporator and, more

importantly, the increases in product1v1ty can be obtained

THIS SHEET HAS BEEN
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whilst reducing the total absorbed power required to produce
each kg of processeé material.

Tables 1, 2 ax¢ 3 below show the effect of varying the
average number of blade sets on product output versus -otor
speed for a thin-film evaporator having an effective surface
area of 5.5 m2. Table 1 shows the rotor speed, product
(solution) output, absorbed power, total absorbed power and
total absorbed power in kilowatts (kw) divided by kilograms
(kg) per hour output for a rotor having an average of 4.8
blade sets. Tables.2 and 3 show the same factors but for
rotors having an average of 8.8 blade sets in the case of

| Table 2 aqd 12 blacés sets in the case of Table 3.

Table 1

4.8 Blade Sets, 75° spacing

Rotor Speed | Solution | Absorbed Total Total
(rpm) Qutput Power Absorbed Absorbed
(kg/br (kw) Power Power
o (kw) (kw) /kg hour
g0 460 8 13 0.0283
110 530 9.7 19 0.0358
140 670 18.3 26.5 - 0.0395
180 765 24.9 35.5 0.0464
220 910 30.5 45.5 0.0500
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Table 2

8.8 Blade Sets, 40.9° spacing

Rotor Speed Solution Absorbed Total Total
(rpm) Qutput Power Absorbed Absorbed
(kg/hr) (kw) Power Power
_ (kw) (kw) /kg/hr
83 735 20.7 26 0.0353
100 790 23.3 29 0.0295
108 840 25.0 31 0.0369
110 875 26.7 33 0.0377
120 . 950 30.1 37 0.0389
130 875 31 38.5 0.0395
140 1050 32.3 40.5 0.038¢
Table 3
' 12 Blade Sets, 30° spacing
Rotor Speed Solution | Absorbed Total Total
(rpm) Output Power Absorbed Absorbed
(kg/hr) (kw) Power ~ Power
(kw) (kw) /kg/hour
100 1074 23.8 30 0.0279
130 : 1380 28.0 43 0.0312

The total absorbed power includes the power absorbed by
the bearings and gears and inefficiencies in the electrical
and mechanical sYstem used to drive the thin-film
evaporator. The absorbed power is deduced by operating the
thin-film evaporator at the various speeds, but whilst
empty, and determining the power output required to drive
the thin-film evaporator itself.  Thus, the absorbed power
is the power required merely to form a solution of the
cellulose in the solvent.

The particularly important figure is, however, the
total absorbed power, as this is the factor which effects
the true cost of operating the thin-film'evaporator.

It will readily be appreciated that it is normally
THIS SHEET HAS BEEN .
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preferable from a mechanical viewpoint to operate eguiprment
at a lower rather than a higher speed, because wear rates

increase dramatically as speeds increase.

An immediate survey of +the three tables incdicates
clearly therefore that by increasing the number of blade
sets the total dope output in terms of kg per hour available
by operating the thin-film evaporator at a constant speed
increases dramatically. Thus, operating the thin-film
evaporator with 4.8 blade sats at 140 rpm gives a total
output of only 670 kg per hour. Operating the same thin-
film evaporator with an average of 8.8 blade sets gives a
dope output of 1,050 kg per hour, whereas using 12 blade
sets eéeh at a lower rotor speed of 130 rpm increases the
dope output to 1,380 kg per hour.

[}
Although, therefore, it is important that the output of

dope can be increased by increasing the number of blade sets
it has wunexpectedly been discovered that this distinct
advantage (meaning that fewer thin-film evaporators are
required to produce a given dope output) is also accompanied
by a decrease in the power required to produce material at
higher production rates.

This may most easily be seen by referring to the

-accompanying graph, Figure 7, which is a graphical

representation of the information set out in Tables 1 to 3
above.

In the graph the rotor speed is shown on the x axis as
varying between 80 and 220 revolutions per minute. On the
left-hand y axis the totél absorbed power in kw per kg per
hour of dope output is shown. On the right-hand y axis is
shown the ocutput in kg per hour. Comparing first the dotted
lines 81, 82 and 83, these show the total output for a_thin-
film evaporator having 4.8 blade sets, 8.8 blade sets and 12
blade sets, respectively. It can be seen that very
considerable improvements in productivity are to be obtained
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by increasing tie number of blade sets. In Figure 7 the

crosses within cizcles represent the total absorbeé power
per kg per hour for the 4.8 blade-set thin-film evaporator,
the squares within circles show the same factor for the 8.8
blade-set thin-film evaporator and the triangles within
circles show the same factor for the 12 blade-set thin-film
evaporator.

The solid lines 84, 85 and 86 in Figure 7 show tﬁe
power consumption in kw per kg per hour of dope output, i.e.
the unit power consumption. It can first be seen thaf the
12 blade-set thin-film evaporator not only has the highest
productivity (line 83) but also produces dope at the lowest
power conéumption in terms of kw per kg per hour (line 86).
The line 84 shows.that the unit power consumption for the
4.8 blade-set rotor is lower at lower rotational speeds than
for the 5.8 blade-set rotor (line 85). The lines c¢ross,
however, showing that as the rotational speed and output
increases the 8.8 blade-set rotor becomes more efficient.

To enable the information shown graphically in Figure
7 to be used to derive the actual power consumption per
kg/hour of'prodﬁct manufactured it is necessary to prepare
a further graphical representation as shown in Figqure 8.
Although the information on power compared to productivity
is available in Figure 7 it is more easily understood in
Figure 8. Figure 8, therefore, is a graph of solution
output in kg per hour on the ¥ axis against power
consumption in terms of total absorbed power in kw per kg
per hour of output on the x axis. Line 90 is the line
graphically representing the output of the rotor having an
average of 4.8 blade sets, line 91 is the average 8.8 blade-
set rotor line and line 92 is the average 12 blade-set rotor

line.

It can first be seen that for any given'power input
into the system the production of dope is dependent on the
number of rotor blades on the rotor. Thus, reading along
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the x axis to any given power input in terms of total
absorbed power per kg per hour of dope produced, the greater
the number of rotcrs the higher the position of the line
joining the varicus points and hence the higher the total
output of dope. Thus, inputting between points 0.027 and
0.030 kw hours per kg would give a productivity of about 400
kg per hour in the case of a 4.8 blade-set rotor, abouc 600
to 800 kg per hour in the case of an 8.8 blade-set rotor and
about 1000 to 1200 kg per hour in the case of a2 12 blade-set
rotor thin-film evaporator.

The information in Figure 8 has to be extrapolated to
give the full implication of the improvement to be obtained
by moving from a 4.8 blade-set rotor to a 12 blade-set
rotor. Figure 9 is such an extrapolation. Figure 9 is
again a graph of output in kg/hr on the y axis versus unit
power requirement in kw/kg/hr on the x axis. Line 92 is the
same as in Figure 8, but line 932 is line 93 from Figure 8
extended to higher outputs. The actual measured points are
shown on the graph and are derived from Tables 1 and 3. From
Figure 9 it can be seen that a 12 blade-set rotor can
produce 1075 kg/hr output at'a unit energy requirement of
0.028 kw/kg/hr, whereas the 4.8 blade-set rotor would
require a unit energy input of 0.0575 kw/kg/hr, over twice
as much energy. Similarly the 12 Dblade-set rotor can
produce 1380 kg/hr at a unit energy regquirement of 0.031
kw/kg/hr, whereas the 4.8 blade-set rotor would require an
energy input of about 0.0725 kw/kg/hr, considerably more
than twice the unit energy regquirement.

Por larger units, of, for example, 1.40 m diameter, up
to 20, 24, 26, 28, 30, 32, 34 or even more blade sets can
be used, with operating pressures in the range S0 to 250
millibars or 35 to 100 mb and exit temperatures of 100-
110°C. '

It has unexpectedly been discovered, therefore, that
increasing the number of wipes of the rotor blade on the

e
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Premix by increasiag the rotational speed of the rotor does
not increase the capacity of the apparatus to form a true
solution in the same way as increasing the number of blades.
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Given that increasing the number of blades resul:ss in
an increasing number of wipes per minute experienced by the
premix as it passes through the sclution, it might have been
thought that this would be equivalent to increasing the

rotational speed of the rotor. However, this has been found

not to be the case and increasing the number of blades
around the rotor still gives a good-quality product in terms
of a clear solution with insignificant amounts of
undissolved cellulose in the solution.

It has further been discovered that by using larger
numbers og blades, the thin film evaporator produced good
quality solution even when operating slowly, thus enabling
the unit to be slowed down and produce smaller quantities of
solution for times when iess solution is required.
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1. A methed of forming a solution ¢Z cellulose in a
tertiary amine N-coxide which comprises the steps of:
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1. forming a premix of a tertiary amine N-oxide,
water azé cellulose,

2. heating the premix under a pressure lower thén
atmospheric in a vertically mounted thin-film
evaporater having a heated inner surface and a
central shaft with paddle blades disposed along

. the shafit so that, on rotation of the shaft,
material in the evaporator will be contacted by
two or more blades annularly spaced around the
shaft,

3.. evaporating the water from the premix to a level
such that the cellulose forms a solution in the

amine oxide and

4. removing the solution from the thin-film
evaporator,

characterised by providing said heated surface with an area
in the range 1m? to 125m2, rotating the rotor such that the
tips of the blades bhave a velocity of up to 8 metres/sec.,
providing a circumferential spacing between the tips of
adjacent blades in the range of 65mm to 175mm, applying a
vacuum in the range 25 millibars to 100 mb and heating the
heated surface to a temperature such that, under the

- conditions of applied vacuum, the solution is removed at a

30

temperature in the range 90° to 135°C.

2. A method as claimed in claim 1, characterised in
that the surface area is in the range 10m?2 to 125m2
preferably 10m? to 75m2, the circumferential spacing between
blade tips is in the range 75mm to 150mm, and the tip
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velocity is in the range 2.5 to 5 metres/sec..
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3. A method as claimed in 'claim 1, characterised in
that the tip velocity is in the range 2.5 to 4.5 metres/sec.

4. A method as claimed in any preceding claim,
characterised in that the solution is manufactured at an
exit temperature in the range 100°'C to 115°C.

5. A method as claimed in any preceding claim,
characterised in that the premix is fed into the thin film
evaporator at a temperature between ambient and 9s5°C,
preferably between 75°C and 85°C.

6. A method as claimed in any preceding claim,
characterised in that the rotor has blades located at
intervals of 5° to 15" or 5° to 10° around the circumference
of the rotor.

7. A method as claimed in any preceding claim,
characterised in that the solution contains 7% to 35 % by
weight cellulose, 15% to 4% water and the balance amine
oxide.

8. A method as claimed in any preceding claim,
characterised in that the blades are spirally arranged about
the shaft with adjacent blades being angularly and axially
spaced from one another.

9. A method as claimed in any preceding claim,
characterised in that some at least of the blades are
inclined so as to force material downwards through the thin-

film evaporator.
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