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Backaground of the Invention

1. Field of the Invention

This inventicen relates to a method of forming solutions
and has particular reference +to forming solutiorns 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
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.

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.

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
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

equipment, in particular thin-film evaporators. Thin-film
evaporators are well known as being suitable for the
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5 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
10 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

15 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 be
appreciated that the solution is formed into fibres by being

20 spun or extruded through a jet plate containing many fine-
diameter holes. Typically, the holes will have a diameter
of 250 microns or less. Such holes gquickly become blocked
if the product passing through them is not a true solution.

Although the use of a thin-film evaporator is described

25 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.

30 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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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
whlch_comprlses 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




The ‘prenix of cellu solvent and non-solvent is a viscous m xture. 5

An unusual aspect of t eg&es&mdkmneétlng the prem x and evaporating the

water is that the resu true solution of cellulose in the
am ne oxi|e) 94/043%pS solg lmB viscous - having a-vis '
typically 50,000 to 10 n |p0| se -y and is nore vi scggg)(%%:’?&fa‘;t he
prem x which is the starting materi al. Thus, the resultant product from
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-t he evaporatlon of a product foma naterial’ten 0 resu
will be contacted by two cr more blades, evapoka tiag the
water from the premix to a level such that the cellulose
S forms a solution in the amine oxide and removing the
solution from the thin-film evaporator, charactarised 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
10 adjacent 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.

15 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

20 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

25 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 axiaily spaced from

30 one another.

The blades may be fixed blades and may be provided with
teeth. '
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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 §,

preferably 2.5 to 4.5, metres/second woulé be typical.

n

The tertiary amine N-oxide is preferably: a cyclic
mono (N-methyl amine- N-oxide) such as N-methylmorpholine N-
10 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.

15

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
20 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

25 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:-

30 Figure 1 is a schematic sectional view of a system in
accordance with the present invention,




associated with the Sﬁﬁli 9-Mp of the process for formng a true solution,
from a | aboratory-scalé, rcial- scale system 30
Labor at ory-scal e thi n-ﬂim Fﬁ rs having four blades and a heated
surface awen94rP6zsoout 0. been found readily to PCTAGBS3/01956
sol.ution in accordance with the teachings of _US-A-4, 246, 221 and as
illustrated in EP-A- 0, 356, 419. -3-

Figure 2 is an end view c¢f the top of the rotor ¢? the

- system shown in Figure 1,

Leh |

igure 3 is a more detailsd view of a blade to rotor
connection, '

(V1)

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

Figure S 1is a schematic view of an alternative

structure of rotor,

10 Figures 6a and 6b are schematic perspective views of

different rotor desigas,

Figure 7 is a graph of enezgy consumption and capacity
against rotor speed,

Figure 8 is a graph of energy consumption against
15 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
20 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. Typically,
25 the premix formed by mixing these components contains 10% by
wez’lght of cellulose, 50% by weight of water and 40% by
weight of N-methylmorpholine N-oxide . The three compoﬁents
are mixed in the container 1 by means of a paddle screw 5
rotated by an electric motor 6. The paddle screw agitates
30 the mixture and passes the mixed components aiong a pipeline
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havi ng a heated surf [P Bas Boen or above it has been found that a
| arge increase in elec r-induced) energy is required to
obt ai n 3ye®aR6ssE S :UI ﬂiﬁﬁi?r cially viable quantitpep/gHozrdi9oses
cel.lulose in the terti As the rate of production of
solution is increased, there Is a dlsproportlonate I ncrease in energy
consunption. A thin-film evaporator conpri ses an evacuabl e 10
vertically oriented cylinder heated on the outside and containing a central

rotatabl e shaft provided with paddl e bl ades which distribute the materi al
to be heated over the

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. Ag the lower end of the cylindrical portion 9 there
is a tapered portion 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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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.

10 This continuous heating and evaporation reéults 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,

15 therefore, there is formed a viscous solution whichk 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

20 driven by an eleéctric 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

25 contrels 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

30 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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25 pinr art in a nehﬂggm%néc W || produce a satisfactory true solution of
cellulose intertiary ' ced an energy consunption rate in
kil owatt hours of cons’Wi per mferr] (kwkg/nferr]) which is
econom c woeaees30 of t 0 By the present i rpeEpigean/dibsg e
is_provided a nethod of forming a solution of cellulose in a tertiary am ne
N- oxi de which conprises the steps of: forffing a prem x of a tertiary am ne
N- oxi de, water an& cel | ul ose, hggii[ﬁhtbe prem x under a pressure | ower
than at nospheric FR®aDPHIF E8F o FREEESB £hi ASF iGSRaERkE or hallay a
"heated innercglihdee dadrimg iztsgrally projecting from it a series of
Six parallel blads roots 29, 30 etc. These blade roots
‘ 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.

tn

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

10 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, 2 blade plate 4! has a series of teeth members 42,43, 44
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

15 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

20 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

25 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 locgted axially and angularly spaced from its nearest
adjacent blade 52. In the case of staggered paddle blades,

as is shown in Figure 5, the angle between the blades should

30 be no more than 60°.

In EP-A-0,356,419 referred to above, it is indicated
that the thin-£film evaporator should incorporate four péddle
wheels located arouné a small-diameter central shaft, there
being a large region in the centre of the evaporator in

THIS SHLL: MAS BLLN
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-4- central shaft wt | ades djsposed along the shaft so that, on
rotation of the shaft?hggﬂgb%s oy 3{e5aporator w ll be contacted by two
or nore bl ades, evapor mlﬂl " H fromthe premix to a level such that
the cel | uygsey/fssher M he ami ne oxide and renopéig 5
sol ution fron{t=g@thin-filn1evaporator; characterised in tﬂgg thékﬁgg?g%
surface has an area in the range 1nferr} %6 325n2, the rotor is rotated to
give a tip velocity of up to 8 netres/sec., a separation is provided
between tips Wgich  the celiulose may mix with the solvent ané non-

solvent.

It has been found, however, that scaling-up the
apparatus, whilst still using four blades in the thia-film

5 evaporator, results in a large and uneconomic incresase 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
10 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

15 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

20 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

25 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

30 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

35 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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mllibars to 100 m i et ¢plagedand t he heated surface is heated to a
tenperature such that, itions of applied vacuum the solution
I 8 renmov enper nge 90[err]C to 135[er

Sui t abl y“%g&/ggﬁ‘oace ar ea s 1n the range 10nferr] to 125nf gr('?fcéfsé (lagrsaGbI y
10m err] to 75nferr] and the separation-between blade tips is preferably in
the range 75mmto 150mm Preferably the rotor blades are |ocated at

i nferval s of 3Pe@3ch Pamtirsq o7 Wiesrial owill] ebe] candantedhéour times
circunferencgoef ek Geiidtioles iidckor Rlgades may  be

symmetrically or

10 adjacent bl ades in_the ranie of 65mMmto 175nn1 a vacuumin the range 25

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

S perpendicularly along the axis of the rotor 60. 1In 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.

10 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

15 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

20 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

25 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.

30 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

35 importantly, the increases in productivity can be obtained

S
THIS SHEET HAS BEEN
REPLACED




asynnetrlcally arrang@MSQbamhsBQ@
di sposed in sets vert|

G TN

sane nunber

bl ades tQﬁg

vari ed alon

anot her .

The bl ades may be fixed bl ades and may be

10

shaft.

if al shaft.
ong the shaft.

The paddl e bl ades may be
Each set nay have the

hal f of the shaft nmay have nore
atlvely t he bl ade dens E?y
The bl ades may be spirally arrangedb?gé 3/§€9°ghaft

with adjacent bl ades being angul arly andiaxially spaced from 30 one

provi ded with teeth.

whilst reducing thes 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-fi

area of 5.5

In evaporator having an effective surface

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
r output for a rotor having an average of 4.8

(kg) per hou
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 and 12 blade sets in the case of Table 3.

Table 1
8
4.8 Blade Sets, 75° spacing
Rotor Speed | Solution | Absorbed Total Total

(rpm) Qutput Power Absorbed Absorbed

(kg/br (kw) Power Power

' (kw) (kw) /kg hour

80 460 8 13 0.0283
110 530 9.7 19 0.0358
140 670 18.3 26.5 - 0.0395
180 763 24.9 35.5 0.0464
220 910 30.5 45.5 0.0500




REPLACENENT SHEET The Bliashes mhient ﬁL gned in the sane direction as the
rotational axis of the e inclined so as to force materia
downwar ds t hrough the tl\ " |mlﬂgﬂm ator. The central shaft may .
conveni e 63 vol ve in the range 40 to 75 r er
m nut e (gﬁjﬁ/ Qﬁ s3§eed of the tips of the blades in the range p‘?ﬁghﬁg{;@?ﬁsdo
preferably 2.5 to 4.5, netres/second wowl dide.typical. The tertiary am ne

N-oxide is preferably a cyclic nmono(N-nethyl am ne- N-oxide) such as .
N- et hyl nmor phol i ne N 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

5 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
ce;lulose in the solvent.

10 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 .
REPLACED




10 c');(i'de Sui t abl y t he BhislShter Has Becn Replaceiact ured at an exit tenperature in

t he range 100[err]C to 1 niently the premx is fed into the
thin filmevaporator at bet ween anbi ent and 95[err]C,
preferabl yydohupssy 7olerr an C. 15 The cel l ul ose prﬁﬁ{ﬁp}dmgﬁs

been derived fromwood but may have been derived fromcotton Iinters or
other suitable cellulosic sources. Preferabiy-the solution contains 7%to
35% by weight 20 cellul ose, 15%to 4% water and the bal ance am ne oxi de.
The central sREPEeFRPlUse G5SIM GwTesaamagalie VALHPPAEE to operate equipment

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
10 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 even at a lower rotor speed of 130 rpm increases the
dope output to 1,380 kg per hour.

()}

15 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

20 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 1is a graphical
representation of the information set out in Tables 1 to 3

25 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

30 shown the output 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 énd 12
blade sets, respectively. It can be seen that very
considerable improvements in productivity are to be obtained

THIS SHELI Had BLEN
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may be attached. The bI Ise strips wwth integrally forned
teeth. The teeth may c o 40% of the vertical length of the

strip. Bwebslgessy i ption o awm ngs By way of exanpl e @0mEBam019560f
the present invention will now be descrlbed with reference to the ,
acconpanyi ng draw ngs, of mhlch - - iﬂgure 1 is a schematic sectional

view of a syg&em&a}g&g%ﬁ&i !ﬁmgeLh%‘p %e sgyentlon Figure 7 the

Vﬁtﬁ fntegrally fornemm tébiBEEE&ﬂ%mkeroot menbers to which the bl ades

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

(93]

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.

10 the unit power consumption. It can first be seen that 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

15 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

20 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

25 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

30 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
35 number of rotor blades on the rotor. Thus, reading along

[lmb SREET ling 5.
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REPLACEMENT SHEET - 6- Tlﬁjsghgeﬁ{angeiR@ﬂa&md view of the top of the rotor of

the system shown in Fi gu ﬁH‘E IIE Is a nore detailed view of a bl ade

to rotor connection, S a perspective view of the

arrangene 70 re 3 schematic view of an
structurewcggéofgggju Figures 6a and 6b are schematic perspec 6\\?26
vi ews of - 16 -

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
5 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 a 12 blade-set
10 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

15 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

20 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

25 produce 1380 kg/hr at a unit energy requirement 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

30 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
35 increasing the number of wipes of the rotor blade on the

e
1 THIS SHEET HAS BEEN l
REPLACED




capaci ty agai nst rot Of
agai nst 15 capacity,

fg i's a graph of energy consunption
an extended graph of energy

dlfferent r ot or demghlssmetwﬁ” 10 graph of energy consunption and
HBHH

consunpt ivay 93aRsHEt 'C

d fromFigure 8. Descri p‘im@;@ /01956

Preferred Enbodi nents Referring to Figure 1, this shows schematically a
system f or perform ng the process of fcr#ﬂng a cellulose solution in a

tertlary am

N- oret hyl nor

U

10

15

15 N- oxi de, A tertlarg am ne N-oxide, such as
?mh§ increasizc the rotational sneed of the rotor does

not increase the capacity of the apparatus to form a true
solution in the same way as incr easing the number of blades.

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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6xide' is fed into a @gpg@&g@gBdmggﬂux; line 2. Feed lines are also provided

for cellulose, 3, and ally, 25 the prem x fornmed by m xing
t hese conponents cont amu ht of cellul ose, 50% by wei ght of
wat er - angvc 94pogy3onei ght rphol i ne N-oxide. The pPOTeGBIIOWIGENt S

are mxed in the container 1 b nean of a paddle screw 5 rotated by an
electric notor 6. itatd® 30 the nixture and passes the
m xed corrponents al onmﬁ Iﬁ!ﬂ REP %CJ_:EI\/ENT SHEET

~

1. A methed of forming a solution ¢Z cellulose in a
tertiary amine N-coxide which comprises the steps of:

1. forming a premix of a tertiary amine N-oxide,
5 water azé cellulose,
2. heating the premix under a pressure lower than

atmospheric in a vertically mounted thin-film

evaporater having a heated inner surface and a

central shaft with paddle blades disposed along

10 . 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
15 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

20 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

25 heated surface to a temperature such that, under the

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

30 preferably 10m? to 75m2, the circumferential spacing between
blade tips is in the range 75mm to 150mm, and the tip

THIS SHEET HAS BEEN
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-7- 7toath|nf|Imevaporator |nd|cated generally by 8. The pipeline

preferably has a di anet sBmRenlatced s always full, otherw se a
restriction may be prOV| Iet into the th| n filmevaporator, so

t hat nmat ev@® al/0683¢ he 5 ot exposed to the vacwpr/GBo3/0€956
evaporator 8. The thin- fllmevaporator 8 orrprlses a rotor within a
cylindrical ngpgbg s 9 ch,.i s,heal oQ he_ out ans of a heating
el ement 10. ﬁb Eeaﬂ\@ng 2 e%e%t"f b %ng%lg 'ﬁ#?ﬁ%?yﬁggt I ng el enent, or
an_oil-filled element, or a 10 conplete steamfilled or hot-water-filled

heating jacket. At3thep WD b Ofcldndy! 1NdELERE ROT A2 RA S0
that the tip velocity is in the range 2.5 to 4.5 metres/sec.

4. A method as claimed in any preceding claim,
5 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,

10 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.

15 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,

20 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,

characterigsed in that some at least of the blades are

25 inclined so as to force material downwards through the thin-
film evaporator.



tapeFed—pe+%+em—44—LeadLng to a discharge line 12. At the upper end of the
cylindrjc ortlon 9 there Is a feed chanber 13 provided with an exit duct
14 thro orated vapours nmay be renoved. Premn xed materi al
passes i r 13 through the pipeline 7 and is distributed around:
the thin or by a distributor plate 15 on rotation of the
rotor, indicated generally by 16. 20 _ 2¢The central shaft of the rotor 16
i s rotated by neans of an external electric notor 17. The rotor 16 is

provided with a series of bl ABSTRAGTWOFCIHEr DISCLOSUBREd i n nore det ai

bel ow. In operation, a

A solution of cellulose is formed by moving a premix of

a tertiary amine N-oxide, water and cellulose through a

thin-film evaporator using a bladed rotor under treatment’

5 conditions which specify, an area of heated surface (Im? to

125m2), a circumferential spacing between blade tips (65 to

175 mm), a rotational speed of the blade tips (less than 8

m/sec.), a pressure (25 to 100 mb) and a temperature (90°C
to 135°C).

THIS SHEET HAS BEEN
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reduced pressure is applied through ._t__h_e duct 14, whereby, on REPLACENMENT -
SHEET - 8- heating of the prem x by"nmeans of the heating el enment 10, the
water i s evaporated -during operation of the thin-film evaporator to reduce

t he wat er WQI9d4653mf the prem x as it is heated. 5 A desstd Pl f a
thin filmevaporator, trademark Filntruder is to be found iﬁféf/&hlgg}bleﬁ
Devol atal i sati on of Plastics, 1/6 :
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English translation by S. Welling, published by VDI-Verlag GrbH,

Dl err]ssel dorf 1980, pp69-97, the contents of which are incorporated herein
by way of reference. 10 . This continuous heating and evaporation

resul ts iodq)ogsy i Ng of the water, [.e the non-solvent, cqmegadi/o1dse he
prem x to such an extent that the cetlltﬁose forms a true solution in the
tertiary amne N-oxide. In the |l ower portions of the thin-film evaporator

8, 15 therefore, Fmr%i s formed a viscous solution which is pushed
downwar ds by inckiindd&l ades 19 on a conical .penber 20 into the neck at the
bottom of the tapered portion of the §h¥n- m evaporator. By rotation
of a screw nenber 21 ' :

£y . \

N,

This Sheet Has Been Replaced ' THIS SHEET Hag BEEN




the solution of cellulose in solvent is passed to a punp 22 20 driven by an
electric notor 23. Fromthere the solution is passed by neans of suitable
pi pework 24 to a spin nozzle 25. The screw nmenber 21 is rotated by means of
an el ectwicrodfpbsmp 26[err], and control of the electric notopctaGBéizbidse
conjunction wth control of the electric notors 6 and 17 25 controls the
fl'ow of solution through the system igges 2 to 4 show in nore detail the
structure of the rotor illustrated ge ly at 16 in Figure 1, It .can be
seen fromFigures @ and 3 thdt the rotor conprises a cylindrical central
portion 26 having Bt its | owerend_a 30 tapered conical portion. At its
upper end the cylindg

FIG. 6b
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pbrtidn has a term nating plate 28 fo whi ch the rotational shaft from notor
15 i s connect ed. REPLACEMENT SHEET -9- The rotor central portion 26 is
essentially a hollow cylinder having integrally projecting fromit a series

tor. 5 The bl ade roots are wel c_ied

of six paOA4eds3p! ade roots 29, 30 ezgﬁ These bl ade roots pgtARIBb31956
0

| ength of the central portion 26 of t
torand forman integral portion

FIG 7
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of thé central region of the rotor. Bolted to the roots such as root 30 are
a series of plates 31, 32, 33, 34,35 and 36 which formthe actual bl ades of
the thin-filmevaporator. As is shown nore clearly in 10 Figure 3, a
bl ade pl ave :A%eéssobolted to a bl ade root 39 by neans of a cEEEGBISMAbsEOI t
40. As can be seen in Figure 4, a bRdde plate 41 has a series of teeth
mexabers 42 43 44 and-—45—whi ch extend to the far edges of the blade plate 41
and the bl ade %? secured to a blade root 46 by 15 nmeans of bolts
eeth 42 to 45 may be angled to push the rigscous
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thin-filmevaporator: Because the rotor 16 of the thin-fil m evaporator 8 is
arranged in a vertical msssn&snatslmkebmaZO action of the inclined bl ades
cooperates with the acti o enhance novenent of the prem x and
sol ut i onWeD94186339s t hr ougm H!ﬂﬂﬂ As is shown schempgr/ggbi/ 81998
Figure 5, the bl ades on or portlon may be staggered around
tfre rotor 25 rather than being in strai ght es as is showmn in Figures 1
to 4. In the case of the rotor shown in Fi gure 5 a blade 51 is |ocated
axially and angularly spaced fromits nearest adjacent blade 52. In the
case of staggered paddle blades, as is shpm i91 Figure 5, the angl e between
t he bl ades should —_—
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30 be no. nore than 60[erc]. In EP—A—O 356 419 referred to above, it is

i-ndi cated that the thin-filmevaporator should incorporate four paddle
wheel s | ocated around a snal | -dianmeter central shaft, there being a |arge
region in the centre of the evaporator in REPLACENMENT =Wwhich
the cellulose may mix with the sol vent apndinan- sol vent. REPLACEMENT SHEET )

Forming Solutions 19 oCT 199

Background of the Invention

1. Field of the Invention
_ This invention 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 dissolved 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,deseribed a process for
forming a true solution of cellulose in which there is
prepared a premix of cellulose, aasolvent such as a tertiary
amine N-oxide and a non-solvent for cellulose such as water.
A premix of the three components 1s made and”pn heating the

25 premix to evaporate the water, -a’ true solutlon can be

formed. " "
“E 'i- ) (} ¥
M .l-

ik o

The US patent" referred tg'above descrlbes formlng the
solution particularly by-heatlng the mixture in an extruder.
There is however descriptlon"of alternative various types of

30 equipment, in particular thin-film evaporators. Thin-£film

evaporators are well known aé*Jbeing' suitable for the



It has been found, however, that scaling-up the apparatus, i IREPLAGEMANT SHEET

using four blades in the thin-filmb5 evaporator, results in g |grge—and
Unecononmi c increase in the unit costs for the formation of a true1ipbg

of cellulose in the solvent. It mght have been thought that]the rotor |n

t he evaporator was not operating quickly enpough to forma trup kolution-

On manufacture, therefore, of a 10 thin-fil mevaporator haV|nE a surface

:

area in exces&vﬁbdkaﬂﬂﬁﬁ]ofen@isumsewerelﬁqdédtﬁrbmcaeass Aattoorad

speed of the GRl LRlnlidl Qe c881870L8. LASLEARCARHHANIBEL Ok 14 899 Pilcous

m nut e experi FEM X 0 i norease ornatlon
sol uti on. Hmmauurelhls |ncreased the unit :
5 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
10 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

whereas the premix is not. In normal operations the

evaporation of a product from a material tends to result in
15 the production of a solid as the material is processed.

For 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 be
appreciated that the solution is formed into fibres by being

20 spun or extruded through a jet plate containing many fine-
diameter holes. Typically, the holes will have a diameter
of 250 microns 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

25 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. B

30 Laboratory- scale thln film evaporators: havan91 four

blades and a heated surface area of about 0.5 m? 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. '



15 cost significantly. A series of tests was, therefore, carrf ﬁbeMEME\ITnQHEET
a different nunber of rotor blades on the rotor rather than ifngreasi ng tne
speed of rotation of the central rotor. .For ease of understandiingtgoge h@96
nunmber of rotor blades on a 20 rotor can be varied, it is degifdable to
refer to Figures 6a and 6b which are schemgtic cross-sectiong of~—port+ers
of arotor. In Figure 6a a central rotor shaft 60 carries a pair of flat

roto[1 bl adesh61 620%Ia@teafp<t1digsmzs&fhﬁy aasutanghe 8hme0pebrksk0 U 151Ng
anot her. The

its di ameter Ehﬂinf%élﬁ‘l 888?85%%% 3V§ vlgg%i'rz‘lé%p%%gf?‘fgé “TEP%ae i{]e'lt 2%t

ot her end of ab®ve it has been found that a large increase in electrlcal
(or rotor-induced) energy is required to obtain a complete

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

A thin-film evaporator <comprises an evacuable

10 vertically oriented cylinder heated on the outside and
containing a central rotatable shaft prdvided with paddle
blades Wthh 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 comblned action 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 héated and processed
material is removed by any suitable means . The normal
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 excess of 1m?) it is not possible
to operate such a thin-film evaporator as described in 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

m? (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 evaporator having a heated inner surface and a
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di aneter. Thus as the rotor 60 was rotated the material in thef[thrm=—frim

evaporator would first be agitated by blade 61. The bl ades} 61 e
o] S 1

shown in a vertically 30 staggered position and it will be app
materi al - being agitated by the blade 61 will drop off the bl pde—at—iis
| oner edge 63, which is its drop-off paing.. The materialfwill then stay

in a fixed position until retation of the rotor 60 results in The sane-
materi al bei ngegm-ACteh £35 Wiy 1 paddlladbldesThisposadt alahgsthe ssipafk-sp

ggl[ 2& .r] Thu§, tt%eatelngolﬂ axr‘oéiéé SR ct)f Othf shgftf, | ﬁttat%!r?.g'is i@xl teiﬂed e6\?af>§rator
will be contacted by two or more blades, evaporating the
water from the premix to a level such that the cellulose
5 forms a solution in the amine oxide and removing the
solution from the thin-film evaporator, characterised 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 provided between tips of
10 adjacent blades in the range of 65mm to 175mm, a vacuum in
the rénge 25 millibars to 100 millibars is applied and the
heated surface is heated to a temperature such that, under
the conditions of applied wvacuum, the solution is removed at
a temperature in the range 90°C to 135°C.
15 \ Suitably the surface area is in the range 10m? to 125m2
preferably 10m? to 75m? 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
20 rotor. -

The paddie 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

- 25 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
30 one another. '

The blades may be fixed blades and may be provided with
teeth.



- 11 - and each particle of material will be contacted fouf &
revolution of the rotor 60. The concept of 90[err] |ocated|b
wi pes per revolution inplies that the blades 61,62 are arrpnped 5
perpendicul arly along the axis of the rotor 60. In many chsps tThOGT 1996s
61 and 62 woul d extend over the conplete_lgngth of the rotpr{60 w thout an
interruption. In such cases agitation takes place betweenfthe TIrp of tnhe

rotor and the interhar paaliesomaihbet Allighedniaygher shoe. dikection fas ghe
possi bl e, homgg%gtiggagsgﬁfg(gft%ﬁgeghggk?ho%r%my be inclined so as to

force material downwards through the thin-film evaporator.

The central shaft may conveniently be revolved at a

5 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 5,
preferably 2.5 to 4.5, metres/second would be typical.

The tertiary amine N-oxide is preferably a cyclic
mono (N-methyl amine- N-oxide) such as N-methylmorpholine N-
10 oxide.

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

15 '

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
20 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

25 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:- '

30 Figure 1 is a schematic sectional view of a system in
' accordance with the present invention,



not conpletely vertically oriented. Referring to Figure 6b,
rotor blades 71,72 are again disposed on a central rotor sha
case, however, the rotor blades have inclined | ower edges.
the rotor 15 bl ades are therefore arranged at 90[err] angl es}
t he angl e 73 generated between the upper _egges of the bl ades
However, nmaterial being wi ped by the blade 71 will be noved
| eave the bl ade atFigarkopetisedgeend. viewt bifs thaseppt bé ahel
the drop-off poipt of.the 20 7 e. edge 74, and the
of the bl ade E?mlggnghéﬁ g&?@%?]ﬁ'By di viding the angle
360[err] a notional nunber of rotor blades per rotor can be

REPLACEMENT SHEET

h ICI Ul <)

e ot e’
5.shown by |
?1 and 72.
OB F-EHyert=O

goibrbetfwtbe
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Figure 3 is a more detailed view of a blade to rotor

connection,
5 Figure 4 is a perspective view of the arrangement of
Figure 3, '
Figure 5 is a schematic view of an alternative
structure of rotor,
10 Figures 6a and 6b are schematic perspective views of

different rotor designs,

Figure 7 is a graph of energy consumption
against rotor speed,

and capacity

Figure 8 is a graph of energy consumption against

15 capacity, and

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

Description of Preferred Embodiments

consumption

Referring to Figure 1, this shows schematically a

20 system for performing the process of forming
solution in a tertiary amine N-oxide.

.a cellulose

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. Typically,

25 the premix formed by mixing these components contains 10% by

weight 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

30 the mixture and passes the mixed components along a pipeline



Thus, if the angle 75 is 75[err] then there will be a noti
per rotor. Thus, the notional nunber of blades 25 per roto
i'ncreased either by including nore sets of rotor blades di§p
rotor or by angling the rotor blades so that the drop-off po
rotor blade is less than 90[err] before they pi ck-up point fof _the next
30 It has now unexpectedly been disgpovered that by

rotor bl ade.
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reduci ng the angl e between the drop-off point for one rotokebade.and the
pi ck-up point for the next rotor blade to engage that material, significant
I ncreases in productivity can be obtained in the thin-fil mevaporator and,

nore

10

15

20

7 to a thin-film evaporator indicated generally by 8. The
pipeline preferably has a diameter such that it is always
full, otherwise a restriction may be provided in its outlet
into the thin film evaporator, so that material in the
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 heated on the outside by means
of a heating element 10. The heating element may be an
electrical heating element, or an oil-filled element, or a
complete steam-filled or hot-water-filled heating jacket. At
the lower end of the cylindrical portion 9 there is a
tapered portion 11 leading to a discharge line 12.

At the upper end of the cylindrical portion 9 there is

‘a feed chamber 13 provided with an exit duct 14 through

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.

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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t'o produce each kg of processed naterial. Tables 1, 2 and 3 bpelow 2%%?%6
effect of varying the average nunber of blade sets on producy -
of 5.5 nferr].  Table 1 shows the rotor speed, product

heating of the premix by means of the heating element 10,

the water is evaporated during operation of the thin-film

evaporator to reduce the water content of the premix as it
is heated.

5 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, Dusseldorf 1980, pp69-97, the contents of which are
incorporated herein by way of reference.

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

In the lower portions of the thin-film evaporator 8,

15 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 evaporatoft' By rotation of a screw member 21
the solution of cellulose in solvent is passed to a pump 22

20 driven by an electric 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

25 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

30 tapered conical porﬁion. At its upper end the cylindrical

portion has a terminating plate 28 to which the rotational
shaft from motor 15 is connected.
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power in kilowatts (kw) divided by kilogranms (kg) per hour]oltp for a
rotor having an average of 4.8 10 bl ade sets. Tables 2 anfl B sﬁé)\ﬂQThﬁ%ane
factors but for rotors having an average of 8.8 blade setsfih_the case of
Table 2 and 12 bl ade sets in the case of _TgbLe 3. Table 1 B.8 Bl ade Sets,
75[err] spacing Rotor Speed Solution Absorbed Tot al Total (rnni

Qut put Power  TABS@idted cerAhs(r bedrtkgnhef is( lkedsentialPpwer hollow
Pover  (kw) cyi&%g/kghav1ng 1ntegrally projecting from it a series of
six parallel blade roots 29, 30 etc. These blade roots
extend the length of the central portion 26 of the rotor.
5 The blade roots are welded to and form an integral portion

of the central region 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 1is shown more clearly in

10 Figure 3, a blade plate 38 is bolted to a blade root 39 by
means of a conventional bolt 40. As can be seen in Figure
4,.a blade plate 41 has a series of teéth members 42,43,44
and 45 which extend to the far edges of the blade plate 41
and the blade plate 41 is secured to a blade root 46 by

15 méans of bolts 47,48 and 49.

The blade teeth 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

20 action of the inclined blades cooperates with the action of
gravity to enhance movement of the premix and solution
downwards through the evaporator. . '

As is éhown schematically in Figure 5, the biades on
the central rotor portion may be staggered around the rotor
25 rather than being in straight lines as is shown in Figures
1 to 4. In the casé 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
30 be no more than 60°.

In EP-A-0,356,419 referred to above, it is indicated
that the thin-film evaporator should incorporate four paddle
wheels located around a small-diameter central shaft, there
being a large region in the centre of the evaporator in
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8.8 Blade Sets, 40.9[err] spacing - 10 -

which the cellulose may mix with the solvent and non-

solvent.

It has been found, however, that scaling-up the
apparatus, whilst still using four blades in the thin-film
5 evaporator, results in a large and uneconomic increase in
the unit costs for the formation of a true solution of
cellulose in the solvent. It might have been thought that
the rotor in the evaporator was not operating quickly enough
to form a true solution. On manufacture, therefore, of a
10 thin-film evaporator having a surface area in excess of 1
m2, attempts were made to increase the rotational speed of
the central 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

15 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'hbw the number of rotor blades on a

20 rotor can be varied, it is desirable to refer to Figures 6a
and 6b which are schematic cross-sections of portiohs 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
90° to one another. The blade 61 would have an opposing

25 blade at the other end of its diameter and the blade 62
would also have an opposing blade at the other end of its
diameter. 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

30 staggered position and it will be appreciated that material
being agitated'by the blade 61 will drop off the blade 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 being contacted

35 by the blade 62. This constitutes its pick-up point. Thus,
the angular disposition of the flat blades 61 and 62 is 90°
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Power - Absor bed Absor bed (kg/ hr) (Kw)
Power ( kw) (kw) / kg/ hr 93 735 249/0CT 1996
0. 0353 100 790 23.3 29
840 25.0 _ 231 0.0369 110
26. 7 33 0. 03 120 950 30—+

0aﬁ§88aéﬁo article off faterial wBll be contacB8d5four times

for every revolut10n3%f3the rotor060!5 0.0386 Table 3

The concept of 90° located blades and four wipes per
that the  blades

perpendicularly along the axis of the rotor 60.

revolution implies 61,62 are arranged
In many
cases the blades 61 and 62 would extend over the complete
length of the rotor 60 without any interruption. 1In 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
- 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.

be moved downwardly to leave the blade at its lower edge 74.

However, material being wiped by the blade 71 will

In this case, the angle 75 between the drop-off point of the
blade 71, edge 74,
72 is less than 90°.
notional number of rotor blades per rotor can be generated.
Thus,
4.8 blades per rotor.

i.e. and the pick-up point of the blade

By dividing the angle 75 into 360° a

if the angle 75 is 75° then there will be a notional
Thus,
per rotor can be increased either by including more sets of

the notional number of blades

rotor blades disposed around the rotor or by angling the
rotor blades so that the drop-off point for one rotor blade
is less than 90° before the pick-up point for the next rotor
blade.

It has
reducing the angle between the drop-off point for one rotor

now unexpectedly been discovered that by

blade and the pick-up point for the next rotor blade to
engage that material, significant increases in productivity
can be obtained in the thin-film evaporator and, more

importantly, the increases in productivity can be obtained
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Total (rpm Qut put Power Absor bed Absor bed [ kg/ hr)
(‘kw) Power Power (kw) : (kw) / kg/ hour 100 1 19 01;(1'71%6
23.8 30 0. 0279 130 1380 28.0

0.0312 The total absorbed power includes_t power absorbed py Theteart+ngs
and gears and inefficiencies in the el ectrical and nechanlcdnksystenlused

to drive the &:ﬂms@ l_»aaﬁ&@ﬁgrahertoam B[SOrved fowey regndadided Produce

operating the 5 thin-fil mevaporator at the varlous speeds, but il st
P J each kg of proce%sed material. P

Tables 1, 2 and 3 below show the effect of varying the

average number of blade sets on product 6utput versus rotor

.5 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

10 blade sets. Tables 2 and 3 show the same féctors but for

rotors having an average of 8.8 blade sets in the case of
Table 2 and 12 blade sets in the case of Table 3.

Table 1

4.8 Blade Sets, 75° spacing

Rotor Speed | Solution | Absorbed Total Total
(rpm) Output Power Absorbed Absorbed
(kg/hr) (kw) Power Power
(kw) (kw) /kg hour
90 460 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




enpt'y, and det er i ni ng the power output.required to drive fh PUrpmmn) T
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evaporator itself. Thus, the absorbed power is the power

f'orm a solution of the cellulose in the solvent. 10 The{particularly
i nportant figure is, however, the total absorbed power s 19i0CT 994e
factor which effects the true cost of opergging the thin-f{l  evaporator.
It will readily be appreciated that it is normally - 14 -

Table 2

8.8 Blade Sets, 40.9° spacing

Rotor Speed Solution Absorbed Total Total
(rpm) Output Power Absorbed | Absorbed
{kg/hr) - {(kw) Power Power
(kw) (kw) /kg/hxr
93 735 20.7 26 0.0353
100 790 23.3 29 0.0295
105 - 840 25.0 31 0.0369
110 875 26.7 33 0.0377
120 950 30.1 37 0.0389
130 975 31 38.5 0.0395
140 1050 32.3 40.5 0.0386
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 to the thin-£film
evaporator. The absorbed power is deduced by operating the

5 thin-film evaporator at the various speeds, but whilst
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

mechanical system used drive

empty,
cellulose in the solvent.

The particularly impoftant figure is, however, the
as this is the factor which effects

10
total absorbed power,
the true cost of operating the thin-film evaporator.

It will readily be appreciated that it is normally



preferable froma mechanical viewpoint to operate equipment aBHﬂAﬁEMEHTSHEEr
rat her than a hi gher speed, because wear rates increase dra |ca||y as
speeds increase. An inmmediate survey of the three tables indifcates

clearly therefore that by increasing the nunber of blade s the dpgé
dope output in terns of kg per hour avail ap e by operating |t he=tht+#r fllm
evaporator at a constant speed increases dramatically. Thus, operating
the thin- fl|ﬁtéfé@§babofrwmﬁb #e8hhhidalsetiswpbiht0topopgirate &
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An immediate survey of the three tables indicates
5 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 sets at 140 rpm gives a total
10 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 even at a lower rotor speed of 130 rpm increases the
dope output to 1,380 kg per hour.

15 Although, therefore, it is important that the output of
dope can be increased by increasing the number of blade sets
it has unexpectedly been discovered that this distinct
advantage (meaning that fewer thin-film evaporators are
required to produce a given dope output) is also accompanied

20 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

25 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 total absorbed power in kw per kg per
hour of dope output is shown. On the right-hand y axis is

30 shown the output 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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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 the
power consumption in kw per kg per hour of dope output, i.e.
the unit power consumption. It can first be seen that the
12 blade-set thin-film evaporator not only has the highest
préductivity (line 83) but also produces dope at the lowest
power consumption 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 8.8 blade-set rotor (line 85). The lines cross,
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 product manufactured it is necessary to prepare
a further graphical representation as shown in Figure 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 y 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 1line
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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bet ween 80 and 220 revolutions per mnute. On the left-hanpdjy

trot al absorbed power in kw per kg per hour of dope output ifs shﬁéﬁﬁct)” ¥ne
right-hand y axis is 30 shown the output in kg per hour. paring first
the dotted Iines 81, 82 and 83, .these showghe total outpuf for a thin-

fil mevaporator having 4.8 bl ade sets, 8.8 bl ade sets and
respectively. the It a&d®s be asmBengitveat powesy dapsicdermabltermsprofenstad in

productivity aLsor%e%?p%%%%'B % kg per hour of dope produced, the greater

the number of rotors the higher the position of the 1line

joining the various points and hence the higher the total
5 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, about 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 a 12 blade-set
10 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
15 aéain 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 93A 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
20 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 enefgy input of 0.0575 kw/kg/hr; over twice
- as much energy. Similarly the 12 blade-set rotor can
25 produce 1380 kg/hr at a unit energy requirement 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 requirement.

For larger units, of, for example, 1.40 m diameter, up

30 to 20, 24, 26, 28, 30, 32, 34 or even more blade sets can

be used, with operating pressures in the range 50 to 250

millibars or 35 to 100 mb and exit temperatures of 100-
110°C.

It has unexpectedly been discovered, therefore, that
35 increasing the number of wipes of the rotor blade on the
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P t C%ncreéﬂét¥h§e§a écfty o% the apparatus to form a true

solution in the same way as increasing the number of blades.

Given that increasing the number of blades results in

5 an increasing number of wipes per minute experienced by the

premix as it passes through the solution, 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

10 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 of blades, the thin film evaporator produced good

15 quality'solution even when operating slowly, thus enabling

the unit to be slowed down and produce smaller quantities of
solution for times.when less solution is required.
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(line 83) Imis SMdebilas BEQARIGES; dOPe at the | owest power cons ' ' .

of kw per ke[Ek e 86). The line 84 shows that tHe juni r
consunption kmgﬂlfrwtu bl ade-set rotor is |lower at |oger rg{qaagigﬁ@%
speeds than. ade-set rotor (lige 85). The Ililn CL 0SS,
however, showing that as the rotational speed and output {i ncreases the 8.8
bl ade-set rotor becones nore efficient. Gaimabl e t he i nf orret+eh-shoun
graphically in Figure 20 7 to be used to derive the actual power
consunption per kg/hour of product nmanufactured it is necessary to prepare
a further graphical.reps asathed | ofi formhbgna salufuan ef cellulose in a

tertiary amine N-oxide which comprises the steps of:

1. forming a premix of a tertiary amine N-oxide,
5 water and cellulose,
2. heating the premix under a pressure lower than

atmospheric in a vertically mounted thin-film
evaporator having a heated inner surface and a
central shaft with paddle blades disposed along
10 | the shaft 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
15 ' 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

20 in the range 1m? to 125m2, rotating the rotor such that the
tips of the blades have 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

25 heated surface to a temperature such that, under the
conditions of applied wvacuum, the solution is removed at a
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

30 preferably 10m? to 75m?, the circumferential spacing between
blade tips is. in the range 75mm to 150mm, and the tip

REPLACED
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Al t hough t he, i RfQF BRBEAReSIRPOVEr conpared to producti vi ty- | BERVAGEM BT %”EPT i

Figure 7 it IF nderstood in 25 Figure 8. Fi pure—6;
t‘herefore, i “ﬁﬁgmm lution output in kg per hour o h '
agai nst power terms of total absorbed powerf i av?'{aﬁ f@@%e

hour of output on the x axis. Line 90 is;4he line graphijcally
representing the output of t+he rotor having an 30 average jof 4.8 bl ade
sets, |ine 9lvkiotheyayer age thed raim@e2 .Settd ¢ afeddaly s T me—92—s—t-he
average 12 bl ade-set rotor line. It can first be seen that for any given
power input into the systemthe production of dope is dependent on the

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,
5 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 temperéture between ambient and 95°C,

10 preferably between 75°C and 85°C.

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

15 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,
20 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
25 inclined so as to force material downwards through the thin-

film evaporator.

* [ L M H *
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35 numkegheQfJRLor bl ades on the rotor. Thus, reading al ongf REPLACEMENT SHEET
axis t r input in terms of total absorbed power{per kg per

hour o MgHm , the greater the number of rotors the hi pjhetQ0CT 1996
posi ti joining the various points and hence thg pigher the
total 5 output of dope. Thus, inputting ween points 0.02[ and U-030—kw

hours per kg would give a productivity of about 400 kg per Lnh_the case
of a 4.8 blade-set rotor, aboyipd¥¥ACT OF THE DISCLOSURE

Forming Solutions

A solution of cellulose is formed by moving a premix of

a tertiary amine N-oxide, water and cellulose through a

5 thin-film evaporator using a bladed rotor under treatment
conditions which specify, an area of heated surface (1m? to
125m2), a circumferential spacing between blade tips (65 to
175 mm), a rotational speed of the blade tips (less than 8
m/sec.), a pressure (25 to 100 mb) and a temperature (90°C

10 to 135°C).

FIGURE 1




to 800 kg per hour in the case of an 8.8 bl ade-set rotor and about 1000 to
1200 kg per hour in the case of a 12 bl ade-set 10 rotor thin-film :
evaporator. The information in Figure 8 has to be extrapo 78 EEF
full inplication of the inprovenent to be obtained by nov)n -
bl ade-set rotor to a 12 bl ade-set rotor. Figure 9 is suchl an

extrapol ati on. Figure 9 is 15 again a graph ?f out put i g/ 08T 1996 |
axi s versus unit power requirenent in kw kg/hr on the x aki Line 92 is
the same as in Figure 8, but line 93Ais line 93 fromFigure 8 extended to
hi gher outputs. The actual neasured points are shown on t

derived from Tables 1 and 3. From
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20 Figure 9 it can be seen that a 12 bl ade-set rotor can produce 1075 kg/ hr
output at a,unit energy requirenent of 0.028 kw kg/ hr, whereas ithe 4.8 :
bl ade-set rotor would require a unit energy input of 0.057%5RePLACEMENT SMERT
twi ce as nuch energy. Simlarly the 12 bl ade-set rotor |c
1380 kg/hr at a unit energy requirenment of 0.031 kw kg/hr,} v erﬁf@&ﬁhﬁ9é's
bl ade-set rotor would requi+e an energy ingut of about 0.0d725 Q I"hi,
considerably nore than twice the unit energy requi renent. {Foj_larger unit
of, for exanple, 1.40 mdianeter, up 30 to 20, 24, 26, 28,| 30, 32, 34 or
even nor€’ bl ade sets chcyezused, W th operating pressurestihr—the—rarge—50
to 250 —_—




mllibars or
unexpect edl y
Wi pes of the
speed of the
a true soluti

t hat

I ncr easi

35 to 100 nb and exit tenperatures of 100- 110[err]C. It has
been discovered, therefore, that 35 increasing the nunber of.
rotor blade on the -17- prem x by incre#&sy i nal
rotor does not increase the capacity of th SBJ%JkgﬁE@? $Hﬁﬁ|’n
on in the sane way as increasing the nunbe bl ades. G vén
ng t he nunber.-of bl ades rgsults in 19 OCT 1996

FIG. 6b

FIG. 6a

FIG.5

51



5 an increasing nunber of w pes per mnute experienced by the premx as it

passes through the solution, it mght have been thought thaj '
€qui val ent to increasing the rotational speed of .the rotor. Eﬁ"LﬁCm 1d's EET
has béen found not to be the case and increasing the nunberfo
around the rotor still gives a good-quality product in ter f 19 6C3a1996
solution with insignificant- anounts of undi ssol ved cell ul os n the
solution. It has further been discoveyged that by using |arger nunbers of

bl ades 10

bl ades, the thin fil mevaporator produced good 15 quality sklution even
when operating slowy, thus enabli nig the unit to be slowed down and produce

snaller quantities of
x
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solutlon for tines when I ess solution is required.

FAN

'18". uu.l*rrn: o

met hod of forming a solution of cellulose in a tertiary ain REPMCEMEN'E SHEET
sol vent which conprises the steps of: 1. formng a prem xj|o a rertrary

am ne N-oxide, water and cellul ose, 2. heating the prem xfup éffﬁﬁﬁyre
in the range 25 milibars to 100 mlI&ibars in a verticall WDun e

T~

fil mevaporator having a heated i nner surface and a centrpl “sha¥t

paddl e bl ades di sposed al ong the shaft so that, on rotati
material in the evaporator wll be contacted by a plurali

annul arly spaced around the shaft,
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4

3. evaporating the water fromthe prem x to a | evel such that the cellul ose

forms a solution in the am ne oxide and 4. renoving the

OL&H, 1
thin-filmevaporator at a tenperature in the range 90[er ]hﬁ&@gg‘ ﬂ?ﬁH E?

characterised by providing said heated surface with an aje
Inferr] to 125nferr] rotating the rotor such that the ti
have a velocity of up to 8 -netres/sec. providfing a circu
between the tips of adjacent blades in the range of 65
ensuring that the drop-off point for material dropping

renti al

f one rotor

in the range
of 19 1GCHNMUes
spaci hg
an

bl ade

is less than 90[err] before the pick-up|uﬁrF|g09 the next rotor blade. 26

A nethod as clained in claim1l, characteris

hat the surface area is

in the range 10nfefr] to,125n{err] preferably 10nferr] to 75nferr]. the
circunferential spfcing petween blade tips is in the range 75mmto 150mm
and the tip velocit{y is ?Epe range 2.5 to 5 netres/sec.. A nethod as

e

clained in claim1} charfac
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rised in that the tip velocity is in the range
2.5to0 4.5 nmetres/$ec. 4. A method as clained in any preceding claim
characterised i WPhat the_solution_is nanufactured at an_exit tenper-
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ature in the range iOO[err]' C to ._1,\_1',5:.,[’.ef,,r_f] C. 5. Anethod as clained in any

precedi ng cl al r n that the'prémx is fed into the thin film
-evapo¥ at or imﬁwlg ﬂ.liﬁ et ween anbient and 95[err]C, preferably
bet ween 75] ek 4 C. 6. A nmethod as clainmed in any preceding

claim characterised In that the rotor_has bl ades |ocated at intervals of
"5[err] to 15[err] or 5[err] to 100['er|1§"around the circunference of the
rotor. 7. A method as clained in any preceding claim characterised in that
:the solution contains 7%to 35 % by vgjaht cellulose, 15%to 4% water and

t he bal ance am ne oxide. 8. A nethod-as—el ained in any preceding claim
char act er .S @netd dt Rikinglal36ieh & diSiosd I teitilylaftind M-cide" icRRRMlsal RESNGI t W th
adj acent bl ades being angularly and axially space rom one anoiner- 9. A
met hod as cl ainiethinga pamiy ofarteiaeychining N-okidei witer 13 asiA6deer | Sed i n that at | east
some of the blades are-inclined so as to force material downwards through

the thin-film Z?Q:%ﬁ ,lhapl@mi;( under a pressura in the range 25 millibars to 100 millibars in a vertically mounted thin-
: filnn ¢ rator having a heated inner surface and a central shaft with paddle biades disposed along the shaft
. so that, on rotation of the shaft, material in the evaporator will be contacted by a plurality of blades arnularly

spaced around the shatt, . . :

ahdevaporating the water from the premix to a level such that the ceilulose forms a solution in the amine axide
. )

4. remaving the solution from the thin-film évaporator at a temperatura in the range 90° ta 135°C,

characterised by providing said heated surface with an area in the range 1M ta 125m?, rotating the rotor such
o that the tips of the blades have a velacity of up ta 8 metres/sec., providing a circumferential spacing between the
" tips of adjacent blades in the range ot 65mm to 175mm, and ensuring that the drop-oft paint for material dropping

off ane rator blade is less than S0° before the pick-up paint for the next rotor blade.

2‘ A mathod as claimed in claim 1, characterised in that the surface area is in the range 10m? to 125m? preferably

- 10m? to 75m?, the circumferential spacing between blade tips is in the range 75mm to 150mm, and the tip velocity
is in the range 2.5 to 5 metres/sec.. '

's. A method as claimed in claim 1, characterised in that the tip velocity is in the range 2.5 fo 4.5 metres/sec.

4 Amethed as claimed in any preceding claim, characterised in that the soiution is manutactured at an exit temper-
" ature in the range 100°C to 115°C. .

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

6. A method as claimed in any preceding dlaim, 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 ancther.

9. A method as claimed in any prececiing claim, characterised in that at least some of the blades are inclined so as

to force material downwards through the thin-film evaporator.
T REPLACEMENT SHEET
1 o7 AUG 1999J
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ABSTRACT OF THE DISCLOSURE

Forming Solutions

£ solution of cellulose is formed bv moving a premix of
a tertiary amine N-oxide, water and cellulose through a
thin-£ilm evaporator ‘using a bladed rotor under treatment
conditions which specify, an area of heated surface (1m? to
125m2), a circumfarantcial spacing between blade tips (65 to

175 mm), a rotational speed of the blade tips (less than 8

m/sec.), a pressure (25 to 100 mb) and a temperature (90°C
to 135°C).

FIGURE 1
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