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(57) Abstract

The present invention relates to a method and an apparatus 2

for treating pulp. The method and apparatus in accordance with the
present invention is especially applicable in realizing the bleaching
processes of fiber suspensions and for separating residual gases re-

maining in the suspension. It is characteristic of the method in ac- " "
cordance with the present invention that pulp is treated at the consis- 80 »é~

o . . VI/,,I.OJ'I.’O."I“ ;
tency range of 8 to 20 % in a closed pressurized process in at least 0 N == NN
following treatment stages: pulp is supplied by a pump to a chemical ‘&%_‘_.‘.‘% i %//H" "

mixer, chemicals are mixed in said pulp, said pulp flow is passed by
means of the pressure of the pump to a process vessel, said pulp is &
treated with chemicals in the process vessel, gases are removed from
said pulp in a pressurized closed separation apparatus in the process
vessel or thereafter, when separating gas fibers are prevented from
exiting with said gas, and said pulp is passed along a closed passage
to the next process stage. It is characteristic of the apparatus in ac-
cordance with the present invention that in the inlet channel (54) for
the material or communicating with it there are means (140) for con-
verting the pressure difference between the inlet channel and the gas
discharge to kinetic energy of material, in other words to a rotational

movement of the material.
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METHOD AND APPARATUS FOR SEPARATING GAS FROM A GASEOQUS
MATERIAL

Field of the invention

The present invention relates to a method and an apparatus
for separating gas from a gaseous material preferably in a
closed process. The method in accordance with the present
invention is especially suitable for chemical processes in
the wood processing industry so as to minimize the
environmental disadvantages thereof. The apparatus in
accordance with the present invention is applicable, for
example, for the separation of residual gases of bleaching
processes from fiber suspensions of wood processing
industry. While the apparatus in accordance with a preferred
embodiment of the invention is mainly designed for the
discharge of gas, it may also be used for the discharge of
fiber suspension bleach towers. The arrangement in
accordance with another embodiment of the present invention
is preferably applied in the discharge of gas from low
consistency pulps, whereby the consistency of the pulp may

be even below 5 %.

Prior art

There is a number of known gas discharge apparatuses,
which have been used for removal of residual gases of a
bleaching stage from fiber suspensions. US Patent 4,209,359
discloses a process for separating residual oxygen from
pulp which has been bleached with oxygen. The separation
apparatus in accordance with said patent 1is a relatively
large vessel, to which the bleached pulp is discharged
from a bleaching stage and in which the pulp is treated at
a consistency of about 3 %. The pulp is supplied to the
vessel tangentially, whereby said pulp is subjected to a
centrifugal force, which facilitates the separation of gas
in a known manner so that a portion of the gas may be
discharged directly from this stage. Thereafter the pulp
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is allowed to flow to the bottom of the vessel, where pulp
is mixed for about 30 seconds to 5 minutes with two mixers
of different types, of which the upper is used for pumping
the pulp axially downwards and the lower is used for pumping
the pulp radially outwards, whereby the pulp is brought
into a circulating movement, by means of which residual

gas is separated from the pulp.

Disadvantages of the disclosed apparatus are, for example,
that it is necessary to dilute the pulp to a low consistency
merely for the gas discharge and that the process pressure
is not utilized in the form of dynamic pressure whereby,
when the vessel and the inlet channel are relatively large,
the centrifugal force remains small and the gas separation
capacity low. As known, bleaching is carried out preferably
at a consistency of about 10 to 12 %, whereafter the
bleached pulp is led to a washing stage either directly
or through a gas separator. If residual gas is not separated
from the pulp prior to washing, said gas in the pulp
complicates the washing and weakens the washing result
considerably. A number of washer types are known in the
industry, to which pulé may be supplied at a so called MC
consistency (medium consistency), whereby also gas should
be removed from the pulp at the MC consistency. Washers
operating at the MC range are, for example, diffusers,
belt washers and so called DD washers. If it is necessary
to dilute the pulp prior to the washing for removal of
gas, larger amounts of liquid must be pumped to the washing
than if the consistency is maintained original. For example,
when the consistency is 3 %, there is about 30 kg water in
the pulp for each fiber kilogram. When the consistency is
about 12 % the amount of water has decreased to about 5 kg
per a kilogram of £fibers. Thus, when the consistency
quadruples the amount of the water decreases to one sixth
of that of the low consistency. In other words, the
dilution of pulp results in that, if MC washers are used,
the pulp must be thickened again or alternatively low
consistency washers must be used, for example, a suction
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Moreover, the arrangement in accordance with the disclosed
publication has several portions of the apparatus exposed
to the atmosphere, whereby the treatment of pulp does not
take place in a hydraulically closed pressurized system.
Figure 6 discloses the process of said patent specification
illustrating a bleaching tower 36, a gas separator 10 and
a filter 46 which are all open unpressurized apparatuses.
They allow the contact between the pulp and the air and

thus result in foaming and odor problems.

US patent 4,362,536 discloses an apparatus, by means of
which gas may be removed from the pulp flowing in a channel
prior to its free fall to a pulp vessel or the like member.
The separation of gas is carried out in such a way that
the gaseous pulp tangentially enters the separation
apparatus, in which a rotatable rotor accelerates the
rotational speed of the pulp and the gas is separated due
to a centrifugal force to the center of the apparatus,
from where it is removed. Gas is prevented from entraining
the pulp by using baffle plates. The rotor is not designed
to increase the pressure of the pulp, since it is not
necessary when the pulp is allowed to fall freely to the
vessel below. The apparatus is not applicable in a closed
process, which requires a controlled gas discharge allowing
fluctuation in pressure and a pressurized pulp discharge.
Also the correct pressure difference between the entering
pulp, the pulp to be discharged and the exiting gas must
be maintained. It is also preferable to be able to increase
the pressure of the exiting pulp in the gas separator,
which is possible with the apparatus in accordance with
the present invention, by means of which it is possible to
decrease the pressure level of the reaction vessel and
thus decrease the investment costs, unless it is necessary

to further transfer the pulp with a pump.
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It has ﬁeen possible to eliminate the disadvantages of
both the apparatuses and the methods of the above mentioned
prior art references with an apparatus in accordance with
internafional patent application W090/13344 of A. Ahlstrom
Corporation, which apparatus is located in the outlet of a
pressurized pulp treatment reactor or the like or in the
flow channel extending therefrom. The rotor of said
apparatus is preferably formed of a rotationally symmetric
casing, which is concentrically attached to a flange located
substantially perpendicular to the axis of the rotor, and
on the flange end thereof there are openings for the
discharge of the gas-free suspension towards the discharge
opening. Said arrangement is described more in detail in
Figure 1 and in the description thereof. It is typicl of
the method and apparatus in accordance with said patent
application that gas may be separated from medium
consistency pulp by disposing the apparatus in accordance
with the application in the outlet of a closed reactor and
the apparatus itself carries out the discharge of the
reactor, the gas separation allowing the fluctuation in

pressure and feeds the pulp further at an increased

pressure. Due to its construction and control said

apparatus can discharge gases without any pulp £fibers
entrained in them even if the pressure in the reaction
vessel varies. The operation of the apparatus includes
therefore both the gas separation and the purification of
gas. The fibrous material separated in the purification of
gas is recirculated through a gas separation apparatus to
the pulp flow. A preferred embodiment of the gas separation

apparatus carries the specific feature that it can increase

the pressure of the exiting pulp.

Said prior art apparatus may still be developed to enable
the utilization of pressure in said pulp vessel for the gas

separation.
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Disclosure of the invention

The object of the present invention is to eliminate or
minimize the problems occuring in the apparatus in
accordance with US patent 4,209,359. The aim of the process
and apparatus in accordance with our invention is to treat
the pulp in an as air-free space as possible. In other
words by pressurizing the apparatus gas is prevented from
mixing with the pulp and by removing gas from the pulp, the
disadvantages of the gas in the procesé are minimized.

Thus it is characteristic of the invention that an apparatus
is provided in the discharge/flow channel for pulp, the
purpose of which is to convert the process pressure to
dynamic pressure and to pass the pressurized pulp suspension
being discharged from the vessel to circulate along the
inner surface of the flow channel at as high speed as
possible, whereby due to a strong centrifugal force gas is
separated from the pulp very efficiently and it may be
discharged from the apparatus in a manner known from the
prior art apparatus. Further it is characteristic of the
invention that pulp is discharged under pressure from the
apparatus so that the pulp may be directly supplied to the
next treatment apparatus with the pressure of the gas

separator.

The method in accordance with the present invention is
characterized in that
- the pressure difference between the inlet channel and
the gas discharge is converted to kinetic energy by
turning the direction of flow of material to a spiral
rotational movement in the inlet channel;
- gas is separated from the material to the center of the
separation apparatus by means of the created strong
centrifugal force;
- gas is discharged to a separate further treatment; and
- the kinetic energy of the circulating flow of material

is converted back to pressure energy.
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It is characteristic of the apparatus in accordance with
the éresent invention that in the inlet channel for the
material or communicating with such there are means for
converting the pressure difference between the inlet channel
and the gas discharge to kinetic energy of material, in

other words to a circulating movement of the material.

Brief Description of the Drawings

The present invention is described below, by way of example,

with reference to the accompanying drawings, in which

Fig. 1 illustrates a preferred embodiment of an apparatus
as described in the international patent application
PCT/FI90/00085 of A. Ahlstrom Corporation;

Fig. 2 illustrates another apparatus in accordance with
the prior art, as it is in said patent application of A.
Ahlstrom Corporation;

Fig. 3 1illustrates an apparatus in accordance with a
preferred embodiment of the present invention;

Fig. 4 illustrates an apparatus in accordance with a second
embodiment of the present invention;

Fig. 5 illustrates an apparatus in accordance with a third
embodiment of the present invention;

Fig. 6 illustrates an apparatus in accordance with a fourth
embodiment of the present invention;

Fig. 7 illustrates a preferred process embodiment of the
method in accordance with the present invention; and

Fig. 8 illustrates another process embodiment of the method

in accordance with the present invention.

Detailed Description of preferred Embodiments
1 a gas separation apparatus 2 in

According to Fig.
accordance with the prior art comprises three main portions:

a rotor 10, a casing 50 of the rotor and a body 70 of the

separation apparatus. Rotor 10 again comprises a first

sleeve 16 and a second sleeve 18 mounted on a shaft 12. A

flange 20 extends substantially radially from sleeve 16,

said flange being provided on one side, the so-called rear
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side, with a number of rear blades 22 rotating in a so-
called second separation chamber. The front side of flange
20 is provided with a number of blades 24, which are
supported by rings 26 and 28. In other words, blades 24
form an axially or radially changing, rotationally symmetric
shell 118. It is characteristic of the shell 118 that it is
completely open from the center excluding the hub of the
rotor (cf. screw 14) and that on the flange end the rotor
is provided with openings 112 between the blades, through
which openings 112 the pulp flows out of the rotor 10 and
the ribs at the inlet channel prevent the pulp from blocking
between the inlet channel and the blade.

There are a number of blades 30 extending from said second
sleeve 18 of the rotor 10, the front surfaces of which
blades are perpendicular to the shaft 12 and are provided
with a disc 32 and the front side of said disc 32 is
provided with a second series of substantially radial
blades 34, which are, however, dimensionally remarkably
smaller than the blades 30. The blades 30 and 34 and the
disc 32 have been arranged to rotate in a separate chamber
36, in a so-called third separation chamber, which is
divided by said disc 32 into two subchambers 38 and 40
said chamber 36 being separatéd from the rest of the rotor
space by a partition wall, which is a part of the body of
the separation apparatus. Thus the blades 30 rotate in the
chamber 38 and the blades 34 in the chamber 40.

A casing 50 of the rotor 10 comprises an axial inlet opening
52, which extends as an inlet channel 54 following the shape
of the rotor 10 towards a preferably spiral chamber 56,
which is provided with a discharge opening 58. The inlet
opening 54 and spiral chamber 56 form a so-called first
separation chamber. The clearance between the inner wall
of the inlet channel 54 and the blades 24 of the rotor is
within the range of 5 - 50 mm depending to a large extent
on the other dimensions of the gas separation apparatus. The
outer side of the wall 60 of the inlet chénnel 54 1is
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provided with a flange 62, by means of which it is possible

to attach the gas separation apparatus either to a pipe
line, a bleaching tower or some other applicable place.

The body 70 of the gas separation apparatus 2 comprises a
rear plate 72 mounted to the annular flange 64 of the
casing, said rear plate 72 being provided with sealing and
bearings (not shown) for the shaft 12 of the rotor 10.
Additionally, yhe rear plate 72 forms the rear plate 74 of
the chamber 36 of the blade-disc-blade combination extending
from the second sleeve of the rotor 10. A machined annular
disc 80 forms a ring 76 and a front wall 78 of the chamber
36, the inner side of the annular disc 80 being further
provided with a ring 82 in a location radially inwards from
the blades 34 but, however, at a distace from the second
sleeve 18, the ring 82 extending inside the chamber 34
close to the surface of the disc 32. The purpose of the
ring 82 is to prevent the discharge of the medium from
the chamber 40 to the space between the disc 32 and the

sleeve 18.

The rear wall 74 of the chamber 36 is provided with a gas

discharge opening 84, which may be an annular opening

between the rear plate 72 and the second sleeve 18.

Respectively an opening 86 1is provided radially outside

the ring 82 on the front wall 78 of the chamber 36, the
opening 86 leading to & space 42, a so-called second
separation chamber, defined by the rear blades 22 of the
rotor and the front wall 78 of the chamber 36. Further, a
flow channel 44 is arranged in the flange 20 of rotor 10

or in the first sleeve 16 to lead the gas separated by the

rotor to the space 42. It is preferable that the flow

channel 44 is located closer to the shaft than the channel

86.

with the prior art described

The apparatus in accordance
paratus'in the discharge

above is used by mounting the ap

opening of a reaction vessel in such a way that the extended



WO 93/01875

10

15

20

25

30

35

PCT/F192/00216
9

biades of the rotor extend into the vessel to some extent
to mix the pulp in the vessel, which pulp in some cases
may be even very thick, whereby the pulp flows at the
pressure of the vessel through the inlet opening 52 of
the apparatus to the inlet channel, in which the pulp is
exposed to the rotational effect of the rotor 10. Since the
rotor at least partially fluidizes the pulp and is able to
accelerate the rotational speed of the pulp close to its
own rotational speed, the pulp is able to be pressed more
freely due to the centrifugal force against the rotor and
the wall of the inlet channel to form an annular layer,
whereby the gas separating from the pulp has ideal
conditions to accumulate as bubbles and to drift towards
the lower pressure in the center of the rotor. At the same
time the rotational energy caused by the rotor in the
pulp and the centrifugal force generating therefrom enables
the increase of the pressure of the pulp at the outlet
opening 58 compared with the inlet opening 52. Since the
pressure is at its lowest close to the flange 20 around
the sleeve 16 gas accumulates there and is discharged
therefrom through the flow channel 44 to the space 42 behind
the flange 20. Some pulp is also discharged with the gas to
the space 42, whereby the purpose of rear blades 22 in said
space 42 is to pump the pulp possibly entrained in the space
42 back to the spiral chamber 56. The gas flows from the
space 42 either due to pressure in the space or due to
suction connected to the gas separation system through a
gap between the annular disc 80 and the second sleeve 18 to
the effective range of the blades 30, from where it flows
further through a gas discharge opening arranged close to
the sleeve 18 either directly to the atmosphere or, 1if
further gas treatment is desired, to a treatment apparatus
or a recovery system. The purpose of the blades 30 is to
ensure that even if fibers still entrain with the gas
flow through the gap between the annular disc 80 and the
second sleeve 18 to the chamber 36, the blades 30 pump the
pulp through the subchamber 38 around the outer edge of
the disc 32 to the subchamber 40 and further through the
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opening 86 to the space 42, wherefrom the rear blades 22
pass.the pulp further to the spiral chamber 56. Blades 30
in the subchamber 38 develop a greater pressure than the
pressure prevailing at the opening 86 in the chamber 42,
whereby the blades 30 in fact return the pulp through the

chamber 40 to the chamber 42. The purpose of the blades 34
is merely to prevent the pulp in the subchamber 40 from
densifying and forming lumps in the subchamber 40 by
generating a sufficient turbulence in the pulp in the
subchamber 40. Further, the purpose of the blades 30 and
34 is to make the gas separation apparatus as insensitive
as possible to pressure fluctuations in the spiral chamber
or in the inlet channel, in other words to ensure that the
gas discharge channel from the separation apparatus is
always open without any fibers in any case entering the

gas discharge opening 84 in the rear plate 72.

Fig. 2 illustrates a second gas separation apparatus 2 in
accordance with the prior art, which apparatus is in
principle similar to the apparatus in Fig. 1 excluding the
flange 20. In the apparatus of Fig. 2, the front surface

_ of the flange, i.e. the side by the blades 24, is provided

with a few blades 46. The construction and operational
principle of the blades 46 correspond to the construction
andioperational principle of the blades of a centrifugal
pump. Their purpose is to feed the pulp from inside the
shell formed by the blades 24 towards the spiral chamber
56 and further towards the discharge opening 58. Another
purpose of the blades is connected with the location of
the gas discharge openings and the gas removal process.
Said gas discharge openings are preferably located in a
dead space gathering air to the rear side of the blades.
Said blades may also extend as far as to the inside of the
spiral chamber 56. By increasing the number of said blades
or the length thereof it is possible to Aimprove the
pressure increasing effect of the separation apparatus,

which comes into question, when using the apparatus as a

-,
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discharde apparatus of a bleaching tower for feeding the

bleached pulp directly to the washer.

The embodiments of the apparatus in accordance with the
invention with their variations illustrated in Figs. 3 - 6
are up to the flange 20 identical with prior art apparatus
considering the drive side of the apparatus (cf. the
apparatus illustrated in Figs. 1 and 2). Fig. 3 illustrates
an apparatus in accordance with a preferred embodiment of
the invention, which substantially differs from the
apparatus in accordance with the prior art described above
in the portion below the flange 20, i.e. by the inlet
channel 54. The apparatus communicates by means of said
inlet channel with the fiber suspension inlet channel, the
discharge opening of a reaction vessel, or the like member.
Said apparatus is designed for the treatment of a - low
consistency pulp or the like, in other words pulp, which
does not tend to form a fiber matting clogging the flow
channel when flowing, but flows almost like water. It is
typical of the apparatus that the inlet channel 54 thereof
is formed of at least one spiral flow channel 120 (the
drawing illustrates two threads one within the other and
thus two spiral flow channels), by means of which the
pressure energy of the pulp being discharged to the
apparatus due to the pressure difference, is converted to
kinetic energy, which further due to the round shape of
the cross-section of the inlet channel 54, results in a
flow almost parallel to the rim and in generation of a
strong centrifugal force by means of which the gas in the
pulp is separated efficiently to the center of circulating
flow. One method of arranging the spiral flow channel 120
is to mount one or more overlapping spiral strips 122 to the
wall of the cylindrical inlet channel 54, the strips being
restricted on the side of the shaft 124 of the apparatus
to a stationary, relatively small cylindrical surface 126,
whereby the cross-section of the flow channel(s) 120 is
shaped rectangular. The inlet channel 54 of the apparatus
is connected to a larger spiral casing 128 already known
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from, fér example, a centrifugal pump, the front wall 130
of which having a number of guiding blades 132, the purpose
of which is to slow down the speed of the pulp flow
circulating along the thread and to increase the pressure
for the discharge of pulp in a pressurized state from the
apparatus. As in all other embodiments, the pulp is allowed
to be discharged from the apparatus axially to the inlet
channel where there is a surface (thread strips) inclined
relative to the discharge direction, by means of which
surface the axial movement of the pulp is turned to a
circulating flow parallel to said surface. The operation

of the apparatus may be illustrated as follows:
pressure energy -> kinetic energy -> pressure energy,

in other words pressurized fiber suspension is supplied to
the apparatus, the pressure is converted to kinetic energy,
in other words circulating movement, which again at the
end of the separation process is converted back to pressure

energy, whereby the suspension exiting from the apparatus

has a certain pressure.

The gas separated to the center around the shaft 124 of
the apparatus, or the cylindrical surface 126 corresponding
to the shaft, is discharged through openings 44 in the
flange 20 to the space behind said flange, the openings 44
being located relatively close to the shaft 124 of the
flange 20 of the rotor 10 disposed in the spiral 128. The
following separation process of gases and fibers corresponds
to what is described in our above described WO patent
application. It is appreciated from the described apparatus
that its construction is the simplest in the product family,
and in said apparatus only the flange 20 of the rotor and
the portion behind it are used for the separation of fiber
suspension flowing through the gas discharge openings 44 to
the rear side of the flange 20 from the gas being

discharged.
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Fig. 4 ‘illustrates an apparatus of the next technical
development, in which the frontside of the flange 20 of
the rotor 10 is provided with pumping blades 46, which
replace the guiding blades 132 disclosed in Fig. 3 and by
which the pressure of the pulp exiting from the apparatus
is raised, if the discharge pressure reached with the
embodiment of Fig. 3 is not high enough. Further, Fig. 4
illustrates with broken lines auxiliary blades 134 on the
front side of the rotor 10 of the apparatus for accelerating
the rotational speed of the pulp. A precondition for the
use of the auxiliary blades 134 is that the circumferential
speed of the auxiliary blades 134 1is higher than the
rotational speed of the pulp rotating in the inlet channel
54, Moreover, said auxiliary blades 134 may, of course, be
replaced by axial extensions 136 of the blades 46 of the
flange 20 of the rotor 10 (also shown with broken lines),
whereby blades 46, 136 are thus continuous, or both the
axial extensions 136 and the auxiliary blades 134 may be
used. The operation of the apparatus may be illustrated

as follows:

pressure energy -> kinetic energy + additional energy ->

pressure energy,

in other words by introducing additional energy the
separation of gas from pulp is facilitated and on the
other hand the discharge pressure is raised. By adjusting
the feed of the additional energy, for example, by
dimensioning of auxiliary blades 134 or by changing the
rotational speed, it is possible to adjust the amount of
gas being separated in the apparatus and the energy

consumption of the auxiliary blades reasonable.

Fig. 5 illustrates an apparatus in accordance with a more
complicated embodiment, which is already designed for
treating pulps which may form a fiber matting liable to
clogg the flow channel. In other words the consistency of
the pulp may vary between 8 and 18 percent or sometimes
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even exceed if. Then the basic principle is that at least
one .of the walls of said flow channel is movable thus
preventing the accumulation of fibers to a fiber matting.
In an embodiment in accordance with the drawing the center
of the flow channel 54 is provided with an extension 138 of
the rotor 10, which may be a pipe or a closed space with a
substantially smooth surface but it 1is possible to provide
the surface with small protrusions, which more efficiently
keep the pulp in a turbulent movement close to the surface
and prevent the clogging of the flow channel. The end of
the extension 138 of the rotor is preferably provided with
blade-like members as shown in Fig. 5, which preferably
extend to the inside of the pulp vessel in order to fluidize
the pulp. At least one spiral strip 140, extending radially
from the extension 138 of the rotor 10 to the wall of the
inlet channel 54, is attached to the wall of the flow
channel 54. Said construction ensures that the pressure
difference between the spiral housing 128 of the apparatus
and the inlet channel (not shown) 1is not able to level
down at least along the wall of inlet channel 54, but only
between the extension 138 of the rotor 10 and the spiral
strip 140, because, of course, a reasonable clearance must
be maintained between the extension 138 and spiral the
strip 140 in order to avoid mechanical contact. Also it
must be noted that although the drawing shows only the
blades 46 of the flange 20 of the rotor 10, they may either
continue axially inside the inlet channel 54, or the inlet
channel 54 may be provided with auxiliary blades, as

already shown in Fig. 4.

Fig. 6 1illustrates yet another, the most complicated,
embodiment in accordance with the present invention, in
which a thread 150 is mounted on an extension 152 of the
rotor 10 in such a way that the clearance between the wall
thread 150 and the wall of the inlet channel 54 is adjusted
as small as possible, at least at the end of the thread
150 by the flange 20 of the rotor 10. The thread 150 may
be made equally “sealed"” throughout the distance, in other



WO 93/01875

10

15

20

25

30

35

PCT/F192/00216

15

words with equally small clearance, if the pressure
difference between the inlet channel (not shown) and the
spiral housing 128 is not very large, but it may also be
designed to equalize the pressure differences to some
extent, for example, in such a way that the pressure is
allowed to evenly decrease within one or two pitches of
the thread 150. In other words the thread is allowed to leak
to some extent in order to allow a gradual decrease of
pressure. The extensions 136 of the blades 46 are added in
Fig. 6, which extensions are disclosed as alternatives to
auxiliary blades 134 shown in Fig. 4. However, the same
precondition concerns the extended blades 136 as the
auxiliary blades 134, i.e. the circumferential speed of
the blades 136 must be higher than the rotational speed of
the pulp. It may still be appreciated from Fig. 6 that the
rotational direction of the rotor 10 illustrated with an
arrow with unbroken line is not the same as the rotational
direction of the pulp in the spiral flow channel 154 of
the inlet channel 54. In the situation described with an
arrow with broken line the rotational direction of pulp is
the same as the rotational direction of the rotor. However,
it must be emphasized that the apparatus operates in both
cases. In the drawing in the case shown with an arrow with
unbroken line the circumferential speed of the pulp is
less than in the case when the pulp circulates in the
rotational direction of rotor 10 (the arrow with broken
line). Thus it is clear that by changing the rotational
direction of the rotor or preferably by making the threads
either right-handed or left-handed respectively it 1is
possible to increase or decrease the circumferential speed
of the pulp. At high pressure differences it is preferable
to slow down the rotational speed of the pulp in this
manner. When considering the operation of the apparatuses
it must be born in mind that the right- or left-handedness
always determines the rotational direction of the pulp
also when the pulp is discharged, regardless of what the
rotational direction of the rotor is. The embodiment in

Fig. 6 is provided with an extension 156 which is at least
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nearly axial and extends to the inlet channel of the thread
150 ‘or possibly to the pulp vessel and its purpose is to
generate turbulence in the inlet channel or in the pulp
vessel to facilitate, similarly to the blade-like members
shown in Fig. 5, the flow of the pulp to the inlet channel
54 and to readily lead the flow of the pulp from axial to
spiral. Finally it may also be stated of the embodiment of
Fig. 6 that it is not always necessary to have a thread
operated by the extension of the rotor, but, of course,

also a separately operated thread is possible.

It is characteristic of all the embodiments described above
that the angle of the thread, the so-called flow angle, i.e.
the angle between the thread and the level cutting the
inlet channel perpendicularly is less than 30 degrees,
preferably less than 15 degrees and most preferably less

than 10 degrees.

The apparatus in accordance with the present invention
operates as described above in connection with the different
embodiments. How the gas separated to the center of the
apparatus is discharged, 1is already described above in the
WO patent application of A. Ahlstrom Corporation mentioned

as prior art.
Example 1, gas separation apparatus.

When a pressure of about 5 bar prevails in the pulp vessel,
it is possible to convert it to a rotational movement, the
speed of which is about 22 m/s. Respectively, it may be
considered that the rotational speed of the rotor of the
gas separator, which is required for preventing the clogging
of the pulp being discharged from the mass tower, is about
1500 rpm, resulting in that the circumferential speed of the
rotor having a diameter of 150 mm is about 11.8 m/s. It is
appreciated that if the rotational direction of the pulp
determined by the rotor is the same as the rotational
direction of the rotor, the circumferential speed of the
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pulp is about 34 m/s and if the rotational direction of
the rotor is against the rotational direction of the pulp,

the circumferential speed is about 10 m/s.

Fig. 7 illustrates a preferred application of an apparatus
in accordance with the present invention. The schematic
illustration describes the flow of the pulp from a cellulose
pulp vessel 90 pumped by an MC pump 92 through a feed mixer
94 for bleaching chemical (e.g. 0Oy, O3, Cl, ClOp) to a
bleaching tower 96, the discharge end of which is provided
with a gas separation apparatus 2 in accordance with the
present invention. In the preferred embodiment of Fig. 2
the discharge of pulp from the tower 96 is preferably
carried out by said separation apparatus 2 in such a way
that the extension, or extensions if two threads set one
within the other are used, of the thread of the rotor 10
extending to the discharge opening of the tower fluidize(s)
the pulp and enable(s) the discharge thereof to the
separation apparatus, the blades 46 of which again raise
the pressure of the bleached suspension in such a way that
it may be supplied directly without any separate feed

“means to a washer 98, which may be either a pressure

diffuser or a so-called MC drum washer.

The method in accordance with the present invention is
described more in detail with reference to Fig. 7} in
which pulp is pumped by a pump 92 to a chemical mixer 94,
a reactor 96, a gas separator 2 and a washer 98. The whole
process is carried out in a closed space without any contact
between the air and the pulp. All means are pressurized
and closed. Gas separation apparatus 2 operates partially
as a pump, whereby the pressure of the pulp is raised prior
to the washer. The washer is pressurized and closed. It is
preferable to carry out the whole treatment at the same
consistency, most preferably at the range of 8 to 20 %.

In order to realize the method some of the apparatus

required already exist and other necessary equipment are
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being developed. The high consistency pump 92 necessary in
the process, a so-called MC pump, is disclosed, for example,
in US patent 4,780,053. Japanese patent 1617019 discloses
a chemical mixer. A pressurized washer is disclosed in US
patent 4952314. A gas separation apparatus essential in
the method is illustrated above with reference to Figs.

3 - 6.

Fig. 8 illustrates another application of the apparatus
in accordance with the present invention, in which pulp is
pumped from a temporary pulp vessel 90 by an MC pump 92
through a feed mixer 94 of bleaching chemical (e.g. Oy,
03, Cl, ClOy) to a bleaching tower 100, the discharge of
which is carried out by means 102 known per se to a drop
leg 104, which is preferably provided with a gas separation
apparatus 2 in accordance with the embodiment of Fig. 6.
Also in this case the separation apparatus feeds the pulp
directly to the washer. The apparatus in accordance with
the present invention may be used in pressurized, but also
in open unpressurized processes, which, of course, results
in the use of a high rotational speed in order to obtain a
sufficient circumferential speed and centrifugal force. It
must also be noted that although bleaching chemicals are
mentioned above, also other substances and organisms used,
and to be used in the future, in the treatment of fiber
suspension, such as entzymes Or fungi, are also covered.
Thus the term “"chemical" in the above description must be

understood in a broader sense than what is conventionally

understood by said term “chemical".

Tt must also be noted that the spiral rotational movement
of pulp may be brought about also by constructions other
than a thread. It may be considered that, for example, a
number of nozzles are mounted partly tangentially, partly
axially to the rotationally symmetric member so that the
pulp is discharged through the nozzles into said space
converting the pressure energy to kinetic energy. It is,
of course, possible to arrange into said member the thread
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illustrated in the previous embodiments if so desired, or
a rotatable rotor, if it is considered necessary. Said
member with its flange means again may be connected to a
spiral housing described in connection with the previous

embodiments.

As is appreciated from the above disclosed embodiments, a
new gas separator type has been developed, which generally
speaking and regardless of the above description of the
applications concentrated on wood processing industry, is
applicable in all apparatus in which gas must be separated
from a material behaving like a liquid. The apparatus is
very suitable for the wood processing industry, for example,
because it is able to treat very solid and weakly flowing
materials and additionally, beside the primary object, is
able to discharge the bleaching tower very efficiently
and in an energy saving way, if so desired, and to feed the
pulp directly to the washer. However, it must be noted
that the method and apparatus in accordance with the present
invention may may be applied also in apparatus where it is
not necessary to utilize its discharge or pumping ability.
Thus the above described embodiments must not be seen as
restricting the scope and protection of the invention, but
merely exemplifying a number of most preferred construction
alternatives and applications. Thus all details illustrated
in connection with different embodiments such as auxiliary
blades, extensions of blades, extensions of shafts,
clearances, etc. may be used, where applicable, in all
embodiments where they are not explicitly mentioned. It is
also not characteristic of the present invention that,
although the term "spiral housing” is used throughout the
whole patent application, said portion 1is specifically
sbiral, but also other forms applicable in the particular
use or purpose may come into question. The scope of
prptection of the present invention is disclosed and

deterimined by the enclosed claims, alone.
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Claims

1. A method of separating gas from a gaseous material in a
closed separation apparatus, connected through an inlet
channel (54) to an inlet pipe for material and comprising
a spiral housing (128), characterized in that
- the pressure difference between the inlet channel and
the gas discharge is converted to kinetic energy by
turning the flow of material to a spiral rotatiomnal
movement in the inlet channel (54),
- gas is separated from the material to the center of the
separation apparatus by means of a strong centrifugal
force,
- gas is discharged to a separate further treatment; and
— the kinetic energy of the circulating material flow is

converted back to pressure energy.

2. Method in accordance with claim 1, characterized in
that pulp is allowed to be discharged from the inlet pipe
against a surface set in an inclined position relative to
the direction of influence of the pressure and statiomnary
relative to said direction, whereby the flow direction of

the pulp turms parallel to said surface.

3. Method in accordance with claim 1, characterized in

that the gas separation is facilitated by feeding additional

energy to the material.

4. Method in accordance with claim 3, characterized in

that additional energy is supplied in said inlet channel
by rotating the flow channel of material in the inlet
channel (54) in the rotational direction of the material.

5. Method in accordance with claim 3, characterized in

that additional energy is supplied in the inlet channel by

means of rotatable blades (134, 136) or the like means.
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6. Method in accordance with claim 1, characterized in
that the material to be treated is a fiber suspension of
pulp or paper industry, a so called pulp, having a

consistency of 8 - 18 %.

7. Method in accordance with claim 6, characterized in
that the pulp is subjected to shear forces in the flow
channel (54) in the inlet channel in such a way that the
clogging of the pulp in the separation apparatus is

prevented.

8. Method in accordance with claim 7, characterized in
that the pulp is subjected to said shear forces by rotating
the flow channels of pulp relative to the inlet channel.

9. Method in accordance with claim 7, characterized in
that the pulp is subjected to shear forces by rotating a
member (138) generating turbulence relative to the flow

channels of pulp.

10. An apparatus for treating gaseous material, comprising
a body (70) with bearings and sealings, a spiral housing
(128), a substantially axial inlet channel (54) for gaseous
material communicating with said spiral housing (128), a
discharge opening for gas-free material and a discharge
opening for gas in said inlet channel (54) and a rotor
(10) rotatably mounted in the apparatus, and an inlet
pipe or the like means connected to the first end of the
inlet channel (54), characterized in that in said inlet
channel (54) for the material or communicating with it
there are means (120, 122; 140; 150) for converting the
pressure difference between the inlet channel and the gas
discharge to kinetic energy of material, in other words to

a circulating movement of the material.

11. Apparatus in accordance with claim 10, characterized

in that said apparatus comprises at least one spiral flow
channel (120, 154).
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12. Apparatus in accordance with claim 11, characterized
in that the flow channel (120, 154) is defined in the radial
direction at the outer edge by the wall of inlet channel
(54) of the apparatus, in an axial direction at both edges
by a spiral strip (122, 140, 150), and radially at the
inner edge by a surface (126, 138, 152), which is
substantially rotationally symmetric, and concentric with

the shaft of the apparatus.

13. Apparatus in accordance with claim 12, characterized
in that the outer edge of the spiral strip (122) is attached
to the wall of the inlet channel (54) and the inner edge
of the spiral strip is attaced to said rotationally

symmetric surface (126).

14. Apparatus in accordance with claim 12, characterized
in that the outer edge of the spiral strip (140) is attached
to the wall of the inlet channel (54) and the inner edge
of the spiral strip is located at a distance from said

rotationally symmetric surface (138).

15. Apparatus in accordance with claim 14, characterized

in that the rotationally symmetric surface (138) is an
extension of the shaft of the apparatus, rotating at the

speed of the rotor (10) of the apparatus.

16. Apparatus in accordance with claim 14 or 15,
characterized in that the rotationally symmetric surface
(138) is provided with non-smooth portions generating

turbulence.

17. Apparatus in accordance with claim 12, characterized
in that spiral strip (150) is attached on extension (152)
of the shaft of the rotor (10) in such a way that it rotates
with rotor (10) at a distance from the wall of the inlet

channel (54).
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18. Apparatus in accordance with c¢laim 15 or 17,
characterized in that the direction of the thread (150) is,
relative to the rotational direction of the rotor (10), such

that it feeds the pulp in the direction of the inlet flow.

19. Apparatus in accordance with claim 15 or 17,
characterized in that the direction of the thread (140) is,
relative to the rotational direction of the rotor (10), such
that it feeds the pulp in the direction of the outlet flow.

20. Apparatus in accordance with claim 10, characterized
in that means for adding kinetic energy of the material
are provided in spiral housing (128) or in the close

vicinity thereof.

21. Apparatus in accordance with claim 20, characterized
in that said means are blades (134) mounted at the inlet
channel (54) on the shaft of the rotor.

22. Apparatus in accordance with claim 20, characterized
in that said means are extensions (136) of the blades (46)
extending axially in the inlet channel (54) and mounted on
the flange (20) of the rotor (10).

23. Apparatus in accordance with claim 10, characterized
in that means for converting the kinetic energy of the
material back to pressure energy are provided in the spiral
housing (128) or in the close vicinity thereof.

24. Apparatus in accordance with claims 13 and 23,
characterized in that said means are guiding blades (132)
mounted on the wall of spiral housing (128), by means of
which the flow speed of the material is decreased and the

pressure energy thereof increased.

25. Apparatus in accordance with claim 23, characterized
in that said means are blades (46) mounted on the flange

(20) of the rotor (10).
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26. Apparatus in accordance with claim 10, characterized
in that said means are nozzles or the like means, by which
the material is supplied to the circulating flow passage.
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