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(57) Abstract: The present invention relates to a method of and apparatus for treating pulp with filler. The method and apparatus
according to the invention ae especially well suitable for treating pulp with filler, the mixing of which to the pulp requires simultane-
ous treatment of the pulp with gas. The treatment of cellulose pulp suspension of the paper making industry and calcium hydroxide
with carbon dioxide is presented as one preferred embodiment of the invention.
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METHOD AND APPARATUS FOR TREATING PULP WITH FILLER

The present invention relates to a method of and apparatus for treating pulp with filler.
The method and apparatus according to the invention are especially well suitable for
treating pulp with filler, the mixing of which to the pulp requires simultaneous treatment
of the pulp with gas. The treatment of cellulose pulp suspension of the paper making
industry and calcium hydroxide with carbon dioxide is presented as one preferred em-

bodiment of the invention.

Fillers are added to pulps, i.e. cellulose fiber suspensions in paper production for im-
proving the properties of paper or for saving cellulose-based raw material. One com-
monly used filler is calcium carbonate CaCos; . The present invention is a method of
forming calcium carbonate on the fibers of the pulp by precipitating and/or crystallizing

utilizing the reaction:

Ca(OH), + CO, > CaCO; + H,0

In other words, calcium carbonate is made of calcium hydroxide and carbon dioxide.
When mixing together pulp, calcium hydroxide and carbon dioxide, a calcium carbon-
ate fiber compound is formed that may efficiently be used in paper production. This

process has been explained in detail in Finnish patent publication FI-B-100670.

Thus, Fl-patent publication 100670, which thoroughly describes the treatment with filler
of a pulp based on cellulose fibers, may be considered to be the starting point for the
present invention. The expression « pulp based on cellulose fibers » in this context re-
fers to pulps used in paper and pulp industry, which pulps are chemically or mechani-
cally produced of plants or their parts containing lignocellulose, such as wood or grass
fibers, and delignified or having the lignine present either partially or completely, such
as cellulose, mechanical pulp, refined mechanical pulp, mixtures thereof, fines and/or
derivatives originating therefrom. The term « paper », in turn, is used to refer to various
grades of paper and board, coated or non-coated, produced by means of a paper and

board machine.
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In practice, the purchasers of paper, partly guided by legislative actions, more and
more dictate the development direction of paper products. The purchasers of printing
paper want to save in mailing costs and reduce the amount of generated waste. Waste
penalties depending on the weight are imposed to packings. A common trend is that
the price of paper products is increased by such additional cost encumbrances as en-
ergy and environmental protection taxes. Due to said reasons, the purchasers of paper
want to have paper products with a decreased grammage, still fulfilling high quality

demands.

Thus the attempt is to produce high quality paper using a smaller amount of raw mate-
rial than earlier. When the grammage of the paper is decreased, the density of the pa-
per becomes a critical property. In many applications, a property still more critical is the
stiffness of the paper, which decreases greatly as the density increases. Therefore the
aim is to change the structure of paper so that the density is as low as possible. This

sets further demands for raw materials and paper making processes.

Keeping paper-based communication competitive in relation to electrical communica-
tions requires further improving of the print quality of paper products. Considering the
vigorous attempt to decrease the grammage of paper, gradual and slow development
of paper grades is not enough In this situation, but more vigorous development of pa-

per quality 1Is needed in paper quality management.

The filling pores and cavities in cellulose fibers have been studied for years. According
to the studies, the advantages include e.g. better filler retention in paper making, the
possibility of increasing the filler-content of paper, decreased fouling and wearing of
the wire, as well as decreased linting of paper. Scallan et al. have reported on the use
of titanium dioxide in this connection. Patent publications US 2,583,548 and 3,029,181
disclose methods in which calcium carbonate is precipitated inside the fibers and on
the surfaces of the fibers using two salts easily dissolving in water, e.g. calcium chlo-
ride and sodium carbonate. A disadvantage of this method is the generation of soluble
by-product, which has to be washed off prior to using the fiber in papermaking. This
increases the water demand, due to which the method is not very realizable. A second
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disadvantage of said methods are chemical changes on the surface of the cellulose
fiber, which result in a remarkable decrease in the strength of paper when using the

fibers in paper production.

Publication JP 62-162098 describes a method, in which carbon dioxide is introduced
into water suspension of cellulose and calcium hydroxide, whereby calcium carbonate
is made to precipitate. A disadvantage of this method is that the treatment is carried
out at a low consistency of the pulp. Thus, remarkable portion of the carbonate iIs pre-
cipitated in the bulk solution and on the surface of the fibers, and not inside the fibers,
whereby the strength of the paper remains relatively low. Furthermore, when the pulp
is at low consistency, the required water amount, as well as the volume of crystallizing
reactors needed in an industrial scale turn to be very large, which is not economical.
As also the pulp and paper industry aim at decreasing the amount of water used, the
final target being a closed circulation, it is questionable whether said method can be

carried out at a low consistency of pulp, considering said target.

US patent 5,223,090, in turn, describes a method, in which the precipitation of calcium
carbonate with carbon dioxide is effected in a pressurized disc refiner in a medium
consistency cellulose suspension (consistency 5 — 15 weight per cent). This method
has provided better strength properties of paper than earlier filling methods. However,
a significant disadvantage of this method is that the refiner blades wear out rapidly be-
cause calcium carbonate and its raw material, calcium hydroxide, have highly wearing
properties. Furthermore, the method includes an additional low consistency stage prior
to the precipitation of carbonate, in which the calcium hydroxide is mixed with pulp.
Thus, the water amount needed is actually not smaller than in earlier methods, which

restricts the applicability of the method to production scale.

The precipitation of calcium carbonate with carbon dioxide at a high consistency of
pulp has been restricted by the fact that efficient mixing of cellulose fiber suspensions
becomes more complicated and difficult when the consistency is above 2%. The rea-
son for this is that in water cellulose fibers tend to form flocs, wherein the fibers are
wrapped around each other. This phenomenon has been widely examined since the

1950’s and it has been shown that flocculation is a mechanical phenomenon, always
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taking place when the fiber consistency exceeds the critical value. For cellulose fibers

this limit consistency is very low, less than 0.1%.

The object of the invention described in Fl patent 100670 mentioned in the above was
to eliminate the disadvantages presented in the above. Especially the object of the in-
vention was to provide a new method of introducing filler to pulp based on cellulose
fiber so that the introduction might be effected in a medium consistency pulp suspen-

sion in a controlled way.

Further, an object of the invention was to introduce a new method of adding filler to
pulp based on cellulose fiber in such a way that better retention of the filler would be
achieved and that the fillers would not be washed away with water to such an extent as
earlier. A still further object of the invention was to introduce a new method of adding
filler to pulp based on cellulose fiber so that the resulting paper would have higher
bending stiffness than when using commercial fillers. Furthermore, an object of the in-
vention was to eliminate problems existing in process water treatment, which are
caused fillers that are washed away from the process together with water. Especially
the object of the invention was to introduce a method of adding fillers to pulp so that
the method would facilitate the application of higher filler-content in paper than before,

simultaneously maintaining good retention.

The starting point in said publication was that the filler is added to the cellulose fiber
suspension when the pulp is in fluidized condition at medium consistency, calcium hy-
droxide is added to the pulp and it is precipitated to calcium carbonate with carbon di-

oxide.

However, the main problem is how to mix a very large gas amount to a relatively small
pulp flow. As stated in Fl patent FI-B-100670, it would be preferable, if the mixing could
be effected at a high consistency of pulp, clearly higher than 1%. In said patent, the
iIssue has been solved by pressurizing the gas and fluidizing the mixture of gas, pulp
and liquid. This may of course be done, but said process involves at least two prob-

lems.
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One problem is the energy consumption of pressurizing and mixing. A plant with a ca-

pacity of about 100 tons a day requires for these operations easily more than 200 kW

of energy.

Another significant problem is the gas volume. The gas volume of the carbon dioxide
required may be 0.1 — 0.5 nm®/ kg of cellulosic fiber. If the consistency of the pulp or
pulp suspension (mixture of cellulosic fibers and water) is e.g. 4%, the relation of the
volumes of gas and pulp suspension will be 4 — 20. By pressurizing the mixture to a
pressure of 10 bar, the relation of the volumes will be 0.4 — 2. However, a relation be-
low 0.3 is considered as technically applicable, when the mixing is effected in a fluidiz-
ing mixer. In other words, even pressurizing of the mixture does not attribute to reach-
ing a technically good level, which naturally leads to decreased efficiency. Increasing
the pressure over 10 bar, in turn, is of course possible, but usually the apparatus re-

quirements are more complicated when the pressure exceeds 10 bar.

Further, when taking into consideration that when precipitating calcium hydroxide, the
most preferable gas is flue gas, the carbon dioxide of which is utilized, the volume of
gas increases even more. The normal carbon dioxide content of flue gas is about 20%.
This leads to a volume ratio of gas and pulp suspension of 2 — 10 at a pressure of 10
bar. In practice, the mixing is technically impossible using the method described in pat-
ent FI-B-100670.

A characteristic feature of a preferred embodiment for treating pulp with filler according
to the present invention is that the pulp and gas containing carbon dioxide are fed into
a rotating drum at pulp consistency 2 — 20%, preferably 3 — 7%, at the feed end of the
drum and that during the treatment, calcium carbonate in the amount of at least 20
weight per cent, preferably more than 50 weight per cent, even more than 100 weight
per cent from the dry weight of the pulp is precipitated and/or crystallized on the pulp.
The carbon dioxide content of the gas is more than 10%, preferably 10 — 25% In case

of flue gas and preferably more than 80% when technical carbon dioxide gas Is used.

A characteristic feature of a further embodiment of the invention is that the gas flows

countercurrently in relation to the pulp suspension in a rotating drum. Said countercur-
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rent method is not very sensitive to gas volumes. The drum may be filled mainly with

gas, while the pulp takes only a fraction of its volume. The operation is most preferable

" at approximately atmospheric pressure, typically in the range of 0.9 — 1.2 bar. Never-

theless, the rotating drum may be pressurized, if needed, up to 15 bar, if decreasing

the gas volume is needed for some reason.

A characteristic feature of a second preferred embodiment of the invention is that cal-
cium hydroxide is fed into the drum together with the pulp. Calcium hydroxide reacts
with the carbon dioxide present in the gas, and calcium carbonate precipitates on the

fibers.

A characteristic feature of a third preferred embodiment of the invention is that the
drum is divided by means of intermediate walls into at least two parts, preferably into
more than three parts. A lead-through, i.e. a passage is provided in the intermediate
walls, wherefrom the pulp and the gas can pass to the subsequent part of the drum.
The object of the intermediate walls is to prevent excess mixing of gas between vari-
ous parts of the drum. Thus, clearly various gas compositions may be maintained in

various parts of the drum.

A characteristic feature of a fourth preferred embodiment of the invention is that the
relation of the length and the diameter of the drum is between 2 and 15, preferably
between 4 and 8. With this kind of drum geometry it is possible to ensure that both the

pulp and the gas flow through the drum in form of a plug flow.

A characteristic feature of a fifth preferred embodiment of the invention is that the di-
ameter of the drum is between 1 and 4 meters, preferably between 1.5 and 2.5 meters.
This kind of construction provides a suitable mixing efficiency when the pulp rotates in

the drum.

A characteristic feature of a sixth preferred embodiment of the invention is that the av-
erage retention time of the pulp in the drum is typically between 3 and 30 minutes,

preferably between 5 and 15 minutes.
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Other characteristic features of the method and apparatus according to the invention

are disclosed in the appended claims.

In the following, the method and apparatus according to the invention are explained In
more detail with reference to the appended figures, of which

Fig. 1a illustrates a treatment drum according to a preferred embodiment of the inven-
tion in side view,

Fig. 1b illustrates in section A-A the treatment drum of Fig. 1,

Fig. 2 illustrates the operation of the treatment drum of Fig. 1a and 1b, and

Fig. 3 illustrates a treatment drum according to a second preferred embodiment of the

invention.

Fig. 1a and 1b illustrate schematically a treatment drum according to a preferred em-
bodiment of the invention. The drum comprises preferably a cylindrical shell 12, which
may as well be conical or partly conical and partly cylindrical. One possible alternative
construction may be a treatment drum having a polygonal cross section, whereby the
drum might be formed of e.g. five or six rectangular or trapezoidal plate parts, said

plate parts being connected at their long sides to form a treatment drum.

The drum 12 is not perforated and preferably its internal surface is provided with flat
bars 14, which extend either totally from one end of the drum to another or at least to
almost the whole length of the drum either directly in the axial direction of the drum or
deviating therefrom to either direction. The orientation of the flat bars 14 may to some
extent effect the retention time of the fiber suspension in the drum. However, the same
effect may be obtained also by changing the banking of the drum 12. The height of the
flat bars 14 is in the range of 10% of the diameter of the drum, preferably about 100 -
250 mm. On the other hand, the height of the flat bars 14 is effected also by the rota-

tional speed of the drum 12, so that the height always has to be fitted to match the ro-

tational speed.

According to a further embodiment of the invention, the flat bars 14 may be formed to
resemble more a bucket, whereby their inner edge 16 is bent to the rotational direction

of the drum. Said bent part 16 contributes to the retaining of the pulp on the flat bar.
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Fig. 1a illustrates also a chute 18, via which the fiber suspension is fed into the treat-
ment drum 12. The chute 18 leads the suspension into the drum either through a cen-
tral opening 22 in an end plate 20 rotating together with the drum 12 or through an
opening in a stationary non-rotating end plate sealed in relation to the drum. If
needed, the chute may be replace with a conduit located stationary in either the rotat-

iIng or the stationary end plate of the drum, which facilitates thorough collection of re-

sidual gases from the drum.

In the embodiment of the Figure, the other end of the drum 12 is provided with a sta-
tionary end wall 24 sealed in relation to the drum 12, said end wall being provided with
a conduit 26 for treated fiber suspension being discharged from the drum and a con-
duit 28 for gas containing carbon dioxide to be introduced into the drum. The Figures
do not illustrate devices used for rotating the drum, which devices are known per se.
One method of arranging the drum rotatable is to fasten around the drum, on at least
two locations on the length of the drum, a strong girth and rings positioned on rollers
arranged on a machine frame so that the drum can rotate supported by the rollers. The
actual drive motor may be arranged to operate together with a gear rack arranged In

connection with one of the rings.

Fig. 2 illustrates the operation mode of the drum 12 according to the invention, in other
words the movement of pulp during the rotation of the drum. The pulp passes to the
internal surface of the drum 12 when feeding the pulp suspension through the chute 18
or the like conduit into the drum 12. As the drum 12 rotates, the pulp moves upwards
supported by the flat bars 14. When the pulp reaches a predetermined level, depend-
ing on both the centrifugal force generated by the rotation of the drum 12 and the fric-
tion of the fiber suspension in relation to the flat bars 14, it falls down against the drum
12 due to gravity. The only restricting factor in view of the operation is that the cen-
trifugal force generated by the rotational motion of the drum shall remain lower than
the gravitational force. In other words, the drum 12 should not be rotated so fast that

the fiber suspension could not fall down from the internal surface of the drum 12.
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As the apparatus is in operation, the fiber suspension falls through the gas space of
the drum 12 and impinges to the surface of the drum 12. When falling through the gas
space and especially when impinging to the surface of the drum 12 and forming drop-
lets there, the pulp is efficiently in contact with the gas space and the carbon dioxide
therein. If it is desired to intensify the droplet formation of the fiber suspension, it is
possible to arrange inside the drum 12 e.g. longitudinal bars, plates, flat bars or the

ike so that more collision surfaces are provided inside the drum.

When the drum 12 is kept slightly inclined in the longitudinal direction, or when flat bars
14 are inclined slightly towards the discharge end, the pulp is forwarded during each
revolution of the drum 12 a short distance from the feed towards the discharge. Partly
the feed of the pulp itself effects the same action, but only in a drum devoid of inter-
mediate walls or other obstacles hindering the flow of the pulp from the feed end of the

drum to the discharge end thereof.

Fig. 3 illustrates a sectional side view of a drum 14 according to a preferred embodi-
ment of the invention. At least one intermediate wall 30 is arranged inside the drum 12,
although it is preferable to arrange more than one intermediate wall 30 in the drum 12.
The object of the intermediate walls is to prevent free mixing of gas inside the drum 12
and simultaneously form like multiple treatment zones or treatment chambers 32 inside
the drum 12.

According to one alternative construction, the intermediate walls are provided with
relatively small perforations, in the range of 10% of the cross sectional area of the
drum 12. This way, the weaker gases may be kept apart from the stronger gases and

thus obtain a higher efficiency.

According to another alternative construction, the intermediate walls 30 are provided
with only one passage 34 in the middle, wherethrough the fiber suspension is trans-
ferred from one chamber of the drum 12 to another. For this purpose, lifting members
or chutes are arranged in connection with each intermediate wall 30, via which mem-
bers or chutes the fiber suspension can pass first to the lower edge of the passage 34
in the intermediate wall 30 and therethrough to another chamber 32 of the drum 12.
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The apparatus illustrated in Fig. 3 operates so that fiber suspension together with cal-
cium hydroxide is fed into the drum 12 via a chute 18 (illustrated in Fig. 1) located at
one end of the apparatus. Gas containing carbon dioxide, which may be either indus-
trially produced carbon dioxide or flue gas, is fed into the drum 12 via a conduit 28 lo-
cated at the opposite end of the drum. As fresh treatment gas continuously flows from
the conduit 28 into the drum 12, the gas already existing in the drum has a tendency to
flow forward, whereby it passes via either perforations in the intermediate wall or the
central passage 34 thereof to a next chamber 32 countercurrently in relation to the
passing direction of the fiber suspension. At the same time, as the gas flows counter-
currently, the carbon dioxide content of the gas decreases as the carbon dioxide reacts
with calcium hydroxide present in the fiber suspension. In other words, this results in a
situation that in the first treatment chamber, seen from the flow direction of the fiber
suspension, the calcium hydroxide content of the fiber suspension is at its highest level
and the carbon dioxide content of the gas in said chamber is at its lowest level. Nev-
ertheless, due to the great amount of free calcium hydroxide, it can react with a small

amount of carbon dioxide, whereby the carbon dioxide is efficiently utilized.

Just accordingly in the other end of the drum, in the vicinity of the discharge, as the
amount of calcium hydroxide in the fiber suspension is small, the carbon dioxide con-
tent of the gas is high, whereby it is ensured that all calcium hydroxide is brought into
contact with the carbon dioxide for precipitating the maximum amount of calcium car-

bonate.

After the treatment, the pulp discharging from the drum 12 via conduit 26 contains a
remarkable amount of calcium carbonate, more than 10 weight per cent, but preferably
much more, even 10 — 15 times more. In comparison with the gas fed in, the gas
leaves the drum 12 with a lower carbon dioxide content, the decrease corresponding to

the amount of carbon dioxide combined to the pulp in form of carbonate.

Example
About 100 tons of produced pulp is treated in the drum per day. A suitable length of

the drum 12 is about 12 meters and a suitable diameter is about 2.2 meters. A suitable
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rotational speed of the drum 12 is 15 revolutions per minute and the retention time
about 15 minutes. Thus, as the drum 12 rotates, the pulp will fall down about 230
times, during which time a good contact is established between the pulp, calcium hy-
droxide and the carbon dioxide in the pulp. Multiple falls ensure an almost continuous

good mixing.

The pulp, i.e. fiber suspension, will be efficiently filled with the filler, I.e. calcium car-
bonate. A suitable amount of calcium carbonate may be about 100 weight per cent of

the weight of dry fiber. The amount of pulp to be fed is then about 50 tons per day.

The gas in the carbon dioxide may be almost 100 per cent of technical carbon dioxide.
However, the use of flue gas containing carbon dioxide, obtained e.g. from a lime Kiln,
is preferable. In that case the carbon dioxide content of the gas is about 10 - 25%,

normally about 15 — 20%.

Advantages of the above-described method include e.g. low energy consumption and
ability to utilize gases having a low carbon dioxide content. The energy requirement of
the exemplary drum is about 50 kW, which has to be considered low compared to
many fluidizing chemical mixers and their accessories. The drum solution does not re-
quire any accessories, such as gas compressors. An exhaust gas blower for forward-

ing the exhaust gases leaving the drum is the only accessory possibly needed.

In addition to the above described rotating drums, a stationary drum with an internal
shaft provided with radial mixing arms may as well be utilized for bringing the calcium
hydroxide present in the fiber suspension into contact with carbon dioxide. The pulp is
mixed with the mixing arms so that the carbon dioxide in the gas space gets to intimate
contact with the pulp particles and especially with the calcium hydroxide therein. The
size of the drum used may be somewhat smaller than presented in the above, as the
filling factor of the drum with pulp may be somewhat higher. Respectively, the rota-
tional speed of the mixing shaft should be in the order of 10 — 30 rotations per minute,
to ensure a sufficient mixing between the fiber suspension and the gas. The diameter
of the drum used in this embodiment is in the order of 0.3 — 1.5 meters, preferably 0.5

— 1.0 meters, and the ration of length to diameter is 4 — 25, preferably 5 —12. In other
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words, such a stationary drum would be somewhat longer and have a smaller diameter
than a rotary drum. With respect to other parameters having an effect on the process,
e.g. retention time, this embodiment corresponds to the solution described earlier.

Thus, this stationary drum may also be divided into two or more chambers, if desired.

As noticed from the above, an economical and new type of method has been devel-
oped for bringing a fiber suspension containing calcium hydroxide into contact with
carbon dioxide. It has to be noted from the above that the description of the invention
only presents a few preferable embodiments of the invention with no intent of restrict-
ing the invention to cover only the mentioned constructions and methods. Thus, details
presented in various figures may be freely used in connection with solutions described
in connection with another figure or otherwise described in the description part, even
though it may not have been specifically proposed in the above. Thus, based on the

above it is clear that the appended claims alone determine the scope of the invention.
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CLAIMS

1.

Method of bringing a fiber suspension used In paper making into contact with a

gaseous chemical for allowing said gasesous chemlcql to react with a first chemical
5  present in the fiber suspension or fed therein for generating a chemical to be used in
paper making, characterized in that

10
15 2.
3.
20
4.
5.
25
B.
36 7.

the fiber suspension and the first chemical are led into a treatment drum (12) to
pass through the drum,

sajd gaseous chemical is led into the drum (12) via the opposite end of the
drum (12) with respect to the fiber suspension so that the gaseous chemical
flows countercurrently in relation to the suspension, and

the fiber suspension is mixed in the drum (12) for bringing the gaseous chemi-
cal into contact with the first chemical in the fiber suspension.

Method according to claim 1, characterized in that said mixing is effected by

rotating the drum (12).

Method according to claim 1, characterized in that said mixing is effected by
rotating a mixing device arranged inside the drum (12).

Method according to claim 1, characterized in that said first chemical is fed
into the drum (12) together with the fiber suspensian.

Method according to claim 1, characterized in that the drum (12) Is divided into
multiple treatment zones,

Method according to claim 2, characterized in that the drum is rotated with a
speed of 10 — 20 revolutions per minute.

Method according to claim 1, characterized in that the fiber suspension is
mixed in the drum for 3 — 30 minutes.
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8. Method according to claim 1, characterized in that the fiber suspension is
mixed in the drum for § - 15 minutes.
9. Method according to claim 1, characterized in that said gaseous chemical is

5 carbon dioxide.

10. Msethod according to claim 9, characterized in that said gaseous chemical is
flue gas containing carbon dioxide.

10 11.  Method a.ccorcﬁng to claim 1, characterized in that said gaseous chemical is
calcium hydroxide.

12.  Method according to claim 1, characterized in that the fiber suspension is fed
into the drum (12) at medium consistency.

13.  Apparatus for bringing a fiber suspension used in paper making into contact
with a2 gaseous chemical in order to allow said gaseous chemical fo react with a
first chemical present in the fiber suspension or fed therein for generating a
chemical to be used in paper making, characterized in that the apparatus
20 comprises a drum (12), conduits therein for the fiber suspension (18) to be fed
into the drum (12) and for said gaseous chemical (28) and for the treated fiber |
suspension (26) being discharged from tha drum (12), as well as devices for
mixing said gaseous chemical and the fiber suspension together, whereby the
feed conduit (18) for the fiber suspension and the feed conduit (28) for the
25 gaseous chemical are locatad at opposite ends of the drum (1 2).

14.  Apparatus according to claim 13, characterized in that said mixing devices
comprise devices for rotating the drum (12).

30 15, Apparatus according to claim 13, characterized in that said mixing devices

comprise flat bars (14) attached on the internal surface of the drum (12).
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16.  Apparatus according to claim 14, characterized in that said mixing devicés
comprise bars or the like collision surfaces arranged inside the drum (12).

7. Apparatus according to claim 13, characterized in that said mixing devices
comprise a rotary shaft aranged inside a stationary drum and mixing arms at-
tached to said rotary shatt. '

18.  Apparatus according to claim 13, characterized in that the diameter of the
drum is 1 -4 meters.

19. Apparatus according to claim 18, characterized in that the diameter of the
drum is 1.5 - 2.5 meters. o

20. Apparatus according to claim 17, characterized in that the diameter of the
drum is 0,3 - 1,5 meters,

21. Apparatus according to claim ‘iB, characterized in that the diameter of the
drum is 0,5 — 1,0 meters. '

22.  Apparatus according to claim 13, characterized in that the drum (12) is divided
by intermediate walls (30) into two or mare chambers (32).

23,  Apparatus according to claim 22, characterized In that in said intermediate wall
(30) there are arranged one or more passages (34) for facilitating the passing .
of the gas and the fiber suspension from one chamber into ancther.
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