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METHOD OF SEPARATING COLOURING AGENTS, PARTICULARLY PRINTING
INK, FROM RECYCLED FIBRE MATERIAL

[0001] The invention relates to a method of separating colouring
agents, particularly printing ink, from recycled fibre material, in which method
the recycled fibre material containing a colouring agent is defibered using a
liquid, preferably water containing auxiliary chemicals, so that colouring agent
contained in the recycled fibre material is separated from the recycled fibre
during the defibration.

[0002] Recycled fibre material usually contains different printed mat-
ter and other material containing colouring agents, i.e. printing ink or toner, ad-
hering to the recycled fibre material. When treated, recycled fibre material has
to be defibered on the one hand, and, on the other hand, colouring agents im-
peding or preventing the reuse of the recycled fibre, various fillers, wax and
glue have to be separated from it to be removed later. Such agents are added
during the manufacturing process of paper or paperboard to the surface of the
completed web either when making the web, during printing or in another fin-
ishing step, or in copying machines and printers.

[0003] In known art, recycled fibre material is pulped with water into
fibres and, at the same time, colouring agents and other agents are separated
from it by generating mechanical impulses in the mixture of water and the re-
cycled material. Besides mechanical treatment, chemicals and, to some de-
gree, heat are used to remove impurities and to affect the separation of certain
impurities and the removal of separated impurities in the operational step fol-
lowing the pulping.

[0004] A problem in known solutions is that colouring agents are
very difficult to be separated from fibres, which diminishes the brightness of the
pulp obtained in the defibration. The separation cannot either be significantly
enhanced by lengthening the treatment time, since it has been found that a
long pulping time (more than 15 minutes) and chemical conditions under which
colour is separated diminish the brightness of the pulp. The brightness is di-
minished partly because the colour particles become too small and penetrate
the fibres. The addition of what are known as collector chemicals, by the action
of which the colour particles form agglomerates, makes the brightness in-
crease after a few minutes of pulping. The brightness of the pulp continues to
increase further as the pulping time increases, but a long pulping time results
in the colour agglomerates growing too much, whereby they become visible.
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The visible colour agglomerates that are not removed in the different steps of
the deinking process generally have to be kneaded again into invisibly small
particles.

[0005] Another weakness in known solutions is that quite much fibre
material is lost in flotation, where printing ink and other impurities are removed
from the actual pulp. This is at least partly due to the printing ink, waxes, etc. in
the fibre being hydrophobic by nature, although the fibres per se are hydro-
philic. Because of the hydrophobic additives, the fibres attached to them are
easily removed from the pulp mixture during flotation, thus causing material
loss, which at least partly could be avoided by a good separation method.

[0006] The object of the present invention is to provide a method for
achieving a more efficient separation of colouring agents than before, and, as
a result, a brighter recycled pulp after the removal of the impurities than before.
The method of the invention is characterized in that the recycled fibre material
and liquid are first applied to a separate pre-breaker, such as a pulper or the
like for pre-kneading the recycled fibre material, that the pre-kneaded recycled
fibore material together with liquid and gas or a gas mixture, such as air, are
applied to a double-action impact mill comprising at least two concentrically ro-
tating rings having impact surfaces and radial openings, such that adjacent
rings rotate in opposite directions relative to one another, that the recycled fi-
bre material, the liquid and the gas or the gas mixture are applied in the middle
of the rings, from where they are thrown from one impact surface to another,
and, by the action of centrifugal force, radially outwards from the middle in
such a manner that the substantially continuous material flow applied to the
double-action impact mill is broken in the gas into small material flow parts that
are finally thrown through the openings between the impact surfaces outside
the double-action impact mill, and that the efficient treatment time of the recy-
cled fibre material in the double-action impact mill is at most two seconds, the
colouring agent attached to the recycled fibre material being separated from
the recycled fibre material as it hits the impact surfaces of the rings, allowing
the colouring agent to be removed in further processing from the generated
pulp suspension discharged from the double-action impact mill.

[0007] An essential idea of the invention is to apply the pre-kneaded
recycled fibre material into a double-action impact mill comprising at least two
rings that rotate simultaneously and concentrically relative to one another and
comprise impact surfaces and radial openings through which the recycled fibre
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material is conveyed from the middle of the rings radially outwards from the
device. It is a further essential idea of the invention that the total treatment time
of the recycled fibre material in the device is only seconds, at its maximum at
most two seconds, preferably less than one second. It is still a further essential
idea of the invention to apply gas or a gas mixture, such as air, to the double-
action impact mill, whereby the material flow applied to the double-action im-
pact mill is broken into several separate parts instead of a continuous pulp flow
and is thus capable of being thrown freely and loosely from one impact surface
to another at a high speed, as a result of which the fibres are subjected to very
strong impact pulses and shear forces, and overpressure and underpressure
pulses, making the colour particles become efficiently separated from the fi-
bres under such shaking. Furthermore, the essential idea of a preferred em-
bodiment of the invention is to use at most four coaxially arranged rings pro-
vided with impact surfaces and openings in the double-action impact mill,
whereby the properties of the device ensure that the treatment time remains
sufficiently short. According to another preferred embodiment of the invention,
chemicals, such as an alkali, e.g. sodium hydroxide, soap, water-glass and hy-
drogen peroxide, for enhancing the separation of the colouring agent and/or its
remaining separated and/or for enhancing further processing are applied to the
double-action impact mill simultaneously together with the recycled fibre mate-
rial and the liquid and the gas.

[0008] It is an advantage of the method of the invention that a large
number of said strong impulses for separating the colouring agent particles
from the actual fibres are directed to the recycled fibre material in a short time,
but because of the short treatment time and the openness of the device solu-
tion, the colouring agent particles are not ground and kneaded too small,
whereby they cannot either easily penetrate the fibres. A further advantage of
the method of the invention is that, after the rapid separation step, the colour-
ing agents and the fibre are not subjected to the long-time mixing and knead-
ing taking place in prior art pulpers, and they are not forced by hydraulic pres-
sure into tight gaps, and they thus remain well separated from each other, al-
lowing the colouring agents to be efficiently removed in the separation step af-
ter the double-action impact mill by means of flotation or in some other suitable
way. Furthermore, the advantage of a preferred embodiment of the method of
the invention is that as suitable chemicals are applied to the double-action im-
pact mill simultaneously with the recycled fibre material, they are immediately
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extremely efficiently mixed with the rest of the material and liquid, and thus
immediately affect both the separation of the colouring agent and the accumu-
lation of the separated colouring agent particles into larger agglomerates. This
avoids excessive disintegration of the separated printing ink in the treatment,
but, on the other hand, as the pulp suspension and its components produced
in the double-action impact mill immediately enter the next treatment step after
the double-action impact mill, no excessively large agglomerates, which are
usually produced due to long treatment times, are generated. A further advan-
tage is that the use of the method of the invention allows the same or even a
more efficient effect of chemicals on the separation of the colouring agent and
its staying separated to be achieved with significantly smaller chemical
amounts than in prior art solutions. Still an advantage of the method of the in-
vention is that, in this way, the energy fed into the double-action impact mill
can efficiently and in a short time be directed to the disintegrated mass flow,
whereby it is subjected to transient strong energy pulses, as a result of which
the colouring agent is effectively separated from the fibres, but, because of the
short treatment time, is not subjected to a long-term energy effect and thus
easily remains separate from the fibre.

[0009] The invention is described in detail in the attached drawings,
where Fig. 1 and Fig. 2 are a side view and a cross-sectional top view, respec-
tively, of a double-action impact mill suitable for implementing the method of
the invention, and

Fig.3 to Fig. 5 show the results obtained in laboratory tests per-
formed, and

Fig. 6 shows a schematic process for treating recycled fibre material
using the method of the invention.

Fig. 1 and Fig. 2 are a side view and a cross-sectional top view, re-
spectively, of a double-action impact mill suitable for implementing the method
of the invention.

[0010] Fig. 1 is a vertical section of a double-action impact mill 20
used in the method of the invention and comprising a housing 10, inside which
is arranged a rotor 11 provided with impact surfaces 1a, 1b..., 3a, 3b... etc.
Figure 2 shows the individual impact surfaces in detail. Inside the housing is
also arranged a second rotor 12, which is concentric with the first rotor 11. The
second rotor 12 is also provided with impact surfaces 2a, 2b..., 4a, 4b..., etc.
The impact surfaces 1a, 1b..., 2a, 2b..., 3a, 3b... of the first rotor 11 and the
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second rotor 12 are arranged in concentric rings 1, 2, and 3... such that the
rings 1, 3, 5 of the first rotor 11 and the rings 2, 4 of the second rotor 12 over-
lap. This allows the rotors 11 and 12 and their impact surfaces to freely rotate
concentrically in different directions.

[0011] The end of the housing is provided with a hole 14 that opens
into the centre of the rotors 11 and 12 and acts as a feed inlet for pre-kneaded
recycled fibre material. The wall of the housing is provided with an opening
hole 15 acting as an outlet opening tangentially to the outermost impact sur-
face ring.

[0012] The second rotor 12 may also be replaced with a stator pro-
vided with impact surfaces, but a solution comprising two rotors is preferable.
The rotors, rotating in opposite directions, produce strong centrifugal forces,
which efficiently maintain the material flow in motion, which a stator/rotor sys-
tem does not equally efficiently achieve.

[0013] Fig. 2, showing the device of the type of Fig. 1 as a horizon-
tal cross-section (modified such that both rotors 11, 12 have one ring more
than the device of Figure 1), shows the directions of rotation of the rotors.
Naturally, both rotors may also rotate in the opposite direction, as long as the
outermost ring rotates in the direction of the tangentially arranged outlet open-
ing.

[0014] According to the solution of Fig. 2, the horizontal distance L
between the rings 1, 2, 3... is about 3 mm and the same between all rings. Ac-
cording to a preferred embodiment, not shown in the figure, the device is built
or adjusted such that the distance L between adjacent rings decreases to-
wards the outermost ring 7 of the device. The distance L between the outer-
most rings 6 and 7 is preferably about 0.2 mm.

[0015] According to a preferred embodiment, the device is built
such that the distance S between the impact surfaces of the outermost rings is
less than the distance between the impact surfaces of the inner rings.

[0016] The above measures ensure that coarser fibrous material
can also be applied to the device, and nevertheless achieve sufficiently defi-
brated pulp. The essential advantage is that the number of impact surfaces in
the rotor rings and the distances (tightness) between the rings are selected
according to the need. The distance between the rings and the distance be-
tween the impact surfaces in the rings can be arranged to become smaller to-
wards the outer ring. In this way, the dispersing coarse recycled fibre material,
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when being kneaded, preferably ends up in a tighter space before being dis-
charged from the device. However, an essential idea of the invention is not to
force the recycled fibre material into very tight gaps and compression, but to
make the double-action impact mill operate fundamentally such that the recy-
cled fibre material hits the impact surfaces and is thrown from the radial open-
ings forward and finally out from the device. The ring wall of the housing of the
double-action impact mill does not have to be in the immediate vicinity of a ro-
tor pair, correspondingly rotor/stator, but may be located further from there, i.e.
the housing can be quite loose. In this case, the function of the housing is
mainly to act as a receiver for the pulp suspension produced.

[0017] When recycled fibre material and liquid are applied to the
double-action impact mill as a substantially continuous material flow in the
middle thereof inside the rotating rotor rings, it hits the impact surfaces of the
inner rotor ring. By the action of their impacts, it is disintegrated into several
smaller pulp flow parts, which are thrown peripherally in the direction of rota-
tion of the ring, but at the same time, by the action of centrifugal force, radially
upwards, thus ending up before the impact surfaces of the next ring and, as a
result, being thrown in the opposite direction. The splitting of the recycled fibre
material flow into small parts that are thrown through the double-action impact
mill from one impact surface to another results in that energy efficiently affects
the fibres and the colouring agent particles, whereby the entire recycled fibre
material is subjected to a substantially equal amount of energy and a similar
treatment as it is thrown from one impact surface of the double-action impact
mill to another, and further, out from the double-action impact mill. This is a
substantially significant difference as compared with prior art, where the en-
ergy pulses in the pulp mixture circulating in a large keeve are very unevenly
and randomly directed to the material being defibered and, as a result, the col-
ouring agent is poorly separated and disintegrated into unnecessarily small
particles thus impairing the brightness of the obtained pulp. The treatment time
of recycled fibre material in a double-action impact mill is at most two seconds,
preferably at most one second. This treatment time is the time from the feeding
of the material to the double-action impact mill to the time when the material is
thrown from the outermost rotor ring outside thereof.

[0018] Fig. 3 to Fig. 5 show the test results obtained by the method
of the invention using a Lamort type of laboratory pulper in the comparison. In
the test, 17-days old newspaper paper was pulped using a Lamort pulper, from
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which reference values were obtained, and the test run was carried out the
next day by the method of the invention. In the test run, the consistency was at
first 8%, and was lowered to 4% for pumping in order for the pulp to be
pumped, since the first treatment made the pulp swell strongly. The tempera-
ture in the test was 55°C and the pH 10.3. The test run included two test se-
ries, in the first of which the pre-kneaded pulp mixture was run seven times
through a double-action impact mill comprising four rings at nearly maximum
rotations and the second run was carried out using a speed of ¥ (40 1/s) from
the first test series and without the outermost ring of the double-action impact
mill. Sheets were made from the pulp by diluting the pulp first in the ratio 1:30
and by filtering it in a Buhner funnel on a wire onto filter paper. The filtered
sheets were rolled onto gloss plates, allowing the size distribution of the ink
particles to be determined. The ISO brightness of the sheets was measured
with an Elrepho 2000 device.

[0019] Fig. 3 shows the brightness of super-washed pulps as a
function of treatment time, treated by means of the method of the invention
and with a reference pulper (Lamort), respectively. In the figures, the diamonds
present the results obtained by the method of the invention using a double-
action impact mill and the round circles, in turn, present the average results ob-
tained with a reference pulper. in this test, the double-action impact mill was
used at a high operating speed (about 160 1/s) including all rotors, i.e. two
pairs of rotors rotating in opposite directions, adjacent rotors rotating in oppo-
site directions. The treatment time with the double-action impact mill is pre-
sented as the number of treatment times, since the passing time during each
treatment time was the same and, consequently, the total treatment time is di-
rectly proportional to the number of treatment times. Correspondingly, the
treatment time with the reference pulper (Lamort) is directly presented on a
time line segment.

[0020] As the figure shows, the brightness of super-washed sheets
obtained by the method of the invention is higher than any brightness value
obtained with the reference pulper. However, one is able to also note that the
highest brightness value was obtained by the method of the invention using
the shortest time, i.e. one treatment time of about one second. In the next
treatment times, i.e. as the treatment time became longer, the brightness value
fell by the method of the invention although it still remained clearly higher than
any value obtained with the reference pulper.
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[0021] Fig. 4 shows the brightness values obtained with the method
of the invention and the brightness values obtained with the reference pulper
when a slow (40 1/s) operating speed was used without the outermost ring.
The reason for this was that as the first test showed that too much energy was
used, the aim was to find circumstances under which the result would be even
slightly imperfect. The process again involved repeating the feed of test mate-
rial through the double-action impact mill, whereby the energy applied per pulp
unit increased each time by the amount of energy required by one pass. In this
case, it was noted that after the first and second treatment, the recycied fibre
material was not yet fully defibered, but bits could still be found therein. The
remaining bits were not defibered until during the third and fourth treatment.
However, deinking was so efficient that the same brightness was obtained in
this case using four treatment times as with the reference pulper during 32
minutes, as Fig. 5 shows. In practice, in prior art, the normal pulping time has
been about ten minutes, whereas, also in this case, a similar deinking was
achieved by the method of the invention during a treatment time of less than
five seconds. It may further be noted that there is a clear difference between
brightness and defibration when the method of invention and known pulping
methods are used, since in the method of the invention, the brightness was
higher after the first treatment time, i.e. after a treatment time of less than two
seconds, in spite of only partial defibration, than the result obtained in the ref-
erence pulper during normal pulping, where the material treated by the refer-
ence pulper was fully defibered.

[0022] Fig. 6 schematically shows a process for treating recycled fi-
bre material using the method of the invention. The figure shows a process
diagram wherein recycled fibre material, water and air, optionally with chemi-
cals, are applied into a pulper 32 in the manner shown by arrow 31. The pulper
32 may be any pulper known per se, which in this example is schematically
shown as a drum pulper. From the pulper 32, the pre-kneaded recycled fibre
material and the liquid with the substances therein are conveyed to a double-
action impact mill 33, where colouring agent is separated from the recycled fi-
bre material. From the double-action impact mill 33, the recycled fibre material
is conveyed into an agglomeration device 34, which may be of the drum type
or any other suitable device for treating the pulp suspension produced in order
for the colouring agent to be agglomerated into particles of a suitable size.
From the agglomeration device 34, the pulp suspension is conveyed forward to
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flotation 35, wherein ink is separated and removed from the pulp suspension in
a manner completely known per se by means of air or some gas, after which
the pulp suspension obtained is conveyed forward in the manner shown by ar-
row 36 to be used in a suitable manner.

[0023] The method of the invention may be enhanced by adding
suitable auxiliary chemicals into the double-action impact mill together with the
recycled fibre material, which act on the recycled fibre material and the colour-
ing agent therein at the same time as the recycled fibre material is subjected to
mechanical separation in the double-action impact mill. The disintegration of
the substantially continuous pulp flow applied into the double-action impact mill
into small flow parts as it hits the impact surfaces of the first rotor ring and is
thrown from there forward in order to hit the impact surfaces in the following
ring results also in that the chemical applied simultaneously into the double-
action impact mill also efficiently acts on the small pulp flow parts, thus
enhancing the effect of the chemicals. The addition of an alkali to the recycled
fibre material as an additive makes the action on the fibres, such as swelling
and deinking, take place as advantageously as possible. Similarly, the use of a
collector chemical, such as soap, as an additive enhances deinking in soft wa-
ter, but the addition of soap in hard water causes an opposite reaction, where-
fore the use of soap always depends on the circumstances. Furthermore, wa-
ter-glass or hydrogen peroxide may be preferably used as an additive, by the
action of which the colouring agent separated can be better made remain
separate from the fibres. The chemicals may naturally also include various
chemicals typically used in finishing and required for flotation, whereby the en-
ergy amounts required for their use are simultaneously obtained in connection
with separating the colour particles. Accordingly, in some embodiments, the
pulp suspension produced in the double-action impact mill may be discharged
as foamed and thus better suited to finishing. It is advantageous to apply these
additives together with the pre-kneaded recycled fibre material dissolved in wa-
ter in order for their effect on the process to be as efficient as possible as the
recycled fibre material is thrown from one impact surface of the double-action
impact mill to another.

[0024] Furthermore, when the invention is applied, it is evident that
when pre-kneaded recycled fibre material and optional additives are applied to
a double-action impact mill, gas and/or steam may also be applied to maintain
a sufficient amount of gas/steam inside the double-action impact mill to break
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the continuous flow into small loose pulp flow parts, wherein the separated
colour particles also better remain separated from the fibres.

[0025] In the above specification and in the drawings the invention
is described only by way of example, and is in no way restricted to it. It is es-
sential to apply the pre-kneaded recycled fibre material into a double-action
impact mill which comprises at least two rings provided with impact surfaces
and radial openings and rotating in opposite directions and which contains gas
or steam so as to make the recycled fibre material hit the impact surfaces and
be thrown radially outward to be discharged from the double-action impact mill,
so that its total treatment time in the double-action impact mill is at most two
seconds.
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CLAIMS

1. A method of separating colouring agents, particularly printing ink,
from recycled fibre material, in which method the recycled fibre material con-
taining a colouring agent is defibered using a liquid, preferably water contain-
ing auxiliary chemicals, so that colouring agent contained in the recycled fibre
material is separated from the recycled fibre during the defibration, char-
acterized inthat the recycled fibre material and liquid are first applied to a
separate pre-breaker, such as a pulper or the like for pre-kneading the recy-
cled fibre material, that the pre-kneaded recycled fibre material together with
liquid and gas or a gas mixture, such as air, are applied to a double-action im-
pact mill comprising at least two concentrically rotating rings having impact sur-
faces and radial openings, such that adjacent rings rotate in opposite direc-
tions relative to one another, that the recycled fibre material, the liquid and the
gas or the gas mixture are applied in the middle of the rings, from where they
are thrown from one impact surface to another, and, by the action of centrifu-
gal force, radially outwards from the middle in such a manner that the substan-
tially continuous material flow applied to the double-action impact mill is broken
in the gas into small material flow parts that are finally thrown through the
openings between the impact surfaces outside the double-action impact mill,
and that the efficient treatment time of the recycled fibre material in the double-
action impact mill is at most two seconds, the colouring agent attached to the
recycled fibre material being separated from the recycled fibre material as it
hits the impact surfaces of the rings, allowing the colouring agent to be re-
moved in further processing from the generated pulp suspension discharged
from the double-action impact mill.

2. A method as claimed in claim 1, characterized in that the
efficient treatment time of the recycled fibre material in the double-action im-
pact mill is at most one second.

3. A method as claimed inclaim 1or2,characterized inthat
the double-action impact mill comprises at most four coaxially arranged rings.

4. A method as claimed in any one of the preceding claims,
characterized in that chemicals for enhancing the separation of the
colouring agent and/or its remaining separated and/or for enhancing further
processing are applied to the double-action impact mill simultaneously to-
gether with the recycled fibre material.

5. A method as claimed in claim4,characterized inthatone
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of the chemicals applied is an alkali, such as for example sodium hydroxide.

6. A method as claimed inclaim4or5 characterized inthat
at least one of the chemicals applied is a collector chemical, such as soap.

7. A method as claimed in any one of claims 4to 6, character-

5 ized inthat one of the chemicals applied is water-glass.

8. A method as claimed in any one of claims 4to 7, character-
iz ed in that one of the chemicals applied is hydrogen peroxide.
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