
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

56
1 

93
5

B
1

TEPZZ 56_9¥5B_T
(11) EP 2 561 935 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
01.07.2015 Bulletin 2015/27

(21) Application number: 10850242.8

(22) Date of filing: 23.04.2010

(51) Int Cl.:
B07B 4/02 (2006.01) B07B 7/086 (2006.01)

B07B 11/02 (2006.01) B07B 11/04 (2006.01)

B22F 1/00 (2006.01) G01N 15/02 (2006.01)

G01N 15/04 (2006.01) G01N 33/00 (2006.01)

(86) International application number: 
PCT/JP2010/057206

(87) International publication number: 
WO 2011/132301 (27.10.2011 Gazette 2011/43)

(54) METHOD FOR CLASSIFYING POWDER

VERFAHREN ZUR KLASSIFIZIERUNG VON PULVER

PROCÉDÉ DE CLASSIFICATION D’UNE POUDRE

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR

(43) Date of publication of application: 
27.02.2013 Bulletin 2013/09

(73) Proprietor: Nisshin Engineering Inc.
Tokyo 103-8544 (JP)

(72) Inventors:  
• KOZAWA Kazumi

Fujimino-shi
Saitama 356-8511 (JP)

• AKIYAMA Satoshi
Fujimino-shi
Saitama 356-8511 (JP)

• ANDO Kosuke
Fujimino-shi
Saitama 356-8511 (JP)

(74) Representative: Kuhnen & Wacker
Patent- und Rechtsanwaltsbüro 
Prinz-Ludwig-Straße 40A
85354 Freising (DE)

(56) References cited:  
EP-A1- 2 351 620 EP-A2- 2 020 266
WO-A1-2010/047175 JP-A- 1 085 149
JP-A- 1 180 285 JP-A- 6 126 252
JP-A- 61 222 562 JP-A- S60 260 426
JP-A- 2009 034 560  



EP 2 561 935 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

{Technical Field}

[0001] The present invention relates to a method for
classifying a powder, which realizes efficient classifica-
tion of a powder having a particle size distribution in a
desired classification point (grain size).

{Background Art}

[0002] There has been known a classifying method in
which a liquid auxiliary agent such as an alcohol is pre-
viously added when a powder such as glassy blast fur-
nace slag is classified into a fine powder and a coarse
powder (for example, see Patent Literature 1). In this
classifying method, an auxiliary agent containing polar
molecules is added to the powder to electrically neutral-
ize the polarity of powder particles, and, thus, to prevent
formation of aggregated particles with a large grain size
due to adsorption and aggregation of the particles,
whereby a decrease in classification efficiency is pre-
vented. EP 2 351 620 A1 discloses a method for classi-
fying powder using a fluid classifier which includes: a
mixing step of mixing a powder with an auxiliary agent
made of an alcohol; a feeding step of feeding the powder
mixed at the mixing step into the fluid classifier; a heating
step of heating a gas; a supplying step of supplying the
gas heated at the heating step to the fluid classifier; and
a classifying step of classifying the powder in the fluid
classifier based on a particle diameter.
[0003] JP S60 260426 A discloses a grain size regu-
lated chromium oxide and its manufacture. Powdery
chromium oxide (Cr2O3) manufactured by a known
method is classified under warm air at ≥ 40°C with a dry
centrifugal classifier to regulate the grain size. During or
after the classification, the surface of the chromium oxide
powder is made hydrophobic with an organosilicate,
higher fatty acid, a metallic salt thereof, higher alcohol,
fats and oils, wax or other hydrocarbon as required so
as to further improve the dispersibility. The resulting grain
size regulated chromium oxide has 0.3-1.5mm volume
median diameter (D20) and 1.5-2.0 cumulative grain size
distribution ratio (D25/D75) when the grain size distribu-
tion is measured by the coulter counter method. Coarse
grains discharged from the classifier is pulverized and
classified again.

{Citation List}

{Patent Literature}

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open No. 64-85149

{Summary of Invention}

{Technical Problem}

[0005] Nowadays, with miniaturization and improve-
ment of the performance of electronic materials, a battery
and the like used in an electronic device, high accuracy
classification of a raw material is required. However,
when classification is performed using a conventional
classification method, a powder of a raw material is ad-
hered to each portion in a classifier to close an introduc-
tion port for the raw material and an injection port for a
high-pressure gas, and therefore, the classification per-
formance is degraded to lead to a difficulty of long periods
of operation.
[0006] A problem of the present invention is to provide
a method for classifying a powder, which realizes high
accuracy classification of a powder.

{Solution to Problem}

[0007] A method for classifying a powder using a clas-
sifier according to the present invention includes the
steps of: mixing a powder and an auxiliary agent formed
from an alcohol aqueous solution containing 10 to 50
mass% of alcohol; introducing the powder mixed in the
mixing step to the classifier; heating a gas; feeding the
gas heated in the heating step to the classifier; and clas-
sifying the powder in the classifier on the basis of grain
size.

{Advantageous Effects of Invention}

[0008] According to a method of classifying a powder
according to the present invention, a powder can be clas-
sified with high accuracy, using an alcohol aqueous so-
lution as an auxiliary agent.

{Brief Description of Drawings}

[0009]

FIG. 1 is a schematic configuration diagram showing
a configuration of a classification apparatus accord-
ing to a first embodiment.
FIG. 2 is a longitudinal cross-sectional view showing
a configuration of an inside of a classifier according
to the first embodiment.
FIG. 3 is a lateral cross-sectional view showing the
configuration of the inside of the classifier according
to the first embodiment.
FIG. 4 is a flowchart for explaining a method for clas-
sifying a powder, according to the first embodiment.
FIG. 5 is a flowchart for explaining a method for clas-
sifying a powder, according to a second embodi-
ment.
FIG. 6 is a graph showing results of an example.
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{Description of Embodiments}

[0010] Hereinafter, a method for classifying a powder
according to a first embodiment of the present invention
will be described with reference to the drawings. FIG. 1
is a schematic configuration diagram showing a config-
uration of a classification apparatus used in the method
for classifying a powder according to the first embodi-
ment.
[0011] As shown in FIG. 1, a classifying apparatus 2
is provided with a classifier 4 which classifies a powder
introduced as a raw material by a swirling airflow gener-
ated inside the classifying apparatus 2, a feeder 6 which
introduces the powder in the classifier 4, a first air com-
pressor 8 which feeds a high-pressure gas for dispersing
a raw material to the classifier 4 through a first air nozzle
(upper nozzle) 29, a first heater 10 which is disposed
between the first air compressor 8 and the first air nozzle
29 and heats the high-pressure gas, fed from the first air
compressor 8, to a predetermined temperature, a second
air compressor 9 which feeds the high-pressure gas for
enhancing the effects of a centrifugal separation action
to the classifier 4 through a second air nozzle (lower noz-
zle) 30, and a second heater 11 which is disposed be-
tween the second air compressor 9 and the second air
nozzle 30 and heats the high-pressure gas, fed from the
second air compressor 9, to a predetermined tempera-
ture. The classifying apparatus 2 further has a fine pow-
der-collecting portion 13 which suctions a fine powder,
separated to not more than a desired classification point,
along with a gas in the classifier 4 through a fine powder
inlet 32 (see, FIG. 2) provided in an upper portion of the
classifier 4 and collects the fine powder, an air filter 15
which removes dusts in the atmosphere (gas at normal
pressures) suctioned from around the classifier 4, using
a negative pressure generated in the classifier 4, a third
heater 14 which heats the atmosphere (gas at normal
pressures) passed through the air filter 15, and a collec-
tion vessel 16 which is disposed under the classifier 4
and collects a centrifugally separated coarse powder with
a large grain size. The fine powder-collecting portion 13
is provided with a suction blower 12 which suctions a gas
in the classifier 4 and a filter 17 which is disposed between
the fine powder inlet 32 and the suction blower 12 and
collects a fine powder from a gas passed through the fine
powder inlet 32.
[0012] The classifier 4 has a substantially conical
shape and is installed so that the apex of the cone faces
downward. The upper portion of the classifier 4 has a
centrifugal separation chamber 20 (see, FIG. 2) to be
described later in detail. A powder to be classified is in-
troduced into the centrifugal separation chamber 20 from
the feeder 6.
[0013] The feeder 6 includes a screw (not shown). A
powder stored in the feeder 6 can be delivered quantita-
tively by rotating the screw. The powder thus sent is in-
troduced in the classifier 4 through an introduction port
26 (see, FIG. 2) provided on the top surface of the clas-

sifier 4. The powder stored in the feeder 6 is previously
mixed with an auxiliary agent using a method to be de-
scribed later.
[0014] The first air compressor 8 compresses the at-
mosphere to produce a high-pressure gas, and, thus, to
feed the high-pressure gas into the classifier 4 through
the first heater 10. The second air compressor 9 com-
presses the atmosphere to produce a high-pressure gas,
and, thus, to feed the high-pressure gas into the classifier
4 through the second heater 11.
[0015] The first heater 10 and the second heater 11
include piping through which a high-pressure gas is
passed, and heating means constituted of filaments, aer-
ofins and the like is installed in the piping. The heating
means heats the high-pressure gas passed through the
piping to a predetermined temperature and at the same
time removes moisture contained in the high-pressure
gas. Different dehydration means that removes moisture
contained in the high-pressure gas may be separately
provided between the first air compressor 8 and the clas-
sifier 4 and between the second air compressor 9 and
the classifier 4, or a filter which removes dusts and the
like may be suitably provided.
[0016] The suction blower 12 suctions a fine powder
separated by the classifier 4 along with a gas existing in
the classifier 4 through the fine powder inlet 32 (see, FIG.
2) provided at the center of the top surface of the classifier
4, and the fine powder is collected by a filter 17 provided
between the fine powder inlet 32 and the suction blower
12. When the suction blower 12 suctions a gas, a nega-
tive pressure is generated in the classifier 4, and there-
fore, the atmosphere as a gas at normal pressures ex-
isting outside the classifier 4 is suctioned into the classi-
fier 4 through the air filter 15 and the third heater 14. By
virtue of the suction of the gas at normal pressures, a
swirling airflow swirling at high speed is formed in the
centrifugal separation chamber 20 of the classifier 4.
Since the classifying apparatus 2 according to this em-
bodiment is provided with the air filter 15, dusts and the
like in the atmosphere can be prevented from entering
inside the centrifugal separation chamber 20. Since the
classifying apparatus 2 is further provided with the third
heater 14 which heats a suctioned gas at normal pres-
sures, a temperature of the swirling airflow in the centrif-
ugal separation chamber 20 can be heated to a prede-
termined temperature. The third heater 14 includes pip-
ing through which a gas at normal pressures is passed
as with the first heater 10 and the second heater 11, and
heating means such as filaments and aerofins is installed
in the piping.
[0017] The collection vessel 16 is installed at the low-
ermost portion of the classifier 4 and collects a coarse
powder, which is centrifugally separated in the centrifugal
separation chamber 20 and then moves down along the
slope of the cone-shaped portion of the classifier 4.
[0018] Next, the classifier 4 according to the embodi-
ment will be described with reference to FIGS. 2 and 3.
FIG. 2 is a longitudinal cross-sectional view according to
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a surface including the central axis of the classifier 4.
FIG. 3 is a lateral cross-sectional view at the position of
the centrifugal separation chamber 20 according to a
plane vertical to the central axis. In order to clarify the
relative positional relationship with other components (in
particular, the second air nozzle 30 and a guide vane 40
to be described later), the introduction port 26 and the
second air nozzle 30 not normally illustrated in FIG. 3 are
shown respectively by a virtual line and a dotted line.
Only the two second air nozzles 30 are illustrated for the
purposes of description.
[0019] As shown in FIG. 2, an upper disk-shaped mem-
ber 22 having a flat disk shape and a lower disk-shaped
member 24 having a hollow disk shape are arranged in
the upper portion of the classifier 4 while keeping a pre-
determined interval there between, and the centrifugal
separation chamber 20 having a columnar shape is
formed between both the disk-shaped members. The in-
troduction port 26 through which a powder introduced
from the feeder 6 is passed is provided above the cen-
trifugal separation chamber 20, and a raw material dis-
persion zone 27 is formed into a donut shape along an
outer peripheral wall of the upper disk-shaped member
22. As shown in FIG. 3, a plurality of the guide vanes 40
are arranged at regular intervals on the outer periphery
of the centrifugal separation chamber 20, and a reclas-
sification zone 28 where a powder centrifugally separat-
ed and then moving down from the centrifugal separation
chamber 20 is jetted and returned into the centrifugal
separation chamber 20 is formed into a donut shape
along an outer peripheral wall of the lower disk-shaped
member 24 in the lower portion of the centrifugal sepa-
ration chamber 20.
[0020] A first air nozzle 29 jetting a high-pressure gas
for dispersing a raw material fed from the first air com-
pressor 8 is disposed on an outer peripheral wall of the
raw material dispersion zone 27. The first air nozzle 29
is disposed so that the jetting direction is substantially
the same as the tangential direction of the outer periph-
eral wall of the raw material dispersion zone 27.
[0021] A second air nozzle 30 jetting a high-pressure
gas which is fed from the second air compressor 9 and
used for enhancing the effects of a centrifugal separation
action is disposed near an upper end of the outer periph-
eral wall of the reclassification zone 28. The second air
nozzle 30 is disposed so that the jetting direction is sub-
stantially the same as the tangential direction of the outer
peripheral wall of the reclassification zone 28.
[0022] The second air nozzle 30 jets a high-pressure
gas to disperse a powder introduced through the intro-
duction port 26 and at the same time supplementarily
feeds a gas into the centrifugal separation chamber 20.
Further, the second air nozzle 30 jets and returns a fine
powder existing in the reclassification zone 28 into the
centrifugal separation chamber 20. In the present em-
bodiment, although six second air nozzles 30 are ar-
ranged on the outer peripheral wall of the reclassification
zone 28, this is only an example, and it is possible to

freely determine the arrangement location and the
number of the second air nozzles 30.
[0023] As shown in FIG. 3, a second nozzle angle of
the second air nozzle 30 can be represented by an incli-
nation angle α2 with respect to the vertical direction of
the tangent of the outer peripheral wall of the reclassifi-
cation zone 28, and the inclination angle α2 can be suit-
ably changed.
[0024] Similarly, the nozzle angle of the first air nozzle
29 can be represented by an inclination angle α1 with
respect to the vertical direction of the tangent of the outer
peripheral wall of the raw material dispersion zone 27,
and the inclination angle α1 is preferably within a range
of 45° to 90°. When the inclination angle α1 is within this
range, a great effect can be obtained in that a fine powder
to be separated in the direction of the fine powder inlet
32 is prevented from being mixed with a coarse powder
and separated in the direction of the collection vessel 16
through an outlet 34.
[0025] The fine powder inlet 32 through which a fine
powder separated from a coarse powder by centrifugal
separation is suctioned and collected is installed at the
center of the upper portion of the centrifugal separation
chamber 20. The centrifugally separated coarse powder
moves down the slope of the cone-shaped portion of the
classifier 4 from the reclassification zone 28 to be dis-
charged from the outlet 34 installed at the lowermost por-
tion of the classifier 4, and, thus, to be stored in the col-
lection vessel 16.
[0026] The guide vane 40 forms a swirling airflow in
the centrifugal separation chamber 20 and at the same
time adjusts the swirling speed of the swirling airflow. In
this embodiment, sixteen guide vanes 40 are arranged
as an example. The guide vane 40 is rotatably pivotally
supported by a rotation shaft 40a between the upper disk-
shaped member 22 and the lower disk-shaped member
24 and at the same time anchored to a rotating board
(rotating means) (not shown) through a pin 40b. All the
guide vanes 40 can be simultaneously rotated by a pre-
determined angle by rotating the rotating board. The
guide vane 40 is thus rotated by the predetermined angle
to adjust the angle and interval of each of the guide vanes
40, whereby the flow rate of a gas at normal pressures
passed in the direction of the hollow arrow shown in FIG.
2 can be changed, and, furthermore, the flow rate of the
swirling airflow inside the centrifugal separation chamber
20 can be changed. The flow rate of the swirling airflow
is thus changed,’whereby the classification performance
(specifically, the classification point) of the classifier 4
according to the present embodiment can be changed.
As described above, the gas at normal pressures passed
through each interval of the guide vanes 40 is a gas at
normal pressures previously heated to a predetermined
temperature by the third heater 14.
[0027] Next, a method for classifying a powder accord-
ing to this embodiment will be described using a flowchart
shown in FIG. 4. First, a powder to be classified and an
auxiliary agent as a liquid are mixed (step S10). Although
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the kind of the auxiliary agent to be used may be suitably
selected according to the kind of a powder to be classi-
fied, an alcohol aqueous solution is preferably used, for
example. For example, ethanol can be used as alcohol.
The alcohol concentration in the alcohol aqueous solu-
tion is preferably 10 to 50 mass%.
[0028] Although the amount of adding an auxiliary
agent and the mixing method may be suitably selected
according to the kind of a powder, in the method of clas-
sifying a powder according to the present embodiment,
an auxiliary agent with a predetermined ratio is added to
a powder to be classified and then mixed using a mixer.
A Hi-X 200 (manufactured by Nissin Engineering Inc.) is
used as the mixer, and an optimum rotation speed of an
impeller and an optimum rotation speed of a scraper are
selected according to the kind of the powder to be clas-
sified and an auxiliary agent to be used. The amount of
a powder to be classified, which is mixed in the mixer, is
suitably selected. Since the auxiliary agent added to a
powder is partially evaporated during mixed with the pow-
der and after the mixing, when a mixed powder is intro-
duced into the feeder 6 of the classifying apparatus 2,
the amount of the auxiliary agent contained in the mixed
powder may be reduced to less than the amount of the
auxiliary agent added at the start of mixing.
[0029] When the operation of the classifying apparatus
2 is started, the suction of a gas is started by the suction
blower 12 (step S12). Since the gas inside the centrifugal
separation chamber 20 is suctioned from the fine powder
inlet 32 provided at the center of the upper portion of the
centrifugal separation chamber 20, the air pressure at
the center of the centrifugal separation chamber 20 be-
comes relatively low. In this way, due to the negative
pressure generated in the centrifugal separation cham-
ber 20, the atmosphere which is a gas at normal pres-
sures previously heated to a predetermined temperature
(step S14) passes through the piping, provided in the
third heater 14, from between the guide vanes 40 ar-
ranged along the outer circumference of the centrifugal
separation chamber 20 to be suctioned, and, thus, to be
fed in the centrifugal separation chamber 20 (step S16).
When the gas at normal pressures is suctioned from be-
tween the guide vanes 40 in this way, a swirling airflow
having the flow rate determined according the rotation
angle of the guide vane 40 is formed. In the method for
classifying a powder according to this embodiment, the
gas at normal pressures to be suctioned is heated so that
the temperature of the swirling airflow in the centrifugal
separation chamber 20 is approximately 100°C.
[0030] Next, the feeding of a high-pressure gas to the
inside of the centrifugal separation chamber 20 of the
classifier 4 is started using the first air compressor 8 and
the second air compressor 9. The high-pressure gas jet-
ted from the first air compressor 8 and the second air
compressor 9 is heated to a predetermined temperature
by the first heater 10 and the second heater 11 (step
S18). As with the third heater 14, the first heater 10 and
the second heater 11 heat the high-pressure gas so that

the temperature of the swirling airflow in the centrifugal
separation chamber 20 is approximately 100°C. The
high-pressure gas heated to the predetermined temper-
ature is jetted from a plurality of the first air nozzles 29
and a plurality of the second air nozzles 30 provided on
the outer peripheral wall of the centrifugal separation
chamber 20 and fed into the centrifugal separation cham-
ber 20 (step S20).
[0031] As described above, when such a state is
formed that the high-speed swirling airflow heated to ap-
proximately 100°C swirls steadily in the centrifugal sep-
aration chamber 20, the mixed powder delivered quan-
titatively from the feeder 6 is introduced into the centrif-
ugal separation chamber 20 through the introduction port
26 (step S22). As shown in FIG. 2, since the introduction
port 26 is provided on the upper side of the outer circum-
ference of the centrifugal separation chamber 20, the
mixed powder introduced from the introduction port 26
collides with the swirling airflow swirling at high speed in
the centrifugal separation chamber 20 and is dispersed
rapidly. At this time, the auxiliary agent mixed in between
fine particles of the powder is vaporized rapidly to pro-
mote dispersion of the powder. The powder thus dis-
persed in units of fine particles swirls countless times in
the centrifugal separation chamber 20 without adhering
onto the surface of the upper disk-shaped member 22,
the lower disk-shaped member 24 and the like constitut-
ing the centrifugal separation chamber 20 and is classi-
fied on the basis of the grain size of the powder (step
S24).
[0032] As a result of the centrifugal separation action
in the centrifugal separation chamber 20, a fine powder
having a grain size of not more than a desired classifica-
tion point is aggregated in the center of the centrifugal
separation chamber 20 and collected from the fine pow-
der inlet 32 along with a gas suctioned by the suction
blower 12 due to the effects of ring-shaped protrusions
provided in the respective centers of the upper disk-
shaped member 22 and the lower disk-shaped member
24 (step S26). A rough powder having a grain size ex-
ceeding the classification point is aggregated in the outer
circumference in the centrifugal separation chamber 20
by the centrifugation separation action in the centrifugal
separation chamber 20 to then move down the conical-
shaped portion of the classifier 4 from the reclassification
zone 28, and, thus, to be discharged from the outlet 34,
whereby the rough powder is collected in the collection
vessel 16.
[0033] As described above, a powder dispersed effi-
ciently by the effects of the high-temperature swirling air-
flow swirling in the centrifugal separation chamber 20
and the auxiliary agent swirls in the centrifugal separation
chamber 20 without adhering to the surfaces of the com-
ponents and the like constituting the centrifugal separa-
tion chamber 20 and is classified efficiently into the fine
powder of not more than a desired classification point
and the remaining rough powder. Since the added aux-
iliary agent is all vaporized, no auxiliary agent is con-
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tained in a collected powder.
[0034] In this embodiment, although the fed gas is
heated so that the temperature of the swirling airflow in
the classifier 4 is approximately 100°C, the temperature
of the swirling airflow in the classifier 4 is not limited to
approximately 100°C, and the temperature at which the
auxiliary agent is vaporized in the centrifugal separation
chamber 20 may be employed.
[0035] Next, a method for classifying a powder accord-
ing to a second embodiment of the present invention will
be described with reference to the drawings. In the con-
figuration of the method for classifying a powder accord-
ing to the second embodiment, the mixing process in the
method for classifying a powder according to the first
embodiment is changed so that mixing is performed while
heating. Accordingly, a detailed description of the same
configuration as the above classifying apparatus 2 is
omitted, and only different portions will be described in
detail. The same components as those of the classifying
apparatus 2 are assigned the same reference numerals
in the following description.
[0036] FIG. 5 is a flowchart for explaining the method
for classifying a powder according to the second embod-
iment. First of all, a powder to be classified and an aux-
iliary agent are mixed in a mixer while being heated (step
S30). The kind of the auxiliary agent to be used may be
suitably selected according to the kind of the powder to
be classified, and an alcohol aqueous solution is prefer-
ably used, for example. As alcohol, ethanol may be used,
for example. The alcohol concentration in the alcohol
aqueous solution is preferably 10 to 50 mass%.
[0037] Next, although processings shown in steps S32
to S40 are performed, these processings are similar to
processings shown in steps S12 to S20 of the flowchart
of FIG. 4, and the description will be omitted. A mixed
powder delivered quantitatively from the feeder 6 is in-
troduced into the centrifugal separation chamber 20
through the introduction port 26 (step S42). At this time,
the mixed powder heated in step S30 is introduced into
the centrifugal separation chamber 20 at a predeter-
mined temperature. Then, the processings shown in
steps S44 and S46 are performed. Since these process-
ings are similar to the processings shown in steps S24
and S26 of the flowchart of FIG. 4, the description will be
omitted.
[0038] With regard to setting of the temperature of the
swirling airflow in the centrifugal separation chamber 20,
for example, a suctioned gas at normal pressures is heat-
ed by the third heater 14 in step S34 so that the temper-
ature of the swirling airflow is approximately 100°C, and
the high-pressure gas is similarly heated by the first heat-
er 10 and the second heater 11 in step S40 so that the
temperature of the swirling airflow is approximately
100°C.

{Example}

[0039] Next, the method for classifying a powder ac-

cording to the present embodiment will be described
more specifically using an example.

(Mixing of Powder and Auxiliary Agent)

[0040] A Kanto roam burned product (JIS Z 8901 Pow-
der for test 1-11, D50 (median diameter) = 2.7 mm, ratio
not more than 1 mm = 50.2 pop%) was used as a powder,
and an auxiliary agent of 8 mass% was added to the
powder. 10 to 50 mass% of an ethanol aqueous solution
was used as the auxiliary agent.
[0041] The powder containing the auxiliary agent was
injected into a mixer (Hi-X 200: manufactured by Nissin
Engineering Inc.) and mixed. The mixer was set so that
the impeller rotation speed was 3000 rotations/min, the
scraper rotation speed was 45 rotations/min, and the
temperature in the mixer was 80°C. 500 g of the powder
was used for one mixing operation.

(Classification of Powder)

[0042] A mixture of the auxiliary agent with the powder
obtained by the mixer was classified using a classifier.
[0043] In this example, a classifier (Aerofine Classifier
AC-20: manufactured by Nissin Engineering Inc.) in
which a heat insulating equipment is provided was used.
The amount of a gas suctioned by the suction blower 12
shown in FIG. 1 was 2 m3/min, and pressure was 20 to
50 kPa. The amount of the gas suctioned by the suction
blower 12 corresponds to the amount of a gas at normal
pressures suctioned from between the guide vanes 40.
The angle of the guide vane 40 was 90° (tangential di-
rection).
[0044] The conditions of a high-pressure gas jetted
through the second air nozzle 30 were fixed so that the
pressure was 0.5 MPa and the gas volume was 215 NL
(normal liter)/min. The nozzle bore diameter φ of the sec-
ond air nozzle 30 is 0.8 mm, and six second air nozzles
30 are provided at regular intervals on the outer periph-
eral wall of the reclassification zone 28. The nozzle angle
(α2) was 75°.
[0045] The conditions of a high-pressure gas jetted
through the first air nozzle 29 were changed within a
range where the pressure was 0.2 to 0.6 MPa and the
gas volume was 390 to 560 NL/min, and classification
was performed. The first air nozzle 29 has a nozzle bore
diameter of 1.3 mm, and six first air nozzles 29 are pro-
vided at regular intervals on the outer peripheral wall of
the raw material dispersion zone 27. The nozzle angle
(α1) was 75°. Further, introduction of a mixture of a pow-
der as a raw material with an auxiliary agent into a clas-
sifier was set to 1 kg/hour.
[0046] After the classification, a coarse powder collect-
ed in the collection vessel 16 was analyzed, and the re-
sults shown in FIG. 6 were obtained. FIG. 6 shows the
results in an example using ethanol aqueous solutions
as the auxiliary agents, whose ethanol concentrations
are respectively 10 mass%, 30 mass%, and 50 mass%,

9 10 



EP 2 561 935 B1

7

5

10

15

20

25

30

35

40

45

50

55

a comparative example not using the auxiliary agent, and
a comparative example using water as the auxiliary
agent.
[0047] In the vertical axis of the graph shown in FIG.
6, a ratio of the number of particles of not more than 1
mm of 50,000 measured particles is represented as
"pop%". Namely, the ratio of the number of particles (fine
powder) of not more than 1 mm contained in a coarse
powder is shown. In the horizontal axis shown in FIG. 6,
the yield (%) of the coarse powder relative to an intro-
duced powder is shown. In this graph, when the yield of
the coarse powder is the same, the smaller the ratio of
the number of the particles of not more than 1 mm in the
coarse powder, the better the classification performance.
[0048] According to the results shown in the graph of
FIG. 6, more excellent classification performance is ob-
tained when the ethanol aqueous solution containing 10
to 50 mass% of ethanol as an auxiliary agent is used
than when the auxiliary agent is not used and when water
is used as the auxiliary agent.

{Reference Signs List}

[0049]

2 Classifying apparatus
4 Classifier
6 Feeder
8 First air compressor
9 Second air compressor
10 First heater
11 Second heater
12 Suction blower
14 Third heater
16 Collection vessel
20 Centrifugal separation chamber
22 Upper disk-shaped member
24 Lower disk-shaped member
26 Introduction port
29 First air nozzle
30 Second air nozzle
32 Fine powder inlet
34 Outlet
40 Guide vane

Claims

1. A method for classifying a powder using a classifier
comprising the steps of:

mixing a powder and an auxiliary agent formed
from an alcohol aqueous solution containing 10
to 50 mass% of alcohol;
introducing the powder mixed in the mixing step
to the classifier;
heating a gas;
feeding the gas heated in the heating step to the

classifier; and
classifying the powder in the classifier on the
basis of grain size.

2. The method for classifying a powder according to
claim 1, wherein the alcohol is ethanol.

Patentansprüche

1. Verfahren zum Klassifizieren eines Pulvers mit Hilfe
eines Klassifikators, das die folgenden Schritte auf-
weist:

Mischen eines Pulvers und eines Hilfsmittels,
das aus einer wässrigen Alkohollösung besteht
und zwischen 10 und 50 Gew% Alkohol enthält;
Einbringen des in dem Mischschritt gemischten
Pulvers in den Klassifikator;
Aufwärmen eines Gases;
Zuführen des in dem Aufwärmschritt aufge-
wärmten Gases an den Klassifikator; und
Klassifizieren des Pulvers in dem Klassifikator
auf Basis der Korngröße.

2. Verfahren zum Klassifizieren eines Pulvers nach An-
spruch 1, wobei es sich bei dem Alkohol um Ethanol
handelt.

Revendications

1. Procédé pour classer une poudre à l’aide d’un clas-
sificateur comprenant les étapes consistant à :

mélanger une poudre et un agent auxiliaire for-
mé à partir d’une solution aqueuse d’alcool con-
tenant de 10 à 50 % en poids d’alcool ;
introduire la poudre mélangée à l’étape de mé-
lange dans le classificateur ;
chauffer un gaz ;
amener le gaz chauffé à l’étape de chauffage
dans le classificateur ; et
classer la poudre dans le classificateur en fonc-
tion de la taille de grain.

2. Procédé pour classer une poudre selon la revendi-
cation 1, dans lequel l’alcool est de l’éthanol.
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