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(57)  Amethod of operating a crushing system includ-
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is disposed at the crushed material circulating passage
and classifies the crushed material into refined powder
as a product and coarse powder to be returned to the
crusher, a collector that recovers the refined powder, an
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crusher to the extraction passage at a set extraction flow
rate, and a dust collector that separates fine powder from
the gas extracted from the crusher and supplies the fine
powder to the crushed material circulating passage in-
cludes: acquiring a correlation between an extraction flow
rate of the gas extracted from the crusher and fineness
of the refined powder to be recovered; based on the cor-
relation, estimating an extraction flow rate at which de-

sired fineness is obtained; and setting the extraction flow
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Description
Technical Field

[0001] The presentinvention relates to a method of manufacturing powder manufactured by crushing crush raw meal
with a vertical crusher and a method of operating a crushing system used in this manufacturing method.

Background Art

[0002] A vertical crusher is conventionally known as one of crushers that dry and crush the crush raw meal. Examples
of the crush raw meal include cement raw meal and calcium carbonate. Each of PTLs 1 and 2 discloses a crushing
system including this type of vertical crusher.

[0003] PTL 1discloses a closed circuit crushing type crushing system. The crushing system includes a vertical crusher
in which a classifier is incorporated. When the crush raw meal is crushed by the crusher, crushed material containing
coarse powder and fine powder is generated. The coarse powder is discharged from the crusher once, is supplied to
the crusher again, and is crushed again. The fine powder passes through the classifier together with a gas flowing
upward in the crusher and is classified by the classifier into refined powder and the other fine powder. The refined powder
is discharged from the crusher together with the gas, is collected by a dust collector, and is recovered as a product. The
gas separated from the refined powder by the dust collector is returned to the crusher.

[0004] The crushing system of PTL 2 includes a classifier thatis independent from the vertical crusher. The fine powder
of the crushed material of the crusher is discharged from the crusher together with the gas extracted from the crusher
and is separated from the gas by the dust collector. The gas separated from the fine powder by the dust collector is
returned to the crusher, and the fine powder is conveyed to the classifier by a conveyor. The coarse powder of the
crushed material of the crusher is conveyed to the classifier by the conveyor. The crushed material conveyed to the
classifier is classified into the refined powder and the other material. The refined powder is recovered as a product by
the dust collector disposed at a latter stage, and the other material is returned to the crusher. In the crushing system of
PTL 2, a circulation system of the crushed material of the crusher and a circulation system of the gas of the crusher are
independent from each other. Therefore, an extraction flow rate of the gas extracted from the crusher and a classification
flow rate of the classifier can be adjusted independently.

Citation List
Patent Literature
[0005]

PTL 1: Japanese Laid-Open Patent Application Publication No. 9-117685
PTL 2: Japanese Laid-Open Patent Application Publication No. 2018-202347

Summary of Invention
Technical Problem

[0006] The present invention was made by further developing the invention described in PTL 2, and an object of the
presentinvention is to provide a technique of manufacturing refined powder (powder) having arbitrarily adjusted fineness
by using a closed circuit crushing system including a vertical crusher.

Solution to Problem

[0007] A method of operating a crushing system according to one aspect of the present invention is a method of
operating a crushing system including: a vertical crusher that crushes crush raw meal; a crushed material circulating
passage through which crushed material moves from a discharge port of the vertical crusher to a supply port of the
vertical crusher; a classifier that is disposed at the crushed material circulating passage and classifies the crushed
material into refined powder as a product and coarse powder to be returned to the vertical crusher; a collector that
recovers the refined powder; an extraction passage connected to an upper portion of the vertical crusher; an extraction
fan that extracts a gas from the vertical crusher to the extraction passage at a set extraction flow rate; and a dust collector
that separates fine powder from the gas extracted from the vertical crusher and supplies the fine powder to the crushed
material circulating passage. The method includes: acquiring a correlation between an extraction flow rate of the gas
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extracted from the vertical crusher and fineness of the refined powder to be recovered; based on the correlation, estimating
an extraction flow rate at which desired fineness is obtained; and setting the extraction flow rate as the set extraction
flow rate.

[0008] Moreover, a method of manufacturing powder according to another aspect of the present invention includes:
supplying crush raw meal to a vertical crusher and crushing the crush raw meal; extracting a gas from the vertical crusher
at a set extraction flow rate to convey fine powder of crushed material by flow of the gas; separating the fine powder
from the flow of the gas and conveying the fine powder to a classifier by a conveying device; conveying a residue of the
crushed material to the classifier by the conveying device; classifying the crushed material into refined powder and
coarse powder by the classifier in accordance with a set particle diameter; conveying the refined powder from the
classifier to a collector by the flow of the gas and recovering the refined powder as a product by the collector; and
returning the coarse powder from the classifier to the vertical crusher and crushing the coarse powder again. Then, the
method includes: acquiring a correlation between an extraction flow rate of the gas extracted from the vertical crusher
and fineness of the refined powder to be recovered; based on the correlation, estimating an extraction flow rate at which
desired fineness is obtained; and setting the extraction flow rate as the set extraction flow rate.

[0009] According to the method of operating the crushing system and the method of manufacturing the powder, the
refined powder (powder) of any fineness can be obtained by changing the set extraction flow rate. To be specific, powder
products corresponding to intended purposes can be obtained by changing the fineness of the refined powder to be
obtained. With this, the quality of the powder product can be improved.

Advantageous Effects of Invention

[0010] The present invention can provide a technique of manufacturing refined powder (powder) having arbitrarily
adjusted fineness by using a closed circuit crushing system including a vertical crusher.

Brief Description of Drawings
[0011]

FIG. 1is a diagram showing an entire configuration of a crushing system according to one embodiment of the present
invention.

FIG. 2is adiagram showing the configuration of a second experimental device that simulates a conventional crushing
system.

FIG. 3 is a graph showing a correlation between an extraction flow rate of a gas extracted from a vertical crusher
and fineness of refined powder to be recovered.

FIG. 4 is a graph showing a characteristic curve of an electric power consumption rate of the vertical crusher with
respect to the extraction flow rate of the gas extracted from the vertical crusher.

Description of Embodiments

[0012] Next, an embodiment of the present invention will be described with reference to the drawings. FIG. 1 is a
diagram showing an entire configuration of a crushing system 1 according to one embodiment of the present invention.
[0013] The closed-circuit crushing system 1 shown in FIG. 1 includes: a vertical crusher 2 (hereinafter simply referred
to as the "crusher 2"); a crushed material circulation system 3 connected to the crusher 2; and a gas circulation system
4 connected to the crusher 2.

Vertical Crusher 2

[0014] The crusher 2 includes a housing 21 that forms a crush chamber 20 in which crush raw meal is crushed. A
rotating table 22 and crush rollers 23 are disposed in the housing 21. The rotating table 22 rotates about a vertical
rotation axis. The crush rollers 23 are brought into pressure contact with the rotating table 22 by a pressurizing unit (not
shown) to be rotated. A mill motor 24 and a reduction gear 25 are disposed under the housing 21. The mill motor 24 is
a rotation driving source of the rotating table 22. The reduction gear 25 transmits the rotational power of the mill motor
24 to the rotating table 22. The crusher 2 does not include a classifier.

[0015] A supply port 26 is disposed at an upper portion of the housing 21. The crush raw meal is introduced through
the supply port 26 onto an upper surface of the rotating table 22. Moreover, an extraction port 27 is disposed above the
rotating table 22 and at the upper portion of the housing 21. Fine powder generated by crushing the crush raw meal is
discharged through the extraction port 27 by the flow of the gas blowing upward. A discharge port 28 is disposed under
the rotating table 22. Crushed material overflowing from an outer peripheral edge of the rotating table 22 is discharged



10

15

20

25

30

35

40

45

50

55

EP 3 995 216 A1

through the discharge port 28 to an outside of the crusher 2. A hot gas blowing port 29 is disposed around an outer
periphery of the rotating table 22. A hot gas blows upward from the hot gas blowing port 29 to an inside of the crush
chamber 20.

Crushed Meal Circulation System 3

[0016] The crushed material circulation system 3 separates refined powder as a product from the crushed material
discharged from the discharge port 28 of the crusher 2 and returns the crushed material, from which the refined powder
is separated, to the crusher 2. The refined powder separated by the crushed material circulation system 3 is recovered
as the product.

[0017] The crushed material circulation system 3 includes a crushed material circulating passage 30 through which
the crushed material discharged from the crusher 2 moves from the discharge port 28 of the crusher 2 to the supply port
26 of the crusher 2. A classifier 7 is disposed at the crushed material circulating passage 30. Moreover, in the present
embodiment, since a crushed material inlet 71 of the classifier 7 is located higher than the discharge port 28 of the
crusher 2, a conveying device 31 that conveys the crushed material upward from the discharge port 28 to the crushed
material inlet 71 is disposed at the crushed material circulating passage 30. The conveying device 31 according to the
present embodiment is a bucket elevator including buckets (not shown).

[0018] The discharge port 28 of the crusher 2 is connected to a first inlet 31a of the conveying device 31 through a
passage 30a. The conveying device 31 conveys the crushed material, put into the conveying device 31 through the first
inlet 31a and a below-described second inlet 31b, upward and discharges the crushed material from an outlet 31c. The
outlet 31c of the conveying device 31 is connected to the crushed material inlet 71 of the classifier 7 through a passage
30b. A distribution damper (not shown) may be disposed at the passage 30b connecting the conveying device 31 and
the classifier 7. By the distribution damper, part of the crushed material may be directly conveyed to the supply port 26
of the crusher 2 without passing through the classifier 7.

[0019] The classifier 7 classifies the supplied crushed material into refined powder and coarse powder in accordance
with a set particle diameter. The set particle diameter of the "refined powder" is determined in accordance with the
particle diameter of the product to be recovered. Herein, the "coarse powder" denotes powder having particle diameters
larger than the particle diameter of the refined powder in the crushed material supplied to the classifier 7. In the present
embodiment, a gas-flow classifier is adopted as the classifier 7. The classifier 7 is not limited to the gas-flow classifier
as long as the classifier 7 can classify the crushed material into the refined powder and the other material in accordance
with the particle diameter.

[0020] The crushed material classified by the classifier 7 as the coarse powder is discharged from a discharge port
72. The discharge port 72 is connected to the supply port 26 of the crusher 2 through a passage 30c.

[0021] The crushed material classified by the classifier 7 as the refined powder is discharged through an exhaust port
73 by the flow of the gas. The exhaust port 73 is connected to an inlet of a collector 6 through a passage 64. A classification
fan 66 is disposed at an exhaust passage 65 of the collector 6. An exhaust flow rate of the classification fan 66 is adjusted
to a predetermined classification flow rate F2.

[0022] The collector 6 collects the refined powder flowing together with the gas discharged from the classifier 7 and
separates the refined powder from the gas. In the present embodiment, a bug filter is adopted as the collector 6. The
collector 6 is not limited to the bug filter as long as the collector 6 can collect the refined powder flowing together with
the gas.

Gas Circulation System 4

[0023] The gas circulation system 4 separates the fine powder from an exhaust gas of the crusher 2 and returns the
gas, from which the fine powder is separated, to the crusher 2 as the hot gas.

[0024] The gas circulation system 4 includes a gas circulating passage 40 through which the gas extracted from the
crusher 2 flows from the extraction port 27 of the crusher 2 to a hot gas inlet 29a of the crusher 2. A dust collector 41,
an extraction fan 42, and a hot gas supply source 43 are disposed at the gas circulating passage 40. The dust collector
41 separates the fine powder from the gas extracted from the crusher 2. The hot gas supply source 43 supplies the hot
gasto the gas circulating passage 40. The exhaust flow rate of the extraction fan 42 is adjusted to an extraction flow rate F 1.
[0025] The extraction port 27 of the crusher 2 is connected to an inlet of the dust collector 41 through an extraction
passage 40a. An outlet of the dust collector 41 is connected to the hot gas inlet 29a of the crusher 2 through a passage
40b. The hot gas supply source 43 is connected to the passage 40b.

[0026] The dust collector 41 separates the fine powder from the gas (hereinafter referred to as a "mill exhaust gas")
extracted from the crusher 2. In the present embodiment, a cyclone dust collector that utilizes a suction action of the
extraction fan 42 is adopted as the dust collector 41. The dust collector 41 is not limited to the cyclone dust collector as
long as the dust collector 41 can separate the fine powder from the mill exhaust gas.
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[0027] A fine powder outlet of the dust collector 41 is connected to the second inlet 31b of the conveying device 31
through a conveyance passage 88 for the fine powder. The fine powder separated from the mill exhaust gas by the dust
collector 41 is conveyed to the conveying device 31 through the conveyance passage 88.

[0028] A passage 84 through which the mill exhaust gas of the passage 40b is supplied to the classifier 7 is connected
to a portion of the passage 40b connected to an outlet of the dust collector 41, the portion being located downstream of
the extraction fan 42 along the flow of the mill exhaust gas. A flow rate adjuster 85 that adjusts the flow rate of the mill
exhaust gas flowing to the classifier 7 is disposed at the passage 84. The flow rate of the mill exhaust gas flowing to the
classifier 7 can be adjusted by changing an opening degree of the flow rate adjuster 85. As a result, the flow rate of the
mill exhaust gas returning to the crusher 2 can be adjusted. The flow rate adjuster 85 is not limited as long as the flow
rate adjuster 85 adjusts the flow rate of the mill exhaust gas flowing to the classifier 7. For example, the flow rate adjuster
85 may be at least one of a damper, a flow adjusting valve, and a fan.

[0029] The hot gas supply source 43 may be, for example, a hot gas generating furnace that generates a hot gas
having a desired temperature. The hot gas supplied from the hot gas supply source 43 to the gas circulating passage
40 is supplied to the hot gas inlet 29a of the crusher 2 through the passage 40b together with the mill exhaust gas. The
hot gas supply source 43 is not limited to the hot gas generating furnace. For example, when a high-temperature gas
generation source, such as akiln (cementfiring furnace), exists around the crusher 2, the high-temperature gas generation
source may be utilized as the hot gas supply source 43.

Method of Manufacturing Powder by Using Crushing System 1

[0030] A method of operating the crushing system 1 configured as above and a method of manufacturing the powder
by using the crushing system 1 will be described. In the crusher 2, the inside of the crush chamber 20 including the
rotating table 22 and the crush rollers 23 is preheated by the hot gas blowing from the hot gas blowing port 29. Then,
the rotating table 22 is rotated by the mill motor 24, and the crush rollers 23 are rotated since peripheral surfaces of the
crush rollers 23 are pressed against a crushing surface (upper surface) of the rotating table 22. The crush raw meal is
supplied through the supply port 26 onto the rotating table 22 that is rotating as above. The crush raw meal is crushed
between the rotating table 22 and the crush rollers 23. The coarse powder of the crushed material overflows from the
peripheral edge of the rotating table 22 and is discharged through the discharge port 28 to the outside of the crusher 2.
Moreover, the fine powder of the crushed material is discharged from the extraction port 27 by the flow of the gas blowing
upward.

[0031] The mill exhaust gas flowing out from the extraction port 27 of the crusher 2 flows into the dust collector 41. In
the dust collector 41, the fine powder flowing together with the mill exhaust gas is separated from the mill exhaust gas.
The separated fine powder is conveyed through the conveyance passage 88 to the second inlet 31b of the conveying
device 31 and joins the flow of the crushed material of the crushed material circulation system 3.

[0032] On the other hand, the mill exhaust gas from which the fine powder is separated by the dust collector 41 flows
out from the dust collector 41, is sucked into the extraction fan 42, and is supplied to the passage 40b located at a further
downstream side in the gas circulation system 4. At this time, the opening degree of the flow rate adjuster 85 is adjusted
to adjust balance between the flow rate of the mill exhaust gas flowing into the passage 40b by the suction action of the
extraction fan 42 and the flow rate of the mill exhaust gas returning to the crusher 2. The hot gas supplied from the hot
gas supply source 43 to the passage 40b flows into the crusher 2 together with the mill exhaust gas and blows from the
hot gas blowing port 29 into a mill.

[0033] The crushed material discharged from the discharge port 28 of the crusher 2 is conveyed upward by the
conveying device 31 and flows into the classifier 7. In the classifier 7, the crushed material is classified, and the refined
powder is separated from the crushed material. The crushed material from which the refined powder is separated by
the classifier 7 is discharged from the classifier 7, is supplied through the passage 30c to the supply port 26 of the crusher
2, and is crushed again by the crusher 2. The refined powder separated from the crushed material by the classifier 7 is
discharged from the exhaust port 73 of the classifier 7 together with the gas and is conveyed through the passage 64
to the collector 6 by the flow of the gas. In the collector 6, the refined powder is collected. The refined powder is recovered
as the product and is, for example, bagged. On the other hand, the gas separated from the refined powder by the collector
6 flows out to the exhaust passage 65 to be discharged to the atmosphere.

Adjustment of Fineness

[0034] The fineness (degree of fineness of particles) of the refined powder recovered as the product as above is one
of important factors that represent the quality of the refined powder. In the crushing system 1 configured as above, the
fineness of the refined powder to be obtained can be changed by adjusting the extraction flow rate F1. The following
verification experiments were performed to verify that the fineness of the refined powder can be adjusted by adjusting
the extraction flow rate F1.
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[0035] In the verification experiment, a first experimental device that simulates the crushing system 1 according to the
present embodiment and a second experimental device 101 (see FIG. 2) that simulates a conventional crushing system
were used.

[0036] The first experimental device simulates the crushing system 1 shown in FIG. 1, and a detailed explanation
thereof is omitted. Experiments of Examples 1 to 4 were performed by using the first experimental device. Experimental
conditions in Examples 1 to 4 and Comparative Example 1 are shown in Table 1. In Examples 1 to 4, the classification
flow rate F2 was maintained constant at 15 [m3/min]. The extraction flow rate F1 in Example 1 was 0 [m3/min], and the
extraction flow rate F1 in Example 2 was 3 [m3/min]. The extraction flow rate F1 in Example 3 was 6 [m3/min], and the
extraction flow rate F1 in Example 4 was 9 [m3/min]. The extraction flow rate F1 is the exhaust flow rate of the extraction
fan 42, and the classification flow rate F2 is the exhaust flow rate of the classification fan 66.

[0037] FIG.2is adiagram showing the configuration of the second experimental device 101. The second experimental
device 101 includes: a vertical crusher 102; a collector 106 connected to an exhaust port 127 of the crusher 102; and
a classification fan 166 that sucks an exhaust gas of the crusher 102 into the collector 106. The crusher 102 includes:
a housing 121 that forms a crush chamber 120; a rotating table 122 that rotates about a vertical rotation axis; crush
rollers 123 that are brought into pressure contact with the rotating table 122 by a pressurizing unit (not shown) to be
rotated; a mill motor 124 that is a rotation driving source of the rotating table 122; a reduction gear 125 that transmits
the rotational power of the mill motor 124 to the rotating table 122; and a classifier 107 disposed in the housing 121 so
as to be located above the crush rollers 123.

[0038] In the crusher 102, the crush raw meal supplied onto the rotating table 122 that is rotating is crushed between
the rotating table 22 and the crush rollers 23 while being dried by the hot gas. The fine powder of the crushed material
is carried to the classifier 107 by the flow of the gas blowing upward from a lower side and is classified into the refined
powder and the other fine powder by the classifier 107. The refined powder is discharged from the exhaust port 127 by
the flow of the gas and is recovered by the collector 106. The other fine powder classified by the classifier 107 as the
fine powder other than the refined powder and the coarse powder having overflowed from the peripheral edge of the
rotating table 122 are discharged to an outside of the crusher 102 once and are supplied to the crusher 102 again
together with the new crush raw meal.

[0039] The experiment of Comparative Example 1 was performed by using the second experimental device 101
configured as above. In Comparative Example 1, the classification flow rate F2 was maintained constant at 15 [m3/min].
The classification flow rate F2 is the flow rate of the classification fan 166. According to the second experimental device
101, since the extraction flow rate of the gas (flow rate of the exhaust gas) extracted from the crusher 102 is directly
influenced by the classification flow rate F2, it is difficult to adjust only the extraction flow rate.

Table 1
Experimental Conditions
Example 1 | Example 2 | Example 3 | Example 4 | Comparative Example 1
Experimental Device First First First First Second
Extraction Flow Rate F1 [m3/min] 0 3 6 9 -
Classification Flow Rate F2 [m3/min] 15 15 15 15 15

[0040] In the experiments of Examples 1 to 4 and Comparative Example 1, the crush raw meal was put into the mill
of the experimental device, and the refined powder was recovered. To specify the fineness of the recovered refined
powder samples, a specific surface area test and a net sieve test were performed based on JIS R 5201 (Physical testing
methods for cement). In the specific surface area test, Blaine specific surface areas [cm?2/g] of the samples were measured
by using a specific surface area tester (Blaine air permeation measuring device). In the net sieve test, each sample was
sifted by using a test sieve having a mesh size of 45 um, and a residue on the sieve was measured. The residue [%]
(hereinafter referred to as a content "45uR" of the particles having a particle diameter of 45 pwm or more) on the net
sieve in the sample was calculated.

[0041] FIG. 3is a graph showing a correlation between the extraction flow rate F1 of the gas extracted from the crusher
2 and the fineness of the refined powder to be recovered. In this graph, a vertical axis represents the specific surface
area [cm2/g], and a horizontal axis represents the 45uR [%]. Results of a fineness test of the refined powder obtained
in Examples 1 to 4 and Comparative Example 1 are plotted in FIG. 3. In each of Examples 1 to 4 and Comparative
Example 1, when the extraction flow rate F1 is constant, the specific surface area decreases as the 45uR increases.
Moreover, when focusing on a certain value of the 45uR, the specific surface area decreases as the extraction flow rate
F1 increases.

[0042] The specific surface area is influenced by the fine powder in the refined powder. According to the above result
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in which when focusing on a certain value of the 45uR, the specific surface area decreases as the extraction flow rate
F1increases, itis clear that: the fine powder decreases as the extraction flow rate F1 increases; and a fineness distribution
is sharp, and the width of the distribution is narrow. In other words, the fineness (specific surface area) of the refined
powder can be adjusted by adjusting the extraction flow rate F1.

[0043] Moreover,in Examples 1to 4 and Comparative Example 1, electric power consumption rates in the manufacture
of the refined powder were measured. As the electric power consumption rates, electric power consumption rates of the
mill motors 24 and 124 were measured. Most of the electric power consumption rate in the manufacture of the refined
powder is the electric power consumption rate of the mill motor 24, 124.

[0044] FIG. 4 is a graph showing a characteristic curve of the electric power consumption rate of the crusher 2 with
respect to the extraction flow rate F1 of the gas extracted from the crusher 2 according to the manufacture of the refined
powder in Examples 1 to 4 and Comparative Example 1. In this graph, a vertical axis represents percentages of the
electric power consumption rates [kWh/t(DB)] of Examples 1 to 4 when the electric power consumption rate [kWh/t(DB)]
of Comparative Example 1 is regarded as 100%, and a vertical axis represents the extraction flow rate F1 [m3/min].
[0045] Each of the electric power consumption rates of Examples 1 to 4 is lower than the electric power consumption
rate of Comparative Example 1. Moreover, when the extraction flow rate F1 is less than about 4.5 m3/min, the electric
power consumption rate gradually decreases as the extraction flow rate F1 increases. When the extraction flow rate F1
is about 4.5 m3/min or more, the electric power consumption rate gradually increases as the extraction flow rate F1
increases. Especially, when the extraction flow rate F1 falls within a range of about 2 to 6 m3/min, the electric power
consumption rate is lower than that of Comparative Example by about 30%, and an electric power reduction effect is
significant. This is because it is assumed that by taking out the fine powder together with the extracted gas from an
inside of the crusher 2, excessive crushing is suppressed, and as aresult, the electric power consumption rate decreases.
From the viewpoint of such reduction in the electric power consumption rate, it is clear that there exists a preferable
range as the extraction flow rate F1.

[0046] According to the above results of the verification experiments, it was verified that the fineness (specific surface
area) of the refined powder can be adjusted by adjusting the extraction flow rate F1 of the gas extracted from the crusher
2. Moreover, it was verified that the reduction in the electric power consumption rate of the mill motor 24 by the prevention
of the excessive crushing can be realized by adjusting the extraction flow rate F1 of the gas extracted from the crusher 2.
[0047] In the method of operating the crushing system 1 according to the present embodiment, the fineness of the
refined powder is adjusted by utilizing the verified principle. To be specific, the method of operating the crushing system
1 according to the present embodiment is a method of operating a crushing system including: the crusher 2 that crushes
the crush raw meal; the crushed material circulating passage 30 through which the crushed material moves from the
discharge port 28 of the crusher 2 to the supply port 26 of the crusher 2; the classifier 7 that is disposed at the crushed
material circulating passage 30 and classifies the crushed material into the refined powder as the product and the coarse
powder to be returned to the crusher 2; the collector 6 that recovers the refined powder; the extraction passage 40a
connected to the upper portion of the crusher 2; the extraction fan 42 that extracts the gas from the crusher 2 to the
extraction passage 40a at a set extraction flow rate; and the dust collector 41 that separates the fine powder from the
gas extracted from the crusher 2 and supplies the fine powder to the crushed material circulating passage 30. The
method includes: acquiring the correlation (see FIG. 3) between the extraction flow rate of the gas extracted from the
crusher 2 and the fineness of the refined powder to be recovered; based on the correlation, estimating an extraction
flow rate at which desired fineness is obtained; and setting the extraction flow rate F1 as the set extraction flow rate.
[0048] Moreover, the method of manufacturing the powder by using the crushing system 1 according to the present
embodiment includes: crushing the crush raw meal by the crusher 2; extracting the gas from the crusher 2 at the set
extraction flow rate to convey the fine powder of the crushed material by the flow of the gas; separating the fine powder
from the gas extracted from the crusher 2 and conveying the fine powder to the classifier 7; conveying the residue of
the crushed material from the crusher 2 to the classifier 7; classifying the crushed material into the refined powder and
the coarse powder by the classifier 7 in accordance with the set particle diameter; recovering the refined powder as the
product; and returning the coarse powder from the classifier 7 to the crusher 2 and crushing the coarse powder again.
The method includes: acquiring the correlation (see FIG. 3) between the extraction flow rate of the gas extracted from
the crusher 2 and the fineness of the refined powder to be recovered; based on the correlation, estimating the extraction
flow rate at which desired fineness is obtained; and setting the extraction flow rate F1 as the set extraction flow rate.
[0049] According to the above method of manufacturing the powder, the refined powder (powder) having any fineness
can be obtained by changing the set extraction flow rate. To be specific, powder products corresponding to intended
purposes can be obtained by changing the fineness of the refined powder to be obtained. With this, the quality of the
powder product can be improved.

[0050] Moreover, each of the method of operating the crushing system 1 according to the present embodiment and
the method of manufacturing the powder according to the present embodiment includes: acquiring the characteristic
curve (see FIG. 4) of the electric power consumption rate of the crusher 2 with respect to the extraction flow rate; and
based on the characteristic curve, setting as the set extraction flow rate the extraction flow rate at which the electric
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power consumption rate becomes minimum, among the extraction flow rates at which desired fineness is obtained.
[0051] Withthis, the reductionin the electric power consumption rate in the manufacture of the refined powder (powder)
can be realized in addition to the improvement of the quality of the refined powder (powder).

[0052] Hereinafter, an application example of the method of manufacturing the powder according to the present em-
bodiment will be described.

[0053] When the crush raw meal is cement raw meal of a cement type containing a large amount of mixtures, such
as limestone, the limestone is softer than clinker, and therefore, the fine powder is easily generated. On this account,
the specific surface area of the refined powder tends to be larger than a numerical range defined as the specific surface
area of the cement raw meal. In this case, by increasing the extraction flow rate F1, the specific surface area of the
refined powder can be reduced to fall within the defined numerical range while maintaining the 45uR of the refined
powder at a predetermined value. With this, the quality of the cement raw meal can be improved.

[0054] Moreover, when the crush raw meal is cement raw meal of a cement type (portland cement, for example) in
which the amount of mixtures, such as limestone, is relatively small, the specific surface area of the refined powder
tends to be smaller than the numerical range defined as the specific surface area of the cement raw meal. In this case,
by reducing the extraction flow rate F1, the specific surface area of the refined powder can be increased to fall within
the defined numerical range while maintaining the 45u.R of the refined powder at a predetermined value. With this, the
quality of the cement raw meal can be improved.

[0055] In the foregoing, the extraction flow rate F1 at which the specific surface area of the refined powder falls within
the defined numerical range has a range. When the extraction flow rate F1 at which the electric power consumption rate
becomes minimum is adopted from the extraction flow rates F1 at which the desired fineness is obtained, by utilizing
the characteristic curve (see FIG. 4) of the electric power consumption rate with respect to the extraction flow rate F1,
the reduction in the electric power consumption rate can be realized in addition to the improvement of the quality of the
cement raw meal.

Reference Signs List

[0056]

1 crushing system

2 vertical crusher

3 crushed material circulation system
4 gas circulation system
6 collector

7 classifier

20 crush chamber

21 housing

22 rotating table

23 crush roller

24 mill motor

25 reduction gear

26 supply port

27 exhaust port

28 discharge port

29 hot gas blowing port
29a hot gas inlet

30 crushed material circulating passage
30a, 30b, 30c  passage

31 conveying device

31a first inlet

31b second inlet

31c outlet

40 gas circulating passage
40a extraction passage
40b passage

41 dust collector

42 fan

43 hot gas supply source
64 passage
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65 exhaust passage

66 fan

71 crushed material inlet
72 discharge port

73 exhaust port

84 passage

85 flow rate adjuster

88 conveyance passage
101 second experimental device
102 vertical crusher

106 collector

107 classifier

120 crush chamber

121 housing

122 rotating table

123 crush roller

124 mill motor

125 reduction gear

127 exhaust port

166 fan

Claims

1. A method of operating a crushing system,
the crushing system including:

a vertical crusher that crushes crush raw meal;

a crushed material circulating passage through which crushed material moves from a discharge port of the
vertical crusher to a supply port of the vertical crusher;

a classifier that is disposed at the crushed material circulating passage and classifies the crushed material into
refined powder as a product and coarse powder to be returned to the vertical crusher;

a collector that recovers the refined powder;

an extraction passage connected to an upper portion of the vertical crusher;

an extraction fan that extracts a gas from the vertical crusher to the extraction passage at a set extraction flow
rate; and

a dust collector that separates fine powder from the gas extracted from the vertical crusher and supplies the
fine powder to the crushed material circulating passage,

the method comprising:

acquiring a correlation between an extraction flow rate of the gas extracted from the vertical crusher and
fineness of the refined powder to be recovered;

based on the correlation, estimating an extraction flow rate at which desired fineness is obtained; and
setting the extraction flow rate as the set extraction flow rate.

2. The method according to claim 1, further comprising:

acquiring a characteristic curve of an electric power consumption rate of the vertical crusher with respect to the
extraction flow rate; and

based on the characteristic curve, setting as the set extraction flow rate an extraction flow rate at which the
electric power consumption rate becomes minimum, among the extraction flow rates at which the desired
fineness is obtained.

3. A method of manufacturing powder,
the method comprising:

crushing crush raw meal by a vertical crusher;
extracting a gas from the vertical crusher at a set extraction flow rate to convey fine powder of crushed material
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by flow of the gas;

separating the fine powder from the gas extracted from the vertical crusher and conveying the fine powder to
a classifier;

conveying a residue of the crushed material from the vertical crusher to the classifier;

classifying the crushed material into refined powder and coarse powder by the classifier in accordance with a
set particle diameter;

recovering the refined powder as a product;

returning the coarse powder from the classifier to the vertical crusher and crushing the coarse powder again;
acquiring a correlation between an extraction flow rate of the gas extracted from the vertical crusher and fineness
of the refined powder to be recovered;

based on the correlation, estimating an extraction flow rate at which desired fineness is obtained; and

setting the extraction flow rate as the set extraction flow rate.

4. The method according to claim 3, further comprising:

acquiring a characteristic curve of an electric power consumption rate of the vertical crusher with respect to the
extraction flow rate; and

based on the characteristic curve, setting as the set extraction flow rate an extraction flow rate at which the
electric power consumption rate becomes minimum, among the extraction flow rates at which the desired
fineness is obtained.

10
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