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(54) MINERAL DRY SEPARATION DEVICE

(57) The present disclosure provides a mineral dry
separation apparatus, including: a feeding system, a
distribution device, an identification device and an actua-
tor. The feeding system is located upstream of the dis-
tribution device and is configured to supply a mineral raw
material to the distribution device, the identification de-
vice includes a pulsed X-ray source located above the
distribution device and an X-ray detector located below
the distribution device, the identification device is con-
figured to identify a mineral raw material information, and
the actuator is configured to separate the mineral raw
material according to the mineral raw material informa-
tion. By using the pulsed X-ray source, the mineral dry
separation apparatus in the present disclosure may im-
age clearly and correct an afterglow in the detector, so
that detection data is more accurate, a separation accu-
racy and a processing ability of the apparatus may be
improved, and a good separation effect may be ensured.

EP
4

50
1

47
5

A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 501 475 A1 2

Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims priority to Chinese Pa-
tent Application No. 202210315627.0, entitled "Mineral
Dry Separation Apparatus" and filed with the CNIPA on
March 28, 2022, which is incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure generally relates to a
field of mineral dry separation technology, and in parti-
cular to a mineral dry separation apparatus.

BACKGROUND

[0003] Wet gravity coal washers are widely used for
coal separation at home and abroad, with a large demand
for circulating water and a significant amount of water
taken away by clean coal, which results in a large con-
sumption and waste of water resources. Dry separation
has advantages of no need for water, simple process, low
investment and low production cost. Compared with wet
coal separation, dry separation may better meet coal
separation requirements in most regions.
[0004] At present, coal mine separation technology
based on radiation identification technology has been
disclosed in related art. However, practical productions
show that existing dry separation apparatuses based on
radiation identification technology have problems of poor
separation accuracy, high requirements for coal types,
and gangue being entrained in clean coal or clean coal
being entrained in gangue, and are thus difficult to be
widely applied and promoted.

SUMMARY

[0005] In order to solve at least one of the above-
mentioned defects or deficiencies in the related art, the
present disclosure provides a mineral dry separation
apparatus with a simple structure, clear imaging, accu-
rate detection results, and high production efficiency,
which is suitable for large-scale and extensive use.
[0006] Embodiments of the present disclosure provide
a mineral dry separation apparatus, including: a feeding
system, a distribution device, an identification device,
and an actuator; where the feeding system is located
upstream of the distribution device and is configured to
supply a mineral raw material to the distribution device,
the identification device includes a pulsed X-ray source
located above the distribution device and an X-ray de-
tector located below the distribution device, the identifi-
cation device is configured to identify a mineral raw
material information, and the actuator is configured to
separate the mineral raw material according to the miner-

al raw material information.
[0007] As an optional solution, the mineral dry separa-
tion apparatus further includes an electronic control sys-
tem configured to receive the mineral raw material in-
formation and control the actuator to perform a separat-
ing operation according to the mineral raw material in-
formation.
[0008] As an optional solution, a beam emission fre-
quency of the pulsed X-ray source is determined accord-
ing to a transmission speed of the distribution device, a
crystal size of the X-ray detector and a number of rows of
X-ray detectors.
[0009] As an optional solution, the beam emission
frequency of the pulsed X-ray source ranges from 20
Hz to 500 Hz.
[0010] As an optional solution, the actuator is provided
as an air nozzle.
[0011] As an optional solution, in case that two adja-
cent pulses of the pulsed X-ray source are referred to as a
first pulse beam and a second pulse beam, and two
adjacent samplings performed by the X-ray detector
are referred to as a first sampling and a second sampling,
the X-ray detector is configured to perform the first sam-
pling in a first time period and perform the second sam-
pling in a second time period, the first time period is any
time period from a time instant after an end of the first
pulse beam to a time instant before a start of the second
pulse beam, and the second time period is any time
period including a complete beam emission time period
of the second pulse beam from the time instant before the
start of the second pulse beam to a time instant after an
end of the second pulse beam.
[0012] As an optional solution, a sum of the first time
period and the second time period is less than or equal to
a beam emission cycle of the pulsed X-ray source.
[0013] As an optional solution, the feeding system is
configured to uniformly supply the mineral raw material to
the distribution device at a predetermined speed, and a
slide groove is provided between the feeding system and
the distribution device.
[0014] As an optional solution, the distribution device
includes one or a combination of two or more of a first
conveyor belt arranged horizontally, a second conveyor
belt arranged obliquely, and an inclined slide plate ar-
ranged at an angle, and the distribution device is config-
ured to receive and transmit the mineral raw material from
the feeding system.
[0015] As an optional solution, a plurality of air nozzles
are provided and arranged in an array, each of the plur-
ality of air nozzles is connected to a high-frequency
electromagnetic valve, and the high-frequency electro-
magnetic valve is configured to turn on the air nozzle at a
corresponding position according to the mineral raw
material information.
[0016] As an optional solution, the mineral dry separa-
tion apparatus further includes an air supply system
connected to the high-frequency electromagnetic valve
via an air duct, where the high-frequency electromag-
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netic valve is connected to each of the plurality of air
nozzles via a branch pipe.
[0017] In the mineral dry separation apparatus accord-
ing to embodiments of the present disclosure, a pulsed X-
ray source is adopted. Different from existing continuous
X-ray sources, in a same sampling cycle, an ore may be
considered to be in a stationary state in a beam emission
time period (microsecond level) of the pulsed X-ray
source, so that the detector may image more clearly,
and the detection data may be more accurate. Further-
more, by controlling a sampling time period of the X-ray
detector, it is possible to eliminate an influence of residual
fluorescence of a previous X-ray beam remaining in the
detector, and thus correct an afterglow in the X-ray de-
tector, so that a detection result may be more accurate,
and a separation accuracy and efficiency of the dry
separation apparatus may be improved.
[0018] Additional aspects and advantages of the pre-
sent disclosure may be partially provided in the following
description, or partially become clear from the following
description, or may be understood through practice of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Other features, objectives and advantages of
the present disclosure will become clear through reading
of detailed description of non-restrictive embodiments
provided with reference to the accompanying drawings.
In the accompanying drawings:

FIG. 1 shows a schematic structural diagram of a
mineral dry separation apparatus provided by em-
bodiments of the present disclosure;

FIG. 2 shows a schematic diagram of sampling time
periods of an X-ray detector and a pulsed X-ray
source in embodiments of the present disclosure;

FIG. 3 shows a detection image obtained in Embodi-
ment 1; and

FIG. 4 shows a detection image obtained in Embodi-
ment 2.

[0020] In the accompanying drawings, 1 represents a
feeding system, 2 represents a distribution device, 3
represents a pulsed X-ray source, 4 represents an X-
ray detector, 5 represents an air nozzle, 6 represents an
air supply system, 7 represents a first collection tank, 8
represents a second collection tank, 9 represents an
electronic control system, and 10 represents a slide
groove.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] The present disclosure will be further described
in detail below with reference to accompanying drawings

and embodiments. It may be understood that specific
embodiments described herein are just used to explain
the relevant invention rather than to limit the present
disclosure. It should be noted that, for the convenience
of description, only parts related to the present disclosure
are shown in the accompanying drawings.
[0022] It should be noted that, in a case of no conflicts,
embodiments and features in embodiments of the pre-
sent disclosure may be combined with each other. The
present disclosure will be described in detail below with
reference to the accompanying drawings and in conjunc-
tion with embodiments.
[0023] Terms used herein are just for the purpose of
describing particular embodiments and are not intended
to limit the present disclosure. Singular forms "a", "an",
"said" and "the" used in the present disclosure and the
appended claims are intended to include plural forms,
unless the context clearly indicates otherwise. It should
also be understood that the term "and/or" used herein
refers to and includes any and all combinations of one or
more of the listed related items.
[0024] A mineral dry separation apparatus according
to embodiments of the present disclosure will be de-
scribed below with reference to FIG. 1.
[0025] The mineral dry separation apparatus accord-
ing to embodiments of the present disclosure may in-
clude a feeding system 1, a distribution device 2, an
identification device and an actuator, as shown in FIG.
1. The feeding system 1 is located upstream of the
distribution device 2, and is used to uniformly supply a
mineral raw material to the distribution device 2. The
identification device includes a pulsed X-ray source 3
located above the distribution device 2 and an X-ray
detector 4 located below the distribution device 2, and
the identification device is used to identify a mineral raw
material information. The actuator is used to separate the
mineral raw material according to the mineral raw mate-
rial information. In addition, the mineral dry separation
apparatus in embodiments of the present disclosure may
further include an electronic control system 9, which is
used to receive the mineral raw material information sent
by the identification device and control the actuator to
perform a separating operation according to the mineral
raw material information. The actuator may be provided
as a plurality of air nozzles 5.
[0026] The mineral dry separation apparatus in embo-
diments of the present disclosure may build analysis
models suitable for different mineral features. The iden-
tification device may distinguish mineral raw materials,
such as clean coal and gangue, according to physical
properties of minerals, and transmit a detected physical
property of a mineral and a position information of the
mineral on the distribution device 2 to the electronic
control system 9. The electronic control system 9 may
control a corresponding air nozzle 5 of the actuator to
blow. The mineral dry separation apparatus in embodi-
ments of the present application is applicable to separa-
tion of various minerals, such as coal ores or metal
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minerals, and may separate coal ores or metal minerals
from impurities contained in the coal ores or metal miner-
als, thereby improving a quality of separated minerals.
[0027] It should be noted that before separating the
mineral raw material, the mineral dry separation appa-
ratus in embodiments of the present disclosure may
usually pre-process and remove powdered impurities
in the mineral raw material (for example, by using a
mineral classifying screen with sieve pores as the feeding
system 1), so that the mineral raw material is generally in
block or granular form when entering the distribution
device 2, thereby reducing dust in a separation process
and improving a separation accuracy.
[0028] The feeding system 1 may be a mineral classi-
fying screen, a vibrating feeder or a belt feeder, etc.,
which is used to receive or store a mineral raw material
from outside and output the mineral raw material to the
distribution device 2. The feeding system 1 may output
the mineral raw material at an arbitrary speed, and may
also output the mineral raw material at a predetermined
uniform speed.
[0029] The distribution device 2 may receive mineral
raw materials from the feeding system 1. The mineral raw
materials may be laid flat on the distribution device 2 as
much as possible without overlapping, so that the identi-
fication device may accurately identify each of the miner-
al raw materials and distinguish impurities and target
minerals, thereby ensuring the separation accuracy.
The distribution device 2 may be provided as various
types of conveyors or belts according to actual needs,
and a setting direction is determined according to a
positional relationship between the feeding system 1
and a collection device.
[0030] The identification device includes a pulsed X-
ray source 3 provided above the distribution device 2 and
an X-ray detector 4 provided below the distribution device
2. The pulsed X-ray source 3 may be an accelerator or an
X-ray machine. Unlike a continuous X-ray source that
constantly emits the same dose of rays, a pulsed X-ray
source may emit rays at a particular frequency (for ex-
ample, tens of Hz to hundreds of Hz), and each pulse has
a very short duration, which is generally several micro-
seconds, such as 2 to 1000 microseconds, 20 to 500
microseconds or 50 to 300 microseconds, and usually
100 to 200 microseconds. Compared to the continuous
X-ray source, the pulsed X-ray source has a short beam
emission time period, which may be several microse-
conds, such as a few microseconds. In such time period,
the mineral raw material moves very little, and it is
equivalent to that the detected ore is stationary, so that
the imaging is clearer, and the detection data is more
accurate. The X-ray detector 4 may include a digital
board and an analog board, and each analog board
has a plurality of detector channels. In order to ensure
a detector accuracy, detectors may be arranged sequen-
tially with negligible spacing. A plurality of analog boards
may be closely arranged to form a detector linear array
matched with the distribution device 2 in terms of width.

Rays may pass through detected ores and reach the
detector. According to a signal received by the detector,
it is possible to obtain one of an equivalent atomic in-
formation, a density information, a particle size informa-
tion, an image information or other physical property
information of a substance, and also obtain a position
information. According to the above equivalent atomic
information, density information, particle size information
or image information, it is possible to identify and classify
the substances (for example, distinguish clean coal and
gangue according to the equivalent atomic information),
and determine a position of each type of substance by
using the position information of the substance. In addi-
tion, a crystal size of a detection unit of the X-ray detector
4 may be determined according to a particle size of the
mineral raw material, so that the detector may reliably
receive the signal and the accuracy of the detection data
may be ensured. Generally, a detector with a small crystal
size may be used for small mineral particles, and a
detector with a large crystal size may be used for large
mineral particles. For example, in an embodiment, when
the mineral raw materials are coal ore particles with
particle sizes of 50 mm to 300 mm, the crystal size of
the X-ray detector may be 2.5 mm; when the mineral raw
materials are metal ore particles with particle sizes of 10
mm to 80 mm, the crystal size of the X-ray detector may
be 1.6 mm.
[0031] The actuator may include a plurality of air noz-
zles 5. The plurality of air nozzles 5 may have different
blowing volumes and may be independently controlled to
blow. The plurality of air nozzles 5 may be arranged in an
array or uniformly arranged at intervals at an end of the
distribution device 2. The identification device may send
the identified physical property information and position
information of the mineral raw material to the electronic
control system 9. The electronic control system 9 may
control the air nozzle 5 at a corresponding position to
blow according to the received physical property infor-
mation and position information of the mineral raw ma-
terial, so as to achieve a separation of the mineral raw
material. For example, for the separation of coal miner-
als, a flow meter thrust of the air nozzle 5 in embodiments
of the present disclosure meets a design and selection of
a maximum particle size of gangue in the mineral raw
material, and a shape of the air nozzle meets a selection
of a minimum particle size of a single gangue. In practical
use, when the mineral raw material has a small size, the
small air nozzle is turned on, and when the mineral raw
material has a large size, the large air nozzle is turned on,
which may reduce air consumption, save energy and
separate more accurately compared with the existing
method of using large air nozzles for both large and small
mineral raw materials.
[0032] The mineral dry separation apparatus in embo-
diments of the present disclosure may solve the problem
of poor separation accuracy of existing dry separation
apparatuses. By providing the pulsed X-ray source and
the X-ray detector, the mineral dry separation apparatus
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in embodiments of the present disclosure may image
clearly and detect data more accurately. Moreover, by
controlling the sampling time period of the detector, it is
possible to eliminate the influence of residual fluores-
cence of the previous X-ray beam remaining in the de-
tector, thus enabling the correction of an afterglow in the
detector, so that the detection result may be more accu-
rate, and the separation accuracy and efficiency of the
dry separation apparatus may be improved.
[0033] As an implementable manner, a beam emission
frequency of the pulsed X-ray source 3 may be deter-
mined according to a transmission speed of the distribu-
tion device 2, the crystal size of the X-ray detector 4, and
the number of rows of X-ray detectors 4. The number of
rows of X-ray detectors 4 refers to the number of rows or
columns of X-ray detectors 4 arranged in a transmission
direction of the distribution device 2. Specifically, there is
the following relation: beam emission frequency=trans-
mission speed/(crystal size of X-ray detector*number of
rows of X-ray detectors). In practical use, after the miner-
al raw materials to be separated are determined, the
crystal size of the X-ray detector is fixed. The transmis-
sion speed affects a production efficiency on one hand,
and affects an imaging effect of the X-ray detector on the
mineral raw materials on the other hand. The number of
rows of X-ray detectors affects a production cost on one
hand, and affects an effect of detecting the mineral raw
materials on the other hand. Therefore, considering an
optimization of production efficiency and cost, a range of
the beam emission frequency determined according to
such embodiments is conductive to imaging clearly, and
may also help accurately detect each mineral to ensure
the accuracy of the detection data.
[0034] It may be understood that the above-mentioned
relation may also be expressed as: transmission speed=-
crystal size of X-ray detector*number of rows of X-ray
detectors*beam emission frequency. Therefore, when
the beam emission frequency and the crystal size of
the X-ray detector are fixed, increasing the number of
rowsof detectors may increase the transmission speed of
the distribution device 2 (such as a movement speed of
the belt), which may help increase a separation speed
and thus improve the production efficiency.
[0035] As a preferred embodiment, the beam emission
frequency of the pulsed X-ray source ranges from 20 Hz
to 500 Hz, such as from 50 Hz to 250 Hz, or from 100 Hz to
150 Hz. The beam emission frequency in such embodi-
ments has no special requirements for the particle size of
the mineral raw material and may be applied to mineral
raw materials with a wide range of particle sizes.
[0036] For example, when the transmission speed is 3
m/s, the number of rows of X-ray detectors is 4 and the
crystal size is 2.5 mm, beam emission frequency=trans-
mission speed/(crystal size of detector *number of rows
of detectors)=(3 m/s)/(4*2.5 mm)=300 Hz.
[0037] As an implementable manner, two adjacent
pulses of the pulsed X-ray source 3 are respectively
recorded as a first pulse beam and a second pulse beam,

and two adjacent samplings performed by the X-ray
detector 4 are respectively recorded as a first sampling
and a second sampling. In this case, the X-ray detector 4
is used to perform the first sampling in a first time period
and perform the second sampling in a second time per-
iod. The first time period is any time periodbetween a time
instant after an end of the first pulse beam and a time
instant before a start of the second pulse beam, and the
second time period is any time period, including a com-
plete beam emission time period of the second pulse
beam, between the time instant before the start of the
second pulse beam and a time instant after an end of the
second pulse beam. In such embodiments, the first sam-
pling is performed by the X-ray detector 4 between two
adjacent pulse beams to acquire a detection result of
residual fluorescence remaining on crystal of the detector
after the end of the first pulse beam, and the second
sampling is performed by the X-ray detector 4 to acquire a
detection result of the second pulse beam. Therefore, by
taking the detection result of the first sampling of the X-
ray detector 4 as a background and subtracting the
detection result of the first sampling from the detection
result of the second sampling, it is possible to eliminate
an influence of the residual fluorescence of the pulsed X-
ray source remaining in the X-ray detector. Therefore, the
use of the pulsed X-ray source may correct an afterglow
in the detector (the afterglow refers to the residual fluor-
escence remaining on the crystal of the detector after the
beam emission of the radiation source stops, and the
fluorescence may reduce an imaging quality) to ensure
that the detection result is more accurate.
[0038] Specifically, as shown in FIG. 2, for a pulse
beam P1, the X-ray detector 4 performs the first sampling
in a time period t10 between a time instant after an end of a
pulse beam P0 and a time instant before a start of the
pulse beam P1, and a first detection result is obtained.
The X-ray detector 4 performs the second sampling in a
time period t11 including a complete beam emission time
period of the pulse beam P1 between the time instant
before the start of the pulse beam P1 and a time instant
after an end of the pulse beam P1, and a second detec-
tion result is obtained. By subtracting the first detection
result from the second detection result, it is possible to
eliminate an influence of residual fluorescence of the
pulse beam P0 remaining in the detector. The time period
t10 may be equal to the time period t11. Similarly, for a
pulse beam P2, the X-ray detector 4 performs a third
sampling in a time period t20 between the time instant
after the end of the pulse beam P1 and a time instant
before a start of the pulse beam P2, and a third detection
result is obtained. The X-ray detector 4 performs a fourth
sampling in a time period t21 including a complete beam
emission time period of the pulse beam P2 between the
time instant before the start of the pulse beam P2 and a
time instant after an end of the pulse beam P2, and a
fourth detection result is obtained. By subtracting the
third detection result from the fourth detection result, it
is possible to eliminate an influence of residual fluores-
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cence of the pulse beam P1 remaining in the detector.
The time period t20 may be equal to the time period t21.
[0039] As an implementable manner, a sum of the first
time period and the second time period of the X-ray
detector 4 is less than or equal to a beam emission cycle
of the pulsed X-ray source. In specific embodiments, a
time period between two adjacent samplings of the X-ray
detector may be 100 to 500 microseconds, or even long-
er. It should be noted that, for example, a sampling time
period of the first sampling may be less than the first time
period, and a sampling time period of the second sam-
pling may be less than the second time period.
[0040] In a preferred embodiment, the feeding system
1 is used to receive mineral raw materials from an ex-
ternal apparatus such as a silo gate, and the feeding
system 1 may uniformly supply the mineral raw materials
to the distribution device 2 at a predetermined speed. A
slide groove 10 is provided between the feeding system 1
and the distribution device 2. In such embodiments, the
feeding system 1 may output the mineral raw materials to
the distribution device 2 at a predetermined uniform
speed, and the slide groove 10 provided between the
feeding system 1 and the distribution device 2 may en-
sure that the mineral raw materials may fall reliably on the
distribution device 2 without flying around, thereby redu-
cing waste.
[0041] As an implementable manner, the distribution
device 2 includes one or a combination of two or more
selected from: a first conveyor belt horizontally arranged,
a second conveyor belt obliquely arranged, and an in-
clined slide plate arranged at an angle. The distribution
device 2 is used to receive and transmit the mineral raw
materials from the feeding system 1. In such embodi-
ments, a specific structure of the distribution device 2
may be determined according to a positional relationship
between the feeding system 1 and a collection device in
practical production and processing. In such embodi-
ments, an arrangement of the conveyor belts of the
distribution device 2 may meet most operating modes,
so that the mineral raw materials may be transmitted
reliably and separated into the collection device.
[0042] As an implementable manner, the X-ray detec-
tor 4 includes a plurality of rows of detectors, which are
uniformly arranged in a length direction of the first con-
veyor belt. Such embodiments may be implemented to
reliably detect the mineral raw material and identify the
physical property and substance information of the
mineral raw material.
[0043] As an implementable manner, the plurality of air
nozzles 5 are arranged in an array, and each air nozzle 5
is connected to a high-frequency electromagnetic valve.
The high-frequency electromagnetic valve is connected
to the electronic control system 9 and is used to turn on
the air nozzle 5 at a corresponding position according to a
signal sent by the electronic control system 9. In such
embodiments, the air nozzles 5 being distributed in an
array may ensure that the electronic control system may
control to turn on one or more air nozzles 5 at the

corresponding position to achieve the separation after
an accurate position of the mineral raw material is de-
tected by the pulsed X-ray source 3 and the X-ray de-
tector 4 in cooperation, no matter where the mineral raw
material is located on the distribution device 2. Moreover,
providing the high-frequency electromagnetic valve is
conducive to achieving reliable turning on and turning
off of the air nozzle 5.
[0044] As an implementable manner, the mineral dry
separation apparatus further includes an air supply sys-
tem 6. The air supply system 6 is connected to the high-
frequency electromagnetic valve via an air duct, and the
high-frequency electromagnetic valve is connected to
the air nozzle 5 via a branch pipe. The air supply system
6 in such embodiments is used to provide an air source to
the air nozzle 5 to ensure a reliable turning on of the air
nozzle 5.
[0045] A specific operating process of the mineral dry
separation apparatus of the present disclosure will be
described below by examples.

Embodiment 1

[0046] As shown in FIG. 1, the mineral raw materials
are supplied to the distribution device 2 through the
feeding device 1, and a distribution is completed on
the distribution device 2 to achieve a single-layer ar-
rangement of the mineral raw materials, with each miner-
al block being distanced from adjacent mineral blocks in
all directions. The physical property of the mineral block
(for example, clean coal or gangue) is determined by the
pulsed X-ray source 3 and the X-ray detector 4. The
pulsed X-ray source 3 has a beam emission frequency
of 300 Hz, a cycle of 3333 microseconds, and a pulse
duration of 100 microseconds. Here, the pulse duration is
short, so that the imaging is clearer, and the detection
data is more accurate. The X-ray detector 4 is provided
with eight rows of detectors below the distribution device
2, with a crystal size of 2.5 mm, and the transmission
speed of the distribution device 2 is set to 6 m/s. It should
be noted that in this case, the distribution device 2 has a
greater transmission speed compared with the case that
the transmission speed is 3 m/s, the number of rows of
detectors for the X-ray detector is 4 and the crystal size is
2.5 mm, which may help improve the separation effi-
ciency and thus improve the production efficiency. A time
instant when the first pulse beam is emitted from the
pulsed X-ray source 3 is recorded as a time instant t0,
a time period of a first sampling is from the time instant t0
to a time instant of t0+1000 microseconds, and a time
period of a second sampling is from a time instant of
t0+3333 microseconds to a time instant of t0+4333 mi-
croseconds. Each sampling result is directly used as a
detection result without correction. A detection image
obtained by continuously sampling according to the
above-mentioned sampling rule is shown in FIG. 3.
The obtained physical property and position information
of the mineral raw material are output to the electronic
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control system 9. The electronic control system 9 con-
trols, according to the received physical property and
position information, the high-frequency electromagnetic
valve to turn on one or more air nozzles at a correspond-
ing position among the air nozzles 5 arranged in an array.
The blown gangue is collected in a second collection tank
8, and the clean coal keeps an original movement tra-
jectory and is collected in a first collection tank 7, so that
the mineral dry separation process is completed.

Embodiment 2

[0047] Different from Embodiment 1 described above,
in this embodiment, the time period of the first sampling of
the X-ray detector 4 is from a time instant of t0+2300
microseconds to a time instant of t0+3300 microseconds,
the time period of the second sampling of the X-ray
detector 4 is from the time instant of t0+3300 microse-
conds to a time instant of t0+4300 microseconds, and the
detection result of the first sampling is subtracted from the
detection result of the second sampling. A detection
image obtained by continuously sampling according to
the above-mentioned sampling rule is shown in FIG. 4.
[0048] As shown in FIG. 3 and FIG. 4, the detection
image obtained in Embodiment 2 is clearer than that
obtained in Embodiment 1, and the image of the mineral
raw material under X-rays is clearly shown inFIG. 4.
Therefore, by adopting the sampling time periods in
Embodiment 2 and subtracting the detection result of
the first sampling from the detection result of the second
sampling, it is possible to eliminate the influence of the
afterglow of the first pulse beam remaining on the crystal
of the detector, so that the captured image is clearer and
the detection result is more accurate.
[0049] In summary, the mineral dry separation appa-
ratus in embodiments of the present disclosure has at
least the following advantages.

(1) By using the pulsed X-ray source and the X-ray
detector, the imaging is clearer and the detection
data is more accurate compared with the existing
continuous X-ray sources.

(2) The use of pulsed X-rays may help control the
sampling time period of the detector. By properly
controlling the sampling time period, it is possible
to eliminate the influence of residual fluorescence of
the previous X-ray beam remaining in the detector,
and thus correct the afterglow in the detector, so that
the detection result is more accurate, and the se-
paration accuracy and efficiency of the mineral dry
separation apparatus may be improved.

[0050] The above descriptions are just preferred em-
bodiments of the present disclosure and explanations of
technical principles used. It should be understood by
those skilled in the art that the scope of invention involved
in the present disclosure is not limited to the technical

solutions formed by a specific combination of the above
technical features and should also cover other technical
solutions formed by any combination of the above tech-
nical features or their equivalent features without depart-
ing from the inventive concept, such as the technical
solutions formed by replacing the above features with
technical features having similar functions disclosed in
the present disclosure (but not limited thereto).

Claims

1. A mineral dry separation apparatus, comprising: a
feeding system, a distribution device, an identifica-
tion device, and an actuator, wherein the feeding
system is located upstream of the distribution device
and is configured to supply a mineral raw material to
the distribution device, the identification device com-
prises a pulsed X-ray source located above the dis-
tribution device and an X-ray detector located below
the distribution device, the identification device is
configured to identify a mineral raw material informa-
tion, and the actuator is configured to separate the
mineral raw material according to the mineral raw
material information.

2. The mineral dry separation apparatus according to
claim 1, further comprising an electronic control sys-
tem configured to receive the mineral raw material
information and control the actuator to perform a
separating operation according to the mineral raw
material information.

3. The mineral dry separation apparatus according to
claim 1, wherein a beam emission frequency of the
pulsed X-ray source is determined according to a
transmission speed of the distribution device, a crys-
tal size of the X-ray detector and a number of rows of
X-ray detectors.

4. The mineral dry separation apparatus according to
claim 3, wherein the beam emission frequency of the
pulsed X-ray source ranges from 20 Hz to 500 Hz.

5. The mineral dry separation apparatus according to
claim 1, wherein the actuator is provided as an air
nozzle.

6. The mineral dry separation apparatus according to
any one of claims 1 to 5, wherein in case that two
adjacent pulses of the pulsed X-ray source are re-
ferred to as a first pulse beam and a second pulse
beam, and two adjacent samplings performed by the
X-ray detector are referred to as a first sampling and
a second sampling, the X-ray detector is configured
to perform the first sampling in a first time period and
perform the second sampling in a second time per-
iod, the first time period is any time period from a time
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instant after an end of the first pulse beam to a time
instant before a start of the second pulse beam, and
the second time period is any time period comprising
a complete beam emission time period of the second
pulse beam from the time instant before the start of
the second pulse beam to a time instant after an end
of the second pulse beam.

7. The mineral dry separation apparatus according to
claim 6, wherein a sum of the first time period and the
second time period is less than or equal to a beam
emission cycle of the pulsed X-ray source.

8. The mineral dry separation apparatus according to
any one of claims 1 to 5, wherein the feeding system
is configured to uniformly supply the mineral raw
material to the distribution device at a predetermined
speed, and a slide groove is provided between the
feeding system and the distribution device.

9. The mineral dry separation apparatus according to
any one of claims 1 to 5, wherein the distribution
device comprises one or a combination of two or
more of a first conveyor belt arranged horizontally, a
second conveyor belt arranged obliquely, and an
inclined slide plate arranged at an angle, and the
distribution device is configured to receive and trans-
mit the mineral raw material from the feeding system.

10. The mineral dry separation apparatus according to
claim 5, wherein a plurality of air nozzles are pro-
vided and arranged in an array, eachof the plurality of
air nozzles is connected to a high-frequency electro-
magnetic valve, and the high-frequency electromag-
netic valve is configured to turn on the air nozzle at a
corresponding position according to the mineral raw
material information.

11. The mineral dry separation apparatus according to
claim 10, further comprising an air supply system
connected to the high-frequency electromagnetic
valve via an air duct, wherein the high-frequency
electromagnetic valve is connected to each of the
plurality of air nozzles via a branch pipe.
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