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Abstract

The present application discloses an accelerator system for mineral component analysis
and system and method for mineral component analysis. The accelerator system includes an
electron gun for generating an electron beam; an accelerating tube for accelerating an
electron beam emitted by the electron gun to a predetermined energy; a composite target for
generating a radioactive ray on the composite target after receiving bombardment of the
electron beam; and a shielding mechanism for shielding the radioactive ray.

FIG. 1
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ACCELERATOR SYSTEM FOR MINERAL COMPONENT ANALYSIS, SYSTEM
AND METHOD FOR MINERAL COMPONENT ANALYSIS

TECHNICAL FIELD
[0002] The present disclosure relates to radiation technology and, in particular, to an

accelerator system and system and method for mineral component analysis.

BACKGROUND
[0003] One of the most concerned issues in current gold ore dressing and prospecting
process is how to analyze a gold content in the mining area as quickly and efficiently as
possible while ensuring accuracy. In the traditional atomic fluorescence spectrometry, a
sample is required to be ground and dissolved, and then heated a specific high temperature
for several hours with a variety of chemicals (or is processed by other operations) to obtain an
analysis result for gold content. This process takes a long time, is complicated to operate, and
requires to use chemicals such as strong acids. The present disclosure utilizes radiation

technology to analyze mineral components and can effectively overcome the above problems.

SUMMARY
[0004] According to an aspect of the present disclosure, an accelerator system for mineral
component analysis is provided, the accelerator system including: an electron gun for
generating an electron beam; an accelerating tube for accelerating the electron beam emitted
by the electron gun to a predetermined energy; a composite target for receiving the electron
beam to generate a radioactive ray on the composite target; and a shielding mechanism for

shielding the radioactive ray.
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[0005] In an exemplary embodiment of the present disclosure, further comprising: a
microwave system for providing a microwave electromagnetic field to the accelerating tube
to accelerate the electron beam to the predetermined energy.

[0006] In an exemplary embodiment of the present disclosure, wherein the predetermined
energy of the electron beam after acceleration of the accelerating tube is 8.5 MeV - 14 MeV,
and wherein an energy of the electron beam after acceleration of the accelerating tube is
continuously adjustable.

[0007] In an exemplary embodiment of the present disclosure, wherein the radioactive ray
produced by the composite target comprises X-ray.

[0008] In an exemplary embodiment of the present disclosure, the shielding mechanism
comprises a first shielding layer and a second shielding layer; material of the first shielding
layer is a lead material and a tungsten material, and material of the second shielding layer is a
boron-containing polyethylene material.

[0009] According to an aspect of the present disclosure, a system for mineral component
analysis, comprising: an accelerator system for mineral component analysis comprising: an
electron gun for generating an electron beam; an accelerating tube for accelerating the
electron beam emitted by the electron gun to a predetermined energy; a composite target for
receiving the electron beam to generate a radioactive ray on the composite target; and a
shielding mechanism for shielding the radioactive ray; a detector for receiving the radioactive
ray and generating ray data for subsequent analysis; and a conveying device for moving a
sample to be tested between a front end of the composite target and a detector.

[0010] In an exemplary embodiment of the present disclosure, further comprising: an
overall compartment structure comprising a first compartment, a second compartment and a
third compartment arranged side by side; the detector and the conveying device are located at
the first compartment; the composite target, the electron gun, the accelerating tube and the
shielding mechanism are located at the second compartment; and the microwave system is
located at the third compartment.

[0011] In an exemplary embodiment of the present disclosure, further comprising a carrying
device, wherein the accelerating tube is secured to the second compartment by the carrying

device comprising a frame mechanism and a drawing mechanism.
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[0012] In an exemplary embodiment of the present disclosure, wherein the accelerating tube
is mounted to the frame mechanism; the drawing mechanism is connected with the frame
mechanism and the frame mechanism is linearly moveable relative to the drawing
mechanism.

[0013] In an exemplary embodiment of the present disclosure, the first compartment, the
second compartment and the third compartment are respectively independent movable
container compartment structures; and a connection manner between the first compartment,
the second compartment and the third compartment comprises: positioning and mounting the
first compartment and the second compartment by a sample conveying device; positioning
and mounting the second compartment and the third compartment by a waveguide position in
a microwave system.

[0014] According to an aspect of the present disclosure, a method of mineral composition
analysis includes: generating a predetermined energy of radioactive ray by an accelerator;
irradiating a reference substance and a sample containing a target element by the
predetermined energy of radioactive ray; acquiring a first detection data from the sample and
a second detection data from the reference substance by a detector; and determining a content
of the target element in the sample by comparing the first detection data with the second

detection data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects, features and advantages of the present disclosure will

become more apparent from the example embodiments of the present disclosure with
reference to the accompanying drawings.

[0016] FIG. 1 is a system block diagram of an accelerator system for mineral component
analysis, according to an exemplary embodiment.

[0017] FIG. 2 is a block diagram of a compartment structure in an accelerator system for
mineral component analysis, according to an exemplary embodiment.

[0018] FIG. 3 is a schematic diagram of a water cooling system in an accelerator system for
mineral component analysis, according to an exemplary embodiment.

[0019] FIG. 4 is a perspective view of a drawing mechanism in an accelerator system for
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mineral component analysis, according to an exemplary embodiment.

[0020] FIG. 5 is a front view of a drawing mechanism in an accelerator system for mineral
component analysis, according to an exemplary embodiment.

[0021] FIG. 6 is a top view of a drawing mechanism in an accelerator system for mineral
component analysis, according to an exemplary embodiment.

[0022] FIG. 7 is a side view of a drawing mechanism in an accelerator system for mineral
component analysis, according to an exemplary embodiment.

[0023] FIG. 8 is a top view of a compartment structure in an accelerator system for mineral
component analysis, according to an exemplary embodiment.

[0024] FIG. 9 is a cross-sectional view of a compartment structure in an accelerator system
for mineral component analysis, according to an exemplary embodiment.

[0025] FIG. 10 is a flow chart of a method of mineral component analysis, according to

another exemplary embodiment.

DETAILED DESCRIPTION

[0026] Example embodiments will now be described more fully with reference to the
accompanying drawings.

[0027] FIG. 1 is a system block diagram of an accelerator system for mineral component
analysis, according to an exemplary embodiment. The accelerator system 100 may include an
electron gun 102, an accelerating tube 104, a composite target 106, a shielding mechanism
110, and a microwave system 114. According to an aspect of the present disclosure, a system
for mineral component analysis comprises the above accelerator system for mineral
component analysis, a detector 112 and conveying device 108.

[0028] The electron gun 102 is used to generate an electron beam. In the present application,
the electron gun 102 may be, for example, a conventional diode gun, or may be, for example,
a grid gun power supply.

[0029] In order to achieve a third-grade energy switchable requirement, the accelerator
system 100 in the present application needs to control the beam load, so it is necessary to
achieve an object of energy switching by changing an injection voltage and a gun emission

current of the electron gun. According to working requirements of a grid-controlled electron
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gun, design specifications of a power supply of the grid-controlled gun may be adjusted.
[0030] The accelerating tube 104 is used to accelerate the electron beam emitted by the
electron gun 102 to a predetermined energy. The accelerating tube 104 has an electronic input
port and a microwave feed inlet. The electronic input port is coupled with an output end of
the electron gun to receive the electron beam, and the microwave feed inlet is coupled with
an output end of the microwave power source. The predetermined energy of the electron
beam after accelerated by the accelerating tube 104 into which a microwave generated by the
microwave power source is fed is 8.5 MeV-14 MeV, wherein the energy of the electron beam
after accelerated by the accelerating tube 104 is continuously adjustable. In the present
application, a magnetic coupling structure is used between tube cavities of the accelerating
tube 104. Preferably, a design in which opposite sides are coupled has a smaller lateral
dimension and a more compact structure. The double-cycle standing wave acceleration
structure is used. Preferably, the overall length of the acceleration gun 104 is 1.2 m, and the
tube body is water-cooled with a sleeve.

[0031] The composite target 106 is configured to generate radioactive ray on the composite
target 106 after receiving bombardment of the electron beam. The radioactive ray generated
by the composite target 106 includes X-ray. The scanning structure of the composite target
106 is divided into two sections, and a ceramic is added therebetween for isolation in order to
facilitate acquisition of the target stream. To realize requirement for the same width of the
electron beam under different energies, the current of the scanning magnet is controlled to
adapt to deflection requirements with different energies.

[0032] In the present application, the composite target 106 may, for example, has a
gold-copper composite target structure capable of producing a larger dose of X-ray. The
composite target uses water-cooling method, specifically, forming three routes of water
cooling by changing the composite target structure, to achieve sufficient cooling of the target
area and to avoid damage to the target structure due to excessive temperature.

[0033] The conveying device 108 is configured to move the sample to be tested between the
front end of the composite target and the detector.

[0034] The shielding mechanism 110 is used to shield the radioactive ray. The shielding

mechanism includes a first shielding layer and a second shielding layer; wherein material of
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the first shielding layer is a lead material and a tungsten material, and material of the second
shiclding layer is a boron-containing polyethylene material. Due to high energy of the X-ray,
the shielding system includes shielding protection for both X-ray and neutron radiation. With
respect to the X-ray, shielding is performed with lead and tungsten, and neutron protection is
provided to shield with boron-containing polyethylene. The first shielding layer includes an
accelerating tube bracket fixing the accelerating tube, a transmission waveguide, a scanning
box, the target and the scanning magnet together. Coupling waveguide from the accelerating
tube to the electron gun, a part in close contact with the accelerating tube is primarily
shielded and mounted in the machine head bracket. There is no primary shielding from the
accelerating tube to the target and size of the bracket size is as small as possible. The bracket
is fixed to the second shielding layer at the front end of the coupler, the accelerating tube
bracket carries the primary shielding, and forms an integral shielding system after abutted
against the second shielding layer. The external environmental dose of the shielding is
ensured to meet relevant local legal requirements.

[0035] The detector 112 is used to receive the radioactive ray and generate ray data for
subsequent analysis.

[0036] The microwave system 114 is used to provide a microwave electromagnetic field for
the accelerating tube to accelerate the electron beam to the predetermined energy. The
microwave system 114 is a basic component of the electronic linear accelerator, including a
high power microwave source and a microwave transmission system. The microwave power
source is used to generate microwaves of different frequencies. Because the system requires
higher dose output, a velocity modulated tube is used as the power source, and may obtain
higher microwave input power. A low power microwave excitation source is provided as
driving, and the microwave system 114 in the velocity modulated tube may, for example, be a
high-power velocity modulated tube.

[0037] The waveguide transmission system 114 is composed of various passive microwave
components, and its main function is to feed the power outputted by the microwave source
into the accelerating tube to excite the electromagnetic field required for stimulating and
accelerating the electron; and to provide a monitoring signal for the frequency and power of

the system operation.
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[0038] The accelerator system 100 further includes a control device (not shown) which is
coupled to the microwave power source and the electron gun, and controls and the
microwave power source to generate microwaves of different frequencies, so that the
accelerating tube is switched between different resonant modes to produce an electron beam
of corresponding energy.

[0039] The accelerator system for mineral component analysis according to the present
disclosure is capable of providing an electron beam with a predetermined energy, a
predetermined energy level, and a predetermined ray size, and achieves stable high-pressure
out-beam, high repetition frequency long-term operation.

[0040] The design parameters of implementation of the accelerator system 100 for mineral
component analysis of the present disclosure are as follows:

Technical Indexes of Three-grade Energy Beam

Energy/MeV Dose Rate/cGy/min@1m ray size/mmxmm
8.5 16000 10X 70
12 4000 10X 70
14 2500 10X70

[0041] The energy index in the table is divided into three grades. The energy of 8.5MeV can
be used for identification of the gold element. The dose index of 16000 cGy/min@Im can
ensure the full activation of the sample in a short time, improve the working efficiency, and
select the linear ray instead of traditional point source ray for the ray size, so that the sample
can be fully illuminated to improve detection accuracy. The other two energy grades can be
used for identification of non-precious metal clements such as copper, tantalum and lead.
[0042] FIG. 2 is a block diagram of a compartment structure of an accelerator system for
mineral component analysis, according to an exemplary embodiment.

[0043] The overall compartment structure is distributed as shown in Fig. 2. Three container
compartments are arranged side by side from left to right, which are a first compartment 202,
a second compartment 204 and a third compartment 206, respectively. Preferably, the detector
112 and the conveying device 108 are located in the first compartment 202; the composite
target 106, the electron gun 102, the accelerating tube 104 and the shielding mechanism 110

are located in the second compartment 204; and the microwave system 114 is located in the
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third compartment 206.

[0044] The accelerating tube 104 is secured to the second compartment 204 by a carrying
device, as shown in FIG. 4, which includes a frame mechanism 10 and a drawing mechanism
20. The frame mechanism 10 is used to install the accelerator system 100. The drawing
mechanism 20 is connected with the frame mechanism 10 and the frame mechanism 10 is
movable relative to the drawing mechanism 20.

[0045] The accelerating tube 104 is mounted to the frame mechanism 10; the drawing
mechanism 20 is connected with the frame mechanism 10, and the frame mechanism 10 is
linearly movable relative to the drawing mechanism 20.

[0046] The first compartment 202, the second compartment 204 and the third compartment
206 are respectively independent movable container compartment structures; and a
connection mode between the first compartment 202, the second compartment 204 and the
third compartment 206 includes: positioning and mounting the first compartment 202 and the
second compartment 204 by the sample conveying device 108; positioning and mounting the
second compartment 204 and the third compartment 206 by the waveguide position in the
microwave system 114,

[0047] The second compartment 204 may be, for example, an accelerator head compartment.
In FIG 2, @ is an accelerating tube main body, and @ and 3 are primary shielding and
secondary shielding structures, wherein the lateral passage is a conveying sample passage. In
the figure, @ is the velocity modulated tube, which is mounted within the microwave head
frame, ® is the solid state modulator, ® is the water cooling set indoor unit, the above
three sub-system components are mounted in the right-side compartment, and the outlet end
of the velocity modulated tube is connected to the intermediate compartment of the
accelerating tube through the waveguide part to achieve feed of microwave power. The
leftmost compartment contains conveying passage. In the figure, @ is the location of
the detector, which is convenient for the sample to be detected quickly after irradiation. In the
figure, is the automatic sample conveying device. On the right side of these three
container compartments is the water cooling set outdoor unit @.

[0048] In the prior art, the accelerator system is a non-movable system, and in general, the

outer compartment of the accelerator system is a one-piece structure. According to the
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accelerator system for mineral component analysis of the present disclosure, various
components inside the accelerator system are respectively located in different movable
container compartments, and the respective compartments are positioned and mounted
relative to each other by components inside the accelerator system, so that the accelerator
system is easy to disassemble. Thus, the accelerator system can be disassembled on site at the
mining area, in order to perform on-site measurement in the mining area, which is suitable for
more scenes.

[0049] FIG. 3 is a schematic diagram of a water cooling system of an accelerator system for
mineral component analysis, according to an exemplary embodiment. The water cooling
system 300 is connected as shown in FIG. 3. The water cooling system 300 includes a flow
divider 302, a four-terminal circulator and a waveguide water load 312, a pulse transformer
314, a temperature control system 316, and a combiner 318.

[0050] Components of the accelerator system 10 that require cooling or constant
temperature of the constant temperature water cooling system include an accelerating tube
104, a composite target 106, an accelerating tube window 308, a microwave window (not
shown), a velocity modulated tube 310, and a four-terminal circulator 312, a three-terminal
load (not shown), a focus coil (not shown), and the like.

[0051] FIGS. 4-7 are schematic views of a drawing mechanism in an accelerator system for
mineral component analysis, according to an exemplary embodiment.

[0052] In this embodiment, as shown in FIGS. 4 to 7, the carrying device includes a frame
mechanism 10 and a drawing mechanism 20. The frame mechanism 10 is used to mount the
accelerating tube 104. The drawing mechanism 20 is connected with the frame mechanism 10
and the frame mechanism 10 is movable relative to the drawing mechanism 20.

[0053] The carrying device may be applied to a cabin structure for an accelerator. As shown
in FIGS. 8 and 9, the cabin structure for the accelerator may include a cabin 30, a shielding
mechanism 110, and the above-mentioned drawer-type carrying device for the accelerator.
The cabin 30 has a working area Al and a maintenance area A2. The shielding mechanism
110 is disposed in the working area Al and the shielding mechanism 110 has a side opening
door 41 facing towards the maintenance area A2. The frame mechanism 10 is capable of

drawn from the shielding mechanism 110 into the maintenance area A2 when the side
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opening door 41 is opened.

[0054] Therefore, when the accelerator system 100 needs to be adjusted or maintained, the
frame mechanism 10 carrying the accelerator system 100 may be drawn, so that the
accelerator system 100 located in the working area Al is moved relative to the drawing
mechanism 20 to the maintenance area A2, and adjustment and maintenance may be
accomplished in the cabin 30.

[0055] Therefore, compared with the prior art, the present disclosure moves the accelerator
system 100 in a drawing manner, which greatly reduces the operation difficulty and
improving maintenance and adjustment efficiency of the high-power accelerator system 100.
Moreover, by utilizing the drawer-type carrying device of the present disclosure, adjustment
or maintenance can be accomplished inside the cabin structure for the accelerator. Therefore,
it is not necessary to reserve a space volume outside the accelerator system 100 cabin 30,
thereby improving utilization of the internal space of the cabin 30 and avoiding waste of the
outer space of the cabin 30.

[0056] In this embodiment, as shown in FIGS. 1 and 2, the frame mechanism 10 may
include a main frame 11 and at least one fixing and supporting seat 12. The fixing and
supporting seat 12 is fixed to an upper side of the main frame 11, and the fixing and
supporting seat 12 is used for supporting and fixing the accelerator system 100.

[0057] In this embodiment, the main frame 11 may include an upper support frame 111, a
lower support frame 112, and a pillar 113 connected between the upper support frame 111
and the lower support frame 112. One end of the upper support frame 111 is longitudinally
aligned with one end of the lower support frame 112, and the other end of the upper support
frame 111 protrudes longitudinally at the other end of the lower support frame 112. The
fixing and supporting seat 12 is fixed to the upper support frame 111.

[0058] In the present embodiment, the accelerator system 100 includes an acceleration tube
110 and a target guard assembly 120. One end of the target guard assembly 120 is connected
to one end of the acceleration tube 110. The frame mechanism 10 may further include a
shielding mechanism 13 detachably connected to the upper support frame 111 and protruding
relative to the other end of the upper support frame 111. The shielding mechanism 13 is

capable of covering the other end of the target guard assembly 120.
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[0059] In this embodiment, the shielding mechanism 13 may include a cover body 131 and
a connecting portion 132. The connecting portion 132 is protruded and fixed to the other end
of the upper support frame 111, and the cover body 131 is detachably connected with the
connecting portion 132. A material outside the cover body 131 may be stainless steel, and a
material of an inner liner may be lead.

[0060] When the actual ejection is performed, the shielding mechanism 13 is removed and
the target guard assembly 120 is exposed. During the maintenance process, the accelerator
system 100 connects the shielding mechanism 13 to the upper support frame 111 to cover one
end of the target guard assembly 120. Particularly, with respect to the accelerator system 100
that generates X-rays, the shielding mechanism 13 is provided to provide radiation guard
shielding protection at the time of beam ejection, and isolation protection against the
activated target after beam stop, thereby preventing maintenance personnel from being
radiated.

[0061] In this embodiment, the drawing mechanism 20 may include a first rail 21, a second
rail 22, and a third rail 23 that are continuously arranged in the longitudinal direction of the
frame mechanism 10. At least a pair of rollers 14 are disposed below the frame mechanism 10,
and the roller 14 is capable of rolling on the first rail 21, the second rail 22 and the third rail
23 to bring the frame mechanism 10 to move linearly with respect to the drawing mechanism
20 in the longitudinal direction.

[0062] The first rail 21 is disposed in the working area Al, the third rail 23 is disposed in
the maintenance area A2, a part of the second rail 22 is located in the working area Al, and
the other part of the second rail 22 is located in the maintenance area A2.

[0063] As shown in FIG. 5, when the accelerator system 100 is in the operating state, the
frame mechanism 10 is located in the shielding mechanism 110, a side opening door 41 of the
shielding mechanism 110 is closed, and the second rail 22 is not installed.

[0064] When the accelerator system 100 needs to be maintained or adjusted, the side
opening door 41 of the shielding mechanism 110 is opened and the second rail 22 is installed,
so that the second rail 22 extends across the working area Al and the maintenance area A2,
and continuously arranged with the first rail 21 and the third rail 23 in a straight line to

constitute a complete rail-type drawing mechanism 20. The frame mechanism 10 is movable
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along the first rail 21, the second rail 22, and the third rail 23 to enter the maintenance area
A2.

[0065] In this embodiment, the corresponding rail may be disassembled or installed
according to actual requirements, the installation of the rail is simple and fast, and it is not
necessary to greatly modify the existing cabin structure for the accelerator. Therefore, the
cabin structure for the accelerator of the embodiment has good operation and high
applicability.

[0066] It should be understood that the number of rails is not limited thereto, and may be
one, two or three or more, and may be adjusted according to actual conditions. Moreover,
arrangement of the rails is not limited thereto, and may be in a curved arrangement. The
manner of movement of the frame mechanism 10 is not limited to linear motion, and it may
also be in a curved motion.

[0067] In this embodiment, as shown in FIGS. 5 and 6, the shielding mechanism 110 may
include a shielding cavity 42. The first rail 21 is disposed in alignment with the shielding
cavity 42. The frame mechanism 10 is capable of entering the working area A1 along the first
rail 21, and the target guard assembly 120 enters the shield cavity 42. Therefore, the rail is
not only used for the drawing transmission, but also provides an alignment function for the
installation of the acceleration tube 110 and the target guard assembly 120, thereby improving
the installation efficiency and preventing the target from being damaged due to the
misalignment of the target guard assembly 120.

[0068] In this embodiment, as shown in FIGS. 1 and 4, the first rail 21, the second rail 22
and the third rail 23 each include a pair of continuous and aligned guide grooves 24, and a
height of the guide groove 24 is the same as a height of the roller 14. A spacing between the
pair of guide grooves 24 is equal to a spacing between the pair of rollers 14. The pair of
rollers 14 are capable of sliding in the guide groove 24 to bring the frame mechanism 10 to
move longitudinally linearly with respect to the drawing mechanism 20, and the guide groove
24 can function to guide and limit the movement of the frame mechanism 10 so as to prevent
the frame mechanism 10 from deviating from the rail.

[0069] In the present embodiment, as shown in FIGS. 1 and 4, the frame mechanism 10 may

further include a fixing portion 15 located at both ends of the main frame 11 and protruding at

12

CA 3028509 2018-12-21



the lower side of the main frame 11.

[0070] The first rail 21 further includes a first seat body 211. The guide groove 24 of the
first rail 21 is fixed on the first seat body 211. One end of the first seat body 211 is provided
with a first limit portion 212. When the frame mechanism 10 moves to a first position (the
right end in FIG. 2), the fixing portion 15 at one end of the main frame 11 is abutted against
by the first limit portion 212 and is capable of fixedly connecting with the first limit portion
212.

[0071] The third rail 23 further includes a third seat body 231. The guide groove 24 of the
third rail 23 is fixed on the third seat body 231. One end of the third seat body 231 away from
the first rail 21 is provided with a second limit portion 232. When the frame mechanism 10
moves to the second position (the left end in FIG. 2), the fixing portion 15 at the other end of
the main frame 11 is abutted against by the second limit portion 232 and is capable of fixedly
connecting with the second limit portion 232.

[0072] In this embodiment, fixing portions 15 at both ends of the frame mechanism 10
cooperate with limit portions at both ends of the drawing mechanism 20, and can define a
maximum displacement amount of the frame mechanism 10 sliding on the drawing
mechanism 20, and, in an extreme position, the fixing portion 15 is fixedly connected with
the corresponding limit portion, so that the fastening of the frame mechanism 10 can be
achieved to prevent the shaking thereof, and to improve accuracy and safety of the operation.
[0073] It should be understood that the form of the drawing mechanism 20 is not limited to
the form of a rail, and any solution capable of achieving movement can be applied to the
present disclosure, such as a conveyor belt, a hydraulic cylinder, or the like.

[0074] Specifically, the drawing mechanism may include a hydraulic cylinder, and a piston
rod of the hydraulic cylinder is fixedly connected with the frame mechanism, and the piston
rod can bring the frame mechanism to linearly move relative to a cylinder of the hydraulic
cylinder during the expansion and contraction of the piston rod.

[0075] In summary, compared with the prior art, the present disclosure moves the
accelerator in a drawing manner, which greatly reduces the operation difficulty and
improving maintenance and adjustment efficiency of the high-power accelerator. Moreover,

by utilizing the drawer-type carrying device of the present disclosure, adjustment or
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maintenance can be accomplished inside the cabin structure for the accelerator. Therefore, it
is not necessary to reserve a space volume outside the accelerator cabin, thereby improving
utilization of the internal space of the cabin and avoiding waste of the outer space of the
cabin.

[0076] FIG. 10 is a flow chart of a method of mineral component analysis, according to
another exemplary embodiment.

[0077] As shown in FIG. 10, in S002, a predetermined energy of radioactive ray is generated
by an accelerator, and the predetermined energy includes 8.5 MeV-14 MeV.

[0078] In S004, a reference substance and a sample containing the target element are
irradiated by the predetermined energy of the radioactive ray.

[0079] In SO06, a first detection data from the sample and a second detection data from the
reference substance are acquired by a detector.

[0080] In SO08, the content of the target element in the sample is further determined by
comparing the first detection data with the second detection data.

[0081] According to the method for mineral component analysis of the present disclosure,
an analysis of the gold content of the sample to be tested can be performed quickly and
accurately, with zero radio activity.

[0082] The exemplary embodiments of the present disclosure have been particularly shown
and described above. It should be understood that the present disclosure is not limited to
detailed structure, arrangement manner or implementing method described herein; rather, the
present disclosure is intended to cover various modification and equivalences within spirit

and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An accelerator system for mineral component analysis, comprising:

an electron gun for generating an clectron beam;

an accelerating tube for accelerating the clectron beam emitted by the electron gun to a
predetermined energy;

a composite target for receiving the electron beam to generate a radioactive ray;

a shielding mechanism for shielding the radioactive ray; and

a microwave system for providing a microwave electromagnetic field to the accelerating
tube to accelerate the electron beam to the predetermined energy, and

a control device, coupled to the microwave system and the electron gun, and configured
to control the microwave system to generate microwaves of different frequencies, such that
the accelerating tube is switched between different resonant modes to produce an electron

beam of corresponding encrgy.

2. The accelerator system for mineral component analysis of claim 1, wherein said
components are located in independently configurable compartments, said compartments

being positioned and mounted relative to each other to form said accelerator system.

3. The accelerator system for mineral component analysis of claim 2, wherein said
electron gun, composite target, and shielding mechanism are contained in one compartment,
and said accelerating tube, microwave system and control device are contained in a further

compartment.

4. The accelerator system for mineral component analysis of any one of claims 1 to 3,
wherein the predetermined energy of the electron beam after acceleration of the accelerating
tube is 8.5 MeV - 14 MeV, and wherein an energy of the electron beam after acceleration of

the accelerating tube is continuously adjustable.

5. The accelerator system for mineral component analysis of any one of claims 1 to 4,
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wherein the radioactive ray produced by the composite target comprises X-ray.

6. The accelerator system for mineral component analysis of any one of claims 1 to 5,
wherein

the shielding mechanism comprises a first shielding layer and a second shielding layer;

material of the first shielding layer is a lead material and a tungsten material, and

material of the second shielding layer is a boron-containing polyethylene material.

7. A system for mineral component analysis, comprising:
an accelerator system for mineral component analysis comprising:

an electron gun for generating an electron beam;

an accelerating tube for accelerating the electron beam emitted by the electron gun
to a predetermined energy;

a composite target for receiving the electron beam to generate a radioactive ray;

a shielding mechanism for shiclding the radioactive ray; and

a microwave system for providing a microwave clectromagnetic field to the
accelerating tube to accelerate the electron beam to the predetermined energy;

a control device, coupled to the microwave system and the electron gun, and
configured to control the microwave system to generate microwaves of different
frequencies, such that the accelerating tube is switched between different resonant modes
to produce an electron beam of corresponding energy;

a detector for receiving the radioactive ray and generating ray data for subsequent
analysis; and
a conveying device for moving a sample to be tested between a front end of the

composite target and a detector.

8. The system for mineral component analysis of claim 7, wherein said components
are located in independently configurable compartments, said compartments being positioned

and mounted relative to each other to form said system.
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9. The system for mineral component analysis of claim 8, wherein:

the detector and the conveying device are located in a first compartment;

the composite target, the clectron gun, the accelerating tube and the shielding
mechanism are located in a second compartment; and

the microwave system and control device of the accelerator system for mineral

component analysis are located in a third compartment.

10. The system for mineral component analysis of claim 9, further comprising a carrying
device,
wherein the accelerating tube is secured to the second compartment by the carrying

device which comprises a frame mechanism and a drawing mechanism.

11. The system for mineral component analysis of any one of claims 7-10, wherein
the accelerating tube is mounted to the frame mechanism;
the drawing mechanism is connected with the frame mechanism and the frame

mechanism is linearly moveable relative to the drawing mechanism.

12. The system for mineral component analysis of claim 9 or 10, wherein

the first compartment, the second compartment and the third compartment are connected
by:

positioning and mounting the first compartment and the second compartment by the
sample conveying device;

positioning and mounting the second compartment and the third compartment by a

waveguide position in the microwave system.

13. A method of using the accelerator system for mineral component analysis according
to any one of claims 1-6, comprising:

generating a predetermined energy of radioactive ray by an accelerator;

nrradiating a reference substance and a sample containing a target clement by the

predetermined energy of radioactive ray;
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acquiring a first detection data from the sample and a second detection data from the
reference substance by a detector; and
determining a content of the target element in the sample by comparing the first

detection data with the second detection data.

18

Date Regue/Date Received 2021-09-27



100

electron gun

102
shielding mechanism
110
accelerating tube
104
detector
112
composite target
106

microwave system

114

conveying device

108

Fig.1

1710

CA 3028509 2018-12-21



4
® ;u“
[
| it A iR
‘ 1 i
N i
|1 |

204 206

Fig.2

202

2/10

Date Regue/Date Received 2021-09-27



106

300
104 COmposIic
target 308
202 —-——»{ accelerating tube 318
accelerating
310 ube window
o -
P S
S | velocity » &
.'g |modutated tubef 312 15
S5 o [Tour-terminal circulator and |/ > g
® ~ |__awaveguide water load >
) 314
= R | pu?sc } i >
nsformgr

316

temperature

control system

Fig.3

3/10

CA 3028509 2018-12-21



4/10

CA 3028509 2018-12-21



—
(
IEE]

5/10

CA 3028509 2018-12-21



CA 3028509 2018-12-21

120
[

104
.
!

a

LA

6/10

Fig.6



7/10

CA 3028509 2018-12-21



202 13 204 206

8/10

Date Regue/Date Received 2021-09-27




—]
-+
[\
(Y
b
< 4
P
-
nY
[
[
-

RS 2

CA 3028509 2018-12-21

9/10




S002

a predetermined energy of radioactive ray is /
generated by an accelerator, and the
predetermined energy includes 8.5 MeV-14 MeV

Y S004

a reference substance and a sample containing the | /
target element are irradiated by the predetermined
energy of the radioactive ray.

i

a first detection data from the sample and a second S006
detection data from the reference substance are |/
acquired by a detector

y

8008

the content of the target element in the sample is
further determined by comparing the first detection
data with the second detection data

Fig.10

10/10

CA 3028509 2018-12-21



100

electron gun
102
shielding mechanism
110
accelerating tube
104
detector
112
composite target
106
microwave system
114

conveying device

108




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - CLAIMS
	Page 18 - CLAIMS
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - REPRESENTATIVE_DRAWING

