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(54) SYSTEM FOR CONTINUOUSLY PREPARING COATED PARTICLES IN LARGE SCALE

(57) A system for continuously preparing coated par-
ticles in a large scale comprises: a coating furnace (1),
a cooling facility (2), a solid by-product treatment device
(3), and a gas by-product treatment device (4) that are
connected in sequence. The coating furnace (1) is used
for coating particles. The cooling facility (2) is used for
cooling the coated particles. The solid by-product treat-
ment device (3) is used for treating solid by-products gen-
erated in the coating furnace during the particle coating
process. The gas by-product treatment device (4) is used
for treating gas by-products generated in the coating fur-
nace during the particle coating process. The system for
continuously preparing coated particles resolves the
problem that a system in the prior art, aiming at batch
production, namely, single batch preparation, has a time
interval between two batches, wherein a temperature in-
crease process and a temperature decrease process
both exist, and is small in scale, does not completely
break through laboratory research and cannot achieve
real industrial continuous preparation.
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Description

FIELD OF TECHNOLOGY

[0001] The present disclosure relates to a preparation
device of coated particles, and particularly to a system
for continuously preparing coated particles in a large
scale.

BACKGROUND

[0002] The ceramic fuel element used in pebble-bed
High Temperature Gas-Cooled Reactor (HTR) has a
structure that tri-structural isotropic (TRISO) coated par-
ticles are dispersed in a graphite matrix of a fuel zone.
[0003] The first guarantee for the inherent safety of a
HTR nuclear power plant is that the nuclear fuel is TRISO
coated particles which consists of nuclear fuel core, loos-
ened pyrolytic carbon layer, inner dense pyrolytic carbon
layer, silicon carbide layer and outer dense pyrolytic car-
bon layer. Coated fuel particles are important part of a
spherical fuel element of the HTR. Coated fuel particles
can effectively prevent the release of fission products,
so as to ensure an excellent safety of the HTR. The
present disclosure is directed to the large-scale contin-
uous preparation of coated fuel particles, which is related
to the fields of nuclear fuel preparation and HTR.
[0004] Currently, the patents involving the preparation
of coated fuel particles that have been published are
mainly directed to the coating devices and auxiliary sys-
tems for batch production, such as patents
201110148907.9 and 201310314765.8. Those patents
are aiming at batch production, namely, single batch
preparation, which has a time interval between two batch-
es, wherein a temperature increase process and a tem-
perature decrease process both exist, and is small in
scale, does not completely break through laboratory re-
search and cannot achieve real industrial continuous
preparation. At the same time they fail to consider the
productivity of coated particles and the economic char-
acteristics of atomic cycle, i.e. the economy of coated
fuel particles.

SUMMARY

[0005] The technical problem to be solved by the
present disclosure is that a system in the prior art, aiming
at batch production, namely, single batch preparation,
has a time interval between two batches, and is small in
scale, does not completely break through laboratory re-
search and cannot achieve real industrial continuous
preparation.
[0006] For this purpose, the present disclosure pro-
vides a system for continuously preparing coated parti-
cles in a large scale, it comprises:

a coating furnace, a cooling facility, a solid by-prod-
uct treating device and a gas by-product treating de-

vice that are connected in sequence;

the coating furnace is used for coating particles;

the cooling facility is used for cooling the coated par-
ticles;

the solid by-product treatment device is used for
treating solid by-products generated in the coating
furnace during a particle coating process;

the gas by-product treatment device is used for treat-
ing gas by-products generated in the coating furnace
during the particle coating process.

[0007] Optionally, the coating furnace comprises a
nozzle, a fluidization tube and a heating furnace;
the nozzle is connected with a fluidized bed of the fluid-
ization tube, the fluidized bed is a multi-taper fluidized
bed.
[0008] Optionally, the solid by-product treatment de-
vice comprises:

a cyclone separator, a first filter and a second filter
that are connected in sequence;

the first filter is used for coarsely filtering solid by-
products obtained by the cyclone separator, so as
to obtain intermediate by-products;

the second filter is used for fine filtering the interme-
diate by-products obtained by the first filter.

[0009] Optionally, the gas by-product treatment device
comprises:

a gas by-product temporary storage device, a gas
by-product separation device and a gas by-product
storage device;

the gas by-product temporary storage device is used
for temporarily storing gas by-products of the solid
by-product treatment device;

the gas by-product separation device is used for sep-
arating gas by-products temporarily stored in the gas
by-product temporary storage device, so as to obtain
at least hydrogen H2 and argon Ar;

the gas by-product storage device is used for storing
the hydrogen H2 obtained by the gas by-product sep-
aration device.

[0010] Optionally, the nozzle comprises: a middle hole,
a plurality of primary loop holes and a plurality of sec-
ondary loop holes;
the plurality of primary loop holes are uniformly distribut-
ed around the middle hole;
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the plurality of secondary loop holes are uniformly dis-
tributed around the middle hole;
the plurality of primary loop holes are arranged between
the middle hole and the plurality of secondary loop holes.
[0011] Optionally, a gas distributor is provided in the
fluidized bed;
the gas distributor comprises: a centre hole, a plurality
of primary annular straight holes and a plurality of sec-
ondary annular slant holes;
the centre hole is on a same axis with the middle hole of
the nozzle;
the plurality of primary annular straight holes are uniform-
ly distributed around the centre hole;
the plurality of secondary annular slant holes are uni-
formly distributed around the centre hole;
the plurality of primary annular straight holes are ar-
ranged between the centre hole and the plurality of sec-
ondary annular slant holes.
[0012] Optionally, an axis of the middle hole and an
axis of the nozzle are on a same plane, namely have no
inclination.
[0013] Optionally, the primary loop holes and an axis
of the nozzle are arranged on a same plane, namely have
no inclination, or a 0 inclination.
[0014] Compared with the prior art, the system for con-
tinuously preparing coated particles in a large scale of
the present disclosure solves the problem that the prior
art aims at batch production, namely, single batch prep-
aration, which has a time interval between two batches,
wherein a temperature increase process and a temper-
ature decrease process both exist, and is small in scale,
does not completely break through laboratory research
and cannot achieve real industrial continuous prepara-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a structure diagram of a system for contin-
uously preparing coated particles in a large scale
according to an embodiment of the present disclo-
sure;

FIG. 2 is a connection diagram of a coating furnace
and a cooling facility according to an embodiment of
the present disclosure;

FIG. 3 is a structure diagram of a large-diameter
coating furnace according to an embodiment of the
present disclosure;

FIG. 4 is an A-A section view of a base of a large-
diameter fluidization tube according to an embodi-
ment of the present disclosure;

FIG.5 is a structure diagram of a solid by-product
treating device according to an embodiment of the

present disclosure;

FIG. 6 is a structure diagram of a gas by-product
treating device according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0016] In order to more clearly explain the objectives,
technical solutions, and advantages of the embodiments
of the present disclosure, the technical solutions in the
embodiments of the present disclosure will be described
clearly hereinafter with reference to the accompanying
drawings of the embodiments of the present disclosure.
Apparently, the described embodiments are some but
not all embodiments of the present disclosure. Based on
the embodiments of the present disclosure, all other em-
bodiments obtained by a person of ordinary skill in the
art without creative work shall be within the protection
scope of the present disclosure.
[0017] FIG.1 is a structure diagram of a system for con-
tinuously preparing coated particles in a large scale ac-
cording to an embodiment, the system comprises: a coat-
ing furnace 1, a cooling facility 2, a solid by-product treat-
ing device 3, a gas by-product treating device 4 that are
connected in sequence;
the coating furnace 1 is used for coating particles, where-
in a fluidized-bed chemical vapor deposition method is
used for coating process;
the cooling facility 2 is used for cooling coated particles;
the solid by-product treatment device 3 is used for treat-
ing solid by-products generated in the coating furnace
during a particle coating process;
the gas by-product treatment device 4 is used for treating
gas by-products generated in the coating furnace during
the particle coating process.
[0018] In the present embodiment, the coating furnace
1 is provided with a feed port 5 of particles to be coated
and the cooling facility 2 is provided with a discharge port
6 of the coated particles.
[0019] In the present embodiment, the system for con-
tinuously preparing coated particles in a large scale de-
scribed above further comprises: a gas distribution de-
vice 7. An input end of the gas distribution device 7 is
connected to the gas by-product treatment device 4; an
output end of the gas distribution device 7 is connected
to the coating furnace 1.
[0020] In a specific example, the coating furnace 1 in
the system for continuously preparing coated particles in
a large scale described above comprises: a nozzle, a
fluidization tube and a heating furnace.
[0021] The nozzle is connected with a fluidized bed of
the fluidization tube, and the fluidized bed is a multi-taper
fluidized bed.
[0022] In a specific example, the solid by-product treat-
ment device comprises:

a cyclone separator, a first filter and a second filter
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that are connected in sequence;

the first filter is used for coarsely filtering solid by-
products obtained by the cyclone separator, so as
to obtain intermediate by-products;

the second filter is used for fine filtering the interme-
diate by-products obtained by the first filter.

[0023] In a specific example, the gas by-product treat-
ment device comprises:

a gas by-product temporary storage device, a gas
by-product separation device and a gas by-product
storage device;

the gas by-product temporary storage device is used
for temporarily storing gas by-products of the solid
by-product treatment device;

the gas by-product separation device is used for sep-
arating gas by-products temporarily stored in the gas
by-product temporary storage device, so as to obtain
at least hydrogen H2 and argon Ar;

the gas by-product storage device is used for storing
the hydrogen H2 obtained by the gas by-product sep-
aration device.

[0024] In a specific example, the nozzle comprises a
middle hole, a plurality of primary loop holes and a plu-
rality of secondary loop holes;
the plurality of primary loop holes are uniformly distribut-
ed around the middle hole;
the plurality of secondary loop holes are uniformly dis-
tributed around the middle hole;
the plurality of primary loop holes are arranged between
the middle hole and the plurality of secondary loop holes.
[0025] In a specific example, a gas distributor is pro-
vided in the fluidized bed;
the gas distributor comprises a centre hole, a plurality of
primary annular straight holes and a plurality of second-
ary annular slant holes;
the centre hole is on a same axis with the middle hole of
the nozzle;
the plurality of primary annular straight holes are uniform-
ly distributed around the centre hole;
the plurality of secondary annular slant holes are uni-
formly distributed around the centre hole;
the plurality of primary annular straight holes are ar-
ranged between the centre hole and the plurality of sec-
ondary annular slant holes.
[0026] In a specific example, an axis of the middle hole
and an axis of the nozzle are on a same plane, namely
have no inclination;
[0027] In a specific example, the primary loop holes
and the axis of the nozzle are on a same plane, namely
have no inclination, or a 0 inclination.

[0028] The coating furnace of the system for continu-
ously preparing coated particles in a large scale de-
scribed above adopts a design of large-diameter fluidi-
zation tube, grading nozzle, gas distributor with multiple
annular slant holes and fluidized bed with a bottom sur-
face of multi tapers, therefore is able to continuously coat
nuclear fuel particles.
[0029] The large-diameter fluidization tube of the sys-
tem for continuously preparing coated particles in a large
scale described above is a particle fluidization zone, with
a diameter between 160mm-280mm.
[0030] The grading nozzle of the system for continu-
ously preparing coated particles in a large scale de-
scribed above is a middle loop multi-grading design, the
middle is a single hole, the loop has 4-8 holes, and the
characteristic is that they are uniformly distributed around
the middle single hole.
[0031] The gas distributor with multiple annular slant
holes of the system for continuously preparing coated
particles in a large scale described above is a design of
centre hole and annular slant holes, the centre hole is on
a same axis with the middle hole of the nozzle described
above, and the annular slant holes are in a periodic ro-
tation distribution.
[0032] The bottom of the fluidized bed with a bottom
surface of multi tapers of the system for continuously
preparing coated particles in a large scale described
above has a design of connected slopes with multiple
angles, which helps reducing particle aggregation and
increasing particle circulation speed.
[0033] The cooling facility of the system for continu-
ously preparing coated particles in a large scale de-
scribed above is a single hole spouted bed with an inner
diameter between 160-250mm, and the material thereof
is high-temperature resistant material, preferably ceram-
ic material.
[0034] The gas by-product treatment device 4 of the
system for continuously preparing coated particles in a
large scale described above refers to a separation device
for argon and hydrogen, it comprises an exhaust gas
temporary storage tank, a gas freezing separation cham-
ber and storage room.
[0035] The gas separation device of the system for
continuously preparing coated particles in a large scale
described above comprises two main parts of variable
temperature adsorption and freezing separation.
[0036] The solid by-product treatment device 3 of the
system for continuously preparing coated particles in a
large scale described above comprises a three-level fil-
tering device for online cyclone dust removal, online
coarsely filtering and online fine filtering, and a by-prod-
uct online storing replacement facility.
[0037] The by-product online storing replacement fa-
cility of the system for continuously preparing coated par-
ticles in a large scale described above is a design of two-
stage gate valve container partition, which is able to re-
place storage container online without stopping gas-solid
separation operation.
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[0038] The fluidization gas refers to argon or hydrogen.
[0039] The flows of the fluidization and reaction gas
are 200-400 L/min and 400-800 L/min respectively.
[0040] The coating temperature is between 1200-1600
Celsius degrees.
[0041] The ratio of the fluidization/reaction gas is be-
tween 1:1-10:1.
[0042] The liquid vapor temperature is between 35-55
Celsius degrees.
[0043] The flow of the gas carried by the liquid vapor
is between 10-20L/min.
[0044] The system for continuously preparing coated
particles in a large scale described above has functions
as follows:

1) A vertical coating furnace coating function, with a
design of enlarged diameter, grading nozzle, gas dis-
tributor with multiple annular slant holes/a bottom
surface of multi tapers as the main feature.

2) A hot discharging function with hot particle trans-
portation, hot gas-solid separation, transport pres-
sure-balance device and coating furnace-cooling fa-
cility linkage operation as the main futures. The main
body of a hot discharging system comprises an effi-
cient cyclone separator and related piping and
valves, wherein the hot discharging system overall
is in the cooling facility and within a protection scope
of inert gas.
The pressure balance of the hot discharging system
is achieved by vacuum tank and secondary valve.
The control parameters of the middle process of the
hot discharging include discharging temperature,
discharging vacuum degree and cooling gas speed
of the cooling facility;
the discharging temperature is between 600-1000
Celsius degrees;
the discharging vacuum degree is below -89 Kpa;
the cooling gas speed of the cooling facility is be-
tween 100-400 L/min.

3) A gas recycle function with multi-level online sep-
aration and cycling of fluidization gas, reaction gas
and gas by-product as the main features.

4) A by-product online treating function with three-
level filtering, online recycling and reusing of solid
by-products as the main features.

[0045] The process parameters of the system for con-
tinuously preparing coated particles in a large scale de-
scribed above include:

1) The process parameters of the coating process,
i.e. the process parameters of feeding 6-10kg UO2
for a single time, are specifically as follows: flow of
fluidization/reaction gas, coating temperature, ratio
of fluidization/reaction gas, and flow of gas carried

by liquid. The present embodiment is only for illus-
trating, but does not limit the specific process param-
eters of the coating process.

2) The temperature rise and fall of continuous indus-
trial production and the control parameters of the
middle process of the hot discharging.

[0046] The beneficial effects of the present disclosure
are: the present disclosure aims at the process of con-
tinuously preparing coated fuel particles in a large scale,
which can achieve a real continuous production of coated
particles, a control automation and an economic optimi-
zation of production, avoid manual operation errors, and
reduce the possibility of accidents and equipment failure
rate. The present disclosure has obvious economic value
and social benefits.
[0047] FIG. 2 is connection diagram of the coating fur-
nace and cooling facility according to an embodiment,
wherein,
a hot feed tube 1-2 in the coating furnace 1 is connected
with a feed adjusting valve 1-3;
the feed adjusting valve 1-3 is connected with a cyclone
separator 1-4 in the cooling facility 2;
the cyclone separator 1-4 is connected with a vacuum
adjusting valve 1-5;
the vacuum adjusting valve 1-5 is connected with a vac-
uum generating cavity 1-6;
an air outlet 1-7 of the cooling facility 2 is connected with
a gas cooler 1-8 of the cooling facility 2;
the gas cooler 1-8 is connected with an air inlet 1-9 of
the cooling facility 2;
1-10 refers to a discharge port of the cooling facility 2.
[0048] FIG. 3 is a structure diagram of a large-diameter
coating furnace according to an embodiment, the large-
diameter coating furnace comprises: a large-diameter
fluidization tube 1-1-1 and nozzle 1-1-2;
wherein the base 1-1-3 of the large-diameter fluidization
tube 1-1-1 has a double-taper design; the nozzle 1-1-2
is designed as a middle loop.
[0049] FIG. 4 is an A-A section view of a base of a
large-diameter fluidization tube according to an embod-
iment, wherein,
a centre hole 1-1-4, straight holes 1-1-5 and slant holes
1-1-6 for ventilation is provided on the base 1-1-3; in the
present embodiment, four straight holes 1-1-5 are ar-
ranged around the centre hole 1-1-4, four slant holes
1-1-6 are arranged on peripheries of the four straight
holes 1-1-5, the numbers of the straight holes and slant
holes in the present embodiment are only for illustrating,
the present embodiment does not limit the number of the
straight holes and slant holes.
[0050] In the present embodiment, gas enters into the
coating furnace in the direction indicated by arrow 1-1-7
and leaves the coating furnace in the direction indicated
by arrow 1-1-8;
1-1-9 refers to a coating furnace heating pipe and hous-
ing; 1-1-10 refers to a coating furnace particle feed port.
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[0051] FIG.5 is a structure diagram of a solid by-prod-
uct treating device according to an embodiment, the solid
by-product treating device comprises:

a primary cyclone separator 2-1 for the first separa-
tion of solid by-products generated by the coating
furnace during coating particles;

a secondary bag filter 2-2 for the second separation
of the solid by-products after the first separation;

a tertiary fine filter 2-3, for the fine filtering of the solid
by-products after the second separation;

a first gate valve 2-4, a first fast interface 2-5 and a
first waste tank 2-6; a second gate valve 2-7, a sec-
ond fast interface 2-8 and a second waste tank 2-9.

[0052] FIG. 6 is a structure diagram of a gas by-product
treating device according to an embodiment, the gas by-
product treating device comprises:

an exhaust high-pressure temporary container 3-1
and a gas separation chamber 3-2; wherein the gas
separation chamber 3-2 comprises a pressure swing
absorber 3-3 and a cryogenic separator 3-4;

the gas by-product treating device further comprises:
hydrogen H2 secondary storage and redistribution
device 3-5; argon Ar recycling system 3-6.

[0053] Particles are coated by the system for continu-
ously preparing coated particles in a large scale de-
scribed above as follows:
particles to be coated are added to the coating furnace,
coating gas and fluidizing gas are introduced, meanwhile
gas by-products and solid by-products are collected; after
the coating is completed, the fluidizing gas is kept un-
changed and the temperature is reduced to a suitable
temperature (the suitable temperature may be preset), a
discharge tube is inserted, the speed of fluidization gas
in the cooling facility is set and the discharge vacuum is
adjusted, the particles are absorbed into the cooling fa-
cility by opening a discharge valve until all particles are
absorbed; then the particles to be coated are again added
to the coating furnace for the next coating.
[0054] After coating particles are completed by the sys-
tem for continuously preparing coated particles in a large
scale, the system is used in the real coating process of
coated nuclear fuel particles, so as to further clarify the
coating effect of particles.
[0055] The flow of the fluidization gas of the coating
furnace is set to be 400L/min, the flow of coating gas is
set to be 200L/min, the amount of charged particles is
set to be 10kg, the flow of cooling gas is set to be 90L/min,
the discharge vacuum is set to be -90Kpa, the discharge
temperature is set to be 950 Celsius degrees, the dis-
charge valve and vacuum valve are adjusted after the

coating is completed so as to complete a whole coating-
cooling process. The coating parameters can satisfy the
design requirements, and there is no particle found to be
squeezed or crushed.

INDUSTRIAL APPLICABILITY

[0056] The present disclosure aims at the process of
continuously preparing coated fuel particles in a large
scale, which can achieve a real continuous production
of coated particles, a control automation and an econom-
ic optimization of production, avoid manual operation er-
rors, and reduce the possibility of accidents and equip-
ment failure rate. The present disclosure has obvious
economic value and social benefits, and has strong in-
dustrial applicability.
[0057] Although the embodiments of the present dis-
closure have been described in conjunction with the ac-
companying drawings, various modifications and varia-
tions can be made by those skilled in the art without de-
parting from the spirit and scope of the disclosure, and
such modifications and variations are within the scope
defined by the appended claims.

Claims

1. A system for continuously preparing coated particles
in a large scale, characterized in that, it comprises:

a coating furnace, a cooling facility, a solid by-
product treating device and a gas by-product
treating device that are connected in sequence;
the coating furnace is used for coating particles;
the cooling facility is used for cooling coated par-
ticles;
the solid by-product treatment device is used for
treating solid by-products generated in the coat-
ing furnace during a particle coating process;
the gas by-product treatment device is used for
treating gas by-products generated in the coat-
ing furnace during the particle coating process.

2. The system of claim 1, characterized in that, the
coating furnace comprises a nozzle, a fluidization
tube and a heating furnace;
the nozzle is connected with a fluidized bed of the
fluidization tube, and the fluidized bed is a multi-taper
fluidized bed.

3. The system of claim 1, characterized in that, the
solid by-product treatment device comprises:

a cyclone separator, a first filter and a second
filter that are connected in sequence;
the first filter is for coarsely filtering solid by-prod-
ucts obtained by the cyclone separator, so as to
obtain intermediate by-products;

9 10 
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the second filter is for fine filtering the interme-
diate by-products obtained by the first filter.

4. The system of claim 1, characterized in that, the
gas by-product treatment device comprises:

a gas by-product temporary storage device, a
gas by-product separation device and a gas by-
product storage device;
the gas by-product temporary storage device is
for temporarily storing gas by-products of the
solid by-product treatment device;
the gas by-product separation device is for sep-
arating gas by-products temporarily stored in the
gas by-product temporary storage device, so as
to obtain at least hydrogen H2 and argon Ar;
the gas by-product storage device is for storing
the hydrogen H2 obtained by the gas by-product
separation device.

5. The system of claim 2, characterized in that, the
nozzle comprises: a middle hole, a plurality of pri-
mary loop holes and a plurality of secondary loop
holes, wherein,
the plurality of primary loop holes are uniformly dis-
tributed around the middle hole;
the plurality of secondary loop holes are uniformly
distributed around the middle hole; and
the plurality of primary loop holes are arranged be-
tween the middle hole and the plurality of secondary
loop holes.

6. The system of claim 5, characterized in that, a gas
distributor is provided in the fluidized bed;
the gas distributor comprises: a centre hole, a plu-
rality of primary annular straight holes and a plurality
of secondary annular slant holes;
the centre hole is on a same axis with the middle
hole of the nozzle;
the plurality of primary annular straight holes are uni-
formly distributed around the centre hole;
the plurality of secondary annular slant holes are uni-
formly distributed around the centre hole; and
the plurality of primary annular straight holes are ar-
ranged between the centre hole and the plurality of
secondary annular slant holes.

7. The system of claim 5, characterized in that, an
axis of the middle hole and an axis of the nozzle are
on a same plane, namely have no inclination.

8. The system of claim 5, characterized in that, the
primary loop holes and an axis of the nozzle are on
a same plane, namely have no inclination, or a 0
inclination.
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