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ABSTRACT

A system for continuously preparing coated particles in a large scale comprising: 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 treatment device (3) is used for treating solid by-products generated
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 furnace during the
particle coating process. This system eliminates limitations of single batch production,
including: a) the time interval between two batches wherein both a temperature increase
and temperature decrease process exist; and b) the small scale of single batch processing
which is restricted to laboratory research and cannot achieve industrial continuous

application.
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A SYSTEM FOR CONTINUOUSLY PREPARING COATED
PARTICLES IN A LARGE SCALE

FIELD OF TECHNOLOGY

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

The ceramic fuel element used in pebble-bed High Temperature Gas-Cooled Reactor
(HTR) has a structure that tri-structural isotropic (TRISO) coated particles are

dispersed in a graphite matrix of a fuel zone.

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, loosened
pyrolytic carbon layer, inner dense pyrolytic carbon layer, silicon carbide layer and
outer dense pyrolytic carbon 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 continuous preparation of coated fuel particles,

which is related to the fields of nuclear fuel preparation and HTR.

Currently, the patents involving the preparation of coated fuel particles that have been
published are mainly directed to the coating devices and auxiliary systems for batch
production, such as patents CN201110148907 and CN201310314765. Those patents
are aiming at batch production, namely, single batch preparation, which has a time
interval between two batches, wherein a temperature increase 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. At the same time they fail to consider the productivity of coated particles
and the economic characteristics of atomic cycle, i.c. the economy of coated fuel

particles.
SUMMARY

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
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interval between two batches, and is small in scale, does not completely break through

laboratory research and cannot achieve real industrial continuous preparation.

For this purpose, the present disclosure provides a system for continuously preparing

coated particles in a large scale, it compriscs:

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 the coated particles;

the solid by-product treatment device is used for treating solid by-products generated

in the coating furnace during a particle coaling process;

the gas by-product treatment device is used for treating gas by-products generated in

the coating furnace during the particle coating process.

Optionally, 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, the fluidized bed

is a multi-taper fluidized bed.
Optionally, the solid by-product treatment device comprises:
a cyclone separator, a first filter and a second filter that arc connccted in scquence;

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 intermediate by-products obtained by the

first filter.
Optionally, the gas by-product treatment device comprises:

a gas by-product lemporary 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 separating gas by-products
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temporarily stored in the gas by-product temporary storage device, so as (o obtain at

Icast hydrogen H; and argon Ar;

the gas by-product storage device is used for storing the hydrogen Hz obtained by the

gas by-product separation device.

Optionally, the nozzle comprises: a middle hole, a plurality of primary loop holes and

a plurality of secondary loop holes;
the plurality of primary loop holes are uniformly distributed around the middle hole;

the plurality of secondary loop holes are uniformly distributed around the middle

hole;

the plurality of primary loop holes are arranged between the middle hole and the

plurality of secondary loop holes.
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 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 arc uniformly distributed around the

centre hole;

the plurality of secondary annular slant holes arc uniformly distributed around the

centre hole;

the plurality of primary annular straight holes are arranged between the centre hole

and the plurality of secondary annular slant holes.

Optionally, an axis of the middle hole and an axis of the nozzle are on a same plane,

namely have no inclination.

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.

Compared with the prior art, the system for continuously preparing coated particles in
a large scale of the present disclosure solves the problem that the prior art aims at
batch production, namely, singlc batch preparation, which has a time interval between

two batches, wherein a temperature increase process and a temperature decrease
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process both exist, and is small in scale, does not completely break through laboratory

rescarch and cannot achieve real industrial continuous preparation.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structure diagram of a system for continuously preparing coated particlcs in

a large scale according to an embodiment of the present disclosure;

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 embodiment of the present disclosure;

FIG.5 is a structure diagram of a solid by-product (reating device according to an

embodiment of the present disclosure;

FIG. 6 is a structure diagram of a gas by-product treating device according (o an

embodiment of the present disclosure.
DETAILED DESCRIPTION

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 embodiments obtained
by a person of ordinary skill in the art without crcative work shall be within the

protection scope of the present disclosure.

FIG.1 is a structure diagram of a system for continuously preparing coated particles in
a large scale according (o an embodiment, the system comprises: a coating furnace 1,
a cooling facility 2, a solid by-product treating device 3, a gas by-product treating

device 4 that are connected in sequence;

the coating furnace 1 is used for coating particles, wherein a fluidized-bed chemical

vapor deposition method is used for coating process;
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the cooling facility 2 is used for cooling coated particles;

the solid by-product treatment device 3 is used for treating 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.

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.

In the present embodiment, the system for continuously preparing coated particles in a
large scale described above further comprises: a gas distribution device 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.

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.

The nozzle is connected with a ﬂuidize_d bed of the fluidization tube, and the fluidized

bed is a multi-taper fluidized bed.
In a specific example, 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 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 intermediate by-products obtained by the

first filter.
In a specific example, 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;



CA 02993261 2018-01-22

the gas by-product separation device is used for separating gas by-products
temporarily stored in the gas by-product temporary storage device, so as to obtain at

least hydrogen H» and argon Ar;

the gas by-product storage device is used for storing the hydrogen H; obtained by the

gas by-product separation device.

In a specific example, the nozzle comprises a middle hole, a plurality of primary loop

holes and a plurality of secondary loop holes;
the plurality of primary loop holes are uniformly distributed around the middle hole;

the plurality of secondary loop holes arc uniformly distributed around the middle

hole;

the plurality of primary loop holes are arranged between the middle hole and the

plurality of secondary loop holes.
In a specific example, a gas distributor is provided in the fluidized bed;

the gas distributor compriscs a centre hole, a plurality 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 uniformly distributed around the

centre hole;

the plurality of secondary annular slant holes are uniformly distributed around the

centre hole;

the plurality of primary annular straight holes are arranged between the centre hole

and the plurality of secondary annular slant holes.

In a spccific example, an axis of the middle hole and an axis of the nozzle are on a

same plane, namely have no inclination;

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.

The coating furnace of the system for continuously preparing coated particles in a
large scale described above adopts a design of large-diameter fluidization tubc,

grading nozzle, gas distributor with multiple annular slant holes and fluidized bed
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with a bottom surface of multi tapers, therefore is able to continuously coat nuclear

fuel particles.

The large-diameter fluidization tube of the system for continuously preparing coated
particles in a large scale described above is a particle fluidization zone, with a

diameter between 160mm-280mm.

The grading nozzle of the system for continuously preparing coated particles in a
large scale described 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.

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 rotation

distribution.

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.

The cooling facility of the system for continuously preparing coated particles in a
large scale described above is a single hole spouted bed with an inner diameter
between 160-250mm, and the material thereof is high-temperature resistant material,

preferably ceramic material.

The gas by-product treatment device 4 of the system for continuously preparing
coated particles in a large scalc described above refers to a separation device for argon
and hydrogen, it comprises an exhaust gas temporary storage tank, a gas freezing

separation chamber and storage room.

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.

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 filtering
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device for online cyclone dust removal, online coarsely filtering and online fine

filtering, and a by-product online storing replacement facility.

The by-product online storing replacement facility of the system for continuously
preparing coated particles in a large scale described above is a design of two-stage
gate valve container partition, which is able to replace storage container online

without stopping gas-solid separation operation.

The fluidization gas refers to argon or hydrogen.

The flows of the fluidization and reaction gas are 200-400 L/min and 400-800 L/min
respectively.

The coating temperature is between 1200-1600 Celsius degrecs.

The ratio of the fluidization/reaction gas is between 1:1-10:1.

The liquid vapor temperature is between 35-55 Celsius degrees.

The flow of the gas carried by the liquid vapor is between 10-20L/min.

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 distributor with multiple annular slant holes/a bottom surface of

multi tapers as the main feature.

2) A hot discharging function with hot particle transportation, hot gas-solid separation,
transport pressure-balance device and coating furnace-cooling facility linkage
operation as the main futures. The main body of a hot discharging system compriscs
an cfficient 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;
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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 between 100-400 L/min.

3) A gas recycle function with multi-level online separation and cycling of fluidization

gas, rcaction 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.

The process parameters of the system for continuously preparing coated particles in a

large scale described above include:

1) The process parameters of the coating process, i.e. the process parameters of
feeding 6-10kg UO: 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 illustrating, but does

not limil the specific process parameters of the coating process.

2) The temperature rise and fall of continuous industrial production and the control

paramelers of the middle process of the hot discharging,

The beneficial effects of the present disclosure are: the present disclosure aims at the
process ol continuously preparing coated fuel particles in a large scale, which can
achievc a rcal continuous production of coated particles, a control automation and an
economic optimization 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.

FIG. 2 is connection diagram of the coating furnace 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 cyclonc separator 1-4 is connected with a vacuum adjusting valve 1-5;
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the vacuum adjusting valve 1-5 is connected with a vacuum generating cavity 1-6;

an air outlet 1-7 of the cooling facility 2 is connccted 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 dischatge port of the cooling facility 2.

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.

FIG. 4 is an A-A section view of a base of a large-diamcter fluidization tube according

to an embodiment, 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
arranged 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 arc only for illustrating, the present embodiment

does not limit the number of the straight holes and slant holes.

In the present cmbodiment, 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 housing; 1-1-10 refers to a coating

furnace particle fced port.

FIG.S5 is a structure diagram of a solid by-product treating device according to an

embodiment, the solid by-product trcating device comprises:

a primary cyclone separator 2-1 for the first separation 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 scparation;
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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 second fast interface 2-8 and a second waste tank 2-9.

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 e¢xhaust 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 Hz secondary storage

and redistribution device 3-5; argon Ar recycling system 3-6.

Particles are coated by the system for continuously preparing coated particles in a

large scale described above as follows:

particles to be coated are added to the coating furnace, coating gas and fluidizing gas
are introduced, meanwhile gas by-products aﬁd solid by-products are collected; after
the coating is completed, the fluidizing gas is kept unchanged and the temperature is
reduced to a suitable tcmperature (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 facility 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,

After coating particles are completed by the system 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 elffcct of particles.

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 bc 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 discharge 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.

11
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INDUSTRIALAPPLICABILITY

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 economic optimization 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, and has

strong industrial applicability.

Although the embodiments of the present disclosure have been described in
conjunction with the accompanying drawings, various modifications and variations
can be made by those skilled in the art without departing from the spirit and scope of
the disclosure, and such modifications and variations are within the scope defined by

the appended claims.

12
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WHAT IS CLAIMED IS:

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, and comprising a nozzle, a fluidization
tube and a heating furnace, wherein the nozzle is connected with a fluidized bed of the

fluidization tube, and the fluidized bed is a multi-taper fluidized bed;

the cooling facility is used for cooling coated particles;

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 treating gas by-products generated in the

coating furnace during the particle coating process; and

a gas distribution device having an input end connected to the gas-byproduct treatment

device and an output end connected to the coating furnace.

2. 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-products obtained by the cyclone

separator, so as to obtain intermediate by-products;

the second filter is for fine filtering the intermediate by-products obtained by the first
filter.

3. 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 separating gas by-products temporarily stored
in the gas by-product temporary storage device, so as to obtain at least hydrogen H, and

argon Ar;
13
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the gas by-product storage device is for storing the hydrogen H» obtained by the gas by-

product separation device.

4. The system of claim 1, characterized in that, the nozzle comprises: a middle hole, a

plurality of primary loop holes and a plurality of secondary loop holes, wherein,
the plurality of primary loop holes are uniformly distributed around the middle hole;
the plurality of secondary loop holes arc uniformly distributed around the middle hole; and

the plurality of primary loop holes are arranged between the middle hole and the plurality
of secondary loop holes.

5. The system of claim 4, characterized in that, 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 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 uniformly distributed around the centre
hole;

the plurality of sccondary annular slant holes arc uniformly distributed around the centre

hole; and

the plurality of primary annular straight holes are arranged between the centre hole and
the plurality of secondary annular slant holes.

6. The system of claim 4, characterized in that, an axis of the middle hole and an axis of

the nozzle are on a same plane.

7. The system of claim 4, characlerized in that, an axis of each primary loop hole is in a

same plane with the axis of the nozzle.

14
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