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(54) TREATMENT METHOD AND TREATMENT APPARATUS FOR URANIUM HEXAFLUORIDE 
RESIDUE WITHIN CYLINDER, USING GAS PHASE REACTION

(57) The present invention relates to a treatment method and a treatment apparatus for UF6 heel, using a gas phase
reaction. A specific treatment method comprises the steps of: (1) vaporizing UF6 heel; (2) generating solid UO2F2 by
using the vaporized UF6 gas; (3) separating the solid UO2F2 from a by-product gas; and (4) separating hydrogen fluoride
from the by-product gas. The treatment apparatus can comprise: (1) a vaporizer used only for vaporizing UF6 heel; (2)
a reactor connected to the vaporizer so as to generate UO2F2 by using the UF6 gas generated at the vaporizer; (3) a
solid/gas separator connected to the reactor so as to separate the solid UO2F2, which is generated in the reactor, from
the by-product gas; (4) a heat exchanger connected to the solid/gas separator so as to allow the by-product gas, which
is supplied from the solid/gas separator, to pass therethrough and be condensed into liquid; and (5) a liquid/gas separator
for separating the hydrogen fluoride liquid, which is condensed at the heat exchanger, from the gas. According to the
present invention, stabilization of a reconversion process and the quality of a UO2 powder can be improved by preparing
solid UO2F2, which is an intermediate of the UO2 powder, through UF6 heel treatment, and the high cost of radioactive
waste disposal is reduced by minimizing UF6 heel to be less than 0.5 kg.
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Description

Technical Field

[0001] The present invention relates to a treatment method and a treatment apparatus for residues (hereinafter referred
to as "UF6 heel") remaining inside a cylinder after vaporization of uranium hexafluoride (hereinafter referred to as "UF6")
and, more particularly, to a treatment method and a treatment apparatus for the UF6 heel that manufacture solid uranyl
fluoride (hereinafter referred to as "UO2F2"), which is an intermediate of uranium dioxide (hereinafter referred to as
"UO2") powder manufacture, using a gas phase reaction and supply the UO2F2 to a reconversion process through a
separate treatment apparatus for the UF6 heel, separated from the vaporization process of the reconversion process.

Background Art

[0002] When manufacturing nuclear fuel for light water reactors, UF6 is first manufactured as a solid phase UO2 powder
through a reconversion process, and then processed into a pressed green pellet through a homogeneous mixing and
powder preparation process. The pressed green pellet is sintered and ground to complete a UO2 sintered body. The
UO2 sintered body is charged into a fuel rod and completed as a nuclear fuel assembly through end cap welding, skeletal
assembly, lacquer coating, assembly fabrication, helium leak testing, and the like. In the reconversion process, which
is a core process at this time, the recovery of uranium through UF6 heel treatment after UF6 vaporization is essential.
This is because the UF6 heel treatment is a method of reducing an amount of radioactive waste, which is expensive to
process, and is a desirable process to increase a uranium recovery rate and enhance economic efficiency of a nuclear
fuel manufacturing process.
[0003] The UF6, which is a raw material for the nuclear fuel of the light water reactors, exists in a solid phase at room
temperature, and, as vapor pressure thereof is low, is difficult to be supplied to the reactor by a desired amount. The
UF6 has a triple point of 64.4°C at about 1.5 barg and vaporizes easily at temperatures no less than the triple point.
Therefore, in order to supply the UF6 into UO2 conversion furnace in a reconversion process, the UF6 is to be heated
to no less than the triple point. In a conventional reconversion process, temperature of a vaporizer is maintained at about
100°C and equilibrium state of gas and liquid is made. Then only a gas phase UF6 is separated and used.
[0004] As shown in FIG. 1, a cold trap is used in a conventional reconversion process. In the vaporizer, when the
process pressure is lowered as most of the UF6 inside the cylinder is extracted, and a supply flow rate of UF6 falls equal
to or below a predetermined limit, the UF6 heel is extracted by switching to the cold trap facility. In addition, when the
UF6 heel of about 10 cylinders is recovered and the UF6 inside the cold trap reaches an amount at least equal to a
predetermined limit, work is performed in the same manner as in the vaporization process, and the gas phase UF6 is
supplied to the UO2 conversion furnace in the reconversion process.
[0005] However, the UF6 heel treatment using the conventional cold trap accompanies undesirable UO2 powder quality
evaluation and a step of UO2 powder recycling, due to unstable process pressure and the like, whereby productivity is
lowered. In addition, extraction efficiency of the UF6 heel is also not good, whereby a large amount of radioactive waste
is generated. This is because the UF6 heel, which is not extracted even by a cold trap, is precipitated and stored as
sodium biuranate scrap and the like through a separate UF6 cylinder cleaning process.
[0006] Even overseas, the UF6 heel treatment using the cold trap has been changing to a method using a vacuum
pump for extraction of the UF6 heel due to the above-mentioned problems and safety problems. Therefore, there is a
need for a method and a preferred treatment apparatus for the UF6 heel, which not only improve the quality of UO2
powder by efficiently operating the reconversion process, which is a key process for the manufacture of nuclear fuel for
the light water reactors but also recover the uranium inside the UF6 cylinder to the maximum, thereby minimizing the
UF6 heel to less than 0.5 kg.

Disclosure

Technical Problem

[0007] Accordingly, the present invention has been made keeping in mind the above problems occurring in the related
art, and an objective of the present invention is to provide a treatment method and a treatment apparatus preferable for
uranium that can improve quality of UO2 powder by stably and efficiently operating a reconversion process, which is a
core process in the manufacture of nuclear fuel for a light water reactor, and can minimize an amount of a UF6 heel to
be less than 0.5 kg, thereby reducing a generation amount of radioactive waste being expensive to process.
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Technical Solution

[0008] In order to achieve the above objective according to one aspect of the present invention, there is provided a
treatment method for a UF6 heel, the treatment method including: (1) vaporizing the UF6 heel; (2) manufacturing solid
phase UO2F2 using UF6 gas vaporized at step 1; (3) separating the solid phase UO2F2 and by-product gas from each
other; and (4) separating hydrogen fluoride from the by-product gas.
[0009] The vaporizing the UF6 heel at step 1 may supply an inert gas to vaporize the UF6 and raise temperature to
no less than a triple point of the UF6.
[0010] The separating hydrogen fluoride from the by-product gas at step 4 may separate aqueous solution of hydrogen
fluoride at a lower portion of a liquid/gas separator.
[0011] According to one embodiment of the present invention, there is provided a treatment apparatus for the UF6
heel, the treatment apparatus including: a vaporizer for vaporizing the UF6 heel; a reactor producing solid phase UO2F2
using UF6 gas produced in the vaporizer by being connected with the vaporizer; a solid/gas separator separating the
solid phase UO2F2 produced in the reactor from by-product gas by being connected with the reactor; a heat exchanger
allowing the by-product gas supplied from the solid/gas separator to be passed and liquefying a portion of the gas by
being connected with the solid/gas separator; and a liquid/gas separator separating liquid and gas, produced passing
through the heater, from each other.
[0012] At least one gas phase distributor may be provided at the inside of the reactor for uniformly supplying the gas.
[0013] In order to manufacture the solid phase UO2F2 in the reactor, at least one of an inert gas and superheated
steam may be supplied.
[0014] A fan may be provided by being connected to a side above the liquid/gas separator and may be configured to
discharge at least a portion of the gas produced inside the liquid/gas separator.
[0015] Flow velocity inside the reactor may be controlled to be higher than minimum fluidization velocity of UO2F2
powder.
[0016] Flow velocity inside the solid/gas separator may be controlled to be lower than minimum fluidization velocity
of UO2F2 powder.

Advantageous Effects

[0017] According to the present invention as described above, the solid phase UO2F2, an intermediate of UO2 powder,
is manufactured with a separate process for the UF6 heel treatment, thereby improving the quality of UO2 powder and
stability of the manufacturing process, and the UF6 heel inside the UF6 cylinder is minimized to be less than 0.5 kg,
thereby reducing a generation amount of radioactive waste being expensive to process. Accordingly, preferable effects
can be realized.

Description of Drawings

[0018]

FIG. 1 shows a treatment method for a UF6 heel using a conventional cold trap;
FIG. 2 shows a reconversion process of the present invention;
FIG. 3 shows a method and a treatment apparatus for the UF6 heel of the present invention; and
FIG. 4 shows a UO2F2 reactor of the present invention.

Best Mode

[0019] Hereinbelow, exemplary embodiments of the present invention will be described in detail.
[0020] There is provided a treatment method for a UF6 heel according to an embodiment of the present invention, the
method including: (1) vaporizing the UF6 heel; (2) manufacturing solid phase UO2F2 using UF6 gas vaporized at step
1; (3) separating the solid phase UO2F2 and by-product gas from each other; and (4) separating hydrogen fluoride from
the by-product gas above.
[0021] First, after vaporization of the UF6 inside a cylinder, to extract the UF6 heel, the temperature may be raised to
no less than a triple point of the UF6 or, in some cases, pressure may be boosted by supplying an inert gas. Here, the
inert gas includes, but is not limited to, nitrogen gas. In addition, extraction of the UF6 heel may be repeated according
to an operation method for process of the UF6 heel treatment.
[0022] In a process of supplying the UF6 gas obtained by the above method to the reactor 72 manufacturing the UO2F2,
depending on an amount of the UF6 gas, the inert gas and superheated steam are supplied at an appropriate ratio.
Thus, the solid phase UO2F2 may be obtained using the gases supplied together as raw material according to reaction
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formula 1 below. Some of the solid phase UO2F2 manufactured at this time may be discharged to a side below the
reactor 72.

<Reaction formula 1> UF6(g) + (2+x)H2O(g) + N2(g) → UO2F2(s) + 4HF(g) + xH2O(g) + N2(g)

[0023] The solid phase UO2F2 and the by-product gas, obtained from the UO2F2 reactor 72, are supplied to the
solid/gas separator 73 so as to be separated from each other. Most of the solid phase UO2F2 is discharged to a side
below the solid/gas separator 73, and the discharged UO2F2 is supplied to the UO2 conversion furnace 2 together with
some of the solid phase UO2F2 having been manufactured in and discharged from the UO2F2 reactor 72.
[0024] While passing through a heat exchanger 741, a portion of the by-product gas separated from the solid/gas
separator 73 may be condensed. Then the separated by-product gas is supplied to the liquid/gas separator 74, whereby
gas, mostly nitrogen gas, in an upper portion may be discharged by a fan 742, and the aqueous solution of hydrogen
fluoride separated in a lower portion may be transferred by a pump 743.
[0025] A treatment apparatus for the UF6 heel may include a vaporizer 71 used only for the UF6 heel for vaporizing
the UF6 heel, a reactor 72 connected to the vaporizer 71 so as to manufacture the solid phase UO2F2 by using the UF6
gas generated at the vaporizer 71, a solid/gas separator 73 connected to the reactor 72 so as to separate the solid
phase UO2F2, which is manufactured in the reactor 72, from by-product gas, a heat exchanger 741 connected to the
solid/gas separator 73 so as to allow the by-product gas, which is supplied from the solid/gas separator 73, to pass
therethrough and be condensed into liquid, and a liquid/gas separator 74 configured to separate the hydrogen fluoride
liquid, which is condensed at the heat exchanger 741, from the gas.
[0026] As shown in FIG. 3, in the treatment apparatus for the UF6 heel, which is independent of the reconversion
process, the pressure inside the UF6 cylinder may be boosted by supplying the inert gas to the inside of the UF6 cylinder
according to the above-mentioned treatment method by using the vaporizer 71 used only for the UF6 heel. Alternatively,
a separate device may be provided to vaporize the UF6 heel by raising the temperature of the UF6 heel to no less than
the triple point.
[0027] The UF6 gas generated in the vaporizer 71 used only for the UF6 heel is supplied, together with the superheated
steam and the inert gas containing a desired ratio of nitrogen, to the UO2F2 reactor 72 that manufactures the solid phase
UO2F2. In this case, the UO2F2 reactor 72 may include a measuring instrument 721 and control valves 722A, 722B, and
722C as necessary, and a supply amount of the UF6 gas may be adjusted by the provided measuring instrument 721
and control valve 722A. In addition, the superheated steam is controlled by the superheated steam control valve 722B,
and the nitrogen gas is controlled by the nitrogen gas control valve 722C.
[0028] In the UO2F2 reactor 72, shown in detail in FIG. 4, by a gas phase distributor 723A of the UF6 gas for uniformly
supplying the UF6 gas and a distributor 723B of the nitrogen gas or the superheated vapor, the solid phase UO2F2 is
manufactured according to reaction formula 1. Some of the resulting solid phase UO2F2 may be discharged to a side
below the UO2F2 reactor 72, but flow velocity inside the UO2F2 reactor 72 may be controlled to be higher than minimum
fluidization velocity of the UO2F2 powder in order to allow the solid phase UO2F2 to be discharged to a side above the
UO2F2 reactor 72.
[0029] The solid phase UO2F2 and by-product gas discharged from the upper portion of the UO2F2 reactor 72 are
supplied to the solid/gas separator 73 so as to be respectively separated from each other. Here, most of the solid phase
UO2F2 is discharged to the side below the solid/gas separator 73. In order to facilitate the solid phase UO2F2 to be
discharged as above, flow velocity inside the solid/gas separator 73 is controlled to be lower than the minimum fluidization
velocity of the UO2F2 powder. The solid phase UO2F2 thus separated is supplied to the UO2 conversion furnace 2
together with the solid phase UO2F2 discharged from the side below the previous UO2F2 reactor 72. In this case, a
shape of the solid/gas separator 73 is not limited, and apparatus conditions are to be set so that the by-product gas
does not condense inside the solid/gas separator 73.
[0030] The liquid/gas separator 74 may include a heat exchanger 741 at a front end, a fan 742 at a rear end thereabove,
and a pump 743 at a rear end therebelow, wherein the by-product gas discharged from the solid/gas separator 73 may
pass through the heat exchanger 741 and condense into an aqueous solution of low concentration hydrogen fluoride.
Then condensed aqueous solution and the by-product gas are supplied to the liquid/gas separator 74 so as to be
separated from each other. Subsequently, the aqueous solution of low concentration hydrogen fluoride may be separated
at the lower portion of the liquid/gas separator 74, and the aqueous solution of low concentration hydrogen fluoride thus
separated is processed by the pump 743 connected to the liquid/gas separator 74. The by-product gas from which
hydrogen fluoride has been removed may be composed of mostly nitrogen gas and is discharged by the fan 742 connected
to the side above the liquid/gas separator 74. The fan 742 connected to the side above the liquid/gas separator 74 may
contribute to play a role in maintaining most of the process of the present invention at an appropriate negative pressure
and preventing the radioactive material from leaking to the outside.
[0031] The present invention described above is not limited to the above-described embodiment and the accompanying
drawings, and those skilled in the art will appreciate that various substitutions, alterations, and modifications are possible,
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without departing from the scope and spirit of the invention as disclosed in the accompanying claims.

Claims

1. A treatment method for a UF6 heel, the treatment method comprising:

(1) vaporizing the UF6 heel;
(2) manufacturing solid phase UO2F2 using UF6 gas vaporized at step (1);
(3) separating the solid phase UO2F2 and by-product gas from each other; and
(4) separating hydrogen fluoride from the by-product gas at step (4).

2. The treatment method of claim 1, wherein the vaporizing the UF6 heel at step (1) further comprises supplying an
inert gas to vaporize the UF6 and raises the temperature to no less than a triple point of the UF6.

3. The treatment method of claim 1, wherein the separating hydrogen fluoride from the by-product gas at step (4)
further comprises separating aqueous solution of hydrogen fluoride at a lower portion of a liquid/gas separator.

4. A treatment apparatus for a UF6 heel, the treatment apparatus comprising:

a vaporizer for vaporizing the UF6 heel;
a reactor connected to the vaporizer so as to manufacture the solid phase UO2F2 by using the UF6 gas generated
at the vaporizer;
a solid/gas separator connected to the reactor so as to separate the solid phase UO2F2, manufactured in the
reactor, from by-product gas;
a heat exchanger connected to the solid/gas separator so as to allow the by-product gas, supplied from the
solid/gas separator, to pass therethrough and be condensed into liquid; and
a liquid/gas separator configured to separate the hydrogen fluoride liquid, condensed at the heat exchanger,
from the gas.

5. The treatment apparatus of claim 4, further comprising at least one gas phase distributor provided at the inside of
the reactor for uniformly supplying the gas.

6. The treatment apparatus of claim 4, wherein, at least one of an inert gas and superheated steam is supplied in order
to manufacture the solid phase UO2F2 in the reactor.

7. The treatment apparatus of claim 4, further comprising a fan provided by being connected to a side above the
liquid/gas separator and configured to discharge at least a portion of the gas generated inside the liquid/gas separator.

8. The treatment apparatus of claim 4, wherein flow velocity inside the reactor is controlled to be higher than minimum

<Description of the Reference Numerals in the Drawings>
1: vaporizer 2: UO2 conversion furnace
3: cold trap 4: UO2 quality assessment
5: UO2 container 6: UO2 powder recycle
71: vaporizer used only for UF6 heel
72: UO2F2 reactor
721: instrument
722A: UF6 control valve 722B: superheated steam control valve
722C: nitrogen gas control valve
723A: UF6 gas phase distributor
723B: nitrogen gas or the superheated vapor distributor
73: solid/gas separator
74: liquid/gas separator
741: heat exchanger 742: fan
743: pump
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fluidization velocity of UO2F2 powder.

9. The treatment apparatus of claim 4, wherein flow velocity inside the solid/gas separator is controlled to be lower
than minimum fluidization velocity of UO2F2 powder.
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