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Description

TECHNICAL FIELD

[0001] The present invention relates to a device for so-
lidifying the surfaces of drops. More particularly, the
present invention relates to a device for solidifying the
surfaces of drops, which device is capable of solidifying
the surfaces of the drops having been dripped from the
nozzle device so that the drops will not deform easily
when they fall onto and hit the surface of an aqueous
ammonia solution stored in an aqueous ammonia solu-
tion reservoir.

BACKGROUND ART

[0002] A high-temperature gas reactor has a reactor
core, into which fuels for the high-temperature gas reac-
tor are introduced, which reactor core is made of graphite
that has a large thermal capacity and keeps its crystalline
structure in good condition at high temperatures. The
high temperature gas reactor employs, as coolant gas,
a gas such as helium gas, which is assessed as being
safe because helium gas does not react even at high
temperatures. The employment of helium gas makes it
possible to take the coolant gas away safely even when
the temperature around the outlet of the coolant gas is
high. Therefore, the coolant gas, which has been heated
up to a high temperature of about 1000°C, is used as a
safe heat source in a wide variety of fields such as hy-
drogen production and chemical plants, as well as power
plants.
[0003] Fuels for the high-temperature gas reactor typ-
ically  comprises a fuel kernel and a coating layer with
which the fuel kernel is covered. The fuel kernel is a small
particle with a diameter of about 350 to 650 mm, made
by sintering uranium dioxide into a physical state like ce-
ramics.
[0004] The coating layer generally comprises concen-
trically laminated sub-coating layers. When the coating
layer has four sub-coating layers, they are called "the
first sub-coating layer", "the second sub-coating layer",
"the third sub-coating layer", and "the fourth sub-coating
layer" from the sub-coating layer adjacent to the fuel ker-
nel. The diameter of the particle comprising the fuel ker-
nel and four sub-coating layers is typically about 500 to
1000 mm.
[0005] The fuels for the high-temperature gas reactor
may be produced in the following way with an apparatus
for producing ammonium diuranate particles. Firstly, ura-
nium oxide in the form of powder is dissolved in nitric
acid, which produces a uranyl nitrate solution. Then, the
uranyl nitrate solution is mixed with pure water, a thick-
ening agent, and other chemicals, if necessary, and the
mixture is stirred. A feedstock liquid to be dripped is ob-
tained by this process. The feedstock liquid is stored in
a feedstock liquid reservoir. The feedstock liquid thus
prepared is cooled to a predetermined temperature, the

viscosity thereof is adjusted, and then it is transferred to
a dripping nozzle device. The dripping nozzle device has
one nozzle with a small diameter. The transferred feed-
stock liquid falls in drops from the end of the nozzle into
an aqueous solution of ammonia. The uranyl nitrate in-
cluded in the drops, which have fallen into the aqueous
solution of ammonia, changes into ammonium diuranate
from the surfaces of the drops through the reaction. If the
drops including uranyl nitrate reside in the  solution for a
time period enough to complete the reaction, uranyl ni-
trate in the central part of each drop is changed to am-
monium diuranate.
[0006] The drops dripped from the nozzle pass through
an atmosphere of ammonia gas in the process of falling
toward the surface of the aqueous ammonia solution.
This ammonia gas brings about gelation on the surface
of each drop, which forms a film there. The drops with
the film are protected from deformation to some extent,
caused by the impact that occurs when the drops fall to
and hit the surface of the aqueous ammonia solution. If
uranyl nitrate included in the drops that have fallen into
the solution reacts with ammonia sufficiently, ammonium
diuranate particles, which may sometimes be abbreviat-
ed to "ADU particles", are formed.
[0007] The ADU particles thus formed are washed,
dried, and then calcined in the atmosphere, which chang-
es the ADU particles into uranium trioxide particles. The
obtained uranium trioxide particles are reduced and sin-
tered, through which steps the uranium trioxide particles
are changed into uranium dioxide particles with high den-
sity, in a condition like ceramics. The uranium dioxide
particles are sieved, or classified, and fuel kernel parti-
cles with a diameter within a predetermined range are
obtained.
[0008] One of the most important objectives to be
achieved in the production of ADU particles is to produce
ADU particles with almost the same diameter, with good
sphericity or a shape that is very close to a sphere of
perfect roundness, and without deficiencies inside each
particle. In other words, the ADU particles are required
to be of a uniform diameter, and free of deformations,
made of ADU completely to the central part  of each drop,
and to have a flawless inside structure without cracks or
other deficiencies. Another important objective is to pro-
duce ADU particles in a large quantity. In view of these
objectives, the current ADU production apparatuses
have a variety of problems to be solved as explained
hereinafter.
[0009] In order to produce ADU particles, each of which
has good sphericity, in a large quantity and a uniform
quality, the dripping nozzle device should be capable of
dripping the feedstock liquid so that the drops have the
same volume.
[0010] However, technology has not seen such noz-
zles that are capable of dripping the feedstock liquid in
drops with the same volume. Therefore have been de-
sired the development of a dripping nozzle device capa-
ble of producing ADU particles with the same diameter
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and good sphericity, and that of an apparatus for produc-
ing ammonium diuranate particles, which may some-
times be called "apparatus for producing ADU particles"
hereinafter.
[0011] The conventional apparatus for producing ADU
particles comprises a dripping nozzle device with a single
dripping nozzle, and the number of the produced ADU
particles depends on how many times the nozzle vi-
brates. The number is 200 particles per second at most.
In order to improve the productivity, the number of the
nozzles has to be increased. When several dripping noz-
zles are employed, each dripping nozzle has to drip the
same amount of the feedstock liquid. Dripping nozzle de-
vices with several dripping nozzles have not been devel-
oped.
[0012] In order to produce ADU particles each of which
has good sphericity and the same diameter in a large
quantity, the dripping nozzles have to be capable of drip-
ping the feedstock liquid so that the drops have the same
volume.
[0013] However, technology has not seen such nozzle
devices  comprising nozzles that are capable of dripping
the feedstock liquid in the same volume and allowing
drops with the same volume to fall. Therefore have been
desired the development of a dripping nozzle device to
produce a large amount of uranium dioxide fuel kernels
with the same diameter and good sphericity, and that of
an apparatus for producing ADU particles.
[0014] With the conventional apparatus for producing
ADU particles, the feedstock liquid remains in the feed-
stock liquid supplying pipe that transfers the feedstock
liquid from the feedstock reservoir to the dripping nozzle
when the dripping of the feedstock liquid from the nozzle
is stopped. Then, when a fresh feedstock liquid is trans-
ferred from the reservoir to the nozzle through the feed-
stock liquid supplying pipe, the old feedstock liquid that
has remained in the pipe is dripped into the aqueous
ammonia solution.
[0015] The old feedstock liquid remaining in the pipe
has different properties from the fresh one that has been
stored in the reservoir under temperature control. This
difference often causes deformation in ADU particles
formed in the aqueous ammonia solution by the dripping,
which leads to uranium dioxide particles, produced
through the steps of aging the ADU particles, washing
the aged, drying the washed, calcining the dried, reduc-
ing the calcined, and sintering the reduced, that do not
satisfy a required sphericity, a required outer diameter
of each particle, a required flawlessness of the inside
structure, etc. This difference also results in a reduction
in the yield of the produced uranium dioxide. We suppose
that the afore-mentioned problem is caused by the state
where the temperature of the remaining feedstock liquid
is raised to room temperature and the viscosity thereof
is decreased.
[0016] When a conventional apparatus for producin-
gADUparticles was equipped with several nozzles to in-
crease the production of the ADU particles, the flow rates

of the feedstock liquid to be dripped from the respective
nozzles had to be the same to make the ADU particles
resulting from the drippings from the respective nozzles
have the same predetermined volume. In order to meet
this requirement, the conventional apparatus is provided
with flow regulators and the dripping amount of the feed-
stock liquid from each nozzle is controlled. However, only
with the flow regulators, it is difficult to make the flow
rates of the feedstock liquid to be dripped from the noz-
zles identical, which results in ADU particles that do not
have a uniform diameter.
[0017] The drops dripped from the nozzle or nozzles
of the conventional apparatus for producing ADU parti-
cles fall toward the aqueous ammonia solution through
an atmosphere of ammonia gas. Thus a film is formed
on the surface of each drop due to gelation made during
the falling and before reaching the surface of the aqueous
ammonia solution. The film is not strong enough to pre-
vent the drop from deformed by the impact given to the
drop when it splashes down. Drops are sometimes even
broken by the impact given when they hit the aqueous
ammonia solution. A reaction between the deformed or
broken particles of uranyl nitrate and ammonia in the
aqueous ammonia solution does not lead to the produc-
tion of ADU particles with good sphericity at a high yield.
Also, when an apparatus for producing ADU particles
with several dripping nozzles is employed and ammonia
gas is sprayed over the drops dripped from the several
nozzles and falling toward the solution, it is difficult to
uniformly spray each drop with the gas and the  drops
often had wave-like patterns caused by the sprayed gas
on the surfaces thereof.
[0018] The aqueous ammonia solution has to perme-
ate into the center of each drop including uranyl nitrate
dripped from the nozzle(s) of the conventional apparatus
for producing ADU particles.
[0019] For the permeation of the aqueous ammonia
solution is typically used an aqueous ammonia solution
reservoir that contains the aqueous ammonia solution.
In other words, an aqueous ammonia solution reservoir
in which the aqueous ammonia solution is stored is
placed right below the nozzle(s) that drip(s) the feedstock
liquid including uranyl nitrate. The drops formed by drip-
ping the feedstock liquid from the nozzle (s) of the nozzle
device are allowed to fall into the aqueous ammonia so-
lution stored in the aqueous ammonia solution reservoir.
[0020] Then, uranyl nitrate existing in the drops and
ammonium ions react with each other in the solution to
produce ammonium diuranate (ADU) in the drops.
[0021] The reaction between uranyl nitrate in a drop
and ammonium ions starts from the surface of the drop,
and then progresses to inner places of the drop as time
passes. However, as the reaction between uranyl nitrate
existing in the vicinity of the inner side of the surface of
the drop and ammonia existing in the vicinity of the outer
side of the surface of the drop proceeds, the concentra-
tion of ammonia existing in the vicinity of the outer side
of the surface of the drop decreases. The decrease slows
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the reaction between uranyl nitrate and ammonium ions.
Besides, in order for the ammonium ions to react with
uranyl nitrate existing in the center of the drop, the am-
monium ions existing outside the surface of the drop have
to penetrate  into the drop, and diffuse and move into the
central part thereof . Therefore, it takes a long time to
change uranyl nitrate in the center of the drop to ammo-
nium diuranate, which is one problem. Another problem
is that the reaction between uranyl nitrate and ammonium
ions is often insufficient under the conditions where the
drops stay still in the aqueous ammonium solution for a
predetermined period of time. Due to these problems,
with the conventional apparatus for producing ADU par-
ticles, it is difficult to produce ADU particles with a large
diameter, which sometimes results in inferior fuel kernels
with pores inside, obtained after the treatments in the
subsequent steps.
[0022] Still another problem is that ADU particles with
their central parts remaining unreacted have jelly-like
central parts and that the ADU particles are very soft.
Therefore when these ADU particles, the specific gravity
of which is large because they include uranium, are piled
up and accumulated, ADU particles located near and at
the bottom of the aqueous ammonia solution reservoir
become deformed, which results in the production of a
large quantity of inferior particles with bad sphericity.
[0023] Document JP 5279043 discloses a device for
producing ammonium diuranate having a high sphericity,
wherein liquid drops of the ammonium diuranate solution
are dropped by vibration from a dropping nozzle into an
aqueous ammoniacal solution.
[0024] Document JP5256973 discloses a device for
producing spherical fuel kernel with a high yield, com-
prising a supplying part for supplying uranyl nitrate solu-
tion, dropping nozzles and a solidifying vessel containing
an aqueous solution of ammonia.
[0025] Document US4224258 discloses an apparatus
for the production of spherical particles of uniform size
of a nuclear fuel or breeder material, comprising a con-
tainer containing an aqueous solution of ammonia, vi-
brating nozzles for producing a vertical stream of drops
of water solution of nitrates of uranium, plutonium or tho-
rium, and nozzles supplying ammonia gas to the vertical
stream of drops.
[0026] The object of the present invention is to solve
the afore-mentioned problems.
[0027] A specific objective of the present invention is
to provide a device for solidifying the surfaces of drops
capable of appropriately solidifying the surfaces of drops
including uranyl nitrate, so that the afore-mentioned prob-
lems are solved and ADU particles with good sphericity
are produced; and an apparatus for producing ADU par-
ticles that employs the device for solidifying the surfaces
of drops as a part of it.

DISCLOSURE OF THE INVENTION

[Problems to be Solved by the Invention]

[0028] The present invention provides:

(1) A device for solidifying the surfaces of drops,
comprising an ammonia gas sprayer with ammonia
gas-spraying nozzles, each spraying ammonia gas
to each of paths along which drops of the feedstock
liquid that includes uranyl nitrate fall to an aqueous
ammonia solution stored in an aqueous ammonia
solution reservoir, the drops being dripped from a
dripping nozzle device wherein the dripping nozzle
device comprises nozzles and the drops are dripped
from the nozzles, and wherein the distance between
the ends of the dripping nozzles and the ends of the
ammonia gas spraying nozzles is from 10 mm to 40
mm, and the shortest distance between the paths
along which the drops dripped from the ends of the
dripping nozzles fall and the ends of the ammonia
gas spraying nozzles is from 3 mm to 15 mm, the
aqueous ammonia solution reservoir further com-
prising an aqueous ammonia solution discharger for
discharging the aqueous ammonia solution stored
therein, wherein the aqueous ammonia solution dis-
charger has an overflow discharging hole (60A) in a
circumferential sidewall of the aqueous ammonia
reservoir and an overflow receiver (60) for receiving
the aqueous ammonia solution overflowing through
the overflow discharging hole (60A),
(2) the device for solidifying the surfaces of drops
according to paragraph (1), wherein the ammonia
gas sprayer is placed above the opening end of the
aqueous ammonia solution reservoir at a location
where the sprayer does not block the opening end
so that the ammonia gas sprayed from each ammo-
nia gas-spraying nozzle is perpendicular to the cor-
responding falling path of drops of the feedstock liq-
uid dripped from the nozzles of the dripping nozzle
device,
(3) a device for solidifying the surfaces of drops ac-
cording to paragraph (1) or (2), the dripping nozzle
device further comprising a single vibrator for vibrat-
ing the nozzles simultaneously,
(4) a device for solidifying the surfaces of drops ac-
cording  to paragraph (1), (2) or (3), the dripping noz-
zle device further comprising a flow regulator capa-
ble of controlling a dripping rate of the feedstock liq-
uid and a volume of each of the drops for each nozzle,
(5) a device for solidifying the surfaces of drops ac-
cording to paragraph (3) or (4), the dripping nozzle
device further comprising a feedstock liquid contain-
er capable of containing a predetermined volume of
the feedstock liquid supplied from a feedstock liquid
reservoir in which the feedstock liquid is stored, the
container having an inner volume larger than the in-
ner volume of each of the dripping nozzles, wherein
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the container supplies the contained feedstock liquid
to all the dripping nozzles by the force of gravity,
(6) the device for solidifying the surfaces of drops
according to paragraph (5), wherein the feedstock
liquid container has a horizontal section, the area of
which is larger than the area of the horizontal section
of each of the dripping nozzles,
(7) the device for solidifying the surfaces of drops
according to paragraph (5) or (6), wherein the feed-
stock liquid container is directly connected to all the
dripping nozzles, and
(8) the device for solidifying the surfaces of drops
according to any one of paragraphs (5)-(7), wherein
the respective ends of all the dripping nozzles are
provided with an edge thinned in the direction of the
falling of the drops.

[0029] The device for solidifying the surfaces of the
drops recited in paragraph (1) has an ammonia gas
sprayer that sprays ammonia gas over the drops of the
feedstock liquid including uranyl nitrate, the drops being
dripped from the single dripping nozzle or each of the
dripping nozzles. Therefore the drops falling from each
dripping nozzle are uniformly contacted with ammonia
gas. Moreover, because the produced ADU particles do
not have wave-like patterns on the surfaces thereof, the
device is capable of producing uranium dioxide particles
with good sphericity.
[0030] The device for solidifying the surfaces of drops
recited in paragraph (1) has an aqueous ammonia solu-
tion reservoir that is provided with an aqueous ammonia
solution discharger. When the surface of the aqueous
ammonia solution, which has been raised as it has re-
ceived the dripped drops, reaches a predetermined level,
the aqueous ammonia solution discharger discharges
the volume of the solution that is raised beyond the level
by additional drops. Therefore the surface of the aqueous
ammonia solution does not rise above the predetermined
level. From another viewpoint, when the aqueous am-
monia solution is stored in the aqueous ammonia solution
reservoir so that the surface of the solution equals the
predetermined level, the level the solution above which
is discharged by the aqueous ammonia solution dis-
charger, the distance between the surface of the aqueous
ammonia solution and the end(s) of the nozzle (s) is kept
constant. If the distance is kept constant, the conditions
where the drops falling from the nozzle (s) toward the
aqueous ammonia solution contact the ammonia gas are
always the same. This means that the reaction between
uranyl nitrate included in the drops and the ammonia gas
that takes place while the drops are falling from the end
(s) of the nozzle(s) to the surface of the aqueous ammo-
nia solution is always carried out  under the same con-
ditions. Therefore the conditions under which the ammo-
nium diuranate film is formed on the surfaces of the drops
that are to hit the aqueous ammonia solution become
constant, which leads to the production of uniform ADU
particles without deformation.

[0031] The device for solidifying the surfaces of liquid
drops recited in paragraph (1) sets the distance between
the end(s) of the dripping nozzle (s) and the ends of the
ammonia gas spraying nozzles to 10 mm to 40 mm, the
shortest distance between the path or paths along which
the drops dripped from the end(s) of the dripping nozzle
(s) fall and the ends of the ammonia gas spraying nozzles
to 3 mm to 15 mm. When the ammonia gas is sprayed
from the ammonia gas spraying nozzle(s) at a flow rate
from 3 L/min to 25 L/min under these conditions, the re-
action between uranyl nitrate and ammonia takes place
uniformly on the surface of each drop while the drop is
falling from the end of the nozzle to the aqueous ammonia
solution. When the drop reaches the surface of the so-
lution, the drop is coated with a uniform film of ammonium
diuranate. The formation of a uniform film of ammonium
diuranate on the surface of each drop finally results in
the production of ADU particles of uniform quality and
with good sphericity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The figures mentioned bellow are not design
drawings but schematic diagrams to illustrate the func-
tions and structures of the devices, such as the dripping
nozzle device, and the apparatus for producing ADU par-
ticles.

Figure 1 is a partial diagrammatic view showing an
apparatus for ADU particles, which may be used with
the device of the present invention.
Figure 2 is a view showing an example of the vibrat-
ing nozzles with which the device according to the
present invention may be provided.
Figure 3 is a system diagram showing an example
of the apparatus for producing ADU particles.
Figure 4 is a sectional view of a globe valve, which
is an example of a flow-regulating valve with which
the apparatus for producing ADU particles is provid-
ed.
Figure 5 is a schematic diagram showing an example
of the apparatus for producing ADU particles.
Figure 6 is a schematic diagram showing an example
of the dripping nozzle device.
Figure 7 is an enlarged view of a part of the dripping
nozzle device that has an edge at the end of the
nozzle.
Figure 8 is a schematic diagram of the dripping noz-
zle device.
Figure 9 illustrates a method of measuring the par-
ticle size of a uranium dioxide particle.
Figure 10 is a view showing an example of the ap-
paratus for producing ADU particles.
Figure 11 is a view showing an example of the re-
maining feedstock liquid collector that may be used
with the device according to the present invention.
Figure 12 is an illustration showing an example of
the apparatus for producing ADU particles.
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Figure 13 shows a state where the drops dripped
from the respective nozzles fall at the same rate and
are at the same level at a given moment, by using
the apparatus for producing ADU particles.
Figure 14 is an illustration showing another example
of the apparatus for producing ADU particles.
Figure 15 is an illustration showing the light source,
the photoelectric transducer, and the controlling unit
of the apparatus shown in Figure 14.
Figure 16 is an illustration showing an array of pulse
signals. Figure 16(a) is an illustration showing an
array of pulse signals detected when the nozzles drip
drops of the same volume and the dripping of one
nozzle synchronizes with the drippings of the other
nozzles, in the apparatus for producing ADU parti-
cles shown in Figure 14. Figure 16(b) is an illustration
showing an array of pulse signals detected when the
nozzles drip drops of different volumes and the drip-
pings of the nozzles are not synchronized, in the ap-
paratus of Figure 14.
Figure 17 is a schematic diagram showing an exam-
ple of the apparatus for producing ADU particles ac-
cording to the present invention.
Figure 18 is an enlarged perspective view showing
the ammonia gas sprayer and the ammonia gas dis-
charger.
Figure 19 is a schematic diagram showing an exam-
ple of the ammonia gas sprayer.
Figure 20 is a schematic diagram showing a variation
of the ammonia gas sprayer.

BEST MODE TO CARRY OUT THE INVENTION

[First Referential Embodiment]

[0033] Figure 1 shows a first referential embodiment
of the apparatus for producing ADU particles equipped
with the dripping nozzle device, which may be used with
the device of the present invention.
[0034] As shown in Figure 1, the apparatus for produc-
ing ADU particles 1 includes a dripping nozzle device 2,
and an aqueous ammonia solution reservoir 3.
[0035] The dripping nozzle device 4 has several noz-
zles, for example four nozzles as shown in Figure 1, and
a single vibrator 5 as shown in Figure 2. In more detail,
as shown in Figure 2, the dripping nozzle device 2 has
four nozzles 4, all of which has the same shape of a
cylindrical tube, and which four nozzles are vertically ar-
ranged at equal spaces with being parallel to each other;
a holder 6 for holding the nozzles 4; a holding rod 7 that
holds the upper ends of the respective nozzles 4 at the
lower end thereof; a vibrator 5 for giving vertical vibration
to the nozzles 4 through the holding rod 7; and feedstock
liquid supplying pipes 8, an example of the feedstock
liquid transferring passage, connected with each of the
nozzles 4.
[0036] A nozzle 4 has a tubular shape. The section of
the nozzle 4, obtained by cutting the nozzle by a plane

perpendicular to the axis of the nozzle, may have a shape
of a circle, an ellipse, or a polygon, with a circle preferred.
The horizontal section of the opening of the nozzle 4 pref-
erably has a circle with an inner diameter of 0.2 mm to 3
mm. If the inner diameter is less than 0.2 mm, the nozzle
may be plugged up. On the other hand, when the inner
diameter exceeds 3 mm, each of the drops becomes too
large, which may result in ADU particles with a too large
particle size. The nozzle 4 maybe made of anymaterial,
as long as it is not adversely affected by the feedstock
liquid including uranyl nitrate and it has anticorrosion.
Examples of the material include glass, stainless steel,
aluminum, aluminum alloy, magnesium, magnesium al-
loy, zirconium, and zirconium alloy.
[0037] The four nozzles 4 may be aligned as shown in
Figure 1, or may be arranged in other ways, for example
in such a way that the four nozzles 4 are fixed at the
respective vertices of a square virtually formed on a
plane.
[0038] As shown in Figure 2, the feedstock liquid sup-
plying pipes 8, which are connected with the nozzles 4
respectively, are connected to a tank that stores the feed-
stock liquid, which tank is not shown in this figure. The
feedstock liquid stored in the tank is sent to the nozzles
4 by an appropriate feedstock liquid transferring means
such as a pump. The feedstock liquid may be prepared
by, for example, dissolving uranium oxide powder in nitric
acid to produce a uranyl nitrate solution, mixing the uranyl
nitrate solution with pure water and a thickening agent,
such as polyvinyl alcohol resin, and stirring the obtained
mixture. Examples of the thickening agent include poly-
vinyl alcohol, resins that solidifies in the presence of an
alkali, polyethylene glycol, and water-soluble cellulose
ether, a product of which is named "METOLOSE" pro-
duced by Shin-Etsu  Chemical Co., Ltd. Properties such
as the viscosity of the feedstock liquid per se are decided
appropriately, depending on the desired particle size of
the drops. The viscosity may be, for example, from 10 to
500 cPs at 10°C. The feedstock liquid, which has been
cooled to and kept at a predetermined temperature so
that the viscosity thereof has been adjusted, is sent to
the nozzles 4.
[0039] The vibrator 5 is structured so as to impart lon-
gitudinal vibrations of a predetermined frequency to each
nozzle 4 through the holding rod 7. The vibrations may
be generated with, for example, an electromagnetic vi-
bration generator, a mechanical vibration generator, or
an ultrasonic vibration generator. The frequency of the
vibrations that the vibrator 5 imparts to the nozzles 4
should be in the range of 40 Hz to 200 Hz. Although it is
possible to make satisfactory drops with a predetermined
particle size fall from the end openings of the nozzles 4
even when the frequency is outside the range, such drops
can be produced easily when the frequency is within the
range.
[0040] As shown in Figure 1, the aqueous ammonia
solution reservoir 3 is one in which ammonia included in
the aqueous ammonia solution stored in the reservoir
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reacts with uranyl nitrate included in the drops of the feed-
stock liquid falling from the nozzles 4 and the reaction
produces ammonium diuranate. The aqueous ammonia
solution reservoir 3 has a hemisphere-like curved bottom
and a cylindrical sidewall. The aqueous ammonia solu-
tion is stored in a volume up to a predetermined level in
the reservoir 3. The cylindrical body is extended upward
beyond the level of the aqueous ammonia solution stored
in the reservoir 3. The aqueous ammonia solution reser-
voir 3 is provided with ammonia gas-supplying pipes 9
that are arranged on the sidewall  above the level of the
aqueous ammonia solution 10. The ammonia gas sup-
plied from the ammonia gas-supplying pipes 9 makes
the space over the level of the aqueous ammonia solution
10 inside the aqueous ammonia solution reservoir 3 an
atmosphere of ammonia gas.
[0041] Materials for the aqueous ammonia solution
reservoir 3 are not limited, as long as they have corrosion
resistance, especially resistance to alkalis, heat resist-
ance, and pressure resistance. Examples of the materi-
als may be stainless steel, aluminum, aluminum alloy,
magnesium, magnesium alloy, zirconium, and zirconium
alloy.
[0042] There is no limitation on the size of the aqueous
ammonia solution reservoir 3. The user may decide it at
their discretion. Also, the shape of the reservoir 3 is not
limited to that shown in Figure 1. The reservoir 3 may
have a variety of shapes.
[0043] The ammonia gas-supplying pipes 9 supply am-
monia gas to the space inside the reservoir 3 above the
level of the aqueous ammonia solution to bring about
gelation on the surface of each drop dripped from the
nozzles 4 before it falls into the solution.
[0044] Therefore the respective opening ends of the
pipes 9 open inside the reservoir 3, and the other ends
of the pipes are connected to a gas-supplying means,
whish is not shown in the figures, such as a gas cylinder
filled with ammonia gas.
[0045] The ammonia gas-supplying pipes 9 can be
fixed to any place of the sidewall, as long as it can make
the space over the level of the aqueous ammonia solution
in the aqueous ammonia solution reservoir 3 filled with
ammonia gas.
[0046] By using the apparatus for producing ADU par-
ticles as we have explained, ADU particles are produced
in the following way.
[0047] A predetermined volume of the aqueous am-
monia solution is placed in the aqueous ammonia solu-
tion reservoir 3. The feedstock liquid is allowed to fall in
drops from the four nozzles 4 to the aqueous ammonia
solution. During this step, vibrations of the same frequen-
cy are simultaneously applied to the four nozzles 4 by
the vibrator 5, as shown in Figure 2. As a result, when
the feedstock liquids flow through the respective four noz-
zles 4, the respective vibrations of which are synchro-
nized with each other, at the same flow rate, drops
dripped from the nozzles have essentially the same par-
ticle size.

[0048] It is advisable to incorporate the device for so-
lidifying the surfaces of the drops according to the present
invention, which will be explained hereinafter, into the
apparatus for producing ADU particles. When the device
is employed, drops dripped from the nozzles 4 are
sprayed with ammonia gas that spouts from the ammonia
gas-feeding pipe 61 while the drops are falling from the
nozzles 4 to the aqueous ammonia solution. This sprayed
ammonia gas brings about gelation on part of the surface
of each drop, which forms a film there. The drops, the
surfaces of which are at least partially covered with the
gel film, fall into the aqueous ammonia solution, and then
the reaction between uranyl nitrate inside the drops with
the gel film on the surfaces and ammonia proceeds fur-
ther to produce ammonium diuranate.
[0049] When the dripping of a predetermined amount
of the feedstock liquid is completed, the aqueous ammo-
nia solution in the aqueous ammonia solution reservoir
3 is removed. Then, the produced ADU particles are tak-
en out of the reservoir 3, by an appropriate method, for
example, by tilting the reservoir 3, by turning the reservoir
3 upside down, by scraping the  contents out of the res-
ervoir 3, or by sucking the contents from the reservoir 3.
[0050] For example, the vibrations applied to the drip-
ping nozzles by the vibrator 5 are not limited to longitu-
dinal vibrations; they may also be transversal vibrations.
The number of the dripping nozzles is not limited espe-
cially. The user can decide the number of the nozzles in
proportion to the size of the aqueous ammonia solution
reservoir, also considering the capability of producing
ADU particles. The arrangement of the dripping nozzles
may also be decided appropriately.
[0051] As explained above, it is possible to form ADU
particles with good sphericity by using a single vibrator
to impart the same vibrations to the nozzles. In order to
produce ADU particles of uniform particle size, it is also
preferable to appropriately control the volumes of the
drops dripped from the nozzles.
[0052] Therefore it will be preferable if the dripping noz-
zle device or the apparatus for producing ADU particles
includes dripping nozzles, each of which is equipped with
a flow regulator to adjust the flow rate of the feedstock
liquid to be dripped.
[0053] The employment of a flow regulator for each
nozzle makes it possible to control the volume of the feed-
stock liquiddripped from each nozzle, and to make a drop
dripped from one of the nozzles have the same volume
as a drop dripped from any other one of the nozzles. As
a result, the dispersion of the sizes  of the ADU particles
can be reduced.
[0054] Figure 3 shows another example of the appa-
ratus for producing ADU particles.
[0055] In Figure 3, reference numeral 1 denotes an
apparatus for producing ADU particles, 2 a dripping noz-
zle device, 8 feedstock liquid supplying pipes, 11 flow
regulators, 12 a separator, and 13 piping. Detailed ex-
planations of the dripping nozzle device 2 and the feed-
stock liquid supplying pipes 8 are omitted because they
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are the same as those included in the apparatus for pro-
ducing ADU particles shown in Figures 1 and 2.
[0056] Each flow regulator 11 comprises a flow regu-
lating valve, which is not shown in the figure, and a flow-
meter, which is not shown in the figure, either. The flow
regulator 11 is a device to control the flow rate of the
feedstock liquid that is sent from the feedstock liquid res-
ervoir to the corresponding dripping nozzle. The employ-
ment of the flow regulators enables the user to adjust the
flow rates of the feedstock liquid by operating the flow
regulating valves while s/he is viewing the heights of the
respective drops dripped from the nozzles.
[0057] Each of the dripping nozzles is provided with
one flow regulator 11.
[0058] Each flow regulator 11 is connected to the cor-
responding nozzle 4 through the corresponding feed-
stock liquid supplying pipe 8, and also connected to the
feedstock liquid reservoir, which is not shown in this fig-
ure, through the piping 13. A known separator may be
placed in the piping 13.
[0059] For the flow regulating valve may be used a
known flow regulating valve, such as a globe valve, a
butterfly valve, or a diaphragm pump.
[0060] A globe valve is shown in Figure 4 as an exam-
ple of the flow--regulating valve.
[0061] The flow-regulating valve 14 shown in Figure 4
has a handwheel 15, a valve rod 16, a cap 17, a valve
guard 18, a valve 19, and a valve box 20.
[0062] The flow--regulating valve 14 is capable of con-
trol the flow rate so that the volumes of the feedstock
liquid being sent to the respective nozzles are the same,
and therefore the employment of this valve is preferable.
[0063] For the flowmeter may be used a known flow-
meter, such as an area flow meter, a positive displace-
ment flowmeter, a turbine flowmeter, or a vortex shedding
flowmeter.
[0064] Materials for the piping 13 are not particularly
limited, as long as they have corrosion resistance. Piping
made of stainless steel, aluminum alloy, polyethylene,
polypropylene, PVC, or PET may be used.
[0065] The following is an example of the method of
producing ADU particles with this embodiment of the ap-
paratus for producing ADU particles.
[0066] The feedstock liquid in the feedstock liquid res-
ervoir is transferred with a pump.
[0067] The feedstock liquid is regulated to a predeter-
mined flow rate with the flow regulator and further sent
to the dripping nozzles.
[0068] This regulation adjusts the flow rate so that the
flow rate of the feedstock liquid for each nozzle should
be from 5 to 70 cm3/minute.
[0069] When the flow rate of the feedstock liquid about
to be dripped for each nozzle is less than 5 cm3/minute,
it takes a long time to drip such a volume of the feedstock
liquid that  is necessary to produce a planned amount of
ADU particles, which may reduce productivity.
[0070] On the other hand, when the flow rate of the
feedstock liquid about to be dripped for each nozzle ex-

ceeds 70 cm3/minute, the feedstock liquid may not fall in
drops but in a continuous manner. In other words, drops
of the feedstock liquid may not be formed. As a result,
ADU particles in the shape of a drop may not be formed
but those in the shape of a rod may be formed.
[0071] The feedstock liquid that has reached each drip-
ping nozzle falls from the nozzle 4, which is being vibrated
with the vibrator 5, to the aqueous ammonia solution res-
ervoir 3. The process and reaction in which ADU particles
are formed in the reservoir 3 are the same as those made
with the apparatus for producing ADU particles shown in
Figure 1.
[0072] We have explained the first embodiment so far.
In the following embodiments, the number of the nozzles
with which the dripping nozzle device is equipped does
not need to be two or more; the number may be one.
When a single nozzle is employed, the other components
and members are adapted for the single nozzle. For ex-
ample, when a single nozzles is used, a single flow reg-
ulator with a single flow regulating valve and flowmeter
is employed.

[Second Referential Embodiment]

[0073] Another referential embodiment of the appara-
tus for producing ADU particles, which embodiment in-
cludes another example of the dripping nozzle which may
be used with the apparatus of the present invention is
shown in Figure 5.
[0074] The apparatus for producing ADU particles 1
shown in Figure 5 is capable of producing ADU particles
from the feedstock liquid including uranyl nitrate. As
shown in Figure 5, the apparatus 1 has a dripping nozzle
device 2 and an aqueous ammonia solution reservoir 3.
[0075] The dripping nozzle device 2, is structured so
that it drips the feedstock liquid in the form of a drop. As
shown in Figure 5, the device includes a nozzle or nozzles
4 from which the feedstock liquid fall indrops, anda feed-
stock liquid receptacle 26, which is an example of the
feedstock liquid container that contains a predetermined
volume of the feedstock liquid supplied from a feedstock
liquid reservoir 26 in which the feedstock liquid to be
transferred with a pump P is stored. The feedstock liquid
receptacle 26 has a length or diameter of the horizontal
section thereof larger than the inner diameter of the noz-
zle 4. The dripping nozzle device 4 maybe equipped with
the vibrator 5, which was explained in the first embodi-
ment.
[0076] The feedstock liquid that includes uranyl nitrate
is stored in the feedstock liquid reservoir 25, and a pre-
determined volume of it is transferred to the feedstock
liquid receptacle 26 with the pump P.
[0077] The feedstock liquid receptacle 26 is designed
so as to contain a predetermined volume of the feedstock
liquid. Therefore the feedstock liquid is contained in the
feedstock liquid receptacle 26 so that the surface of the
feedstock liquid is constantly at a predetermined level in
the receptacle 26. In order to achieve this condition, when
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the feedstock liquid is supplied in such an amount that
the surface of the liquid is over the level in the receptacle
26, the receptacle 26 is  provided with, for example, a
discharging pipe through which the volume of the feed-
stock liquid that is over the level and overflowed is dis-
charged. The discharging pipe is not shown in the figures.
[0078] The inner shape of the feedstock liquid recep-
tacle 26 may be an approximate cylinder. If the receptacle
26 has an inner shape of the approximate cylinder, the
receptacle 26 is produced easily. This easiness of the
production makes most receptacles 26 have an inner
shape of the approximate cylinder. However, the feed-
stock liquid receptacle 26 may take other inner shapes,
such as a square pillar, the horizontal section of which
is a square or a rectangular, a semispherical prism, the
horizontal section of which is a hemisphere, or a trian-
gular prism, the horizontal section of which is a triangle,
depending on the conditions under which the dripping
nozzle device 2, and the apparatus for producing ADU
particles 1, into which the dripping nozzle device 2 is
incorporated, are designed.
[0079] Materials for the feedstock liquid receptacle 26
should be those that neither react with the components
of the feedstock liquid nor change in the volume. Exam-
ples of the materials may be glass, stainless steel, alu-
minum, aluminum alloy, magnesium, magnesium alloy,
zirconium, and zirconium alloy.
[0080] The size of the feedstock liquid receptacle 26
with a cylindrical inner shape will be described hereinaf-
ter.
[0081] The nozzle 4 is so formed that it is capable of
dripping the feedstock liquid from the end thereof. The
inner shape of the nozzle 4 is typically cylindrical. The
nozzle 4 may take other inner shapes, such as a square
pillar, the horizontal section of which is a square or a
rectangular, a semispherical prism, the horizontal section
of which is a hemisphere, or a  triangular prism, the hor-
izontal section of which is a triangle, according to circum-
stances.
[0082] The drop dripped from this nozzle 4 is typically
in the shape of a sphere with a diameter of 0.2 to 4 mm,
which is the same as the drop explained in relation to the
first embodiment. The droplet of the feedstock liquid that
swells up into a sphere at the opening end of the nozzle
4 may sometimes be called "drop" or "spherical drip". A
preferable inner diameter of the nozzle 4, when it is in
the shape of a cylinder, is, typically, from 0.2 to 3 mm, in
order to drip the feedstock liquid with the aforementioned
viscosity in small drops. Although the nozzle 4 is usually
a straight pipe, it may also be a bend according to cir-
cumstances. Since one of the problems to be solved is
to prevent the drops that are dripped from the opening
end of the nozzle 4 from having various diameters as a
result of the influence of pressure loss, the distance of
the nozzle 4 through which the feedstock liquid passes
should not be long. From this point of view, the axial
length of the nozzle 4, which is a straight pipe, should
preferably be from 0.1 to 2 cm. When the axial length

thereof exceeds 2 cm, the feedstock liquid sometimes
has to be pushed out from the opening end of the nozzle
4 by applying pressure, which makes the device compli-
cated. On the other hand, when the axial length of the
nozzle 4 is less than 0.1 cm, the feedstock fluid may not
be dripped smoothly from the opening end of the nozzle 4.
[0083] The nozzle 4 may be directly connected to the
bottom of the feedstock liquid receptacle 26, or the other
end of the nozzle 4 may communicate with the receptacle
26 through a connecting pipe, which is not shown in the
figures. In order to decrease the pressure loss as much
as possible, the distance  between the feedstock liquid
reservoir 26 and the opening end of the nozzle 4 has to
be short, which means that the rear end of the nozzle 4
should be directly connected to the feedstock liquid re-
ceptacle 26. The term "directly connected" means that
the rear end of the nozzle 4 is located at the outlet of the
receptacle 26. As long as the nozzle 4 is directly con-
nected to the receptacle 26 in this sense, the feedstock
liquid receptacle 26 and the nozzle 4 may be formed in-
tegrally, or they are made separately and then mechan-
ically connected with each other.
[0084] Materials for the nozzle 4 are the same as those
described in the first embodiment.
[0085] The opening end 4A of the nozzle 4 should pref-
erably be provided with an edge 48, an example of which
is shown in Figure 7. The recommendation that the open-
ing end of the nozzle be provided with an edge is not
limited to the nozzle of this example but applied to all the
nozzles of the dripping nozzle device. The edge 4B has
a function to expedite the separation of a drop 24, which
is formed at the opening end of the nozzle 4, from the
opening end 4A. In other words, the edge realizes a sharp
or smooth separation, when the drop 24 is separated
from the end of the nozzle 4. Although rational reasons
for the separation expedient of the edge 4B has not be
determined, we assume that the area of the end of the
nozzle 4 to which the drop 24 adheres is reduced when
the end is provided with the edge 4B, which results in a
reduction in the force that keeps the drop 24 from falling.
The edge 4B preferably has the shape of a ring formed
along the opening end of the nozzle 4, the vertical section
of which ring is in the shape of such a wedge that the
outer peripheral  face of the nozzle 4 converges toward
the inner face thereof. The edge may also be in a saw-
toothed shape.
[0086] With the feedstock fluid receptacle 26 and the
nozzle 4 designed as explained above can be formed at
the opening end of the nozzle 4 drops with a predeter-
mined diameter, which leads to the achievement of the
objective, that is, to constantly produce ADU particles of
uniform particle size.
[0087] A single nozzle 4 may be connected to the single
feedstock liquid receptacle 26, or several nozzles 4 to
the single feedstock liquid receptacle 26.
[0088] The aqueous ammonia solution reservoir 3 in
this embodiment has the same structure as the reservoir
3 in the first embodiment.
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[0089] As shown in Figure 5, the aqueous ammonia
solution reservoir 3 is provided with ammonia gas-sup-
plying pipes 9.
[0090] In the followings, the functions of the dripping
device and the apparatus for producing ADU particles
into which the dripping device is incorporated will be ex-
plained.
[0091] In the initial state, a predetermined amount of
an aqueous ammonia solution is stored in the aqueous
ammonia solution reservoir 3. An atmosphere of ammo-
nia gas is created, with the ammonia gas-supplying pipes
9, over the surface of the aqueous ammonia solution in
the reservoir 3.
[0092] The feedstock liquid is transferred from the
feedstock liquid reservoir 25 to the feedstock liquid re-
ceptacle 26 with the pump P. The receptacle 26 contains
a predetermined volume of the feedstock liquid. The
feedstock liquid in the feedstock liquid receptacle 26 is
sent to the nozzle 4. The feedstock liquid falls in drops
from the opening end of the nozzle 4.
[0093] In this process, a droplet 24, which gradually
swells  because of the feedstock liquid flowing down out
of the opening end of the nozzle, is formed. When the
weight of the droplet 24 exceeds the force that allows the
drop to stick to the opening end, the swollen droplet 24,
or a drop, falls. While the droplet 24 formed at the opening
end of the nozzle 4 grows until it falls from the nozzle, a
constant hydrostatic pressure, produced by the feed-
stock liquid contained in the feedstock liquid receptacle
26, is applied to the droplet. Also, the pressure loss be-
tween the feedstock liquid receptacle 26 and the nozzle
4 is small. These factors make the drops falling from the
opening end of the nozzle 4 have the same planned vol-
ume.
[0094] The feedstock liquid receptacle 26 is replen-
ished with the feedstock liquid sent from the feedstock
liquid reservoir 25 with the pump P for the volume of the
drop that fell. When the volume of the feedstock liquid
contained in the feedstock liquid receptacle 26 exceeds
a predetermined volume, the excessive volume of the
feedstock liquid is discharged from a discharging outlet
that is not shown in the figures. Therefore the feedstock
liquid receptacle 26 always contains the predetermined
volume of the feedstock liquid even after a volume of the
liquid is discharged as a drop from the nozzle 4, which
makes it possible to give a constant hydrostatic pressure
to the opening end of the nozzle 4.
[0095] Drops dripped from the nozzle 4 fall toward the
aqueous ammonia solution in the aqueous ammonia so-
lution reservoir 3.
[0096] The surfaces of the falling drops are subj ected
to gelation in an atmosphere of ammonia gas over the
surface of the aqueous ammonia solution. The gelation
is to make a film of ammonium diuranate by the reaction
between uranyl nitrate on the surfaces of the drops and
ammonia gas. As a result, the film can prevent  the drops
from being deformed, to some extent, by the impact given
to them when they collide with the surface of the aqueous

ammonia solution.
[0097] Uranyl nitrate inside the drops that have fallen
into the aqueous ammonia solution in the aqueous am-
monia solution reservoir 3 reacts with ammonia, and am-
monia diuranate is produced inside the drops.
[0098] The ADU particles produced in the aqueous am-
monia solution reservoir 3 are taken out of the reservoir
by an appropriate method.
[0099] The following is a working example of the pro-
duction of ADU particles with the dripping nozzle device
shown in Figure 5 and the apparatus for producing ADU
particles into which the dripping nozzle device is incor-
porated.

(Referential Example 1)

[0100] The dripping nozzle device 2 shown in Figures
5 and 6 was employed. The nozzle 4 was in the shape
of a cylinder with an inner diameter of 0.5 mm and a
length of 15 mm. The feedstock liquid receptacle 26 was
also in the shape of a cylinder with an inner diameter of
6 mm and a length of 12 mm. A feedstock liquid was
prepared by dissolving uranium oxide in nitric acid to pro-
duce a uranyl nitrate solution, and mixing the uranyl ni-
trate solution with polyvinyl alcohol resin and other chem-
icals. The viscosity of the feedstock liquid was about 60
cP. The uranium content of the liquid including uranyl
nitrate was 0.7 mol-U/L.
[0101] The feedstock liquid contained in the feedstock
liquid receptacle 26 was dripped from the opening end
of the nozzle 4 into an aqueous ammonia solution in the
aqueous ammonia  solution reservoir 3. The ammonia
content of the aqueous ammonia solution was 25% by
volume.
[0102] After the reaction between uranyl nitrate includ-
ed in the feedstock liquid and ammonia to produce am-
monium diuranate advanced sufficiently and ADU parti-
cles were prepared, the ADU particles were taken out of
the aqueous ammonia solution reservoir 3.
[0103] Uranium dioxide fuel kernels were produced
from the ADU particles by a known method. The uranium
dioxide fuel kernels had an average diameter of 600 mm,
and the standard deviation of the diameters was not more
than 10 mm. Also, the fuel kernels had good sphericity.

[Third Referential Embodiment]

[0104] The third referential embodiment is an example
of the dripping nozzle device, which may be used with
the apparatus of the present invention including a feed-
stock liquid supplier for supplying the feedstock liquid to
at least one dripping nozzle, from which the feedstock
liquid falls in drops, substantially at a constant rate and
without pulsation, and the apparatus for producing ADU
particles into which the dripping nozzle device is incor-
porated.
[0105] In the followings, referring to Figure 8, we are
going to explain the dripping nozzle device 2.
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[0106] The dripping nozzle device 2 has a nozzle 4, a
vibrator 5, and a feedstock liquid supplier 31.
[0107] The nozzle 4 and the vibrator 5 are the same
as those explained in relation to the first and second em-
bodiments.
[0108] The feedstock supplier 31 is so designed that
it is capable of supplying liquid to the drippingnozzle sub-
stantially without pulsation and at a constant rate. An
example of the feedstock liquid supplier 31 may be a
plunger-type metering pump.
[0109] The feedstock liquid supplier 31 is connected
with the feedstock liquid reservoir 25 in which the feed-
stock liquid is stored. The feedstock liquid is the same
as that explained in relation to the first and second em-
bodiments.
[0110] The frequency of the vibrations applied to the
nozzle 4 with the vibrator 5, and the flow rate of the feed-
stock liquid pumped with the feedstock liquid supplier 31
have the relationship represented by equation (1): 

[0111] In equation (1), "d" denotes the particle size of
a drop falling from the nozzle 4, "f" the frequency of the
vibrations applied to the nozzle 4 with the vibrator 5, "Q"
the flow rate of the feedstock liquid supplied by the feed-
stock liquid supplier 31, and "K" is a constant. In order
to satisfy the relationship represented by this equation
and to keep the particle sizes of the drops falling from
the nozzle constant, it is necessary to prevent the flow
rate of the feedstock liquid supplied by the feedstock liq-
uid supplier 31 from fluctuating. In other words, the feed-
stock liquid is so sent to the nozzle 4 by the feedstock
liquid supplier 31 that equation (1) is satisfied. The par-
ticle size of a drop falling from the nozzle 4 is adjusted
by the flow rate of the feedstock liquid supplied by the
feedstock liquid suppler 31 without pulsation and the fre-
quency of the vibrations applied to the nozzle 4 by the
vibrator 5.
[0112] For example, the frequency of the vibrations
generated by the vibrator 5 is typically from 40 to 150 Hz.
The flow rate of the feedstock liquid pumped with the
feedstock liquid supplier 31 is, for example when the
number of the nozzles is eight, preferably from 0.1 to 1
L/minute.
[0113] The operation of the apparatus for producing
ADU particles according to this embodiment will be ex-
plained in the followings.
[0114] The viscosity of the feedstock liquid including,
for example, uranyl nitrate and additives, such as a thick-
ening agent, the uranium content of which is from 0.7 to
0.9 mol-U/L, is adjusted by cooling in the feedstock liquid
reservoir 25. After the adjustment, the feedstock liquid is
dripped into the aqueous ammonia solution in the aque-
ous ammonia solution reservoir 3 with the dripping nozzle
device 2.

[0115] In this process, the feedstock liquid is sent from
the feedstock liquid reservoir 25 to the nozzle 4 with the
feedstock liquid supplier 31 at a constant flow rate without
pulsation. The nozzle 4, to which the feedstock liquid has
been sent, is given vibrations of a predetermined fre-
quency with the vibrator 5. From the nozzle 4, which is
being given the vibrations, fall drops with a same particle
diameter.
[0116] The drops falling toward the aqueous ammonia
solution in the aqueous ammonia solution reservoir 3
may pass through an atmosphere of ammonia gas before
reaching the surface of the solution, in the same way as
in the first and second embodiments. In the aqueous am-
monia solution, uranyl nitrate included in the drops suf-
ficiently reacts with ammonia, and the drops turn to ADU
particles.
[0117] A working example and a comparative example
related to  the third embodiment will be presented in the
followings.

(Referential Example 2)

[0118] A uranyl nitrate-including solution was prepared
by mixing a uranyl nitrate solution with a water-soluble
cyclic ether, such as tetrahydrofurfuryl alcohol, which
may be abbreviated to "THFA" hereinafter. On the other
hand, an aqueous water-soluble polymer solution, the
concentration of which was 7.3% by weight, obtained by
mixing a water-soluble polymer, for example, polyvinyl
alcohol, with water, was further mixed with a water-sol-
uble cyclic ether, such as tetrahydrofurfuryl alcohol, so
that a water-soluble polymer solution was prepared.
Then a feedstock liquid was prepared by mixing the ura-
nyl nitrate-including solution with the water-soluble pol-
ymer solution. The THFA content of the prepared feed-
stock liquid was 45% by volume based on the entire vol-
ume of the feedstock liquid, and the concentration of the
aqueous water-soluble polymer solution in the feedstock
liquid was 17% by volume based on the entire volume of
the liquid. The mixing ratio of the aqueous water-soluble
polymer solution to THFA in the water-soluble polymer
solution was such that the amount of THFA was 37% by
volume based on the total volume of THFA in the feed-
stock liquid. The uranium content of this feedstock liquid
was 0.76 mol-U/L.
[0119] Then, with a non-pulsation metering pump,
which was a product by Fuji Techno Industries Corpora-
tion, as feedstock liquid supplier 31, the feedstock liquid
prepared with the above-mentioned composition was
sent from the feedstock liquid reservoir 25 to eight noz-
zles 4 without pulsation at a constant flow rate of 0. 2 L/
minute. The nozzles 4, to which the feedstock  liquid has
been sent, were given vibrations of 75 Hz by the vibrator
5. From the nozzles 4, which were being given the vibra-
tions, drops with a same diameter fell.
[0120] The drops, which had fallen into an aqueous
ammonia solution in the aqueous ammonia solution res-
ervoir 3, reacted with ammonia sufficiently, and ADU par-
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ticles were produced.
[0121] The ADU particles were aged, washed and
dried. Then the dried ADU particles were calcined in the
atmosphere at 500°C, which produced uranium trioxide
particles. The uranium trioxide particles were reduced
and sintered in a stream of hydrogen, which turned the
uranium trioxide particles to uranium dioxide particles
with a high density and with an appearance of ceramics.
[0122] The uranium dioxide particles were classified
with a sieve having a sieve opening of 625 mm and with
a sieve having a sieve opening of 575 mm. As a result of
this classification, the uranium dioxide particles with a
particle size between 575 mm and 625 mm were not less
than 99.5% of the entire uranium dioxide particles.
[0123] The average particle size of the uranium dioxide
particles produced in this working example was 600 mm.
The average particle size was measured by the PSA
method.
[0124] The PSA method is, as illustrated in Figure 9,
is a method using a photodiode, a slit, and a light source.
A light beam emitted from the light source passes through
the slit to a uranium dioxide particle, and the shadow of
the drop moving between the photodiode and the slit is
detected with the photodiode. The diameter of the particle
is calculated from the shadow detected with the photo-
diode. The average particle was obtained by carrying out
the measurement with many particles.

(Comparative Example 1)

[0125] The steps in this comparative example were the
same as those in Working Example 2, except that a tubing
pump, a product by Furue Science Corporation, was
used in place of the non-pulsation pump produced by
Fuji Techno Industries Corporation, as feedstock liquid
supplier 31. The average flow rate by means of this tubing
pump was 0.2 L/minute.
[0126] The uranium dioxide particles produced in this
comparative example were classified with a sieve having
a sieve opening of 625 mm and with a sieve having a
sieve opening of 575 mm. As a result of this classification,
the uranium dioxide particles with a particle size between
575 mm and 625 mm were less than 10% of the entire
uranium dioxide particles.
[0127] The average particle size of the uranium dioxide
particles produced in this comparative example was 600
mm. The average particle size was measured by the PSA
method, which was explained above.

[Fourth Referential Embodiment]

[0128] Figure 10 shows an example of the device for
recovering a feedstock liquid and the apparatus for pro-
ducing ADU particles into which the device is incorporat-
ed. In the fourth referential embodiment, the apparatus
for producing ADU particles is an apparatus for a batch-
wise operation that includes a feedstock liquid reservoir
in which a feedstock liquid including uranyl nitrate is

stored, a dripping nozzle device that drips the feedstock
liquid to an aqueous ammonia solution, a feedstock liquid
transferring passage through which the feedstock liquid
is sent from the feedstock liquid reservoir to the dripping
nozzle device, an  aqueous ammonia solution reservoir
in which the aqueous ammonia solution is stored, and
the device for recovering the feedstock liquid. The device
for recovering the feedstock liquid can be incorporated
into embodiments of the apparatus for producing ADU
particles other than the fourth referential embodiment.
Also, for the dripping nozzle device can be used the ex-
amples of the dripping nozzle device that were explained
in relation to the first to third referential embodiments.
[0129] The device for recovering the feedstock liquid
has a remaining feedstock liquid collector, placed be-
tween the dripping nozzle device and the aqueous am-
monia solution reservoir, for receiving a remainder of the
feedstock liquid remaining in the feedstock liquid trans-
ferring passage after the previous batchwise operation;
and a feedstock liquid remainder transferring passage
that connects the remaining feedstock liquid collector
with the feedstock liquid reservoir, for transferring the
remainder to the feedstock liquid reservoir.
[0130] The apparatus for producing ADU particles
shown in Figure 10 will be explained based on the figure.
[0131] Figure 10 shows an example of the apparatus
for producing ADU particles. The apparatus for producing
ADU particles 1 is an apparatus for a batchwise operation
that includes a feedstock liquid reservoir 25 in which a
feedstock liquid 42 including uranyl nitrate is stored, a
dripping nozzle device 2 with nozzles 4 from which the
feedstock liquid 42 falls in drops to an aqueous ammonia
solution 10, a feedstock liquid transferring passage 43
through which the feedstock liquid 42 is sent to the drip-
ping nozzle  device 2, an aqueous ammonia solution res-
ervoir 3 in which the aqueous ammonia solution 10 is
stored. The apparatus further includes a remaining feed-
stock liquid collector 44, placed between the dripping
nozzle device 2 with the nozzles 4 and the aqueous am-
monia solution reservoir 3, for receiving drops 48 formed
from the feedstock liquid remaining in the feedstock liquid
transferring passage 43 after the previous batchwise op-
eration; and a feedstock liquid remainder transferring
passage 45 that connects the remaining feedstock liquid
collector 44 with the feedstock liquid reservoir 25, for
transferring the feedstock liquid remaining in the feed-
stock liquid transferring passage 43 back to the feedstock
liquid reservoir 25. Reference numeral 46 denotes a
pump for sending the feedstock liquid, and 47 a pump
for returning the remaining feedstock liquid. The arrow
in the dotted line shows the direction in which the remain-
ing feedstock liquid is transferred. The feedstock liquid
reservoir 25 has a temperature-controlling function, the
mechanism for which is not shown in the figures.
[0132] The remaining feedstock liquid collector 44 may
be in any shape as long as it is capable of receiving drops
48 of the remaining feedstock liquid. For example, the
collector may be in the shape of a tub as shown in Figure

21 22 



EP 2 390 231 B9

13

5

10

15

20

25

30

35

40

45

50

55

11. Also, the remaining feedstock liquid collector should
be placed with a slight gradient so that the collected re-
maining feedstock liquid can be returned smoothly, as
shown in Figure 10. The feedstock liquid remainder re-
ceived in the remaining feedstock liquid collector 44 is
sent back to the feedstock liquid reservoir 25 with the
pump 47.
[0133] With the apparatus for producing ADU particles
1, ADU particles are produced in the following way.
[0134] The feedstock liquid 22 including uranyl nitrate
is sent from the feedstock liquid reservoir 25, through the
feedstock liquid transferring passage 43, to the dripping
nozzle device 2 with the pump for sending the feedstock
liquid 46. Then, the feedstock liquid 42, which has been
sent to the dripping nozzle device 2, falls in drops 48 from
the nozzles 4 to the aqueous ammonia solution 10. Ura-
nyl nitrate included in the drops and ammonia thus react
in the aqueous ammonia solution reservoir 3, and ADU
particles are produced. When a predetermined amount
of the ADU particles accumulate in the aqueous ammonia
solution reservoir 3, the falling of drops 48 from the noz-
zles 4 is stopped. As mentioned above, this apparatus
for producing ADU particles is operated in a batchwise
manner.
[0135] The batch production of ADU particles was fin-
ished as described above, and then a new batch produc-
tion is started. At this time, a remainder of the feedstock
liquid in the feedstock liquid transferring passage 43 from
the previous batch production is pushed out by sending
a fresh feedstock liquid 42, prepared for the new batch,
into the feedstock liquid transferring passage 43.
[0136] The remainder of the feedstock liquid pushed
by the fresh feedstock liquid 42 is transferred to the drip-
ping nozzle device 2 with the nozzles 4 in the apparatus
for producing ADU particles 1 shown in Figure 10, and
then falls in drops 48 from the nozzles 4. The drops 48
are received by the remaining feedstock liquid collector
44. The feedstock liquid remainder collected in the re-
maining feedstock liquid collector 44 is returned to the
feedstock liquid reservoir 25 through the feedstock liquid
remainder transferring passage 45 with the pump 47 for
returning  the remaining feedstock liquid, and mixed with
the fresh feedstock liquid.
[0137] The new batch production of ADU particles is
restarted by using the feedstock liquid 42 that has been
prepared by the mixing and cooling, if necessary, with
the apparatus for producing ADU particles 1. Before the
restart, the feedstock liquid 42 is prepared by mixing the
feedstock liquid remainder with the fresh feedstock liquid
and adjusting the temperature of the mixture, which is
followed by a detachment of the remaining feedstock liq-
uid collector 44 or a shifting thereof so that the collector
44 does not obstruct the falling of the feedstock liquid 8
dripped from the nozzles 4 to the aqueous ammonia so-
lution reservoir 3.
[0138] Thus, ADU particles are produced in the second
batch operation after the termination of the first batch
production. Subsequently, the third batch operation, the

fourth batch operation, and the forthcoming operations
can be carried out. ADU particles can be produced re-
peatedly in this way.
[0139] With the apparatus for producing ADU particles,
the feedstock liquid including uranyl nitrate remaining in
the feedstock liquid transferring passage from the previ-
ous batch operation, the temperature of which feedstock
liquid is not adjusted, is mixed with the feedstock liquid
for a new batch operation, the temperature of the mixture
is adjusted, and then the mixture is dripped to the aque-
ous ammonia solution so that ADU particles are pro-
duced. Therefore, uranium dioxide particles, produced
from the ADU particles through the steps of aging, wash-
ing, drying, calcining, reducing, and sintering, have no
problems; they are particles with good sphericity, of sub-
stantially uniform particle size, and with  a flawless inside
structure. With this apparatus, ADU particles of uniform
quality, which lead to such excellent uranium dioxide par-
ticles, canbeproduced at a high yield. The apparatus is
very useful for the production of fuels for high-tempera-
ture gas reactors.
[0140] This embodiment is described further in detail
by way of examples.

(Referential Example 3)

[0141] A uranyl nitrate solution was prepared by dis-
solving 5 kg of powdery U3O8 in 3.3 L of a 60% by weight
nitric acid. To 7.5 L of the prepared uranyl nitrate solution
were added an aqueous polyvinyl alcohol solution and
tetrahydrofurfuryl alcohol as a thickening agent so that
the amount of the former was 17% by volume and that
of the latter 45% by volume based on the feedstock liquid
prepared in this step. Thus, 24 L of the feedstock liquid
was prepared. After 120 minutes from the preparation,
the uranium content of this feedstock liquid was 180 g/L,
the temperature thereof was 12°C, and the viscosity
thereof was 56 x 10-3 Pa·s (56 cP).
[0142] The feedstock liquid thus prepared was stored
in the feedstock liquid reservoir 25 of the apparatus for
producing ADU particles 1 as feedstock liquid 42. The
feedstock liquid 42 was sent to the dripping nozzle device
2 with nozzles 4 through the feedstock liquid transferring
passage 43 with the feedstock liquid-sending pump 46.
Then, the feedstock liquid 42 was allowed to fall in drops
from the nozzles 4 to a 28%-by-weight aqueous ammonia
solution 10 stored in the aqueous ammonia solution res-
ervoir 3, and uranyl nitrate in the drops was reacted  with
ammonia. ADU particles were produced by this reaction.
The amount of the feedstock liquid 42 remaining in the
feedstock liquid transferring passage 43 was about 750
mL.
[0143] Three days after the production of ADU particles
as described above, a fresh feedstock liquid was pre-
pared with the same method as in the previous produc-
tion. The uranium content of the fresh feedstock liquid
was 180 g/L, the temperature thereof was about 13°C,
and the viscosity thereof was 55 x 10-3 Pa·s (55 cP). On

23 24 



EP 2 390 231 B9

14

5

10

15

20

25

30

35

40

45

50

55

the other hand, the feedstock liquid 42 remaining in the
feedstock liquid transferring passage 43 had a temper-
ature of about 24°C and a viscosity of 37 x 10-3 Pa·s (37
cP).
[0144] Then, the remaining feedstock liquid collector
44 and the feedstock liquid remainder transferring pas-
sage 45 were attached to the apparatus for producing
ADU particles 1. The fresh feedstock liquidwas sent, as
feedstock liquid 42, through the feedstock liquid trans-
ferring passage 43, and the feed feedstock liquid 42 re-
maining in the feedstock liquid transferring passage 43
from the previous production, as shown in Figure 10, was
pushed by the fresh feedstock liquid.
[0145] The pushed feedstock liquid remainder was
transferred to the dripping nozzle device 2 with the noz-
zles 4, made to fall in drops 48 from the nozzles 4, and
received by the remaining feedstock liquid collector 44.
The feedstock liquid remainder received in the remaining
feedstock liquid collector 44 was returned to the feed-
stock liquid reservoir 25 through the feedstock liquid re-
mainder transferring passage 45 with the remaining feed-
stock liquid-returning pump 47. Then, the feedstock liquid
remainder was mixed with the fresh feedstock liquid 42.
The circulation of the feedstock liquid and the  mixing
were continued for 10 minutes while the feedstock liquid
in the feedstock liquid reservoir 25 was being stirred thor-
oughly with a stirrer of the reservoir 25, which is not shown
in the figures.
[0146] The remaining feedstock liquid collector 44 was
removed from the paths along which the drops fell, and
ADU particles were produced from the feedstock liquid
42 prepared by the mixing with the same method as in
the first production. Deformations that might cause prob-
lems in later steps were not observed in the ADU particles
produced in the aqueous ammonia solution 10.
[0147] The ADU particles thus produced were subject-
ed to the aging treatment in which the ADU particles were
heated so that uranyl nitrate even in the center of each
particle was completely reacted with ammonia and the
particle includes ammonium diuranate to the central part
thereof. The aged ADU particles were washed with warm
water, dried, and calcined in the atmosphere. These
treatments turned the ADU particles into uranium trioxide
particles. The uranium trioxide particles were further sub-
jected to reduction and sintering, which produced urani-
um dioxide particles with a high density, the condition of
which was like ceramics.
[0148] The uranium dioxide particles thus obtained
were sifted with sieves and the particles with a particle
size within a predetermined range were selected. Then,
the selected particles were further selected with a selec-
tor of particles with good sphericity. A check of the yield
revealed that 12 g of the produced was inferior.

(Comparative Example 2)

[0149] A uranyl nitrate solution was prepared by dis-
solving 5  kg of powdery U3O8 in 3.3 L of a 60%-by-weight

nitric acid. To 7.5 L of the prepared uranyl nitrate solution
were added an aqueous polyvinyl alcohol solution and
tetrahydrofurfuryl alcohol as a thickening agent so that
the amount of the former was 17% by volume and that
of the latter 45% by volume based on the feedstock liquid
prepared in this step. Thus, 24 L of the feedstock liquid
was prepared. After 120 minutes from the preparation,
the uranium content of this feedstock liquid was 180 g/L,
the temperature thereof was 13°C, and the viscosity
thereof was 55 x 10-3 Pa·s (55 cP).
[0150] The feedstock liquid thus prepared was stored
as feedstock liquid 42 in the feedstock liquid reservoir 25
of an apparatus for producing ADU particles that was
same as the apparatus shown in Figure 10 except that
the apparatus of this comparative example was not pro-
vided with the device for recovering the feedstock liquid.
The feedstock liquid 42 was sent to the dripping nozzle
device 2 with nozzles 4 through the feedstock liquid trans-
ferring passage 43 with the feedstock liquid-sending
pump 46. Then, the feedstock liquid 42 was allowed to
fall in drops from the nozzles 4 to a 28%-by-weight aque-
ous ammonia solution 10 stored in the aqueous ammonia
solution reservoir 3, and uranyl nitrate in the drops was
reacted with ammonia. ADU particles were produced by
this reaction. The amount of the feedstock liquid 42 re-
maining in the feedstock liquid transferring passage 43
was about 750 mL.
[0151] Three days after the production of ADU particles
as described above, a fresh feedstock liquid was pre-
pared with the same method as in the previous produc-
tion. The uranium content of the fresh feedstock liquid
was 180 g/L, the temperature thereof was about 13°C,
and the viscosity thereof  was 55 x 10-3 Pa·s (55 cP). On
the other hand, the feedstock liquid 42 remaining in the
feedstock liquid transferring passage 43 had a temper-
ature of about 22°C and a viscosity of 39 x 10-3 Pa·s (39
cP). With the feedstock liquid 42 remaining in the feed-
stock liquid transferring passage 43, ADU particles were
produced in the same way as in the first production. In
the initial stage of producing ADU particles by dripping
the feedstock liquid 42 to the aqueous ammonia solution
reservoir 3, deformations were observed in the ADU par-
ticles in the aqueous ammonia solution 10.
[0152] The ADU particles thus produced were aged,
washed, dried, and calcined by the same methods as in
Working Example 3, and uranium trioxide particles were
obtained. The uranium trioxide particles were further sub-
jected to reduction and sintering in the same way as in
Working Example 3, which produced uranium dioxide
particles with a high density, the appearance of which
was like ceramics.
[0153] The uranium dioxide particles thus obtained
were sifted with sieves and the particles with a particle
size within a predetermined range were selected. Then,
the selected particles were further selected with a selec-
tor of particles with good sphericity. A check of the yield
revealed that 150 g of the produced was inferior. We
assumed that the production of this relatively large
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amount of inferior particles was due to the deformed ADU
particles.

[Fifth Referential Embodiment]

[0154] The fifth referential embodiment is an example
of the device for supplying a feedstock liquid, and also
an example of the apparatus for producing ADU particles
into which the device  for supplying a feedstock liquid is
incorporated. The device for supplying a feedstock liquid
may be incorporated into other embodiments of the ap-
paratus for producing ADU particles.
[0155] An example of the apparatus for producing ADU
particles is shown in Figure 12.
[0156] As shown in Figure 12, the apparatus for pro-
ducing ADU particles 1 is provided with a dripping nozzle
device 2 with nozzles 4, a vibrator 5, a strobe light irra-
diator 51, which is an example of the light irradiator, flow
regulators 11, feedstock liquid supplying pipes 8, a sep-
arator 12, a pump P, a feedstock liquid reservoir 25, and
an aqueous ammonia solution reservoir 3.
[0157] The dripping nozzle device 2 has nozzles 4 that
are aligned with one end of each nozzle 4 facing down
and the longitudinal axes of the nozzles being parallel
with each other. The nozzles 4 have the same structure.
When the nozzles 4 are tubular, they all have the open-
ings of the same diameter and the same longitudinal
length, and are made of the same material. In other
words, the nozzles 4 are designed in such a manner that
they have the same structural conditions for dripping the
feedstock liquid.
[0158] The nozzles 4 are for dripping the feedstock liq-
uid, which is sent through the feedstock liquid supplying
pipes 8, to the aqueous ammonia solution stored in the
aqueous ammonia solution reservoir 3. The nozzles are
the same as those explained in relation to the other em-
bodiments of the present invention.
[0159] The number of the nozzles is preferably from 2
to 32,  particularly from 4 to 16.
[0160] As mentioned above, the nozzles 4 should be
aligned. However, they may be so arranged that the pro-
jections of the respective ends of the nozzles 4, when
the ends are projected on a plane, form a circle, an oval,
or a square, according to circumstances.
[0161] The dripping nozzle device 2 is placed above
the aqueous ammonia solution reservoir 3 so that the
drops fall in the central part of the horizontal section of
the reservoir 3. The other end of each nozzle 4 is con-
nected to each of the feedstock liquid supplying pipes 8.
The vibrator 5 is installed to the dripping nozzle device
2. Details, such as the structure, the functions, and the
frequency, of the vibrator 5 are the same as those of the
vibrator explained in the first embodiment. For the drip-
ping nozzle device 2 may also be employed the suitable
dripping nozzle devices explained in the other embodi-
ments.
[0162] The strobe light irradiator 51 irradiates the drops
falling from the nozzles 4 with a light that flashes on and

off periodically.
[0163] An example of the strobe light irradiator 51 may
be a strobe light discharge tube.
[0164] The strobe light irradiator 51 should be placed
at a location where the irradiator 51 can irradiate the
drops falling from the nozzles 4 with light.
[0165] For the flow regulators 11 may be employed a
known flow regulator, as long as it is capable of adjusting
the flow rate of the feedstock liquid to be supplied to the
nozzles 4. The flow regulators 11 are placed in the re-
spective feedstock liquid supplying pipes 8 in this exam-
ple, though there is no limitation on the location where
the flow regulators 11 are placed.
[0166] The flow rate that is regulated by the flow reg-
ulator 11 is decided appropriately depending on the in-
tended particle size of each drop.
[0167] One end of each feedstock liquid supplying pipe
8, provided with a flow regulator 11, is connected with a
nozzle 4, and the other end of the pipe 8 is connected to
the feedstock liquid reservoir 25 through the separator
12 and the single pump P. Alternatively, each feedstock
liquid supply pipe 8 may be connected to the feedstock
liquid reservoir 25 through a pump with which the pipe 8
is provided, without the separator 12.
[0168] The feedstock liquid supplying pipe 8 should be
a pipe that has chemical resistance and corrosion resist-
ance, and also is flexible at a portion near the nozzle 4.
[0169] Materials for the feedstock liquid supplying pipe
8 include inorganic materials such as stainless steel, alu-
minum, and aluminum alloy, and high polymer materials
such as polyethylene resin, polystyrene resin, poly-
tetrafluoroethylene resin, natural rubber, and butyl rub-
ber. These materials may be used singly or in combina-
tion.
[0170] The pump P is for supplying the feedstock liquid
stored in the feedstock liquid reservoir 25 to the nozzles
4 through the flow regulators 11 and the feedstock liquid
supplying pipes 8. Appropriately used for the pump P is
a non-pulsation pump.
[0171] The feedstock liquid reservoir 25 is the same
as those explained in the first to fourth referential em-
bodiments.
[0172] With the apparatus for producing ADU particles
1 of this embodiment, ADU particles are produced in the
following way.
[0173] A feedstock liquid, which has been adjusted to
a predetermined composition, is supplied to and stored
in the feedstock liquid reservoir 25.
[0174] With the pump P, the feedstock liquid is sent to
the feedstock liquid supplying pipes 8 through the sepa-
rator 12.
[0175] The feedstock liquid passes through the flow
regulators 11 to the nozzles 4. Then, the feedstock liquid
is dripped from the nozzles 4, to which vibrations are
applied by the vibrator 5, to an aqueous ammonia solution
stored in the aqueous ammonia solution reservoir 3.
[0176] The drops falling from the nozzles 4 are irradi-
ated with a light flashing on and off periodically emitted
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from the strobe light irradiator 51 placed between the
nozzles 4 and the aqueous ammonia solution reservoir 3.
[0177] When falling drops are irradiated with a strobe
light that flashes on and off at the same cycle as the
frequency of the vibrations of the nozzles, the lines of the
drops falling from the nozzles 4 are observed remaining
stationary by the eye. As shown in Figure 13, for example,
the drops falling in lines from the ends of the nozzles 4
that are aligned with the axes thereof being parallel are
observed being in a stationary state momentarily by the
eye, by a flash of the strobe light.
[0178] If all the drops falling from the nozzles 4 have
the same particle size and the same volume and the
drops fall simultaneously from all the nozzles 4, the drops
falling from all the nozzles are observed being aligned
horizontally. On the other hand, if any one of the drops
falling simultaneously from the nozzles is not observed
being horizontally aligned with the others, the drop is con-
sidered to have a volume larger or smaller than the oth-
ers.
[0179] On such occasions, the flow regulator 11 in the
feedstock liquid supplying pipe 8 connected to the nozzle
4 from which  the drop that is not observed being hori-
zontally aligned with the others is operated and the flow
rate of the feedstock liquid supplied to the nozzle 4 in
question is finely adjusted. When the drops falling from
the all the nozzles 4 are observed being horizontally
aligned, the fine adjustment of the flow regulator is com-
pleted.
[0180] As explained, only the irradiation of the drops
falling from the nozzles 4 with a strobe light enables the
operator to judge whether or not the drops falling from
all the nozzles 4 have the same volume, by observation
with the eye, and to adjust the flow regulators easily so
that the drops falling from all the nozzles 4 have the same
volume.
[0181] The apparatus for producing ADU particles
shown in Figure 12 enables the user to make adjustments
easily by the above-mentioned operation so that all the
drops falling from the nozzles 4 have the same volume.
[0182] Because the drops all with the same volume fall
in the aqueous ammonia solution stored in the aqueous
ammonia solution reservoir, ADU particles with the same
volume can be produced in this reservoir.
[0183] In the followings, an example of the device for
supplying a feedstock liquid is described.
[0184] The apparatus for producing ADU particles
shown in Figure 14 is different from that shown in Figure
12 in the following respect. The apparatus in Figure 14
employs, in place of the strobe light irradiator 51, a con-
tinuum irradiator 51A that emits a continuum as light ir-
radiator, photosensors such as photoelectric transducers
52 facing the continuum irradiator 51A with the falling
lines of the drops from the nozzles 4 in  between, and a
controller 53 which measures the delay of a drop falling
from a nozzle, if any, based on the light-detecting signals
outputted by the photoelectric transducers 52 and sends
a drive-controlling signal to the flow regulator 11 in the

feedstock liquid supplying pipe 8 connected to the nozzle.
[0185] The number of the photoelectric transducers 52
equals the number of the nozzles 4. For example, when
the device is equipped with eight nozzles 4, eight photo-
electric transducers 52-1, 52-2, ... 52-8 are employed.
[0186] For the photoelectric transducer may be used
a known elements such as a CdS, a PbS, a PbSe infrared
sensor, a phototransistor, a photodiode, an amorphous
Se element, or an amorphous Si element.
[0187] Each of the photoelectric transducers 52-1, ...
52-8 is placed, for example as shown in Figure 15, at a
path of each drop a falling from the corresponding nozzle
4, facing the light source 54, which is the continuum ir-
radiator 51A in this example, with the drops a falling from
the nozzles 4 in the direction perpendicular to the sheet
of the figure in between. When drops do not pass be-
tween the light source 54 and the photoelectric transduc-
ers 52-1, ... 52-8, the photoelectric transducers output a
constant detection signal A produced by photoelectric
conversion. When drops pass between the light source
54 and the photoelectric transducers 52-1, ... 52-8, the
light, the intensity of which reduced by the absorption by
the drops, reaches the photoelectric transducers 52-1, ...
52-8. Then, the light of reduced intensity is subjected to
photoelectric conversion by the transducers, and the
photoelectric transducers 52-1, ... 52-8 output a detec-
tion signal B, the level of which is less than that of the
detection signal A. Thus, the detection signal B outputted
by each of the photoelectric transducers 52-1, ... 52-8
means that a drop has passed between the light source
54 and the photoelectric transducer.
[0188] The detection signals outputted by the photoe-
lectric transducers are sent to the controller 53. The con-
troller 53 identifies the sender of each signal. For exam-
ple, the detection signal outputted by the photoelectric
transducer 52-1 is a continuous signal of a predetermined
voltage when drops do not pass between the light source
54 and the transducer 52-1. Once a falling drop is located
between the light source 54 and the transducer 52-1, the
level of the detection signal outputted by the transducer
52-1 is lowered. The controller 53 converts the detection
signal with the lowered level into a positive pulse as
shown in Figure 16(a).
[0189] When drops intermittently fall from the corre-
sponding nozzle 4, the drops pass between the light
source 54 and the photoelectric transducer 52-1 period-
ically. Therefore, the controller 53, into which the detec-
tion signals outputted by the transducer 52-1 are input-
ted, represents the continuous detection signals as pulse
signals at regular intervals, as shown in Figure 16(a).
The controller 53 shows detection signals outputted by
each of the photoelectric transducers 52-2, ... 52-8 as
continual pulse signals, as well.
[0190] If the drops simultaneously falling from the re-
spective nozzles 4 have the same volume, the drops pass
between the light source 54 and the photoelectric trans-
ducers 52-1, ... 52-8 simultaneously. Therefore, in the
controller 53, the pulse signals derived from the respec-
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tive detection signals of the photoelectric transducers
52-1, ... 52-8 synchronize, as shown in Figure 16(a).
[0191] If the volume of the drops falling from one of the
nozzles 4 is different from that of the drops falling from
the other nozzles, the controller 53 produces pulse sig-
nals derived from the detection signals outputted by the
photoelectric transducer 52-2 later than the pulse signals
derived from the detection signals outputted by the other
photoelectric transducers 52-1, 52-3, ... 52-8, as shown
in Figure 16(b).
[0192] When the controller 53 recognizes that the
pulse signals associated with the photoelectric transduc-
er 52-2 come later than those associated with the other
photoelectric transducers 52-1, 52-3, ... 52-8 as shown
in Figure 16(b), it judges that the dripping of the nozzle
4, from which the drops that pass between the light
source 54 and the photoelectric transducer 52-2 fall, is
abnormal. Upon the detection of the abnormality, the con-
troller 53 sends a drive-control signal to the correspond-
ing flow regulator 11. Then the flow regulator 11, which
has received the drive-controlling signal, adjusts the
amount of the feedstock liquid to be supplied to the nozzle
4.
[0193] A method of controlling the flow regulator 11 is
that the controller 53 continues outputting the drive-con-
trolling signal to the flow regulator 11 until the pulse sig-
nals associated with the photoelectric transducer 52-2
become synchronized with those associated with the oth-
er photoelectric transducers 52-1, 52-3, ... 52-8. Another
method includes the steps of storing in a memory in ad-
vance a calibration curve showing the relationship be-
tween the time lag between the occurrence of the pulse
signal associated with the photoelectric transducer 52-2
and that of the pulse signals associated with the other
photoelectric transducers, and the degree of  controlling
the corresponding flow regulator 11; finding the degree
of controlling the flow regulator 11 on the calibration curve
from the lime lag of the pulse signal associated with the
photoelectric transducer 52-2; and sending the flow reg-
ulator 11 a predetermined corresponding control signal.
Either method may be employed for this invention.
[0194] The apparatus for producing ADU particles
equipped with the controller 53 is capable of automati-
cally adjusting and controlling the volumes of the drops
falling from several nozzles. Therefore the apparatus can
produce ADU particles, the volumes of which have little
dispersion.

[Embodiment of the Invention]

[0195] This embodiment of the present invention is re-
lated to a device for solidifying the surfaces of drops, an
example of the present invention, and the apparatus for
producing ADU particles equipped with the device. The
device for solidifying the surfaces of drops may be incor-
porated into various embodiments of the apparatus for
producing ADU particles according to the present inven-
tion.

[0196] As shown in Figure 17, the apparatus for ADU
particles of this embodiment has an aqueous ammonia
solution reservoir 3, a dripping nozzle device 2 with noz-
zles placed above the aqueous ammonia solution reser-
voir 3, at least one ammonia gas sprayer 61 placed be-
tween the aqueous ammonia solution reservoir  3 and
the dripping nozzle device 2, and at least one ammonia
gas discharger 62.
[0197] As shown in Figure 17, the aqueous ammonia
solution reservoir 3 is a reaction vessel in which an aque-
ous ammonia solution is stored and ADU particles are
produced by reacting uranyl nitrate included in drops fall-
ing from the nozzles 4 of the dripping nozzle device 2
with ammonia. The aqueous ammonia solution reservoir
3 is in the shape of a cylinder with the top end being
opened and the bottom end being closed. The bottom of
the aqueous ammonia solution reservoir 3 has an aper-
ture for discharging the produced ADU particles, which
may sometimes be called "the ADU particles" simply in
this specification. The aperture is not shown in the figures
associated with this embodiment. As shown in Figure 17,
the aqueous ammonia solution reservoir 3 is provided
with an aqueous ammonia solution discharger. The
aqueous ammonia solution discharger is so designed
that it is capable of keeping the level of the aqueous am-
monia solution stored in the reservoir 3 constant so as
to keep constant the distance between the surface of the
aqueous ammonia solution and the bottom ends of the
nozzles placed above the solution. In this embodiment,
the aqueous ammonia solution discharger has an over-
flow discharging hole 60A in the circumferential sidewall
and an overflow receiver 60 for receiving the aqueous
ammonia solution overflowing through the overflow dis-
charging hole 60A. In this embodiment, the overflow re-
ceiver 60 is a tub surrounding the outside of the circum-
ferential sidewall of the aqueous ammonia solution res-
ervoir 3. The overflow receiver receives, through the
overflow discharging hole 60A, the aqueous ammonia
solution overflow caused by a rise of the level of the so-
lution by the  volume equal to the total of the volumes of
the drops that have fallen in the aqueous ammonia so-
lution reservoir 3, which ensures that the level of the
aqueous ammonia solution in the reservoir 3 is kept con-
stant. Because the level of the aqueous ammonia solu-
tion is kept constant even when a lot of drops fall in the
solution, the distance between the lower ends of the noz-
zles and the surface of the solution remains constant.
Then, all the drops falling from the nozzles pass through
an atmosphere of ammonia gas formed by the ammonia
gas sprayed by the ammonia gas sprayer 61 in the same
way, the reaction between uranyl nitrate and ammonia
takes place on the surfaces of all the drops uniformly,
which results in the production of ammonium diuranate
particles with good sphericity and of uniform quality.
[0198] The aqueous ammonia solution reservoir 3 also
has, at the outside thereof, an ammonia gas supplier 63
for filling the reservoir 3 with ammonia gas. The ammonia
gas feeder 63 communicates with an ammonia gas-sup-
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plying outlet 64 that is arranged on the sidewall of the
reservoir 3, and fills the space over the aqueous ammonia
solution within the reservoir 3 with ammonia gas. The
ammonia gas-supplying outlet 64 is located above the
surface of the aqueous ammonia solution.
[0199] The dripping nozzle device 2 may be the same
as the dripping nozzle devices explained in relation to
the first to the fifth referential embodiments.
[0200] The ammonia gas sprayer 61 is placed above
the opening end of the aqueous ammonia solution res-
ervoir 3 at a location where the sprayers do not block up
the opening. The ammonia gas sprayer 61 is capable of
spraying ammonia gas toward the paths X along which
the drops from the nozzles 4 fall, details of which are
illustrated in Figure 18. The sprayer 61 has ammonia
gas spraying nozzles 65, each of which is in the shape
of a circle, and capable of spouting ammonia gas directed
toward each falling path X. In other words, an ammonia
gas-spraying nozzle 65 is arranged for each falling path
X along which the drops fall from the corresponding one
of the nozzles 4. The ammonia gas is fed to the ammonia
gas sprayer 61 by the ammonia gas supplier 63.
[0201] Preferably, the path of the ammonia gas
sprayed from each ammonia gas-spraying nozzle 65 is
perpendicular to the corresponding falling path X. This
arrangement enables the sprayer to uniformly spray the
surface of each drop with ammonia gas.
[0202] In such an example as shown in Figure 18, the
inner diameter D1 of each of the ammonia gas-spraying
nozzles 65 may be, for example, from 1 to 17 mm. When
the inner diameter D1 is less than 1 mm, only part of the
surface of a drop may be sprayed with ammonia gas. On
the other hand, when the inner diameter D1 exceeds 17
mm, the drops adjacent to the target drop are simultane-
ously sprayed with ammonia gas, which may result in
non-uniformity of ammonia sprayed onto the drops.
[0203] In such an application example as shown in Fig-
ure 18, the distance H1 between the opening end of a
nozzle 4 and the end of the corresponding ammonia gas-
spraying nozzle 65 is, for example, from 10 to 40 mm.
When the distance H1 is less than 10 mm, the time period
for spraying one drop is too long, which means that the
drop may be sprayed with an excess amount of ammonia
gas. On the other hand, the distance H1 exceeds 40 mm,
the time period for spraying one drop is too short, which
means that the drop may be sprayed with an insufficient
amount of ammonia gas.
[0204] Furthermore, in such a concrete example as
shown in Figure 18, the distance between a falling path
X and the opening end of the corresponding ammonia
gas-spraying nozzle 65 is, for example, from 3 to 15 mm.
When the distance L1 is less than 3 mm, a drop may
adhere to the nozzle 65. On the other hand, if the distance
L1 exceeds 15 mm, the spouted ammonia gas may in-
clude an atmospheric air before reaching the drop, which
makes the gas fail in keeping the concentration of am-
monia gas in a level necessary to spray a drop with it
effectively.

[0205] Also, the ammonia gas sprayer 61 is capable
of adjusting the flow rate of ammonia gas spouted from
each nozzle. As illustrated in Figure 19, an ammonia gas-
feeding pipe 66 for feeding ammonia gas to each ammo-
nia gas-spraying nozzle 65 (see Figure 18) is provided
with a flowmeter 67 and a valve 68. The operator can
adjust the flow rate of ammonia gas spouted from each
ammonia gas-spraying nozzle by operating the corre-
sponding valve 68 with watching the associated flowm-
eter 67.
[0206] In the embodiment shown in Figure 18, when
the inner diameter D1, the distance H1, and the distance
L1 are within the above-mentioned ranges respectively,
the flow rate of the ammonia gas to be spouted from each
ammonia gas-spraying nozzle 65 should be from 3 to 25
L/minute, measured with the flowmeter 67. If the flow rate
of the ammonia gas to be spouted is less than 3 L/minute,
there is a probability that drops poorly covered with a film
including ammonium diuranate are made. On the other
hand, if the flow rate is more than 25 L/minute, the stream
of ammonia gas may interrupt the natural falling of drops
and may also cause wave-like patterns on the surfaces
of the drops.
[0207] The ammonia gas discharger 62 is so placed
above the opening of the aqueous ammonia solution res-
ervoir 3 that the  discharger 62 does not block the open-
ing. More in detail, as shown in Figure 18, the ammonia
gas discharger 62 is placed opposite the ammonia gas
sprayer 61 with the falling path X in between, and the
discharger 62 discharges the sprayed ammonia gas.
[0208] The distance L2 between the falling paths X and
the end of the ammonia gas discharger 62 may be such
a distance that the drops and the ammonia gas discharg-
er 62 do not interfere with each other while the discharger
62 is able to discharge the ammonia gas spouted from
the ammonia gas-spraying nozzles 65.
[0209] The ammonia gas discharger 62 in this arrange-
ment is able to keep the streams of the ammonia gas
spouted by the ammonia gas sprayer 61 frombeing stag-
nant and to form ammonia gas streams smoothly flowing
from the ammonia gas sprayer 61 to the ammonia gas
discharger 62.
[0210] The ammonia gas discharger 62 should be so
designed as to be able to form smoothly flowing streams
of ammonia gas without causing turbulence in the
streams that cross the paths X of the falling drops. A
preferable example of the ammonia gas discharger 62
has a gas-sucking member, such as a fan, in its inside,
which fan is not shown in the figures. The ammonia gas
discharger 62 with the gas-sucking member can prevent
the ammonia gas spouted by the ammonia gas-spraying
nozzles 65 from ascending to the dripping nozzles 4. Pre-
venting the nozzles 4 frombeing plugged up makes
smoother the production of ammonium diuranate parti-
cles.
[0211] In the embodiment shown in Figure 18, the am-
monia gas discharger 62 has one ammonia gas sucking
opening, which is not shown in the figures, for each am-
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monia gas-spraying nozzle, with the ammonia gas suck-
ing opening facing the corresponding ammonia gas-
spraying nozzle 65.
[0212] The ammonia gas discharger 62 in this design
is capable of forming streams of the ammonia gas spout-
ed from the ammonia gas-sprayingnozzles 65with a good
shape and without turbulence, between the ammonia
gas-spraying nozzles 65 and the ammonia gas sucking
openings facing the nozzles 65. When the drops fall
through the ammonia gas streams flowing smoothly with-
out turbulence, each ammonia gas stream flows in such
a manner that it covers the entire drop with itself. Thus
a uniform film including ammonium diuranate is formed
on the surface of each drop.
[0213] How to use the apparatus for producing ADU
particles as described above and the operation thereof
are explained in the followings. Firstly, a predetermined
amount of an aqueous ammonia solution in a predeter-
mined concentration is stored in the aqueous ammonia
solution reservoir 3. On the other hand, the ammonia gas
supplier 63 is activated and the reservoir 3 is filled with
ammonia gas.
[0214] Then, a feedstock liquid, which was prepared
in advance, is allowed to flow through the dripping nozzle
device 2, and the feedstock liquid is dripped from the
nozzles 4. The drops from the nozzles fall along the re-
spective falling paths X. At the same time, ammonia gas
is sprayed toward each path X along which the drops
from the corresponding nozzle 4 fall, from the associated
ammonia gas-spraying nozzle 5 of the ammonia gas
sprayer 61. The ammonia gas spouted from the ammonia
gas-spraying nozzles 65 is sprayed over the drops uni-
formly, and gelation takes place and advances on the
surface of each drop.
[0215] The ammonia gas discharger 62 discharges the
spouted ammonia gas. This discharge enhances the di-
rectivity of the ammonia gas streams, and keeps the
streams from interfering with each other. The discharge
can also prevent the ammonia gas from ascending to-
ward the dripping nozzles, which prevents, in turn, the
nozzles frombeingpluggedupbecause of the gelation in
the nozzles.
[0216] The drops sprayed with the ammonia gas fall
into the aqueous ammonia solution reservoir 3 from the
opening thereof. The space over the aqueous ammonia
solution in the reservoir 3 is filled with ammonia gas.
Therefore when the drops pass through the atmosphere
of ammonia gas within the reservoir 3, the drops absorb
ammonia gas. This absorption further advances the ge-
lation on the surfaces of the drops.
[0217] Thereafter the drops fall in the aqueous ammo-
nia solution in the aqueous ammonia solution reservoir
3, and sink in the solution. During this sinking, the drops
further absorb ammonia from the aqueous ammonia so-
lution. The gelation not only takes place on the surface
of each drop, but also progresses to the center thereof.
Finally ADU particles are produced.
[0218] When a lot of drops sink in the aqueous ammo-

nia solution, the level of the solution is raised by the vol-
ume equal to the total of the volumes of the drops. The
raised volume of the solution overflows through the over-
flow discharging hole 60A, and the overflow receiver 60
receives the volume of the solution. The overflow receiver
60 is provided with a drain to carry the solution away,
which is not shown in the figures.
[0219] After a predetermined period of time, the ADU
particles that are produced in the progressed reaction
and sink in the lower part of the aqueous ammonia so-
lution reservoir 3 are taken  out of the reservoir 3 through
an aperture, which is not shown in the figures associated
with this embodiment, formed in the reservoir 3.
[0220] TheADUparticles taken out of the aqueous am-
monia solution reservoir 3 are dried, calcined in prede-
termined conditions, reduced and sintered, and finally
uranium dioxide particles are produced.
[0221] The embodiment as we have described so far
bring the following technical advantages:

(1) Because the drops falling from the nozzles of the
dripping nozzle device 2 are sprayed with ammonia
gas that is spouted from the ammonia gas sprayer
61 toward each of the paths X along which the drops
from the respective nozzles fall, which means that
each drop is sprayed with ammonia gas uniformly,
the produced ADU particles do not have wave-like
patterns on the surface thereof, and the uniform ge-
lation of the surface results in uranium dioxide par-
ticles with good sphericity.
(2) Because the ammonia gas discharger 62 dis-
charges the spouted ammonia gas, the directivity of
each stream of ammonia gas is enhanced. This en-
hancement results in a decrease in the interference
of the ammonia gas streams with each other, which
advances uniform gelation on the surfaces of the pro-
duced ADU particles, without wave-like patterns on
the surfaces thereof. This also prevents the drops
from serious deformation when they collide with the
aqueous ammonia solution.
(3) The ammonia gas sprayer 61 makes it possible
to adjust the flow rate of ammonia gas to be spouted
from each ammonia gas-spraying nozzle. Even
when the pressure loss of ammonia gas is different
from nozzle to nozzle, the spouting conditions of am-
monia gas can be made the same with all the noz-
zles.

[0222] Needless to say, the invention is not limited to
this example only but changes and modifications within
the scope of the invention are included in the present
invention.
[0223] For example, the ammonia gas sprayer 61,
which is provided with ammonia gas-spraying nozzles
65 in the shape of a circle in the described embodiment,
may have ammonia gas-spraying nozzles 65 in the shape
of a slit elongated in the direction of the drop-falling path
X, as shown in Figure 20.

35 36 



EP 2 390 231 B9

20

5

10

15

20

25

30

35

40

45

50

55

[0224] The structures and shapes of the components
may be so changed that the apparatus with the changed
components can achieve the objectives of the present
invention.

Claims

1. A device for solidifying the surfaces of drops, com-
prising an ammonia gas sprayer with ammonia gas-
spraying nozzles, each spraying ammonia gas to
each of paths along which drops of the feedstock
liquid that includes uranyl nitrate fall to an aqueous
ammonia solution stored in an aqueous ammonia
solution reservoir, the drops being dripped from a
dripping nozzle device wherein the dripping nozzle
device comprises nozzles and the drops are dripped
from the nozzles, and wherein the distance between
the ends of the dripping nozzles and the ends of the
ammonia gas spraying nozzles is from 10 mm to 40
mm, and the shortest distance between the paths
along which the drops dripped from the ends of the
dripping nozzles fall and the ends of the ammonia
gas spraying nozzles is from 3 mm to 15 mm, the
aqueous ammonia solution reservoir further com-
prising an aqueous ammonia solution discharger for
discharging the aqueous ammonia solution stored
therein, wherein the aqueous ammonia solution dis-
charger has an overflow discharging hole in a cir-
cumferential sidewall of the aqueous ammonia res-
ervoir and an overflow receiver for receiving the
aqueous ammonia solution overflowing through the
overflow discharging hole.

2. The device for solidifying the surfaces of drops ac-
cording to claim 1, wherein the ammonia gas sprayer
is placed above the opening end of the aqueous am-
monia solution reservoir at a location where the
sprayer does not block the opening end so that the
ammonia gas sprayed from each ammonia gas-
spraying nozzle is perpendicular to the correspond-
ing falling path of drops of the feedstock liquid
dripped from the nozzles of the  dripping nozzle de-
vice.

3. A device for solidifying the surfaces of drops accord-
ing to claim 1 or 2, the dripping nozzle device further
comprising a single vibrator for vibrating the nozzles
simultaneously.

4. A device for solidifying the surfaces of drops accord-
ing to claim 1, 2 or 3, the dripping nozzle device fur-
ther comprising a flow regulator capable of control-
ling a dripping rate of the feedstock liquid and a vol-
ume of each of the drops for each nozzle.

5. A device for solidifying the surfaces of drops accord-
ing to claim 3 or 4, the dripping nozzle device further

comprising a feedstock liquid container capable of
containing a predetermined volume of the feedstock
liquid supplied from a feedstock liquid reservoir in
which the feedstock liquid is stored, the container
having an inner volume larger than the inner volume
of each of the dripping nozzles, wherein the contain-
er supplies the contained feedstock liquid to all the
dripping nozzles by the force of gravity.

6. The device for solidifying the surfaces of drops ac-
cording to claim 5, wherein the feedstock liquid con-
tainer has a horizontal section, the area of which is
larger than the area of the horizontal section of each
of the dripping nozzles.

7. The device for solidifying the surfaces of drops ac-
cording to claim 5 or 6, wherein the feedstock liquid
container is directly connected to all the dripping noz-
zles.

8. The device for solidifying the surfaces of drops ac-
cording to any one of claims 5 to 7, wherein the re-
spective ends of all the dripping nozzles are provided
with an edge thinned in the direction of the falling of
the drops.

Patentansprüche

1. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen, umfassend eine Sprühvorrichtung für Am-
moniakgas mit Sprühdüsen für Ammoniakgas, von
denen jede einzelne Ammoniakgas auf jeden der
Fallwege sprüht, entlang derer die von einer Tropf-
düsenvorrichtung zum Abtropfen gebrachten Trop-
fen der Uranylnitrat enthaltenden Beschickungsflüs-
sigkeit in eine wässrige Ammoniaklösung fallen, die
in einem Aufbewahrungsbehälter für die wässrige
Ammoniaklösung aufbewahrt wird, wobei die Tropf-
düsenvorrichtung Düsen umfasst und die Tropfen
zum Abtropfen von den Düsen gebracht werden, und
wobei der Abstand zwischen den Enden der Tropf-
düsen und den Enden der Sprühdüsen für das Am-
moniakgas zwischen 10 mm und 40 mm liegt und
die kürzeste Entfernung zwischen den Fallwegen,
entlang derer die von den Enden der Tropfdüsen ab-
tropfenden Tropfen fallen, und den Enden der Sprüh-
düsen für das Ammoniakgas zwischen 3 mm und 15
mm liegt, wobei der Aufbewahrungsbehälter für die
wässrige Ammoniaklösung ferner eine Auslassvor-
richtung für die wässrige Ammoniaklösung zwecks
Abführung der in ihm enthaltenen wässrigen Ammo-
niaklösung umfasst, wobei die Auslassvorrichtung
für die wässrige Ammoniaklösung in der die Um-
fangsfläche bildenden Seitenwand des Aufbewah-
rungsbehälters für die wässrige Ammoniaklösung ei-
ne Überlauföffnung aufweist sowie eine Auffangvor-
richtung für den Überlauf zwecks Aufnahme der
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wässrigen Ammoniaklösung, die durch die Überlau-
föffnung abfließt.

2. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch 1, wobei die Sprühvorrich-
tung für das Ammoniakgas oberhalb des offenen En-
des des Aufbewahrungsbehälters für die wässrige
Ammoniaklösung  an einer solchen Stelle ange-
bracht ist, an der die Sprühvorrichtung das offene
Ende nicht versperrt, so dass das Ammoniakgas,
das von jeder Sprühdüse für Ammoniakgas gesprüht
wird, rechtwinklig zu dem entsprechenden Fallweg
der Tropfen der Beschickungsflüssigkeit gesprüht
wird, die von den Düsen der Tropfdüsenvorrichtung
zum Abtropfen gebracht werden.

3. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch 1 oder 2, wobei die Tropf-
düsenvorrichtung darüber hinaus einen einzelnen
Vibrator umfasst, um die Düsen gleichzeitig in
Schwingung zu versetzen.

4. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch 1, 2 oder 3, wobei die Tropf-
düsenvorrichtung darüber hinaus einen Durchfluss-
regler umfasst, der imstande ist, die Abtropfge-
schwindigkeit der Beschickungsflüssigkeit und das
Volumen eines jeden der Tropfen für jede Düse zu
steuern.

5. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch 3 oder 4, wobei die Tropf-
düsenvorrichtung darüber hinaus einen Behälter für
die Beschickungsflüssigkeit umfasst, welcher im-
stande ist, ein vorbestimmtes Volumen an Beschik-
kungsflüssigkeit aufzunehmen, die aus einem Vor-
ratsbehälter für die Beschickungsflüssigkeit zuge-
führt wird, in dem die Beschikkungsflüssigkeit bevor-
ratet wird, wobei der Behälter ein Innenvolumen auf-
weist, das größer ist als das Innenvolumen einer je-
den der Tropfdüsen, wobei aus dem Behälter die
darin enthaltene Beschickungsflüssigkeit allen
Tropfdüsen mittels Schwerkraft zugeführt wird.

6. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch 5, wobei der Behälter für die
Beschickungsflüssigkeit einen horizontalen Quer-
schnitt aufweist, dessen Fläche größer ist als die Flä-
che des horizontalen Querschnitts einer jeden der
Tropfdüsen.

7. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach Anspruch  5 oder 6, wobei der Behälter
für die Beschickungsflüssigkeit mit allen Tropfdüsen
direkt verbunden ist.

8. Vorrichtung zum Verfestigen der Oberfläche von
Tropfen nach einem der Ansprüche 5 bis 7, wobei

die jeweiligen Enden aller Tropfdüsen mit einem
Rand versehen sind, der sich in der Fallrichtung der
Tropfen verjüngt.

Revendications

1. Dispositif pour solidifier les surfaces de gouttes,
comprenant un pulvérisateur d’ammoniac gazeux
avec des buses de pulvérisation d’ammoniac ga-
zeux pulvérisant chacune de l’ammoniac gazeux sur
chacune des voies le long desquelles des gouttes
du liquide de charge comprenant du nitrate d’uranyle
tombent dans une solution d’ammoniaque aqueuse
stockée dans un réservoir de solution d’ammonia-
que aqueuse, les gouttes s’égouttant d’un dispositif
de buses d’égouttement dans lequel le dispositif de
buses d’égouttement comprend des buses et les
gouttes s’égouttent des buses, et dans lequel la dis-
tance entre les extrémités des buses d’égouttement
et les extrémités des buses de pulvérisation d’am-
moniac gazeux est de 10 mm à 40 mm, et la plus
courte distance entre les voies le long desquelles
les gouttes s’égouttant des extrémités des buses
d’égouttement tombent et les extrémités des buses
de pulvérisation d’ammoniac gazeux est de 3 mm à
15 mm, le réservoir de solution d’ammoniaque
aqueuse comprenant en outre un déchargeur de so-
lution d’ammoniaque aqueuse pour décharger la so-
lution d’ammoniaque aqueuse stockée à l’intérieur
de celui-ci, dans lequel le déchargeur de solution
d’ammoniaque aqueuse a un orifice d’évacuation de
trop-plein dans une paroi latérale circonférentielle
du réservoir d’ammoniaque aqueuse et un récepteur
de trop-plein pour recevoir le trop-plein de la solution
d’ammoniaque  aqueuse se déversant à travers l’ori-
fice d’évacuation de trop-plein.

2. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 1, dans lequel le pulvérisateur d’am-
moniac gazeux est placé au-dessus de l’extrémité
d’ouverture du réservoir de solution d’ammoniaque
aqueuse à un emplacement auquel le pulvérisateur
ne bloque pas l’extrémité d’ouverture de sorte que
l’ammoniac gazeux pulvérisé de chaque buse de
pulvérisation d’ammoniac gazeux soit perpendicu-
laire à la voie correspondante de chute de gouttes
du liquide de charge s’égouttant des buses du dis-
positif de buses d’égouttement.

3. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 1 ou 2, le dispositif de buses d’égout-
tement comprenant en outre un vibrateur unique
pour faire vibrer les buses simultanément.

4. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 1, 2 ou 3, le dispositif de buses
d’égouttement comprenant en outre un régulateur
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de flux capable de réguler un débit d’égouttement
du liquide de charge et un volume de chacune des
gouttes pour chaque buse.

5. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 3 ou 4, le dispositif de buses d’égout-
tement comprenant en outre un conteneur de liquide
de charge capable de contenir un volume prédéter-
miné du liquide de charge fourni d’un réservoir de
liquide de charge dans lequel le liquide de charge
est stocké, le conteneur ayant un volume intérieur
supérieur au volume intérieur de chacune des buses
d’égouttement, dans lequel le conteneur fournit le
liquide de charge contenu à toutes les buses
d’égouttement par la force de gravité.

6. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 5, dans lequel le conteneur de liqui-
de de charge a une coupe horizontale dont la surface
est supérieure à la surface de la coupe horizontale
de chacune des buses d’égouttement.

7. Dispositif pour solidifier les surfaces de gouttes selon
la revendication 5 ou 6, dans lequel le conteneur de
liquide de charge est directement relié à toutes les
buses d’égouttement.

8. Dispositif pour solidifier les surfaces de gouttes selon
l’une quelconque des revendications 5 à 7, dans le-
quel les extrémités respectives de toutes les buses
d’égouttement sont pourvues d’un bord aminci dans
la direction de chute des gouttes.
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