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(57) Raw metal is intermittently and continuously
charged into a chlorination furnace, the raw metal and
chlorine gas are reacted in the chlorination furnace to
continuously generate metal chloride vapor, and the
metal chloride vapor and hydrogen gas are reacted in a

Fig. 1

reduction furnace to continuously obtain metallic pow-

der. Furthermore, the chlorination furnace in which the

chlorination reaction is proceeding is weighed, and the
charged amount of the raw metal to the chlorination fur-
nace is controlled depending on the weighing result.
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Description
Technical Field

[0001] The present invention relates to a method for
production of metallic powder and to a production device
for the metallic powder, and in particular, relates to a
method for production of a metallic powder and to a pro-
duction device for the metallic powder, such as one of
nickel, which is appropriate for various purposes such
as for conductive paste filler used in electronic parts
such as multilayer ceramic capacitors or the like, bond-
ing materials for titanium materials, or catalysts.

Background Art

[0002] Metallic powders of nickel, copper, or the like
are widely used in various fields such as those of elec-
tronic materials and catalysts. In recent years, metallic
powders which are called "ultrafine particles" having av-
erage diameters of not more than 1 um, have attracted
attention as materials for forming internal electrodes
used in multilayer ceramic capacitors. Conventionally,
noble metal powders such as those of silver, palladium,
platinum, and gold, or base metal powders such as
those of nickel, cobalt, iron, molybdenum, and tungsten,
are used in conductive pastes for electronic materials,
and in particular, in internal electrodes of multilayered
ceramic capacitors. Generally, a multilayer ceramic ca-
pacitor is made by alternately laminating ceramic die-
lectric layers and metallic layers which are used as in-
ternal electrodes, and by forming external electrodes
which are connected to the metallic layer of internal
electrodes on both faces of the ceramic dielectric layers.
Materials which contain a high dielectric constant mate-
rial as a main component, such as barium titanate,
strontium titanate, and yttrium oxide, are used in the di-
electric substances. On the other hand, the noble metal
powders or base metal powders mentioned above are
used as metals which form the internal electrodes. How-
ever, since recently more inexpensive electrical materi-
als are required, multilayer ceramic capacitors in which
the latter base metal powders are used have been great-
ly developed. In particular, nickel powder has been
mainly developed.

[0003] A multilayer ceramic capacitor may be made
by the following method. First, a dielectric powder such
as barium titanate is mixed with an organic binder so as
to form a suspension. Next, the suspension is formed
into a sheet by a doctor blade method to form a dielectric
green sheet. In addition, metallic powder for an internal
electrode is mixed with an organic compound such as
an organic solvent, plasticizer, or organic binder to form
a metallic powder paste, and this paste is coated on the
green sheet mentioned above by screen printing. After
several hundreds of layers thereof are laminated, they
are sintered at not less than 1000°C, and then outer
electrodes are baked on both sides of the dielectric ce-
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ramic layer to obtain a multilayer ceramic capacitor.
[0004] In an organic component removing process in
which organic components are vaporized from metallic
paste or a sintering process after the removing process
in the production of the multilayer ceramic capacitor de-
scribed above, volume change occurs due to expansion
or shrinkage of the metallic powder. On the other hand,
similarly, volume change of the dielectric material itself
also occurs by sintering. That is to say, since dielectric
materials and metallic powders, which are different ma-
terials, are sintered at the same time, differences in sin-
tering behavior originating due to volume changes such
as expansion or shrinkage of each material cannot be
avoided, and as a result, there have been problems
such as destruction of layered structure, and so called
delamination including, for example, cracking or sepa-
ration.

[0005] Furthermore, as the size of a capacitor is re-
duced and capacity of the capacitor increases, not only
ultrafine particles having diameters of not more than 1
um, but also ultrafine particles having diameters of not
more than 0.5 um are required as metallic powders used
in internal electrodes so as to increase the number of
laminations, by reducing the thicknesses of layers of in-
ternal electrodes, and thereby reduce the resistance. At
this time, the existence of coarse particles having diam-
eter of not less than 1 um or 2 um blocks reduction in
the thicknesses of the layers of the internal electrodes.
Furthermore, occurrence of uneven parts on the surface
of the electrodes causes short of circuiting, and results
in delamination.

[0006] A method for production of metallic powder in
which few such coarse particles are contained is dis-
closed in Japanese Unexamined Patent Application
Publication No. 98-219313. In this method, a chlorina-
tion process in which chlorine gas is contacted to metal
to generate metal chloride vapor continuously and a re-
duction process in which the metal chloride vapor gen-
erated in the chlorination process is contacted with re-
ducing gas to reduce the metal chloride continuously are
included.

[0007] The method for the production mentioned
above is an efficient method because nickel powders,
particularly having diameters of not more than 1 um, can
be produced reliably and efficiently. However, coarse
particles having diameters of not less than 1 um or 2 um
are contained in the yielded metallic powder. A method
for production or a method for improvement of the de-
vice which can reduce generation of coarse particles are
required.

Disclosure of the Invention

[0008] Therefore, in a method in which raw metal and
chlorine gas are reacted to generate metal chloride va-
por, and the metal chloride vapor and hydrogen gas are
reacted to obtain metallic powers, an object of the
present invention is to provide a method for production
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and a production device which can produce metallic
powders particularly having reliable average diameters
of not more than 1 um appropriate for internal electrodes
in multilayer ceramic capacitors, without generating
coarse particles.

[0009] The inventors have researched to achieve the
object mentioned above and have found that when chlo-
rine gas which is not reacted yet in a chlorination furnace
is charged into a reduction furnace, this causes the re-
action temperature to increase and generates coarse
particles.

[0010] The method for production of metallic powder
of the present invention was performed based on the
information described above. A method for production
of metallic powder comprises: charging raw metal into
a chlorination furnace intermittently or continuously; re-
acting the raw metal and chlorine gas in the chlorination
furnace to generate metal chloride vapor continuously;
and reacting the metal chloride vapor and hydrogen gas
in a reduction furnace to obtain metallic powder contin-
uously and is characterized in weighing the weight of
the chlorination furnace in which chlorination reaction is
proceeding, and controlling the charged amount of the
raw metal into the chlorination furnace depending on the
weighing result.

[0011] Furthermore, a production device for the me-
tallic powder of the present invention is characterized in
that the device has a raw material hopper to charge raw
metal, a chlorination furnace to chlorinate the raw metal
charged from the raw material hopper, and a reduction
furnace to reduce metal chloride vapor generated in the
chlorination furnace, wherein the raw material hopper
and the chlorination furnace are communicated with a
raw material charging pipe which charges the raw metal
via a carrying valve for controlling charged amount
thereof, the chlorination furnace and the reduction fur-
nace are communicated with a carrying pipe which car-
ries metal chloride vapor generated in the chlorination
furnace to the reduction furnace, the chlorination fur-
nace has a chlorine gas charging pipe to charge chlorine
gas inside, the reduction furnace has a nozzle to inject
the metal chloride vapor inside; a hydrogen gas charg-
ing pipe to charge hydrogen gas inside; and a cooling
gas charging pipe to charge inert gas for cooling the re-
duced metallic powder inside, the production device of
the metallic powder further has a weighing means to
weigh the entire weight of the chlorination furnace and
a controlling means to control the amount of the raw
metal charged into the chlorination furnace depending
on the weighing result of the weighing method.

[0012] In the present invention, since the charged
amount of the raw metal is controlled depending on the
measuring result of the weight of the entirety of the chlo-
rination furnace, appropriate amount of raw metal can
be always filled in the chlorination furnace. Therefore,
the raw metal and the chlorine gas can be reacted uni-
formly, and it becomes possible to reduce the charged
amount of chlorine gas which is not reacted yet.
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[0013] As a metallic powder of the present invention,
one of a metal which can be used in an internal electrode
or a catalyst of multilayer ceramic capacitors can be
used. For example, a noble metal such as silver, palla-
dium, platinum, gold or the like, or a base metal such as
nickel, cobalt, iron, molybdenum, tungsten or the like.
Among these metals, base metals are desirable from
the viewpoint of cost, and in particular, nickel is more
desirable.

[0014] Although characteristics of particles of the me-
tallic powder produced in the present invention are not
particularly limited as long as there is no difficulty in use
of each, average diameter of the metallic powder is de-
sirably in a range from 0.01 to 1 um, more desirably in
arange from 0.1 to 1 um, and further desirably in arange
from 0.1 to 0.5 um, in the case in which the particles are
used as an internal electrode of multilayer ceramic ca-
pacitors. Furthermore, it is desirable that the specific
surface area of the metallic powder by BET be in arange
from 1 to 20 m2/g. Furthermore, it is desirable that the
particle shape of the metallic powder be spherical to im-
prove sintering characteristics and dispersibility.
[0015] The presentinvention is based on a method in
which raw metal and chlorine gas are reacted in a chlo-
rination furnace to generate metal chloride vapor con-
tinuously, and the metal chloride vapor and hydrogen
are reacted in a reduction furnace to obtain metallic
powder continuously (hereinafter this may be called a
"chlorination reduction method"). Generally, in a produc-
tion method of metallic powder by such a vapor phase
reduction reaction, a metal atom is generated at a mo-
ment when metal chloride vapor and hydrogen gas are
contacted, the metal atoms collide and condense to
generate ultrafine particles and the particles grow. The
diameter of the generated metal powder is determined
depending on conditions such as partial pressure of the
metal chloride vapor or temperature. In this chlorination
reduction method, the amount of the metal chloride va-
por which is charged in the reduction furnace can be
controlled by controlling the charged amount of chlorine
gas since the metal chloride vapor is generated depend-
ing on the charged amount of the chlorine gas. In addi-
tion, since the metal chloride vapor is generated by a
reaction of chlorine gas and metal, amount of carrier gas
used can be reduced compared to a method in which
metal chloride vapor is generated by heating and evap-
orating a solid of metal chloride. Furthermore, it is pos-
sible not to use carrier gas depending on production
conditions. Therefore, production cost can be reduced
by reducing the amount of carrier gas used and heating
energy therefor.

[0016] In addition, the partial pressure of the metal
chloride vapor in the reduction furnace can be controlled
by mixing inert gas with the metal chloride vapor which
is generated in the chlorination reaction. In this way, by
controlling the charged amount of the chlorine gas or
the partial pressure of the metal chloride vapor charged
in the reduction furnace, the particle diameter of the me-
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tallic powder can be controlled, and not only can the di-
ameter of metallic powder be stabilized, but also the di-
ameter can be freely set.

[0017] As explained up to this point, the chlorination
reduction method is superior from the viewpoints that
metallic powder having consistent particle diameter can
be obtained and that the metallic powder can be pro-
duced efficiently and at low cost. However, in the case
in which the metallic powder is produced continuously
by the chlorination reduction method, the chlorination
reaction rate may be changed. If the chlorination reac-
tion rate is changed, the amount of the metal chloride
vapor which is generated in the chlorination furnace is
changed and therefore the partial pressure of the metal
chloride in the reduction furnace is changed, and as a
result, particle sizes of the metal chloride vapor become
nonuniform. There is a case in which metallic powder
having desired particle diameter cannot be obtained. In
particular in a production process for nickel powder for
internal electrodes of a multilayer ceramic capacitor,
coarse particles having diameters of not less than 1 um
or 2 um may be greatly generated if such changing in
chlorination reaction rate occurs.

[0018] For example, in a production process of nickel
powder, raw nickel in a pelleted state of several millim-
eters is filled in the chlorination furnace, heated up to
about 800°C, and chlorine gas and raw nickel are con-
tinuously charged to perform the chlorination reaction.
At this time, raw nickel is chlorinated to generate nickel
chloride vapor, and filled layer of raw nickel in the chlo-
rination furnace is decreased. In this decreasing proc-
ess, the chlorination reaction rate can be maintained
constant if the filled layer of raw nickel is constantly de-
creased along the cross section of the chlorination fur-
nace.

[0019] However, temperature distribution of the filled
layer of raw nickel in the chlorination furnace is not uni-
form, and the central part or outer circumferential part
of the filled layer of raw nickel may be selectively chlo-
rinated and decreased depending on the position of
chlorine gas charged in the chlorination furnace and the
position of raw nickel. If such a non-uniform decreasing
of filled layer of raw nickel is continued, gaps which pen-
etrate the filled layer occur, and a part of the charged
chlorine gas may be directly charged to the reduction
furnace together with nickel chloride vapor without con-
tacting raw nickel. If chlorine gas which is not reacted
yet is charged directly in the reduction furnace, the par-
tial pressure of the nickel chloride vapor in the reduction
furnace is decreased and generating rate of nickel pow-
der is increased owing to the existence of chlorine gas,
and as a result, coarse particles are extremely in-
creased.

[0020] The inventors have found that occurrence of
the coarse particles is mainly caused by an inflow of
chlorine gas which is not reacted yet in such chlorination
reaction into the reduction furnace. Originally, such an
abnormal phenomenon can be detected by determining
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composition of vapor and gas generated in the chlorin-
ation furnace continuously. However, a mixture gas of
chlorine gas and metal chloride gas as in the present
invention makes it difficult to perform separation and de-
tection.

[0021] Therefore, it is desirable that changing rate of
chlorination furnace weight be observed to perform
feedback control of the chlorination reaction rate, since
the chlorination reaction rate corresponds to the chang-
ing rate of chlorination furnace. As a controlling method
of chlorination reaction rate, the amount of chlorine gas
charged in the chlorination furnace can be reduced or
the charged amount of the metal chloride vapor gener-
ated in the chlorination furnace to the reduction furnace
can be reduced since deterioration of reaction rate
mainly resulted from outflow of non-reacted chlorine gas
through a penetrated gap which occurred in the filled
layer of the raw metal in the chlorination furnace as de-
scribed above. However, in these methods, overall pro-
ductivity of metallic powder is deteriorated, reaction in
the reduction furnace becomes uneven, and particle
size of generated metallic powder may become nonuni-
form. Therefore, itis desirable that raw metal be charged
in the chlorination furnace so as not to form gaps among
filled layers of raw metal in the chlorination furnace. Usu-
ally, in a continuous operation, although raw metal is
charged continuously or intermittently in the chlorination
furnace, also in this case, it is desirable that the charged
amount of the raw material be increased corresponding
with detected decrease of reaction rate.

[0022] In addition, if the chlorine gas which is not con-
tacted with raw metal and not reacted yet flows into the
reduction furnace, the reaction rate of chlorination is
radically decreased, particle size of generated metallic
powder may be nonuniform if the phenomenon is al-
lowed to remain as it is, and large amounts of coarse
particles may be generated.

[0023] Therefore, in the present invention, it is desir-
able that the changing rate of the chlorination furnace
weight be monitored and that the charged amount of the
raw material be temporarily increased if an indication
that the changing rate is deteriorated is observed. For
example as shown in Fig. 4, if a fall in changing rate P
is detected, the same or greater amount as an amount
of the raw metal which is charged intermittently or con-
tinuously over 30 minutes is charged once or several
times. After that, standard or lower amounts are charged
intermittently or continuously. In this way, the condition
of excess chlorine gas can be solved simultaneously.
Therefore, the particle size of obtained metallic powder
can be stabilized by decreasing the non-reacted chlo-
rine gas which is charged in the reduction furnace, and
in particular, generation of coarse particles can be re-
duced.

[0024] Specifically, it is desirable to use a load cell as
a weighing method of chlorination furnace weight, and
it is more desirable to use one which can detect the
weight changing over time. In the present invention,
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changing in chlorination furnace weight is detected,
weight changing amount per unit time is calculated, and
this is controlled as the reaction rate. That is, this reac-
tion rate means weight of metal chloride vapor generat-
ed per unittime. If this reaction rate is always maintained
constant, the chlorination reaction is stabilized. There-
fore, as aresult, reaction in the reduction furnace is also
stabilized and particle size of metallic powder obtained
is also stabilized.

[0025] Furthermore, in the case in which the raw met-
al is charged in the chlorination furnace continuously or
intermittently as described above, a raw material hopper
in which raw metal is stored and charged is also weighed
by the load cell. In this way, the reaction rate of chlorin-
ation can be detected and controlled by observing
changing in weight of the raw material hopper and the
chlorination furnace.

[0026] Desirable conditions of the method for produc-
tion in the present invention are shown as follows.

(1) Araw metal such as nickel metal is charged from
a raw material hopper using a weighing method by
a load cell, to a chlorination furnace using weighing
method by a load cell, to form filled layer of the raw
metal having a height to some extent.

(2) After that, the chlorination furnace is heated and
chlorine gas is charged in the chlorination furnace
to start chlorination reaction.

(3) At the same time, the raw metal is charged con-
tinuously or intermittently.

(4) Reaction rate of chlorination reaction is contin-
uously detected by a weight changing of the raw
material hopper and the chlorination furnace.

(5) Charging of the raw metal is increased to make
the reaction rate reach a specific rate if changes, in
particular decrease, of reaction rate is observed.

[0027] In the features described above, the produc-
tion system of metallic powder in which the weights of
raw material hopper and chlorination furnace are
weighed, changes in chlorination reaction rate are de-
tected, charged amount of raw metal is automatically
controlled according to this, and reaction rate is control-
led, is more desirable.

[0028] In the device of the present invention, as de-
scribed above, since the chlorination furnace is ar-
ranged upstream of the reduction furnace, and since the
both furnaces are connected directly, chlorination and
reduction can be performed at the same time and con-
tinuously to produce metallic powder efficiently. Further-
more, since the metal chloride vapor is generated de-
pending on the amount of the chlorine gas charged in
the chlorination furnace and since the chlorination fur-
nace and the reduction furnace are connected direcily,
the amount of the metal chloride vapor charged in the
reduction furnace can be controlled by controlling the
charged amount of the chlorine gas.

[0029] Furthermore, by arranging an inert gas charg-
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ing pipe in the chlorination furnace, inert gas can be
charged in the chlorination furnace to control the partial
pressure of the metal chloride vapor in the reduction fur-
nace. Therefore, the particle diameter of the metallic
powder can be controlled by controlling the charged
amount of the chlorine gas or the partial pressure of the
metal chloride vapor which is charged in the reduction
furnace. Furthermore, since a weighing method which
can weigh the entirety of the chlorination furnace is pre-
pared, changing of reaction rate in the chlorination re-
action can be detected. By controlling this, it has be-
come possible to stabilize the particle size of metallic
powder and in particular to reduce generation of coarse
particles. Furthermore, since a weighing method is also
used in the raw material hopper, it becomes possible to
control the reaction rate with greater accuracy.

[0030] Next, the production device for metallic powder
of an embodiment of the present invention is explained
further by way of drawings. It is desirable that chlorina-
tion reaction be performed in a chlorination furnace 5
shown in Fig. 1. The chlorination furnace 5 is supported
by a load cell 9. A raw material hopper 1 which stores
and charges raw metal 3 is arranged on the upper part
of the chlorination furnace 5, and the raw material hop-
per 1 is connected to the top part of the chlorination fur-
nace 5 by a raw metal charging pipe 21 in which raw
metal charging valves 4a and 4b are arranged on the
medium part thereof. The raw material hopper 1 is sup-
ported by a load cell 2, and the load cell 2 is connected
to the load cell 9 of the chlorination furnace 5.

[0031] A chlorine gas charging pipe 6 is connected on
the upper side part of the chlorination furnace 5, and an
inert gas charging pipe 8 is connected on the lower side
part. A heater 7 is arranged around the chlorination fur-
nace 5, and a metal chloride vapor carrying pipe 12 is
connected to the lower side part of the chlorination fur-
nace 5. Both perpendicular type and horizontal type can
be applied as the chlorination furnace 5, it is desirable
to use perpendicular type so as to perform a solid-gas
contact reaction uniformly. Furthermore, structures of
medium parts of the raw material charging pipe 21, the
chlorine gas charging pipe 6, and the inert gas charging
pipe 8 have elasticity and flexibility such as bellows, and
the weights of raw material hopper 1 and the chlorination
furnace 5 can be weighed accurately. It should be noted
that at the bottom part of the chlorination furnace 5, filler
11is arranged to form a hearth. Thefiller 11 is composed
of small pieces of, for example, quartz glass, and metal
chloride vapor and inert gas can pass through the filler
11 while preventing falling of the raw metal.

[0032] Chlorine gas is caused to flow continuously
through the chlorine gas charging pipe 6 and the flow
amount thereof is measured. It is desirable that the chlo-
rination furnace 5 and other members be composed of
quartz glass. The metal chloride vapor carrying pipe 12
is connected to a metal chloride vapor injection nozzle
14 arranged on an upper end part of a reduction furnace
13, which is explained below.
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[0033] Although the shape of the raw metal 3 which
is a starting raw material is not limited in particular, from
the viewpoints of contacting efficiency and prevention
of pressure loss increasing, granular structures having
diameters in a range of from 5 to 20 mm, massive struc-
tures, or plate structure is desirable. It is desirable that
the purity be about 99.5% or more. Height of afilled layer
of the raw metal 10 in the chlorination furnace 5 can be
appropriately set in a sufficient range in which charged
chlorine gas is converted to metal chloride vapor by con-
sidering such as chlorine charging rate, temperature of
the chlorination furnace, continuous operation time, and
shapes of the raw metal 3. The temperature in the chlo-
rination furnace 5 can be set in a range in which the raw
metal can be chlorinated, in the case of nickel metal, it
is desirable in a range of from not less than 800°C which
is necessary for proceeding the reaction, to not more
than 1483°C which is a melting point of nickel. Consid-
ering the reaction rate and durability of the chlorinated
furnace 5, it is desirable that it be in a range of from 900
to 1100°C in practice.

[0034] Chlorine gas is continuously charged from the
chlorine gas charging pipe 6 to the chlorination furnace
5, and at the same time, the raw metal 3 is continuously
or intermittently charged from the raw material hopper
1 by opening and closing the raw material charging
valve 4. At this time, the charged amount of the raw met-
al is weighed by the load cell 2.

[0035] Metal chloride vapor generated in the chlorin-
ation furnace 5 can be carried to the reduction furnace
13 through the metal chloride vapor carrying pipe 12, or
according to circumstances, 1 to 30 mol% to the metal
chloride vapor of inert gas such as nitrogen or argon is
mixed through the inert gas charging pipe 8, and this
mixture gas is carried to the reduction furnace. This
charging of inert gas can be a factor in controlling the
particle diameter of the metallic powder. If too much inert
gas is mixed, not only is too much of the inert gas con-
sumed, but this also causes energy loss and is uneco-
nomical. From these viewpoints, desirable partial pres-
sure of the metal chloride vapor in the mixture gas which
flows through the carrying pipe 12 is in a range of from
0.5 to 1.0 in the case in which total pressure is defined
as 1.0. In particular, it is desirable that the partial pres-
sure be in a range of from about 0.6 to 0.9 to produce
fine metallic powders having diameters in a range from
0.15 to 0.5 um. Furthermore, as described above, the
generated amount of metal chloride vapor can be freely
controlled by the charged amount of chlorine gas, and
the partial pressure of the metal chloride vapor can be
freely controlled by the charged amount of inert gas.
[0036] The metal chloride vapor which is generated
in the chlorination furnace 5 is continuously carried to
the reduction furnace 13. On the upper end part of the
reduction furnace 13, metal chloride vapor injection noz-
zle 14 (hereinafter simply referred to as nozzle 14) which
is connected to the metal chloride vapor carrying pipe
12 is projecting downward. Furthermore, on the upper
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end surface of the reduction furnace 13, hydrogen gas
charging pipe 15 is connected, and cooling gas charging
pipe 17 is connected on the lower side part of the reduc-
tion furnace 13. Furthermore, heater 16 is arranged
around the reduction furnace 13. As is described below,
the nozzle 14 has a function in which the metal chloride
vapor (inert gas can be contained) is injected from the
chlorination furnace 5 to the reduction furnace 13 in a
desirable flowing rate.

[0037] In the process in which reduction of the metal
chloride vapor by hydrogen gas is proceeding, reaction
flame 18 which is like a burning flame of gas fuel such
as LPG is formed extending downward from the top part
of the nozzle 14. Charged amount of hydrogen gas to
the reduction furnace 13 is chemical equivalent of the
metal chloride vapor, that is to say, from 1.0 to 3.0 times
chemical equivalent of chlorine gas which is charged to
the chlorination furnace 5, desirably from about 1.1 to
2.5 times. But the charged amount of hydrogen gas is
not particularly limited to these ranges. However, enor-
mous hydrogen flow occurs in the reduction furnace 13
if too much hydrogen gas is charged. This hydrogen flow
disturbs metal chloride vapor injecting flow which is in-
jected from the nozzle 14, resulting in an uneven reduc-
tion reaction. In addition, it is uneconomical because
gas which is not consumed may be emitted. Further-
more, although the required temperature of the reduc-
tion reaction is higher than a temperature which is suf-
ficient to complete the reaction, a temperature less than
a melting point of nickel may be used in the case of pro-
duction of nickel powder because nickel powder in a sol-
id state is easier to handle. Considering reaction rate,
durability of the reduction furnace 13, and economic ef-
ficiency, temperature in a range of from 900 to 1100°C
is practical. However, the temperature is not limited to
this.

[0038] As described above, chlorine gas which is in-
troduced into chlorination furnace 5 is converted to met-
al chloride vapor of the same mole amount, which is re-
duction raw material. The metallic powder 19 having ap-
propriate particle diameter can be obtained by control-
ling liner velocity of flow of metal chloride vapor or a mix-
ture of metal chloride vapor and inert gas, which is in-
jected from the top of the nozzle 14. That is to say, if the
diameter of the nozzle is constant, particle diameter of
generated metallic powder 19 in the reduction furnace
13 can be controlled in a desired range by the charged
amount of chlorine gas and inert gas sent to the chlorin-
ation furnace 5. Desirable linear velocity of gas flow
(sum (calculated value which is converted to the
charged amount of gas at the reduction temperature) of
metal chloride vapor and inert gas) at the top of the noz-
zle 14 is set in a range from about 1 to 30 m/sec at a
reduction temperature of from 900 to 1100°C, set in a
range from about 5 to 25 m/sec in the case in which nick-
el powder of small particles having diameters of, for ex-
ample, from 0.1 to 0.3 um, is produced, and is set in a
range of 1 to 15 m/sec in the case in which nickel pow-
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ders having diameters from 0.4 to 1.0 um are produced.
The linear velocity in the axial direction of hydrogen gas
in the reduction furnace 13 is desirably in a range from
about 1/50 to 1/300 of the injection velocity (linear ve-
locity) of the metal chloride vapor, and is more desirably
in a range from 1/80 to 1/250. Therefore, substantially,
the metal chloride vapor is injected from the nozzle 14
into a static hydrogen atmosphere. It is desirable that
the exit of hydrogen charging pipe 15 be not directed
toward the flame side.

[0039] In the method for production of the present in-
vention, the particle diameter of metallic powder 19 gen-
erated in the reduction furnace 13 is decreased as the
charged flowing amount of chlorine gas to the chlorina-
tion furnace 5 is increased, and conversely, the particle
diameter is increased as the charged flowing amount of
chlorine gas is decreased. Furthermore, by mixing inert
gas with the metal chloride vapor near the exit of the
chlorination furnace 5 to control the partial pressure of
the metal chloride vapor, specifically by mixing inert gas
for 1 to 30 mol% of the metal chloride vapor, for example,
the particle diameter of the metallic powder can be in-
creased by increasing the partial pressure, and con-
versely, the particle diameter of the metallic powder can
be decreased by decreasing the partial pressure of the
metal chloride vapor.

[0040] During the process in which the chlorination re-
action is performed continuously in the chlorination fur-
nace 5 and generated metal chloride vapor is reduced
in the reduction furnace 13 to produce metallic powder
as described above, weight change is detected contin-
uously by weighing the weight of the chlorination fur-
nace 5 by the load cell 9. On the other hand, the weight
change of the raw material hopper 1 is continuously
weighed by the load cell 2 to detect the weight of the
raw metal 3 which is charged to the chlorination furnace
5. The reaction rate of the chlorination reaction is de-
tected by these weight changes over time. That s to say,
the sum of the weight change of the raw material hopper
1 per unit time and the weight change of the chlorination
furnace 5 per unit time correspond to the weight of the
metal chloride vapor which is generated in the chlorin-
ation furnace 5 per unit time, and further corresponds to
the reaction rate (weight of generated metal chloride va-
por/time) of the chlorination reaction.

[0041] This reaction rate is continuously observed
through the production process of the metallic powder,
and in the case in which an indication in which the re-
action rate is deteriorated is observed, charging of the
raw metal 3 from the raw material hopper 1 is immedi-
ately and temporarily increased to stabilize the reaction
rate. Since the upper surface of the filled layer of raw
metal 10 is uneven at this time, it is desirable that the
raw metal be charged while observing visually, to make
this upper surface even. Furthermore, it is desirable that
the raw metal charging valve 4 and the weight change
which is detected by the load cell 2 and 9 be interrelated
by using, for example, a distributed controlling system,
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in the case in which indication of deterioration of reaction
rate is observed, the metal charging valve 4 is opened
and the raw metal 3 is charged so as to stabilize the
reaction rate.

[0042] Cooling process can be arranged in the proc-
ess for production of the metallic powder of the present
invention. As shown in Fig. 1, the cooling process can
be arranged in a space at the opposite side of the nozzle
14 in the reduction furnace 13, and alternatively, another
casing which is connected to the exit of the reduction
furnace 13 can be used. It should be noted that the cool-
ing of the present invention means an operation which
is performed to stop or to reduce growth of the metallic
powder in gas flow (hydrochloric acid is included) gen-
erated at the reduction process, specifically an opera-
tion in which gas flow having temperature of about
1000°C after finishing the reduction reaction is quickly
cooled to about 400 to 800°C. The cooling process can
be performed to a lower temperature than this range.
[0043] As a desirable example of performing cooling,
inert gas can be blown to a space downward of the top
of the flame. Specifically, gas flow can be cooled by
blowing nitrogen gas from cooling gas charging pipe 17.
By blowing inert gas; the particle diameter of the metallic
powder 19 can be controlled while clumping of the me-
tallic powder is prevented. Cooling conditions can be
freely changed by arranging the cooling gas charging
pipe(s) at a point or plural points in the reduction furnace
13 along vertical direction. In this way, controlling of the
particle diameter can be performed even more accu-
rately.

[0044] The metallic powder 19 and the mixture gas of
hydrochloric acid gas and inert gas which have passed
through the processes described above are carried to a
recovering process, and the metallic powder is separat-
ed and recovered from the mixture gas. Although it is
desirable that combination of one kind or more selected
from a bag filter, capture separation method in water,
capture separation method in oil, and magnetic separa-
tion method be used to separate and recover the metal-
lic powder, the methods of the present invention are not
particularly limited. For example, in the case in which
the metallic powder 19 is recovered by a bag filter, after
the metallic powder 19 and the mixture gas of hydro-
chloric acid gas and inert gas which are generated in
the cooling process are induced to the bag filter to re-
cover only metallic powder 19, the metallic powder 19
can be carried to a washing process. In the case of the
capture separation method in oil, normal paraffin having
a carbon number of 10 to 18, or light oil, can be prefer-
ably used. In the case of the capture separation method
in water or oil, clumping or oxidation of metallic powder
particles can be effectively prevented by adding one or
more kinds selected from polyoxyalkyleneglycol, poly-
oxypropyreneglycol or derivatives thereof (monoalkyl
ether, mono ester), or surface active agent such as sorb-
itane, sorbitane monoester, known antioxidants such as
phenol-based or amine-based metal deactivators rep-
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resented by benzotriazole or derivatives thereof in a
range from about 10 to 1000 ppm to a scavenger.
[0045] As explained above, in the method and device
for production of the metallic powder by a conventional
chlorination reduction method, uneven reaction occur-
ring in the filled layer of the raw metal in the chlorination
furnace causes flowing of non-reacted chlorine gas to
the reduction furnace. Therefore, particle size of gener-
ated metallic powder is not stabilized, and in particular,
coarse particles are generated. However, in the method
and device of the present invention, reaction rate of the
chlorination reaction can be controlled and stabilized by
weighing the weight of the chlorination furnace, flowing
of non-reacted chlorine gas to the reduction furnace can
be prevented, and as result, the metallic powder having
stable particle size and having no coarse particles can
be produced. Furthermore, although reaction rate can-
not be increased in the conventional method and device
since the chlorination reaction is unstable being severe-
ly deteriorated as described above, the reaction rate can
be increased in the present invention since the reaction
rate is stabilized. As a result, productivity of the metallic
powder can be improved.

Brief Description of the Drawings
[0046]

Fig. 1 is a longitudinal cross section showing a
structure of the production device for metallic pow-
der of the present invention.

Fig. 2 is a graph showing particle size distribution
of nickel powder produced in Example and Compar-
ative Example.

Fig. 3 (A) is a SEM photograph showing nickel pow-
der produced in an Example, and (B) is a SEM pho-
tograph showing nickel powder produced in a Com-
parative Example.

Fig. 4 is a graph showing the reaction rate (chang-
ing rate of the chlorination furnace weight) in the
chlorination furnace.

Explanation of Reference Numeral

[0047] 5...Chlorination furnace, 9...Load cell, 1...Raw
material hopper, 2...Load cell, 13...Reduction furnace,
3...Raw metal

Best Mode for Carrying Out the Invention

[0048] The present invention is further explained in
detail by way of an Example.

Example
[0049] 15 kg of raw nickel having average diameters

of 5 mm was filled from raw material hopper 1 to a chlo-
rination furnace 5 of a production device of metallic pow-
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der shown in Fig. 1, the temperature of the atmosphere
in the furnace was maintained at 1100°C, and chlorine
gas was induced by flow amount of 4 NI/min to start chlo-
rination reaction. After that, 0.5 kg of raw nickel was
charged from the raw material hopper 1 to the chlorina-
tion furnace 5 intermittently every 5 minutes. Nickel met-
al was chlorinated in this way to generate nickel chloride
vapor.

[0050] 10 mol% of charged amount of chlorine gas of
nitrogen gas was mixed with this, and a gas mixture of
nickel chloride vapor and nitrogen was induced from a
nozzle 14 into a reduction furnace 13 in which the at-
mosphere was heated to 1000°C at a flow velocity of
2.3 m/sec (converted to in the case of 1000°C). At the
same time, hydrogen gas was charged from the top part
of the reduction furnace 13 at a flow velocity of 7 NI/min
to reduce nickel chloride vapor.

[0051] The chlorination reaction and the reduction re-
action were concurrently and continuously conducted
(for 30 hours), each weight of raw material hopper 1 and
chlorination furnace 5 were weighed by a load cell 2 and
9, and the reaction rate of chlorination reaction in the
chlorination furnace was continuously detected by the
weight changing. Since an indication of deterioration in
the reaction rate was observed 25 hours after starting
of the production, charging amount of raw nickel was
increased to 5 kg at one time to stabilize and the reaction
rate, the production was continued.

[0052] Nitrogen gas was mixed with generated gas
which is generated in the reduction reaction including
nickel powder so as to cool in the cooling process. Then,
mixed gas including nitrogen gas, hydrochloric acid va-
por and nickel powder was introduced into pure water,
and the nickel powder was separated and recovered.
The obtained nickel powder was washed with pure wa-
ter and dried to obtain a nickel powder product. The par-
ticle size distribution of the obtained nickel powder is
shown in Fig. 2 and the SEM photograph is shown in
Fig. 3 (A). Average particle diameter using a BET meth-
od was 0.40 um, and the average particle diameter in
the case in which the nickel powder was suspended in
organic solvent was 1.50 um. 0% of coarse particles
having diameters not less than 5 um was contained. The
average particle diameters in the case in which the nick-
el powder was suspended in organic solvent and the
particle diameter distribution was measured by the fol-
lowing method using a laser diffraction particle size an-
alyzer (trade name: Coulter LS230, produced by Coul-
ter). Optimum amount of metallic powder was suspend-
ed in a-terpineol, ultrasonic waves were applied to dis-
perse for 3 minutes, the sample was measured in 1.8 of
sample refraction factor, and the particle size distribu-
tion of statistic of volume was measured.

Comparative Example

[0053] Nickel powder was produced by a method sim-
ilar to that in Example 1, except that the raw material
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hopper 1 and chlorination furnace 5 were not weighed
and that the reaction rate of chlorination reaction in the
chlorination furnace was not controlled. Particle size dis-
tribution of the obtained nickel powder is shown in Fig.
2 and a SEM photograph is shown in Fig. 3 (B). Average
particle diameter using the BET method was 0.45 um
and the average particle diameter in the case in which
the nickel powder was suspended in organic solvent
was 1.45 um. 3.0% of coarse particles having diameters
not less than 5 um was contained.

[0054] With respect to the particle size distribution of
nickel powder which was produced in the method of the
embodiment of the present invention, extremely low
amounts of coarse particles are contained compared to
nickel powder which is produced in the Comparative Ex-
ample as shown in Fig. 2. Furthermore, it is obvious that
coarse particles having particle diameters not less than
1 um are contained in extremely small amount in the
nickel powder produced in the Example as shown in the
SEM photograph of Fig. 3, although coarse particles
having particle diameters not less than 1 um are con-
tained to some extent in the nickel powder produced in
the Comparative Example.

[0055] As explained above, metallic powder such as
nickel powder used in, for example, internal electrodes
of multilayer ceramic capacitors in which fine particle di-
ameter not more than 1 um is required can be produced
efficiently, and furthermore, metallic powder having uni-
form particle diameter and having no coarse particles
can be produced by controlling the reaction rate of the
chlorination reaction, in the method for production and
production device for the metallic powder in the present
invention.

Claims

1. A method for production of metallic powder, the
method comprising:

charging raw metal into a chlorination furnace
intermittently or continuously,

reacting the raw metal and chlorine gas in the
chlorination furnace to generate metal chloride
vapor continuously;

continuously reacting the metal chloride vapor
and hydrogen gas in a reduction furnace to ob-
tain metallic powder;

weighing the weight of the chlorination furnace
in which a chlorination reaction is proceeding;
and

controlling an amount of the raw metal charged
into the chlorination furnace according to the
weighing result.

2. The method for production of the metallic powder
according to claim 1, wherein weight changing rate
of the chlorination furnace is observed, and charged
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10.

1.

amount of the raw metal to the chlorination furnace
is controlled depending on the changing rate.

The method for production of the metallic powder
according to claim 2, wherein the charged amount
of the raw metal is temporarily and suddenly in-
creased in the case in which the changing rate sud-
denly decreases.

The method for production of the metallic powder
according to claim 2, wherein the changing rate is
measured, the charged amount of the raw metal in-
to the chlorination furnace is automatically control-
led according to the measurement, and chlorination
reaction rate of the raw metal and the chlorine gas
in the chlorination furnace is controlled.

The method for production of the metallic powder
according to one of claims 1 to 4, wherein the weight
of the chlorination furnace is weighed by a load cell.

The method for production of the metallic powder
according to one of claims 1 to 5, wherein the en-
tirety of a raw material hopper which charges the
raw metal into the chlorination furnace is weighed.

The method for production of the metallic powder
according to one of claims 1 to 6, wherein the metal
is nickel.

The method for production of the metallic powder
according to claim 7, wherein the metallic powder
is nickel powder having an average particle diame-
ter in a range from 0.01 to 1 um.

The method for production of the metallic powder
according to claim 8, wherein the metallic powder
is for a conductive paste.

The method for production of the metallic powder
according to claim 8, wherein the metallic powder
is for a multilayer ceramic capacitor.

A production device for the metallic powder, com-
prising:

a raw material hopper to charge raw metal;

a chlorination furnace to chlorinate the raw met-
al charged from the raw material hopper; and
areduction furnace to reduce metal chloride va-
por generated in the chlorination furnace;

wherein the raw material hopper and the chlorina-
tion furnace are communicated with a raw material
charging pipe which charges the raw metal via a
carrying valve for controlling charged amount there-
of;

the chlorination furnace and the reduction fur-
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nace are communicated with a carrying pipe which
carries metal chloride vapor generated in the chlo-
rination furnace to the reduction furnace;

the chlorination furnace is comprising a chlo-
rine gas charging pipe to charge chlorine gas inside;

the reduction furnace is comprising a nozzle
to inject the metal chloride vapor inside, a hydrogen
gas charging pipe to charge hydrogen gas inside,
and a cooling gas charging pipe to charge inert gas
for cooling the reduced metallic powder inside;

the producing device of the metallic powder
further comprises a weighing method to weigh the
entire weight of the chlorination furnace and a con-
trolling method to control charged amount of the raw
metal to the chlorination furnace depending on the
weighing result of the weighing method.

The production for device of metallic powder ac-
cording to claim 11, wherein the controlling method
monitors the changing rate of the weight of chlorin-
ation furnace, and controls the charged amount of
the raw metal into the chlorination furnace depend-
ing on the changing rate.

The production device for metallic powder accord-
ing to claim 12, wherein the controlling method in-
creases the charged amount of the raw metal tem-
porarily and immediately in the case in which the
changing rate is suddenly decreased.

The producing device for metallic powder according
to claim 13, wherein the controlling method meas-
ures the changing rate, controls the charged
amount of the raw metal into the chlorination fur-
nace automatically according to the measurement,
and controls the chlorination reaction rate of the raw
metal and the chlorine gas in the chlorination fur-
nace.

The production device for metallic powder accord-
ing to one of claims 11 to 14, wherein the device
further comprises a weighing means for weighing
the weight of the entirety of the raw material hopper.

The production device for metallic powder accord-
ing to one of claims 11 to 15, wherein the weighing
means is a load cell.

The production device for metallic powder accord-
ing to one of claims 11 to 16, wherein the metal is
nickel.
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