-1- METHOD FOR MANUFACTURI NG RHENI UM CONTAI NI NG ALLOY

PONDER, RHENI UM CONTAI NI NG ALLOY POADER, AND CONDUCTOR

PASTE BACKGROUND OF THE I NVENTION 1. Field of the

I nvention [0001] The present anention relates to a

met hod for manufacturing a rheni umcontaining alloy

powder whose main conponent is nickel or a netal that

can be alloyed wth rhenium such as platinum
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2. Description of the Related Art

[0002] In the field of electronics, conductor pastes,
resistor pastes, and other such thick film pastes are
used to manufacture parts such as IC packages, capacitors,
resistors, electronic circuits, etc. These pastes are
produced by uniformly mixing and dispersing conductive
particles of a metal, an alloy, a metal oxide, or the
like in an organic vehicle along with a vitreous binder
or any other additives that are needed, and the resulting
pastes are applied to substrates, and then firing at a
high temperature to form conductors or resistors.

[0003] Laminated ceramic electronic components, such
as laminated capacitors and laminated inductors, or
ceramic multilayer substrates are generally manufactured

by alternately laminating an unfired (green) ceramic



silver-palladium platinum and other such noble
metals were nost often used as the interna
conductor, but nore recently the use of nickel and
ot her such base net al naterig%g has becone

i ncreasingly popul ar because of the need to conserve
resources and to reduce the delam nation and cracking
caused by oxidation expansion during the firing of
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ceramic layer is about 3 um, unless the lnternal
conductor film thickness is 1 um or less, and preferably
about 0.5 pm, the middle part of the laminate will end up
being too thick, and this can lead to structural defects
and diminished reliability.
[0005] However, when ordinary nickel particles are
used for an internal conductor paste, excessive sintering
of the nickel particles during firing can cause them to
clump together or cause abnormal particle growth, so not
only does the internal conductor become a discontinuous
film, which can lead to higher resistance, or to circuit
disconnection, but another problem is that the conductor
becomes thicker, so there has been a limit to how thin a
film could be made. Specifically, when nickel particles

are fired in a non-oxidizing atmosphere, such as an inert



sinter and shrink at a | ow tenperature of 400C or

| ower. [0006] Meanwhile, the tenperature at which a
ceramic layer starts to sinter is generally nuch

hi gher than this. For exanple, the tenperature is
approximately 1200C with bariumtitanate, and when a
ceram c green sheet of this and a nickel interna
conductor paste layer are alternately lamnated in a
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[C007] Therefore, to reduce the thickness of the
nickel internal conductor layers, it seems to be
necessary to-make the nickel particles finer and give
them better dispersibility, so that as few voids as
possible are created during firing, and to match the
sintering shrinkage behavior with that of the ceramic
layers. Also, even when the films are formed thicker,
this mismatching of the sintering shrinkage behavior
between the conductor layers and the ceramic layers
causes delamination or cracking and other such structural
defects, and is therefore a problem in that it lowers the
yvield and the reliability of the product.
[0008] Various attempts have been made in the past to
suppress the sintering of conductor layers up to the

sintering commencement temperature of the ceramic layers.



ceramc particles with the sane conposition as that
used in the ceramc |ayer to the conductor paste.
However, since the sintering of the netal particles
t henselves in the conductor layer is not being
suppressed, when the material is fired at a high
t enperature of about 1300C, ~4he conduct or | ayer stil
| oses its continuity and conductivity. Also, there is
no effect unless these additives are used in a |arge
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internal conductor of a laminated ceramic capacitor.
Nevertheless, the elements disclosed in Japanese Patent
Publication 2002-60877A are all baser metals than nickel,
so even when the firing is performed under conditions
under which nickel will ncot be oxidized, these other
metals often ended up being selectively oxidized. As a
result, there is the danger that they will react with the
surrcunding ceramic and adversely affect the electric

characteristics of the laminated ceramic electronic part.

[O0L10] In view of this, various studies have been
conducted to find the ideal metal elements for alloying
with nickel, and attention has recently been directed to
rhenium. Rhenium is one of high-melting point metals,
and it is expected to be very effective at suppressing
sintering when used for the formation of an internal

conductor used in laminated ceramic electronic paris.



listed bel ow, discloses a conposite powder in which
nickel is coated with rhenium [0011] However, while
rheniumis nore noble than nickel, it cannot really
be considered to have | ow chemcal reactivity, and
rheniumoxide in particular sublimtes at a |ow
tenperature of just a few hundred degrees centigrade.
Thi s nmeans that when a rheni um powder or a
rheni um coated netal powder is used to form conductors
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[0013] For instance, Japanese Patent Publication 2002~
60877A discusses the manufacture of an allioy powder by
heating together chlorides ¢f metal elements contained in
the alloy powder, evaporating them and mixing these
vapors, and then subjecting them to hydrogen reduction,
but with a CVD (Chemical Vapor Deposition} method such as
this, the particles of the various metal elements
typically are not alloyed, and instead are produced
individually.

[0014] Also, it is possible that PVD {Physical Vapocr
Deposition) could also be utilized 1if the vapor pressures
of the metals constituting the alloy were close enough to
each other, but when the vapor pressures are greatly
different, as is the case with nickel and rhenium, it is
exceedingly difficult to control the alloying ratio, so a
homocgeneocus nickel-rhenium alloy power cannot ke obtained

consistently. Because of this, with a powder obtained by



consi stently. Because of this, wth a powder obtained
by -6- a conventional vapor deposition nethod, the
particles of the various netal elenents typically are
not alloyed, and instead are produced i ndividually,
so the product ends up being”érther a m xed powder in
which particles of the wvarious netal elenents are
both present, or, even if the elenments can be
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alloy these agglomerated fine particles. Since the
agglomeration further proceeds during this heat treatment,
it becomes even more difficult to obtain a fine powder
with a uniform particle size. Furthermore, if the
surface of the unalloyed agglomerated powder is oxidized
into rhenium oxide during heating, since rhenium oxide
sublimates even at relatively low temperatures, this
brocess is unsuited to the production of an alloy
containing rhenium.
[0016] Other known methods include atomization and
pulverization, but there is a limit to the size of the
powder obtained with either of these, and it has been
extremely difficult to obtain a powder with an average
particle size on the order of 0.05 to 1.0 um, which is

needed nowadays to form internal conductors for laminated



particle size on the order of 0.05 to 1.0 pm which is
needed nowadays to forminternal conductors for

| am nated -7- ceramc electronic parts. [0017] Spray
pyrolysis is another known nethod for manufacturing
an all oy powder. As discussed in Japanese Patent
Publ i cati on 62- 1807A, Japane%e Pat ent Publication

6- 172802A, Japanese Patent Publication 7-216417A,
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ﬁé%ﬂggﬂ§gg§tﬂé§ fqufFE“éH9 solid-liguid separation, so
manufacture is easier, and since the method involves no
additives or solvents that would effect purity, it has
the advantage of yielding a high-purity powder containing
no impurities. Furthermore, the particle size 1is easy to
control, and the composition of the produced particles
basically matches well the composition of the starting
metal compounds in the solution, so another advantage 1is
that the composition is easy to control.

[0018] However, when a nickel-rhenium alloy powder is
manufactured with this method, a solution containing
nickel and rhenium is sprayed and pyreolyzed, but because
of the above-mentioned characteristics of rhenium,
heating causes just the rhenium component to vaporize and
separate, so a powder of nickel alone is all that is
actually obtained by pyrolysis. This means that a

nickel-rhenium alloy powder cannot be obtained by a



heati ng causes just the rhenium conponent to vaporize
and separate, so a powder of nickel alone is all that
is actually obtained by pyrolysis. This nmeans that a
ni ckel -rheni um al | oy powder cannot be obtained by a
-8- conventional spray pyrolysis process. [0019] The
manuf acturi ng nmet hods di scus€ed i n Japanese Patent
Publ i cati on 2002- 20809A, Japanese Patent Publication
2004-99992A listed below, are also knowmn. Wth the
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no additives or solvents that would effect purity are
used, a high-purity powder containing no impurities is
obtained. Furthermore, a metal powder of uniform particle
size can be cbtained by controlling the particle size of
the raw material powder, sc the adijustment of particle
size is also easy. There is therefore no need for a
classification step, and an extremely fine powder with a
narrow particle size distribution that is suited to a
thick film paste can be obtained. Also, since the raw
material are not put in the form of a soluticn or
suspension, energy loss through evaporation of the solvent
is lower than with an ordinary spray pyrolysis method, and
the powder can be manufactured more simply and less
expensively. Moreover, there is no problem with
agglomeration of droplets, and the powder can be dispersed
in the gas phase at a relatively high concentration, so

efficiency is higher.



is lower than with an ordinary spray pyrolysis nethod,
and the powder can be manufactured nore sinply and

| ess expensively. Mrreover, there is no problemwth
aggl oneration of droplets, and the powder can be

di spersed in the gas phase at a relatively high
concentration, so efficienﬁ?‘is hi gher. -9- [0020]
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had a small average particle size, excellent

dispersibility, and a uniform alloying ratio,



conponent is a netal that can be alloyed with rhenium
such as platinum palladium iron, cobalt, ruthenium
rhodiumor the like, which were very difficult to
obtain in the prior nanufacturlng art. More
particularly,. it is an objechtlto provide a

manuf acturing nmethod with which a rhenium contai ni ng
al | oy powder that contains rheniumand a nain
conponent netal that can be alloyed with rhenium

such as ni ckel, and ﬁreferabl has an average particle

size of 0.01 to 10 OFastiE HOWEGEHO8Us

conposition, can be obtained sinply and stably.
Furthernore, it is an object to provide a
r heRPEA! cont &F nimgal %gfe%m%rth%bpﬂéeﬁ@@t binygetion to
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ci'ng ‘the'r enlun}con¥ Mg a oy
powdeth@yprmlf fuesingpdther imeraom prieer@ipateccwnaly,. it is

S rfa e. of the mai n, conpone metal particles b
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wher ej n t%p of di
CRE T dhriflorieh | Skt T o, DR RS RS Lon
metaal }:na’irdbtﬁdleﬁecafﬁn@lj east sﬁﬂiﬁl}ﬁj | i@l He@fore, it is an
par%k&h?to provide a rhenium-containing alloy powder
obtained by the manufacturing method, and a conductor
paste containing the rhenium-containing alloy powder.
[0023] To solve the above problems, the present
invention is constituted as follows. '
[0024] (1) A method for manufacturing a rhenium-
containing alloy powder, containing rhenium and a main
component metal other than rhenium, comprising the steps
of:
dispersing particles of the main component metal in
a gas phase and causing a vapor of rhenium oxide to be
present around the particles;
reducing the rhenium oxide; and
producing the rhenium-containing alloy powder by
diffusing the rhenium precipitated on a surface of the

main compconent metal particles by the reduction, into the



[0026] (3) The manufacturing nethod according to (1)

or (2) above, wherein at |east the step of producing
the rheniumcontaining alloy powder is conducted in a
non- oxi di zi ng atnosphere. [0027] (4) The

manuf acturi ng net hod according to any of (1) to (3)
above, wherein a step of pr63u0|ng the main conponent
netal particles is conducted prior to the step of

di spersing the main conponent netal particles. [0028]
fdd)n Tct’t&npmfmftamtelﬂalln@am‘eﬁb@dsaetOadtezgpénat(l.‘ﬁh)e rabo\viegwer

er e d in C nent net al partlc es
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€AUSI NG ENRNT UM OXd 08 MAPRTa 410 IR RSt paemrd rghehe
partijcles. [0030 (7) The nanufacturl met hod
‘B?ngOftfcﬁW%fa“(% ) , lwre?% &%@a@@n—

Pardi Ll gy iz phetrle rhem um contai ning all oy powder
is from0.01 to 10 pum [0031] (8) The manufacturing

LR3I accldiTiy FErany CoRT 1) MG "OP) ackREFdrA &0 any

gontignte Of (Hhepwm | Gnkbkeikhgnsuay, 6enbabfhAgng! 19¥ nmain
povvder s From0.01 £ 50 w % [0032] (9) The

GRERATER UM e Indtidd Actoridi MPTY Ems 2o hftq Hhe erep

dB)q :ahnmes s ihengl Rdihe Ry eenpenent) makali c1ikrcl udes
at | east one netal selected fromthe group consisting

B02%1ckel , (3| dhienawpupartadiom TrbAd esparding to (4)
éHHJE?“dHEréHH’HHEMHéHH component metal particles are

produced by a manufacturing method selected from among
physical vapor deposition, chemical vapor deposition,
spray pyrolysis, and a methoed in which a thermally
decomposable main component metal compound powder 1s
pyrolyzed in a gas phase.

[C028] (6) The manufacturing method according to any
of (1) to (3) above, wherein a raw material solution
obtained by dissolving the main component metal and
rhenium is made into droplets, and then heated, thereby
dispersing the main component metal particles in the gas
phase and causing rhenium cxide vapoer to be present
around the particles.

[0030] (7} The manufacturing method according to any of
(1} to (6}, wherein an average particle size cf the
rhenium-ceontaining alloy powder is from 0.01 to 10 pum.
[0031] (8) The manufacturing method according tec any of
(1Y to {7), wherein a content of rhenium in the rhenium-
containing alloy powder is from 0.01 to 50 wt%.

[O0032] (%) The manufacturing method according to any



[0033] (10) The manufacturing nmethod according to (9)
above, wherein the nmain conponent netal includes
nickel . [0034] (11) A rheniumcontaining alloy
powder, manufactured by the manufacturing nethod
according to any of (1) to (¥®- above. [0035] (12) A
conduct or paste, containing the rhenium containing

al | oy powder according to (11) above. [0036] Wth the
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average particle size and di spersi bllltéIF of the
r eSRFLRAGSr AENLBAFE PR R YL af £ b§C posokromridhe group

dependestifg bhepavrEpge, PRAELAGHE ﬁéffa@ , iron, cobalt,
di spersibility of the main conponent netal particles

of iR iuBy thd rh@‘ﬂ(@}lﬁhat serve as the raw material .
Copgesiyent |y 161 8y %ﬁ@ﬂ%ﬁ@lﬁ%‘rﬁ%ﬂ&i used, canrﬁthc% (9)
es, r ng

mal n corrponent ) net a partl C ent um cont al
al doyvpowdeer it htlze swald cemponenf onetphriichelsi ze.ckel.

an dis i pi ity i n 0] SO,

o (OOTRE bbb Bt T Ef et BoHE "t Ao

i antfaptured bheriemarethpitateg wethde acunfdior dfo any
t i n al particles is conpletely
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r ' ontainj ng all powder .in ter f alloying
AT RHETS G o RO o et stanty) [ -

Al [E036j nce Whteh nen freeatwifd cxgunei otk iciod her tees8idsent
i nventi.on inval ves the use of. v . phase. rheni um

went éb gor hili
oxXiHE B i H'C ohporstt BdtaC Hartiet g {Rgg sbiLity

metfaldiiec revickelnparidmil@s,cdmed#nisy oL IRNE GdRidat i
of rheerg ur@e Cpov@gr Q}/ itself. The]:rfefore, it is efi\%y to_ .

OB THe “hITBY i NGRS E2 i & rierfi FRT SHcaStiTig L1ty

aldfoy Heowdeln cokdoriieh nts 2 HakelcThen uRidKaQY or the

p er, wWith a uniform conposition can be obtained.
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suitable material is used for the main component metal
particles, a rhenium-containing alloy powder with a small
and uniform particle size and good dispersibility can be
obtained.
f0037] Also, with the manufacturing method of the
present invention, the rhenium precipitated on the
surface of the main component metal particles is
completely alloyed with the main component metal
particles before being oxidized again, so a uniform
rhenium~containing alloy powder in terms of alloying
ratio and so forth can be obtained stably.

[0038] Also, since the manufacturing method of the
present invention involves the use of vapor phase rhenium
oxide and main component metal particles such as metallic
nickel particles, there is no precipitation of rhenium

powder by itself. Therefore, it is easy to control the

alloying ratio, and a rhenium-containing alloy powder,



used to manufacture the rheniumcontaining alloy
powder are produced by CVvD, PVD, or another vapor
deposition nethod, or the spray pyrolysis nethod

di scussed in Japanese Patent Publication 62-1807A and
el sewhere, or a nethod in which a thermally
deconposabl e nmain conponent“lﬁﬁtal conpound powder is
pyrolyzed in the gas phase as discussed in Japanese
Pat ent Publication 2002- 20809A and el sewhere,

pueHueki ann ef ké o+ eneining dldicseddheeayseithea uniform
rheniun}containiq% q%lo, wder i s manufactured
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paste for formng an internal  conductor for |am nated
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$uyrekisecnd the ceramic layers. Wth the present
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alloy powder is obtained as fine particles with uniform
composition and particle size, they can be used to
advantage in conductor pastes used for forming internal
conductcors for laminated ceramic electronic parts, as well
as 1n conductor pastes used in various other

applications. In particular, when a nickel-rhenium alloy
powder 1s used as a conductor paste for forming an
internal conductoeor for laminated ceramic electronic parts,
the allceying with rhenium effectively suppresses the
sintering of the nickel particles, and their sintering
shrinkage behavicor can be made to approximate that of the
ceramic lavers, so it is possible to obtain a conductor
paste which allows the formation of extremely thin
internal electrode films without causing structural
defects or electrode discontinuity due to tThe mismatching
of the sgintering shrinkage behavior between the conductor
layers and the ceramic layers. With the present

invention, when a nickel~rhenium alloy powder 1is



particularly outstanding effect in terns of
application to ceramc lamnated electronic parts and
so forth will be obtained, but the present invention
isnot limted to this, and a rhenlun}contalnlng
al | oy powder having a superloﬁ effect that could not
be obtained with prior art known in the past can be
obt ai ned even when manufacturing an alloy powder in
Mimwlﬁmtmmd,s & o keeld- s drhivan reeltlaly pofdderr hhafding a

et AP R %%ﬂhé? aﬁovlom o foBPRligation
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I nueriwmonn tde: Pyaseanr Iﬁ%nld}!fﬁalch@&i &iinngh@hl Anufacturing
omder" refers to an alloy powder of a main conponent
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netoaihem aliides iatkdieast tppe n@rlnﬁ%ro%pias%te%lts m@ka10i Ckel
and other nmetals (e.qg., platinum palladium iron,
cod %1 ut hédisem b@ﬁ@&ﬁ@mtl@t &hendmar-coasapaiabl ayédy

Wﬁtﬂmﬁ@%nbwmalh%dp%ﬁkhc%h@rmaWﬂ%%cE%%lng method of the
rheni umcontaining alloy powder of the present

i NPEREEST 118 VESdd Ono 1BoERPER Lorntier Hdls esndattion fesistance,
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above- nenti oned mai N conponent i S pre era
mefBIFARE Ailgkay. and %ﬁVErB@lﬁe@@iebédCDek@mmerhsslualauch

coggoggggtggxoﬁhﬁgtlg% yde a third conponent. [0043]
The amount in which the*rheniumis contained is

preferably between 0.01 and 50 wt % and even nore

Potal oroitrebrBERessPni0d 08 Wil pkBRRERT Efbobfubiis
-15- .0.01 wt% the benefit of alloying becones

o1 |60h2) For LSt ADCro LD °L [ 98he 950 BRLSSRED: +rhenium-
containing alloy powder" refers to an alloy powder of a
main component metal and metallic rhenium, and the main
component metal includes at least one or more metals of
nickel and other metals (e.g., platinum, palladium, iron,
cobalt, ruthenium, rhodium, etc.) that can be alloyed
with rhenium. In particular, when the rhenium-containing
alloy powder of the present invention is used to form an
internal conductor for laminated ceramic electronic parts,
the above-mentioned main component metal is preferably
metallic nickel. BAs will be described below, this main
component may also include a third component.

[0043] The amount in which the rhenium is contained is
preferably between 0.01 and 50 wt%, and even more
preferably between 1.0 and 10 wt%, with respect to the

total amount of alloy powder. If the content is under



smal | when the powder is used for an interna

conductor in lam nated ceramc electronic parts. |f
the content is over 50 wt% however, the rhenium

phase will tend to precipitaH%, making it nore
difficult to obtain a uniform~-all oy powder. [0044]

The present invention does not exclude a case in

whi ch the rheni umcontai ning alloy powder includes a

t hPrdlcehponent besefles oftallogindamaumend tikght. For
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phbsplioits e StideDRn Wb etha 1:80U¢ 651 The FAIR!I Y tine 1udes a
activity of nickel may be contained in a proper
prigpbird i hlPorate ke ides dilonehts Fhepivm iald (fded abpve-
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to be alloyed with rhenium In the followng
diRRRRTTOH,  Pakd 4 o?rJe]_sV%bet P by f&ﬁtﬂﬁf@&rhélﬂlﬁwf
CPOASMmaANeask Pfq 1 dd ﬁ%ﬁlgmmﬁ?,ﬁ% dcof%ﬁf&nl,c 183+ % ukl1€ or
mai n cormponent will ~al so be re erred to as “main
corpiait Setamgiat iclewent mryr hexamyl leidegar t iFglrddiernore,
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to metallic nickel particles Wl al so be calle
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can he.Added g ithe X é“%rPeO'HaaEa#é)%%c al Q¥ sRQWISE, 5156
inthe course of nmanufacturing a rhenium confairning
albeoyqpdwdarcchyasa 6 ttdblmsl merpgthesuchinas shétahde ng
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incliudes nickel, a light element, such as sulfur, oxygen,
phosphorus or silicon which reduces the catalytic
activity of nickel may be contained in a proper
proportion. These third components may be included in
the main component metal particles as a raw material to
be alloyed with rhenium. In the following discussion,
particles obtained by adding the third component ahead of
time to the metal particles of the main component will
also be referred to as "main component metal particles."
For example, particles obtained by adding the third
component ahead of time to metallic nickel particles will
also be called metallic nickel particles. Also, the
third component can be added to the rhenium-containing
alloy powder in the course of manufacturing a rhenium-

containing alloy powder by a suitable method such as



rheni um oxi de vapor. This third conponent nay be a
singl e conponent or a conbination of two or nore.
[ 0045] The average particle size of the rhenium
contai ning all oy powder of the present i nvention can
be suitably determ ned accordlng to the intended
application, but preferably the average particle size
is between 0.01 and 10 pm |In particular, with a
ni d1881incheéniv@moal Oy theowdiérdt hanpbeehavbe abtesént in the
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manufactured by the manufacturing method of the present
invention can be used appropriately in conductor pastes
for forming internal conductors for highly laminated
ceramic electronic parts, and in conductor pastes that
are fired simultaneously with the ceramic layers, such as
conductor pastes used for via holes, as well as in other
conductor paste applications, such as for forming various
kinds of electrode, for forming circuit conductors, or
for forming connection-use conductors, or in resistor
pastes and so forth.
<Manufacturing Method>

(1) Nickel-Rhenium Alloy Powder
{0047] A case in which solid-state metallic nickel
particles are used as the nickel raw material will now be
described.
[0048] In this example, the metallic nickel particles

are dispersed in a gas phase while still in the solid-



state. Here, the netallic nickel particles may be
particles that have been manufactured in advance, or
nmetallic nickel particles nmay be produced prior to the
above-nenti oned di spersion, and continuously all oyed.
[0049] When netallic nickel particles are prepared
ahead of tine, there are nolgarticular restrictions on
the net hod by which they are manufactured, but
exanpl es include known nethods such as atom zati on,

et d educdion,thePYRt CVRc andkenr ¥ rpy-ok¥skay BE a
met hod in whi ch a thermal | y deconposabl e ni cke

i3y MNPz 8¢ n Mo aGA3 T5RasE 38 VaAPSEusSEd

ridt Japangsie: 2at entr (RuhldsCatome 20021208094 cet tal the
[ 0050] When an all oy powder i s manufactured
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g 4d €l esyndihgndeial 1d ¢ nhekel p paridcl€Sa A prepared
preferably produced by PVD, D, the spray ¥rol ysi s
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Japanese Pat’ent Publi cation 2002- 20809A a

ig1Sarlfer@ownl meghogfegech mwmmﬁw%wﬁéﬁee%aae@f
mﬁa'c}vﬁ kel Rar tdales s the gasphasen sfithes

metal Tic nlckel partlcles thus produced can be
denitrialulau slar camd sdilrléc iy kvgv s@rme ung tliePygpdyzed in

00§#§§SQH%L o éh%% SWehn : 8 gggéhgée9§§teﬂ@'?@bllcatlon

ction I Cci ency. particular, netall
ZﬂQQGQOQﬂﬂHA(ﬂte§lnanufactured by the spray pyrolysis

@g}@d di 3HLss % am%gggg%g P%e%nggg&g%aon

07A semhe he nmet hod di scussed in
anﬁﬂnﬁﬁﬂSHyuﬁﬁﬂm whﬂ|Qﬁﬂﬁu@¢1zwozﬁ2®809Ala@dnlckel
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anldate ceram ¢ él’ectromic parts because the
goarctuccﬁdeéaxariéflspi%m,ca;lhaamdvraafrmmrqlnisgwmetWe good

SR B 0 000 phSRgEs LY kot oGOl
akﬁﬂhhﬁrdtupntuhﬂlmauhmm metseuisaled nnt fepanese Patent
Publication 2002-20809A and elsewhere. All of these
manufacturing methods produce metallic nickel particles
in the gas phase, so the metallic nickel particles thus
produced can bhe continuously and directly moved on to the
step discussed below along with a carrier gas, which
boosts production efficiency. In particular, metallic
nickel particles manufactured by the spray pyroclysis
method discussed in Japanese Patent Publication 62-1807A
and elsewhere, or by the method discussed in Japanese
Patent Publicaticn 2002-2080%A and elsewhere, can be used
favorably for form conductors for laminated ceramic
electronic parts because the particles are spherical and
small in size, have good crystallinity, and have good
dispersibility.

[Q051] Meanwhile, a vapor of rhenium oxide is
preferably used as the rhenium raw material in the
present invention. In particular, rhenium heptoxide
(Res07) can be used to advantage in the manufacturing

method of the present invention because it contains no



present invention. In particular, rhenium heptoxide
(Re207) can be used to advantage in the manufacturing

nmet hod of the present invention because it contains no
-18- harnful substances and it readily sublimates into

a vapor at relatively |ow tenpgratures. [0052] A
precursor of rhenium oxide nmay al so be used. For

i nstance, when an aqueous sol ution obtai ned by

di $30hMNYg SBLRLL-E s g Yy i aaimgtéhﬁlfﬁégeggfﬁQHSa vapor
solution (hereinafter referred to sinply as a "rheni um

ni ta% gedeitd vediyutlioontempsrasedest heni um oxi de may be

pr by gener.at.i fine_dr t S Yi this
solutio fro%ig%enggggoﬁ?cr§§82h§r8§§%%-ﬁégi%Eggzg%eused‘
t yporatiositaercer wbeherns agheatenszént iandobhaeinadabyng

this i .react | vessel descr.ibed below Al so, if

¢ ne s S S Rend B b 8y ueERTN e d aabeous
netserliutg.opurfperedquafitetatreferaedutacyimply be hettkenium
ang . alloyin atiq.w.ll be nore stable. . [0053

W O I ARG or P EahER ) e BASar nETRR LR N EkeF maY be
chipooiddeeds bysgdnagsathegr &wneatiecpakt § oby mapuiachyr this
neta&lic ni%kel artigles, r.heni um chl or i de r#%he
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vapgpeohtbhenbunvoxbtBers saupphtefi £6r | hend geseRhRSEt ing

before, .during, or after the dispersion of the )
ab égnéﬂtﬁoﬁgacﬁéPﬁlV?ésﬁ#cQEchéP?gc?%%OWn theSgasit the

phaseutIba apDgiipkd WAtehthBesyheahum oXi deny¥edsind Spump,
supglled here 1s suitably controlled as dictated by .
t h@128E4FREYVEI ROFIRGCY ali-dl POOBSTEGY t Bnd hehprakipying

I NygREboRi 1@ KEeRbyUM 9KhHee . vapor may be uniformy
present around the netallic nickel particles at the

poil APSdhen tHEthheWP uinexpiBer ssyeluredhoqdei B usieh nickel

bebpwhriand; shespQi AL £Het£9ﬁ_MQ€Qri%f fBLRLAL facturing

ni ckel particles and the rheni um oxi de vapor are

di@BE@%E@?s@b%K?de@Etiﬁée@asrbﬁﬁé@mi@h*@ﬁi¢¢nﬂﬁt%hﬁ.like
can also be used as a precursor.
[0054] The wvapor of rhenium oxide is supplied to the
gas phase before, during, or after the dispersion of the
above-mentioned metallic nickel particles in the gas
phase. The amount in which the rhenium oxide vapor is
supplied here is suitably controlled as dictated by the
desired alloying ratio.
[0055] With the present invention, a rhenium oxide
vapor may be uniformly present around the metallic nickel
particles at the point when the rhenium oxide is reduced
{discussed below), and the point in time when the
metallic nickel particles and the rhenium oxide vapor are
dispersed/supplied to the gas phase is not important.
Specifically, an example will be given here which a
rhenium oxide vapor is supplied to a gas phase in which
metallic nickel particles have been dispersed, but the

present invention is not limited to this, and may instead



Specifically, an exanple will be given here which a
rheni um oxi de vapor is supplied to a gas phase in

which metallic nickel particles have been dispersed,

but the present invention is not limted to this, and
may instead -19- be such that~¥e netallic nicke
particles are dispersed in a gas phase that contains

t he rheni um oxi de vapor, or such that the netallic

ni ekelupar thateshandetAB1iBenicle] Oxdidei VaRora®d elispersed
dlsgersed/su glled to the gas phase at the sane tine.
[0686] MextPheRs Fhahi aibiive Vapoiesi s eded by oF
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or is uniformy present around the netallic
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o ckare BEPPT cre & Sper el SREhishd® Pegas ohase at
AcepedipgbytimAen this reduction reaction is

conducted, a reducing agent is preferably present in
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f ayverabl Yoh nebalde; by df QULNs g2Se f@n@gﬂﬂlqﬁﬂ?&ﬂﬁ@h%ﬁﬁ“&dee

ot her such reductive gases, and carbon hydr ocar
al ¥BRBF, 1andn i Fernl Kk ePr ToeRt rageietd d‘rhe m@tmlow cuuFesl

thﬁafh§@1§§1@¥é ¥@@oint€h% €qd & f {%e néi #y when

rheniumto precptate on t sur aceo
ni Ekés pedetelies wrapeicrdis rp@rk@cg?asi,pmawduc[wﬁgent is

Th
(hEReb bR T B Cacn ) B SO ds RN MRS R it
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par es ‘and the i
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b%LP §gé(¥ﬁ%imé%é¥iléfrﬁgﬁadgnﬁ¥ééf%1tated in the above
reduction step are heated while still dispersed in the
gas phase, so that the rhenium diffuses into the metallic
nickel particles and the nickel and rhenium are
completely alloyed. After it has been completely alloyed,
the metallic rhenium will not be oxidized by itself, so a
chemically stable alloy powder is obtained. Everything
from the reduction step up to the alloying step is
preferably carried out in a non-oxidizing atmosphere so
that the precipitated rhenium will not be oxidized and
sublimate before being alloyed. 2Also, if the metallic
nickel particles have been sufficiently heated by the
time they go to the alloying step, and the precipitated
rhenium is in a heated state enough to be able to diffuse
completely into the metallic nickel particles, then

special heating for alloying is not necessarily required.



ni ckel particles have been sufficiently heated by the
time they go to the alloying step, and the
precipitated rheniumis in a heated state enough to
be able to diffuse conpletely into the netallic

ni ckel particles, then speci-éd0-heating for alloying
is not necessarily required. -20- The above alloying
step i s conducted at a high tenperature of at | east
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[0059] The above was a description of a case in which
solid-state metallic nickel particles were used as the
nickel raw material, but the present invention is not
limited to this, and metallic nickel particles that are
at least partially molten may be used. For example,
solid-state metallic nickel particles may be heated ahead
of time and put in a totally or partially molten state
while still retaining their state of being dispersed as
particles, and then rhenium oxide may be introduced as
described above. It is preferable if metallic nickel
particles are thus heated to a temperature of their
melting point or higher, and rhenium is diffused into the
nickel particles in such a molten state, because this
speeds up the diffusion of the rhenium into the particles
and also improves production efficiency, and also allows

a uniform alloy powder in which rhenium has sufficiently



particles are thus heated to a tenperature of their

melting point or higher, and rheniumis diffused into

the nickel particles in such a nolten state, because

this speeds up the diffusion of the rheniuminto the

particles and al so |nproves“ﬁﬂ0duct|on efficiency,

and also allows a uniformalloy powder in which

rhenium has sufficiently -21- diffused into the
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nickel compounds are especially preferable because they
produce no harmful by-products after pyrolysis.

[0061]} When a material that produces a reductive
atmosphere upon pyrolysis is used as the nickel compound
powder, it is possible either to eliminate the reducing
agent dispersed in the gas phase, or to reduce the amount
thereof. For example, if a carboxylate powder such as
nickel acetate is used as the nickel compound powder, and
this is pyrolyzed in a nitrogen atmosphere, the
decomposition of the carboxylic acid group will generate
carbon monoxide and hydrogen, so a reductive atmosphere
is obtained.

{00621} When a thermally decomposable nickel compound
powder is used, just as when metallic nickel particles

are used, it is dispersed in a gas phase, and a rhenium



this is pyrolyzed in a nitrogen atnosphere, the
deconposition of the carboxylic acid group will
generate carbon nonoxi de and hydrogen, so a reductive
at nosphere is obtained. [0062 en a thermally
deconposabl e ni ckel conpound %%md is used, just as
when netallic nickel particles are used, it is

di spersed in a gas phase, and a rhenium -22- oxide
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alloXcegvable besides those discussed above. TFor instance,

an atmosphere in which metallic nickel particles are

dispersed in a gas phase containing a rhenium oxide vapor

can be obtained by producing droplets that contain a

rhenium nitric acid solution and a nickel nitrate

solution in the gas phase, and heating these droplets,
after which a nickel-rhenium alloy powder can be produced
by a process that entails the reduction step and alloying
step discussed above.

[0064] With this process, the alloy powder is not

produced by the direct pyrolysis of droplets containing

the alloying raw materials, but rather metallic nickel
particles and rhenium oxide vapor are first separately
produced from droplets containing the alloying raw
materials, and then the rhenium oxide is reduced,

precipitated, and alloyed. Going through this process



step di scussed above. [0064] Wth this process, the
al l oy powder is not produced by the direct pyrolysis
of droplets containing the alloying raw materi al s,

but rather netallic nickel particles and rhenium

oxi de vapor are first separately produced from

dropl ets containing the aIF@ﬁTng raw materials, and
then the rhenium oxide is reduced, precipitated, and
al l oyed. Going through this process -23- clearly
diikkerenti atesehbi staet h@ds fm@m]@qbrﬁyomyggma@sl syrolysis
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to be alloyed with rhenium are dispersed in a gas phase,
and a rhenium oxide vapor is supplied to this gas phase
either before, during, or after this dispersion. The main
cemponent metal particles may be manufactured in advance,
or may be produced prior to the above-mentioned
dispersion. The main component metal particles may be in
the solid~state, but it is preferable if they are at
least partially mclten by the point when the rhenium is
diffused into the main component metal particles.

[0068] There are no particular restrictions on the
methed for manufacturing the main component metal
particles, but they are preferably produced by PVD, CVD,
the spray pyrolysis method discussed in Japanese Patent
Publication 62-1807A and elsewhere, or the method
discussed in Japanese Patent Fublication 2002-2080%A and
elsewhere. The main component metal particles thus

produced are preferably moved on continucusly to the step

described below, along with a carrier gas.



di ffused into the main conponent netal particles.
[0068] There are no particular restrictions on the

nmet hod for nmanufacturing the main conponent netal
particles, but they are preferably produced by PVD,
CVD, the spray pyrolysis methd di scussed in Japanese
Patent Publication 62-1807A and el sewhere, or the

nmet hod di scussed in Japanese Patent Publication
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rhpregerably at least the melting point of the metal

particles. Also, the step of reducing the rhenium and
the step of alloying the main component metal with the
rhenium do not have to be separated in time, but it is
preferable that, while precipitating rhenium, the rhenium
precipitated is sequentially alloyed by being diffused
into the main component metal particles.

[0071] Also, a thermally decomposable main component
metal compound powder may be used so that the alloying
and the precipitation of the main component metal
particles are carried out substantially simultaneously,
and a main component metal compound powder material that
produces a reductive atmosphere upon pyrolysis may be
used here.

[0072] Further, an alloy powder containing the above-

mentioned third component can also be obtained by using



precipitated is sequentially alloyed by being diffused
into the nmain conponent netal particles. [0071] Al so,
a thermal |y deconposabl e mai n conponent netal
conmpound powder nay be used so that the alloying and
the precipitation of the mai rr20erponent net al
particles are carried out substantially

simul taneously, and a nain conponent netal conpound
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used in a reduction step, if needed
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{(hereinafter referred to collectively as "nickel raw
material particles"). Also, the carrier gas preferably
contains a reducing agent such as hydrogen gas that is
used in a reduction step, if needed.

[00751] A dispersing device is used to disperse the
nickel raw material particles in this carrier gas. This
dispersing device need not be a special device, and can
be any known gas flow type dispersing device, such as an
ejector type, Venturi type, orifice type or the like as
well as any known jet-mill may be used. 1In this case,
the nickel raw material particles are preferably
dispersed in such a low concentration that they will not
collide with each other. To this end, the concentration
in the carrier gas is no higher than 10 g/L, for example.
When using pre-manufactured nickel raw material particles,
the nickel raw material particles themselves can

sometimes agglomerate, so it is preferable to perform



ni ckel raw material particles in this carrier gas.
This dispersing device need not be a special device,
and can be any known gas flow type di spersing device,
such as an ejector type, Venturi type, orifice type
or the like as well as any kndwn jet-mll may be
used. In this case, the nickel raw material particles
are preferably dispersed in such a | ow concentration
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example, to use a tubular reaction vessel heated from the
outside, supply the nickel raw material particles and the
rhenium oxide vapor along with the carrier gas at a
constant flow rate from an opening on the raw material
introduction side of the reaction vessel, and cause these
to pass through the reaction vessel.
[0078] When metallic nickel particles are used as the
nickel raw material, the state in the reaction vessel is
cne in which rhenium oxide vapor is uniformly present
around the metallic nickel particles. When a thermally
decomposable nickel compound powder is used as the nickel
raw material, it is pyrolyzed in a heated reaction vessel,
metallic nickel particles precipitate, and rhenium oxide
vapor is uniformly present around the metallic nickel

particles.



rheni um oxi de vapor along with the carrier gas at a
constant flow rate froman opening on the raw nateria
i ntroduction side of the reaction vessel, and cause
these to pass through the reaction vessel [ 0078]
When netal Iic nickel partlcle§ are used as the nicke
raw material, the state in the reaction vessel is one
in which rheni um oxi de vapor is unifornmly present

ar goondotihe nehaldié ctid Ckehcpidh i ebesel Wishe a:kté‘leiuml dyide
deconposabl e ni ck ound £omder is used as

i CRBPY AW AR ARTORE G phRl b9 o oiat ik diptallic

reabkh@imyeqseth adBéabsi €oNtekebuppidd ChLSthe nlckel
preci piitate, and rheni um oxide vapor_js unifor

pr B&ERECAPBundTh e FbPBI 1Y CPRPEREF wjp]al‘t‘{%lﬂéﬂlthzﬁow the

[ 00éR}etnBhde l@ecéﬁﬁﬁélPQdV§§§§£e the Fdeni 1 OXé 1. 1In
vapor is reduced under heating to gre0|p|tate netallic

r hERBURARSRhVRAL A dh? ekeRpe Y HeliBar P acEhoimetel hiekeickel

pabgkehsﬁesw@ Bbi oyt n’@hf_’é ESRt W the V¥ Yo 4 hlél%ﬁ@fdered
enperature is controlled i side’the reaction vessel

| ntot RECEasd WhePech e namper atlhre dF lersher APdfke of the
ni gke ac@aéf'ﬁﬁgsniék e 1di 85 PPl Ntoyd Rﬁf@ﬁsﬁeﬁélllc

consi Igered roceede{:r)w SucC a manner that at | east
a phepief ah@ tlseaﬁfé aﬂee@iummmm@m:p@ml dpast jgles are

CoMSiEQd O%hf@PEﬁéf ﬁ aEfﬁ aQPl%Pgﬁglt%% EE@ other hand,

rheni ant cover ed ni ckel particles ar
f urhbee beatihgkahdaitoybes On thes apdirt haard: alberdy

BhHEHeoRri o Pl IS POLTL IS Bl LDRED poinc,
oromhreher ¢ heherstatd 1 tiai ckeke papaitliebeatat hilsipgbeint have

_hav b ed toate ture of no
‘ thelg(?r1 ﬁgﬁ?‘ﬁgt ot nt er%%r%tp Jégbefenn%tf ?e‘"té%% par?lgﬁ
rmﬁébmngtgmuptr caes shdwe domsn det eted ot mamctem[hlm m]:ihen,

nner that,metallijc rhenjium precipitated
R R R T A
nl’c}k@t patd i ciesshanthmtpr édip Seaeed i ke, rédudision adheres
dlféugﬁg éég aégm%fr%ﬁglégta{llcenlckel particles, and at
the same time, it i1s diffused into the interior of the
metallic nickel particles and alloyed. The alloy powderxn
thus produced is then cooled, and is finally recovered
with a bag filter or the like.
[0080] The flow rate and passage duration of the
mixture of the nickel raw material particles, rhenium
oxide vapor, and carrier gas are set as dictated by the
apparatus being used, so that the particles will be
sufficiently heated to a specific temperature, and
preferably at least 800°C, and even more preferably at a
temperature of not lower than the melting point of the
metallic nickel particles. There are no restrictions on
the upper limit to the heating temperature as long as it
is not a temperature at wﬁich nickel will vaporize, but a

higher temperature raises the manufacturing cost. The



metal lic nickel particles and alloyed. The all oy

powder thus produced is then cooled, and is finally
recovered with a bag filter or the |like. [0080] The

flow rate and passage duratlon of the mxture of the

ni ckel raw material particles; 28-heni um oxi de vapor,
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being highly dispersed in the gas phase, so it is thought
that roughly one particle of alloy powder is produced per
particle of nickel raw material. Accordingly, the
particle size of the alloy powder that is produced is
substantially proportional to the particle size of the
nickel raw material particles. Therefore, to obtain an
alloy powder with an average particle size of 0.05 to 1.0
pm, which is favorable for use in the formation of
internal conductors for laminated ceramic electronic
parts, it is preferable to use nickel raw material
particles with a particle size that is almost the same as
the above size in a state of being dispersed in the gas
phase. Also, to obtain an alloy powder with an even more
uniform particle size, it is preferable to use nickel raw

material particles with a uniform particle size. If the



bei ng highly dispersed in the gas phase, so it is

t hought that roughly one particle of alloy powder is
produced per particle of nickel raw material.

" Accordingly, the particle size of the alloy powder
that is produced is substanti@lty proportional to the
particle size of the nickel raw nmaterial particles.
Therefore, to obtain an alloy powder with an average
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solvent as long as it will dissolve the above-mentioned
binder resin, but one is suitably selected from among
those ordinarily used for conductor pastes and blended.
Examples include organic solvents such as alcohols,
ethers, esters, hydrocarbons, and the like, water, and
solvents that are mixtures of these. There are no
restrictions on the amount of solvent as long as it is an
amount that is ordinarily used, and the amount is
suitably determined according to the properties of the
conductive powder, the type of resin, the coating method,
and other such factors. Usually, the amount is about 40
to 150 weight parts per 100 weight parts conductive
powder.
[0086] In addition to the above components, the

conductor paste can also arbitrarily contain, according



[0085] There are no particular restrictions on the
solvent as long as it wll dissolve the
above-nmentioned binder resin, but one is suitably
sel ected fromanong those ordinarily used for
conduct or pastes and bl ended.-3Exanpl es i ncl ude
organi ¢ sol vents such as al cohols, ethers, esters,
hydrocar bons, and the |ike, water, and solvents that
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and conposite parts in which these are incorporated,

but 08831 al soThye above description was of a case of
manufacturing a nickel-rhenium alloy powder, which is
typical of the present invention, but the same applies to
the manufacture of a rhenium-containing alloy powder
whose main component metal is something other than nickel.
Naturally, though, the heating temperature conditions
should be suitably modified according to any differences
in the raw materials being used and so forth.
Examples
[0089] The present invention will now be described in
more specific terms through examples, but is not limited
to or by these examples.
Example 1
[0090] Metallic nickel particles (nickel powder) in
the solid-state, manufactured by PVD and having an

average particle size of 0.2 um were supplied to a jet-



used as other ordinary thick-film conductor pastes.

[ 0088] The above description was of a case of

manuf acturing a nickel -rhenium all oy powder, which is
typi cal of the present invention, but the sane applies
to the manufacture of a rhen+¥containing all oy
powder whose main conponent netal is sonething other
t han ni ckel . hbturally, t hough, the heating
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conposi tion of the powder produced above
was measured by ICP (Inductively Coupled Plasma
spectrometry), which confirmed that the powder contained
6 wt% rhenium. The powder was also analyzed with an X-
ray diffractometer, which confirmed that the diffraction
peak of nickel had shifted to a slightly lower angle, and
no diffraction peak for anything but nickel was confirmed.
It was confirmed from the above results that the produced
particles were alloy particles containing rhenium in a
solid solution state in nickel.
[0093] Also, it was confirmed by scanning electron
microscope that there was almost no difference in the
particle size and shape between the raw material nickel
particles and the produced particles, and that the powder
had a uniform particle size and good dispersibility.
[0094] The sintering behavior of the produced alloy
powder was examined by TMA (thermomechanical analysis).
The powder was molded into a c¢ylindrical sample with a

diameter of 5 mm and a height of approximately 2 mm, and



was neasured by I CP (Inductively Coupled Plasma
spectronetry), which confirnmed that the powder
contained 6 w % rhenium The powder was al so anal yzed
with an X- ray diffractoneter, which confirmed that
the diffraction peak of ni ckeb2had shifted to a
slightly lower angle, and no diffraction peak for
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Comparative Example 1
- [0096] The sintering behavior and oxidation behavior
were measured in the same manner for when a pure nickel
powder was used as the nickel raw material in Example 1,
the result of which was that the shrinkage start
temperature was 320°C, the shrinkage end temperature was

580°C, the oxidation start temperature was 250°C, and the
weight increase was 1.5%.

[0097) It was confirmed from a comparison of the
results in Example 1 and Comparative Example 1 that with
the alloy powder of the present invention (Example 1),
the alloying of nickel and rhenium effectively shifted
the start of sintering shrinkage of the powder to the
higher temperature side, and also increased oxidation
resistance.

Example 2



measured fromthe resulting TG chart. As a result, the
oxi dation start tenperature was 290C, and the wei ght

i ncrease was 0.8% Conparative Exanple 1 [0096] The
sintering behavior and oxidation behavior were
nmeasured in the same manner f-éB3-when a pure nicke
powder was used as the nickel raw material in Exanple
1, the result of which was that the shrinkage start
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nitégo gas at $ L/mn_usi atwn-fluid nozzle,
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r’%ﬂ@l‘]&f&«? 25 gas flrg). in which a nickel gowder had

been di spersed. AT otHe? TEHALT ot Swstle & tre Hbmet gk had
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elqu on ,mcrosco %§%P3$ the powder thus produced was
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it FITAfE Phatt aGtOnS i (16d- < Rphidagcihhathdhe

padelr Masiddl Seanadlyz28¢kel had shifted to a slightly
lower angle, and no diffraction peak for anything but
nickel was confirmed. It was confirmed from the above
results that the produced particles were alloy particles
" containing rhenium in a solid solution state in nickel.
Example 3
[0100] A powder of nickel acetate tetrahydrate was
supplied to a jet-mill at a supply rate of 2000 g/hr, and
the powder was pulverized and dispersed with nitrogen gas
at a flow rate of 200 L/min.
[0101] Separately from this, rhenium oxide (Rey0;) was
heated to 300°C to generate a rhenium oxide vapor, and
this was supplied to a gas flow in which nickel acetate
powder had been dispersed, at a rate of approximately 50
g/hr (calculated as rhenium metal), using nitrogen gas at
10 L/min as a carrier. This dispersed gas flow was
introduced into a reaction tube in an electric furnace
that had been heated to 15506°C. After passing through

the electric furnace, the gas flow was cooled to about



with an X-ray diffractoneter, which confirnmed that the
diffraction peak of nickel had shifted to a slightly

| oner angle, and no diffraction peak for anything but
ni ckel was confirmed. It was confirned fromthe above
results that the produced part3€tes were all oy
particles containing rheniumin a solid solution
state in nickel. Exanple 3 [0100] A powder of nicke
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I gctron n1cr SCOo powder _t hus
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gnaﬁgthnggﬁbagen$026lOwaQ Bopﬂlrm?ﬂdhhﬁdwgﬁgﬂonflrmed from
i spersjbilit e conposj tion t he owder th

prggucg ﬁﬁsr%ﬁgég thg e, PHR Eﬂeéoﬂ?F HetestWare alloy
coptathelled Ocwtifa £ hemd Urhed DEn POMILT sB8d akSOution state in
analgﬁ with an X-ray diffractonmeter, which confirned
t hAtS*the diffraction peak of ni ckel had shifted to a
sl eghtbyel ower angle, and no diffraction peak for

angﬁ?&gﬁ but ni ckel was confirned. it was confirned
e abOVROYEII YRS et Het P dutdt pRr $4RE @Banner as

wei® @kd®yle 3, except that the supply rate of the rhenium
oxide (Re;0;) was changed to approximately 5 g/hr
(calculated as rhenium metal).
[0104} It was confirmed by scanning electron
microscope that the powder thus produced was composed of
spherical particles with a uniform average size of 0.3 um,
and had good dispersibility. The composition of the
powder thus produced was measured by ICP, which confirmed
that it contained 1 wt% rhenium. The powder was also
analyzed with an X-ray diffractometer, which confirmed
that the diffraction peak of nickel had shifted to a
slightly lower angle, and no diffraction peak for
anything but nickel was confirmed. It was confirmed from
the above results that the produced particles were alloy
particles containing rhenium in a solid solution state in
nickel.

Example 5



particles containing rheniumin a solid solution state
in nickel. Exanple 4 [0103] A powder was nmanufactured
in the sane manner as in Exanple 3, except that the
supply rate of the rhenium oxide (Re207) was changed
to approximately 5 g/hr (calédlated as rheni um
metal ). [0104] It was confirnmed by scanning el ectron
m croscope that the powder thus produced was conposed

of rospberi calieparii€! @scid i hyds Uk 05 AUErBOSoS1 284 0fith

0.3.pm and had good dispersibility. The composition
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t pghd:hie gapamas caed ed i Akt rE0Gverage size of 0.08
pm, and had good dispersibility. The composition of the
powder thus produced was measured by ICP, which confirmed
that it contained 5 wt% rhenium. The powder was also
analyzed with an X-ray diffractometer, which confirmed
that the diffraction peak of nickel had shifted to a
slightly lower angle, and no diffraction peak for
anything but nickel was confirmed. It was confirmed from
the above results that the produced particles were alloy
particles containing rhenium in a solid solution state in
nickel.
Example 6
[0108] Using a reaction apparatus in which three
electric furnaces were arranged in series and designed to
allow a reaction tube to be heated, nitrogen gas was
allowed to flow from one end of the reaction tube at a
rate of 10 L/min. Anhydrous nickel chloride that had
been placed in a porcelain crucible was positioned at the

portion of the electric furnaces farthest upstream, where



and a powder was recovered with a bag filter. [0107]

It was confirmed by scanning electron mcroscope that
t he powder thus produced was conposed of spherica
particles with a uniform average size of 0.08 pm and
had good dispersibility. The €&mposition of the

powder thus produced was neasured by | CP, which
confirmed that it contained 5 wt% rhenium The powder
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be d in a,porcelain crucible was positioned at
thggtggiggo%l%¥e%h%aﬁfé%#??c furnaces farthest
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reduce the nickel chloride vapor, and metallic rhenium
was precipitated on the surface of the nickel particles
and alloyed. The particles that came out of the heated
section were cooled to about 100°C, and then recovered in
a trap filter.

[0110] It was confirmed by scanning electron
microscope that the powder thus produced was composed of
spherical particles with a uniform average size of 0.2 um,
and had good dispersibility. The composition of the
powder thus produced was measured by ICP, which confirmed
that it contained 7 wt% rhenium. The powder was also
analyzed with an X-ray diffractometer, which confirmed
that the diffraction peak of nickel had shifted to a
slightly lower angle, and no diffraction peak for
anything but nickel was confirmed. It was confirmed from
the above results that the produced particles were alloy

particles containing rhenium in a solid solution state in



this was sent to the outlet portion of the second
stage electric furnace, using nitrogen gas as a
carrier at 1 L/mn. This was sent along with the
produced nickel particles to the third stage electric
furnace, which had been heatet’-to 1000C. The rheni um
oxi de vapor was reduced by an excess of hydrogen
supplied in order to reduce the nickel chloride
vapQkkeand netal lic rhenium was precipitated on the
sur face _of the ni ckel particles and alloyed. The
palffPEPd€ that came out of the heated section were
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oxide particles into metallic nickel particles, and the
rhenium oxide vapor precipitated as metallic rhenium on
the surface of the metallic nickel particles. The
precipitated rhenium diffused into the nickel particles
and alloyed with them, and the alloyed particles were
heated to a temperature of not lower than their melting
point to produce spherical particles. The particles thus
préduced were cooled to about 100°C, and then recovered
in a trap filter.

[0112]) It was confirmed by scanning electron
microscope that the powder thus produced was composed of
spherical particles with a uniform average size of 0.5 um,
and had good dispersibility. The composition of the
powder thus produced was measured by ICP, which confirmed
that it contained 10 wt% rhenium. The powder was also
analyzed with an X-ray diffractometer, which confirmed
that the diffraction peak of nickel had shifted to a



m st was sent to a ceram c reaction tube that had been
heated to 1550C by an electric furnace, using nitrogen

gas at 10 L/mn as a carrier. This heating vaporized

the water and pyrolyzed the raw material conpounds,
produci ng an oxi de, and the -rdseni um oxi de conponent
volatilized into a vapor. Next, the reductive gas
generated by the deconposition of the ethylene glyco
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heﬁ%ggeio a tenperature of not |lower than their
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E“HE%%Sbéﬂﬂdgé(HE\MGILfﬁin as a carrier. This heating
vaporized the water and pyrolyzed the raw material
compounds, producing rhenium oxide, which volatilized
into a vapor. Meanwhile, the metallic platinum particles
generated by the pyrolysis of the raw material compound
were heated to a temperature of not lower than their
melting point, thereby at least partially melting, on the
surface of which rhenium oxide vapor was precipitated as
metallic rhenium. The precipitated rhenium diffused into
the platinum particles and alloyed with them, producing
spherical particles. After passing through the heated
portion of the carbon reaction furnace, the particles
were cooled in the reaction tube to a temperature of 300
to 400°C, then mixed with an air flowing at a flow rate
of about 1000 L/min, then rapidly cooled to 100°C or
lower, and finally recovered in a trap filter.

{0114] It was confirmed by scanning electron



pl ati num concentration of 27 g/L and a rhenium
concentration of 3 g/L. Araw material solution was
obt ai ned by addi ng, as a reducing agent, ethyl ene
glycol in an amount of 100 mL per liter to this
aqueous solution. This raw mad®+rial solution was made
into a mst with an wultrasonic atom zer, and this

m st was sent to a carbon reaction tube that had been
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to a ceramic reaction tube that had been heated to 1600°C
by an electric furnace, using nitregen gas at 10 L/min as
a carrier. This heating vaporized the water and
pyrolyzed the raw material compounds, producing rhenium
oxide, which volatilized into a wvapor. Meanwhile, the
metallic palladium particles generated by the pyrolysis
of the raw material compound were heated to a temperature
of not lower than their melting point, thereby at least
partially melting, on the surface of which rhenium oxide
vapor was precipitated as metallic rhenium. The
precipitated rhenium diffused into the palladium
particles and alloyed with them, producing spherical
particles. After passing through the heated portion of

the electric furnace, the particles were cooled in the

reaction tube to a temperature of 300 to 400°C, then



particles containing rheniumin a solid solution state

in platinum Exanple 9 [0115] A rheniumnitric acid
solution was added to a palladiumnitrate aqueous
solution to prepare an aqueous solution with a

pal | adi um concentration of 9547t and a rhenium
concentration of 5 g/L. Araw material solution was
obt ai ned by addi ng, as a reducing agent, ethyl ene
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method were supplied to a jet-mill at a supply rate of
100 g/hr, and dispersed with nitrogen gas flowing at a
flow rate of 200 L/min. ‘

[0118] Separately from this, rhenium oxide {Re;0,) was
heated to 300°C to generate a rhenium oxide vapor, and
this was supplied to a gas flow in which the above-
mentioned iron powder had been dispersed, at a rate of
approximately 5 g/hr (calculated as rhenium metal), using
nitrogen gas at 10 L/min as a carrier. Hydrogen gas was
then supplied at 10 L/min into this dispersed gas flow to
create a reductive atmosphere, and the particles were
introduced into a reaction tube in an electric furnace
that had been heated to 1600°C. After passing through
the electric furnace, the gas flow was cooled to about
100°C, after which the produced powder was recovered with
a bag filter.

[0119] The composition of the powder produced above



powder thus produced was neasured by |ICP, which
confirmed that it contained 5 wt% rhenium The powder
was al so analyzed with an X-ray diffractonmeter, which
confirmed only a diffraction peak corresponding to
pal | adium and this confirmed4that the produced
particles were alloy particles containing rheniumin
a solid solution state in palladium Exanple 10
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(cakeyl.ated as rheniumnetal ), using nitrogen gas at
10 L/mn as a carrier. Hydrogen gas was then supplied
at 10 L/mn into this dispersed gas flowto create a
reductive atnosphere, and the particles were
introduced into a reaction tube in an electric furnace
that had been heated to 1600C. After passing through
the electric furnace, the gas flow was cool ed to about
100C, after which the produced powder was recovered
with a bag filter. [0119] The conposition of the
powder produced above -41- was neasured by | CP, which
confirmed that the powder contained 5 wt % rheni um
The powder was al so analyzed wth an X-ray
diffractoneter, which confirmed only a diffraction
peak corresponding to iron, and this confirnmed that
the produced particles were alloy particles
containing rheniumin a solid solution state in



iron. -42- CLAIMS 1. A nethod for manufacturing a
rheni um cont ai ni ng al |l oy powder, containing rhenium
and a mai n conponent netal other than rheni um
conprising the steps of: dispersing particles of the
mai n conponent netal in a gas phase and causing a
vapor of rhenium oxide to bé2-present around the
particles; reducing the rhenium oxi de; and producing
the rheniumcontaining alloy powder by diffusing the
rheni um preci pitated on aCdai¥Mice of the main
conponent netal particles by the reduction, into the
mai n conponent netal particles at a tenperature not
IomEﬂ thanméﬁﬂﬁdaﬁdrnmﬁnﬁﬁiﬁﬁﬂrﬂﬁ@am.aTKeﬁmﬁfakmmeiatng
yg g £0 onent netal particles w | nt
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rheniuminto the nmain conponent net al ﬁarticles
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2. The manufacturing method according to Claim 1,
wherein, in the step of diffusing the rhenium into the
main component metal particles, the main compenent metal

particles are at least partially meclten particles,

3. The manufacturing method according to Claim 1
or 2, wherein at least the step of producing the rhenium-
containing alloy powder is conducted in a non-oxidizing

atmosphere.

4. The manufacturing method according to any of
Claims 1 to 3, wherein a step of producing the main
component metal particles is conducted prior to the step

of dispersing the main component metal particles.

5. The manufacturing method according to Claim 4,
wherein the main component metal particles are produced
by a manufacturing method selected from among physical
vapor deposition, chemical vapor deposition, spray

pyrolysis, and a method in which a thermally decomposable



mai n conponent netal conpound powder is pyrolyzed in a
gas phase. 6. The manufacturing nethod according to
any of Clains 1 to 3, wherein a raw material solution
obtai ned by dissolving the naln conmponent netal and
rheniumis nmade into droplets; 437d t hen heat ed,

t hereby di spersing the main conponent netal particles
in the gas phase and causing rheni um oxi de vapor to
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nmet hod according to any of  Claifns 1 to wheréin an
av@@&béﬁﬁﬁ¥%lcle size of the rheniumcontaining alloy
powder is fromO0.01 to 10 pin. 8. The manufacturing

nmet hod accordlng to any of Cdains 1 to 7, wherein the
amount n whiTéls BagsdpeRuIény mﬁhéﬁduﬁﬂﬂﬂrﬂheg to any of
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r hparuaeéoatai ni ng al l oy powder, manufactured by the
manuf act uri ng net hod according to any of Clains 1 to
10. 12. A conductor paste, containing the rhenium -44-
cont ai n¥ng afheympowdectacingdinaghde &Ekebraddy to any of

Claims 1 to 6, wherein an average particle size of the

rhenium-~containing alloy powder is from 0.01 to 10 Hm.

8. The manufacturing method according to any of
Claims 1 to 7, wherein the amount in which a content of
rhenjum in the rhenium-containing alloy powder is from
6.01 to 50 wts.

9. The manufacturing method according to any of
Claims 1 to 8, wherein the main component metal includes
at least one metal selected from the group consisting of
nickel, platinum, palladium, iron, cobalt, ruthenium, and

rhodium.

10. The manufacturing method according to Claim 9,

wherein the main component metal includes nickel.

11. A rhenium~containing alloy powder, manufactured
by the manufacturing method according to any of Claims 1
to 10.

12. A conductor paste, containing the rhenium-
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containing alloy powder according to Claim 11.



