-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 presgnt invention relates to a

met hod for manufacturinga rheniumcontaining 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 cenductors 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 netal nmateyials has becone

i ncreasi ngly popul ar because of the need to conserve

resources and to reduce the delam nation and cracking

caused_by oxi dation expansion during the firing of
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particles wWth relatively [ow activity begin to
ceramic layer is about 3 um, unless the internal

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 oxr cause abnormal particle growth, so not
only does the internal conductor become a discontinuous
film, which can lead to higher resistance, or to circuit
Idisconnection, but another problem is that the conductor
becomes thicker, so there has been a 1imit 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
approxi mately 1200C with iumtitanate, 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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[{0007] 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
yield 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
thenselves in the conducto% | ayer is not being
suppressed, when the matertal is fired at a high
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cogldentoconipa spay tised- -in- forming- the- internal- cohductor of
a laminated ceramic capacitor. Nevertheless, the
elements disclosed in Patent Decument 1 are all baser
metals than nickel, so even when the firing is performed
under conditions under which nickel will not be oxidized,
these other metals often ended up being selectively
oxidized. As a result, there is the danger that they
will react with the surrounding ceramic and adversely
affect the electric characteristics of the laminated
ceramic electronic part.

[0010] 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 parts.




For instance, Patent Docunent 2, |isted bel ow,

di scl oses a conposite powder in which nickel is

coated with rhenium [0011] However, while rheniumis

nmore noble than nickel, it_cannot really be

consi dered to have | ow cheh cal reactivity, and

rheniumoxide in particular sublimtes at a | ow

tenperature of just a few hundred degrees centi grade.
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chegrides of metal elements contained in the alloy powder,
evaporating them and mixing these vapors, and. then
subjecting them to hydrogen reduction, but with a CvVD
(Chemical Vapor Deposition) method such as this, the
particles of the various metal elements typically are not
alioyed, and instead are produced individually. |
[0014} Also, it is possible that PVD (Physical Vapor
Deposition) could also be utilized if 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
homogeneous nickel-rhenium alloy power cannot be obtained

consistently. Because of this, with 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 either a m xed powder in
which particles of the various netal elenents are
both present, or, even if the elenents can be
successfully alloyed, the powder ends up being one
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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
process 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 pum, which is

needed nowadays to form internal conductors for laminated



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 dlscussed in Patent Docunents 3,
4, and 5, listed bel ow, ard®lsewhere, spray
pyrolysis is a process in which a solution containing
one or nore kinds of nmetal oxide, or a suspension in
cabamic élmnﬁrém&uaﬁ&xﬂsdispersed is sprayed to form
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é%ﬂo& 1nvolves 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 is 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 is 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 pyrolyzed, but because
of the above-mentioned characteristics of rhenium,
heating causes just the rhenium component to wvaporize 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




actual ly obtained by pyrolysis. This nmeans that a
ni ckel -rheni um al | oy powder cannot be obtai ned by a
-8- conventional spray pyrolysis process. [0019] The
manuf act uri ng net hods di scyssed in Patent Docunents 6
and 7 listed below, are al'so known. Wth the nethods
described in these publications, at |east one kind of:
thermal | y deconposabl e netal conpound powder is
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obtained. Furthermore, a metal powder of uniform
particle size can be obtained by controlling the particle
size of the raw material powder, so the adjustment 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 solution or
suspension, enerqgy 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.



aggl oneration of droplets, and the powder can be
di spersed in the gas phase at a relatively high
concentration, so efficiency is higher. ------------
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ni ckel -rheni um al | oy pomdé% is manufactured with this
nmet hod, a thermally deconposable netal conpound
powder containing nickel and rhenium nust be prepared
[ER2Ghe r awveartéreilwlsspomdmn a @tﬂo@ueild-eﬁ;emihtnr allésy
My, nd-_of. her npound rel atively
b Og“l%e%oe :JS?nra% q‘:ur & u%aerg; Yo hf % %hﬁ\g %B &iy

dddumpuﬂdhﬂfda&ﬁnﬂosah@@ummemmHEEl&bnmawﬁ&hg nbokel and
because the e co oun ga\é] a_| ow pyrol,
C

rHERIT Bt Pe B Opar, £a v BBEPRitTL Bppder .

cnﬁdnnaax; @ﬁ&ﬁbﬁb&tlwak%onyﬂﬁ @h@aﬁtﬁeﬁdecﬁabbmﬁbﬁﬁdé
t enper ature SucC

I Iatlv h deco osition
il Ao latidedde stzugture, BROUAt TPELBeCEBORe
ugaa'asnmn@tmaglyhu@c©@@b%ab1eb@waﬁgﬁerhblcgaﬁaekg but

rheni u nthesis is extrenely difficult, andt
becamsS g§€@é ﬁ&W@P&E@&rEaVFOGZiPWAQYHPéEﬁ§§eHe%Eﬁvéturer

itWMitsh dlilFe ivetiRods &BQWBo&ntthQ Qiibyiﬁg &ﬁﬁﬂﬁﬂﬁ&ﬁiﬁ@ﬂy
an allqy powder, .if an_ atte was  nmade

AN REGRRIECYPE 18N SRt oY 15 Bndere éﬁﬂ&?ﬁYanGFh@ﬂ?ngoﬁttlon
téﬁ%%r@kﬁ&bcU%hchoa%bhafﬁrﬁﬁtél|8¥e99ﬂgero£h§kalgég

smal | average particle size, excel
th@ﬁ§ﬁ§r§PbP?|ﬂ?OdaﬁQral@EFPU#ﬁgaﬁhé§lﬂ@nta©le byt elpen

1tDeeHERNE o1 rhéﬁﬁﬁﬁesggREBQEEspEgl égegélgglg&%ff@éﬂ? A

Pat ent Docunen panese Pat en ation
- andoghig1 g9BpAipatest mEoBdAchRre: Japanese. Pat ent

[oBEE 'Cath "a98ens88dAabBLEN! y PR UERD ndtnddDAESE in

Pat nt l1cation 6 at ent cumen
.th@apaﬁéséopaménufEGDUrcagu@n dlloy powder, -if an attempt -

was made to manufacture an alloy powder containing
rhenium, it was difficult to obtain an alloy powder that
had a small average particle size, excellent .
dispersibility, and a uniform alloying ratio.
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[0022] It is an object of the present invention to
provi de a novel and superTB?“nethod for manufacturing
a .rheniumcontaining alloy powder which makes it
possible to easily and stably a nickel-rhenium all oy
powder, as well as other rheniumcontaining alloy
powder s whose i netal that can be
al l oyed with rg gn&%& %SI%YPSHTW}\%\ pal | adi um
iron, cobalt, ruthenium rhodiumor the Iike whi ch
were ver dlfflcult to obtain in the prio
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rheni um cont ai ni ng_al'l oy powder that contains rhenium
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averagé: particle” size of 0. 10 pm_ and has a
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supheasnnlakemndahﬂeppaférabéy has an avérage .particle

size of 0.01 to 10 um, and has a homogeneous composition,
can be obtained simply and stably. Furthermore, it is an
object to provide a rhenium-containing alloy powder
obtained by the manufacturing method, and a conductor
paste containing the rhenium-containing alloy powder.:
[0023] To scolve 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 component metal particles by the reduction, into the



reduci ng the rheni um oxi.de; and producing the
rheni um contai ning all oy powder by diffusing the
‘rhenium precipitated on a surface of the main
conponent netal particles QX the reduction, into the
----------------------- Z=47--- -11 mai n conponent

nmetal particles under a high tenperature. [0025] (2)
The manufacturing nmethod according to (1) above,
maiire remporientt heetsile @aﬁt:dj]fe‘m sindgrt ke hil@nicempett@ure.
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oﬁ(éﬁoz,rl%(j"gat%s&)%reabove wherein the mai n conponent
netal particlés are fproduced by a manuf acturing
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spray pyrolysis, and a method in which a thermally
decomposable main component metal compound powder is
- pyrolyzed in a gas phase.

[0029}] (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 oxide vapor to be present
around the particles.

[0030] (7) The manufacturing method according to any
of (1) to (6), wherein an average particle size of the
rhenium-containing alloy powder is from 0.01 to 10 pm.
[0031] (8) The manufacturing method according to any
of (1) to (7), wherein a content of rhenium in the
rhenium-containing alloy powder is from 0.01 to 50 wt%.
[0032] (9) The manufacturing method according to any
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of (1) to (6), wherein an average particle size of the
rheni umcontaining alloy powder is fromO0.01 to 10 pm
[0031] (8) The manufacturing nethod according to any
of (1) to (7), wherein a content of rheniumin the
rheni um contai ning al | oy pbfwer is from0.01 to 50
w% [0032] (9) The manufacturing nethod according to
any -12- of (1) to (8) above, wherein the nain
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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.

[0037] 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,




ratio and so forth can be obtained stably. [0038]

Al so, since the manufacturing nethod of the present

i nvention involves the use of vapor phase rhenium

oxi de and mai n conponent ”?5 particles such as

metallic nickel particle§ "There is no precipitation

of rhenium powder by |tself Therefore, it is easy to

control the alloying ratio, and a rheni um contai ni ng
swtl ays [:Bavmj‘mke]:-rhenj:um -akloy -powder,- withr a unifork3

such_ as. a nickel - iU |1 oy powder, with a uniform
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Isemh re, or a method in which a thermal
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P%%&uaq%warm & andegdsesheyessprodgciiraheiiigdangsm is

ra@dAe PERRSsd %h%“%méd%amJaaﬁ%ghn§ﬁﬁaﬁﬁ?ogh owder %s

above- nmentioned rheni um contal ni ng
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n particular én a nickel -rheniumalloy powder is
[00d8] as Becamsectbe pb@&e—mentﬁonadnghanlumHCanaining
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composition and particle size, they can be used to
advantage in conductor pastes used for forming internal
conductors for laminated ceramic electronic parts, as
well as in conductor pastes used in various other
applications. In particular, when a nickel-rhenium alloy
powder is used és a conductor paste for forming an
internal conductor for laminated ceramic electronic parts,
the alloying with rhenium effectively suppresses the
sintering of the nickel particles, and their sintering
shrinkage behavior can be made to approximate that of the
ceramic layers, 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 the mismatching
of the sintering shrinkage behavior between the conductor
layers and the ceramic layers. With the present

invention, when a nickel-rhenium alloy powder is



sintering of the nickel particles, and their sintering

- shrinkage behavi or can be nmade to approxi mate that of
the ceramc layers, so it is possible to obtain a
conductor paste which allows the formation of
extremely thin internal etléctrode filns without
causi ng structural defects or electrode discontinuity
due to the msmatching of the sintering shrinkage

mbahaubeﬁrba; Weenitke1 COREHEERT alldy SpSwuddd Rd\ei ffrani ¢
Wth the present _invention, when a
PRELRERLRFOHi QHESFRBI TROWBEECPS 10 JLemmn. A aep kiFation

tB8i 6kehmli BeNhihateqYe POMELSNDAVHEEE & am@ dd CA A %eill
outstanding effect in terns of application to ceramc

bearbhaieadel BBt e cPpaseRt ah@v%r@twr t¥s ot lissited to
tAB531 886, a Dbheh MEnPESSERLN1 Y Wg }5 Sudtfh rﬂahaw PG L0

hIS and a rheniumcontaln
SEEB@%—‘P@r cifeekt thaht cewld cm(h*@tbfb eObitﬂJaletb dvivit rprprum art

kAbim KROMR. | gaé@ ec %e CA L. <I§’ L&ﬁ}? thﬁe\{ﬁ r?ﬂa\ll\ﬁﬁ%ctur:Lng

manuf acturin oy po entumils
ag otrbl P dPoWd L almlaich oltlh%tllulhaxs niekeines wild maimetal

h
O{r; gﬁ?ﬂ%%oﬁ?%%% n%ggﬁl%ylﬂ V\d%?poarb?%g—i trllne WI th the
[%@ﬁh]actu&lﬂ@,n@¢¢ﬂuﬁeﬁth¢mrhqnxnmyuonuamnmngomhlby
t e
pORBEE e ed 3085 OBle SRR msiciog e she
pXkes¢my imvaemglcandlsaomqraeilqr aifif eidts ehardatiien dsd@stance,

t§€|n as elgctrocgn uc¥|V|H{é6%§¥AI DESCE%E&E%E OF

dumirentfoning hend hrdwsar selye i fifac ic @Hadiavived ighliey such

er.” refers to all oy powder of a main conponent
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MAth rhenlun1 In particular, when the

en|un}co alnln al | oy powder of the present
[ ntlgﬂ- Presend; gnyention, the phrase “"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. 1In 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. As will be described below, this main
component may also include a third componeﬁt.

[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




i nternal conductor for |am nated ceram c electronic
parts, the above-nentioned nmain conponent netal is
preferably netallic nickel. As will be described

bel ow, this main conponent may also include a third
conponent. [0043] The anou&®=in which the rheniumis
contained is preferably between 0.01 and 50 wt % and
even nore preferably between 1.0 and 10 wt% w th
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alyag(ﬁamdéy | oy powder. [0044] The present invention
doés not exclude a case in which the
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includes 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




be alloyed with rhenium In the follow ng di scussion,
particles obtained by adding the third conponent ahead
of time to the netal particles of the main conmponent
will also be referred to as "nmain conponent netal
particles." For exanple, ~p&rticl es obtained by adding
the third conponent ahead of tinme to netallic nicke
particles will also be called netallic nicke

hgaindg ch esapdd sof the thitd tagmentnbe praentddad the
the.rheniq$}containin _allo%%fomder in the course of
AR X R o7 P Pheni TS dHEs FOmPeRandy MSFwder aby a
s b Lt empoatdiad swich dsbiklrt 1Y 0T tloV 8R0hoek .t he
in the rhenium oxide

| Ld conponent be present i
[ %éﬁ. 'ﬁﬁh?tQﬂ§§? igeftlendiase of Wenghendsmponent
el t&i CaiPi dlatdyP dﬁﬁéﬂ“bﬂmﬂﬁ@&ﬁesehQOﬁﬁkeﬁﬁﬁgﬂvgﬁﬁgﬁe

particle size of the rheni um “containing alloy powder
SFtaly (efeaminas @nagagidiogn tee theuiingisnylede epphiinegion,

DR G YIS tiHe dvaleiehadRAbh eakH9R. 1 sbPbtwee 8,01
preferably the average particle size is getmeen 8. 01
anghdl & ¢mpym I Beditdicediagr, Wiithh agnackka-rhrsailonaalopy

pRepEertHAati d s haneiak) ﬁo@%oﬁ:ﬁgﬂbngnitgﬁrﬁﬁ ac?nductors

conductors for highly lam nate eramc electronrc
fg3ahighlph d andpertage cexemic] elscteonhier paftiss the

S8, | 5 0 d;l. | s .rang
R e St eareBE 15 BT B0 b DS PGS
ang |1. lpem.oo Beilgv &hds gianger, i hjewpbivdercwiliobaed. to

IS T I i 11, be difficult to
aq§£§®%ﬂ§ Sbmﬁ%fg$§ E§$§¥§%¥eﬁﬁéﬁmhﬁoﬁaﬂc56? ¢ hi ghly
singeniagedridér agicarelseoneoni cApavesthis|[ 0846¢, Thewever,
ool iy URR.C Lni e} er nuf act yred by, the
lthgﬁg!gg?ugggghﬁg?%ogoo g?ﬁgﬂ%rggga?g ﬂvgﬂ¥moﬁx%%ﬁn%%
conmslad tappr dpri atghyyi hamdndtedotepasi€sel ¢OtrdOid figres..

T RN T
mahiufedtsired! baneheshynwEabtiheng anehed | @F efife [SHELM@S
ingRRY8hOaR BE st dp b 2bpY 1 8Py OFn Eondittor paskes
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-



conductor paste applications, such as for formng
various Kkinds of electrode, for formng circuit
conductors, or for form ng connection-use conductors,
or in resistor pastes and so forth. <Manufacturing
Met hod> (1) Nickel - Rheni umlArl oy Powder [0047] A case
in which solid-state netallic nickel particles are
used as the nickel raw material will now be
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~.-of these manufacturlng methods produce metallic nickel
particles in the gas phase, so the metallic nickel
particles thus produced can be 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
pyvrolysis method discussed in Patent Document 3 and
elsewhere, or by the method discussed in Patent Document
6 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.
[0051] Meanwhile, a vapor of rhenium oxide is
preferably used as the rhenium raw material in the
present invention. In particular, rhenium heptoxide
{Re;07) can be used to advantage in the manufacturing

method of the present invention because it contains no
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[0054] - The vapor 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




above-nentioned netallic nickel particles in the gas
phase. The anount in which the rheni um oxi de vapor is
supplied here is suitably controlled as dictated by
the desired alloying ratlg [0055] Wth the present

i nvention, a rhenium oxi d€& vapor may be uniformy

pr esent around the netallic nickel particles at the
poi nt when the rheniumoxide is reduced (discussed
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[ 0055 Jret althien, rhhalm&tpleﬁcpniakeﬂ part heladove whose
"surface the metallic rhenium precipitated 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. Also, 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.



reduction step are heated while still dispersed in the
gas phase, so that the rheniumdiffuses into the
netallic nickel particles and the nickel and rhenium
are conpletely alloyed. After it has been conpletely
alloyed, the netallic rheAPumwill not be oxidized by
itself, so a chemcally stable alloy powder is
obt ai ned. Everything fromthe reduction step up to
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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



[ 0059] The above was a description of a case in which

solid-state netalli.c nickel particles were used as the .

nickel raw material, but the present invention is not
limted to this, and netallic nickel particles that
are at least partially noften may be used. For
exanple, solid-state netallic nickel particles may be
heated ahead of time and put in a totally or
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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.

[0062] 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



ki nds. Hydroxi des, carbonates, oxides, carboxylates, -
resi nates, acetyl acetonates, alcohol ates,-and the |ike
ni ckel conpounds are especially preferabl ebecause they
produce no harnful by-products after pyrolysis. [0061]
Wien a material that produdéds a reductive ~atnosphere
upon pyrolysis is used as the nickel conpound powder,
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conceivable besides those discussed above. For 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



nol ten, and diffusing the precipitated rheniuminto
the nickel particles, but many different enbodi nents
are conceivabl e besides those discussed above. For
i nstance, an atnosphere |23mh|ch metal | i ¢ ni cke
particles are dispersed 1Ai"a gas phase containing a
- rheni um oxi de vapor can be obtained by producing
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gas phase, and a rhenium oxide vapor is supplied to this
gas phase either before, during, or after this dispersion.
- The main component 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 molten by the point when the rhenium is
diffused into the main component metal particles.

[0068] There are no particular restrictions on the
method for manufacturing the main component metal
particles, but they are preferably produced by PVD, CVD,
the spray pyrolysis method discussed in Patent Document 3
and elsewhere, or the method discussed in Patent Document
6 and elsewhere. The main component metal particles thus
produced are preferably moved on continuously to the step

described below, along with a carrier gas.



di scussed above. [0067] Specifically, the main
conponent netal particles to be alloyed with rhenium

. are dispersed in a gas phase, and a rheni um oxi de
vapor is supplied to this as phase either before,
during, or after this disp@%sion. The mai n conponent
nmetal particles may be manufactured in advance, or
may be produced prior to the above-nenti oned
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1820, | phedebibly at least 800°C, and more ‘
preferably 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 seguentially 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



heating after the rhenium has precipitated on the
surface of the particles, or by sufficiently heating
the main conponent netal particles up to that point.
The above alloying step is conducted at a high
tenperature of at |east 58B€, preferably at |east
800C, and nore preferably at least the nelting point
of the metal particles. Also, the step of reducing
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- used in a reduction step, if needed.

[0075] 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. In 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



bel ow as preferred enbodi nents of the present
invention. Wth this manufacturing nethod, nitrogen,
argon,. or another such inert gas, or a gas that is a
m xture of these, is preferably used as a carrier gas
to disperse metallic nickéP~particles or a thermally
deconposabl e nickel conpound powder that is a
precursor thereof (hereinafter referred to

adedhzics | el yerbza i exkel cofiyh i it @yliads iFacdEtGlods” and so

Al so, the carrier gas, referabl cont gi ns_a reduci ng
£ 5L R PLioh R R G0t i ic T A ren carrier
g&@duction step, i f needed [0075] A di spersing device
[éﬁbgsed to disperse the nickel raw material particles
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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
one 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.




but a jet-mll or the |ike my be used to adjust the
.particle size in the carrier gas. [0077] Meanwhil e,
the rheni um oxi de vapor is supplied at a suitable
timng to the carrier gas. _The nickel raw nateri al
particles and the rheniunté%ide vapor di spersed
in/supplied to the carrier gas are sent to the
reaction vessel along with the carrier gas while
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QXEJ%%I ace n%ta e metalllc nickel particles, and at
the same time, it is diffused into the interjior of the
metallic nickel particles and alloyed. The alloy powder
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



rheni um and these rheni um covered nickel particles are
nmelted by further heating and all oyed. On the other
hand, where the nickel particles at this point have
al ready been heated. to a_tenperature close to their
melting point, or where rh8-netal lic nicke
particles.at this point have :..been heated. to a
tenperature of not [ower than their. nelting point
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nigkg&ekaw material particles are heated in a state of
being highly dispersed in the gas phase, so it is thought
that roughly one particle of ailoy 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
um, 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



particles, and there may be a gradient to the rhenium
concentration fromthe surface. of the particles toward
their center, for exanple. Powder particles having
such a concentration gradient are not excluded from
being the alloy powder maddfactured with the
manuf acturing nmethod of the present. invention, but
when a honopgeneous all oy powder: with no
niokek rttatatmalre:gieaﬂimticlsl@késidxeald,a iviides pal&ﬁ?{cqrea@i%le
either to heat_the nicke rticles, to a_ sufficiently
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[OBbgﬁel_rBEgkgnhre no particular restrictions on the
solvent as long as it will dissolve the above-merntioned
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



al l oy powder of the present invention is manufactured
by wuniformy mxing and dispersing wwth a vehicle
conmponent containing a resin binder and a sol vent
according to a standard nethod. [0084] There are no
particul ar restrictions on30he resin binder, which
can be any one that is ordinarily wused in conductor
pastes, such as ethyl cellulose, hydroxyethyl

t6eityl Dseended WidEramy ddogedddHis e HRSidi% ordharily
acrylic resin, nethacrylic resin, butyral resin, epoxy
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. uddll as other ordinary thick-film conductor pastes.
[0088]  The 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 heéating 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 im were supplied to a jet~



ceram c green sheets, glass, alumna, silica,
zirconia, copper oxide, manganese oxide, titanium
oxi de, and other such netal oxides, nontnorillonite,
and ot her such inorganic powders, as well as netal
or gani ¢ comnpounds, pIastF@ﬂiErs, di spersants,
surfactants, and so forth. [0087] A conductor paste
is manufactured by uniformy dispersing a conductive
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spggdatirometry), 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 cylindrical sample with a

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



[0091] Separately fromthis, rhenium oxi de (Re207) was
heated to 300C to generate a rheni um oxi de vapor, and.
this was supplied to a gas flow in which the above-
menti oned ni ckel powder ha(qa been di-spersed, at a rate
of approximately 30 g/ hr (,2 al cul ated as rheni um
nmetal ), wusing nitrogen gas at 10 L/mn as a carrier.
Hydrogen gas was then supplied at 10 L/mn into this
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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 endrtemperature was
580°C, the oxidation start temperature was 250°C, and the
weight increase was 1.5%.

[0097] ‘It was confirmed from a compariscn 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



- the shrinkage in the height direction of the sanple
was neasured while the sanple was heated at a
temperature elevation rate of 5C/mn in nitrogen gas
contai ning 4% hydrogen. The shrinkage start
tenperature and the shrinmRdge end tenperature were
found by extrapolation fromthe resulting TMA chart.
As a result, the shrinkage start tenperature was
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10%%%'%%8 e, an EB gl%fractlon 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 (Re,0;) 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 1550°C. After passing through
the electric furnace, the gas flow was cooled to about



-33- [0098] Instead of supplying rhenium oxi de (Re207)
vapor as in Exanple 1, a rheniumnitric acid solution
was sprayed with nitrogen gas at 10 L/mn using a
twn-fluid nozzle, and the droplets t hus gener at ed
were supplied at a rate of4approxi mately 30 g/ hr
(calculated as rhenium netal) into a gas flowin

whi ch a nickel powder had been dispersed. Al other

10@?131,' td fang WalieH RS PFRdRS e tpo%a@ﬂfptasslrehg%%dl teith
ﬁhL' rmed by scanning el ectron m croscope that
677t hus produced was conposed of particles
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%Hé ersed, at a rate of approximately 50 g/hr

cul ated as rhenium netal ), using nitrogen gas at

ExHhpl/eridn-as a carrier. This dispersed gas flow was
n.an el ectric furnace

(4" Ahee REare FOnTRasEaratt 4F bhsernge: RBOGH oo
‘In Example 3, except that the supply rate of the rhenium
oxide (Re;0;7) 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



the electric furnace, the gas flow was cool ed to about
- -34 100C, after which the produced
pomder was recovered with a bag filter. [0102] It was
confirmed by scanning electron mcroscope that the
powder thus produced was cdfposed of spheri cal
particles with a uniform average size of 0.3 pm and
had good dispersibility. The conposition of the
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‘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



particles containing rheniumin a solid solution state
in nickel. Exanple 5 -35- [0105] Metallic nickel was
heat ed and vaporized with high-tenperature gas in a
pl asma state and at a tenperature of approxi mately
10, 000C, and the vapor thus$®—generated was sent to a
tubul ar cooler using a 4% hydrogen-nitrogen m xed gas
at 100 L/mn as a carrier, which produced netallic

tHe Ct(@xhp@@étmﬁé ead [19396] s Sepas aé@é% faa@ Ghing cxeheni um
Re207) was heated to 300C to generate a
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was recovered with bag filter. [0107
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Fetolll'e o PO rggﬂgg measured by | CP, which
Inconflfﬂéggﬁ$ﬁg It gﬁ%%ilned 5 wt % rhenium The powder
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reduced by an excess of hydrogen supplied in order to
- 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



allowed to flow fromone end of the reaction tube at a
rate of 10 L/ m n. Anhydrous nickel chloride that had
been placed in a porcelain crucible was positioned at
the portion of the electric furnaces farthest
upstream where ---------=37~_______. -36 the
tenperature had been set to 600C, and a nicke
chl ori de vapor was generated. This vapor was sent
natloah. with nitrogen gas to the second stage electric
Efur ce,on the downstream side, which had been heated
%%mnﬁ eb. Hydr ogen gas was supplied at a rate of 5
fainin to Niwkel Miirafe thexanenndstage cﬁ_s%@tlrde@ in
furnace, where it was, mxed with nitrogen g
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ni ckel chlorl e vapor, rheni
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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
produced 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




anal yzed with an X-ray diffractoneter, which confirnmed
that the diffraction peak of nickel had shifted to a
slightly I ower angle, and no diffraction peak for

anyt hing but nickel was confirmed. It was confirned
from the above results thdB-the produced particles
were alloy particles containing rheniumin a solid
solution state in -37- nickel. Exanple 7 [0111] Nicke

sDighiely hevahyudqle, Wi dic Pl Matddlon@cdi rd a
rhenjumnitric acid solution was added to prepare an
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mat erial sol ution was obtained by adding, as a
P3getieRy cCayerining peadany|ipc @ Sod igh sedwiddonostage in
nidkder liter to this aqueous solution. This raw

material solution was made into a mst with an
Exanpkschic atomizer, and this nist was sent to a
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about, 1Q0C, and then recovered in a trap filter,
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nitrogen 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 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] 1t was confirmed by scanning electron




m croscope that the powder thus produced was conposed
of spherical particles with a uniform average size of
0.5 um and had good dispersibility. The conposition
of the powder thus produced was neasured by | CP,
which confirnmed that it céftained 10 wt%rhenium The
powder was al so analyzed wth an X-ray
diffractoneter, which confirmed that the diffraction
mpERKsObpdi €ket tesl Sdhibddedelis prafaced ivghd loonpywid of

angl e, and no.djffraction peak for anything but
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aterial solution was obtained by adding, as a
thigueemi arhtthat ihemreiyessd pantghiemoiane oo
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piLeERleq SO A MY SRR AR A BPD s igP ¥eate in
Pplatymgoni c atonizer, and this mist was sent to a
reacti on tube that had been heated to 1900C by
Egéﬁﬁégé%tric furnace equi pped with a carbon heater
[@E1I5]D niA rdysnigasidtr 10 ddid rsalsitaagamEeraddEd $o a
tin vapor, zed the r .and npyraolyzed the raw
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sdecigi | atmdi & hent watdffdlsediuii®n was made into a
mist with an ultrasonic atomizer, and this mist was sent
to a ceramic reaction tube that had been heated to 1600°C
by an electric furnace, using nitrogen 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 vapor. 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
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the platinumparticles and alloyed with them
produci ng spherical particles. After passing through
the heated portion of the carbon reaction furnace,
the particles were cooled in the reaction tube to a
tenperature of 300 to 400’@,0"( hen m xed with an air
flowng at a flowrate of about 1000 L/mn, then
rapidly cooled to 100C or lower, and finally
niredveith am aitrfpoditdgest 4104d#]1060 visanonfitared by

scanni ng el ectron -39- mcroscope that, the powder thus
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padlsrdiwe. sent to a ceranic reaction tube that had
Ie% ed to 1600C by an electric furnace, using
E)gaﬁlféio%:lﬁé gas at 10 L/mn as a carrier. This heating
[ Odak0F | z e b phtee ivuset e mednad. 1 dgy riadoyz @ rtthe Ieawwizhe minal :
u I i ng rheni um _oxi.de, ich volatilized
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mepardd olease gamgrlateed toy at Hetpyridllysits a supply. rate of

100 g/hr, and dispersed with nitrogen gas flowing at a
flow rate of 200 L/min.

o118y Separately from this, rhenium oxide (Re,0;) was
heated to 300°C to generate a rhenium oxide vapor, and
this was sﬁpplied 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



of the raw material conmpound were heated to a
tenperature of not |ower than their nelting point,
thereby at least partially nelting, on the surface of
whi ch rheni um oxi de vapor was precipitated as

netal lic rhenium The predilpitated rhenium diffused
into the palladium particles and alloyed with them
produci ng spherical particles. After passing through

wahembeaueedd poyt Iom, ofhidheceh eftfiéd fninaate gdifier
cooled in the reaction tube to a

Lcl es.we
BREabiadly F6F S0 T u0onS upsiler [was -alta analyzed
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izhag. good dispersibility. The conposition of the
powder thus produced was neasured by | CP, which
confirmed that it contained 5 wt% rhenium The powder
was al so analyzed with an X-ray diffractoneter, which
confirmed only a diffraction peak corresponding to
pal l adium and this confirnmed that the produced
particles were alloy particles containing rheniumin
a solid solution state in palladium Exanple 10
[0117] Spherical netallic iron particles wth an
. average size of 3.5 pmand manufactured by carbonyl
net hod were supplied to a jet-m Il at a supply. rate
of 100 g/hr; and dispersed with nitrogen gas fl ow ng
at a flowrate of 200 L/mn. [0118] Separately from
this, rhenium oxi de (Re207) was heated to 300C to
generate a rheni um oxi de 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 netal),

using nitrogen gas at 10 L/mn as a carrier. Hydrogen
gas was then supplied at 10 L/mn into this dispersed
gas flow to create a redudRive atnosphere, and the

particles were introduced into a reaction tube in an
electric furnace that had been heated to 1600C. After

passi ng through the el egtaimslurnace, the gas flow
was cool ed to about 100C, after which the produced
powder was recovered with a bag filter. [0119] The
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whélraiim, 1in the step of diffusing the rhenium into the

main component metal particles, the main component metal

particles are at least partially molten 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




wherein, in the step of diffusing the rheniuminto the
mai n conponent. netal particles, the main conponent
nmetal particles are at least partially nolten
particles. 3. The nanuf act u_r4i ng nmethod according to -
Caiml or 2, wherein at | east the step of producing
the rhenium containing alloy powder is conducted in a
non- oxi di zing atnosphere. 4. The manufacturing method
matoorohpgnéwe amytdf cdhphiid pdwied MIeRRId B3t 8R of
%ro%m ng the main conponent netal particlés is
ILBNRLTRY prior to the step of dispersing the main
conmponent netal particles. 5. The manufacturing method
according to Claim4, wherein the main conponent
et &t parthie AN MRS HIGRE sethed aceerdiact ko gy of
Creeimodl sed ext athdreon Mg, RIMSGAl1 AR ode B%g'a&hgﬁ’
chem cal vapor deposition, spray pyrolysis, and a
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phase. 6. The nanufacturlng_nethod accor drng £ any of
thy fixi icampogientharediad Pardvicheserinaltheobasi phase and
cRiH P 8herBYand Vi In e tal . and
rhé'_Lnidqum ies rragéé‘?irﬁ ?%g’?g?ﬁé){rg’? g%%ggﬁgngﬁggﬁgd%‘he
PAHEIRE -di spersing the main conponent netal particles
in the gas phase and causing rheni um oxi de vapor to
be present around the particles. 7. The manufacturing
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C age .part i i.ze_of the_ rheniumcontaining alloy
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amount in which a content of rheniumin the

rheni um contai ning alloy powder is from 0.01 to 50
Wt %8.9. The mmnufacturing method accordimg €& any of

Claims 1 to 7, wherein the amount in which a content of
rhenium in the rhenium-containing alloy powder is from
0.01 to 50 wt%.

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

rhqdium.

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-




Clains 1 to 8, wherein the main conponent net al
i ncludes at |east one netal selected fromthe group
- consisting of nickel, platinum palladium iron,
cobalt, ruthenium and rhogjum 10. The manufacturing
met hod according to Claim9; " wherein the main
conponent netal includes nickel. 11. A
rheni um cont ai ni ng all oy powder, nmanufactured by the
cophafiaingr abjoyepdwdencacesiding ccanylfim dmains 1 to
- 10. 12. A conductor paste, containing the rhenium -44-
containing all oy powder according to Caim11.



