1 METHOD FOR MANUFACTURI NG METAL POADER BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention relates to a nethod for
manuf acturing a nmetal powder that is suitable for use in electronics, and
nore particularly relates to a nmethod for manufacturing a netal powder
wth a fine, uniform particle size and @ high degree of crystallinity
which is useful as a conductive powder for .use in a conductive paste. 2.
Description of the Prior Art éOOO | n conductive rmnetal omders used in
conductive pastes tha¥ERH@PERR YEAGTER NG MTAL HQ it is
desirable that these powders contain few inpurities, that the powder s be
fine powders with a nean particle size an fromO.1 pmor less to
approxi mately 10 m that t%crﬂammeo%.?@gaﬁ@wmm e shape be uniform
and that the particles be nmonodisperse particles with no aggregation.
Furthernore, it is also necessary that the dispersibility of the powder in
t he paste belgooﬂleh@dOfthbﬁ I¢Mﬁn#5@nallln|ty be good so that there is no
non- uniformsintering. Especially in cases where such powders are used to
forminternal conductors or external conductors in nultilayer ceramc
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expansi on an hr i e used b £x |.on-.r.educti.on tepd to occur
during sint ef?]ﬂgﬁ gaf’l%%r r? t%r]?ené/gal r?ch‘% g 5“Tnlt errpfel(r%a uS‘le é‘ Igh, are
required in padeicle gisyemd stmlghLﬂegrewekﬂtnzryﬂnﬂikmnxhyawhnuhiﬂmm
cracki ng: or the n _order to.enable a reductlo n f.i

t hi ckness ofu??\%ujco%%lu%t% c;hé?/?r‘ée BUBEDH EediFd & 13 1:Ilafer ceramc

el ectronic pagtes. are general |y manuf actured by alternately | ami nating a
plurality of unfired ceram c green sheets of :

2. Description of the Prior Art

[0002) In conductive metal powders used in conductive
pastes that are used to form electronic circuits, it is
desirable that these powders contain few impurities, that
the powders be fine powders with a mean particle size
ranging from 0.1 pum or less to approximately 10 um, that
the particle size and particle shape be uniform, and that
the particles be monodisperse particles with no
aggregation. Furthermore, it is also necessary that the
dispersibility of the powder in the paste be good; and
that the crystallinity be good so that there is no non--
uniform sintering. Especially in cases where such
powders are used to form internal conductors or external
conductors in multilayer ceramic electronic parts;such as
multilayer capacitors, multilayer inducto;s and tﬁe like,
highly-crystallized or single-crystal metal powdeﬁs with
a spherical shape and low activity, in which the /
particles are finer sub-micron particles with a uniform

particle size and shape, and in which expansion and



dielectric materials, magnetic materi.als or the like, and internal
conductive paste | ayers whose conductive conponents are powders of noble
nmetal s such as palladium silver-pal:ladiumor the |ike or base netals such
as nickel, copper or the like, and co-firing the thus |am nated body at a
hi gh tenperature. However, in cases whepe easily oxidizable base netals
are used in the internal conductors, various problens arise' For exanpl e,

in cases where a nickel gﬂ is u ed as thg CEnducéiv onent of the
i nt er nal con&@6ﬂp#§gﬁa§9€s h&Y| exiAatian-E8aYcFLioReht ﬂ an° o%far%i ng

at nospher e UR@nlyh@ iPRERtingyf addbLREesineaBYAY Phocesasidhat is ordinarily
performed at a ténperature of approximately 300 to 600C so that the-

organi ¢ vehi clempEFatiEepdst Bighd AEFaFFEUAFEEnIRNBERST| EOCBREYEREI y renpved

by conmbusti oy R +iRiag 9%§%ct%h%ucﬂ'QEGHeDQMQﬁétL§n$|bﬁhbkyngxbﬁlﬂﬁd
Afterward, firing is perfornmed in an inert atnosphere or,a reducing

at nospher e, laﬁ@raamdda@tP@ﬁeﬁréﬁtﬁﬁﬁ?lﬁsapéﬁﬂBFﬁéﬂnlanééé§sary however ,
it is diffic%ﬁ&c&% %%hb%v%h%OEBhﬁh@tB§d§S§b9B of the nickel powder

oxidized int removal process and this leads to a deterioration
in eIectr|caHOO@Baracﬁ@ﬁcsﬁﬂsgléwohmuétalﬁYgé FRATABECSBAREBTARYCt he | i ke.

Further or e, eXRANSILAN A0 SHALNKEAN sgkLbBavBY UTBEaEnhBEL el ect T odes ocour

al ong with tRI's Oxi on-re tion si nce such changes in volune do
not c0|nC|delmnuMa&hmgBaspdugaingyshilnnégﬁeﬁeﬁQVﬂ@icogr?ﬁ@ gBpaRfcofayers,

structural defe %%t yeh 3t 99L30 nab BgtlgrﬁgghggaﬁgdokhﬁﬁellkﬁeteQHdto

occur. Furth BaNSH-8Xdi ZiHg - at nosphere, a nic powder shows
rapi d sinteriimgersal hbmﬂubh&veanBMalleyﬁdacwbplebegnﬁﬁcﬁigéont|nuous

films as a result of over- S|nter|n n h ohle gmrise in
resi stance, GFOBPIRENSH SFSPPESEES a%dh8%§b|ﬁ8%§%§e§FBB EL FﬁlQéﬁéss of the
conduct ors, Wiil&er-paldaatinar wrt ahiehé ikeedrf base metadsi snchnagi | m
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' internal conductors, various problems arise. For example,
in cases where a nickel powder is used as the conductive
component of the internal conductive paste, the laminated
body is heated in an oxidizing atmosphere up to the point

of a binder removal process that is ordinarily performed

at a temperature of approximately 300 to 600°C, so that

the organic vehicle in the paste and ceramic green sheet

is completely removed by combustion. In this case, the
nickel powder is slightly oxidized. Afterward, firing is
performed in an inert atmosphere or a reducing atmosphere,
and a reduction treatmenﬁ is performed if necessary;
however, it is difficult to achieve complete reduction of
the nickel powder oxidized in the binder removal process,
and this leads to a deterioration in electrical .
characteristics such as a rise in resistance and ithe like.
Furthermore, expansion and shrinking of the volume of the

electrodes occur along with this oxidation-reduction, and

since such changes in volume do not coincide with the




a demand for a highly-crystallized nickel powder which is at |east
resistant to oxidation at the tinme of binder renoval, and which has a high
sintering initiation tenperature. [0004] Meanwhile, palladium which is a
noble nmetal, has the property of undergoing oxidation at relatively [ ow
tenperatures during firing, and being regluced when heated to even higher
tenperatures. As a result, structural' defects caused by the m smatching of
sintering shrinkage behayvi or between el ectrqde |ayers and ceramc |ayers
tend to occufiNBRELRYi FRF{PKIFE ¢ Qﬁ%ﬁ¥(ﬁg ﬁhﬁl%ﬁﬁ, Cand¥§&iRradi um al | oys
as wel |, resgetasegrid dorésiad i irH sglerranieitioh | e kifng esidtanrce to
oxi dation, highly-crystallized powders with a spherical .shape, and ' ‘
especi al |y s?-hb?etﬁ‘%s?%l OFfiler & MIHE MBS it A srl?ﬁb‘rqxdfilzﬁ@(ﬁ)S]

Convent i onal 4ymod ﬁ@fé%’ DYA L NS] R0 G WS arapRPYinhasagetdwd have
been known as rret%ods or manufacturing such netal powders with a high

degree of ckhatathenirierual cuuBluchar s fragrmsy rhiSRAN ISd 5198 net hod
in which a Q'é‘tJfQQuPE %ggc&%fiﬁhml?d,ml%&mg Yo MHE HOMHIIDE | S

formed into fine liquid dr s, and these liquid droplets are heated
preferably a® Bisgghnteepistante rEETURiHbOT Geicuifgn amde afel ti ng poi nt
of the netal h W:@% A ez e i argm a et al
or alloy pois %fgai%i%% % |§Hﬁ%?ﬁb , ahig Iy;cﬁﬁﬁ{aLlized?br

singl e-crystepnheesy oo B¢ oeqbviier atiesudtairm il ghlmpdhiioknes shiggh
density and g, DLORa fll SPRISIAL | 1Ay AN mftflS'd dorf UIAIEdndra el Sigret hod,
however, |arge “anounts of water “or organi c solvents such as al cohol,
acet one, et heheonumber | ¢ kel aminalsst lay e vgntrearnt diesygesr.si Bgakedi a, so

that the ener}glxﬁé?%?%dgﬁé NYePYd 8l 'ﬁisaollrsacg %%err%}gi the,:Geyt. i s increased.

Speci ficall y? process, pyrolysi conpound is
per f or ned sipuodbheeoush ythe tdaddevmapandteroml gfontdvetaalsyvarrte prireat i ng,

oo Lol Von ! L REIS s ST A IO LAY et of
a demand for a highly-crystallized nickel powder which is
at least resistant to oxidation at the time of birder
removal, and which has a high sintering initiation
temperature.

[0004] Meanwhile, palladium, which is a noble metal,
has the property of undergoing oxidation at relatively
low temperatures during firing, and being reduced when
heated to even higher temperatures. As a result,
structural defects caused by the mismatching of sintering
shrinkage behavior between electrode layers and ceramic
layers tend to occur. Accordingly, in the case of
palladium and palladium alloys as well, resistance to
oxidation is desirable; in terms of resistance to
oxidation, highly-crystallized powders with é spherical
shape, and especially single-crystal powders, are.
extremely superior.

[0005] cOnvéntionally, a spray pyrolysis method and a
vapor phase method have been known as methods for

manufacturing such metal powders with a high degree of

crystallinity.



energy is required in order to evaporiate the solvent. Furthernore, since
the particle size distribution. of the powder beconmes broad due to the
aggregation and splitting of liquididroplets, it is: difficult to set the
reaction conditions such as the atonizing velocity, concentration of -
liquid droplets in the carrier gas, retegtion tine in the reaction vessel
and the |like, and the productivity is: poor. Furthernore, in the:case of
base metal powders such as nickel,_iron, cobalt, copper qujthﬁllike; i f
wator 1s used0986i ne BoeVERFAY RYEALYHES 1BAGI0H ol BHe tho mHypwhich

t enper at ur es zagofuf 854! br ObuSBEAL Fb NI GRELEN 1 B NEGR&L S tyrd heo sition
of the water, so that a powder with good crystallinity cannot be obtai ned.

[0007] On thaésofhsredahbto| hinnael tadtd HrepketSipdnd pHiRe et®EO i n which
a vapor of a SONPOURLa £ 8aSprEELESth PYa® & e NGBS Blird Aegh
tenperature,dgﬁéﬁ%FnegP%e?a? poa%er t hat fsaprodu%g% t ends ?o %ggregate,
and control ouf nphelpweri thensthe melyingipedrt FrihRm@ials, F%oys of

metals with differept r S nﬂﬁ et astRr£dniidh &0
accurately cgh%%oFﬁgdm%g%%ogﬁéﬁgﬁﬂafO%ég] Lﬁt e?nnre, there is also a
met hod i nvenaddiopypowfierpréseng thigmetkodi m MWokly=crkstalbbaRRo%Nith a

hi gh crystal Li.ni | f ed _usiq | r materi a
by pyrolyzinélﬁﬁﬁé_¢g&gﬁ§¥e$§%#ia?raéiggﬁﬁp?@%%gfggﬁgglﬁﬁgiig?% e in which
t he raw mat ephalitys adhipkrdensihyaandsaphiglk dispevaidankbbey RRarnt

Publication _No..2002-2 . .Specj ficall h d psabl e netal
conpound pomﬁ@?lﬁg 8ﬁp%$?ggﬁ?%'a ?%a%ﬁ?%nM%%@%%1Q&%g%h%rhegar.?er gas, -and
‘a highly-cryatabhtzedfneatér powdegansc obodbvemds byudleais ngledhsl net al

emper ature. SRECRBE" | BHEPE: PantPant 1BB0YEe HEFE A 0V TR rert i ng
poi nt of thediepeksihg media} esonthhit cthet émengy alosondumivg powder i s
di spersed in the gas_phas as a_concentration of 10: é&ter or less.
[0005] “In thPEodatsCiRcEaraE- SBR TRG TauF nht orIarereeda coll o nota
conpound powdgecithea®lys DR ENesgprooess, CpysellyHis sof viEme meiapbr ation,
uniike cases AherSnd' 95" DerfooRES" 3180 P dRESus Iy o Al BEE . PGSE EQRL 0N and

of the solvent by heating, or pyrolysis of the metal

compound is performed following evaporation of the

solvent; in either case, however, a large amount;of

enerdgy is required in order to evaporate the solvent.

Furthermore, since the particle size distribution of the

powder becomes broad due to the aggregation and splitting

of liguid droplets, it is. difficult to set the reaction

conditions such as the atomizing velocity, concentration

of liquid droplets in the carrier gas, retention'time in

the reaction vessel and the like, and the productivity is

poor. Furthermore, in the case of base metal powders

such as nickel, iron, cobalt, copper and the like, if

water is used as the solvent, oxidation tends to occur at

high temperatures as a result of oxidizing gases

generated by the decomposition of the water, so that a

powder with good crystalLinityscannot be obtained.

[0007] On the other hand, in the case of the vapor

phase method, in which a wvapor of a metal éompound is



splitting tend not to occur, so that ithe powder can be dispersed in the
gas phase at a relatively. hlgh concentration; accordingly, a spheri cal
nonodi sperse netal powder which has ia high crystallinity and a superior
resi stance to oxidation can be manufactured at a high efficiency.
Furthernore, since there is no generatign of oxidizing gases froma
solvent, this nmethod is also suitable for the manufacture of easily

oxi di zabl e base netal powders, which nust t hesi zed 0 eh
partial pressafdaced RyrqhEPRBFLRg nﬁ%laﬁ)ﬁ\gb]r@\r/\kﬁW%raa% I21“:‘?'bfa}'-tljlrea\r/%yl r%éﬁ
particle sizg.aRd BoWdbi Ot RaPALE! fFEIused edrpds o anddui ek iy amahtrol | i ng
the particle size and conditions_ of dispersion;. of_ the ra% nat eri al

powder. Mor eenerolsphicehehpaEtigle Bl etf (ot the Y TRERNGSE into a

sol ution or sys gese)fnm LRSs ShRLhi 0 F @ve Bl RipeH Spressuies selmeitedd rom
vari ous materia SO t at nunerous types of neta gowders can, be

manuf act ur edmannfadticednwitihps ASEWORLELY RN LRPYHR IR 1 oy

pouder s wi thoBpB) " A EABASEL] CPRoLAN: £351 4y Henemud aniuetkdipy T Xi ng
or corrp03|t| oun fwo Or nore types of nmetals. [0010] On the

basi s of thethret pudsea’scmnbedtbnst hen et - ettt dhRPWdgR e Pat ent
Publ i cati on N@?Be gstglgggglt hg PLESEPLL a‘]g@t@gf»ngo‘-@dg&t_ﬁﬂ potkddrer

research in co d| i ons t hat [ ow t he nmanufacture of fine,
hi ghl y- cryst akl azedwnmabtberpealdby spywiohy aingi toisn ryarnaeeeial AL % a nore

erfect o ohidhnetppBedRffe SEPRSREEE, i B SR TREEARYERTBOAI S i o
ﬁln ﬁlbj egi SI g}ulblpepsedemn angeat phaseo(sgeo-\‘vmgwasmlfhbﬁnt orulbtE@ Wy a
pa?t [ ZI e }S/I 2804 é?ﬁ?ﬁmﬁﬂ Speés cgﬁﬁ?%lfybbjggc}?&l? ?ﬁ%e&pé(grg%\%/ | nvcra(rjl\tNl on
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which is espeeivaklyisubbahliaefiobyuseating this metal compound powder

at a temperature that is higher than the decomposition

temperature and not lower than (Tm -200)°C where Tm (°C)

is the melting point of the metal, in a state in whlch

the metal compound powder is dispersed in the gas phase

as a concentration of 10 g/liter or less.

[0009] In this case, since the starting raw material is

a solid metal compound powder, there is no energy loss

caused by solvent evaporation, unlike cases where liquid

droplets are used. Furthermore, aggregation and

splitting tend not to ocdﬁr, so that the powder can be

dispersed in the gas phase'at‘a relatively high

concentration; accordingiy, a spherical monodisperse

metal powder which has a high crystallinity and é

superior resistance to oxidation can be mahufactured at a

high efficiency. Furthermore, since there is no

generation of oxidizing gases from a solvent, this method

is also suitable for the manufacture of easily oxidizable

base metal powders which must be synthesized at a low

oxygen partial pressure.,,Furthermore, metal powders with



in conductive pastes that are used to nmanufacture, for exanple nultilayer
ceramic electronic parts. [0012] The gist of the present invention is a
met hod for manufacturing a highly-crystallized nmetal powder, conprising:
ejecting a raw material powder conprising one or nore kinds of thermally
deconposabl e netal conpounds into a ireacgion vessel through a nozzle
together with:a <carrier gas under the condition V/S > 600 where Vis the

flowrate of the carrier:gas per unjti tinme (liter/mn)_ and S.is the

cross-secti ond® AFRALBATY HREABBREL HpkSi Hf € pid § AT RAL i ng t he
netal powder YyrHeaihNBetHSraNed MY eFdmitrdX tale pdraiRaratdirg WHdeh is
hi gher-than the deconposition tenperature of the raw material powder and
not |ower thateRditions)ef vhbseensiqr)of stheha areMALRF 13biRRWISE + he net al |

in a state whgbfeddier ! ay fBL e hdte POWISMdey A RRIBIELHd e ridephase at

a concentration of 10 g/liter or less. [0013] According to one enbodi nent
of the above-1menta mhumlhdéﬂf oﬁuw@%@’gerﬁhﬂ rﬁf@fﬁﬁldlrﬁ hdve Il}ed‘ﬁrlr?dxser'i al
powder 1S M Xegh 300 LLPOSESEIeddn N SO IRl A% IUS] D A1flled Rt s
apparatus prior to being efected into the reaction vessel through the
nozzle. In a fypeherf nebalipewdens cdre ebhaanunimatiuiest neirh @ddift idane

present inventj parti ';g Ry teri dewdal., has been
adj ust ed bef o%%%%?{lgﬁ%/%% %‘%‘ég?gé na"f%rllrgﬁ:ﬂ%gv\%zlroy ip?wge%%npostl e powder
of nmetal conpaciniisracyntcemnpesgtiomws cramoras inst de alaaneras,uredd hyhe net al
powder is an alloy powder. 014] Further et i ' nt

i nvention i sﬁﬁxﬁ% hod %nrlp(%r%ﬁ% %%téjuor#pnogma@ idg%li{g"?oc%ylitgnﬁq{% ;%%,e%"e{%a

powder conprimetals preparing a raw material powder containing two or nore

2t o cubstant9eiTh PR e bimts o aa e Rt MR W Dart ol es
of the raw nabhere-ahepoisiesd THpieede Eptidre rabinetericl Naowden,2 -
20809, the present inventors conducted further research
in order to find conditions that allow the manufacture of
fine, highly—érystallized,metal powders with a uniform
particle size in a more stable manner and with good
reproducibility. This research led to the perfection of

the present invention.
SUMMARY OF THE INVENTION

[0011} I£ is an object of the present invention to
provide a method for obtaining a highly-crystallized
monodisperse metal powder with an extremely narrdw
particle size distributien. It is another object of the
present invention to manufacture, at a low cost and by
means of a simple process; a fine, spherical, highly-
crystallized metal powder which has a high puritf, high
density, high dispersibility and extremely unifofm
particle size, and which is especially suitable for use
in conductive pastes that are used to manufacturé, for

example multilayer ceramic electronic parts.



di spersing the collected raw material. powder in a carrier gas; ejecting the
carrier gas having the raw material powder dispersed therein:into a
reacti on vessel through a nozzle under the condition V/S > 600, where Vis
the flow rate of the carrier gas per unit tine (liter/mn) and Sis the
cross-sectional area of the nozzle opening part (CWM2).; and producing the
metal powder in the formof the alloy . powder by heating the raw materi al

powder at a tenperature whjch i i gher than the deconposition
Pomper arure ofSTEA] FaviRtdhe o ARIm BRE Mot TV St ag. 2 FAERSE0) oc

where Tm (CcQor igandEad@itid P ifh1-driiestaalllided ackalppoddesd, in a
state where the raw material ~ powder is dispersed in the gas phase in the
reaction vessdWPEESHIGoncentration of 10 g/liter or:less.: [0015]

Furthermore, the pifs@Nind WU Ghtey il §RhRibr (Ompriisdily opkystal | i zed
met al powder manufactured by any of the &above-nentioned et hods, a

conduct i ve pdERxe kinds ahrthamallye dasemporaitlicofedandi grmporngst dintiozed
t al wd .l g d ' ' y duct
metal  powder, nlg%dc@law J%]ée%ﬁggzvﬂe‘zf‘dn@rﬁ .icaoﬁiggrztlreomo@er&%tr wienehn conduct or

| ayers are formed using t iti-on conductive paste. DETAILED
DESCRI PTI ON GrRIMHEIPRERERRERIENBEDIOVEES o0 V66 Phé0@ whergoVr dét ithet i ons

on the netal t y Lhe (o]0 ; 4 the
present netho |§&§§%g??gﬁﬁ§c§&§$h Pékgb fﬁgﬁﬁ%hgﬁg%tS}éQ%??ﬁﬁgﬂ
exanpl e, baseambt:lipoidercreascctsent iomgdeareas okelthe coballe, opeaingnd t he

i ke, and no 2, RO rs such 9 as silver, palladium gold, platinum
and thelilajgiﬁﬁtgﬂﬁaémgggs and all oy powders of a plurality of netals can

be manufactured lprasigiggdtis metiadnposderawyriteartiialg tbealrawconpound
powders. The "q’?etxaj'.alpo"éé%?c{esf f%fg;{%&%‘}gﬁ%é WA 91 hoghude, pugh mixed

powders and ar oy ‘powders. mor e T nor gani ¢ “coipounds 'such as
hydr oxi des, nldaauiperssitsidrd atempermsanirenatfesheoxani tadeedial pryself ands,

e car boxyl R LEMRA G, (U PRt GsvPgEs: PRabelhrid abe MEIOEISNt o
point of the metal, in a state where the raw material :

powder is dispersed in the gas phase at a concentration
of 10 g/liter or less.
[0013] According to one embodiment of the above-
mentioned method of the present invention, the raw
material powder is mixed:and dispersed in the carrier gas
using a dispersing apparatus prior to being ejected into
the reaction vessel through the nozzle. In a further
embodiment of the above-mentioned method of the present
invention, the particle size of the raw material powder
has been adjusted beforehand, and/or the raw material
powders is a composite powder of metal compounds
containing two or more métal elements, and the metal
powder is an alloy powdef.' .
[0014] Furthermore, the gist of the present invention
is a method for manufacturing a highly-crystallized metal
powder comprising:

preparing a raw material powder containing two or
more metal elements, which are constituents of an alloy

powder to be produced, at a substantially constant



pol yval ent al cohol ates of netal, am de conpounds, imde conpounds, urea
conpounds. or the |like, can be used as the thermally deconposabl e netal
conpounds enployed as the raw materials of the netal powder. In
particul ar, hydroxides, carbonates, -oxi des, carboxylates, resinates,
acetyl acet onates, al cohol ates and the | i kg are especially desirable, since
such conpounds do not produce har nf ul by- products fol l owi ng pyrolysis.

[0018] In cases where. a owders or n1 omd rs. a uf act ured, raw
atert al posdembesHe A b dol o Al B S SO A T s

cases, conpounshepDagiswdér § he respectlve netal conponents may be

uniforn1y m xed and suppljed at a eci fied conposition ratio; however, in
order to obtain a.iﬁﬁ&ég)%Eﬁm) %l?&ﬁlﬂQKEF @BCAEE 5 n whi ch the i ndivi dual

particles are uma@g;{]ewlﬁg:rme o IIHHAs tiN matleri®1dgovd 6 @ use a
conposite powder whi I s conposited ‘beforehand so that a plurality of

netal conponefRBri¥F A% | oyed are caontained at a substantially constant

conposi tional rati@jddk Ba§hthPardicles aé'H%dEﬁ@ TNeLad) nRAwiar]
Uni versal ly known Trethods such as a solid phase reaction nethod in whi ch

Che metal ConPRARRE FBWERRES b deh e ATh ol Ty AdesItdIone e s Sl TSy @hand,
heat - treat ed 1&6‘2%1 neﬂﬁi%@@?é'édrﬁﬁﬂﬁon Uid & o cangy ‘(:)ag%"vp‘i'sv%rﬂez%fi’ovﬂs

wel | as a sol 10 a co-precipitation met h a honogeneous
precipitati onrat@t%d:hfa Qaonpleix A VIR Uit Srimeet(Hdd exrdmimhe andké can

be used to Ob{év&?s%p’)g(ﬁ)ynu% e aréa{' Al 91%’221%0% le?ll%? &)a%v\der S,

conpl ex salt po ear = canpl ex powders, oxi d
powders, netalcmfdubkead oxi de powders and the |ike nay also be used. The raw

Carrior ghe art or MR AR SR WCENTOHE oIy {1
t here are no pcpeaielr dyt dreateigty itdie oresv onattérd adapowelergad; aoxi d| Zi ng gases
such as air, g&gﬁﬁ@é q(lvcarPan 3 fﬁntéle YHE the '&%cto{ng%%%fl% ch as

ni trogen, argon Xed gases consirstrng o ese gases,
may be used. YempeiewaseDftheasridw nwua:tuzaablpewkim:eamﬂt albs duelerashanckel ,
copper and th(eTnlli--kZGUO)a’E Iw %I;:te &> (l’é) u:fs(a(jthte mvﬁ.etlng point of the
alloy to be produced, in a 'state where the raw material
powder is dispersed in the gas phase in the reaction
vessel at a concentration of 10 g/liter orzless.g
[0015] Furthermore, the present invention is directed
to a highly-crystallized metal powder manufactured by any
of the above-mentioned methods, a conductive paste which
contains the above-mentioned highly-crystallized metal
powder, and a multilayer ceramic electronic part wherein
conductor layers are formed using the above-mentioned

conductive paste.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] There are no restrictions on the metal powders
manufactured by the present method; however, the present
method is especially suitable for the manufacture of, for

example, base metal powders such as copper} nickel,

cobalt, iron and the like, and noble metal powders such




reduci ng gases such as hydrogen, carbon nonoxi de, nethane, -ammoni a gas and

the like, or organic conpounds which deconpose to forma reducing

at nosphere when heated, such as al cohols, carboxylates and the |ike, may

be mixed with this inert gas in order to heighten the anti-oxidation

ef fect by making the atnosphere during pygolysis a weakly reducing

at nosphere. Furthernore, if nmetal conpounds that can produce a reducing

at nosphere by produci ng carbon nonoxi de, .nethane or. the héﬁghduan
n

pyrol ysis are®s iSbtVel R al®id AR At Be-¥<Cr eat ed
wi thout suppl yode s £ G NP gSodde i@ f @aG1HA 1 i%YS ofMuetlst RanoWesi de,
so that there is no need for =~ precise adjustnent of the atnpsphere at the

time of heat®PigUoRmd by tYelie qRP gRtiMspods & MdFeRtiddn matali s
i mpor t ant thaéoxﬁ}%tg:ﬁ'ﬁcﬂwa@e% mat@id alnRodeioRR ral-eded hd Hreddag reaction

vessel through t nozzl e together with the carrier gas at a specified
| i near vel ociiyveninkPn hiicludre Poldizesd Ponjdesrse@nco ad lgyaPoMidesisirent at a
| ow 11 concentgaf4on ek idy apdiighd ' ‘?f%%%g%t\ﬁ‘a i hgesgas phase, so
that the raM/ga?%rfal parﬁ?%les.and*ﬁgggﬁbt p rtlggég-éﬁlngq collide with
each ot her. [loXdxidesw dertnakeshisadd atdsi glvaddenad esf, GXypditsiag®s i n t he
gas phase, t i opggr | 'ec%ﬁ&: 0t 0 cti essel "at
a; high spee%%%iug%éﬁ’eq{naolglz e’ lfjr{(}e(i;gss'uc &1)1#31%1} ion q'téfél%? t\(7/"2[&;%’600, |
where V is theikeowr ratgaric tdmnpamdsersugds age cambioytliak@s(| i ter/ m n), and
S is the cross-section of_t I I.ng r ( ) ....under
such condi ti on‘assflr%aﬁéeésf’a\;aéun%%%ta%s ’p%\%ﬁ?el%%za&%r?%%g&&%pg“?’gtg a&)% rertel y well
in the gas phaskywaldmutalarho reetaggriegetiadn aimidee coampomnder,i dmidewder, as
a result of the rapid expansion of {he i nsi,de the .reacti.on_vessel.
Accor di ngly, ?‘fmﬁ’qsmgdc?rfsi ered THat T |I‘?12°%r'?et d‘lkeﬁoﬁﬁé’r bv?n t egnggxt%?lgrrel y
narrow parti cilemady dsiongngdide astdle compdunes. empllyedrase thishere are
no particul ar restriclions&ﬁqithe 0zzl e. Nozzl Qape, e. g.

a

hozzl 6 i th EY GHE I G medy pomebe -, as Pestabatdiios, 6 Siin a
tip end-of readuhekidsnscadeinaegs Nexzldes wWehlrbaxyddtes] cesinatesti on at
an acetylacetonates, alcoholates and the like are especially
desirable, since such compounds do not produce harmful
by-products following pyrolysis.

[0018] In cases where élloy powders or mixed powders

are manufactured, raw‘maﬁerial powders containingltwo or
more metal components are used. In such cases, compound
powders of the respective metal components may be
uniformly mixed and supplied at a specified compositiocn
ratio; however, in order to obtain a powder comﬁrising
alloy particles in which the individual particles are
uniform in terms of compdSition, it is desirable to use a
composite powder which ié:composited beforehand $o that a
plurality of metal compopgnts to be alloyed are contained.
at a substantially constant compositional ratio in each
particle of the raw material powder. Universally knowﬁ
methods such as a solid phase reaction method in'which

the metal compound powders used as the raw material are
mixed beforehand, heat-treated until the composition is

uniform, and then pulverized, as .well as a sol-gel method,



internedi ate point and a, spreadi ng opening part and the |ike nmay be used.
Furthernore, the concentration of the raw material powder in the gas
phase nust be 10 g/liter or less. If the concentration is higher than
this, a metal powder with a uniformparticle size cannot be ; obtai ned
because of collisions between particles agg sintering. There .are no
particular restrictions on the dispersion concentration: as long as this

concentration is 10 g/liter.or less;. this concentration nmay. be .
appropri at el y2sePeRF8GiPAtALLOR dRRERCH t%h fm@%ﬁw%iwcmg% and

heating appargétfodses. cHRPPUR poliméEza i et Rld Qthd ScHOOL 1)@, ‘cdihe
production efficiency is €oor; accordingly, the concentration is

preferably sebe Bsed. b2 @pFaiBracfompestted PoMdgn0224n |3AdkHEn 4 0 supply

the individuahohgye "8l oE i gbwaep¥desomardl L5t fbdderd £a5dipuesse!l in an
even nore securely dispersed state, it _is desirable that the raw_ nateri al
powder be ni x@eMPhed PPREPRYSedcPhpige ahratide rasvdeis ndnetali dsadieng

device prior &9; 8 Shbldgrs Nend dWhe MELEL Inily ROMKIPIbd Nidhd Ne:ipAGlpn vessel
through the nozzle. Universally ﬁnown gasyf ow-type dispersing devices,
3uc_h as ant ﬁj ler_tgkrglaypleogr%ep_rapwaﬁlimy -t%@bmqutﬁnej;imw&wpe
evice or e . - YsEi spersi ng

devi ce. [0023T %n %%%dg‘gese\rll\? %%ﬁ%%% iﬁ%%ﬁatl ng f?élpger (ﬁed in a.

hi ghly di sper @@1%} at eInfthdecase ebhtoble meggoider g cliss ion t he gas

phase, it is ' e A 't al rij.cle or_alloy ticcle is
produced: f ron§ %%gﬁé%g%% i E%%%*‘c?%cgn%év&nta egr('{a{aﬁclllpeor\cl)wﬁaag. ! Acoc}%?&’ |Zn131§§, t he
particle sizegases heucietas ponderxydert, iveatpmdiager: amat itde dependi ng on the

00, 9 0 CRTELELLE HRSH.ae DRIk ool Sl ST L a0, U
powder with amiwed ogasemrdons esising dﬁ sk igasersdemayo beohtsadn a Tret al -
G st 11 buti on BOITRSTof FRTEH o BHENS PATDIEL T IS oA e har &
particle sizeopstisin@nthdel ples f canretheraf qyaahaind dyeder fwaweg:,
pulverizationteéﬁé§§5r1aéggCéE@ﬁiéé(ﬁ%déﬁbéﬁ?rgéfkon monoxide, methane,
ammonia gas and the like, or organic compdunds which
decompose to form a reduéing atmosphere when heated, such
as alcohols, carboxylates and the like, may be mixed with -
this inert gas in order to heighten the anti-oxidation
effect by making the atmésphere during pyrolysis'a weakly .
reducing atmosphere. Furthermore, if metal compounds
that can produce a reducihg atmosphere by producing
carbon monoxide, methane:or the like during pyrolysis are
used as raw materials, a reducing atmosphere can be
created without supplying a reducing gas to the reaction
system from the outside, so that there is no need for
precise adjustment of thé atmosphere at the time:of
heating.
[0020] In the method of the present invention, it is
important that the solid raw material powder be ejected
into the reaction vessel through the nozzle together with
the carfier gas at a specified linear velocity, ﬁnd that

the powder be subjected to a heat treatment at a low



pul verizer or classifier.: Pulverizers such as a jet-mll, a wet-type

pul verizer, a dry-type pul verizer or tthe like can be used as the .
pul veri zer. Adjustnent of the particle size nmay be perforned prior to the
di spersion of the raw material powder in the carrier gas; however, this-
adj ust ment may al sobe perfornmed follow ngjjdispersion in the carrier gas by

using a jet-mll or the like. 13 [0024] For exanple, in order to performa
heat treatnent while naintainig& a djspersion state with a |.ow '
concent rat i onCORCENbEREFORARY | i ¥ RLY Flmw‘?@%éwe bR eI Ut si de

is used, the pRAcERt &6 BhaPOVREr raw meBsiSEdl tParteicldd QdderRardd on vessel
at a constant flow _velocity together with the carrier gas through a nozzle

from one openPRETHaHES oflot et reattidm wdsetachthar. caused to pass
through the rpeesipn VesselaeRNtotdtehididla POy defrRdured M Rlysis 1s

collected fromthe other opening part. The passage time of the m xture of
the powder ahd ebfrge? phasen-the FaadateriakpIvder sa giectastdimfance

w th the appaggiu t Q%Q@{" aled. o a

speci fied tenper a?%?i?g%lr%g‘(%g%} y%l"e ﬁowe eré:ps(?%cli rs}%l | Bs{:ﬂé}gpr OX|lrfée)1t ely 0.3
to 30 secondsund@essuel ¢erdihions dhathd/ Futsidl) ofwhare Veds itdre Mdssel by
means of an rd . 0Aas r. re t | ke, qﬁﬁ isng e
acconpl i shed %E%u%glé#%géﬁﬁfh%? EEé’;lésJ él%cﬁlﬁiet r%gré: i@ﬁltveessetn,? arfi uss‘lbng t he
conmbustion fl&srethe [Q02S3~sect hengpl eomat ahvdig inmgzls mpenting mewtmat er i al

POer L DeofS ISR oBn LAE 938 HAPEEL ) lhid”, oL
the dispersi orastiaxe eils:[aeen:.%@:i nextiteneled weltlhoirt ey geggpdgste oritdfouthe
R Ll T
si mul t aneouslzesult of heheyrapisiexpafisncm tdf stles gassdlnsddehashe reaction
S L TS Nheddy S FUSAL L LI e s o
hi gh crystal Ifiné ymetoall feawdémtvertaland efatame 13N thartiosh paeiptileesize

distribution can be produced. Furthermore, there are no

particular restrictions on the nozzle. Nozzles of any

shape, e. g., nozzles with a round, polygonal or slit-

like cross section, nozzles with a tip end of reduced

c¢ross section, nozzles with a reduced cross section at an

intermediate point and a spreading opening part and the

like may be used. Furthermore, the concentration of the

raw material powder in the gas;phase must be 10 g/liter

or less. If the concentration is higher than this, a

metal powder with a uniféfm particle size cannot be

obtained because of collisions between particles and

sintering. There are no;particular restrictions on the

dispersion concentration as long as this concentration is

10 g/liter or less; this;concentration may be

appropriately selected in accordance with the disbersion

apparatus and heating apparatus used. However, if the

concentration is too low, the production efficiency is

poor; accordingly, the concentration is pfeferably set

at 0.01 g/liter or greater.



aggregation-free primary particles, i:s obtained. [0026] Furthernore, in
conventional spray pyrolysis nethods,' the amount of solvent in the liquid
droplets of 14 the raw material is |arge, and evaporation of the sol vent
occurs fromthe surfaces of the liquid droplets;, as a result, if the
heating tenperature is low, hollow ng andjasplitting of the resultant
particles tend to occur. Accordingly, in such nethods; it is necessary to

heat the powder to a tenperature higher than the neltin oint, . and to
tenporarily nk?92%he phf 19745, 9 rF"cHgthé’f &1 ot 'V&rae”élsﬁ%@fi“@éﬁ?rl@gﬂse,
powder W th asdi,@br Cpyst adlddidy tiHe aesdOlidn WdBtell NrSWEh evetag®rehovever,
strain of the crystals tends to remain:when the particles are cooled from

a nol ten st atECYFehriiisREIsehe st iigh 6 dafdlrahlesdhat fidnhmash

proceeds entifgdyriim apstldd i af S S anth s AGRGIIREd RRAE cas ildialgad
dense, solid netal powder is readily formed even at tenperatures |ower

than the nel4sieg pdi MSPEEUIHidRIACEe PHARItDRIRST Mgt hes /vee  of

strain and t L oher t Jd ; bt i@@%.‘t nper at ur es

at whi ch the%%%?f%%eéﬁ not rrlg'ft%6 %400%7‘%6%#%{]?#&%&&% it%ﬂg terrl%grﬁgteure S

| oner than: (Te2z2b®) C Unkieersaindy kndven rgds ifdgvpdivine shspessti®dget net al

or alloy, a s Lcal I « W aJu St al Lty :C be
ROPILEL, SRR P WERL L & ke diloEs, %hlxﬂemttl?{:l A

obt ai ned. In particul ar, or der tai'n a true-spherical:
si ngl e- cryst alewktal apowdelicg-ttypnolhicudmdds litkg ordéesikngbine t hat t he

heat treatne f ggg ' te £ : not | ower than
the nelting Bﬁa‘?‘g‘f’“gﬂ t'%e tar g%asteadngsglr{%er 'Higqaeéﬂﬁﬁ[%ﬁglc%” hernore, in
eases where the02®} al Imvidiesgaresmemddussthaki dasiceniltesitdesy \iscar bi des or the
| i ke during or fier,pyrolysi it..ds nece ry t Lfor

{roat ment | anderE e [ Bhet o ShAE R Sk sl e S o gt
conpounds. [ G2@ded heameidclespowdarts: prasd pdeceyy itthe smetomee: igfabilize thartesent

VeI o, SO She PR SSAILA: PSP IR Al ML PRl oo 1

good each particle of the raw material powder. Accordingly,
the particle size of the metal powder that is prdduced
varies depending on the kind of the raw material used,
but is more or less proportional to the particle'size of
the raw material powder. Accordingly, a raw material
powder with a uniform particle size is used in order to
obtain a metal powder with a more uniform:particie size.
In cases where the partiéle size distribution of:the raw
material powder is broad, it is desirable that a;particle
size adjustment be performed beforehand by performing
pulverization, crushing or classification using a
pulverizer or classifier,é'Puiverizers such as a jet-mill,
a wet-type pulverizer, a;dry—type pulverizer or the like
can be used as the pulvefizer. Adjustment of the
particle size may be perfqrmed prior to the dispersion of
the raw material powder iﬁ.the carrier gas; however,
this adjustment may also:.be performed following :
dispersion in the carrier gas by using a jet-mill or the
like.




crystallinity and few defects inside:ithe particles, and contain alnost no
grai n boundaries. Accordingly, the powlers show a |low activity in spite of
the fact that these powders are fine powders. In particular, even in the
case of base netals such as nickel, iron, cobalt, copper and the Iike,
and: ot her easily oxidizable netals such gs paIIadlun1and the Ii ke, these
powders are resistant to oxidation, and can be maintained in a stable
state in air; J her more, thi X|dat|on resi stance is gglntalned at high

t enper at ures. r di AQYy eX¥aTPleyed N WEEE TRePELHBMAePs NERE used in

conductive past&fcnidit whane ﬁﬁi@.dlttaq_nfl(?l@mat lag speirefiBal s€aBEUGE @hS aOllow
ext er nal conductors of multilayer ceramc electronic parts such as

nul tilayer cxﬁRREQHﬁﬁéqﬁoﬁwhé [Gubs lags reackion ¥eserilohdRar 48t Beatedcs in

whi ch there ifsrdi tHeS@uitBildee is eElett, 2Rt ¢4e hatexidat penqet tle
conductive netal, and no generation ‘of structural defects such as

‘delan1natlonCQQEQQ%%ﬂqJﬁ§ 18t thegyeagtipnoxraseiloatr adgerpsangutiayg
firing, can %l’ﬁ@l‘tgacitoﬁre%%er( QQ3e1 tWEar&E%rpg§§eEhrbﬁ¥;ﬁnE' fBzWh bl be

concretely describéd in ternms of exanples and arative exanples.
Exanpl e 1 [OGBEPanﬁmﬁB@ﬂ@@H'@ﬁrﬁoWéeﬁ ﬁaﬁﬁﬁgtaoﬁeﬁﬁsﬁﬁltlépé isi ze of

appr oxi mat el 56a|3use'2‘i qnd %s@mf:gl?‘é‘ﬁ‘ artrh'eclr%a?:'t?l.ﬁyotresQQEE%hHHEEEymétQTm was

prepared by pu ver|2|n ni ck etate tetrahydrate p ajet-ml
Thi s powder peakied] guoddcedt bya pyegadyisds tigbeohéactddafroBs50lebythar

el ectric fur %ﬁu_E{S%&Q.a &%ézhﬁgﬂbg%h%lﬁéoéi ﬁ%thﬁgﬁhreOB%”EHS part area

of 0.13 cnR a rat e of er w t rogen gas
suppl i ed as @cswier endggeraties ghisownr dhe okal0Q@ohi vesseinisandtwas heat ed

wle et el e 9358, LSRRG LETRHOR, PR bkgeE 1

concentration mmalntalne e con ion e raw powder
di spersed |ntmmeog@$lghaeatedn$bda Bpheciddetli bampebetuwag Ooddghbridky, . and

/ f b
Filtor: [0033P RHER" NELoNabF: (LRuSLBCALABC TS aRa 9220 BerAB an xray

d|ffractonetGESQNEE)hehtangnfxsmomheleatsmde of the reaction vessel
by means of an electric furnace, gas furnace or the like,
heating may be accomplished by supplying a fuel gas to
the reaction vessel, and using the combustion flame.
[0025] In the present ﬁnvention, since the raw material
powder is heated at a low concentration in the gas phase,
and in a highly dispersed state as a result of a high-
velocity gas flow from tﬁe nozzle, the dispersion state
can be maintained withouﬁ any aggregation of the
particles due to fusion or sintering even at a high
temperature, and it is iﬁferred that a solid phase
reaction occurs inside each particle simultaneously with
the pyrolysis. Since thﬁs is a solid phase reaction
within a limited region,iiﬁ is considered that crystal
growth is promoted in a short time, so that a highly
dispersible metal powder ﬁhich has a high crystallinity
and few internal defects, and which comprises
aggregation-free primary particles, is obtained.
[0026] Furthermore, in conventional spray pyrolfsis

methods, the amount of solvent in the liquid droplets of




m croscope (TEM, scanning electron microscope (SEM and the like, it was
confirnmed that this powder was substantially a single-crystal powder of
metallic nickel. bservation by neans of an SEM showed that the shape of
the particles had a true-spherical shape with a size of approxinately,O.B
pm and; no aggregation of particles was pgeen. The particle size'
dlstrlbutlon measur enent based on the weight by a |aser diffraction

particle size . analyzer, sho at t'he 50% aver age ,parti di anet er
CE50) s 0. S (A T G ch e ATS 1 599 6 ARG LD A Euffieh SRATREEL hat

99. 9% of par tddad &S ot ItHE Iigtdes PAvEge ha u@dp@&bPQEQsSIZQSOB no nore
than 1.1 m Accordingly, the ratio of D99.9/D5Q was 2. The
char act eri st iK&S Wt ¢ 53W6@ﬁ4ﬂﬁQﬁlﬁﬁ?ﬂ%ﬂé?§ﬁ§wﬁslﬁovabpéliOWlEHaﬁﬁﬂes 2

Through 7 [Ofﬁpﬁllﬂ\ﬂﬁ@eIoﬂo%rrseéaﬁrt%n@@ﬁ&%%%gdtbﬁdt ke $aBRr.MANNEr as in
Exanpl e 1, except that the supply rate of the raw materi al pomder was

varied, and BREASHOHMatinrudl mat@odsw Akt é6i BECEERAEY dPspeasedihen ‘the

gas phase, e n nozzl e and
Tho Fomer at R g SR i RS AR5, RO%abre 1. “the

characteri st iads ¢ t‘?@lp%méﬂs meddt ther @a@bﬂallﬁéd aneogHewntPnolhdie 1. In

all cases, Ep%gﬁgffeéy &Q@%éwa%l népec§§ﬁ6%g§% %Eg jpagticle

size distributi was extremely narrow. same raw
mat eri al pomdﬁxﬂastEMEt uded siuch BEx gagkee Lowageduspérsed pfi hherogen gas

Using o ) LYt NPS AP ARy THE SRR I-988 BLEL UL ves

obt ai ned was ejected into a reaction tu y an électric
furnace at a fdogwar atod te Ztede I|ﬂerbnnhrahtoughearﬂazzﬁenmbfhthe

Cross-sectio ni, r I and_t i X was heat ed
) %@ s %%e Qh %h% %%e% S e%§16§EyTﬁg gug 3% .

whi l e bei ng“passe roug reac |on of°t he
powder and th@scdﬁs@mub@ﬁlabowb,the thatmat éenak, aommdrmdtapepsedern t he

g phace, LIS R i et bl BB ke R B TS
melting point. Accordingly, a metal powder that is free
of strain and that has a:higher crystallinity can be
obtained at temperaturesiat which the metal does not melt.
[0027] If the heating Eemperature is lower than;(Tm -
200)°C, where Tm is the melting point of the target metal
or alloy, a spherical metal powder with a high
crystallinity cannot be obtained. In particular, in
order to obtain a true—spherical single-crystal metal
powder with smooth surfades, it is desirable that the
heat treatment be performed at a high temperature near or
not lower than the melting point of the target metal or
alloy. |
[0028] Furthermore, in cases where the metal involved
produces oxides, nitridesﬁlcarbides or the like during or
after pyrolysis, it is necessary to perform the heat
treatment under conditions that cause the decompoéition
of these compounds. | |
[0029] The metal powders produced by the method of the
present invention comprise aggregation-free fine -

spherical primary particles that have a uniform particle




result of the use of the dispersing deV|ce t he powder  coul d be obtai ned
with a more finely uniformparticle size than the powder obtained in
Exanpl e 1 was produced. Conparative Exanple | [0035] A nickel powder:was
manuf actured in the same manner as i‘n Exanple 1, except that the
cross-sectional area of the opening partiof the nozzle was set at 0.50
cn2. VIS was set at 400. The characteristics of the powder thus obtained

are shown in Table 1. The powder that was _obtained conprised substantially
si ngl e- cryst a¥12 r uERPHHRIRATC palrhiass detPuPMIALTS A0 to SEM

observati on v@sy HpPT O M8} ednd Oy raefﬂagoaﬂdglc‘dee tHeZ Pardiislileishuiaingn
measurenent’' result showed that D50 was 0.74 m and the ratio of D99. 9/ D50

was 5. 3. ACCO?QFWRJM}' almfest m\maméowas@@and Mes®ralimgdddethgarticl e
size distri 8%3‘,? ,Lecs_,T r}{a q.péwtof YENtH Q). thEenparative
reactlon was per

Example 2 [0 esmmrmmwra5|nEmmMe
1, except thatchesme mmim;s raauee Toing h@wdms -rratl@r |P@Irtp@nd@rr:vv§§fe§etlﬂat 150

kg/ hr. The-.p ﬁ&q@ [ e reaction tube

18 was 12.0 g |ter. Accor %!h%ﬁ% serva i on dfqﬁﬁg' EQ%&%? ‘t hus

obt ai ned, thecqupeleranthdtle tﬂrld'aﬂ pad icdiher siasd 1di mudl;tz@ibdﬁ metladdi ng

annrphous par e f 0 The particle
e RS R R G e

size distribution Ssurenent resu m and the
ratio of D99.:95‘d}533:amas t xidet iaharaact elarsthecmaomuahme@OMela atabdleown
: m_';\r/&?: SM.ﬁGl a%NnNNr 7dd|\P_ - ~feILZII}No|F:|% r%ﬁos ok '%WF{W'@%% gﬁc ig

maintained at hlgh temperatures. Accordingly, in cases
where these powders are used in conductive pasteé that
are used to form the internal conductors or external
conductors of multilayer;éeramic electronic parts such as
multilayer capacitors or;the like, parts with superior
characteristics in which there is no rise in thei
resistance due to oxidatiqn of the conductive mefal, and
no generation of structural defects such as delamination
or cracking, etc., caused.by oxidation-reduction 'during
firing, can be manufacturéd. l

[0030] Next, the present invention will be concretely
described in terms of examples and comparative examples.
Example 1 . |

[0031] A raw material powder having a mean parﬁicle
size of approximately 1 um and a maximum particle size of
approximately 3 um was pfépared by pulverizing nickel
acetate tetrahydrate powder by a jet-mill. This powder
was ejected into a reactién tube heated at 1550°C;by an
electric furnace‘throughga nozzle with a cross-séctional
opening part area of 0.13:cnﬁ at a supply rate of;5 kg/hr
together with nitrogen gaé supplied as a carrier gas at a
flow rate of 200 liter/min, and was heated while being
caused to pass through thé reaction tube with this

dispersion concentration maintained. The concentration
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of the raw material powdér dispersed in the gas phase
inside the reaction tube was 0.4 g/liter, and V/S was
1500. The powder thus produced was collected by means of
a bag filter. . | .
[0032] When the powder:thus obtained was analyzed using
an X-ray diffractometer (XRD), transmission electron
microscope (TEM), scanniﬁg electron microscope (SEM) and
the like, it was confirméd that this powder was
substantially a single-crystal powder of metallic nickel.
Observation by means of an SEM showed that the shape of
the particles had a true-spherical shape with a size of
approximately 0.3 pm, and no aggregation of particles was
seen. The particle size distribution measurement based
on the weight by a laser:diffraction partiéle size
analyzer showed that the550% average particle diameter
(D50) was 0.51 pm. The 99.9% diameter (D99.9) was 1.1 um
which means that 99.9% of particles constituting the
powder had a particle size of no more than 1.1 pm.
Accordingly, the ratio of D99.9/D50 was 2.2. The
characteristics of the pdﬁder obtained are shown in Table
1. .

Examples 2 Through 7 ,

[0033] Nickel powders were manufactured in the same
manner as in Example 1, except that the supply rate of
the raw material powder Was varied, and the concentration
of the raw material powder dispersed in the gas phase,
the cross-sectional area .0of the opening paft of the
nozzle and the temperétuﬁe of the electric furnace were
set as shown in Table 1. The characteristics of the
powders that were obtained are shown in Table 1. 1In all
cases, the ratio of D99.§/D50 was 2.2 to 2.4, so that the

particle size distribution was extremely narrow.
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Example 8

[0034] The same raw material powder as that used in
Example 1 was dispersed in-nitrogen gas using an ejector
type dispersing device. The solid-gas mixture that was
obtained was ejected into a reaction tube heated at
1550°C by an electric furnace at a flow rate of ZOO
liter/min through a nozzie.with a cross-sectional opening
part area of 0.13 cm?, and this mixture was heated while
being passed through the'réaction tube. The supély rate
of the powder and the concenttation of the raw material
powder dispersed in the gas phasé inside the reaction
tube were the same as in;Example 1. The characteristics
of the powder thus obtainéd are shown in Table 1. As a
result of the use of the dispersing device} the powder
could be obtained with a more finely uniform parﬁicle |
size than the powder obtéined in Example 1 was produced.
Comparative Example 1 :

[0035] A nickel powder was manufactured in the same
manner as in Example 1, except that the cross-sectional
area of the opening part of the nozzle was set at 0.50
cm’. V/S was set at 400. The characteristics of the
powder thus obtained are:shown in Table 1. The pdwder
that was obtained comprised substantially singlefcrystal
true-spherical particles, but the size according to SEM
observation was approximaﬁely 0.5 um. The particle size
distribution measurement result showed that D50 was 0.74
um, and the ratio of D99.9/D50 was 5.3. Accordingly, the
powder was coarser and héd a broader particle size
distribution than in Examples of the present inveﬁtion.
Comparative Example 2 - |

[{0036] A reaction was.pérformed in the same manner as
in Example 1, except that the supply rate of the raw
material powder was set at 150 kg/hr. The powder

concentration in the gas;phase inside the reaction tube
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was 12.0 g/liter. According to SEM observation of the
powder thus obtained,‘the powder had a broad particle
size distribution including amorphous particles with a
size of approximately 10 to 20 um. The particle size
distribution measurement result showed that D50 was 2.1

um, and the ratio of D99.9/D50 was 6.2. The
characteristics of the powder are shown in Table 1.
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Example 9

[0037] A nickel oxide powder in which crystallfne
particles of a sub-micron fineness were aggregatéd was
pulverized by a jet-mill}; this powder was'dispeﬁsed.in
an aqueous solution of copper nitrate, and an aqueous
solution of sodium hydro#ide was added dropwise, thus
producing a composite powder in which the nickel oxide
powder and copper hydroxide were composited. The
composition was set at Ni': Cu = 7 : 3. This composite
powder was filtered out, thoroughly washed with Water,
and dried; the powder wés then crushed by a jet-mill to
produce a raw material pqﬁder. The mean particle size of
this powder was approximately 1 pum. Using nitrogen gas
containing 4% hydrogen as a carrier gas, a powder was
manufactured by the samegmethod as in Example 1, except
that the temperature of the electric furnace was set at
1500°C. When the powder #hus obtained was analyzed by
XRD, TEM, SEM and the like, it was confirmed thaﬁ the
powder was substantially .a single-crystal, true—spherical
nickel-copper alloy powdér. The characteristics of the
powder thus obtained are:éhown in Table 1.

Example 10 | .

[0038] A mixed agueous solution of silver nitrate and
palladium nitrate which was mixed so that the weight
ratio of the metal components was Ag : Pd = 8 : 2 was
added dropwise to an aqueous solution of sodium
hydrogencarbonate, thus producing a carbonate powder in
which silver and palladium were composited. This
composite carbonate powder was filtered out, thoroughly
washed with water and dried; the powder was then crushed
with a jet-mill to produdé a raw material powder. The
mean particle size of thé raw material powder was
approximately 1 um. A powder was manufactured by?the

same method as in Example 1 except that air was used as
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the carrier gas, and the' temperature of the electric
furnace was set at 1400°¢, When the powder thus obtained
was analyzed by XRD, TEM, SEM and the like, it was
confirmed that the powder was substantially a single-
crystal true-spherical silver—palladium alloy powder.

The characteristics are shown in Table 1. .

[0039] The method of the present invention allows the
easy manufacture, at low.cost and a high éfficiency, of a
spherical highly-crystallized metal powder consisting of
monodisperse particles aﬁd having an extremely nérrow
particle size distribution, a high dispersibility and a
high purity, using a solid metal compound powder as a raw
material, by ejecting this raw material powder at a high
velocity from a nozzle together with a carrier gas, and
performing a heat treatmént at a low concentration and in
a highly dispersed state. The metal powder thus obtained
has a low activity and a high oxidation resistande;
accordingly, in cases where this powder is used in
conductive pastes that aré used to form electrodes of
multilayer ceramic electtonic parts, highly reliable
parts which have no structural defects such as cracking,
etc., can be manufactured. :

[0040] Furthermore, the particle size of the resultant
powder can éasily be adjﬁsted by controlling the particle
size and dispersion staté:of the raw material powder, so
that metal powders having an arbitrary mean particle size
ranging from 0.1 pm or less to approximately 20 um can be
obtained. Moreover, theiselection range of starting raw
materials is broad; accofdingly, numerous types of metal
powders can be manufactuféd. In addition,  a highly-
crystallized alloy powdeﬁ which has a uniform composition
can also easily be manufactured by using raw material
powders that contain two or more metal elements at a

substantially constant compositional ratio in the



ri O- 51! d x'yo C)oOxV\W/\N|S|G~SV\9I VWV NWNX WN W Oz 20 Exanple 9
[ 00371 A nickel oxide powder in which crystalline particles of a ,
sub-m cron fineness were aggregate d was pulverized by a jet-mll; this
powder was dispersed in an aqueous solution of copper nitrate, and an
aqueous sol ution of sodium hydroxi de wasyndded dropwi se, thus producing a’
conposite powder in mhlch t he ni ckel oxide pomder and copper hydr oxi de
were conposited,, Th 031 tion S set at N : This conposite
powder was fl-'l-lﬁ%l-‘ﬁode I‘S\l/\tﬁi %a‘taé'r Po“ﬁﬁfsdrl ed; the

powder was th@cﬁb&mﬁg&:@bwr@ehﬁtmd lott thorpi@,s@talrmmto@r i@l powder .
The nean particle size of this powder was approximately 1 Rm Using

nitrogen gas S¥EGFRREIY it onhykRoganufact urdng srrgaus é"YrS’&ﬁdé’rf ng.al

manuf actured ddves sail Btdoh AR PAMR In G- fiihabashes. '
tenperature of the electric furnace was set at 15000C. Wen 't he povvder
t hus obtai ned was anal yzed by XRD, TEM SEM and the like, it was confirned’
that the powder was substantially a single-crystal, true-spherical



ni ckel - copper alloy powder. The characteristics :of the powder thus , :
obtai ned are shown in Table 1. Exanple 1 0 [0038] A ni xed aqueous sol ution
of silver nitrate and palladiumnitrate which was m xed so that the weight
ratio of the nmetal conponents was Ag:: Pd = 8 : 2 was added dropw se toan
aqueous sol ution of sodium hydrogencardsonate,' thus producing a carbonate
powder in which silver and palladi umwere conposited. This conposite
carbonate powder was filtered out, thoromﬂﬂs washed wi th water and dri ed,
t he powder was then crushed wth a jet 0 produce a raw materi al
powder.. The nean particle size of the: raw material powler was~

apprOX|nater | Km A powder was nmanufactured by the sanme nethod as in
Exanpl e 1 except that %umeﬁﬂﬁglﬁﬂﬁjmﬁﬁq?PQHﬂ§l@§rﬁl Siohdy-cxygtallized

t he: t enper at ke Hf JdiRi ecadn{gprlg‘ﬂ{ \ace was set at 1400C.. Wen the powder
t hus obtained was anal yzed by XRD, 'EM_SEM and t he like, it was

confirmed that theiRSidad R A etentiiad) ppwglesi ggMPrigipgt gne or
true-sphericglo&d IMB{IP YA aéiiém% émﬁe% ®kabltNfetRAr 20k b'uﬁ}iFCin%e

shown in Table 1. [0039] The net pr esent |nvent|
easy manuf actrkeaghiqrowesssl digomgh @hn@fzﬁﬂ-@l &pggthetr witdpheri cal

i ghly-or yst aldizett TRl enoonnlaliing s 1oBRY SRgEBeyPIE! Lhbes and
e distribu

havi ng an extrene arrow particle siz tion, a high
di spersi bili t@lcahd-’ad:e wfghheudany iersigag @esobndtnttioe a:duxpemiullp(bv\der as a

raw material £ e ol SRR LdeanBE Rhelhod 20edBpaiEhge, LY

froma nozzler}oget er Wwith acarrier gas, Forf ng a r eat nent
at a Iom/conqenﬂrdkmﬁh,aﬂddln a hlghly dlspersed state The metal powder

t hus obt ai ned has ti i.ah ation resistance;
accordingly, inc ?es %ﬁrcg tt < ine S\Adg d% u§ Heﬁhegngﬁgt Fo¥ pastes that
are used to fmamereladcmmﬂesr caft amj:lemplea'peureewhm:h elsehugherctbant shehi ghly
reliable par str ctural fects su i ng etc.
can be rranuféjtc é’%qf RaPrsT 8T %ﬁg bart T“éfg'sr }ePBY"gFﬁe‘L"P@suI t ant
powder can eamlﬂ udaeradumlt Qdmbymr)t“coa:meﬂ@ tihe Rar tiisChe melting

point of the metal, in a. state where the raw materlal

powder is dispersed in the gas phase at a concentratlon

of 10 g/liter or less.

2. The method according to claim 1, wherein the raw
material powder is mixed and dispersed in the carrier gas
using a dispersing apparatus prior to being ejected into

the reaction vessel through the nozzle.

3.  The method according to claim 1 or 2, wherein
the particle size of the raw material powder has been

adjusted beforehand.

4. The method according to any of claims 1 through
3, wherein the raw material powder is a composite: powder
of metal compounds contalnlng two or more metal elements,

and the metal powder is an alloy powder.



size and dispersion state of the rawmaterial powder, so that netal
powders having an arbitrary nmean particle size ranging from0.1 pmor .| ess
to approxinmately 20 pm can be obtained. Mreover, the sel ection range of
starting raw nmaterials is broad; accordingly, nunerous types of netal
powders can be manufactured. In addition24a highly crystallized all oy
powder which has a uniform conposition can also easily be manufactured by
using raw material_ powders that contain two or no tal elenents at a

re
substantially constant® tih FRPHECT YA NIh @ P2 G -Fraghe Ll es

of the raw maiedd 1Rl pdRysierdompr AGiGRYdi ngly, the met hod of the present
i nvention is extrenely useful for manufacturing various types of netal

powders that are RAIRAAING G Lke NatarHiddk POWARTp £ONERIIABRICENOMETL. A

met hod for MeHaGidd NG RedtiY VWi iSH aldd 28%s tTRu@htRoOwWdehn %QIIB&i si ng:
ejecting a raw material powder conprising one or nore kinds of thérmally
deconposabl e BAMAEY dehprumpduass, atr dacubstansdadilyt Eoos§RE nozzl e

together Wt @i a9aSyAe kg9 adiah i - ¥is1260¢ Waerezy is the
flow rate of tﬁné) car r]i era gas per Jlnilt’ tli me Flll ?’erI llmlr(le)S angﬂ% ?3 t he
cross-sect i omdtetrigd afowdryinozzl e opening part (cm); and producing the

nmet al powder by h ﬂl’&’éiﬁﬁ rgyu fm}ﬂ{ait%lriﬁﬂv‘%%%d%E-a tenperature which is
f

hi gher than the econposi t1on temperaturé of “the raw material powder and
not | ower than (THi-s2EX)SLY wisr eolheCCed sawhaaeitiadg popdient iof at he
netal, in a stgLg the raw material powder. is dispersed in the gas
phase at a cg%%en5¥25#%H of 10 g/liter or less. 2. The nmethod according to
claim1l, wherein tdieatamg rdteedaalr ipowders havitngedheamdwdimgpersed in t he

I L
2, wherein trieezis tunclear dilize caindiltd onaw/sat-e6al, phetter vhas haenflad ust ed
S rate of the carrier gas per unit time (liter/min) and S
is the cross-sectional area of the nozzle 6pening part
(cm?); and '

producing the metal powder in the form of tﬂe alloy
powder by heating the raﬁlmaterial powder at a |
temperature which is higher than the decomposition
temperature of the raw material powder and not lower than
(Tm -200)°C where Tm (°C);is the melting point of the
alloy to be produced, in a state where the raw material
powder is dispersed in the gas phése in the reaction

vessel at a concentration of 10 g/liter or less.

6. A highly-crystallized metal powder which is
manufactured by the method according to any of claims 1
through 5. :

7. A conductive paste which contains the highly-

crystallized metal powder according to claim 6.



4. The method according to any of clains 1 through 3, wherein the raw
materi al powder is a conposite powder: of netal conpounds containing two or
nore netal elenents, and the nmetal powder is an alloy powder. 24 5. A -

met hod for manufacturing a highly-crystallized netal powder conpri sing:
preparing a raw naterial powder containingtwo or nore netal elenents,
which are constituents of an alloy powder to be produced, at a .
substantially constant_ conposjtional rratjo in indimidualtparticLes of the
raw material powd®r; RoMtEbiaeE RETA TGS HOPSMRAET & ng the
col l ected rawgRy@ttadl POYERE drFe forefdd I iMRAShe|RAIdRG itRe paydd er gas
having the raw naterial ‘powder dispersed therein-into a reaction vessel -
through a no3%ferdhugrtenelabndition V/S > 600, where Vis the flow rate
of the carrier gas per unit time (liter/mn) and S is the cross-sectional
area of the nozzle opening part (cnR) ; and producing the nmetal powder in
the formof the alloy powder by heating the raw material powder at a

t enperature which is higher than the deconposition tenperature of the raw
material powder and not |ower than (Tm -200)C where Tm (C):is the nelting
point of the alloy to be produced, in a state where the raw materi al
powder is dispersed in the gas phase in the reaction vessel at a
concentration: of 10 g/liter or less. 6. A highly-crystallized nmetal powder
which is manufactured by the nmethod according to any of clains 1 through
5. 7. A conductive paste which contains the highly- crystallized netal '
powder according to claim6. 25 8 A nultilayer ceramc electronic part
wherein conductor |ayers are forned using the conductive. paste accordi ng
toclaim?7. ‘
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