- ' 7

Nl CKEL POWDER AND PROCESS FOR PREPARI NG THE SAME "'{SQ{;R?ND
OF THE INVENTION 1. Field of the Invention The present iﬁZﬁiftb e =
relates to a novel nickel powder suitable for use in a thick-film conductor
paste and a process for preparing the sane, and further relates to a

conductor paste prepared using this nickel powder and nultilayer electronic
conponent s havi ng conductor |ayers forned #ging this paste. 2.

Description of the Prior Art Thi ck-f1 1 m pastes such as a conduct or

paste and a resistor paste are used in order to produce conponents such as

an electric circuit, a resistor, a capacit and an | C package in the

el ectronics fiel dNIPRBL RQDERtAND R W&cﬂ%@%&%@ﬂ@l THE RAME and

di spersing a conductive powder of a netdl, an alloy, a netal oxide or the

like, if necessary, together with a V|treous blnder and ot her additive(s)

in an organi c vehicle, and t s : ‘ ailibdNi nt o a conduct or
filmand a resistor fil'mby applylng the sane onto a substrate and then

firing at a high tenperature. Ceramic nmultilayer electronic
conponent s, sughua@ﬂéﬂ&hﬁﬂiﬂ§¥bﬂxgﬁﬁﬁéﬂﬁbr and a multilayer inductor, and
ceram c nultilayer Sﬁﬁ@tﬁf‘éﬁénﬁrﬁnﬁéﬂﬁﬁﬁw YePhedeced by nanaiidker
plurality of unfired ceram c_green sheets of ﬁldlelectrlc material, a

magnet i ¢ mat er iRAWRT tHel FaRb af?Erﬁﬁ?eF? i ERigkpddd copdiiclOR ers of

paste and a process for preparing the same, and

further relates to a conductor paste prepared using
this nickel powder and multilayer electronic
components having conductor layers formed using this
paste.

Thick~film pastes such as a conductor paste and a
resistor paste are used in order to produce components
such as an electric circuit, a resistor, a capacitor
and an IC package in the electronics field. They are
pastes prepared by homogeneously mixing and dispersing
a conductive powder of a metal, an alloy, a metal
oxide or the like, if necessary, together with a
vitreous binder and other additive(s) in an organic
vehicle; and they are respectively formed into a
conductor film and a resistor f£ilm by applying the
same onto a substrate and then firing at a high
temperature.

Ceramic multilayer electronic components, such as
a multilayer capacitor and a multilayer inductor, and
ceramic multilayer substrates are generally produced

. by 1amihating a plurality of unfired ceramic green

, sheets of a dielectric material, a magnetic material
or the like alternately with a plurality of layers of
an inner conductor paste, and then simultaneously



an i nner conductor paste, and then sinultaneously

-2- firing themat a high tenperature. As the mainstreaminner
conductors, noble nmetals such as palladium silver-palladium and platinum
have hitherto been used. In aspects of saving resources and satisfying the
requi renent of inprovenents in respect of delam nation, cracking, etc.
attributed to the oxidative expansion of palladiumor sil z |
during firing thereof, however, base netal “materials such HUSr Sk HASBREN
recently attracted attention. In these nmultilayer c
mul tilayer substrates, there is a tendency to increase th
to be | am nat eEiddarg extoempl €t & highi teywperatnaeit aks hehéngalnsdredm of

| am nat ed | ayer.s_has co t.0 pr ed.. ln view of thig. ceramc |ayers
and accordinglfJVHﬂ%ﬁxﬁgﬁﬂﬂ%?gg’I%§€¥§ %?Ea£3q5F¥%daFoPB M the form
of a thinner fidilhvdmspaibaplem, ward phatihumkhese bhfithexdoatiern ayer is
reduced to abouf_ 3.[err]m._.t ' f ' ductor. .|l ayer nust
be reduced to a%sefﬁ)‘st If] &%pe%g:sslt :Ha%:g}(;g% tr%é.]%d{]é;?ér]%ﬁgbg%gﬁggyﬁﬁﬁerw se

t he middl e por tilen méqu iremestl of nimprovementssinorespekéned as to cause
structural def egtis el Lover ede ekt abi I EEX. ateriblebhecga3g0f @ conductor
paste prepared usSing an ordi nary nickél powder, ﬁpmever, thére is alimt
for the fornaticorideEtive rexpansios ofiepaliadibmcayssilveyeopad hastivanl y such
a problem that {hig ' ' on [ I,§C ' film
due to oversinterlﬁgf?ﬁt%%ggé%ﬁggéogf g??%ﬂ%rgnggg%ugeﬁggrgggggﬂt }
resi st gnce val yiah amdeigiel haveonaeentdy, abtragted sfdiendigmobl em t hat

t he thickness of the Wal S I f s ation of
the nickel powder. NB?EE@QQ&Q&uiEEiE?éE céhpdnkhtd knd ﬂdr%fﬁHyéﬂ

substrates, there is a tendency to increase the number

of layers to be laminated. For example, a multilayer
capacitor having hundreds of laminated layers has come
to be produced. In view of this, ceramic layers and
accordingly inner conductor layers are required to be
made in the form of a thinner film. For example, when
the thickness of a ceramic layer is reduced to about
3 um, the thickness of an inner conductor layer must
be reduced to at most 1 um, desirably about 0.5 um,
because otherwise the middle portion of the resulting
laminate is so thickened as to cause structural
defects and lowered reliability.

In the case of a conductor paste prepared using
an ordinary nickel powder, however, there is a limit
for the formation of thinner films therefrom because
it poses not only such problem that the resulting
inner conductor yields a discontinuous film due to
oversintering in the course of firing and thus
increases the resistance value or undergoes
disconnection, but also such problem that the
thickness of the conductor increases as a result of
the aggregation of the nickel powder. More
specifically, the nickel powder, when fired in an
inert atmosphere or in a reducing atmosphere.

Been Reilaoed
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specifically, the nickel powder, when fired in an inert atnosphere or in a
reduci ng atnosphere - - - 3- )
particularly, f the _purpgose of preventing oxidation thereof, is quickly
sintered ancy§11 . Wl REE! and shrink at a tenperature as | ow as

400[ err] C or nit is a single crystal powder conpaLa
|l ow in activi er hand, the sintering- starting-t8
a ceramic layer is generally far higher thHan that tenperatuy®
it is about 1,200 [err]C for bariumtitanate, which therefoke dg
shrink together with nickel filns even by co- firing and al 'ows the nickel
films to be pydeticulaheyf fioe dheepurpdsel DS pridverit Ld ek V@bt toh hat

emper ature ardEERhoctS| AUREENTG AT ERY GERNE do FIREP ngiin e
hi gher tenper a§iuf £nk egt 08 Beflpbeature Becawk lad ado Wi be bbeold kenare
agar egat i on o RHR 1 kel SpBaRg-e SEYStal BeRde Shar S LUEH | Frver
conduct or | ayeirs adimety.t hem e€beeptheri hahipught sdntesdmg-to render a
Formati on of vorHet i RenBsnath®s, of B $8¥al nsvefes redafreiirng
shrinkage behafaorhibghenetbahapbat semperature.naFouf examplie, |idyeis.
Ihe JLsagtcemeilond FLNECI L ANIAE SHOMED, ISR NeGERIRt oL
del ani nati on airezraekishriskt sogender ity alickeld Thlons etvemiby t go-
D s pen SEEAP 2R TEL808 W hichoy AP SYARLLSGH Phoca e
face direction. Thus, it is conceivable that small
voids formed in the nickel films by sintering at a
comparatively low temperature are expanded in keeping
with the progress of sintering in a higher temperature
region and tend to become large, while the films are
liable to grow in the thickness-wise direction thereof
due to the aggregation of the nickel powder.

In order to make nickel inner conductor layers
thinner, therefore, it is thought necessary to render
a nickel powder so finer and so better in
dispersibility as to hinder the formation of voids in
the course of firing, and to make the sintering
shrinkage behavior of these layers agree with that of
ceramic layers.

The disagreement in sintering shrinkage behavior
between the conductor layers and the ceramic layers is
so causative of structural defects such as
delamination and cracking as to lower the yield and
the reliability particularly when the films are thick.

Various invesfigations have hitherto been made
for the purpose of éuppressing the sinterin§ of a
conductor till the sintering-starting temperature of
ceramic layers. For example, the addition of a large
amount of a ceramic powder having the same composition



conductor till the sintering-starting tenperature of ceramc |ayers. For
exanpl e, the addition of a |large anount of a ceram c powder having the sane
conposition -4- as that used in
ceram c |l ayers can retard apparent shrinkage of conductor |ayers up to
around 800 [err]C. Since the sintering of a nmetal powder itself is not
suppressed, however, the continuity and conductivity of conductor |ayers
are consequently spoiled when firing is ctducted at a tenperature as high
as about 1,300 [err]C. SUMVARY OF THE | NVENTTON ) An
obj ect of the present invention is to provide conductor filnms with high
conductivity easnthatthsedade ckbramill dakielrs leyaneffestcdrd edpypareapt essi ng t he

sintering of a nickel powder at. a.low_tenperature. not hey, obj ect of
the present iﬁ%%ﬁ%?%ﬂggsggocapﬁHﬁtPﬁéléwggérPﬁbﬁﬂxﬁqq t%%%epature of a
ni ckel powder $inde theckdhntezingoosi ll metalt powiax ertisewlf simrtotg

t enper at ure of ram.¢. layer_w.t hou etri . t.he, c I vity of the
conductor and %ﬁ§9§$%§F9rCEBW§B%?fi%@25F0é§§%%ﬁé=ténl éﬁﬂﬂﬁgé%B%h is used
in a conduct orofasorductbr deyerrscars cnnﬁmﬁeetthersynﬂechyd@nfor use in

mul til ayer ele .C:GO a h ' wher sty i nkaoe
behavi or there%%fggﬁ %%oggﬁeﬁ?gggh%%é%tﬁghb%%ag'cer§%¥§£a d %%nw prevents
t he di sconnectlpho@n® .structural defects of conductor filmnms while

m nimzing the filmthickness thereof. Still another object of the

present invention is to provide a sinple and excellent process for
SUMMARY OF THE INVENTION

An object of the present invention is to provide
conductor films with high conductivity even in the
case of a thin film by effectively suppressing the
sintering of a nickel powder at a low temperature.

Ancther object of the present invention is to
allow the sintering-starting temperature of a nickel
powder to be as close as possible to the sintering-
starting temperature of ceramic layer without
détriment to the conductivity of the conductor and the
electric properties of components when the powder is
used in a conductor paste to be co-fired with unfired
ceramic layers for use in multilayer electronic
components and the like, whereby the shrinkage
behavior thereof can closely resemble that of a
ceramic and thus prevents the disconnection and
structural defects of conductor films while minimizing
the film thickness thereof.

Still another object of the present invention is
to provide a simple and excellent process for
preparing such a nickel powder. ,

The éist of the present invention resides in a
nickel powder having at at least part of the surface
thereof a layer of a composite oxide represented by
the formula (1):



preparing such a nickel powder. The gi st of the present invention
resides in a nickel powder having at at |east part of the surface thereof a

| ayer of a conposite oxide represented by the fornula (1):T#_-“*’”"“”7757\

[err] (wher ei riThis ShéctR&BeliHepBleg! €2St One el ement sel ected | -fmglgﬂﬁé'fdﬂkﬁjﬁ&“
: peatil |
Ti

consi sting of l
fromthe group '
satisfying the 0 , .

stands for at |east one el grent sg
I and Zr; and x and y represgnLﬁguﬁber§‘“ﬁ”

< y/x < 4.5) .-b- The ni ckel powder may
further contains at |east one selected fromthe group consisting of boron
oxi de, al um num oxi de and silicon oxi de. Anot her gi st of the present

invention resides in a progegs for preparingg{fe foregoing nickel powder,
conprising formng fine d@bﬁ?@??’fron1a squ%ign cont ai ni ng Sé) at_| east
&

one thermal |y ded@nsond starde| febnpbukerst yngt eleasntofelesiteésd ed from

the group consigidga e  JHSHPBEdYs SSELRPOSALLE, COEChHA BALT @NsitdRgRNd
bari um conpounds, and ('c) at” | east one Selected_fromthe group consisting

of thermally ddednsaiRastiongi eHeRRt FeLerteth E5APotREs IXRER i ng t he

droplets at a (QIMAAIKE dF IPErahdafe} hgndegognasyt repregene’ dumiRs Lt the
ni ckel conpound, the calTium conpound, the strontium conpound, the barium

or conpound, t atistningn teapberaudba:t e ZiFchikum doPound to form a
ni ckel powder whil e BhdéunicKEDUSOYdOE CRAPI Fatthgracbayaingf ax auyasite

oxi de represented b fhevggqge-negﬁioned fornulasgié in_the %icinLteaof t he

surface of the MIRGIIVuRLITOM They grouRGPARFSHLEE 8F PRER & !

I nvent1,on aluminum oxide and silicon oxide.

Another gist of the present invention resides in
a process for preparing the foregoing nickel powder,
comprising forming fine droplets from a solution
containing (a) at least one thermally decomposable
nickel compound, (b) at least one selected from the
group consisting of thermally decomposable calcium,
strontium and barium compounds, and (c) at least one
selected from the group consisting of thermally
decomposable titanium and zirconium compounds; heating
the droplets at a temperature higher than the
decomposition temperatures of the nickel compound, the
calcium compound, the stfontium compound, the barium
compound, the titanium compound and the zirconium
compound to form a nickel powder while simultaneously
precipitating a layer of a composite oxide represented
by the above-mentioned formula (1) in the vicinity of
the surface of the nickel powder.
still another gist of the present invention

resides in a process for preparing the nickel powder
containing as a further additive at least one selected
from the group consisting of boron oxide, aluminum
oxide and silicon oxide, the process comprising
forming fine dr0ple£; from a solution containing (a)
at least one thermally decomposable nickel compound,
(b) at least one selected from the group consisting of



resides in a process for preparing the nickel powder containing as a
further additive at |east one selected fromthe group consisting of boron
oxi de, al um num oxi de and silicon OXIde t he process conprising formng
fine droplets froma wmee@R & ng (a) at | east one thernally
deconposabl e ni ckel c , | east one sel ected

consi sting of

deconposabl e cal ci um strontlun1a barlun§conpounds - hne
selected fromthe group consisting of thermally deconposeas '|tan|un1and
zi rconi um conpounds, and (d) at |east one selected fromthe group

ﬁonsi sti nﬁ o; thlemalllly decomposaible bmmh urg] wﬁmﬁgﬂ shdibapigenpounds;
eating the droplets t enper at ur er n econposi tion
t enper at ur es of8?38uﬁ ékeKCSOﬁg %i (ﬂ?ﬁ%ﬁéﬁéﬁ) dthe TP ont i um
conpound, the bansmstingpo&n&hdﬁmahMﬁeﬂecmmpnsahlﬁutltémaamr&mﬂlum
conpound, the boron cofpou ound or the n conpound
to forma nic t t of a

: BPERSRAER SR i AR Ol PR Bre eelerksd of
conpo?lge OX|déromptheegtedpbrdﬂsa&ﬁmmp<ﬁbMh&rmaﬂlywdmdem?d?ahhd a; Ieas;
one of boron nu [ [ [ surface o
mﬁ H8h' Q‘lﬁg‘grnt a0y s gzﬁ dbntgbhnds] %%H% *t‘ﬁ% .

t he ni ckel er gists resen n side in a
conduct or pastdropmeasnamgaatdmgﬁﬂatmne(ﬁlQHﬁIfhh&ﬂﬂﬁh@ ni ckel powders,

and a ceram o AubbhbaKe B sl RO Llle i 1y co0gsLs | exer

formed using t uctor now be
descri hed in deaichium DEEADMBD uaanganytxgm'nqmpnunﬁiwemeEh@xxmmENT

compound, the titanium compound, the zirconium

compound, the boron compound, the aluminum compound
and the silicon compound to form a nickel powder while
simultaneously precipitating a layer of a composite
oxide represented by the above-mentioned formula (1)
and at least one of boron, aluminum and silicon oxides
in the vicinity of the surface of the nickel powder.

Further gists of the present invention reside in
a conductor paste containing at least one of the
foregoing nickel powders, and a ceramic multilayer
electronic component having a conductor layer formed
using the conductor paste.

The present invention will now be described in
detail.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The composite oxide of the formula (1), which may
be in any of the forms of covering the surface of the
nickel powder -and of being segregated at a high
concentration on the surface and/or in the vicinity of
the surface of the .nickel powder, must exist in the
vicinity of the surface of the nickel powder in such a
way as to be effective in hindering the sintering of
the nickel powder. Although a powder with its surface



The conposite oxide of the formula (1), which may be in any of the forns of
covering the surface of the nickel powder and of being segregated at a high
concentration on the surface and/or in the vicinity of the surface of

t he. ni ckel powder, nust exist in the vicinity of the surface of the nickel
powder in such a way as to be effective in hindering the sintering of the
ni ckel powder. Although a powder with its surface

-7- covered wholly is thought to be nost7effective in preventing nickel
nmetal particles fromcomng into nutual contact, a powder with its surface
not necessarily covered wholly will suffice in so far as an effective

amount of the eeRRIYd QHBILE X Shsudht (8 Hécm@s{:Yleeé’&Qvéu&haCe of the
powder as required by the use, firing atnosphere, necessary

charact eri st cPreMentinggrigfel meta rﬁﬁfﬁ%?k?ﬁaﬁrﬁﬁagemépgtH@tpayer of

the conposite QuitdRl ThtdPSE 4 @@@ﬂt@ﬂtby:.t@esﬁﬁfauéanbk) The ni ckel
powder having this oxide on t he surfac th erﬁﬁ ﬁ ugpressed I n
sSBRELF

sinterability MECLSSAFHShRIVETFL YR bR, W g1t f8 LAt &S ng
thereof to be gl ¥fdREtid Cafd@ntdot hﬂhéldﬂélﬁpbﬁgtét exfitegekdsper dinure of a

ceram c while prevent t he ove S|nte ing thereof th h_ it _depends, on the
anount of the &Hedéflcli'r{%s %e‘?g PFEIERLC g Jéﬁﬁcpgggg%l fAs tﬁ?qgl e ance
of the conduct g ﬂiiésﬁmw,eCfiﬁﬂnghwﬁoéphene; nneeassaicy fil mthickness,

del am nati on, which are attribut he di sagreenent between the
shri nkages of éh?#ﬁﬁﬁﬁﬁ&%ﬁ ?%ye? ahdggﬁﬁg%tran1c |l ayers in the course of

co-firing thereof, whﬁiqﬁwlﬁcipam pha&el of ohbeclayelravifnghgocompssddat i vity

e O ¢ Rk L B rhnddeSr BAPRLERE A BYCLRE EBYRLIA 113 Mirhe! &Y "

nickel powder having this oxide on the surface thereof
is suppressed in sinterability in a low temperature
region, thus enabling the sintering thereof to be
retarded up to around the sintering-starting
temperature of a ceramic while preventing the
oversintering thereof though it depends on the amount
of the oxide. This serves to preveat an increase in
the resistance of the conductor, disconnection
thereof, an increase in film thickness, delamination,
etc., which are attributed to the disagreement between
the shrinkages of the conductor layers and the ceramic
layers in the course of co-firing thereof, whereby a
thin nickel conductor having good conductivity and
adhesion can be formed; This enables conductor layers
in a multilayer component or the like to be made in
the form of a thinner film.

When the nickel powder is co-fired with ceramic
dielectric green sheets made of a titanate, such as
barium titanate or strontium titanate, or a zirconate,
the sintering beﬁavior thereof is more close to that
of the dielectric layer and scarcely affects the
electric properties of the dielectric layer since the
composition of the composite oxide is similar to that
of the dielectric.



the formof a thinner film When the nickel powder is co-fired with
ceramc dielectric green sheets nmade of a titanate, such as bariumtitanate
or strontiumtitanate, or a zirconate, the sintering behavior thereof is
nore close to that of the dielectric layer and scarcely affects the

el ectric properties of the dielectric |ayer since the conposition of the
conposite oxide is simlar to that of the dielectric.

The constituent elenent A to B atomc rati8-of the conposite oxide nust be
in the range of 2:1 to 1:4.5 because the properties of the dielectric are
sonetinmes spoiled if it departs too far fromthe ratio of 1:1. It is

practically desired g Reoide1BgefiangEehbn A £8 & Ztonik Idrli® B noted

that the ratio of each of A and, B to oxygen naé necessarily
st oi chi omet ri c,FHRUCARBPS Hivo| EidM mﬁ%ﬁfbec%%n 9eo¥a§ﬂ9g§ﬁ QhRetPItanate or

like dielectriq.QermBdfayidoiRe | yrosfrieSbeeenal qeYabkeli% Qe €ments

such as manganese, magriesi um_vanadi'um tungsten and rare earth el enents

usual |y doped'ﬁ&mQH%FRﬁuﬁRB%;%ﬂ Ebnit olepagte nkoenfnac £spmsthes ratio

titanate or thef ik mytagRy efdadidalige &Kmbd NeROGOT fanee W-bRgbhe
conposi tion of the ceramc dlelectr|%§£ é Al t hough the conp05|te

oxide is effectfvedvd® ilian dfoit lated thaurthe 1TakiowpEased on
ni ckel , the an@gdh Qi‘f tmeazcd)rwomt@x%eﬂemaf fesi ﬁedebgabslgt peeast 1 wt.
% Even if it i t,0 any. %gt enegt IR 2%
si nt eri ng- suppr™ %9%4%} éﬂﬁ%t o gﬁ iY%d BndnEH &8&8&€§|9fty of the
powder js | owerasggen kmm rlgw&m&lta d:ecnalaeediéléber@eoaarhmaasof ni ckel .
Thus, it is prag(grlle%aal lyy ulpseté) a %{%de‘r)so ov]\g ‘a %ariety of elements such
as manganese, magnesium, vanadium, tungsten and rare
earth elements usually doped for the purpose of
controlling the characteristics of titanate or the
like may appropriately be doped in accordance with the
composition of the ceramic dielectric layer.

Although the composite oxide is effective even in
an amount as small as about 0.1 wt. % based on nickel,
the amount of the composite oxide is desired to be at
least 1 wt. %. Even if it is too large, any great
improvement in the sintering-suppressing effect cannot
be expected and the conductivity of the powder is
lowered in keeping with a decrease in the proportion
of nickel. Thus, it is practically up to about
50 wt. %.

Boron oxide, aluminum oxide and silicon oxide can
not only enhance the effect of retarding the
initiation of sintering, but also is effective in
suppressing the oxidation of the nickel powder,
whereby an organic component in the paste can be
burned and removed without oxidation of nickel even in
an atmosphere having a comparatively high oxygen
concentration. Parficularly when the powder of the
present invention is prepared by the spray pyrolysis
method as will be described later, it is conceivable



Boron oxi de, al um num oxi de and silicon oxide can not only enhance the
effect of retarding the initiation of sintering, but also is effective in
suppressing the oxidation of the nickel powder, whereby an organic
conponent in the paste can be burned and renoved w t hout oxidation of

ni ckel even in an atnosphere having a conparatively high oxygen
concentration. Particularly when the powder, of the present invention is
prepared by the spray pyrolysis nmethod as ﬁkll be described later, it is
concei vabl e t hat these oxides can work as a flux for |owering
the nelting point of the conposite oxide fornmed at a high tenperature and
| onering the vitheositlesd ohides| canowonjr sseat dugsf fiogl dreweing Hhxi de
covering the s f ni, gk p as s t tyidy t he
uniformty of %%1%‘8? ey %gngiﬁfagmtﬁﬁésrigﬁgag?agb%ﬁlﬁ.t rg%glﬁigh

preci pitation ttempefatwranandolpwWeningt fhe viascesigyaiof thedmelestdf the

conposi te oxi d%r%ty(g‘l;? Mgneffggﬁg g?epf fhe amauRl $dRle AP de,

al um num oxi de a i con oxi de Inafter referred to _as the "binder
conponent "), ifsunfaceret, threpickrdapordrrusfcds &R it ahlethq c

properties of déxggfﬁ r{gs aﬁﬁfbbﬁikykgf éB@ei‘riﬁgt._rllﬁ‘rﬁfa?réaﬁﬁ 1§d tife be up
0

to about 20 wt. In total based on"nickel.  ~ The conposite Oxide |ayers
may be forned KekeyofedhbindexakpBreyghs PRECARLERG 10 HisSKINo AR ei n a

cal ci um conpounghSAghb s stkeeahf @hkaghadnobbarndyeiwy feed a nickel
powder according to wet progesses such gs the sol -gel process and then

cal ci ned to for¢RRRAHEERt @XddRJeAVETEr WheR ‘wherein they are formed
by spray pyrolysis, @Rd ampabkgdofh@beion 2xddE)oH i iindeoxEdaeanani cal ly

mxed with and gi{fgggdoigdg ?hgggkng%%%%rreferred to as the “binder
component”), if too large, exert great influences on
the electric properties of dielectrics and the like,
and are therefore desired to be up to about 20 wt. %
in total based on nickel.

The composite oxide layers may be formed by any
method, examples of which include a method wherein a
calcium compound and the like are attached onto the
surface of a nickel powder according to wet processes
such as the sol-gel process and then calcined to form
composite oxide layers, a method wherein they are
formed by spray pyrolysis, and a method wherein a
composite oxide ié mechanically mixed with and
attached to a nickel powder.

The powder of the present invention is desirably
prepared by the spray pyrolysis method. This method
comprises atomizing a solution containing at least one
metal compound to form fine droplets and heating the
droplets at a temperature higher than the
decomposition temperature of the metal compound,
desirably at a temperature close to or not lower than
the melting point of the metal, to effect thermal
decomposition of the metal compound to thereby
precipitate a metal or alloy powder as disclosed in



The powder of the present invention is desirably prepared by the spray
pyrolysis nethod. This nethod conprises atom zing a solution containing at

| east one nmetal conpound to formfine droplets and heating the droplets at
a tenperature higher than the deconposition tenperature of the netal
conpound, desirably at a tenperature close to or not -l ower than the nelting
point of the netal, to effect thermal deconposition of the netal conpound
to thereby precipitate a netal or alloy powder as disclosed in

-10- Japanese Patent Publication No. 31,522/1988, Japanese Patent
Lai d- Open No. 279, 816/ 1994, etc. According to this nmethod, a nickel

powder having argiemsess ysatehtnPulpligabioh Nensitty 5229 198% gluapanese
chopersi bl 110y 52008 PRLALBSHN A" 595) ptRTiegl Ollle Particle size
conposi te oxi de, suchicesraingl touthdsmethdd,t @ aisKell iWwddr chav ke
bonder of the ot ST TTYRREF btAHEGr g BOABoARRELOY ABd & drthy one
operation witholispereikil atyngaanpeadtittioedl withedasy stoatro My
o eci pi tat ed t PRt GREEDECH apete, BEratie, c3R KB S QS o i cice
particles due teompoandscofsthel consyithenteelesentisnghittieslcqrpesites to
it erface of borerag of ehoan &, SpicTuh cPrpbifiay el S edste e SR
presuned to formiekek adempeundoapothei shastingt magerdmdr icimg netal and
oo b o s AT REEOE PoBELOua g Pher i OB of gy onded

present invention having composite oxide layers by one

operation without necessitating any additional

covering step. More specifically, it is conceivable

that oxides of calcium and the like precipitated

through pyrolysis are expelled toward the surfaces of

nickel particles due to a good crystallinity of the

resulting nickel particles to form the composite oxide

in the vicinity of the surface. In this case, the

interface of bonding of the nickel particles with the

composite oxide is presumed to form a gradient-

composition structure comprising metal and ceramic.

Thus it may become possible not only to provide

strongly bonded layers but also to prevent the

degradation of the particle structure due to

mismatched thermal expansion coefficients during

firing, whereby a stable metal-ceramic bonded

structure can be maintained even at a temperature as

high as about 1,000 °C so as to work effectively for

the prevention of sintering. Moreover, since the

composite oxide is comparatively uniformly

precipitated on the surface, even a slight amount of

it can exert the desired effect. Furthermore, in the

spray pyrolysis method, the composition of the

resulting particles is basically in agreement with the



m smat ched thermal expansion coefficients during firing, whereby a stable o

net al -ceram ¢ bonded structure can be nmaintained even at a tenperature as
hi gh as about 1,000 [err]C so as to work effectively for the prevention of
sintering. Moreover, since the conposite oxide is conparatively uniformy
precipitated on the surface, even a slight amount of it can exert the
desired effect. Furthernore, in the spray Qgrolysis nmet hod, the conposition
of the resulting particles is basically irn“agreement wth t he

conposition of the starting nmetal conpounds in the solution to make the
control of the conposition easy. Thus, this nethod is suitable for the
preparation Ofddmpdéiﬂddnrnﬁuhhecﬁtatmumgemeuali@umpbhnﬂs in thwhen the

bi nder conpone | de ai_ned, the addition of at
| east one sel ege O%S‘i(ﬁ %%ﬁ%o%ésﬁ?%%&h 9@% BPPF 13d 85381 e

bor on conpound@huﬁAﬂhhnsnmﬂthmmnﬂs amﬂtsblecﬁurcbhpopnépatatuba odl ution
of the startin = filgc t s of the present

i nventi on, useq;lﬂsginadde o]f Vﬁs‘%‘gcﬁyn%fc%n%o%r%séﬂt kﬁ]ﬁaéhg(j\‘ﬁlﬁékel conmpound, a
conposite oxide and %hén rche kimgenceomponenh angheashbbeaﬂ:dmi&d:ﬂme of
thermal [y deconppsgbl&, xf@éﬁ}?éﬁ‘ds? éxé‘@@i*éf z?fof"“éﬁhllaﬁglt”%e Sl tei( a
sul fate, an oxynitrate, an oxysu ?ate ch an anmmoil n1conp
phosphate, a cafrmwlm eﬂrwm%ﬂlsm‘éMI@feth%rm@%lﬁadgcompb@abdeamd and
a silicic acidy 5§§gh a u t, a conplex
salt or a coIIO|daI sd1ﬁ?§¥é§>L§fﬁﬁ?ﬂ B aﬂﬁ gh&%?%h of these

met al oonpound§quQQﬁQ§,tQuﬁkﬁg%m@%t%%¢v%ﬁtt%%cﬁtégtéﬁgamé6ﬁ6ﬂ?1acetone or
an ether, or aygipt Weedfregeof is formed into fine

In the process of the present invention, use is
made of starting compounds such as a nickel compound,
a composite oxide and a binder component, which may
each be at least one of thermally decomposable
compounds, examples of which include a nitrate, a
sulfate, an oxynitrate, an oxysulfate, a chloride, an
ammonium complex, a phosphate, a carboxylate, a metal
alcoholate, a resinate, a boric acid, and a silicic
acid. Alternatively, use may be made of a double
salt, a complex salt or a colloidal solution of a
metal oxide.

A solution of these metal compounds in water, an
organic solvent such as an alcohol, acetone or an
ether, or a mixture thereof is formed into fine
droplets through an ultrasonic atomizer, a double-
fluid nozzle-type atomizer or similar atomiiing
device, and then heated at a temperature higher than
the decomposition temperatures of the metal compounds
to effect thermal decomposition thereof. Although the
heat treatment is desired to be effected at a
temperature equal to or higher than the melting point
of nickel, it can exert a sufficient expellant effect
even at a temperature lower by about 200 °C than that
melting point. Particularly when a high density, a



droplets through an ultrasonic atom zer, a double- fluid nozzle-type

atom zer or simlar atom zing device, and then heated at a tenperature

hi gher than the deconposition tenperatures of the metal conpounds to effect
t hermal deconposition thereof. Al though the heat treatnent is desired to be
effected at a tenperature equal to or higher than the nelting point of

nickel, it can exert a sufficient expellanﬁ effect even at a tenperature
| ower by about 200 [err]C than that nmelting point. Particularly when a high
density, a -12- formuniformty,

etc. are unnecessary, it may be effected even at a tenperature considerably
| ower than tmﬂfQﬁmtum@ﬁ?%thYrFéﬁfrngrﬁsuaﬁﬁéeﬁﬁaﬁﬁlaﬂﬁn@ﬁﬂéhﬁ

substantial |y idEeRabe Sfe@*adi & eemgaﬁaew&e&oﬁgmee&abaycfloaﬁeza theduci ng

or inert atnosphere, desirably, in a weakly reduci ng atnosphere contai ni ng

hydrogen, car bdmatorieg} ebngrpeiRt | dieating i ARe JiRt 3R BE%‘PﬁPBFr?he

present inVent'éﬁbé%HﬁE&éﬂ ﬂnﬁaﬁkﬁlepéﬁdeklaiz&hg Qg@d%gbm&g_conponent i's
prepared by uniformy endi n ersing,it %233 anlc vehi cl e

according to aEﬁﬂﬂ%ﬁar?uﬂ%tﬁgda fe HEQBSSQFy}nPF montaln ot her

conductive powdpdsira gﬁﬂlé beam?&aaabmg at&bagaemvwntamﬁr@ her
addi ti ves. The nic agomder l,ovention is especially

sui tabl e foraﬂp¥¢ﬁﬁﬁe%oﬁﬂ bap B3§P§l ﬁdg% ﬁt%# onduct or paste for use

in nultilayer conporenéscen@licesrapaskei bdyehec presiendr imvebretiad til ayer
PTC el enent wherein use is

ceram ¢, corrpos‘?‘?rét%b?tbﬁﬁe?ltglﬁhgﬁ‘egﬂ%flfitﬁg‘;atgsghﬂ r%?‘gglr‘%l(?’r téot %Icgge%tg)s(: '(tj 2
substrates, butis tpr@yabedusgdunhfotrindy bidndang ahldcld-lfsplens:largjudi am
pastes. Th%nfgiéQXQggve lgglegc@%kdlﬁge% fhcgh %omary method.
If necessary, it may further contain other conductive
powders, inorganic binders such as a glass powder, and
other additives.

The nickel powder of the present invention is
especially suitable for an inner conductor.paste and
an outer conductor paste for use in multilayer
components such as a multilayer capacitor and a
multilayer PTC element wherein use is made of a
titanate, zirconate or titanium oxide ceramic,
composite components wherein they are incorporated,
and composite substrates, but it may be used in other
ordinary thick-film conductor pastes.

The following Examples will specxflcally
illustrate the present invention in comparison with
Comparative Example.

Examples 1 to 5

Nickel nitrate hexahydrate was dissolved in water
at a nickel concentration of 50 g/1, and then mixed
with barium nitrate and titanyl nitrate to prepare a
solution of the starting material in an amount of 0.1
to 20 wt. % in terms of BaTiO, based on the nickel
element as shown in Table 1.

This solution was formed into fine droplets using



I'l lustrate the present invention in conparison with Conparative Exanple.
Exanples 1 to 5 Ni ckel nitrate hexahydrate was dissolved in water at a
ni ckel concentration of 50 g/l, and then m xed with bariumnitrate and
titanyl nitrate to prepare a solution of the starting material in an anount
of 0.1 to20wm. %in terns of BaTiJerr] based on the nickel elenent as
shown in Table 1. This solution was fajigred into fine droplets using

an ultrasonic atom zer, and then fed together with a weakly reducing gas so
adjusted as a carrier into a ceramc tube heated at 1,500 [err]C in an

el ectric furnac The dropl.ets were passed, throug eat | zon wherein
they were thern§PIyESEESQ&iﬁufEQ?¥%§%ﬂzfQﬁ(ﬁhﬁnpgﬁﬁeFOQSFganWﬁ ha .
BfaT![ ﬁ][ er lr3 % . dweé)\lxgy mieckaed e lm%&ﬁﬁﬁﬂs%@ e?sieaecafﬂleﬁ ﬁP?anal ysis
0 e obtai ned_powder n X-ray di ctanet er. aresult o
f1 uorescent X- rﬁgréﬁ‘&Fyg“%’,e ?’Féaté’éﬁlaﬁ e Oa%oﬁt 3t W€ q FUREEE Wi t h
FPe bIenging cgﬁpesdrb@dgﬂstﬁurgupqﬂé&ﬂ1tﬁrqﬁghsaaheatgngﬁkenéal. F?LEhggM
it was observe Loa, ki - n KO croscope -
that BaTi 3 | ay‘é’#gg\%elrne tglre sgﬂr#gl ﬁ%a\%ﬂ]nﬂi@%@g%%% gﬁrf‘gﬁl gf t he -
nihckel pO\r/]\de_r. lnickelﬁuepp,wdem gt ethp BafeiOwas subj ect edI to (16
t her monmechani cal ana . t a IS to
Oy mre 2 SREORREH TR bLER ot 1 e

eval uate the sintering behavior OXI avior e powder, the
si ntering shri nRRgédystigr oifnFhephtaingd powlexidtthoanskarayng tenperature

of which are shgupeiactahletel. BARTM $sR12NS " fluordbdUikok-payder having

on the-surface thereof .
analysis, the BaTiO, content was found to agree with

the blending composition of the solution of the
starting material. Further, it was observed under a'
Field Emission-Scanning Electron Microscope (FE-SEM
that'BaTio3 layers were present in the vicinity of the
surface of the nickel powder.

Next, the obtained powder was subjected to
thermomechanical analysis (TMA) and
thermogravimetrical analysis (TG) to evaluate the
sintering behavior and oxidation behavior of the
powder, the sintéring shrinkage-starting temperature
and oxidation-starting temperature of which are shown
in Table 1.

Examples 6 and 7

A nickel powder having on the surface thereof a
layer of a composite oxide having the composition as
shown in Table 1 was obtained in substantially the
same manner as in Example 4 except that the ratio of
the barium to the titanium to be added was varied.

The sintering shrinkage-starting temperature and
oxidation-starting temperature of the powder that were
measured by TMA and TG are also shown in Table 1.
Examples 8 to 12

At least one of barium nitrate, calcium nitrate
and strontium nitrate, and at least one of titanyl



l ayer of a conposite oxide having the conposition as shown in Table 1 was
obtained in substantially the sane manner as in Exanple 4 except that the
ratio of the bariumto the titaniumto be added was vari ed. The
sintering shrinkage-starting tenperature and oxi dation-starting tenperature
of the powder that were neasured by TMA and TG are al so shown in Table 1.

Exanples 8 to 12 At | east one of bariumnitrate, calciumnitrate and
strontiumnitrate, and at |east one of titanyl
-14- nitrate and zirconyl nitrate were added to an aqueous sol ution of

i ckel nitrate. | ckel wol hayi | f | t | de_havi
the composi (1 o SF FBupeRns tEEPEY] RLETBLELPRES AHARD Sl AFNET Ae | 1

Exanpl e 4. sdhet sont efi ngckéli nkagatet arAi njckelppovatiere havdng

oxi dation-startjng te ratuyr f..the powder t hat re neasured. by TMA and
TG are al so shojvﬁ‘P(’g S rTT§1§I a i?ﬁﬁﬁﬁ%ﬁe?p‘i‘ggt éaY&%g %%ﬁq%ﬁﬁﬂ'vr s
titanyl nitratesheum bneTablewdh whsbobtaiaeddinalthe mamenimamier aasl in
col l oidal sili ded to an aqueous solution of nickel nitrate. A

were a
ni ckel powder c ?%?ﬁ?n *a conposite oxide and a binder conmponent with
respective conpositi®he ainthoingi shfibkegé-sdaxitimg rezinperd bers aamd manner

oxi dat i on- ot ar (PRTEHORTaFRPLTRE"PRABEEALARE; ROV DAMRE B WA e

oxi dati on-starting era neasur é

manner are al songaswnednbyaBMa and TG are wasocShoWmed [Bakbe el vat i on
under an FE- SE e;exikstgpce of the binder conponent inproved the
efficiency of C Ite oxide layers covering the surfaces of nickel

particles with a norBagaumopitrates &danydgnitsai@atand E@npr etwo
of boric acid,aiuminum nitrate and colloidal silica
were added to an aqueous solution of nickel nitrate.
A nickel powder containing a composite oxide and a
binder component with respective compositions as shown
in Table 1 was obtained in the same manner as in
Example 1.

The sintering shrinkage-starting temperature and
oxidation-starting temperature of the powder that were
measured in the same manner are also shown in Table 1.

It was confirmed by cbservation under an FE-SEM
that the existence of the binder component improved
the efficiency of composite oxide layers covering the
surfaces of nickel particles with a more uniformity of
covering.

Comparative Example 1

A pure nickel powder was obtained in
substantially the same manner as in Example 1 except
that neither barium nitrate nor titanyl nitrate was
added. The sintering shrinkage-starting temperature
and oxidation-starting temperature of it are shown in
Table 1.
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nitrate was added.
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bariumnitrate nor titanyl

in Table 1.

powder was obtained in substantially the same manner as in
it are shown

The 'sintering shrinkage-starting tenperature and oxidation-starting

Exanpl e’1 except that neither

t enper at ure of

[err]

A pdre ni ckel
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As is apparent from Table 1, the nickel powders having conposite oxide

| ayers had the shrinkage- starting tenperature higher by about 200 to 800
[err]C than that of pure nickel powder, which began to gradually shrink at
about 300 [err]C. The nickel powders further containing a binder conponent
had a hi gher oxidation- starting tenperature. The ni ckel powder of the
present invention, which is suppressed in thg sinterability at a | ow
tenperature due to conposite oxide |layers present at the surface thereof,
can retard the initiation of shrinkage of a nickel paste in the course of

firing up to around the sintering-starting tenperature of a.ceramc. In

el ectronic conponentéA%Lkﬁl%BP%F%%ﬁtﬁF%@eﬁaéiﬁairtBE? PHSF@#OPQWg%ﬁg

di sconnection aﬂﬁﬁtﬂ%(&dﬁéﬁsﬂ@é esx5def 1§padschad thensheankhgepr event ed
since the sintering shrinkage behavior of nickel conductor |ayers.is close
to that of cerafit@ntEing temperayre shigher Hoy c8hpvsi £8%0kPd& Paﬁéﬁgmﬂhve a
diel ectric conpagidt &t gy nbekeErpokder; whithcbeganl apegradaally
deteriorate the characteristics of electr nic,cgnﬁonents. Accorq{qgly,

hi gh-reliabil it Phinhhiafh-2ReWer 38Rt -pr SHGRLCKSER BRVESSFuddFthe
Furthernore, sirmmtidinimgckrisindet componenhdhatioa higker oaidadiomsuced,

mul til ayer eIectronLg.conpggeg%gtggn be further mniaturized with a higher
| evel of integratfdrting temp .

The nickel powder of the present invention, which
is suppressed in the sinterability at a low
temperéture due to composite oxide layers present at
the surface thereof, can retard the initiation of
shrinkage of a nickel paste in the course of firing up
to around the sintering-starting temperature of a
ceramic. In electronic components such as a
multilayer capacitor, therefore, the disconnection and
structural defects of conductor films can be prevented
since the sintering shrinkage behavior of nickel
conductor layers is close to that of ceramic layers.
Further, since the composite oxide layers have a
dielectric composition, they neither affect dielectric
layers nor deteriorate the characteristics of
electronic components. Accordingly, high-reliability
and high-performance products can be produced.
Furthermore, since the thickness of inner conductor
layers can be reduced, multilayer electronic
components can be further miniaturized with a higher
level of integration.



CLAI M5 1. A nickel powder having at at |east part of the surface
t hereof a | ayer of a conposite oxide represented by the fornula (1):
[err] (wherein A'stands for at |east one el enent selected fromthe group

consi sting of gaémgaeamkﬁfﬁ B stands for at |east one el enment sel ected

fromthe gr hsikb pLY;
satisfying t m
clainmed in cl )

f Ti and Zr; and x and y repr t—ntmbers

5 < y/x < 4.5). 2.” The rfi HSISHEGAIHAS BEEN

urther contains at?-| east one Jsel ecREBLAGESN t he
group consi sting of boron oxide, alum num oxide and silicon oxide. 3.
A process for preparing the nickel powder as clainmed in claim1, conprising
formng fine droplets froma solution codrigimMgg (a) at |east one thernmally
deconposabl e ni ckel conmpaound b) at l.east one selected fromthe group
consi sting of thermalfy &Ed%kﬁ%@%b?@wgﬁFchﬁﬂfngtPEnFFu%%%ﬁTtﬂﬁﬁﬁnﬁg
conpounds, and (theasutfasé bhereelfeat ddylromtt e cwnpits LoNsbRigag of
thermal |y deconp a?lg tttﬁn'un%g?dgzirc nigglqonpounds; heating said
droplets at a te Sroree iéxe haf ey dnposition t enper at ures of
sai d nickel conpound, sai dAgB/Ociyn conpound, €diyd strontium conpound, -said
bari um conpound, | | tan] n r..said zirconi um conpound.to form
a ni ckel powder gﬁ¢+ge%#ngl%ggé§§2?§%pggbﬁﬁﬁfitﬁﬁfagiﬁﬂﬁégcﬁe e%€ osite
oxi de represent efirom the gvoupl eaofis)isitinghefvicai,niSxy anfd thee; sBir§ogndsf said
ni ckel powder. o pari | ckel, powder as cl ai ned
in claim 2, conp??gi%% f%%%?ngagi%ggggégl%F%E%FggfggggrﬁﬁF%ﬁ¥g%$?aining (a)
at | east one therom$igting of Ti and Zr; and x and y represent numbers '

REPLACEMENT SHH%&tisfying the formula: 0.5 S y/x S 4.5).
2. The nickel powder as claimed in claim 1,
which further contains at least one selected from the

group consisting of boron oxide, aluminum oxide and
silicon oxide.

3. A process for preparing the nickel powder as
claimed in claim 1, comprising forming fine droplets
from a solution containing (a) at least.one thermally
decomposable nickel compound, (b) at least one
selected from the group consisting of thermally
decomposable calcium, strontium and barium compounds,
and (c) at least one selected from the group
consisting of thermally decomposable titanium and
zirconium compounds; heating said droplets at a
temperature higher than the decomposition temperatures
of said nickel compound, said calcium compound, said
strontium compound, said barium compound, said
titanium compound and said zirconium compound to form
a nickel powder while simultaneously precipitating a
layer of a composite oxide represented by the formula
(1) in the viciﬁity of the surface of said nickel
powder. '

4. A process for preparing the nickel powder as
claimed in claim 2, comprising forming fine droplets
from a solution'containing {a) at least one thermally

R



+ 18- deconposabl e ni ckel compound, (b) at |east oné~sel ected fromthe
group consisting of thermally decorposable calcium strontium and barium
conmpounds, (c) at |east one selected fromthe group consisting of thermally
. deconposabl e tita ggm%ﬂﬂmzum goefn conpounds, and (d) at | east one of.

thermal |y deconpos n1nun1and silicon conpounds; h
droplets at a tenpe than t he deconp05|t|on 1 ﬁﬁﬂTH&S@EE
sai d ni ckel conpoun ca cl um conpourmd$- said stront}d geie QD sa

bari um conpound, sald titani um conpound, said zirconi um ¢ogpoung.
boron conpound, said al um num conpound or said silicon conpound to forma

ni ckel powder wWiddmpddabianeperey Sompovhdat (By atl! Q.Xé%rstOforﬁa conposite
oxi de represented by the fornul a é%% and at .| east o ?fleCt fromthe

group consi sti MPIACHRA Fromi the HPnﬁﬂ?ﬁ%?Héngnﬂ i de in the

vicinity of th@&iﬁﬁ;%ﬁﬂeséaﬂcﬂtﬁkektﬁﬁndﬁﬁm and bir:.ﬁnﬁ@ﬁﬂt\pdmds),aste
containing at |east one of the nic ggmg clalned I n clalnal an t he
ect gom

ni ckel powder d€XkIak nkRRFH ARG FiFdE DEr SRR AR LRt

el ectronic commﬁgxmangyl@gc@m§@9dhmé0t1tan¢umfanﬁednrnduidﬁmaconductor

paste as clalma%&ggéﬁggp1gﬁd (d) at least one of thermally

decomposable boron, aluminum and silicon compounds;

heating said droplets at a temperature higher than the
decomposition temperatures of said nickel compound,
said calcium compound, said strontium compound, said
barium compéund, said titanium compound, said
zirconium compound, said boron compound, said aluminum
compound andiséid silicon compound to form a nickel
powder while éimultaneously precipitating a layer of a
composite oxide represented by the formula (1) and at
least one selected from the group consisting of boron
oxide, aluminum oxide and silicon oxide in the
vicinity of the surface of said nickel powder.

5. A conductor paste containing at least one of
the nickel powder as claimed in claim 1 and the nickel
powder as claimed in claim 2.

6. A ceramic multilayer electronic component
having a conductor layer formed using the conductor
paste as claimed in claim 5.
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