}L NI CKEL COWVPOSI TE PARTI CLE AND PRODUCTI ON PROCESS THEREF(?Q ACK ND OF """
THE INVENTION 1. Field of the Invention 5 The present ?Pgﬁeﬁ%;gﬁj
relates. to a novel nickel conposite particle suitable for use 40X e 24 6

thi ck-fil mconductor paste and to a production process therefor, and
further to a conductor paste containi.ng the nickel conposite particles and
to a nultilayer electronic part 10 having-} conducive |ayer fornmed using
the paste. 2. Description of the Prior Art In the electronic:field, a

t hi gk-fi I Im paste such as a conductor paste or resistor paste is used to
produce el ectroni ' @0? HGYIYE M@t ' , PROCESS MHEREFOR and
1 C packages. Thilgl%ﬁlsﬁck- I''m pgtﬁéﬁ?gé%rﬁepar Sdhg%y&ggib?o?m y msx'l?ing : R
conductive particles such.as netal, alloy or netal oxide particles with an
organi c vehicle together with a vitreous binder and other additives as

requi red and.di spersing themim;mmmmﬂumﬁmbt ain a paste 20
state. The thick-filmpaste is applied to a substrate and then fired at a '
hi gh tenperat ur e { 0 #4¥Y HEORKMCIR¥ehtignOr resistor film Ceramic .

mul tilayer electronic parts such as multilayer capacitors and multilayer
i nductors, amd 25 ceranécCppubehtayavenationhr sbatesetgencnavie) mickeded by

lam nating a plurality of unfired ceram c green sheets of
C composite particle suitable for use in a thick-film

conductor paste and to a production process therefor, and
further to a conductor paste containing the nickel
composite _par,ticl_es and to _a. multilayer electronic part

10 having a conducive layer formed using the paste.
; i pti f the Pri Art

In the-eléctronié field, a thick-film paste such as
a conductor paste or re.sist'or paste is used to produce
electronic circuits and parts such as resistors, cé.pacitors
'_ 156 and Ic'pac‘kages. This thick—fil_m paste is prepared by

uniformly mixing conductive pari:icles such as metal, alloy
or metal oxide pari:icles with an organic vehicle together
with a vitreous binder and other additives as required and
dispersing them into the organic vehicle to obtain a paste

20 state. The thick-film paste is appliéd to .a substrate and
then fired at a high témperature to form a cbnductor film
or resistor film.

Ceramic multilayer ele_ctrohic parts such as

multilayer 'caxpacitbrs and mﬁlti.laye'r inductors, and

25 ceramic multilayer substrates are generally p'roduced by -

laminating a plurality of unfired ceramic green sheets of
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+2- a dielectric or magnetic material, etc., and a plurality of internal
conduct or paste layers alternately and .co- firing the resulting nmultilayer
stack at a high tenperature. A precious netal such as palladi um

skl ver-pall adiumor 5 platinum has been nainly used.as an internal
conductor in the prior art but a base net mat eri al such as ni ckel has
been attracting nmuch attention to neet a @Wemand for saving resources and
elimnating the problens of delam nation or cracking, -etc., caused due to
the expansion of palladium10 or sil ver-pal | adi um by oxi dation duri ng the
firing step. Therdieleetximdenayagnetic matemiih, ¢td.ay@ns f@opdarpddtiat ed
together is increased nore in these multilayer parts and nmultil ayer
“substrates. Forofximpernah @ondnrtorr pagpaclapersondternagedy §§@ef=’8t‘
“hundreds of 15 |ayers has recently been produced. Therefore, a reduction

in the thi cknesEiningidie xesahtingmpditidayes stachar 3 béghriempenatuee.
t hi ckness of an interpal conductor |ayer are required, For ﬁigg when

“the thickness o ar%fé%a\w cmehpdr spshaageppihpdiuly sijkgernpa %“B‘f O%n
i nternal conduct or f| | m must be L err m or | ess erab Jerr]m
or so. If Rot, P%ta’é%?l‘ﬂ‘@r > RGh WL affiedP rﬁﬂ}q‘?ﬁlﬁﬁe

b hi ck d dy | b.I Il b
B o FE A b oL 35he S S4B b 4 %al'czéet% H%“sr nal

FonauCLOr RSt Dbl ELNAt WY ek oReBdH LS el R indnd AP UGS

filmdue to th TRy
resources and elJ.mJ.natJ.ng the problems of delamination or

cracking, etc., caused due to the expansion of palladium
10 or silver-palladium by oxidation du"ring the firing step.
There is a teﬁdeﬁcy that the number of layers to be
laminated together is increased more in these multilayer
parts and muli:ilayer substrates. For example, a |
multi_layér_ capacitor consisting of several hundreds of
"15- 1layers has recenfly_béen produced. Therefo‘re, a reduction
in the 'thic}‘cness of eéch ceramic layer and a further
reduction in the thickness of an internal donduétor layer
are required. For example, when the thickness of a ceramic
layer' is 3 um or sb, the thickn_ess_ of an inte_rnai conductor
20 film must be 1 um or less, preferably 0.5 ym or so. If hot,
a center portion of the obtained multilayer stack will
becomé thick and a structural defect and a reduction in
reliability will be céused.
However ;, when nonﬁal nickel pgrtidles are used in the
25 internal conductor pa_ste,-.the obtained internal conductor

becomes a discontinuous film due to the oversintering of



«3- the nickel particles at the tine of firing, which causes such problens
as arise in resistance value, internal disruption and an increase in the

t hi ckness of the conductor. Thus, there has been limtation in reducing the
t Wi ckness 5 of the internal conductor. That is, when the nickel particles
are fired in a non-oxidative atnosphere such as an inert atnosphere or
“reduci ng atnosphere to prevent oxidation, .8intering begins early, even
nonocrystal particles having relatively low activity begin to sinter 10 and
shrink at a low tenperature of 400[err]C or |less. The tenperature at which

a ceramec |ayer ¢§eohagxee gggggqe%gfr\eﬁ? tImBUGE £ipNey, [ARICch Buses

tenperature, for exanp err[]Ci1n the case 0f bariumtitanate.

Since bariumti gaegt %I?E,q?;ﬂ‘regotass Br i If"set Qeethey i Wde e vilake) fridemgyen 15

when it is co-fire ni cke ilm the nickel filmis pulled in a

pl anar directiof4grfipRi®hnOdifd ahliddr&iS idadRsithhaknesBld £ ¥he®oRiticr ed
i n the nickel fi Ilm by sintering at a relatively |low tenperature easily grow

to large hol es ghaag whibet hés Basitadnid «idh Ainekkdgcdng2the thidkness
tenperature range and also the filmeasily grows in a thickness direction.

Therefore, t® raguehe Hatetnginesndaictidia nrhkel ispt eheal thenddcked | ayer,
It Is considered to be necessary to nake nickel particles finer and highly

di spersi bl e to pagtdrileshargefitred iim aphoneioctddait ivieeatimospb&reosuthrasg as
much as possible and further to make coincide the sintering and shri nkage
behavi ors of thancdnéurtt atmosphere or reducing atmosphere to.prevent
' oxidation, sintering begins early, even monocrystal
particles.having relatively 1ow activity-begin to sinter
10 and shrink at a low temperaturé of 400°C or less. The
temperature at which_a.ceramic layer begins to sinter is
generally much higher than that temperature, for example,
about 1,200°C in the case o.f barium titanate. Sincebarium .
ﬁitanate does not shrink together with a nickei film even
15 .when it is co-fired with the hickel film, the nickel film
is pulled_in a.planar direcfioﬁ.. Therefore, it is
considered that small voids.generated in the nickel film
by sintering at a.relatively low temperature easily grow
to large holes along with the procéeding of sintering at
20 a high temperature range and also the_film easily grows in
a thickness direction. Therefore, to reduc_e the thickness
of the nickel internal condﬁctor-layer, it is considered
to be necessary to make nickel particles finer and highly
_d.ispérsible tt\'j prevent the generation of voids at the time
25 of firing as much as'possible.and further to make coincide

the sintering and shrinkage behaviors of the conductor



-4 | ayer with those of a ceramic |layer. Wien a thick filmis forned,
uncoi nci dence of sintering and shrinking behaviors between the conductor

| ayer and the ceram c | ayer as descri bed above creates 5 structural

def ects, such as delam nation and cracking, etc., thereby |owering the
yield and reliability, which is a problem Heretofore, various studies have
been made to delay the sintering of a conddetor until the sintering

initiation
of vari ous
t hose used
initiation
800[err] C
"t hensel ves

10 tenperature of the ceramc layer. For exanple, the addition
netal oxides or ceram c particles having the sanme conposition as
in theagsr apich | enesenvkes teéramssi hhgeko del ay the apparent

t enperature of shrinkage of the conductor filmto around 15
However, siwitentdetbickefing psopermeds vhcokhalideacei offes

are not suppressed, when sintering is carried out at a high

tenperature of Is{POéeinig Gndrskoinkirgcbehawiory hetiveendtbei vondusftox
conductor filmare inpaired. Further, since these additives nmust be added
in.20 large quanayereandothehceramno tafert assdescaibedbhbeves caeates ease
in resistance value arises. US Patent No. 5,126,915 di scl oses a method for
suppr essi ng i ntetiungtuyal defiect soashchasade baminat tonand aragking ogtde -
such as titani um oxide, alum num oxide or- 25 chrom um oxi de by a wet

process.
initiation

Howev ethex &by h@WﬁDﬁngaEhanYéelécﬂnéfr?%éﬁb&%?ﬁgrtW@¥9hhﬂ§rﬁhg

problem,
Heretofore, various étudies have beén made to delay
the sintering of a condﬁctor until the sintering initiation
10 temperature of the ceramic layer. For exémple, the.
addition of various metal oxides or ceramié'particles
having the same composition as those used in the ceﬁamic
iayer mékes it possible to delay the apparent initiation _
temp.e.ratuz,:e of shrinkage of the conductor film to around
15 800°C. However, since the éintering properties of metal
particles themselves are not suppressed, when sintering is
carried out at a high temperature of 1_,300°C,. or so, the
continuity and éonductivity of a conductor film are
impaired. Further, since these additives must he added in
20 large quantities to achieve an effect, such a problem as
an increase in resistance value arises. .. o
US Patent No. 5,126,915'discloses a method for
suppressing sintering by coating,each.metal-particle'with
.a metal oxide such.és-titanium oxide,'aIUminum oxide or
25 chromium oxide by a wet process. However, this method has

an effect of increasing the sintering initiation



F-3 .
:5- tenperature but is liable to cause sintering and shrinkage abruptly
after the initiation of sintering. Therefore, this nethod does not overcone
di sagreenent between the sintering.and shrinkage behavi ors of the conductor

| ayer 5 and those of the ceramic layer at a high tenperature range. This is
assuned to be because these oxide |ayers deconpose rapidly or separate: from
the nickel particles quickly in a non-oxiddtive atnosphere at a high
tenperature, for exanple, 1,200[err]C or nore. 10 The inventors of
the present invention have devel oped a nethod for controlling sintering by
form ng a vitretenperaturie mbnis Ad ablef foacafsea simtalr ipay andl shedwkddget her
a nethod for preventing the oversintering of a nickel particle by form ng a
speci fi ¢ conposkbrupkilye afiesr tdre timd timtiom foefc & ioft ex imigk e Thexetfiorles .

They have conducted further studies based on the above studies and have
arrived at the phidsemethodedioesn noSUpveRcotie THISagiwEMEGN hetweemtobj ect
of the present invention to obtain 20 a conductor filmhaving high
“conductivity bysinggrdagi agd: Bhrinkagei hghaviarai efcthearonducter fayewel y
even when the filmis thin It is another object of the present invention
to provi de @ neBREdthese ﬁrfe%'*éﬁtq:%’galﬂ#é laysxuptidhighdtempesatuserange.

defects of a conduyctor film CY de] ayi ng t he
This is assumed to be because these oxide layers decompose

rapidly or separate from_lthe nickel particles quickly in
a non-oxidative atmosphere at a high temp_er-atﬁre, f_er
example, 1,200°C or more. . )
10 The inventors of the present invention have developed
a method for controlling sintering by fermi-ng a vitreous
thin film on the surface of a metal particle and further
a method for pfeventing the oversinterihg of a nickel
particle by fbrming a specific composite oxide l:ay'er on the
15 surface of a nickel particle. They have conducted further
studies based on the above studi-es and have arrived at the
present invention. _ :
SUMMARY OF THE INVENTION
It is an object of the preseht invention ito obtain
20 a condﬁctor film having high conduct.i\'rity by suppressing
the sintering of a nickel particle effectlvely even when'
| the film is thln.
It is another _objecf. of the present invention to
..provide a method for preventing the dis'ruptioﬁ and
25 structﬁral defects of a conductor film by delaying the

initiation of sintering of a nickel particle so as to bring



1] . . .
tnitiation of sintering of a nickel particle so as to bring -6- the
sintering and shri.nkage behaviors of the nickel particle as close as
possible to those of a ceramic |ayer and reduce the thickness of the
conductor filmwhere the nickel particle is used for a conductor paste to
be co- 5 fired with unfired ceramc Iayle to provide multilayer o
el ectronic parts and the like. It is stilT° another object of the present
invention to provide a sinple and excellent process for producing such a
ni ckel particle. 10 . . The inventors of the present invention_have
conti nued furt Hete siinfreringsand ophr hekagevkebavidpes, ofabber BdrNelhat t he
above objects can be attained by forming a | ayer. of a nickel-containing

spi nel on the RAFEISLYRAHICAAHE 38 PPEFdPLEnBONENRS S QRGeS HeYiF%esent
i nvention. 15 r the pr eserat)ﬁ inve t ed

to nickel conpddid é%ﬁ?ﬁ*ﬁé%ﬁ%  |ofy dhey condicte; 1 Onét’:hsﬁrdﬁlgr 5 nel -
on at least a part, of the surface of. nickel particles, or nickel,K conposite
particles_haWnﬂfQﬁFi»@?EF+ yRridfupet a gro?h%?n?ﬂ%ﬁ°hi8ﬁ§ eoﬁ?aPeI88§t a
20 PRt O gE e S 5 oS BRLLREL e 00 ALy She S her
o oy "L LB | B Epy oot o0 1o @ process for
It is still another object of the present invention
to provide a simple and excellent process for producing such
a nickel particle. | |
10 - The inventors of the present invention have continued
further studies based on the above studies, have found that
the above objects can be attained by forming a layer of a
n'ickel-containing spinel on the surface of nickel particl:le's
and have agcomplished'the present invention.
15 - More specificaliy, the présent inve.nt_ion is.directed
to nickel composite pérticles having a layer of a
nickel-containing_spinel on at least a part of.the surface
of nickel partiéies, or-nickel composite particles having
an oxide layer of metals other than nickel on at least a
20 part of the sﬁrfacé of nickel'particles and a layer of a
nickekcontaining spinel at an interface between the nickel
particle and the metal oxide layer. | |
The present invention'is also directed to a.process
for producing\the_above;compdsite nickel particles, |
25 comprising: )

forming fine liquid droplets from a solution



25 conprising: formng fine liquid droplets froma solution ~contai ning
(a) at |east one thermally deconposabl e conpound of nickel- and (b) at | east
one thernmally deconposable .conpound of a metal capable of forming a spinel
together with nickel; and 5 heating the liquid droplets at a
tenperature higher than the deconposition tenperature of the conpound (a)
and the deconposition tenperature of the caoffpound (b) to form nicke
particles and sinultaneously deposit a |ayer of a nickel-containing spinel
in the vicinity of a surface of 10 the nickel particles or to form nickel

particles and si @H&t@l‘?ﬁ.@ﬁj Yag%@féésﬁd@?heﬁhgﬁglfé@m 1 B1.d é%ﬁboﬁfnda

ni ckel -containing spinel 1" the vicinity of a surtace of e ni ckel

particles. The PESefilckdlVeid qb) atf UWddwt shé echerndPly décémpdsabike

paste containing the above nickel conposite particles and to a ceramc

mul tilayer el ect b@m?@m ofhavimedad ea@m@obﬂ &bmihgr Aegpifeldtogbeher
conduct or paste. DETAI LED DESCRI PTI ON THE PREFERRED EMBODI MENTS The

ni ckel - cont ai ni ngrigh ndlckler eimpfter, referred 20 to as "nickel spinel")
in the present invention nmeans a conposite netal oxide conprising nickel as
a constituentbel enent headatimg theal tguhdl dsépletsrat ar tempepracurechdgher
structure. Exanples of the netal oxides, other than nickel, :
than the decomposition temperature of the compound (a) and
the decomposition i:emperature of the compound (b) to form
nickel particles and simultaneously deposit a layer of a
nickel-containing spinel in the vicinity of a surface of
10 the nicicel'particles or to form nickel particles and
simultaneously depos_i£ a metal oxide layer ‘and a layer of
a nickel-containing spinel in the vicinity of a surface of
the nickel parficles. |
The present invéntion is further directed to a
15 conductor paste containing i:he above nickel composité
particles and to a ceramic muitilayer electronic part
having a conductor layer'fomed using the conductor paste.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
_ . . The nickel-containing spinel (hereinaftér~, referred
20  to as .”'nickel spinel”) in the present invention means a
composite metal oxide comprising nickel as a constitueni:'
elein'ent and having a spinel structure or-a’ spinel-related -
structure.
Examples of the metal oxides, other than nickel,

25 constituting the nickel spinel include aluminum oxide,

chromium oxide, manganese oxide; oxides of alkaline earth



25 constituting the nickel spinel include alum num oxide, chrom um oxi de,
manganese oxi de, oxides of alkaline earth -8- netal s, such as nmagnesi um
cal cium strontium bariumor the |like. The oxides, such as al um num oxi de,
chrom um oxi de, manganese oxide, etc., formw th nickel oxide a conposite
nmet al oxi de having a stable spinel structure, 5 that is, NNA[err](err],
NiCr[err](err], NNMferr](err] or the |likegat a high tenperature. On the
ot her hand, the alkaline earth nmetal oxides are considered to be present in
a formof partial substitution of nickel in the spinel structure and forma

conposi te netal ﬁb‘ésg.%av%ﬂghaaﬁpfnaghegaﬁ Ctﬂﬁfcgﬁm? £0rofi nglaﬁll 'ngif:lﬁldor

structure with ot onen INn a case ere nic

spinel, such as Nefkl g5 'tk]heq Sbhé okid&hre?,u% %s%&ﬁm&%’ﬁﬂﬁb@&&& idhr®dmiu

redUC|ng at nosphere in the preparation’of a bariumtitanate capacitor, the

spinel may possi bbyiHeaChaWghRedd xidd ! Al AULHePIPasEekdP okigEeRy

deteriorating the properties of the resul ti ng capaC|tor ‘I'n such a case,

the addition of abbkipbssteafchtaltbdideXififsilg £ideMie spinst a@tf.mata;ge; he
spinel structure. The nickel spinel layer may be existent in the 2

vicinity of the suhbacdsof Nila,0j,chalcmer ) inies,0,nognthef edkevatf ar mlfgtmr
preventing t he sintering of . nlckel for exanple It covers the surface of
t he nickel parti ctemperaltareegregatled othér dlamhhdhet adkaddinenealméhsmetate
and/or oxides are considered to be present in a_form of partial
substitution of nickel in the spinel structure endrform a
~ composite metal oxide having a spinel structure or a
10 spinel-related strueture with other coﬁponents. fFor
eXample, in a case where nickel spinel; such as Nial,0,,
is flred.at.a hlgh'temperature in a reducing atmosphere in
'. the preparatlon of a barium titanate capacitor, the spinel.
may possibly react with barium titanate and decompose,
15 thereby deterloratlng the propertles of the resulting
capacitor. 1In such a case, the addition of alkalJ.ne earth
metal oxides rs effective in stabilizing the spinel
K ' _ ‘structure.
The nickel spinel layer may be existentain the
20 vicinity of the surface of the nickel particles in an
effective form for preventing the sintering of n'ickel, for
example, it eovers the surface'of the nickel particles or
is segregated inlhigh concentration on the surface and/er-
! in the vicinity of the surface of the nickel particles.
' : 256 This spinel layer must be existent at the in_t_erface betwe'enl

the nickel layer and the oxide layer of metals other than



in the vicinity. of the surface of the nickel particles. 25 This spinel

| ayer nmust be existent at the interface between the nickel |ayer and the
oxi de layer of metals other than nickel in a case where the latter is
exi stent on the nickel particles. The netal oxide |ayer preferably includes
oxi des of netals other than nickel or a conposite oxide thereof. 5

Herei nafter, conposite partlcles cont ai ni ng-t he oxi de | ayer of netals other
than nickel (referred to as "nmetal oxide |ayer") and the |ayer of nickel
spinel (hereinafter, referred to "spinel layer") are nore specifically

described. The %%cﬁ{éfg oqQ é; %%I%ogél nceé€%r % ggr{g(g%?]tteoﬁq{ﬁé ahitkel

having only the spi'ne ayer ereon I's spinel layer exists at the

[ nter face bet weql) i 164 A1 o YRl Wi A ddfertl she@b1y 1 4deR L he

beginning in th onposite particle the 15 present i nventi on,

adhesi on. bet ween, I it £l mOKA L8 bENEr EHQntﬁfcnészkek RAEbhpbes ties okiaeoved
and abrupt phase separation does not occur even when the nickel conposite

particles are figs-ddea non-oxi dative atnmosphere. Since the netal oxide
and spinel separate or deconpose gradually, 20 they are existent stably on
the surface gf the ni gietenmditist £ cSmposité dpahbielep tontalindghg the

t enperature, whereby not only does the sintering initiati-on tenperature of
t he nickel partiodiieibeyebubf ahstaks nbehengthancoickell ¢defprred to as
“metal oxide layer”) and the layer of nickel spinel
(hereinafter, referred to “spinel layer”) are more
specifically described. The description is also applied
10 to composite particles having only the spinel layer
thereon. |
Since this spinel léyer exists at the interface
between the metél oxide iayer and the nickel particles from .
the beginning in the nickel composite particles of the
15 present invention, adhes1on between the'metal oxide layer
and the nickel particles is 1mproved and abrupt phase
separation does not occur even when the nickel composite
particles are fired in a noh-oxidative atmosphere. Since
the metal oxide and spi'nell separate or decompose gradually,
20 they are existent stably on the surface of the nickel
particle as a solid phase up to a high't'emperature', whereby
not only does the sintering initiation temperature of the
nickei particle rise, but also sintering is controlled up
to a considerably elevated temperature range -eveh after the
256 initiationof sintering. Therefore, sintering proceeds to

its end at a moderate speed. Therefore, the oversintering



to a considerably elevated tenperature range even after the 25 initiation
of sintering. Therefore, sintering proceeds to its end at a noderate
speed. Therefore, the oversintering of the nickel particles and a rise
i m conductor resistance, disconnection, an increase in the thickness of the
film delam nation and the |like, which are caused by m smatch of shrinkage
behavi or between the conductor |ayer and thgy5 ceranmc |ayer when they are
co-fired are prevented, and. a thin nickel conductor having excellent
conductivity and adhesion is fornmed. Regarding to the amount of the oxides

of nmetals other peaphdiGiilel ?ﬁi’f‘ﬂ@ﬂe%naﬁ&'% Pi&%‘i'ﬁ&@ﬂ@&é"céf :o‘%'féritsit e Of

10 this invention, even when e total anmount o ose oxides 1 n the netal

~oxide layer and §hgcopheetibayehni $nd¢ealR! in2EnE LHidkNesds SO 117S 416K,
nickel, it is effective but it is preferably 0.05 wt% or nore. Wen the

total anmount is gelamdn@tiohlenditdie!l ik, Whieh 4By dMisdE by i sigecRloRl | -
15 Therefore, the total anmount are preferably about 20 wt % or |l ess froma

practical poi nt shrinkageebahaeieenBetivedn Xhes dondRicedrbd ayercdnd ithie i n
the proportion of nickel oxide and the netal oxides have an influence upon
the el ectricbproperamés bayer dilsdrciliey apd eo-Iiredearthprevehteéd2tand a
conposite particles are used in a capacitor or the like. In the surface of
t he ni ckel conpothis packetl eondnctkel hawvistg exgellentbeopduasdivityt @ind t he
amount whi ch does not |ower the effects of the present invention.
, adhesion is formed. o
Regarding to the amount of the oxides of metals other

than nickel included in_the‘nickel composite particles of

10 this invention, even when the total amount of those oxides
iﬁ the metal oxide layer and the spinel layer is as small
‘as 0.01 wt% or so based on nickel, it is effective but it
is preferably 0.05 wts o:'more. when the total amount is .
too large, the nickel particies may not be sintered at all.

15 Therefore, the total amount are preferably about 20 wt% or
less from a practical point of view because conductivity
is lowered by a reduction in the proportion of nickel oxide
and the metal oxides have an influence upon the electric
properties of a dielectric .material when the nickel

20 composite particles are used in a capacitor or the like.

In the surface of the nickel composite particles,
nickel oxide may also be present within the amount which
does not lower the effects of the present invention.

The metal oxide léyer and the spinel layer may be

20 formed by any processes as long as the nickél spinel is

fqrmed at the interface between the nickel particles and



The netal oxide | ayer and the spinel layer may be 25 forned by any
processes as long as the nickel spinel is forned at the interface between
‘the nickel particles and the nmetal oxide |layer. For exanple, the
processes include one in which an al unmi num conpound. or the like is adhered
to the surface of nickel particles by a wet process such as a sol -gel
process and thernally treated at high 5 temgcratures, one naki ng use of
spray pyrolysis, and one in which a heat treatnent is carried out at high
tenperatures after nickel particles and a netal oxide are mechanically

i xed toget her . Rue gietbloxiHe Rdd ¢ §5:0Lxbile1 B! SHRNbrbRLRREoInd fuadr @

produced by a spray pyrolysis pr ess esc éd’in apanese Pat ent

Publication No. Q33182318 %@P%ﬁ%ﬁrﬁﬁi% d 62! LAR kake- 9BeRdNEred

6-279816, in the spray pyrol ysis process, or alloy particles are

deposi ted by at oRizitle duiHadd OF @q@@mw&t@bﬂe%aw anQetEpebceéds such
conpound to formfine liquid droplets and heating.the liquid droplets at a

tenperature highers thasolyeXgaasmess tamd tl@éﬁﬁéﬁl rerédtédeatehigh

conpound, preferably a tenperature close to the nelting point of the netal
or hi gher thap thempditdatgres) ind madkimgraisey odeepipgspyrbkystsal andnpnend.
20 - Thi s process can provide nickel particles having high -

crystallinity, hiigh vwieirdi ta/ heeat Hixga tthesper 58 earriedmhtcat dasghy control
the particle size of the nickel particles. In addition, the nickel
conposite parti cltesmpsgratures after nickel particles and a metal oxide are
mechanically mixed together. ) | |
Preferably, the particies of the présént invention
10 are produced by a spray pyrolysis process. As described
in Japanese Patent Publication No. 63-31522 and Japanese
Patent'Application Laid-open No. 6-279816, in the spray
pyrolysis procéss, metai or alloy particles are deposited -
by atomizing a sqlution contéining at least 6ne metal
15 compound to form fine liqu'id drqpléts and heating the liquid
droplets at a temperature highér than the decomposition
temperature of the me'tal_.compound, preferably a temperature
close to the melting point 6f the metal or higher than the
melting point to-thermaily decompose the metalacompound;
20 " This process can provide nickél particles having
high érystallinity, high density and high_dispersibility '
| and can easily cohtrol the particlé size of the nickel
particles. In addition, the nickel composite particles of
the present in\vér_ltidn can be obtained with single.operation
25 by adding metal compounds, such as an aluminum compbund or

the like, to a raw material nickel compound solution,



the present invention can be obtained with single operation 25 by addi ng
nmet al conpounds, such as an al um num conpound or the like, to a raw

mat eri al ni ckel conpound sol ution, -12- thereby naking it possible to
ekimnate the need for any additional coating step. It is assuned that a
nmetal oxi de such as al umi num oxi de deposited by thernmal deconposition is
expell ed out to the surface of the nickel pagticles 5 because the
crystallinity of the produced nickel particles is high, deposited in the
vicinity of the surface and reacted with nickel at the interface to forma

spinel laver 1N 3HEleRy RARING 13! pbbsIBht k %}Qﬂ%ﬁagé%ﬁé ndb4’ £6£"dny! he

net al - oxi de | aye he nirc yer are to each ot

Further, it is aﬁﬁﬁﬁ&qﬁmﬂt cﬁgﬁﬁhger t e djs""&@s@ﬁé&ﬂﬂ{hﬁ”aciﬁétair@xi@é

‘et al OXIde is formed by a neta c gradient structure, thereby
enhancing t he adBgehoBsbe] fehuh Wi e Rlpdsitiia B9dchbenaE!dbcompeeit fon

cooperation with the spinel structure and preventing the 15 breakage of a

particle structusg e34%ead ¢dluto tid'aHe SRtfdtelof Rtiemickeknsasticles
coefficient during firing. Consequently, a stable netal-ceram c bonded

structure is get gecatise/ehedr ﬁﬂmﬁﬁi\t oF the prftrsed nioRpArpdtt beles
hi gher and sintering can be advantageously del ayed. Since the 20 netal

oxi de deposits ralsahiietl,y d@gmilytem ittherseinfiacin ity &efsithel safxf fate camd be
obt ai ned even with a small arount of the netal oxide. Further, in the
spray pyr ol'ysi s mehkded with nickel at the interface to fo;_:n a spinel layer
insuch a manner that it gets into both layers. | Theréfore,
the metal oxide layer and the nickel layer are firmly bonded
10 to each other. Further, it is assumed that'the bonding
interface between nickel and the metal oxide is formed by
a metal-ceramic gradient structure} thereby enhancihg'thé
édhesibn between the nickél’léyer and the métal oxide in -
cooperation with the spinel structure and preventing the -
15 breakage of a particle sti:ucf.ure caused due to the mismatch
of thermal expénsion coefficient during firing,
Cdnsequently, a stable metal-ceramic bonded structure is
retained even at a temperature as high as 1,000°C or higher
and Sintering can be advantageously delayed. ‘Since the
20 metal oxide deposits relatively evenly on the sprface, a
desired effect can be obtained even with a Small am¢unt of
- .the metai okide.. Further, in the spray pyrolysis method,
the metal compositibn of the resultant particles is in
égreement with that 6f th_e stérting metal compounds in the
25 solution, making it easy’tb control the comp_os'iti'on of the

resultant particles, which i_n turn renders the spray



the netal conposition of the resultant particles is in agreement with that

- of the starting metal conpounds in the 25 solution, making it easy to
~control the conposition of the resultant particles, which in turn renders

| the spray -13- pyrolysis method suitable for the production of the

- nickel conposite particles of the present invention. In the process of the
present invention, one or nore thermally degpunposabl e conmpounds, such as a
nitrate, 5 sulfate, oxynitrate, oxysulfate, chloride, amonium conpl ex,
phosphate, carboxylate, netal alcoholate or resinate may be used as t he raw

mat eri al . conpounds oiy%gé{\é@&% ele] ;i.%ggﬁgg%#%?’.m“i%ﬁl 8¢ thé pdeude

salt, conpl ex saP¥rg € COo on may used. 10

Fine liquid drOpégﬁSogiﬁeggﬁﬁgcifaQ”b? fRbUpkeBept tiRGeRAtIOmROUNdS

di ssol ved in watér,~an organi ¢ sol vent such™as al cohol, acetone or ether or

a m xed sol vent thereo . ' : ' i .
in%gﬁﬁ%ﬁf éﬂéfi%x%%ém: Yhbehtadn; shedEaory a

twn-fluid nozzle atom zer at a‘tenperature higher than the 15

deconposition tepperabyi¢ QbcbhiBodBbik EEHPOURAE,2Bdch beMReHdtyatest which
a spinel corrposegﬂrral nFy90§ ﬁi cEce)I oxi de -g[%d ?he'rret al oxide is forearred for

thermal decomgposihi eate]hexiaitrhAte) beypalZhtes ehlokddei aamoniudO[err]C
or nore, although it depends on the type of the oxide 20 and conditions.

The heat treat megbmp3eR] ephosphyteqr cagbogylatie,t metad! wilcgphodiate o ni ckel
or a tenperature higher
resinate may be used as the raw material compounds of the
nickel compound and the metal oxide. A double sait,
complex salt or metal oxide colloidal solution may be used.
10 Fine liquid droplets are formed from a solution of
these cqmpounds-dissoived in water, an organic solvent such
as alcohol, acetone or ethér'or;a.mixed splvent thereof by
an atomizer such as an uitraéonic atomizer or a twin-fluid -
nozzle 'atdmizer and heated at a temperature higher than the |
15 decompbsition temperatufe of the metal 'cbmpounds and a
temperature at whicp a'spinél.composed mainly of nickel
oxide and the metél oxide is formed for thermal
decomposition. The formation temperature of the spinel is
800°C or more, although it depends 6n the type of the oxide
20 and conditions. The heat treatment:ié preferably'carried
out at the 'meltin'g point of nickel or a temperature highe:f
than that but may be carried out at a temperature lower fhan
the melting point when'high density, shape uniformity and
the like are\hot-réquired. Heating is carrie& out in a
25 reducing or inért atmosphere, preferably a weak reducing

atmosphere containing hydrogen, carbon monoxide and the



than .t hat but may be carried out at a tenperature |ower than the nelting
‘poi nt when high density, shape unifornmty and the like are not required.
Heating is carried out in a 25 reducing or inert atnosphere, preferably a
weak reduci ng atnosphere containing hydrogen, carbon nonoxi de and the

-14- |ike. The conductor paste which contains the nickel conposite
particles of the present invention as a conduygtor elenent is produced by
m xi ng and di spersing the nickel 5 conposite particles into an organic
vehicle uniformy in accordance with a conmonly used nethod. O her
conductive partjﬁg or an inorganic binder (e.g., glass particles) and

ot her -addi ti ves ?E%é contai ned as required. The nickel conposite :

particles of the preseng,dQoldieiti fakcCgRechabbyrarhtalhe hakxdse 0 an

internal conductor paste for Cceramc | ayer electronic paris such as a

nternal _ ce ye ch as
el erent conposl (& BRITLeo R Bita o GHERTERAHE LIVRI SO B £0RE R

like but 15 may @feluéﬁe-i@a%:{;ﬁcéadﬁgaﬁ.xxmgcgn&i hﬁhﬁ&?giﬁborthﬁaiﬁ.%%el-

Exanpl es and Conparative EX are given t urther“illustrate the

present invengi ongo Epdrtfobed Died dn ldrfsn e XM@Y Qinisordiiss gl ed
in-water to 20 a nickel concentration of 50 g/I. Alum numnitrate
' ~accordance with a commonly used method. Other conductive
particles or an inorganic binder (e.g., glass particles)
and other additives may be contained as-reqﬁired..
The nickel composite'particles of the present
10 invention is especially suitable for use in an infernal
conductor paste for ceramic mnltiiayer electronic parts
such as a m_ultilayer capacitor énd multilayer PTC (positive
'temperature_coeffiéient) element, composite.parts
incdrpora.ting these, cdmposite'substrat_es and the like but
15 may be used in other ox_'d'ihary thick f£ilm conductor pastes.
Examples.and Comparative Examples are given to
further illustrate the present invention.
Examples 1 to 5
' Nickel nitrate hexahydrate was dissolved in watei' to
20 a nickel concentration of 50Hg/1. Aluminum nitrate
nohahydrate.was dissolved in this solution_ih aﬁounts'of
0.05, 0.1, 6;5, 1.0 and 2.0 wt%’in terms of Al,0, based on
' : elemental nickel to prepare raw material solutions.
~ Fine li;‘;{uid drbbleﬁs wei'e' formed from each of the raw
25 material solutions using an ultrasonic atomizer and

supplied into a .ceramié tube heated at 1,500°C with an



nbnahydrate was dissolved in this solution in anpunts of 0.05, 0.1, 0.5,
1.0 and 2.0 wt% in terns of Al203 based on el enental nickel to prepare raw
material solutions. Fine liquid droplets were forned fromeach of the raw
25 material solutions using an ultrasonic atom zer and supplied into a
ceram c tube heated at 1,500[err]C wi.th an el ectric furnace using a
weakly reducing gas as a carrier. The |iquigsdroplets were thernmally
deconposed whil e they passed through a heating zone to form ni ckel
particles containing alum num oxide. 5 The specific surface area of

t he obtained partj.C t
cont ai ning 1. 8 W é&ﬁ?e%rrfgﬁé%%% %ﬁﬁﬁhfg‘é d EE‘%‘%J.er.
diffractometer, nugkel; o 1l AIAR S erkiztly) UHHPSUBPRINIYe they

(N|A|[err]qerr]) wer e trace "anmount s of

Ni Al [err] qerrlmﬁ%%dexf &?@ r.—l ﬂ@ati‘ﬁ ez8Rbeebeforn Riekel partiehes

containing 2.0 by X- ay diffraction. Wien a portion

around the surfacgmfaifen aéimﬁj_ﬁumvaéxggéerved by TEM fine particles
consi dered as AI[err]Qerr were firmy adhered to the nickel particles by

N Al [err]ferp] - The sPei¥it eurfadecheeaost dfhd lobia inedpartdcles
particles was eval uat ed for each sanple by carrying out thernonechani cal

anal ysis (TMA) i rwa dbbu® V.edud/gg athes e miakelt particiles cgniadning
shrinkage initiation tenperature and the sinntering and shrinkage end
tenperature 20 thHereoftaogE AhgynweneTabakyied by an X-ray diffractometer,
| nickel and a trace amount of nickel aluminum spinel (NiA1204)
were detected. Nickel and trace amounts of NiAl,0, and Al1,0,
10 were detected innickel particles containing 2.0 wt$ of Al1,0, '
by x-ray_diffraction;. When.a portion éround the surface
of the particle was observed by TEM, fine particles
considered as.Algg were firmly adhered to the nickel
particles by Nial,0,. |
15 The sintering behavior of i:hese composite particles_
was evaluated for éach’saﬁple-by carrying out
thermomechanical'analysis (TMA) in an N,-H, reducing
atmosphere and the sintering and shrinkage initiation
temperatureandthesintéringandshrinkageendtemperature
20 thereof are shown in Table 1. ' |
-Then, a paSte.of-the obtained nickel composite
particles was foﬁned using a dihydréterpineol solution of
ethyl cellulose as a vehicle. This paste was printed on
a99.6% alum\i_n'a substrate and fired at 1,300°Cl in an N,-H,
25 reducing atmosﬁheré to form a conductive film.of'about_l

pm in thickness. The sheet resistance value of the film



~Then, a paste of the obtained nickel conposite particles was formed using a
di hydroterpineol solution of ethyl cellulose as a vehicle. This paste was
printed on a 99.6 % al um'ng substrate and fired at 1,300[err]C in an
NFerr]-Herr] 25 reducing atnmosphere to forma conductive filmof about 1
pmin thickness. The sheet resistance value of the film -16- was neasure
and shown in Table 1. Exanples -6 and 7 N.ckeg-particles having a chrom um
oxi de layer on the surface were obtained in the same manner as in Exanpl es
15 to 5 except that chrom umnitrate nonahydrate was added in place of-

al umi num ni trat e BANGLALe arld ] QUfithdiy &7 2y diffraction and TEM
a ne
10

that NNCr[err](err] ving a spi type structure was existent on the
._su_rface_ of the nk&?ﬁ,‘lp@%%m ( The sintering and shrinkage
initiation tenperature o e particles and the sintering and shrinkage end

tenperature of the ni-ckgloiear bhst £61 88 HuVHAS HIAfrdivi ulBxade Bapen onthabl e |

1. A nickel conductive filmof about 1 [err]min thickness was formed in
the same manner ggyifaceX¥RieCobaihedniint ke dwand nAficyt ascdnvBkampdest e

filmis shown in Table 1. Exanple 8 Nickel particles having a conposite
oxi de layer cpnt gonbnexeéprithiyt ahtomdgenivrate ndwalydfaice was added in
| place of aiuminum nitraté nonahydrate. It was found by
' X-ray diffraction and TEM that NiCr,0, having a sPinei type
' structure was existent on the surface of the nickel
particles. |
10 The sintering and Shrinkage initiation témpefature
of the particles and the sintering and.shrihkage end’
temperature_of the nickel particles were measured by TMA
énd shéwn in Table 1. A nickel conductive film of about .
1lpumin thickness was formed in the same manner." as in Example
15 1 and the sheet resistance Galue of the film is shown in
Table 1.
Example 8
Nickel particles having a composite oxide layer
containing aluminum and magnesiﬁm on the surface were
20 obtained in the same manner as in Example 4 except that
aluminum nitrate nonahydrate and magnesiumlﬁitfate_'
hexahydraté were mixed so as to Yield alﬁminum oxide and
magnesium oxidelin equimolar amounts and added.
~ Itwas found by X-ray dif fraction and TEM that an oxide
25 layer having a spinel type structure was existent on the

surface of the nickel particles. The diffraction peaks of



20 obtained in the sanme manner as in Exanple 4 except that alumnumnitrate
nonahydrat e and magnesiumnitrate hexahydrate were m xed so as to yield

al um num oxi de and magnesi um oxi de in equi nol ar anpbunts and added. It was
fbundby X-ray diffraction and TEM that an oxide 25 | ayer having a spi nel
type structure was existent on the surface of the nickel particles. The
diffraction peaks of -17- this spinel phage slightly shifted towards a

| ower angle as conpared with the diffraction peaks of NNA[err]Jerr]. This
result shows that Ni was partially replaced with-My and present as ' :

éhNg;QL) @%ﬁ%?ﬂ'?ﬁéﬁ?ﬁpﬁﬁs&sp febnekifetind &é&‘%@tﬁ%ﬂééﬁﬁf 176r Phae
Z‘Egl ﬁELQQ end 'tQ:rr%%?ét’ﬁ?a%?pﬁ'ﬁehﬁF@&Pl‘ﬁ?a@ﬁ' o 1, terﬁk“ﬁ "
mannor a6 1n ExaniPeolEaRiEHE, tHARHT, WG desRiiy FeRhqdh MRIENE and
in Table 1. Exanppg £edehicleelBait ) 84 56, EYLI0 LRSI ARROBAS 810 liatopedte

cont.ai ni ng chrom tm an um’ on’t*e sur ace were in the sane

manner as in Exangke Qe SiHaR1 b'ﬁ%%echﬁ@&k%f‘fﬁé‘%ﬁoﬂ%ﬁ@%@s@m&@aédﬂéd
I n place of alum numnitrate nonahydrat
was detected.

The sinterihg and shrinkage initiation temperature
of the particles and the sintering and shrinkage end |
temperature of the nickel pafticle_s were.measured by TMA

10 and shown in Table 1. A nickel conductive film was formed
in the same manner as in Example 1 and the sheet resistance
value of the film is shown in Table 1.

Example 9
.Nickel pa_rtiéles having a composite okide layer
15 c_ontaining chromium and maénesium on the surface were
obtained in the same manner a_.s in Example 8 except that
‘chromium nitrate nonahydrate was added in place of aluminum
nitrate nonahydfat_e.
It was found by X-—ray diffraction and TEM that an oxide
20 layer having a spinel type stx_'uctu_ré waé existent. Also
| in this X-ray diffractidn, shift was ob_serVed in. the
diffraction peaks of t_his' spinel phase as compared.with
NiCr; O,. Thi's- reveals th.at Ni was partially xjeplaced'with
Mg and prese‘nt as (Mg,Ni)Cr,0,. . |

25 The s:.nterlng and shrinkage 1n1t1at10n temperature

of the particles and_ the sintering and shrinkage end



It was found by X-ray diffraction and TEM that an oxide 20 |ayer having a
spinel type structure was existent. Also in this X-ray diffraction, shift
was observed in the diffraction peaks of this spinel phase as conpared with
NiCr[err](err]. This reveals that NN was partially replaced wwth My and
present as (Mg, N)Cr[err](Jerr]. 25 The sintering and shrinkage
initiation tenperature of the particles andighe sintering and shrinkage end
tenperature of the nickel particles were neasured by TMA and shown in Table
1. A nickel conductive filmwas forned in the sane manner as in Exanple 1

and the sheet reg &ufd Be SF‘xet B?.cﬁd%le 23130988 {Briahksshred bx_eTMA'

Conpar ati ve Exanple ure nick partic were obtalined In the sa

manner as in Exa%hesﬁoﬁﬁcﬁrﬂrrﬁ(ﬂlaé 18! URT A48k 83 LS dudtORAD Y3t Ga¥BoPRba

‘added. The sintering and st age initiation temperature and the sintering

and shrinkage engplPhetsiiRemdnted 8k iﬂ%ﬂﬁ{ﬂé‘hc&ﬂé e ‘sh_@b%stégﬂs’eﬁﬁce
sheet resistance value of a nickel conductive filmforned in the sane

manner as in Exaipiiee afetheowiln) iBkifown in Table 1. Sheet Sintering/

‘Sintering/- resistance _ _
: 5 ¢ Ly xample 1 _ _

Pure nickel particies were obtained in the same
manner as in Example 1 except that aluminum nitrate
nonahydrate .was not added. Th.e""sintering. énd shrikaage
initiétion_temperature and the sint_ering and shrinkage end

10 temperaturé of the pure nickel particles énd the éheet

resistance value of a nickel conductive film formed in the

same manner as in Examples are shown in Table 1.



Shri nkage val ue of Additives

start at about 300°C and end at about 600°C whereas the
sinte_ring and shrinkage of the nickel composite particie's

of the present invention end at a temperature higher than

that and proceed more gently than the pure nickel particle..

" Added shri nkage
initiation end conductive tenperature tenperature film(w.%
([err]© ([err] O (mMeéerr]/[err]) Exanple 1 Alferr]Jerr]
G. 05 680 - 168 Exanple 2 Alferr]Jerr]
0.1 300 840 102 Exanple 3 Alerr][err](err]
0.5 930 1200 -96. Exanpl e 4 Al [err]Jerr]
1.0 960 >1300 97 Exanple 5 Alferr]Jerr]
2.0 1000 >1300 145 Exanple 6 Cr[err]derr]
0.1 300 900 pabhs 1Exanpl e 7 Cr[err]derr] -
1.0 1000 >1300_ 105 Fxample 8 Al[prrl(TeLrlﬂ\/hO
1.0 1000 >1300 71 Bfamp !enﬁ; Lers Jgg o
1.0 1000 >1300 - added80
hr nkage va ue of
300 590 riaZAiaEX ATPPESAEE oot AT, xamol ELive
conduct i vé' filmwas fforned in fthe sane Reffer@turdy tefipdz4 Bkl s tm_laddl ng
0.5-w%off Al[err]Jerr] fine ar {Yietés to t heypurg ni gy palr t iighes))of
Conparatiye Exanple |1. Wen the sheet r¢sistance Malue of the nickel
conduct i ve Ekamiewas meaddi®d, |t wWad5314 nfedOP/[erfr]. ¥ is jobvibaks frpm
Exanpl es Emi VaIRXanmpies, o Sl3ﬂb_€rl U arggoST TTRayggp0f the
pure n|Ck nartl start—at hnllf QQQIL r'r"lj(%‘r prg at hmt Rnnrﬂrr o
wher eas t NE*SECT i g add*%hri hkagd Bf the nid eI | donpd&% e dartidPes o
the presenEximpienti gn edd:at a|tenpet atufe hid§her tthar>¥38at gnd pPdceed
-or e gent IN'gx&dpas 9 Ng PUGRE,G)I CKT‘m ICT €. 1000 >1300 145
Example 6 Cr,0, 0.1 300 900 . 137
Example 7 Cr,0, 1.0 1000 >1300 105
Example 8 A1,0,+Mg0 1.0 1000 >1300 71
Example 9 Cx,0,+Mg0 1.0 1000 >1300 80
| Comparative - - 300 590 217
Example 1
A nickel conductive film was formed in the same manner
[ 3
5 as in Examples by adding 0.5 wt% of Al,0; fine particles
to the pure nickel particles of COmparative Examplel. When
- the sheet resistance value of the nickel conductive film
‘was measured, it was 314 mQ/[0. .
- As is obvious from Examples and 'Comparati_\_re Examples,
10 the sinter'ing and shrinkage of the pure nickel particle



"-20- As the anount of the netal oxide increases, sintering at |ow
tenperatures can be suppressed and this effect is the |argest when the
amount is 0.5 wt%or nore. Wth respect to the conductor filmformation, in.
5 Conparative Exanple 1, sintering of the filmexcessively proceeded al ong
with arisein firing tenperature and di sggnnection was apt to occur,
thereby resulting in a significant increase in the resistance value. This
phenomenon was not inproved only by adding Al[err]Jerr] to the paste 10

fhe. over s nt or Afo BIE RS ath e REBALon a0 LRETEBRARE: POTES=ORS HE 111 m
Le d b : : : el _ _

15 mroved bY 145} g VAR (RATBRSLLBRRBELES! S0 Inid SAEEY the
~conposite part Ilequ%g ‘M@n pgﬁé%odﬁye{%(;?%gﬁgugpr@%?gd, the initiation

of shrinkage th during Tiring a ni ste 1S ayed, and the

progress speed of si Ri:ani i éﬂg%? sﬁfﬂﬁ" : in.a high
tenperature 20 ranggflqgtp%pt sfﬁfrﬁ(at}e an cg%/cglf%ﬁn eri ﬁgé oaﬁﬁtﬂ-bcgﬁr.
Therefore, gn + A ch &35 ! [ Ci y

l'i ke, the s{’ nt gjrbi gjﬁ%\_ shﬁﬁ%leégéhg\?g%ﬁé a_ﬁ%gkeﬁigg‘ngﬁgtég?&ytgggr can
be appr oxi mat elpfdeddfed @ ong witPse Pis& Lf #F Ind yShpaPatarEOgHAS Ci al

25 product having a high reltability and a high perfornance and free from

the di sconnect id@.@dlfmféd?@ﬂﬁﬂﬁﬁég dpt RANbcur, thereby resulting in a

significant increase in the resistance value. This
phenomenon was not iﬁproved only by adding Al,0; to the paste

10 - as in Comparative Exémple'z and the resisténce value
increased. However}-the oversintering of.the film is.
inhibited and the conductivity of the film is improved by
using the hiékel-cbmposite pérticles of the'pfesent“
ihvention.

15 .Sinée sintering at. low temperatures of the nickél
composite particles of the present invention is suppreééed',
the initiation of shrinkage thereof during firing a nickel
péste'is delayéd, and the progress spéed of sintering
thereof is moderatélj suppressed even in a high tgmpe'rature

20 range, abrupt shrinkage and oversintering do not occur.
Therefore, in an electrdﬁic part suéh as a multilayer
capacitor or the like, the sintering and shrinkage |
behaviors of a nickel ¢ond_uctor layer can be approximately
coincided with those of a ceramic layer and a commercial

25 produét having a high reiiability-and a high performaﬁée '

and free from the disconnection of a conductor film and



'structural defects can be produced at a high yield. Further, the nickel
conposite particles of the present invention nmakes it possible to reduce
the thickness of an -internal conductor |ayer and further reduce the size
and increase 5 the nunber of layers of a nmultilayer electronic part.

-22- CLAIMS 1. A nickel conposite particle having a | ayer of a :

ni ckel -cont ai ni ng spinel on at |east a pad-of a.surface of the nickel
particle. 2. A nickel conposite particle, having an oxide | ayer of netals
other than nickel on at least a part of a surface of a nickel particle and’
a layer of a nisd¢Rlct @il abRes8sHinBé produedddeallatgh heeiren Fhethegkel 5
particle and the netal oxide layer.. 3. The nickel conposite particle
according to cliignnickel? coMpusite fer ticked -eONtle NHrgs &Pt NBhventRonses
as constituent conponents nickel oxide and at | east one selected fromthe
group consi sti makefs dltupossible de reducer theuthdrkdessndfrmanganeegnaii de.
4. The nickel conposite particle according to claim3, wherein the - _
ni ckel - cont ai nicopda@toat ayerhand durdhes aedueasthensiakkahtdniénezetbenet al
oxi de. '5. The nickel conposite particle according to any

' 5 the number of layers of a multilayer electronic part.

1



'one of clains 2 to 4, wherein the oxide layer of netals corrprlses at | east
one selected fromt he group consi sting of al um num oxi de

manganese oxi'de and 5 al kaline earth netal oxide and :
thereof. 6. A process for producing the conposite ni c H H'Ejﬁmdl ng
to claim1, conprising: forming fine liquid droplets.frome so .
conprising (a) at |east one thermally det®¥posabl e conpound -23- 5 of

ni ckel and (b) at |east one thernally deconposabl e conpound of a netal
capabl e of form ng a spinel together with nickel; and heating the liquid
droplets at a.tenperature higher than t S&AdMEonposition tenperature of the
conpound (a) and 10 the deconposition tenperature of the conpound (b) to
forma nickel particll add niiakak m:,tejmxclae Ihaekngpfa aglayer of
ni ckel - cont ai ni ng_spinel in the vicini of a surface of the nickel
particle. 7. TAirkebseortatpinm spingkon AtiheaskmPazdpas @ H1rfarding a
spinel together with nickel is at |east one selected fromthe group -
consi sting of ‘aﬁuﬁﬂpﬁuﬁj‘-cbﬁﬂ-oﬁfiﬁﬁfﬂ-&ﬂr&-manganese 8. The process according to
claimé6 or 7, where|£ the solutjon further contain | east one

e

thermal |y decorrposab o“F°‘EP\°%+T<%IP?'Pétk%¥?h %@Yé{‘gaﬁa REdteng t he

liquid droplets_is_co ducte at_.a ternperat.ur
d o P fayer of metals other trﬁ)an nJ.ckel on at least a part of a

surface of a nickel particle and a layer of a nickel-
containing spinel at an interface'between the nickel
5 particle and the metal oxide layer. |
3. The nickel composite partJ.cle according to claJ.m
1 or 2, wherein the nickel-containing spJ.nel comprises as
constituent components nickel oxide and at least on_e
s'elected: from the group con.sisting'of aluminum oxide,
5 chremium oxide and manganese oxide.
4. Thenickel compbsite particle accbrding ﬁo claim
-3, wherein the n'ic'kel-centaining spinel further contains
at least one alkaline earth metal oxide. |
5. The nickel composite particle accordir_lg to any
one of claims 2 to 4, wherein the 'oxide layer ¢f metals
comprises at least one selected from the group consisting
of aluminum oxide, chromium oxj.de, ' manganese -oxi.de' and
5 ' alkaline earth metai oxide aﬁd a 'cdmposite'oxide thereof.
6. A process for produc:.ng the composite nickel
partlcle accordJ.ng to claJ.m 1, compr:.s:.ng. :
forming fine 11qu1d droplets from a solﬁt_ibn

comprising (a) at least one thermally decomposable compound



.5 higher than the deconposition tenperatures of the—eonpounds—a)y—tb) and

(c). 9. A process for producing the conposite nickel | ing to-
claim2, conprising: formng fine liquid droplets fiﬂmmmg‘mgﬂm‘r '
conprising (a) at |east one thermally deconposabl e und om ™ ckel”

and (b) at least one thermally deconposabl e conpound of a netal capabl'e of
form ng a spinel together with nickel;-38d . -24- heating the liquid '
droplets at a tenperature higher than the deconposition tenperature of the
conpound (a) and 10 the deconposition tenperature of the conmpound (b) to

forma nickel B3 higker aas (B! LANdUIshy PR Ty Hehiifadiyer and 2

| ayer of a nickél-"contai ning'spine e Vicini t he

ni cket particl eondBunBBePLoiERS) A68050H B0+ O chal f% beERel MesbechEL?!

capabl e of for Spl ne nrc I's at T'eas ected®fromthe

group consi sti f hRu chrom um and manganese. 11. The process
accordi ng to‘chFﬁlgibkg}O,g%ﬁérein the solution further contain (c) at

et g ehe i o ASEPIRGCEHL SqmReutylea o8 K LieRtu TR ot
the deconposi t L ln! €S ¥t A i) cHPERALFR 62)thé Rbup¥hrcLYa) and
10 the decomposition temperatqfé of the compound (b) to form
a nickel particle and simultaneously deposit a léyer of a
nickel-containing spinél in the vicihity of a surface of
the nickel particle.

7. The process to claim 6, wherein the metal capable

. of forming a spinel together with nickel is at least one
selected from the group consisting of aluminum, chromium
and manganese. | ‘

8. The process according to claim 6 or 7, wherein
the solution further confain (c) at least one thErmaily
decomposable compound of an alkaline earth metal and
heating the liquid droplets_is'conducted at é temperature-

5 higher than the decomposition témperatures of the compounds

(a), (b) and (). o
9. A process for prbducing the éomposite nickel
~particle according to claim 2, comprising=
| _formiﬁg fine liquid droplets from a solution

comprising (a)' at least dne thermall_y deco_inposable compound |

5 of nickel and\(b) af leaéﬁ one fheimally decomposabie
compound of a metalzcapable of forming a spinel togéther

with nickel; and



. 12.. A conduct or paste containing the nickel conposm ng to
any one of claims 1 to 5. 13. A ceramic nultilayer rt wherein
a conductor | ayer is formed using the conductor pasﬂ ”mﬂ'mm Ial m
12. '

-24~

heating the liquid droplets at a temperature higher

than the decomposition temperature of the compound (a) and

10 the decoinpoéition_ témperature of the compound (b) to form

a nickel particle and simultaneously deposit a metal oxide

layex;' and a layer of a 'nickel-contai_ning spinel in the
vicinity of a surface of the‘_ nickel particle. _

16. The process according to claim 9, wherein the

metal capable of ferming'a spinel with nickel is at least
one selected from the group consisting of aluminum,

chromium and manganese. _ |
11. The process according to claim 9 or 10, wherein
the solut:.on further contaln (c) at least one thermally
decomposable compound of an alkaline earth metal and
heating the liquid droplets is conducted at a temperature
5 higher than the decomposit'ion temperatures of the compo.unds
(a), (b) and (c). .

12. A conductor paste containing the nickel

composite particle according to any one of claims 1 to 5.

13. 2 ceramic multilayer electronic part -Whereih a

cohductoi' layer is formed usiﬁg. the .conductor paste

accotding to claim 12.



