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METAL POWDER AND PROCESS FOR PREPARING THE SAME
BACKGROUND QOF THE INVENTION
1. Field of the Invention

The present invention relates to a novel metal
powder suitable particularly for a thick film paste
and a process for preparing the same, and also to a
conductor paste using the metal powder and a
multilayer electronic component or a multilayer
substrate comprising a conductor formed using the
paste.

2. Description of the Prior Art

In the field of electronics, thick film pastes,
such as conductor pastes and resistor pastes, have
been used for the production of electronic circuits
and components, such as resistors, capacitors, and IC
packages. The thick film paste is prepared by
homogenecusly mixing and dispersing a conductive
powder, such as a metal, an alloy, or a metal oxide,
optionally together with a vitreous binder or other
additive(s), in an organic vehicle to prepare a paste.
It, after application onto a substrate, is fired at a
high temperature to form a conductor film or a
resistor f£ilm. '

Conductive metal powders which are commonly used
in the conductor paste of the resistor paste include
powders of noble metals, such as silver, gold,
platinum, and palladium, and base metals, such as
copper, nickel, cobalt, iron, aluminum, molybdenum,
and tungsten, or alloys of the above metals.
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mul tilayer electronic conponent or a nultilayer substrate conprising

a conductor fornmed using the past e. 10 2. Description of the
Prior Art In the field of electronics, thick fil m pastes,

such as conductor pastes and resistor pastes, have been used for the
production of electronic circuits and conponents, such as resistors,
capacitors, and IC 15 packages. The thick filmpaste is prepared by
honbgeneously m xi ng and di spersing a €»nductive powder, such as a
netal, an alloy, or a netal oxide, optionally together with a vitreous
bi nder or ot her additive(s), in an organic vehicle to prepare a paste.

20 It, after appl} L O t 0; i [ r hi gh
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Conduct i ve net#Fepblkrly tmike exidizedoiusingecfiring and; Heemomduct or
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300 to 600°C, to completely burn out the organic
vehicle in the paste. Thereafter, they are fired in
an inert or reducing atmosphere, such as nitrogen or
hydrogen-nitrogen, and, if necessary, the metal, which
has been oxidized at the step of removing the binder,
is subjected to reduction treatment. However,
oxidation of the base metal to some extent is
unavoidable even by the above method, resulting in
deteriorated conductivity and soldability. Further,
reduction as the post treatment and strict control of
the atmosphere and firing parameters are necessary,
leading to complicated process and increased cost.
Therefore, at least the oxidation of the metal powder
in the step of removing the binder in an oxidizing
atmosphere should be minimized.
In multilayer ceramic electronic components,
such as multilayer capacitors, an unfired dielectric
" layer and an internal conductor paste layer are
alternately put on top of the other to form a
plurality of layers, and these layer are then co-fired
at a high temperature. In this case, ceramics used as
a dielectric material, such as barium titanate,
titanium oxide, and a composite perovskite containing
lead, when fired in a reducing atmosphere, causes
oxygen deficiency, frequently resulting in
deteriorated dielectric properties, which poses a
reliability problem. Therefore, firing in an
oxidizing atmosphere is preferred until the
temperature reaches a value at which the ceramic layer
is sintered and densified. For this reason, the
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and tungsten, or alloys of the above netals.

-2- Among them in particular, base netal powders are
likely to be oxidized during firing and, hence, heated in an oxi di zi ng
at nosphere, up to the step of renmoving the binder at a tenperature of
usual |y about 5 300 to 600[err]C, to conpletely burn out the organic
vehicle in the paste. Thereafter, they are fired in ~an inert or
reduci ng atnosphere, such as nitrogen of. ~ hydrogen-nitrogen, and, if
necessary, the metal, which has been oxidi zed during the step of
renovi ng the binder, 10 I's subjected to a reduction treatnent. However,

development of a base metal paste as an internal
conductor material, which can be fired in an oxidizing
atmosphere, has been desired in the art.

On the other hand, also in the case of a noble
metal powder, when a metal (for example, palladium or
palladium alloy), which is oxidized at a relatively
low temperature and then is reduced by further heating
to a higher temperature, is used as an internal
conductor of a multilayer ceramic component or as an
internal wiring conductor of a multilayer ceramic
substrate, volume expansion of the electrode derived
from oxidation of the metal and subsequent reduction
shrinkage occur during firing. It is known that this
volume change is not coincident with the shrinking
behavior in the sintering of the ceramic layer and,
hence, is likely to cause delamination and cracking.
This problem occurs also in the case of the above
easily oxidizable base metals, such as copper and
nickel. Therefore, in both the noble metal and base
metal, the oxidation and reduction of the metal powder
during the firing is preferably inhibited as much as
possible.

As described in Japanese Patent Publication No.
16041/1985 and Japanese Patent Laid-Open Nos.
131405/1988 and 194137/1990, addition of an element or
a metal oxide, which is selectively oxidized during
firing, to a conductor paste has been attempted to
prevent the oxidation of the metal powder. Depending
upon the mixed state of the paste, however, the
additive does not effectively act on the surface of
the metal powder. Therefore, when the amount of the
element or the metal oxide is small, the antioxidation
effect is unsatisfactory. On the other hand, addition
of a large amount of the element or the metal oxide
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oxi dati.on of the base netal to sonme extent is unavoi dabl e even by the
above nethod resulting in a deteriorated conductivity and

sol derrability. Further, reduction as the post treatnent and strict
control of 15 the atnosphere and firing paraneters are necessary,

| eading to conplicated process and increased cost. Therefore, at |east
the oxidation of the netal powder during step of renoving the binder
in an oxidizing at nrosphere should he m nimzed. 20 In

mul tilayer ceramic el ectronic conponenis, such as multilayer
capacitors, an unfired dielectric | ayer and an internal conductor
paste | ayer are alternately put on top of the other to forma
plurality of |agaés, t@ndetn@s@raﬁyércanéupgéﬁi§w pndegotdabiddity Brgh
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deficiency, fregodaced Besiny lfgrllhg?»(*lnhideterBQh&teedndl etEetthrel metal
properties, which ore, firing in
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For this reason, th%urther, there is a method, as described in
Japanese Patent Laid-Open No. 120640/1979, wherein an
element, which is preferentially oxidized to form a
vitreous material, such as carbon, boron, silicon or
aluminum, is alloyed with a conductive metal. Since,
however, the alloying element remains in the conductor
film after the firing, increasing the resistivity of
the resultant conductor. Further, vitrification
during the firing requires heat treatment at a
temperature considerably above the softening
temperature of the glass, making it difficult to
control firing conditions and the regulation of the
composition and amount. Further, at the present time,
there are few processes which can efficiently prepare
a fine alloy powder of a submicron size necessary for
a reduction in thickness of the conductor layer and a
reduction in resistance.

Japanese Patent Laid-Open No. 43504/1992
proposes a method wherein the surface of a metal
powder is coated with a metal oxide. This method,
however, is unsatisfactory in the antioxidation
effect. Further, during the firing, the metal oxide
inhibits the sintering of the metal powder.
Furthermore, as a matter of fact, it is difficult to
effectively coat the surface of the fine metal powder
with the metal oxide, and strong aggregation is often
created under some treatment conditions.
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- 3- devel opment of a base netal paste as an internal conduct or

material, which can be fired in an oxidi zi ng at nosphere, has been
desired in the art. On the other hand, also in the case of a
noble 5 metal powder, when a netal (for exanple, palladium or

pal | adium all oy), which is oxidized at a relatively | ow t enperature
and then is reduced by further heating to a higher tenperature, is
used as an internal conductor of agmultilayer ceram c conponent or as
an 10 internal wiring conductor of a nultilayer ceramc substrat e,
vol ume expansion of the el ectrode derived from oxidation of the netal
?Rgtsgﬁfgquent reduction Sgﬂ&ﬂ£§a e %ﬁngN&%§+{€kflrlng. It is known

An object of the present invention is to provide
a metal powder which is highly resistant to oxidation
not only during storage of the powder but also in the
form of a paste or during firing of the paste and, in
particular, during firing, is not oxidized until the
temperature reaches a value at which at least the
organic vehicle is fully burned out and removed.

Another object of the present invention is to
provide a metal powder which does not undergo
oxidation until the sintering at a high temperature is
completed, preferably enables firing to be conducted
in an oxidizing atmosphere while controlling the
sintering behavior of the metal and, in addition, when
used in multilayer components, does not create defects
such as delamination and cracking.

A further object of the present invention is to
provide a simple and improved process for preparing
such a powder.

According to one aspect of the present
invention,
there is provided a metal powder having a vitreous
thin layer on at least a part of the surface thereof.

In the present invention, the amount of the
vitreous thin layer in the metal powder with a
vitreous thin layer is preferably 0.01 to 50% by
weight based on the metal powder excluding the
vitreous thin layer. Throughout the specification,
the amount of the vitreous thin layer is indicated
based on the metal powder (excluding the vitreous thin
layer), i.e., the weight of the major metal of the
powder, unless otherwise specified.

According to another aspect of the present
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vol une change is not coincident with the shrinking 15 behavior during the

sintering of the ceram c |ayer and, hence, is likely to cause

del am nati on and cracki ng. Thi's problemoccurs also in the case of the
above easi |y oxidi zabl e base netals, such as copper and ni ckel .
Therefore, in both the noble netal and base 20 netal, the oxidation and
reduction of the netal powder during the firing is preferably inhibited
as nmuch as possi bl e. As dgscribed in Japanese Patent
Publ i cati on No. 16041/ 1985 and Japanese Patent Laid-Open Nos. 25
131405/ 1988 and 194137/1990, addition of an elenent or a nmetal oxide,

which is selectivel oxidLzed duri I n to a_conductor paste has
been attenpted Lo OBre%éﬁfethi Bg?ﬁhf?% 2 9?%%sﬁef%¥ BEGRRFingefendi ng
upon the m xedngtal epovdéhehpasng, a hoievesys t tieid0lapddi dhvatdneasaot

effectively ac hees a t mder erefore, when the
anount of ¥h & Bgrf Gt Fﬂé §§ﬁ9£ce 5 é%§?§§ %mgn%angthg €an FB?ldatlon
effect is unsa@fsfbf%@@yngCh $%bub1%@rc¢m@mnsam@|atoheast oheahkatge anount

of the el enenta&tohpssaBiaél m¥af€compound to fine droplets; and
heating the droplets to a temperature above the
decomposition temperature of the metal compound,
wherein at least one precursor of an oxide, heat-
decomposable to produce a vitreous material which,
together with the metal, does not form a solid
solution, is added to the solution and the vitreous
material is deposited, upon the heating, in the
vicinity of the surface of the metal powder.

Further, the present invention provides a
conductor paste comprising the metal powder having a
vitreous thin layer on at least a part of the surface
thereof and a multilayer ceramic electronic component
comprising a conductor layer formed using the paste.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described in more
detail.

In the present invention, the term '"metal
powder" refers to not only a powder of a simple metal
but also an alloy powder.

The vitreous thin layer, when is present on the
surface of the metal powder, functions as a layer for
protecting the metal against oxidation. The vitreous
thin layer according to the present invention may be
an amorphous layer or may be a crystal-containing
amorphous layer so far as it has a glass transition
point and a glass softening point and can be fluidized
at a high temperature. There is no need for the
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-4- : | eads to a deteriorated conductivity and solderability and

I ncreased inpurities to deteriorate the properties of the el ectronic
conponents. Further, the netal oxide produced during firing inhibits
sintering of the netal 5 powder, often making it inpossible to provide a
conductor film having satisfactorily |ow resistance. Furt her
there is a nethod, as described in Japanese Patent Lai d-Open No.
120640/ 1979, wherein an el enent, whizch is preferentially oxidized to
forma 10 vitreous material, such as carbon, boron, silicon or

alumnum is alloyed with a conducti ve metal . However , the al I oyi ng

el ement remainsg.in the ndu tor film af, f|r| I ng the
resistivity of vi treﬂ*g k> ﬁ' tr?dlﬁ:(?tv&r tIE—lt? tw%‘@r Cﬁe‘%

during the fir megalegowies, heaa:td M&t&wﬂsx@w of t&mmama:tamxs dadmisi der ably
above the SOftﬁ@i@% in an effective amount suffices for the
contemplated effect. Specifically, the amount of the
vitreous thin layer is about 0.01 to 50% by welght
based on the metal powder.

The component forming the vitreous thin layer
produces oxides, which is, when heat decomposition,
hardly dissolved in the metal powder and can be
vitrified under metal powder producing conditions
according to the present invention. Examples of such
components may be at least one member selected from
the group consisting of glass components commonly used
as inorganic binders in thick film pastes, for
example, oxides of elements, such as silicon, boron,
phosphorus, germanium, tin, lead, bismuth, alkali
metals, alkaline earth metals, copper, zinc, cadmium,
aluminum, indium, titanium, zirceonium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten,
manganese, rare earth elements, iron, and cobalt.

The composition and physical properties (e.g.,
softening point) of the vitreous thin layer may be
suitably regulated according to the kind and
applications of the paste. Preferably, in the firing
of the paste, the vitreous thin layer is not softened
and fluidized until the temperature reaches at least
the decomposition temperature of the vehicle. This
enables the vehicle to be fully oxidation decomposed
and driven off without oxidizing the metal powder even
in an oxidizing atmosphere.

When the softening point of the glass is
properly regulated by controlling the composition, the
glass does not inhibit the Sintering of the metal
powder at a high temperature and rather accelerates
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tenperature of the glass, making it difficult to control firing
conditions and the regul ation of the conposi tion and amount. Further,
at the present tinme, 20 there are few processes which can efficiently
prepare a fine alloy powder of a submicron size necessary for a
reduction in thickness of the conductor |ayer and a reduction in

resi st ance. Japanese Patent Laid-Open No. 43504/1992 25 proposes
a nethod wherein the surface of a netalg powder is coated with a netal
oxi de. This nethod however, is unsatlsfactory in the anti oxidation
effect. Further, during the flrlng, t he nmetal oxide inhibits the _
sintering of t 30 Furthernore, as a nmatter of fact, it is

difficult to e?%%k??b%gyatog?et%kggu??%E%F%ﬁu¥%e fPRechEtarlbbwder -
with the netalasxwileh anglassopgwaggregaiibDy iscofperated gseahed under

sone treatnentiﬁgpgéﬁignginder in a paste, a glass, which, after the
step of removing the binder, is softened at a
relatively low temperature, such as lead borosilicate,
lead zinc borosilicate, lead aluminum borosilicate,
lead cadmium borosilicate, bismuth borosilicate, lead
borate, lead zinc borate, and lead germanate, is
rapidly softened and fluidized to function as a
sintering aid.

When use of the paste in an internal conductor
of a multilayer electronic component or a multilayer
substrate, or a co-firable external conductor and the
like is contemplated, a composition, which is not
fluidized until the temperature reaches a relatively
high temperature, may be selected. For example, use
of a material (e.g., lead silicate, zinc borate,
alkaline earth metal borate, alkaline earth metal
borosilicate, alkaline earth metal silicate, alkali
metal borosilicate glasses or the like), which is not
fluidized and is present on the surface of the powder
to continuously exhibit the antioxidant action until
the ceramic layer is densified to some extent,
enables co-firing of a base metal conductor and
ceramics in an oxidizing atmosphere. In the case of a
palladium conductor, oxidation during firing can be
retarded, preventing delamination and cracking.

Further, also when there is no problem of
oxidation of the metal powder, too early initiation of
sintering of the metal powder than the ceramic during
the co-firing of the metal powder and the ceramic
layer causes uncoincidence of sintering and shrinking
behavior between the metal powder and the ceramic,

creating structural defects, such as delamination and
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-5- SUWVMARY OF THE | NVENTI ON An obj ect of
the present invention is to provide a netal powder which is highly
resi stant to oxidation not only during storage of the powder but also
inthe 5 formof a paste or during firing of the paste and, in
particular, during firing, is not oxidized until the t enperature
reaches a value at which at |east the organic vehicle is fully burned
out and renoved. Anot her objegt of the present inventionis to

10 provi de a netal powder which does not undergo oxidation until the
sintering at a high tenperature S conpleted preferably enabling

firing to be con n_an ox npsphere while controlling
t he si nt € ??é#b%%av?%ﬁ Yﬁr?ﬂ%edﬁg aHP tF@FA™Ren 15  used
in nultilayer suhpretes, Iimeshmtca:s@attméiaiﬁca svitreo@siGhaBérdgl am nation

and cracki ng. which does 'Ahcijré&.e{er?%r?gltl Oéhé hseixpteexs‘fr?c_tq {ﬂ‘i’g{‘é{:fgn' s to
temperature of the ceramic layer, can inhibit
sintering of the metal powder to delay the initiation
of sintering, preventing delamination, cracking, etc.

In any of the above cases, after firing, the
glass is moved from the surface of the metal powder to
the substrate or dielectric layer side and is present
-in the interface of the substrate or dielectric layer
and the conductor film, enhancing the adhesion between
the substrate or dielectric layer and the conductor
film.

The presence of glass in a relatively large
amount on the surface of the metal powder poses no
problem when the metal powder is used for a usual
thick film conductor paste. The presence of the glass
in an excessively large amount increases the amount of
the content of the insulating component in the fired
film, often sacrificing the conductivity and
solderability of the film and other properties,
necessitating proper regulation of the amount of the
glass according to applications and necessary
properties. In particular, when the metal powder is
used for an internal conductor of a multilayer
component, the amount of the glass on the surface of
the metal powder is preferably as small as possible.

The metal powder having a surface on which a
vitreous thin layer is formed is preferably made of
noble metal, such as silver, gold, platinum, or
palladium, or base metal, such as copper, nickel,
cobalt, iron, aluminum, molybdenum, or tungsten and
alloy or mixture thereof. The present invention is
particularly useful for an oxidizable metal from the
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provi de a sinple and inproved process for preparing such a powder. 20

According to one aspect of the present I nventi on, there is

provi ded a netal powder having a vitreous thin layer on at |east a
part of the surface thereof. In the present invention, the anount
of the 25 vitreous thin layer in the netal powder with a vi treous
thin layer is preferably 0.01 to 50% by wei ght based on the netal
powder wi t hout the vitreous thin layer. Throughout the specification,
t he amount of the vitreous thin layer is indicated 30 based on the netal
powder (excluding the vitreous thin | ayer), i.e., the weight of the

O o Ol Rentnt BEVEE eHBLEE R REVASE: B°EAL S dation.
However, the metal powder is not limited to the
oxidizable metal.

The powder of the present invention is
preferably prepared by a spray pyrolysis method. As
described in Japanese Patent Publication No.
31522/1988, Japanese Patent Laid-Open Nos. 172802/1994
and 279816/1994 and the like, in the spray pyrolysis
method, a solution containing at least one heat-
decomposable metal compound is atomized to form fine
droplets which are heated at a temperature above the
decomposition temperature of the metal compound,
preferably a temperature around the melting point of
the metal or above to heat-decompose the metal
compound, thereby depositing a metal or alloy powder.

This method can provide a metal or alloy powder
having good crystallinity, high density, and high
dispersibility and can easily control the particle
size. In addition, when a precursor of the oxide is
previously added to the metal compound solution as a
starting solution, the formation of the powder and the
coating of the glass can be simultaneously conducted,
advantageously eliminating the need to additionally
provide the step of coating. That is, the metal
powder prepared by the spray pyrolysis has good
crystallinity, has no significant defects in the
interior of the metal particle and hardly contains
grain boundaries. Therefore, the oxide deposited by
the heat decomposition is less likely to deposit in
the interior of the metal particle, expelled from the
interior of the metal particle, segregated in a high
concentration in the vicinity of the surface, and
vitrified. The deposited vitreous material relatively
evenly covers the surface and, hence, even when it is



-.6- I nvention, there is provided a process for preparing a

netal powder having a vitreous thin |ayer on at | east a part of the
surface thereof, conprising the steps of : bringing a solution
conprising at |east one heat- 5 deconposabl e netal conpound to fine
droplets; and heating the droplets to a tenperature above the
deconposition tenperature of the netal conpound, wherein at | east one
precursor of an oxide, heat- decopposabl e to produce a vitreous

mat erial which, 10 together with the netal, does not forma solid
solution, is added to the solution and the vitreous material is
deposi t ed, upgn t he heatln n|t the _surface_.of the

metal powder . Present in ?ug?ﬁéi a?ﬂ%“ﬁregéﬂt ?ﬂ9gﬁ??oﬁsp?o$P§§§ £9%5
conduct or paspeoteapinglﬁgethetaﬁtphrpbmﬁera@aynsg exidatignt apdus thin
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ceram c electronic co con ayer Tornmed using
t he paste. comp051tlon of the resultant particles is in agreement

with that of the metal composition in the starting
solution, making it easy to control the composition,
which in turn renders the spray pyrolysis method
suitable for the preparation of the powder of the
present invention.

In the process of the present invention, the
starting compound of the metal powder may be at least
one heat decomposable salt selected from the group
consisting of a salt of nitric acid, a salt of
sulfuric acid, a chloride, an ammonium complex, a salt
of phosphoric acid, a salt of carboxylic acid, a metal
alcoholate, and a metal resinate, or a doubie or
complex salt thereof. Use of a mixture of at least
two metal salts can offer an alloy or mixed powder.

The metal compound as the major component is
dissolved in water or an organic solvent, an alcohol,
acetone or an ether, or a mixed solvent thereof to
prepare a solution, and at least one oxide precursor
of the vitreous material is added to the solution.

The oxide precursor used in the present
invention produce through heat decomposition an oxide
which is hardly dissolved in the metal powder and can
be vitrified under metal powder producing conditions
according to the present invention. The oxide
precursor may be suitably selected from, for example,
boric acid, silicic acid, phosphoric acid, various
salts of boric acid, silicic acid and phosphoric acid,
heat-decomposable salts, such as a nitrate, a sulfate,
a chloride, an ammonium complex, a phosphate, a
carboxylate, an alcoholate, and a resinate of various

Sheet Has Been Replaced o e R
I 1KY EJI:.L[“

i | it




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS 20 The present

i nvention will be described in nore detail . In the present

i nvention, the term"netal powder"” refers to not only a powder of a

si npl e net al but also an alloy powder. 25 The vitreous thin

| ayer, when is present on the surface of the netal powder, functions
as a l|layer for protecting the netal against oxidation. The vitreous
thin layer according to the present. i ame¥ion may be an anor phous

| ayer or may be a crystal-containing 30 anorphous |layer so far as it has a
gl ass transition point and a gl ass softening point and can be fluidized

at a high te%ﬂllg,e'an@%o%ﬂlse Wt %ﬂfbfe?{r s%tﬁ:s thereof.

The mixed solution comprised of the metal
compound as the major component and the oxide
precursor is brought to fine droplets through an
atomizer, such as an ultrasonic atomizer or a twin-
fluid atomizer, followed by heating at a temperature
above the decomposition temperatures of the metal
compound and the oxide precursor to conduct heat
decomposition. Preferably, the heat treatment is
conducted at the melting point of the metal as the
major component or a higher temperature. However, a
temperature about 200°C below the melting point
suffices for the expelling effect. 1In particular,
when high density, uniform shape or the like is not
required, the heating temperature may be considerably
below the melting point. The atmosphere at the time
of heating may be suitably selected from oxidizing,
reducing and inert atmospheres depending upon the kind
of the metal and oxide precursor, heating temperature
and the like.

Regarding the amount of the oxide precursor
added, addition of the oxide precursor in an amount of
less than 0.01% by weight in terms of oxide based on
the metal powder cannot offer any effect. On the
other hand, when the amount of the oxide precursor is
excessively large, segregation is less likely to occur
on the surface. The amount of the oxide precursor
added, although it varies depending upon the density
of the vitreous material deposited, is preferably up
to about 50% by weight from the practical viewpoint.
It is particularly preferably in the range of from
0.05 to 20% by weight.

If necessary, after the formation of the powder,
at least a part of the vitreous thin layer deposited
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-7- vitreous thin layer to cover the whole surface of the met al

powder, and the deposition of the vitreous thin | ayer in an effective
anount suffices for the contenpl ated effect. Specifically, the anpount
of the 5 vitreous thin layer is about 0.01 to 50% by wei ght based
on the metal powder. The conponent formng the vitreous thin

| ayer produces oxi des, which is, when heat deconposed har dl y

di ssolves in the netal powder and can_Rhg_ 10 vitrified under metal powder
produci ng conditions according to the present invention. Exanples of
t hese conponents may be at | east one nenber selected from t he

Bl ndors 1 ¢ Pk tP HURERcEs OF Bhe| ovdBtaile Deofeloy st B2l ononts, such as
silicon, boromashlng,phasﬂhmﬁpsu-gﬁmmanmmmmoﬁlwpInagmldﬁeﬂthdﬁ,_alkal
M um 1t ancOReERe Sl e AR AN T S ehromi um
mol ybdenum t ungst &hick) £idanpasdss, rSaJtCél @&sr eh coindwsyhoy, dashe andd cobalt.

a resistor paste, comprising the metal powder of the

present invention as a conductive component may be

prepared by the conventional method. If necessary,

other conductive powders and inorganic binders, such

as glass powder, and other additives may be

incorporated into the metal powder of the present

invention.

The present invention will be described in more
detail with reference to the following Examples and
Comparative Examples.

Examples 1 to 3

Nickel nitrate hexahydrate was dissolved in
water to a nickel concentration of 50 g/liter, and
barium nitrate and boric acid were added to the
solution to prepare starting solutions containing
barium and boron in terms of BaO and B,03 based on the
nickel element specified in Table 1.

The starting solution thus prepared was brought
to fine droplets through an ultrasonic atomizer, and
the droplets were fed with the aid of a gas, regulated
to have a weakly reducing property, as a carrier into
a ceramic tube heated to 1,400°C in an electric
furnace. The droplets were heat decomposed in the
course of passing through a heating zone to prepare a
nickel powder containing barium oxide and boron oxide.

The resultant powders were collected and
analyzed by X-ray diffractometry. As a result, for
all the powders, any diffraction line other than
diffraction lines derived from nickel and a very small
amount of nickel oxide was not detected. When the
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The conposition and physical properties (e.qg., softening point) of the
vitreous thin | ayer nay be suitably regul ated according to the kind
and applications of the paste. Preferably, during the firing 25 of
the paste, the vitreous thin |ayer does not soften and fluidize the
tenperature reaches at | east t he deconposition tenperature of the
vehicle. This ‘enabl es the vehicle to be fully oxidation deconposed

and driven off w thout oxidizing the nejgl powder even 30 in an oxidi zing
at nosphere. Wien the softening point of the glass is properly
regul ated by controlling the conposition, the gl ass does not inhibit

the sintering of the netal owder at a_hj temer at yre .and r at her
accel er at es g powder was washedpwith a 5% diigge hggrochgoric acig,

dissolution of nickel hardly occurred, whereas the
amount of the additives in the powder after the
washing was reduced by at least 80%. This indicates
that the added barium and boron are segregated in a
high concentration on the surface of the nickel
particles and, as analyzed by X-ray diffractometry,
are found to be present in the state of amorphous
BaO-B,03 glass.

The oxidation initiating temperature and the
sintering initiating temperature of the powder were
evaluated by thermogravimetry (TG) in the air and by
thermomechanical analysis (TMA) in a reducing
atmosphere, and the results are given in Table 1. The
oxidation initiation temperature is the temperature
necessary for providing a 1% weight increase in the TG
measurement. The sintering initiation temperature is
the shrinking initiation temperature in the TMA
measurement.

Comparative Example 1

A pure nickel powder was prepared in the same
manner as in Example 1, except that neither barium
nitrate nor boric acid was added. The properties of
the resultant powder are given in Table 1.

Comparison of the results of Examples 1 to 3
with the results of Comparative Example 1 shows that
the presence of Ba0O-B,03 glass increases the oxidation
initiation temperature by 50 to 240°C, confirming the
effect of improving the oxidation resistance.
Further, the sintering initiation temperature also is
increased by 220 to 250°C to 590 to 620°C, indicating
that since the softening point of the BaO—BZO3 glass
having this composition is 600 to 610°C, the
sinterability of the powder can be regulated by



-8- - the sintering at the high tenperature. Specifically, as

with a glass powder usually incorporated as an I norgani c binder in a
paste, a glass, which, after the step of renoving the binder, softens
at a 5 relatively | ow tenperature, such as |ead borosilicate, | ead
zinc borosilicate, |ead alum num borosilicate, | ead cadm um
borosilicate, bismuth borosilicate, |ead borate, |ead zinc borate and
| ead ger manat e, rapidly softens and fluidizes to function as a 10
sintering aid. When use of the paste in an internal conductor

of a multilayer electronic conmponent or a multilayer substrate, or a
co-firable external conductor and the . |i ke is contenplated, a

conposi ti on, WRAEHbdhe sofieningrpind @f ithe vd txaqns Makerialaches a
relatively Exdnglle tenperature, may be sel ected. For exanple, use of

a material (e.g., lead silicate, zinc borat al kal i ne earth netal
borate, alkaline edt t’ff“fiﬁ]alpo‘”der el iac?ﬁaé’,‘%z%ﬁa@maﬁlﬁﬁmfm
silicate, al kdihe 2mfistcd tiormeifl iwee rEpesses ior tHee ddnkee ) manmerchagloes not

I P oo B o T Wllosum G TSI XD
tetrahydrate, aluminum nitrate nonahydrate, and boric
acid in respective amount in terms of CaoO, Al,03, and
B,03 based on the nickel element as specified in Table
1 were added.

The oxidation initiation temperature and the
sintering initiation temperature were measured in the
same manner as in Example 1, and the results are also
given in Table 1. As a result, the sintering
initiation temperature as measured by TMA was 770°C,
while the softening point of Ca0-Al,03-B,03 glass
having this composition was 735 to 800°C, here again
indicating that the sinterability of the powder can be
regulated by varying the softening point of the
vitreous material.

Example 5

A nickel powder having a Ba0-Si0O, glass on the
surface thereof was prepared in the same manner as in
Example 1, except that barium nitrate,
tetraalkoxysilane, and an alcohol, for dissolving the
tetraalkoxysilane, in respective amounts specified in
Table 1 were added.

The oxidation initiation temperature and the
sintering initiation temperature are also given in
Table 1.

Example 6

Copper nitrate trihydrate was dissolved in water
to a copper concentration of 50 g/liter, and barium
nitrate and boric acid in respective amounts in terms

of BaO-B,04 based on the copper element as specified
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the ceramic layer is densified to sonme extent, enabl es the co-firing
of a base netal conductor and 25 ceramc in an oxidizing atnosphere. In
the case of a pal | adi um conductor, oxidation during firing can be
retarded, preventing delam nation and cracking. Further, also
when there is no probl em of oxi dation of the netal powder, too early
initiation of 30 sintering of the netal powder and not the ceram c during
the co-firing of the netal powder and the_ceramc | ayer causes trhe
uncoi nci dence of sintering and shrinking behavi or between the net al
powder and the ceramc, creating structural defects, such as

del am nati on and . -9- )
in Table 1 were added to prepare starting solutions.

The procedure of Example 1 was repeated to bring the
solution to fine droplets, followed by heat
decomposition at 1,100°C to prepare a copper powder
with BaO-B,03 glass present on the surface thereof.

The oxidation initiation temperature and the
sintering initiation temperature of the resultant
powder are given in Table 1.
Comparative Example 2

A pure copper powder was prepared in the same
manner as in Example 6, except that neither barium
nitrate nor boric acid was added.

The oxidation initiation temperature and the
sintering initiation temperature are given in Table 1.



cracki ng, and warpage of the nmultilayer ceramc substrate. In this

case, use of a vitreous material, whi ch does not soften until the
sintering initiation tenperature of the ceramc layer, can inhibit 5
sintering of the netal powder to delay the initiation of sintering,
preventing del am nation, cracking, etc. In any of the above
cases, after firing, the glass is noved fromthe surface of the netal
powder to t he substrate or dielectri,c | ayer side and is present 10 in
the interface between the substrate or "dielectric |ayer and the
conductor film enhancing the adhesi on between t he substrate or
dielectric layer and the conductor film The presence of
glass in a relatively large 15 anount on the surface of the nmetal powder
poses no probl em when the netal powder is used for a usual t hi ck
fil mconductor paste. The presence of the gl ass in an excessively |arge
anount increases the anount of the content of the insulating conponent
inthe fired 20 film often sacrificing the conductivity and
solderability of the film and other properties, thereby necessi tating
proper regul ation of |thg ganpunt of the dl ass laccprding to the
application and neceq gagg
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properties. In particular, when the netal powder is 25 wused for an

I nternal conductor of a nultilayer conponent, the anount of the gl ass
on the surface of the netal powder is preferably as.small. as_possible.
The metal powder having a surface on which a vitreous thin layer is
formed is preferably made of a 30 noble netal, such as f Has hdhmhwd
pl ati num or pal | adi um or Abase netal, such as copper '

cobalt, iron, alum num nolybdenum 0L1gungsten and an ture
t hereof . The present invention is particul arly useful for an OX|d|za e
metal fromthe -10-

In the metal powder having a vitreous thin layer
on the surface thereof according to the present
invention, even in the case of an easily oxidizable
metal, such as a base metal, oxidation during storage
and firing of the paste can be effectively prevented.

In particular, selection of glass, which is not
fluidized until the temperature becomes high, enables
even a base metal paste to be fired in an oxidizing
atmosphere throughout the whole step, realizing a low
cost and eliminating the need to carefully control the
atmosphere and the temperature. This enables the
preparation of a product which, even when used in a
multilayer component, causes no deteriorated
dielectric properties and has high reliability.

Further, selection of the composition of the
vitreous material enables functions, such as
retardation or acceleration of the sintering of the
paste and improvement in adhesion, to be properly
regulated, realizing the preparation of a conductor
£ilm having excellent adhesion without sacrificing the
conductivity, solderability and other properties.
Since the vitreous material is fluidized and removed
from the surface of the powder after the sintering,
the influence on the properties is lower than that in
the conventional coating or addition of an oxide.

Further, when the paste and the ceramic are co-
fired, the glass can serve to prevent the oxidation
and, in addition, serve as a layer for protecting the
metal powder against sintering. Bringing the
shrinking behavior in sintering of the metal powder to
that of the ceramic layer enables the preparation of a
multilayer component and a multilayer substrate free
from a structural defect.

Further, according to the spray pyrolysis methocd
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vi ewpoi nt of the effect of preventing the oxidation. However, the netal
powder is not limted to the oxidizable netal. The powder of the
present invention is preferably prepared by a spray pyrolysis nethod. As
descri bed in Japanese Patent Publication No. 31522/1988, Japanese Patent
Lai d- Open Nos. 172802/1994 and 279816/ 1994 and the like, in the spray
pyrol ysis nethod, a solution containing at | east one heat- deconposabl e
nmetal compound is atom zed to formfinejglroplets which are heated at a

t enperature above the deconposition tenperature of the nmetal conpound,
preferably a tenperature around the nmelting point of the metal or above to

h d h d,.th d |
poncor TS A 1 SEERHLY VS TR Hohi ¢ (9 SRRaErREN ng good

crystalIinity'C¢mgpnemm51syprewmb¢s@ﬂ1aﬂégdwtﬂkﬁI$tquHMgcamlehsohy contro
the particle sid 4 R4 0P Er QORE W Dlydde QX1 Pl gupreviously
ound SO 28 ]

added to the on as a starting utron ormation
of the powder WQWW&%WO@%W@E@W% in remeapbage| §PTaNduct ed,
advantageouslypfiéigfgglng the need to additionally provide the step of

coating. That is e netal powder prepared by the spray pyrolysis has good
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crystallinity, has no significant defects in the interior of the netal
particle and hardly contains grain boundaries. Therefore, the oxide
deposited by the heat deconposition is less likely to deposit in the
interior of the netal particle, expelled fromthe interior of the netal
particle, segregated in a high concentration in the vicinity of the
surface, and vitrified. The deposited vitreous material relatively evenly
covers the surface and, hence, even whegp it is present
in a small anmount, can function as a |ayer for protecting the netal
particle agai nst oxidation and

WHAT IS CLAIMED IS:

1. A metal powder having a vitreous thin layer
on at least a part of the surface thereof.

2. The metal powder according to claim 1,
wherein the amount of the vitreous thin layer is 0.01
to 50% by weight based on the metal powder, excluding
the vitreous thin layer.

3. A process for preparing the metal powder
according to claim 1, comprising the steps of:
bringing a solution comprising at least one heat-
decomposable metal compound to fine droplets; and
heating the droplets to a temperature above the
decomposition temperature of the metal compound,
wherein at least one precursor of an oxide, heat-
decomposable to produce a vitreous material which,
together with the metal, does not form a solid
solution, is added to the solution and the vitreous
material is deposited, upon the heating, in the
vicinity of the surface of the metal powder.

4, A conductor paste comprising the metal
powder according to claim 1.

5. A multilayer ceramic.electronic component
comprising a conductor layer formed using the
conductor paste according to claim 4.

6. A multilayer ceramic substrate comprising a
conductor layer formed using the conductor paste
according to claim 4.

. R O A R



sintering. In‘the spray pyrolysis nethod, the netal conposition of the
resultant particles is in agreenent 5 wth that of the netal conposition
in the starting solution, naking it easy to control the comnposition,
which in turn renders the spray pyrolysis nethod suitable for the
preparation of the powder of the present invention. 10 In the
process of the present invention, the starting conpound of the netal
powder nay be at | east one heat dgconposable salt selected fromthe
gr oup consisting of a salt of nitfic¢ acid, a salt of sul furic
acid, a chloride, an ammoni um conplex, a salt 15 of phosphoric acid, a
salt of a carboxylic acid, a netal al cohol ate, and a netal resinate,
or a double or conplex salt thereof. Use of a m xture of at |east

two netal salts can offer an alloy or m xed powder. The neta
conpound as the mgjor conponent is 20 dissolved in water or an organic
sol vent, an al cohol, acetone or an ether, or a m xed sol vent thereof
to prepare a solution, and at | east one oxi de precursor of the
vitreous material is added to the solution. The oxi de precursor
used in the present 25 invention produce through heat deconposition an

oxi de whi ch haME#AL GOWDER @D IPROTESSEFOR FREFARING] THR SAME be
vitrified under metal powder producing conditions

ABSTRACT OF THE DISCLOSURE -

A metal powder having a vitreous thin layer on
at least a part of the surface thereof wherein the
amount of the vitreous thin layer is preferably 0.01
to 50% by weight based on the metal powder excluding
the vitreous thin layer. The metal powder is prepared
a process comprising the steps of: bringing a solution
comprising a heat-decomposable metal compound to fine
droplets; and heating the droplets to a temperature
above the decomposition temperature of the metal
compound, wherein a precursor of an oxide, heat-
decomposable to produce a vitreous material which,
together with the metal, does not form a solid
solution, is added to the solution and the vitreous
material is deposited, upon the heating, in the
vicinity of the surface of the metal powder. The
powder is useful for the preparation of a thick film
paste used in a multilayer ceramic electronic
component or substrate, since it has an excellent
oxidation resistance during storage, in a conductor
paste, and during firing of the paste.



accoraing to the present invention. The oxide precursor may be SU|t£8ﬁV“‘”
selected from for exanple, 30 boric acid, silicic acid, phosphortc éﬁ?d

vari ous salts of boric acid, silicic acid and phosphorlc aci.d, -
heat - deconposabl e salts, such as a nitrate, a sulfate, a chlorlde P
ammoni um conpl ex, a phosphate, a carboxyl ate, an alcoholate .aﬂd-angggﬁ
resinate of various -12- o
metal s, _and doubl e or conpl ex salts thereof. The mil xed--sol-ut-i-on-——r
conpr|5|ng t he net al conpound as’ the mmj or conponent and the oxide

precursor is brought to fine droplets through an 5 at om zef-~—sueh-as—an
ul'traspnic atom gl Bod¥EE AND PROCESS FOR PREPARING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention ig&gﬁsz to a novel metal
powder -suitakle partlcularly for a thick film paste
5 and a process for preparing the same, and also to a
conductor paste using the metal powder and a
multilayer electronic component or a multilayer
substrate comprising a conductor formed using the

paste.

10 2. Description of the Prior Art

In the field of electronics, thick film pastes,
such as conductor pastes and resistor pastes, have
been used for the production of electronic circuits
and components, such as resistors, capacitors, and IC
15 packages. The thick film paste is prepared by
homogeneously mixing and dispersing a conductive
' e powder, such as a metal, an alloy, or a metal oxide,
optionally together with a vitreous binder or other
additive(s), in an organic vehicle to prepare a paste.
20 It, after application onto a substrate, is fired at a
- high temperature to form a conductor film or a
resistor film. |

Conductive metal powders which are commonly used
in the conductor paste of the resistor paste include
25 powders of noble metals, such as silver, gold,
platinum, and palladium, and base métals, such as
copper, nickel, cobalt, iron, aluminum, molybdenum,

and tungsten, or alloys of the above metals.




fl uid atomizer, foll.owed by heating at a tenperature above the
deconposition tenperatures of the netal conpound and tfig. OXi,de: -z
precursor to conduct heat deconposition. Preferably, t éfﬁgg .
treatnent is 10 conducted at the nelting point of the nmetal as the___ .-

. . T, b4 Sasisg
maj or conponent or a higher tenperature. However, a te I‘aﬁﬁlrfé'i---ab‘ddg
200[ err] C bel ow the nelting point suffices for the expelliing.effect-
In particular, when a hi gh density, uniform shape or tHe Tike is not

15 rgquired, the heating tenperature ‘may be considerably |{___below-the
melting point. The atnosphere at the tine of heating may be suitably
sel ectjed from oxi di zi ng, reduci ng and inert atnospheres dependi ng upon
t he kilnd of tAwongtbhemndinxparet ipwkarsdasadgtal POMRRF Rt ure 20 and

the lilke. are 1ik&EPpPa#dipe L@ MuPing M rOxidgleand £ heEBnes, added,
addi tijon of the oxéde precursor |n an aqﬁgpt of |%§S than 0.01% by
wei ght] i n t er?R218d 3B RPFHRIPHHRI AtNQFRNGRS 15 IR SRR FHR Sffer any
effect] On theeRdving helie loimidenhat 4 hperperaitumd dheuswallky palbowt sor is
excessp vely l?t%(ggtoS@(%egatfgncéﬁpigéé%myaétﬁ]%}g 'organf& the surface.

The anourt ~ of oxi de pfecursor It-varres dependi ng
upon tlhe densveljicle bt the pasteousThexeafter ddgwytawe firedeimrably up

30 tg about H0%hyr¥ebihtedhOing NetbSHdLR] U@V Nhitrogen or
hydrogen-nitrogen, and, if necessary, the metal, which
has been oxidiag?dggiﬁkg step of removing the binder,
e 10 is subjected toAreduction treatment. However,
oxidation of the base metal to some extent is

unavoidable,even by the above 2252@3&16?&%§ting in cu
deteriorated conductivity and setdabiiity.” Further,
reduction as the post treatment and strict control of
15 the atmosphere and firing parameters are necessary,
leadingltoiéomplicated process and increased cost.
Therefore, at least the oxidation of the metal powder

urin
gh; e step of removing the binder in an oxidizing

atgosphere should be minimized.

20 In multilayer ceramic electronic components,
such as multilayer capacitors, an unfired dielectric
layer and an internal conductor paste layer are
alternately put on top of the other to form a
plurality of layers, and these layer are then co-fired

25 at a high temperature. 1In this case, ceramics used as

- a dielectric material, such as barium titanate,
titanium oxide, and a composite pérovskite containing
lead, when fired in a reducing atmosphere, causes @9
oxygen deficiency, frequently resulting in

30 deteriorated dielectric properties, which poses a
reliability problem. Therefore, firing in an
oxidizing atmosphere is preferred until the
temperature reaches a value at which the ceramic layer

is sintered and densified. For this reason, the




It ié,particularly preferably in the range of from 0.05 to 20% by

wei ght . | f necessary, after-the formation of the powdef——ato———
| east a part of the vitreous thin |layer deposited REPLACESENT SHEET
- 13- on the surface of the powder nmay be renoved by] rwenashi-Rg—
etching or other nethods to regulate the coverage of Lhe yifl rgqusathiin
| ayer. Thick filmpastes, such as a conductor paste and 5 &
resisjor paste, conprising the metal pgwder of the pr esent—tnvent-tomr

as a fonductive conmponent may be prepared by the conventional nethod.

| f negessary,
development of a base metal paste as an internal
conductor material, which can be fired in an oxidizing
atmosphere, has been desired in the art.

On the other hand, also in the case of a noble

5 metal powder, when a metal (for example, palladium or
palladium alloy), which is oxidized at a relatively
low temperature and then is reduced by further heating
to a higher temperature, is used as an internal
conductor of a multilayer ceramic component or as an

~ 10 internal wiring conductor of a multilayer ceramic

substrate, volume expansion of the electrode derived

from oxidation of thé metal and subsequent reduction

shrinkage occur during firing. It is known that this

15 behavior the sintering of the ceramic layer and,

volumetﬁﬁia%e is not coincident with the shrinking
hence, is likely to cause delamination and cracking.
This problem occurs also in the case of the above
easily oxidizable base metals, such as copper and
nickel. Therefore, in both the noble metal and base

20 metal, the oxidation and reduction of the metal powder
during the firing is preferably inhibited as much as
possible.

~ As described in Japanese Patent Publication No.
16041/1985 and Japanese Patent Laid-Open Nos.

25 131405/1988 and 194137/1990, addition of an element or -
a metal oxide, which is selectively oxidized during
firing, to a conductor paste has been attempted to
prevent the oxidation of the metal powder. Depending
upon the mixed state of the paste, however, the

30 additive does not effectively act on the surface of
the metal powder. Therefore, when the amount of the
element or the metal oxide is small; the antioxidation
effect is unsatisfactory. On the other hand, addition
of a large amount of the element or the metal oxide




ot her “conductive powders and inorganic binders, such 15— -ass gmg§5%TT
| B e e

and other additives may be 10 .incorporated into the netal| FoRbss.of:<t FE+
pr esent i nventi on. The present invention wil] be-described |
in nore detail with reference to the followi ng Exanpl ep ?ndg crr 10
Conpar ati ve Exanples. 15 Exanples 1 to 3 Ni ckel {niitrate |
hexahydrate was di ssol ved in water to a nickel concent a*ﬁﬁﬁ”ﬁ?“ﬁﬁ”ﬂm
g/liter, and bariumnitrate and_Raric acid were added {o the

sol utjion to prepare starting solutions containing 20 bari uimi and boron in

t he florm of BaO and agerr]CIerr] based on the ni 56|6@££ t specified
in Table 1. The starting solution, thus r§§§ @H, _' ought

to fijne dropftepdst kradgheziomatess sondugtd i ¥r?n§n PSS et s were
1 th theiacteaked dapuri¢delsatted ddteribeahavéhe mableyttﬁwaﬁwgfﬁe.

property, as rrier, i ac (¢ tu h L. 400[err]C in an
el ectfic eiF%rﬁ égF ?%@%SPSBFEVS &é%ghﬁgawgégcgﬁkggeégﬂ#ethe course
ssing t brodygiced Quatingg figiagt dnpibpisgsanteringi ofeftheowddal

| NI BY bggbﬁ ,XbQ%eﬁnﬁaﬂﬁhgniQXH%?oséQb%F to pIbeiesul tant powders
were [col lect an .analyzed by X-ray diffractonetry. As a result, for
al | the powd€pgdughprdfifmebpvdng sadisfrstorpdy low resistance.

Further, there is a method, as described in
Japanese Patent Laid-Open No. 120640/1979, wherein an
element, which is preferentially oxidized to form a

N 10 vitreous material, such as carbon, boron, silicon or
aluminum, is alloyed with a conductive metal. Sinees
However

howeveY, the alloying element remains in the conductor
film after the firing, increasing the resistivity of
the resultant conductor. Further, vitrification

15 during the firing requires heat treatment at a
temperature considerably above the softening
temperature of the glass, making it difficult to
control firing conditions and the regulation of the
composition and amount. Further, at the present time,

20 there are few processes which can efficiently prepare
a fine alloy powder of a submicron size necessary for
a reduction in thickness of the conductor layer and a

e reduction in resistance.

Japanese Patent Laid-Open No. 43504/1992

25 proposes a method wherein the surface of a metal
powder is coated with a metal oxide. This method,
however, is unsatisfactory in the antioxidation
effect. Further, during the firing, the metal oxide
inhibits the sintering of the metal powder.

30 Furthermore, as a matter of fact, it is difficult to
effectively coat the surface of the fine metal powder
with the metal oxide, and strong aggregation is often
created under some treatment conditions.




diffraction lines derived from nickel and a very smal | anount of
ni ckel oxi de was not detected. \WWen the

-14- powder was washed with a 5% dilute hydrochloric a |qm,qg&soluléquow
ni ckel hardly occurred, whereas the anmount of the additi g““ﬂ“ﬁe"p
after the washing was r educed by at |east 80% This indi ies that™ tﬁe
added barium and boron are segregated in a high concentratilorf ®nTERe:
surface of the nickel particles and, as analyzed by X-ra d
are fdund to be present in the state g? anor phous BaO B203 gl ass. The
oxi datfion initiating tenperature and the : ,

i

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a metal powder which is highly resistant to oxidation ,
not only during storage of the powder but also in the

5 form of a paste or during firing of the paste and, in
particular, during firing, is not oxidized until the
temperature reaches a value at which at least the
organic vehicle is fully burned out and removed.

Another object of the present invention is to

10 provide a metal powder which does not undergo
oxidation until the sintering at a high temperature is
completed, preferablfehabh firing to be conducted
in an oxidizing atmosphere while controlling the
sintering behavior of the metal and, in addition, when

15 used in multilayer components, does not create defects
such as delamination and cracking.

A further object of the present invention is to
provide a simple and improved process for preparing
such a powder.

20 According to one aspect of the present
invention,

~ there is provided a metal powder having a vitreous
thin layer on at least a part of the surface thereof.

In the present invention, the amount of the

25 vitreous thin layer in the metal powder with a
vitreous thin layer is preferably 0.01 to 50% by
weight based on the metal powder-g;%igding the
vitreous thin layer. Throughout the specification,
the amount of the vitreous thin layer is indicated

30 based on the metal powder (excluding the vitreous thin
layer), i.e., the weight of the major metal of the
powder, unless otherwise specified.

According to another aspect of the present




sintering initiating tenperature of the powder were eval uated.by. ... _
thernogravinetry (TG in the airr and by thernonmechani cal Fﬁg@ygrSF EMVRHHEET

a reduci ng atnosphere, and the results are given in Tabl e} 1,..The.oxi-dat+en
initiation tenperature is the tenperature necessary for pfoviding.a,L¥%s
wei ght increase in the TG measurenment. The sintering initiation tenperatufe
Is the shrinking initiation tenperature in the TMA neasur énent-. Conparatt+ve

Exanmpl e 1 A pure nickel powder wgs prepared in the s?ne manner as in
Exanplfe 1, except that neither bariumnitrate nor boric acteé-was-added—Te”
propenties of the resultant powder are given in Table 1. Conpari son of

th | t f_Ex I to 3 wWith the.results of nparative Exanple 1
shgmgefﬁatstﬁgvspgggﬁgzt rgaéﬁBfﬁgvégﬁgsaiREPES§§sggﬁep5?P&£PP8na

i.nitigtion teebslapowdebyhb¥ing 240fitrebGs thiuhi layeg bheatfl fleaktof

Lohperlat ure Sl Bor Ce Onereasan sav S sheLEbs s pahPRiSiibckhRls sy o1 e

i ndi cdting tRAf brisgingeasspiufing pomprisinghatBieaB208®ngl Asstkaving this

conpoqi tion gecbRBokabliOmatalCcomBeunlnter abhki B¥ophetBe Rawder can be

regul gted byheating the droplets to a temperature above the
decomposition temperature of the metal compound,
wherein at least one precursor of an oxide, heat-
decomposable to produce a vitreous material which,

10 together with the metal, does not form a solid
solution, is added to the solution and the vitreous
material is deposited, upon -the heating, in -the,
vicinity of the surface of the metal powder.

Further, the present invention provides a

15 conductor paste comprising the metal powder having a
vitreous thin layer on at least a part of the surface
thereof and a multilayer ceramic electronic component

comprising a conductor layer formed using the paste.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 The present invention will be described in more

~ detail.

In the present invention, the term "metal
powder" refers to not only a powder of a simple metal
but also an alloy powder.

25 The vitreous thin layer, when is present on the
surface of the metal powder, functions as a layer for
protecting the metal against oxidation. The vitreous
thin layer according to the present invention may be
an amorphous layer or may be a crystal-containing

30 amorphous layer so far as it has a glass transition

point and a glass softening point and can be fluidized

at a high temperature. There is no need for the




-15-° varying the softening point of the vitreous materiat:

Exanpl e 4 A ni ckel powder ‘having a CaO A1203- B2 3Wg Vidds el SHE FT
the surface thereof was prepared in the same manner as 5 I Exanpte—t
except that calciumnitrate. tetrahydrate, alum num niftriates rren 206
nonahydrate, and boric acid in respective anounts in tqrns of "Cal,
A1203, and Blerr]Jerr] based on the nickel elenent as specified-rm
Tabl e 1 were added. 10 Theyoxidation initiati¢én tenperature and
the ¢ sintering initiation tenperature were neasured in the sane

manner|{ as in Exanple 1, and the results are al so
1 vitreous thin layer to cover the whole surface of the
metal powder, and the deposition of the vitreous thin
layer in an effective amount suffices for the
contemplated effect. Specifically, the amount of the
5 vitreous thin layer is about 0.01 to 50% by weight
based on the metal powder.

The component forming the v1treousd é(:clg.g ]éaslé. =
produces oxides, which is, when heat-éeeempqg;t*en
hardly eggﬁﬁiéﬁé in the metal powder and can be

L 10 vitrified under metal powder producing conditions
according to the present invention. Examples of such-
components may be at least one member selected from
the group consisting of glass components commonly used
as inorganic binders in thick film pastes, for

15 example, oxides of elements, such as silicon, boron,
phosphorus, germanium, tin, lead, bismuth, alkali
metals, alkaline earth metals, copper, zinc, cadmium,
aluminum, indium, titanium, zirconium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten,

20 manganese, rare earth elements, iron, and cobalt.

The composition and physical properties (e.g.,

softening point) of the vitreous thin layer may be
S suitably requlated according to the ki %,and

applications of the paste. Preferably,u!n the firin

25 of the paste,. the vitreous thin 1ayer-§§§ﬁ%t-se§t§§2§ﬁad
4&a*3§2§é-unt11 the temperature reaches at least

the decomposition temperature of the vehicle. This

enables the vehicle to be fully oxidation decomposed

and driven off without oxidizing the metal powder/even
30 in an oxidizing atmosphere.

When the softening point of the glass is

properly regulated by controlling the composition, the

glass does not inhibit the sintering of the metal

powder at a high temperature and rather accelerates




given in Table 1. As a result, the sintering initiatiang
measured by TMA was 770[err]C, .15 while the softening porntm@Lm
CaO A1203-B203 gl ass having this conposition was 735 td 800 e
again indicating that the sinterability of the powder dgan b
regul ated by varying the softening point of the vi treoys na$@W44ﬂ»méuL_
Exanple 5 A ni ckel powder having a BaO- Si 2 gl as§ on the

surface thereof was prepared in the sage manner as in Exarpt-e—d-
excepte that bariumnitrate, tetraal koxysi |l ane, and an al cohol, for

di ssoljving the 25 tetraal koxysilane, in respective anmounts specified I n
Table |1 “ere|?99 | ati t re and the
sinterfing initiatl ont?rlr’rp%r a‘t-' uglgga}?@}gf%éoﬁ%ﬁﬂva}# ) %peﬁlr%}%ﬁlf '
Exanplie 6 as with @)mﬂeaswmmiertuswwbﬂnat:@mqﬁmm am wat er _
to a copper Wﬂﬁ'ﬁh&ér%%'ﬁé@l{e, 8&161;1%,, Mhich, LS eRQd boric

acid ip respectlve anmpunts, in ter [ ?ﬁ&msr]cﬁerr based on the
copper| el eneriter %ﬁ)e‘fﬁ“?‘?‘é’d‘g the blnder, ..Ls_.soﬁi.aned- at a

5 relatively low temperature, such as lead borosilicate,

lead zinc borosilicate, lead aluminum borosilicate,
lead cadmium borosilicate, bismuth borosilicate, lead
borate, lead zinc borate, and lead germanate, -4s-
rapidly ten and { fe to function as a

“ 10 sintering aid. '

_ When use of the paste in an internal conductor
of a multilayer electronic component or a multilayer
substrate, or a co-firable external conducgfr and the
like is contemplated a composition, which #s- not

15 4H£A£an4§ ntil the temperature reaches a relatively
high temperature, may be selected. For example, use
of a material (e.g., lead silicate, zinc borate,
alkaline earth metal borate, alkaline earth metal
borosilicate, alkaline earth metal silicate, alcié%

20 meti%qgﬁr05111cate glasses or the like), which 48 not

and is present on the surface of the powder
to continuously exhibit the antioxidant action until

A the cera éf layer is densified to some extent,
enables co-firing of a base metal conductor and
ceramc, N

25 ceramics in an oxidizing atmosphere. In the case of a
palladium conductor,; oxidation during firing can be
retarded, preventing delamination and cracking.

Further, also when there is no problem of
oxidation of the metal powder, too early initiation of

ﬂc#ihe ceramic during

30 sintering of the metal powdef4
the co-firing of the metal powder and the ceramic
layer causesAuncoincidence of sintering and shrinking
behavior between the metal powder and the ceramic,

creating structural defects, such as delamination and




-16-" in Table 1 were added to prepare starting sol utions.

of Exanple 1 was repeated to bring the solution to finef
by heat deconposition at 1,100[err]C to prepare a coppe

The procedure

%
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BaO B203 gl ass present on the surface thereof. The oﬁldatlon

initiation tenperature and the sintering initiation te
resul tant powder are given in Table 1. Conparative Exa IJ 2 AU _
copper powder was prepared in the samg_manner as in Exagple 6, except that

atiu® e B ﬂﬁ@

D

neither bariumnitrate nor boric acid was added. The_oxi.dati.on
initifition tenperature and the

20

25

30

g

cracking, and warpage of the multilayer ceramic:
substrate. In this case, use of a vitreous material,
which does not soften until the sintering initiation
temperature of the ceramic layer, can inhibit
sintering of the metal powder to delay the initiation
of sintering, preventing delamination, cracking, etc.
In any of the above cases, after firing, the
glass is moved from the surface of the metal powder to
the substrate or dielectric layer side and is present
in the 1nterface%§¥'thq+iubs rate or dielectric layer
and the conductor fllm,Aenhan01ng the adhesion between
the substrate or dielectric layer and the conductor

" £ilm.

The presence of glass in a relatively large
amount on the surface of the metal powder poses no
problem when the metal powder is used for a usual
thick film conductor paste. The presence of the glass
in an excessively large amount increases the amount of
the content of the insulating component in the fired
film, often sacrificing the conductivity and
solderability of the film and other properties,fher
necessitating progiﬁ regulation of the amount of the
glass according to appllcatlon$ and necessary
properties. In particular, when the metal powder is
used for an internal conductor of a multilayer
component, the amount of the glass on the surface of
the metal powder is preferably as small as possible.

The metal powder having a surface on which a
vitreous thin layer is formed is preferably made of Ao
noble metal, such as silver, gold, platinum, or
palladium, orApase metal, such as copper, nickel,
cobalt, iron, aluminum, molybdenum, or tungsten/and an
alloy or mixture thereof. The present invention is

particularly useful for an oxidizable metal from the

4



sintering initiation tenperature are given in Table 1.

[err]
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present in a small amount, can function as a layer for
protecting the metal particle against oxidation and
sintering. 1In the spray pyrolysis method, the metal
composition of the resultant particles is in agreement
with that of the metal composition in the starting
solution, making it easy to control the composition,
which in turn renders the spray pyrolysis method
suitable for the preparation of the powder of the
present invention.

In the process of the present invention, the
starting compound of the metal powder may be at least

‘one heat decomposable salt selected from the group

consisting of a salt of nitric acid, a salt of
sulfuric acid, a chloride, an ammonium complex, a salt
of phosphoric acid, a sal%,oﬁi%érboxylic acid, a metal
alcoholate, and a metal resinate, or a double or
complex salt thereof. Use of a mixture of at least
two metal salts can offer an alloy or mixed powder.

The metal compound as the major component is
dissolved in water or an organic solvent, an alcohol,
acetone or an ether, or a mixed solvent thereof to
prepare a solution, and at least one oxide precursor
of the vitreous material is added to the solution.

The oxide precursor used in the present
invention produce through heat decomposition, an oxide
which dis hardly dlssolve& in the metal powder and can
be vitrified under metal powder producing conditions
according to the present invention. The oxide
precursor may be suitably selected from, for example,
boric acid, silicic acid, phosphoric acid, various
salts of boric acid, silicic acid and phosphoric acid,
heat-decomposable salts, such as a nitrate, a sulfate,
a chloride, an ammonium complex, a phosphate, a
carboxylate, an alcoholate, and a resinate of various



In the metal powder having a vitreous thin |ayer on the.swface
t hereof according to the present, - invention, even in khﬁwcaﬁaﬁgwi&hwti
easily oxidizable metal, such as a base netal, oxidalig -du@+ng~»-u-
storage 5 and firing of t he paste can be effectlvely p eve %.q 961
In particular, selection of the glass, which is not L ed’ ¢
the tenperature becones high, enables even a base Fmﬁ&SFe“F@“be'
fired in an oxidizing at nospher-g 2-hr oughout t he mh e step, reali zi ng
alowl1l0 cost and elimnating the need to carefully cont-rot t-tre
at nosphere and the tenperature. This enables the preparation of a
produgt whic I 1 GQ nent, causes no
deterjforat edq“et'%lfé1 ctdr{?'%sj]bropercfom%oéw grmtasyq! i %gipel i abi | | ty. 15
Furt her, selectlcnﬂhﬁ nired o3pbst ion hh&rm&hﬁilﬂaterlal enabl es
functions, sudnfisund as MEA& RO CHpAHER! o 19k Yxidie sintering of the
steland i nprovenent in adhesion, to be properl
pa m%:recursor is brought 'to f1ne‘%ré§le€g through an
5 atomizer, such as an ultrasonic atomizer or a twin-
fluid atomizer, followed by heating at a temperature
above the decomposition temperatures of the metal
compound and the oxide precursor to conduct heat
decomposition. Preferably, the heat treatment is
. | 10 conducted at the melting point of the metal as the
major component or a higher temperature. However, a
temperature about 200°C below the melting point
sufféfes for the expelling effect. In particular,
wheeAhigh density, uniform shape or the like is not
15 required, the heating temperature may be considerably
below the melting point. The atmosphere at the time
of heating may be suitably selected from oxidizing,
reducing and inert atmospheres depending upon the kind
of the metal and oxide precursor, heating temperature
20 and the like.
Regarding the amount of the oxide precursor
- added, addition of the oxide precursor in an amount of
e

less than 0.01% by weighelin terms of oxide based on
the metal powde;)cannot offer any effect. On the
25 other hand, when the amount of the oxide precursor is
excessively large, segregation is less likely to occur
on the surface. The amount of the oxide precursor
added, although it varies depending upon the density
of the vitreous material deposited, is preferably up
30 to about 50% by weight from the practical viewpoint.
It is particularly preferably in the range of from
0.05 to 20% by weight.
If necessary, after the formation of the powder,

at least a part of the vitreous thin layer deposited




regul ated, realizing the preparation of a conductor 20 f i eV g -afe————
excel | ent adhesi on wi thout sacrificing the conductivity,&§éﬁﬁﬁﬁ%&ﬁISHEEr

and ot her properties. Since the vitreous material is fjl uidrzed-ant-————
renoved fromthe surface of the powder after the sintdrijngje W
i nfluence on the properties is lower than that in 25 theicdnventional
coating or addition of an oxide. Furt her, when the paste& andt
ceranm c are co- fired, the glass_ggan serve to prevent -{he oxidation
and, Tn addition, serve as a |layer for protecting the met al powder Sam
agai ngt sintering. Bringing the 30 shrinking behavior in sintering of the

net al |powder to that of the ceramc | ayer. enables the preparation of a

mul tillayer cAorRaitSERtRee of t theRevdenhtdnike rremoved by rom a structural
def ect]. washifg| t &€thing COF dbEiget Oné fEo& S Vr&y i DA s i Bhaet hod

coverage of the vitreous thin layer.

Thick film pastes,'such as a conductor paste and
5 a resistor paste, comprising the metal powder of the
present invention as a conductive component may be
prepared by the conventional method. If necessary,
other conductive powders and inorganic binders, such
as glass powder, and other additives may be
N 10 ‘incorporated into the metal powder of the present
invention. '

The present invention will be described in more
detail with reference to the following Examples and
Comparative Examples.

15 Examples 1 to 3

Nickel nitrate hexahydrate was dissolved in
water to a nickel concentration of 50 g/liter, and
barium nitrate and boric acid were added to the
solution to prepare‘ﬁﬁgrt%pg solutions containing

20 barium and boron,in 8% Ba0 and Bzo3lbased on the
nickel element specified in Table 1.
The starting solution thus prepared was brought
~ to fine droplets through an ultrasonic atomizer, and
the droplets were fed with the aid of a gas, regulated
25  to have a weakly reducing property, as a carrier into
a ceramic tube heated to 1,400°C in an electric
furnace. The droplets were heat decomposed in the
course of passing through a heating zone to prepare a
nickel powder containing barium oxide and boron oxide.
30 The resultant powders were collected and
analyzed by X-ray diffractometry. As a result, for
all the powders, any diffraction lihe other than
diffraction lines derived from nickel and a very small
amount of nickel oxide was not detected. Wwhen the
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used in the present invention, when a'glass f of MG prerge

b { _!'____E'T‘ [93 0- w oly’
conponent is previously added to a starting sol ution, met al -~ Jh A EET
havi ng vitreous thin | ayers of various conposi tions chn{be sinply,..
prepared by one-stage spray 5 pyrolysis. 18 FpR il
- 20- VWHAT IS CLAIMED | S

15

20

p_—

25

30

-15-

varying the softening point of the vitreous material.
Example 4

A nickel powder having a Ca0-Al,03-B;03 glass on
the surface thereof was prepared in the same manner as
in Example 1, except that calcium nitrate
tetrahydrate, aluminum nitrate nonahydrate, and boric
acid in respective amountgin terms of CaO, Al,03, and
Bzo3lbased on the nickel elementlas specified in Table
1 were added.

The oxidation initiation temperature and the
sintering initiation temperature were measured in the
same manner as in Example 1, and the results are also
given in Table 1. As a result, the sintering
initiation temperature as measured by TMA was 770°C,
while the softening point of Ca0-Al1,03-B;03 glass
having this composition was 735 to 800°C, here again
indicating that the sinterability of the powder can be
regulated by varying the softening point of the
vitreous material.

Example S5

A nickel powder having a Ba0-SiO, glass on the
surface thereof was prepared in the same manner as in
Example 1, except that barium nitrate,
tetraalkoxysilane, and an alcohol, for dissolving the
tetraalkoxysilane, in respective amounts specified in
Table 1 were added.

The oxidation initiation temperature and the
sintering initiation temperature are also given in
Table 1. '

Example 6
Copper nitrate trihydrate was dissolved in water

to a copper concentration of 50 g/liter, and barium
nitrate and boric acid in respective amounts/in terms

of BaO-B,0;5 based on the copper elemeng,as specified




1. A metal powder having a vitreous thin [ayer on at | eastarpart-of—itre—
surface thereof. 2. The nepal powder according to claifmd, whigreiSrzhel
amount of the vitreous thin layer is 0.01 to 50% by wei ght based on-the—; |

net al

preparing the netal powder according to claim1, conprisihg;the step
bringing a solution conprising at | east one heat- deconpo:abke ret-at---—r
conmpound to fine droplets; and heatiqgsLhe droplets to a {enperature above

the d
- precu
- whi ch
the s
the v

conpr

ceranic, el ectFyRRt

condu
subst

powder, excluding the vitreous thin |ayer. 3. A proqess.{@rn
0

pconposition tenperature of the netal conpound, wherertr-at--teast-—one
sor of an oxide, heat- deconposable to produce a vitreous materi al
together with the metal, does not forma solid solution, is added to
bl ution and tie the mehal mawderahavinge goditagousdhimdaren i ng, in

cinityopf tHee sutfaace teddtsE r&tcarda%d% the p::‘lase‘htcondUCt or paste
sing the netal omder acc rdln% 0 clalm nultllayer

£ M FESH Y z%?@'rd:‘f usi ng the
ot or paateetaa_c,cmmrngast @ (Hafsdnxr(étal oxidatA oilidudiaye s tfaayd C

alg CO%&H:¥fyiﬁ% of the paste can be effectively prevented.
In particular, selection ongf;ss, which is not
fluidized until the temperature becomes high, enables
even a base metal paste to be fired in an oxidizing
atmosphere throughout the whole step, realizing a low

10 cost and eliminating the need to carefully control the
atmosphere and the temperature. This enables the
preparation of a product which, even when used in a
multilayer component, causes no deteriorated
dielectric properties and hasfﬁigh reliability.

15 Further, selection of the composition of the
vitreous material enables functions, such as
retardation or acceleration of the sintering of the
paste and improvement in adhesion, to be properly
regulated, rgalizing the preparation of a conductor

20 film havingAgxcellent adhesion without sacrificing the
conductivity, solderability and other properties.
Since the vitreous material is fluidized and removed
from the surface of the powder after the sintering,
the influence on the properties is lower than that in

25 the conventional coating or addition of an oxide.

Further, when the paste and the ceramic are co-
fired, the glass can serve to prevent the oxidation
and, in addition, serve as a layer for protecting the
metal powder against sintering. Bringing the

30 shrinking behavior in sintering of the metal powder to
that of the ceramic layer enables the preparation of a
multilayer component and a multilayer substrate free
from a structural defect.

Further, according to the spray pyrolysis method




conductor | ayer fornmed using the conductor paste according to claim 4.
1 »
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used in the present invention, when a glass forming

component is previously added to a starting solution,

metal powders having vitreous thin layers of various

compositions cén be simply prepared i ne-stage spray
5 pyrolysis.




