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PROCESS FOR THE PREPARATION OF PRECIOUS METAL-COATED PARTICLES

This invention relates to a process for the preparation
of precious metal-coated particles. More particularly, this
invention relates to a process for preparing particles each
of which comprises a core material portion coated substan-
tially completely with a precious metal layer.

Particles comprising a core material portion made of
inorganic material such as metal, metal oxide, ceramics and
glass, and a precious metal layer coated on the core portion
are employed or under study in various arts. For instance,
particles in which precious metal such as gold or silver is
coated on a core portion made of non-precious metal such as
copper or nickel are under study for employing as electro-
conductive paste (namely, electroconductive coating material),
a contactor and so forth usedin electric circuits. Hereto-
fore, electroconductive materials such as the electrocon-
ductive paste for use in electric circuits are generallv
made of pure precious metal such as gold, silver , platincur
cr palladium with a small amount of additives. The additives
in the electroconductive paste are incorporated only for
facilitating deposition of the paste on the circuits and
selected from materials giving substantially no disturbance
to the electroconductivity. Since the use of precious
metal is very expensive and the price of the precious metal
is rising quickly, trials for replaciﬁg the precious metal
with a mixture of the precious metal and non-precious metals
such as copper and nickel have been carried out in the arts
of electroconductive materials such as the electroconductive
paste. However, since such mixtures show electroconductive
far lower than the pure precious metal, these trials have
been discontinued. In place of these mixtures, particles
of non-precious metal coated with precious metal have been
studied for substituting the pure precious metal component'

as seen, for instance, in Japanese Patent Publications No.
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46(1971)-40593 and No. 49(1974)-21874: the former discloses
the use of particles of copper core coated with silver metal,
in place of pure silver metal, and the latter discloses the
use of particles of copper - bismuth core coated with silver
metal in the art of the electroconductive paste.

In these publications, there are given a variety of
methods for coating the core material particle with the
precious metal, such as the electroplating, vacuum deposi-
tion, and chemical plating. The chemical plating can be
generally carried out in a simple vessel and with a simple
procedure, and therefore, the chemical plating process is
very advantageous for the industrial application. As the
chemical plating process, there is well known a process
involving a reaction with a weak reducing agent such as
sucrose, namely, the silver mirror reaction. In the afore-
mentioned publications, the chemical plating process involv-
ing the silver mirror reaction is concretely disclosed.
However, according to experiments of the present inventor,
the silver mirror reaction is considered to be practically
unemployable for preparing the precious metal-coated
particles of high gquality for the use as the electrocon-
ductive material. The particles prepared by the use of
the silver mirror reaction neither show satisfactory electro-
conductivity nor appropriate adhesive property to a soft
solder.

The poor electroconductivity and adhesive property to
the soft solder is considered to originate from contamina-
tion of the surface layer of the pprticle with the core
material. In the reaction soldtion for the silver mirror
reaction involves nitric acid, and such core metals as
nickel and copper are in part dissolved in the agueous
nitric acid. Accordingly, when the precious metal layer
is coated on the core metal particle, the dissolved core
metal material is introduced into the coating layer to

contaminate the precious metal layer. The contamination
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of such core materials into the precious metal coating layer
causes the deteriorations of electroconductivity and adhe-
sive property to the soft solder.

In addition to the above-described drawbacks, there
is another drawback in the conventional chemical plating
methods such as the method involving the silver mirror reac-
tion, a method involving immersion of core material particle
in a precious metal-containing aqueous solution, etc.; that
is, the conventional chemical plating method hardly gives
thick and uniform precious metal coating layer on the core
metal particles.

The preéent invention provides a process for the pre-
paration of precious metal-coated particles in which the
precious metal coating layer has substantially no contami-
nation with the core material employed.

The particles prepared according to the process of
the present invention substantially consists of the core
material portion and the precious metal coating layer with
substantially no contamination with the core material.

For this reason, the so prepared particles give satisfactory
electroconductivity and adhesion to the soft solder when
employed as the electroconductive material for electric
circuits. '

The process of the invention includes a process comprises
adding a reducing agent to an agueous suspension'containing:

(A) homogeneously suspended core material particles;

(B) . homogeneously suspended precious metal salt
particles; and

(C) dissolved precious metal ions
in an aqueous acidic medium having little dissolving capacity
for the core material to produce precious metal-coated par-
ticles through gelling state, and recovering the produced
precious metal-coated particles.

The above-described process is referred to herein-
after as "precious metal salt suspension process”. The
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characteristic feature of the precious metal salt suspen-
sion process lies in that the precious metal is supplied
with both forms of dissolved ions and suspended particles.
Another characteristic feature lies in that the reduction
reaction for forming the precious metal coating layer is
carried out through gelling state.

Examples of the precious metals employed in the process
of the invention include silver, gold, platinum and palla-
dium. There is no specific limitation on the salt form of
the precious metal, so far as the salt is soluble in the
aqueous acidic medium employed for preparing the suspension
to an extent, at least, enabling to form the suspended salt
phase and the dissolved ionic phase in the medium. Examples
of the salt forms include nitrate, hydrochloride and cyanide.
There is likewise no specific limitation on the sizes of
the precious metal salt particles. In general, the mean
particle size is almost similar to or less than the mean
size of the core material particles.

Examples of the core materials include non-precious
metals such as transition metals, e.g., copper, nickel,
cobalt and iron, and these alloys, oxides of metallic or
non-metallic elements such as aluminum oxide, zirconium
oxide, titanium dioxide, silica, and water insoluble mefal
salts such as barium titanate. Particularly preferred
core materials are copper and nickel. The mean diameter
of the core material particles is generally less than 30 p
and preferably less than 10 a.

The agueous acidic medium to be employed in the above-
described process has a certain degree of dissolving capacity
for the precious metal salt to be employed and should have
little dissolving capacity for the core material to be em-
ployed in the reaction. Accordingly, an agqueous inorganic
acid consisting of a strong inorganic acid such as hydro-
chloric acid, sulfuric acid or nitric acid and water is

generally employed. A water-miscible organic solvent such
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as methyl alcohol, ethyl alcohol, acetone, tetrahydrofuran, or

ethyl ether can be included in the inorganic acid solution.
The inorganic acid is selected depending upon nature of the
core material. For instance, since nitric acid dissolves
éopper and nickel, nitric acid is not appropriately employed
when the core material is selected from copper and nickel.
Concentrated hydrochloric acid is generally employed when
copper or nickel is used as the core material.

There is no specific limitation on the reducing agent
to be employed in the process, so far as it can reduce both
of the precious metal salt and the precious metal ion
included in the reaction system. However, since a reducing
agent containing metallic element may possibly be carried
into the precious metal layer to detereorate the coating
layer quality, hydrogen peroxide and organic reducing
agents such as hydrazine are preferred. Particularly pre-
ferred is hydrazine. The reducing agent is added to the
suspension in an amount enough to reduce the precious
metal salts and ions to convert to the metallic form.

The ratio of the amount of the core material against
the total amount of the precious metal including both of
those present in the suspended salt form and those present
in the ionic form preferably ranges from 1/9 to 7/3, more
preferably 1/9 - 4/6. The ratio of the amount of the core
material against the amount of the precious metal contained
in the precious metal-coated particle is substantially
similar to the ratio of those in the reaction system, and
generally ranges from 1/9 to 7/3. )

Examples of the preferred combinations of the core
material, the precious metal (precious metal salt), the

inorganic acid to be included in the aqueous acidic medium

of the suspension, and the reducing agent include:

(1) copper - silver (silver nitrate or silver chloride)
- hydrochloric acid - hydrazine; and

(2) nickel - silver (same) - hydrochloric acid -
hydrazine.
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The precious metal salt suspension process will be
described hereinbelow with reference to the above-mentioned
combination (1l).

A copper powder is added to conc. hydrochloric acid to
prepare a suspension [(I) suspension]. Most of commercially
available copper powders are coated with the oxide film,
and this oxide film works negatively in providing a satis-
factory adhesion between the copper core and the silver
coating layer. For this reason, the commercially supplied
copper powder is preferably processed to remove the oxide
film in advance of carrying out the coating procedures of
the invention. The removal of the oxide £ilm can be
carried out by, for instance, immersing the copper powder
into dilute hydrochloric acid or an agqueous solution of a
reducing agent such as hydrazine or hydrogen peroxigde.

Separately, a silver salt such as silver chloride or
silver nitrate in the microgranular form is suspended in
conc. hydrochloric acid. The suspension is then stirred
for a while to dissolve a portion of the silver salt in
the hydrochloric acid. The resulting suspension is referred
to as (I1) suspension.

The (II) suspension is added, at once or portionwise,
to the (I) suspension under stirring. To the so obtained
suspension mixture is further added under stirring hydrazine
in an amount enough to reduce all of the silver salt con-
tained in the suspension mixture. The hydrazine is preferably
added by two portions. At the same time of the addition of
hydrazine or within a while after the addition, the suspen-
sion mixture turns into gelling state. Vigorous stirring
is applied to the gelling suspension, and within a while
the gelling state is broken to convert the mixture again
to the simple suspension. The coating of the copper powder
with metallic silver layer is completed at the time when
the gelling state is broken. The so obtained silver coat-

ing layer consists of pure silver metal with substantially
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no contamination with copper.

This invention further provides another process for
the preparation of precious metal-coated particles which
comprises: 7

adding a portion of a reducing agent to an agueous
suspension containing:

(A) homogeneously suspended core material particles;

and

(B) dissolved precious metal ions
in an agueous acidic medium having little dissolving capacity
for the core material to convert the aqueous suspension to
a gelling suspension;

adding a remaining portion of the reducing agent to
the gelling suspension; and .

recovering the produced precious metal-coated parti-
cles.

The above-described process is referred to hereinafter
as "precious metal solution process". The characteristic
feature of the precious metal solution process lies in that
the coating reaction is necessarily carried out in'a gell-
ing suspension.

Examples of the core material, the precious metal
(precious metal salt), the agueous -acidic medium, and the
reducing agent are the same as those described for the
precious metal suspenSion process. The ratio between the
core material and the precious metal is also the same as
those described for the precious metal suspension process
(referred to hereinafter as Suspension Process).

The precious metal solution process will be described
hereinbelow with reference to a preferred combination of
copper - gold (HAuCE4) - hydrochloric acid - hydrazine.

The (I) suspension of copper powder is prepared in

the same manner as in Suspension Process.

Separately, a gold salt such as HAuCR4 is introduced

in hydrochloric acid to make its solution [(II) solution].

BAD ORIGINAL @
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The (I) suspension and the (II) solution are mixed, ané a
portion of a reducing agent such as hydrazine is added
under stirring to the resulting mixture to turn it to =z
gelling suspension. Another portion of the reducing agent
is then added to the gelling suspension under vigorous stirr-
ing to return the gelling suspension to a simple suspension.
Thus, the coating of the copper powder with metallic gold
layer is completed. The so obtained gold coating layer
consists of pure gold metal with substantially no contami-
nation with copper.

This invention further provides another process for
the preparation of precious metal-coated particles which
comprises mixing:

(A) an aqueous gelling mixture comprising, in the
aqueous phase, the precious metal ion and chelated precious
metal compound and, in a suspended particle phase, chelated
precious metal compound;

(B) hydrogen peroxide in an amount enough to reduce
whole of the precious metal ion and the chelated precious
metal compound present in both of the agueous phase and
the suspended particle phase to convert to the metallic
form; ]

(C) an agueous suspension of core material particles
in an aqueous medium having little dissolving capacity for
the core material; and

(D) an alkali agent,
to break the gelling state of the (A) gelling mixture, and
recovering the produced precious metal-coated particles.

The above-described process is referred to hereinafter
as "precious metal chelation process" or simply "chelation
process". The characteristic feature of the precious metal
chelation process lies in that the portion of the precious
metal to form the coating layer is subjected to the recuc-
tion to form the coating layer, in the chelated form and
also that the reduction is accomplished in a gelling suspen-

sion.
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Examples of the precious metals (precious metal salts)
are the same as those described for the precious metal sus-
pension process.

The aqueous gelling solution containing precious metal
ion and chelated precious metal compound referred to as (A)
in the above can be prepared, for instance, as follows.

A water-soluble precious metal salt such as silver
nitrate is dissolved in water to prepare an agueous pre-
cious metal ion solution of a relatively high concentration
such as 5 - 50 % by weight. Separately, a chelating agent
such as EDTA (ethylenediaminetetraacetic acid) in the sodium
salt form is dissolved in water to prepare a solution con-
taining the chelating agent at a concentration of at least
2 % by weight. The so prepafed agueous precious metal ion
solution and chelating agent solution are then mixed, result-
ing in the formation of an aqueous gelling mixture compris-
ing, in the agueous phase, the precious metal ion and chelated
precious metal compound and, in a suspended particle phase,
chelated metal compound. In the formation of the above
mixture, the chelating agent preferably is incorporated in
an amount of less than the stoichiometric amount for the
counterpart metal ion to be incorporated in the mixture.
More preferably, the chelating agent is in an amount of iess
than a half of the stoichiometric amount for the incorpo-
rated metal ion which serves as the counterpart in the
formation of a chelated compound. Addition of a greater
amount of the chelating agent may inadvantageously cause cor-
tamination of the precious metal coating layer upon the
reaction to reduce the quality of the coating layer.

Examples of the chelating agents to be employed in
the chelating process include polyaminocarboxylic acids
such as EDTA, oxycarboxylic acids such as citric acid, and
condensed phosphates. Particularly preferred is EDTA.

In the chelation process, hydrogen peroxide serves as

a reducing agent in an alkaline solution to reduce the ionic

BAD ORIGINAL Q{)



10

15

20

25

30

35

0046657

- 10 -

and chelated precious metal to convert to the metallic form.
For obtaining a satisfactory precious metal coating layer,
hydrogen peroxide is preferably employed in an excessive
amount.

The agqueous suspension of core material particles
referred to as (C)'in the above preferably comprises the
core material particles in a ratio ranging from 1/1000 to
1/10 (ratio by weight) per the amount of water.

The core materials can be selected from those describec
for the precious metal suspension process. In addition to
those, the chelation process can employ glass and ceramics.
The chelation process is advantageously applied to core
materials selected from nickel, and.metal oxides such as

.zirconium oxide and titanium dioxide. As for the size and

the ratio of the core material and the precious metal,
reference is made to the description given hereinbefore for
the precious metal suspension process.

The alkali agent assists hydrogen peroxide to work as
a reducing agent. Examples of the alkali agents to be
employed in the chelation process include alkali metal
hydroxides such as sodium hydroxide and potassium hydroxide.
The alkali agent is generally employed as an agueous sclution.

In practicing the chelation process, the four (&), (B),
(C) and (D) agents can be mixed in any sequence Or simulta-
neously. Nevertheless, the sequences described below are
advantageously adopted for the preparation of the precious
metal coating layer of high guality.

Sequence I: Hydrogen peroxide is added to the (A&)

gelling mixture; then the (C) suspension and finally the
alkali agent are added successively thereto. The gelling
mixture turns into a simple suspension containing precious
metal-coated particles upon the addition of the alkali
agent. This seqguence is advantageously applied when mate-
rial having some solubility in an aqueous alkaline solution
such as titanium dioxide (TiOz) is employed as the core

material.

p——

BAD ORIGINAL gj
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Sequence II: Hydrogen peroxide is added to the (A)

gelling mixture; separately, a portion (e.g., a half) of
the alkali agent is added to the (C) suspension; the
latter (C + alkali agent) is added to the former (A +
hydrogen peroxide); this procedure gives precipitation of
a portion of the precious metal of metallic form on the
core particle; and finally the remaining portion of the
alkali agent is added thereto to break the gelling state
to form a simple suspension containing precious metal-coated
particles. Alternatively, the whole portion of the alkali
agent can be added to the (C) suspension in the initial
stage instead of the divisional addition. In this case,
the addition of the mixture of (C) suspension and the
alkali agent to the mixture of (A) gelling mixture and
hydrogen peroxide instantly breaks the gelling state of
the latter mixture to form a simple suspension containing
precious metal-coated particles.

Seguence II including the alternative sequence is
advantageously applied when material having substantially
no solubility in an agueous alkaline solution such as
nickel or zirconium oxide is employed as the core material.

As is described hereinbefore, the process of the inven-
tion employs a reaction system in which the core material is
hardly dissolved in the reaction medium, and therefore the
precious metal coating layer of the precious metal-coated
particles obtained according to the invention has substan-
tially no contamination with the core material. For this
reason, the precious metal-coated particles provided by
the invention is particularly advaﬁtageous when these are
employed as electroconductive materials for the use in
electric circuit, such as electric contactor and electro-
conductive paste because these show substantially same
electroconductivity and adhesion to soft solder as pure
metal materials show.

The present invention will be illustrated more in
detail by the following limitation.

BAD ORIGINAL @
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Example 1 Preparation of silver-coated copper particles

In an agueous hydrazine solution was immersed 3 g. of
a commercially supplied copper powder to remove the oxide
film over the copper powder. The greater portion of thez
hydrazine solution was then removed through decantation,
remaining a small amount of the solution enough for enclos-
ing the copper powder with the solution to keep the powder
from oxicdetion. To this solution was added 400 mi. cf conc.
hydrochlcric acid, and the mixture was then stirred to pre-
pare a stspension [(Ia) suspension] in which the copper
powder was uniformly suspended.

Seperately, 50 mf. of aqueous solution containing 10 g.
of silver nitrate (approximately 6 d. as the silver) was
added to 200 mg. of conc. hydrochloric acid, and the
mixture was stirred. Thus, a suspension in which the intro-
duced silver nitrate was converted into silver hydrochloride,
some portion being dissolved in the liquid phase in the

ionic form and the remaining portion being present in the

form of powdery crystals was prepared ..... [(IIa) suspensicn].

To the (Ia) suspension was added a portion (approxi-
mately 56 mf.) of the (IIa) suspension and the mixture was
stirred. Upon confirmation of deposition of metallic
silver over the copper powder surface and of blackening
of the metallic silver layer, the remaining portion of the
(IIa) suspension was introduced into the mixture. To the
so obtained suspension was added 50 mf. of hydrazine (80 %
solution of hydrazine hydrate, same hereinafter), and the
mixture was stirred to become a gelling mixture. The gell-
ing mixture was further stirred vigorously to suspend the
copper powder uniformly in the mixture, and 150 mg. of
hydrazine was added to the stirred gelling mixture to break
the gelling state and simultaneously to precipitate particles
coated with metallic silver. The silver-coated particles
were collected through filtration. The particles contained
silver &xd copper in the ratio by weight of approximately
2 : 1.

4B GRIGINAL D))
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Example 2 Preparation of gold-coated copper particles

The procedure described in Example 1 was repeated,
using 3 g. of the copper powder, 250 m. of conc. hydro-
chloric acid and 200 mf. of water, to prepare a copper-
containing suspension ..... [(Ib) suspension].

Separately, 10.8 g. of HAuC24 (approximately 6.26 g.
as gold) was added to 250 mf. of conc hydrochloric acid,
and the mixture was stirred to prepare a solution in which
the added gold salt was completely dissolved ..... [(IIb)
suspension].

The (IIb) suspension was added to the (Ib) suspension
by two times addition procedure in the same manner as in -
Example 1 to prepare a suspension. To the so prepared
suspension was added 80 mt. of hydrazine, forming a gelling
mixture. Further, 160 mR. of hydrazine was added to the
gelling mixture, and the resulting mixture was vigorously
stirred to break the gelling state into a simple suspension
in which particles coated with metallic gold were suspended.
The gold-coated particles were collected through filtration,

and showed the gold : copper ratio by weight of approxi-
mately 2.1 : 1.

Example 3 Preparation of silver-coated titanium dioxide
particles

A gelling solution was produced by mixing an agueous
solution of 10 g. of silver nitrate in 50 mg. of water and
an agueous solution of 15 g. of disodium ethylenediamine-
tetraacetate (EDTA) in 200 m!. of water. 50 mi. of water
was added to the gelling solution to reduce the viscosity
of the solution. To the gelling solution was added 100
ml . of agueous hydrogen peroxide (30 % agqueous solution).
To this gelling solution was further added a suspension of
1 g. of titanium dioxide powder (mean diameter: 2 pB) in
150 m2. of water, and the mixture was well stirred. To

this gelling suspension was added under vigorous stirring
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100 m2. of agueous sodium hydroxide (NaOH 5 g./25 mg{. water),
to break the gelling state guickly and simultaneously to
precipitate particles of the titanium dioxide coated with
silver. Further, 150 mf. of agqueous hydrogen peroxide
(30 %) was added to the suspension to complete the reaction.
The so produced silver-coated particles were collected
by filtration, washed with water and dried to give gray-
colored particles. Yield 6.8 g. (theoretical yield 7.0 g.)

Example 4 Preparation of silver-coated nickel particles

A gelling solution was produced by mixing an agqueous
solution of 10 g. of silver nitrate in 50 mg. of water and
an aqueous solution of 15 g. of disodium salt of EDTA in
300 ml. of water. 150 m{. of water was added to the gell-
ing solution to reduce the viscosity of the solution. To
the gelling solution was added 150 mg. of aqueous hydrogen
peroxide (30 %). To this gelling solution was further
added a suspension of 1.5 g. of powdery nickel metal (mean
diameter: 3 p) in 50 mR. of aqueous sodium hydroxide (NaOH
5 g./25 m¢. water, same hereinbelow), and the mixture was
well stirred. At this stage, there was observed no notice-
able change in the mixture, except that the hydrogen peroxide
began to decompose slowly and that a small amount of siiverwas
deposited on the metallic nickel powder. To this mixture
was further added under stirring 50 m¢{ . of agueous sodium
hydroxide to break the gelling state gquickly and simul-
taneously to precipitate particles of the nickel particles
coated with silver. The so produced silver-coated particles
were recovered in the same manner as in Example 3 to give
gray-colored particles. Yield 7.4 g. (theoretical yield
7.5 g.)

]
Example 5 Preparation of silver-coated zirconium oxide
particles

In this example, ZrO2 was pre-treated in the following
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manner to give the silver coating layer of an improved
guality.

To 200 me. of water were added 10 g. of powdery 2ro,
(mean diameter: 1.5 ), 1 g. of silver nitrate and 1 m2.
of a mixture of surface active agents (anionic and nonionic
surface active agents), and the 'so produced mixture was
stirred. To this stirred mixture was then added 5 mg. of
aqueous hydrazine monohydrate solution (80 %). The stirr-
ing was continued to reduce the silver ion to precipitate
the metallic form over the surface of the Zr0, particles.
The so produced silver-coated particles were collected by
filtration, washed with water, dried and then fired at
450 °C, for 30 min. in airy atmosphere. There was obtained
a substantially theoretical amount of Zr02 particles coated
preliminarily with silver (silver 6 g./100 g. Zro,) .

To 100 mg. of agueous sodium hydroxide (NaOH 5 g./25
mg. water) was added 1 g. of the above silver-coated ZrO2
particles to give a uniform suspension.

Separately, a gelling mixture was prepared by mixing
an aqueous solution of 10 g. of silver nitrate in 50 m&.
of water and an agqueous solution of 15 g. of disodium salt
of EDTA in 200 mf. of water under stirring, and further
adding 50 mg. of water to the mixture. To the so prepafed
gelling mixture was added 100 m2. of aqueous hydrogen
peroxide (30 %), and subsequently the Zroz-containing
suspension was added thereto under stirring. The gelling
state was quickly broken to precipitate gray-colored
particles coated with silver. The, precipitated particles
were recovered in the same manner as in Example 3. Yield
7.4 g. (theoretical yield 7.5 g.)

Example 6 Preparation of gold-coated copper particles
A gelling solution was produced by mixing an agueous
solution of 11 g. of HAuCSL4 in 75 m&. of water and an-

agueous solution of 25 g. of disodium salt of EDTA in 300 mi.
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of water. Water was added to this gelling solution to
adjust the volume of the solution to 400 m¢. To this gell-
ing solution was added 150 mg. of aqueous hydrogen peroxide
(30 %).

Separately, a commercially supplied powdery copper
(mean diameter: 5 p) was immersed in an agueous hydrazine
solution for 1 hour under stirring to remove the oxide
film produced on the surface of the powder, and washed
with water. 2 g. of the so prepared powdery copper was
introduced into 140 mg. of agueous sodium hydroxide (NaOH
5 g./25 mg. water) to obtain a homogeneous suspension. The
above-prepared gelling solution was added to the suspension
under stirring. The gelling state was guickly broken to
precipitate copper particles coated with gold. The so
precipitated particles were then recovered in the same
manner as described in Example 3 to give brown-colored

particles. Yield 8.2 g. (theoretical yield 8.37 g.)

Example 7 Application to electroconductive paste

Silver-coated copper particles

prepared in Example 1 10 g.
Lead borosilicate glass frit 0.2 g.
Ethyl cellulose ) 1.0 g.
Ethylcellosolve 2.5 g.
Terpineol 2.5 g.

A mixture consisting of the above-listed materials
was kneaded in a three-rollers type kneader to give a
paste.

The paste was printed on a ceramic base plate through
the screen printing method. The so printed ceramic base
plate was dried at 150 °C for 30 min., and then placed in
a firing - furnace. The internal temperature of the furnace
was elevated to 800 °C over 1 hour, and this 800 °C temper-
ature was maintained for 10 min. The printed plate was

then taken out of the furnace and cooled to room temperature.
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The so produced printed plate showed silver metallic
surface at the printed portion. The Scanning Electron
Microscope (JSM-25S) manufactured by Japan Electron Optics
Laboratory Co., Ltd. was applied to the surface of the
metallic surface layer of the metallic portion to observe
its electron reflection image. The observation indicated
that the metallic surface substantially consisted of pure
silver metal with no trace of copper metal.

The printed plate was immersed in a soft solder bath,
and there was observed that whole surface of the metallic
printed area was completely covered with the soft solder.
The X-ray Microanalyzer (EMX-SM) manufactured by Shimazu
Seisakusho, Ltd., Japan, was applied to the section of the
printed metal layer covered with the soft solder. The
observation indicated that the joining face between the soft
solder portion and the printed metal portion was perfectly
produced and that microgranular copper particles were uni-
formly dispersed within the silver meétal layer. The electro-
conductivity was almost equivalent to pure silver, 2 x 10-§zcm.

The above-described observations indicate that there
is substantially no contamination with copper metal in the
silver metal coating layer. This means that the coverage
of silver over the copper particles is perfect for the
practical employment as the electroconductive paste.

Example 8 Application to electroconductive paste

The procedures of Example 7 were repeated except that
the silver-coated copper particles were replaced with the
gold-coated copper particles produced in Example 2 and
also except that the amount of lead borosilicate glass frit
was changed into 0.4 g. instead of the 0.2 g. to proddcg a
metal printed plate.

The observations were carried out by means of the
Scanning Electron Microscope (JSM-25S mentioned as above)
in the same manner as in Example 7 to indicate that the
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metallic surface substantially consisted of pure gold metal
with no trace of copper metal.

The printed plate was placed on a hot plate kept at
450 °C, and a silicone tip was placed on the printed metal
surface. The so placed silicone tip was well adhered to
the metal surface. )

The observations described above indicate that there
was substantially no contamination with copper metal in
the gold metal coating layer; Accordingly, the coverage
of gold over the copper particles WaSperfect for the

practical employment as the electroconductive paste.

Example 9 Application to electroconductive paste

The procedures of Example 7 were repeated except that
the silver-coated copper particles were replaced with the
silver-coated titanium dioxide particles produced in
Example 3.

The observations on the surface and the surface layer
of the printed metal portion were carried out in the same
manner as in Example 7 to give the same results. The
electroconductivity of the above paste was almost eguiva-
lent to the pure silver paste. Thus, the silver surface
was formed on the particle with substantially no contami-

nation with titanium dioxide.

Example 10 Application to electroconductive paste

The procedures of Example 7 were repeated except that
the silver-coated copper particles were replaced with the
silver-coated nickel particles prodﬁced in Example 4.

The observations on the surface and the surface E

layer of the printed metal portion and the measurement of
electroconductivity were carried out in the same manner
as in Example 7 to give the same results. Thus, the
silver surface was formed on the particle with substan-
tially no contamination with nickel.

A



10

15

20

0046657
- 19 -

Example 11 Application to electroconductive paste

The procedures of Example 7 were repeated except that
the silver-coated copper particles were replaced with the
silver-coated zirconium oxide particles produced in Example
5.

The observations on the surface and the surface layer
of the printed metal portion and the measurement of electro-
conductivity were carried out in the same manner as in
Example 7 to give the same results. Thus, the silver
surface was formed on the particle with substantially no
contamination with zirconium oxide.

Example 12 Application to electrocénductive paste

The procedures of Example 8 were repeated except that
the gold-coated copper particles were replaced with the
gold-coated copper particles produced in Example 6.

The observations on the surface and the surface layer
of the printed metal portion were carried out in the same
manner as in Example 8 to give the same results. The
adhesion of silicone tip to the gold metal surface was
also observed in the same manner to give satisfactory
result. ‘

Thus, the gold surface was formed on the particle
with substantially no contamination with copper metal.
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CLAIMS:

1. A process for the preparation of precious metal-cozted
particles which comprises adding a reducing agent to an
agueous suspension containing:

(A) homogeneously suspended core material particles:

(B) homogeneously suspended precious metal salt

particles; and

(C) dissolved precious metal ions
in an aqueous acidic medium having little dissolving capac-
ity for the core material to produce precious metal-coated
particles through gelling state, and recovering the produceé
precious metal-coated particles. '

2. A process for the preparation of precious metal-coated
particles as claimed in Claim 1, in which the precious metszl
is gold or silver.

3. A process for the preparation of precious metal-coated
particles as claimed in Claim 1, in which the reducing agent

is hydrazine.

4. A process for the preparation of precious metal-coated
particles as claimed in Claim 1, in which the ratio of the
amount of the core material against the total amount of

the precious metal contained in both forms in the suspen-

sion ranges from 1/9 to 4/6.

5. A process for the preparation of precious metal-coated
particles which comprises:
adding a portion of a reducing agent to an aqueous
suspension containing:
(2) homogeneously suspended core material particles:
and

(B) dissolved precious metal ions
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in an agueous acidic medium having little dissoliving capac-
ity for the core material to convert the aqueous suspension
to a gelling suspension;

adding a remaining portion of the reducing agent to
the gelling suspension; and

recovering the produced precious metal-coated particles.

6. A process for the preparation of precious metal-coated
particles as claimed in Claim 5, in which the reducing acent
is hydrazine.

7. A process for the preparation of precious metal-coated
particles as claimed in Claim 5, in which the ratio of the
amount of the core material against the total amount of the

precious metal contained in the suspension ranges from 1/9
to 4/6.

8. A process for the preparation of precious metal-coated
particles which comprises mixing:

(A) an agqueous gelling mixture comprising, in the
aqueous phase, the precious metal ion and chelated precious
metal compound and, in a suspended particle phase, chelated
precious metal compound; ‘ :

(B) hydrogen peroxide in an amount enough to reduce
whole of the precious metal ion and the chelated precious
metal compound present in both of the agueous phase and the
suspended particle phase to convert to the metallic form;

(C) an agueous suspension of. core material particles
in an aqueous medium having little dissolving capacity for
the core material; and

(C) an alkali agent,
to break the gelling state of the (A) gelling mixture, and

recovering the produced precious metal-coated particles.

9. A process for the preparation of precious metal-coated

0046657
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particles as claimed in Claim 8, in which the mixing is
carried out in the sequence of:

addition of the hydrogen peroxide to the agueous gell-
ing mixture;

addition of the agqueous suspension of the core material
particles to the produced mixture; and then

addition of the alkali agent to the produced mixture.

10. A process for the preparation of precious metal-coated
particles as claimed in Claim 8, in which the mixing is
carried out by:

mixing the agqueous gelling mixture with the hydrogen.
peroxide to obtain another aqueous gelling mixture;

and separately

mixing the agueous suspension of the core material
particles with the alkali agent to obtain an agqueous
alkaline suspension,

and then mixing the obtained agueous gelling mixture
with the obtained agueous alkaline suspension,

and adding an additional amount of the alkali agent,
if necessary. '

11, A process for the preparation of precious metal-coated
particles as claimed in Claim 8, in which the ratio of the

amount of the core material against the total amount of the
precious metal contained in the reaction system ranges from
1/9 to 4/6.
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