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et ' | ABSTRACT

. .The oxides-enclosed fine glass particles are arranged
such that two or more pieces of at least two kinds of
enclosing partic¢les, which comprise oxides, double oxides,
;r salts of oxyacids, or double oxides oOr double salts
thercof, are enclosed in each of the fine glass particles.
The fine particles can be easily manufactured by mixing a
powder material of glass with a powder material of oxides
which comprise oxides, double oxides, or salts of oxyacilds,
or double oxides or double salts thereof that are not made
to glass:; converting the thus obtained mixture of the
materials into a mixture in a vapor-state by supplying the
thermal plasma thereto; and quickly cooling the mixture in
the vapor—state. Highly-scattered fine particles of oxidea
can be easily obtained from the fine particles,‘and thus a
plurality of kinds of fine particles of oXides can be

evenly and uniformly mixed in a small amount with a motherx

material without being unevenly scattexed.
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DESCRIPTION

FINE GLASS PARTICLE CONTAINING EMBEDDED

OXIDE AND PROCESS FOR PRODUCING THE SAME

Technical Field

The present invention relates to oxides-enclosed fine
glass particles in each of which fine particles comprising

oxXxldes and salts are enclosed, and to a method of

manufacturing the samea.

Background of Art

Conventionally, mixed particles, in which particles

of a mother material are mixed with fine particles of
auxiliary agents or additives such as oxides and salts, or
a mixture of the mixed particles with binders, are used 1in
the field of mechanical compenents having high hardness ,and
high accuracy such as cutting tools, dies, and bearings; in
the field of materials used for, for example, engine valves
which require the resistance to wear and abrasion at & high
temperature; in the field of functional materials such as
capacltors and sensors; and in the field of electric
insulating materials used for, for example, various types

of electric insulating parts.
When, for example, a sintered body is produced,
particles of a sintering mother material are mixed wilth

fine particles of oxldes and salts that act as sintering
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auxiliary agents and with finae glass particles, and further
mixed with binders when necessary, thereby obtaining a

mixture thereof. Then, a green body 1s obtalined by molding
the thus cktained mixture in a predetermined shape, and tha
resultant green body is sintered at a given temperature
under a given pressures.

It is preferable here to uniformly scatter fine

sintering auxiliary agents in an amount as small as

possible. However, it is more difficult to uniformly
scatter fine sintering auxiliary agents in a small amouht
and to mix them with particles of a sintering mothex
material because the fine sintering auxiliary agents are
more lizable to agglomerate.

To cope with this problem, there are manufactured
cocated parxticles in such a2 manner that particles of a
sintering material such as particles of l1norganlc materials
including diamond paxticles and ceramics particlas, and
metal particles are used as core particles; and the core
particles are previously coated evenly and uniformly with
various types of metal materials and inorganic materials
such as ceramics, oxides, carbides and nitrxrides that act as
the-sintering auxlliary agent.

These ccocated particles are used to improve the
bonding strength and the denseness between different types
of ceramics and between different types of metals in

sintered bodies and thermally sprayved parts.

Unexamined Japanese Patent Application Publication JP
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3-75302 A, and JP 7-53268 A to JP 7-54008 A filed by the
present applicant, for example, disclose coated particles

comprising particles of an inorganic méterial Or a metal
material having an average particle size of 0.1 pm - 100 um,
ecach of the particles being covered with superfine
particles of the same type or a different type of an
inorganic material or a meal material each having an
average particle size of 0.005 um - 0.5 um, and also
dlsclose a method of manufacturing the ccated particles.

In the method of manufacturing the cocated particles
disclosed in these publications, after superfine particles
are created by a vapor-phase method such as a thermal

plasma method, core particles to be covered are introduced

into the flow of the thus created superfine particles or
into a space in which the superfine particles are created;
and both the superfine particles and the core particles are
caused to come into contact with one another in a flowing
staﬁe; and thereby the surface of each core particle is

covered with the superfine particles.

While the coated particles disclosad in these
- publications are useful in the manufacture of sintered
bodies, 1t is difficult to cbtain ccated particlée cach of
which is simultaneocusly covered with fine particles of a
plurxality of types of sintering aukiliary agants.-
Accordingly, there is required a method of evenly and

uniformly'mixinq the particles of a sintering mother

material with a small amount of fine particles of a
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Plurality of types of sintering auxiliary agents,

optionally or when necessary.

Incidentally, fine particles, and in particular, fine
paxticles of oxides and salts having a particle size of 1
pm or less are widely used as an auxiliary agent such as a
sintering auxiliary agent or as an additive, as described
above. However, the auxiliary agent and the additive exert
their performance by their nature when they have a particle
slze smaller than that of a mother material and are
contained in the mother material in a small amount. Thué,
fine particles used for this application must be evenly and
uniformly mixed with the mother material 1in a well
scattered state without agglomerating in the mother

material.

For this purpose, conventionally, when a plurality'of
typaes of oxide powders are mixed with a mother material
powdexr, each oxide powder is made as fine as possible and

mechanically mixed with the mother material powder so as to

keep the'oxide‘powder in a highly scatrtered state. However,

since a fino oxide powder has a stronger agglomerating
force, even i1f the powder is mixed with a mother material
powder macroscopically, a multiplicity of agglomerated
powder composed of a single component is scattered
microscopically. As a result, there arises a problem that
an ldeally scattered State cannot be obtained. Furthexr, it
is very difficult to scatter each of the agglomerated

bodlies of the oxide powder that have agglomerated once in a
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mixture by pulverization or grinding.

The fine particles of the auxiliary agent powder are
liable to agglomerate in a state as they are, and moreover
they are added in a emall amount in many cases, as
described above. Thus, when the fine particles of the
auxillary agent powder are only simply mixed with thef
particles of the mother material powder, they are unevenly
distributed. Accordingly, it is difficult to evenly

distribute the fine particles of the auxliliary agent powder

in the mother material powder for uniform mixing.

Disclosure of Invention

Accordingly, when particles of a mother material
powder are mixed with a small amount of fine particles of
an auxiliary agent powder, there is eagerly required a"
method and an apparatus for not unevenly distributing but
evenly scatterxing the small amocunt of the fine particles of
the auxiliary agent powder for uniform mixing.

A first object of the present 1nvention is to solve
the problem of the ab&vo conventional technoleogy by
providing oxides-enclosed fine giass particles from which
highly scattered fine particles of OoXldes can be easily -

obtained and in which a plurality of kinds of fine
particles of oxides can be evenly and uniformly mixed with
a small amount of a mother material without being scattered

unevenly.

A second object of the present invention is to
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provide a method of manufacturing oxides-enclosed fine
glass particles capable of easily manufacturing the novel
oxides-enclosed fine glass particles.

As a result éf diligent studies performed by the
inventors for solving the above problems, the inventors
have found that highly scattered fine particles of oxides
can be oasily cbtained by preliminarily making £fine
particles in each of which oxides are enclosed in such a
manner that a plurality of pieces of fine particles of
oxides are scattered and encleosed in each of fine glaas
particles acting similarly as an auxiliary agent, and by
pulverizing the ;hus cbtained oxides-enclosed fine glass
particles when necessary, contrary to a conventional
technical common knowledge that a powdex material of oxides
is pulverized and mechanically mixed with a powder mother
material; that even if fine particles of oxides are mixed
with a mother material, they can be evenly and uniformly
. scattered therein without being agglomerated and without
belng unevenly scattered; and that glass is most suitable
as a material in which the fine particles of oxides are
enclosed because the glass improves the scattering property
of fine particles themselves 1n which oxides are enclosed.
Accordingly, the present invention has been completed based
on the above knowledge. -

That 1s, oxides-enclosed fine glass particles,
characterized in that two or more pieces of at least two

kinds of enclosing particles, which comprise oxides, doubla
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oxides, or salts of oxyaclds, or double oxides or double
salts thereof, are enclosed in each of fine glass particles.

It is preferable that an average particle size of the
fine glass particles is 0.05 - 1 pum, and the average
particle slze of the enclosing fine particles is 0.01 pm -
0.3 uym and less than one half of the average particle'size
of the fine glass particles.

It is preferable that the oxides, double oxides, or
salts of oxyaclds, or'double cxlides or double salts thereof,
which constitute the enclosing fine particles, are at léact .
two members selected from the group consisting of titanium

oxlde, zlrconium oxlde, calcium oxide, slilicon oxide,

aluminum oxide, silver oxide, iron oxide, magnesium oxide,
manganese oxide, yttrium oxide, cerium oxide, samaxium
oxide, beryllium oxide, chrcmium.oxide, barium.oxide,
vanadium oxide, baridm titanate, lead titanate, lead
titanate zirconate, lithium aluminate, yttrium vanadate,-

calcium phosphate, calcium zirconate, iron titanium oxide,
cobalt titanium oxide, and barium stannate.

Further, a method of manufacturing oxides-enclosed
fine glass particles according to a second aspect of the
present invention is charaCterized by comprising the steps
of mixing a powder material of glass with a powder material
of coxides which comprises oxides, double oxides, or saltes

of oxyaclds, or double oxXxides or double salts thereof that

are not made to glass; converting the thus obtained mixture

of the powder materials into a mixturxe in a vapor-state by
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supplying thermal plasma to the powder materials; and
gquickly cooling the mixture in the vapor-state, thereby
manufacturing oxides-enclosed fine glass particles in each
of which two oxr moxe pieces of at least two kinde of
enclosing partlicles, which comprise oxides, double oxides,
or salts of oxyacids, or double oxides or double salts
thereof, are enclosed.

It 1s preferable that an average particle size of the
fine glass particles be 0.05 - 1 um and that the average
particle size of the enclosing fine particles be 0.01 pm -
0.3 pm and less than one half of the average particle size
of the fine glass particles.

It is preferable that the oxides, doubla oxides, oY
salts of oxyacids, or double oxides or double salts therecf,
which constitute the powder material of oxldes are at least
twoe members selected from the group consisting of titanium
oxide, zlrconium oxide, calcium oxide, silicon oxide,

aluminum oxide, silver oxide, iron oxide, magnesium oxide,
manganese oxide, yttrium oxide, cerium oxide, samarium

oxide, beryllium oxide, barium titanate, lead titanate,
Jead titanate zirconate, lithium aluminate, yttrium
vanadate, calcium phosphate, calcium zirconate, iron
titanium.oxida, cobalt titanium oxide, barium stannate,
chromium oxide, barium oxide, and vanadium oxide.

It 1s preferable that an average particle size of the
pcwderimatérial of glass isg 0.5 pm - 10 pm, and the average

particle size of the powder material of oxides is 0.1 pm -
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5 pm.

It is preferable that the temperature of the thermal
"plasma is higher than a bolling point of the powder
material of glass and the boiling point of the powder

material of oxides and that an atmosphere in the thermal

plasma is an atmosphere équal TO or less than an
atmospheric pressure.

Tt is preferable that the atmosphere in the thermal
plasma is 25 kPa - 80 kPa and that an atmosphere in which
the mixture in the vapor-phase is quickly ccoled is an

inert atmosphere, an oxidizing atmosphere, or a reducing

atmosphere.

Brief Description of the Drawings

FIG. 1 1s a schematic secticnal view showing the
arrangement of an example of oxides-enclosed fine glass
particles of the present invention.

FIG. 2 is a block diagram showing an,cxamplg of a
method of manufacturing the oxides-enclosed fine glass
particles of the present invention.

FIG. 3 is a sectional view shown by lines of an
embodiment of an oxldes-enclosed fine glass particles
manufacturing apparatus for performing a thermal plasma
treatment in the method of manufacturing the oxides-
enclosed fine glass particles of the present invention

shown in FIG. 2.
FIG. 4 is TEM photograph shgwing'an.examplo of the
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cross section of an oxides-enclosed fine glass particle

obtained in Example 1 of the present invention.

Best Mode for Carrying Out the Invention
Fine particles of oxides-enclosed-glass and a method
of manufacturing the same according to the present
invention will be described below in detail based on
preferable embodiments shown in the accompanying drawings.

FIG. 1 1s a schematic sectional view showing the

arrangement of an example of an oxides-enclosed fine glass
particle of a first aspect of the present invention.
As shown 1n the figure, each of oxides-enclosed fine

glass particles 10 (hereinafter, also simply referred to as

"fine glass particles") includes a glasse section 12 mainly
composed of glass and a plurality of enclosing fine
particles 14 that are enclosed in the glass section 12.
Moreover, the plurality of enclosing fine particles 14 are
basically scattered loosely and enclosed in the fine glass
particle 10 without entirely égglomerating to form a single
agglomerated body. As a result, the oxides-enclosed fine
glass particles 10 of the present invention are entirely

- different from covered fine particles each of which is
composed of a single fine particle or an agglomerated body
of a plurality of fine particles the surface of which is
covered with glass superfine particles or a glass film.

While the average particle size of the oxides-

enclosed fine glass particles 10 is not particularly
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limited as long as the size is fine, fine particles having
an average particle size in the range of 0.05 um - 1 um are
preferable and fine particles having an average particle
size in the range of 0.1 yum - 0.5 pm are more prefarable.
While the distributed size of the oxides-enclosed fine
glass particles 10 is not also parficularly limited} it 1s
preferable that particle sizes thereof be less dispersed,

that is, the distributed size has a narrower half value

width.

Further, the shape of the oxides-enclosed fine glass
particles 10 is not particularly limited and some of the
enclosing fine particles 14 may protrude externally from
the fina glass particles 10. However, it is preferable
that the oxides-enclosed fine glass particles 10 are formed
in an approximately spherical state from the view point.of

improving, for example, the scattering property of the fine

glass particles 10 themselves.

The main component of the glass section 12 into which

the enclosing fine particles 14 are encleocsed is amorphous

glass. Glass 1s an amorphous solid obtained by solidifying

a liquefied or gasified crystalline solid at a temperature
equal to or less than a glass transitioen temperature
without cxystallizing it. However, the glass used in the
present invention is liﬁble to be broken or crushed as
compared with fine particles of oxides. 8Since the glass

section 12 is mainly composed of the glass, the glass can

be easily broken by subjecting the oxides-enclosed fine

FETRT Sppap—
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glass particles 10 to an appropriate crushing process. As
a result, the enclesing fine particles 14, which are

enclosed in the fine glass particles 10, can be highly
scattered in the glass powder.

Further, glass having a certain degree of size (1 um
or more) is liable to be crushed, 1s amorphous, and has no
difference in easiness of breaking according to directions.
Thus, fine particles having a uniform particle size

(particle sizes are distributed in a narrow wldth) can be

obtained by appropriately crushing the oxides~enclosed fine

glass particles 10.
All the types of conventionally known inorganic glass,

for examplae, silicate glass such as silica glass, soda-lime
glass, etoc., practically-used glass such as boroailicate
glass, etc. as well as glass porcelain, etc. can be .
exemplified as the glass mainly constituting the glass
section 12, and more preferably used are silicate glass and

borosilicate glass.

The ratio of the glass section 12 whlch occﬁpies in
each of the oxides-enclosed fine glass particles 10 is not
particularly limited as long as the ehclosing fine
particles 14 can be enclosed in the glass sectlion 1l2.
Howevex, the occupying ratio of the glass section 12 is
preferably 30 vol% - 90 vol%, more prxeferably 40 vol% - 75

 vol%, and further more preferably 50 vols - 60 vols.

Furthar, a plurality of the enclosing fine particles

14 are enclosed in each of the oxides-enclosed fine glass
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paxticles 10. The enclosing fine particles 14 comprise
oxides, double oxides, salts of oxyacids, double oxides or

double salts thereof.

In the present invention, the oxides, double oxides,
or salts of oxyacids, or the double oxides or double salts
thereof (hereinafter, also referred to'simply as "oxides"
~as a whole), which constitute the enclosing fine particles
14, azxe not particularly limited, and any of the oxides,

double oxides, salts of oxyaclds, and double salts may be
used. That is, they may be appropriately selected
according to the application therecf in which the oxides=-
enclosed filne glass particles 10 are used in a crushed
state or usaed as they are.

Exemplified as the enclosing fine particles 14 are
oxXides such as titanium oxide, zirconium oxide, calcium
oxide, silicon oxide, aluminum oxide, silver oxide, iron
oxlde, magnesium oxide, manganese oxide, yttrium oxide,

cerium oxide, samarjium oxide, beryllium oxide, chromium
oxide, barium oxide, vanadium oxide, etc., double oxides

such as barium titanate, lead titanate, lithium aluminate,
yttrium vanadate, calcium phosphate, calclum zirconate,

lead titanate zirconate, iron titanium oxide, cobalt
titanium oxide, barium stannate, etc, and salts of oxvacids,
ete. '

Note that the plurality of enclosing fine particles
14 which are enclosed in a single oxides-enclosed fine

glass parxticle 10 may be of the same type or may be of a
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different type.
| Further, the enclosing fine particles 14 may be

partly formed in a glass state.

The average particle siza of tha enclesing fine
particles 14 is not particularly limited and may be
appropriately selected according to the size of the oxides-
enclosed fine glass particles 10 and to the application
thereof in which the oxides-enclosed fine glass particles
10 are used 1n a crushed state or used as they are.
Howaever, the average size of the enclosing fine particlés
14 is preferably 0.01 ﬁmb- 0.3 pm.and.less than one-half of
the averagé particle size of the fine glass particles, and

more preferably within the range of 0.05 um - 0.2 um.

Further, the shape of the oxides-enclosed fine glass
. particles 10 is not particularly limited, and theay may'be

formed in any shape.

As described above, the oxides-enclosed fine glass

particles 10 themselves of the present invention are fine

with a particle size of 0.05 um - 1 pum.
Further, since the plurality of types of the oxides

having an average particle size of, for example, 0.01 uym =
0.3 um are highly scattered and held in the oxides-enclosed
fine glass particles themselves, scattering of the fine

glass particles need only be considered. Even if some of

the fine glass particles agglomerate, they are more
scattered as compared with conventional fine particles as a

result of agglomeration of a multiplicity of compenents.
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Accordingly, the oxides-enclosed fine glass particles
of the present invention are very suitable when it is
desired to scatter as much as possible a plurality of

components (a plurality of kinds of componente) such as a

sintering auxiliary agent in a small amount.

Further, fine particles obtained by pulverizing the
oxides-aenclosed fine glass particles 10 of the present
invention are highly scattered, even if they are mixed with

~partlcles of a sintering mother material, as compared with

the fine particles obtained by the conventional method.
Thus, there is an advantage that the strength of a sintered
body 18 increased and that the amount of the sintering
auxliliarxry zagent to be mixed is small.

The oxides-enclosed fine glass particles according to
the present invention are baslcally arranged as described
above.

Next, a method of manufacturing oxides-aenclosed fine
glass particles according to a second aspect of the present

invention will be described below with rererence TO FIGS. 2

and 3.
FIG. 2 is a block diagram showing an example of the

method of manufacturing oxides-enclosed fine glass
particles according to the second aspact of present
inventlion. FIG. 3 is a sectional view shown by lines of an
example of an oxlides-enclosed fine glass parti¢1es
manufacturing.apparatus for performing a thermal plasma

treatment in the method of manufacturing oxides-enclosed
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fine glass particlaes of the present invention shown in FIG.
2. The method of manufacturing oxides-enclosed fine glass
particles of the present invention is not limited to the
example shown in these figures.

As shown in FIG. 2, an coxides-enclosed fine glass
particles manufacturing process 20 for performing the*
method of manufacturing oxides-enclosed fine glass
particles of the present invention comprises a mixing

treatment step 26 for mixing a powder material of glass 22

for forming the glass section 12 with a powdaer matnrial'of
oxides 24 for forming the enclosing fine particles 14, and
a thermal plasma treatment step 28 Ifor subjecting a mixture
of the powder material of glass 22 and the powder material
of oxides 24 obtained at the mixzing treatment step 26 to
thermal plasma treatment and for enclosing the plurality of
enclosing fine partiéles 14 pulverized‘fram.the powder

" materlal of oxidaes 24 in the glass section 12 obtained from
the powder material of glass 22 thereby manufacturing the

oxides—enclosed fine glass particles 10 o the present

invention.

The powder material of glaes 22 used in the present
invention 1s glass which 1s supplied to constitute the
glass section 12 for enclosing the enclosing fine particles
14 and is not particularly limited as long as it is the
powder materlal of glass for the aforementioned glass
section 12. The average particle size of the powder

material of glass 22 is not particularly limited. When,
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however, the average particle siza of the oxidaes-esnclosed
fine glass particles 10 is within the range of, for example,
0.00 um ~ 1 mum, it is preferably within the range of 0.5 um
- 10 pm, and it ise more preferable that the particle size
of all the particles thereof is within the range of 10 jm
or less.

The powder material of oxides 24 used in the present
invention are oxides, double oxides, or salts of oxyacids,
or double oxides or double salts thereof which are supplied
to constitute the enclosing fine particles 14 which are
enclosed in the fine glass particles 10, and is not
particulaxly limlted so long as it 1s a powder material of
the aforementioned eoxides, double oxides, or salts of
oxyacids. The average particle size of the powder material
of oxides 24 1s not particularly limited. When, however,
the average particle siza of the enclosing fine particles
14 is within the range of 0.01 um - 0.3 pm, the average
particle size of the powder material of oxides 24 is
preferably within the range of 0.1 uym - 5 um, and it is
more preferablae that the particle size of all the parficles
thereof is within the range of 5 um or less. .

AT the mixind treatment step 26 shown in FIG. 2, the
glass powder particles 22 arranged as the glass section 12
'ia mixed with the powder material of oxides 24 arrénged as
the enclosing Line particles 1l4. While any mixing
treatment may be used at the mixing treatment step 26 so

long 38 both the powder materials 22 and 24 can be mixed
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with each other, it is preferable to uniformly mix both the
powder materials 22 and 24. While a mixex used at the
mixing treatment step 26 is not particularly limited,

conventionally known mixers such as a high speed shearing/
impacting type mixer and an attriting type mixer which
perform dry mixing and a ball mill which performs wet
mixing can be exemplified.

The mixture of the powder materials obtained at the

mixing treatment step 26 1s suppllied to the thermal plasma

txeatment step 28.

The thermal plasma treatment step 28 is performed in
the cxXides-enclosed fine glass particles manufacturing
apparatus shown in FIG. 3.

The oxldes-enclosed fine glass particles

manufacturing apparatus 40 shown in FIG. 3 includes a

plasma torch 42 having a plasma chamber 42a, a double
quartz tube 44, a double cooling tube 46, a quick cooling
tube 48, a powder materials mixture feeder 50, and a

product collecting section 52. o
The plasma torch 42 includes a quartz tube 42b

conatituting the plasma chamber 42a in which thexmal plasma
(plasma flame) 43 1s generated, a radlo-frequency

oscillation coil 42c mounted on the outside of the quartz

tube 42b, an outside cooling tube 42d disposed on the
cutside of the radio-frequency oscillation coil 42c¢, a gas
ejection port 42e disposed in the upper portion of the

quartz tube 42b for ejecting plasma gas in three ejecting
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directions, that is, a tangential direction, an axial
direction, and a radial direction, and a supply port 42f

for supplying the mixture of the powder materials to the
thermal plasma 43 generated in the plasma chamber 42a.
While the plasma torch 42 comprises a double tube
composed of the quartz tube 42b and the outside tube 42d
with the coil 42c interposed therebetween, the present
invention is not limited thereto. That is, the plasma
torch 42 may include the coil 42c¢ wound around the ocutside
thereof or may be arrahged.as a multiple tube composed of
three or more tubes, and the size of the plaama torch 42 is

not particularly limited. Further, the ejecting directions

of thae plasma gas ejected from the gas ejection port 4{2e
are not limited to the three directions, and the plasma gas
may be ejected in various directions.

Tha gas ejection port 42e 1s connected to one or a
plurality of gas supply sources 42g located at an external
upper position 6: the plasma torch 42.

When plasma gas is supplied Irom the gas supply
sources 42g to the gas ejection port 42e, the plasma gas is
ejected from the gas ejection poxrt 42e into the plasma
chamber 42a in the three directions. The radlo-frequency
oscillation coil 42¢ to which a radio-frequency voltage is
applied from a radio-frequency (RF) power supply convexts
the ejected plasma gas into plasma and the thermal plasma

43 is formed in the plasma chamber 42a of the plasma torch

42 .
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Note that the plasma gas supplied from the gas
ejection port 42e is limited to a xaxe gas such as argon
gas or helium gas, hydrogen gas, nitrogen gas, oxygen gas,
and gas mixtures thexeof. The amount of the gas supplied
from the gas ejection-porﬁ 42e may be appropriately
selected according to the size of the plasma chamber 42a,
the propertiee of the thexmal plasma 43, the amount of the
mixture of the powder materials to be treated.

Further, the levels of the frequency, voltage, and

current of the radio-fragquency applied to the radio-
frequency oscillation coil 42c are not particularly limited

and may be appropriately selected according the properties

of the thermal plasma 43 such as its temperature.

The temperature of the thus generated thermal plasma
43 must be equal to or higher than the boiling points of
the powder material of glass 22 and the powdexr material of
oxidas 24 because the mixture of these powder materials
must be converted :Lnté a vapor-phase. Note that it is
preferable that the temperature of the thermal plasma 43 be
as high as possible because the thermal plasma 43 at a
higher temperature can facilitate conversion of the mixture
of both the powder materials 22 and 24 into the vapor-phase.

However, the temperature of the thermal plasma 43 is not
particularly limited. For example, it 18 possible to set

the temperature of the thermal plasma 43 at 6000°C or more
as a specific example. In contrast, the upper limit of the

tempexature of tha thermal plasma 43 is also not limited.
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While it is difficult to determine the upper limit
temperature because its measurement is difficult, it is

conceived that the upper limit temperature theoretically
xeaches about 10000°C.

FPurthex, while not particularly limited, the
atmos‘phere Of the thermal plasma 43 is preferably at the
atmospheric pressure or less, that is, it is praferably an
atmosphere at the atmospheric pressure or under reduced

pressure. While the atmosphere in the thermal plasma 43 at
the atmospheric pressure or less is not particularly

limlited, it is preferably at 25 kPa -~ 80 kPa.
The supply porxt 42f of the mixture of the powder
materials is also connected to the powder materials mixture

feeder 50 located at an external upper position of the

plasma torch 42.

The mixture of the powdar materials fram 'the powdax
materials mixture feeder 50 is carried by a carrier gas and
introduced into the thermal plasma through the Supply port
42:} The carrier gas used for the mixture of the powder
materials is limited to a rare gas such as& argon gas or
helium gas, hydrogen gas, nitrogen gas, oxide as, and gas
mixtures thereol. Note that the plasma gas OrX a part
thereof (one, two or more of gases \buef,ora thay are mixed)
may be used as the carrier gas for the mixture of the
powder materlials. .

Thae mixture of the powder materials introduced into

the thermal plasma 43 as described above is heated by the
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heat genarated by the thermal plasma 43 and vaporized in a
moment. Thus, the powder material of glass 22 and the o
powder material of oxides 24 in the mixture exist together
in the vapor-phase in the thermal plasma 43. The amount of
the mixture of the powder materials supplied f£from the
supply poXt 42f and the type and amount of the carrier gas
for carrying the mixtﬁre of the powdo? materials are not
particularly limited and may be appropriately selected

according to the properties of the thermal plasma 43 and

the amount of the mixtura cf the powder materials to be

treated. However, it is preferable that the ratio of the
powder material of glass 22 occupied in the mixture of the
powder materials be 30 vol% - 90 vol%, more preferably 40
vol% - 75 vol%, and further more preferably 50 vol% - 60
vVols.

Thae double quartz tube 44 is disposed under the
plasma torch 42 and includes a gquartz tube 44b having a
dlameter slightly larger than that of the gquartz tube 42b
of the plasma torch 42 and a cooling outer tube 44c
disposed in the outside of the quartz tube 44b. The quartz
tube 44b and the cooling outer tube 44c constitute a '

coocling chamber 44a. The cooling chamber 44a derives from

the thermal plasma 43 the gas mixture of the powder
material of glass 22 and the powder material of oxides 24
that have been converted into the vapor-phase by the

thermal plasma 43 and primarily cools the mixed gas.
The double cooling tube 46 is disposed under the
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double quartz tube 44 and includes an inner tube 46b having

approximately the same diameter as that of the quartz tube
44b of the double quartz tube 44 and a cooling outer tube
46c disposed in the outside of the inner tube 46b. The
inner tube 46b and the cooling ocuter tube 46¢c constitute a
cooling chamber 46a which further cools seccndariiy tha
powdar material of glass 22 and the powder material of
oxides 24 in the vapor-phase, in a liquid-phase, or in a
solid-phase that have been primarily cooled in the double
quartz tube 44. .

The quick cooling tube 48 is disposed under the
double cooling tube 46 and includes an inner tube 48b
having a diameter greatly larger than that of the quartz
tube 46b of the double cooling tube 46 and a cooling outer
tube 48c disposed in the outside of the inner tube 48b. .
The innexr tube 48b and the cooling outer tube 48c
constitute an enclosed-fine-particles creating chamber 48a
which quickly cools the powder material of glass 22 and the
powder material of oxides 24 in the vapor-phase, 1h the
liquid-phase, or in the solid-phase that have been
secondarily cooled in the double cooling tube 46 and
creates the oxldes-enclosed fine glass particles 10 of the
present invention.

The mixture of the powder material of glass 22 and
the powder material of oxides 24 in the vapor-phase or in
the liquid-phase, which has been secondarily cooled in the

double cooling tube 46, is quickly cooled in the enclosed=-
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fine-particles creating chamber 48a of the quick cooling
tube 46, and thereby the enclosing fine particles 14 are
created as nucleate particles. The enclosing fine
particles 14 are created from the mixture of the powder
material of glass 22 and the powder material of oxides 24
in the vapor-phase or in the liquid-phase at a breath S0
that the particle size thereof is smaller than that of the

powdezr material of oxides 24 in the solid state. More
specifically, the particle size of the enclosing fine
particles 14 is smaller than that of the particles of the
.powder material of oxides 24, and preferably one-tenth te
one-several tenth that of the powder material of oxides 24.
The periphery of each of the nucleate particlaes is covered
with the'glaas formed from the powder material of glass 22

and several pileces of the nucleate particles covered with

tha glass gather, and finally the oxides-enclosed fine
glase particles 10 of the present invention in which a
plurality of the enclosing fine particles 14 are enclosed
in the glass section 12 are created.

The atmosphere in the enclosed-fine-particles
creating chamber 48a of the quick cooling tube 48 for

qulckly coolling the mixture of the materials in the vapor-

phase or in the liguid-phase is not particularly limited
‘and any of an inert atmosphere, an oxidizing atmosphere,

and a reducing atmosphere may be employed. The inert

atmosphere, tha oxidizing atmosphere, and the reducing

atmosphere are not particularly limited. However, an inert
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gas atmosphere of at least one kind of, for example, argon
gas, helium gas, and nitrogen gas or an atmosphere of these

inext gases further containing hydrogen are exemplified.
More specifically, exemplary atmospheres include a rare gas
atmosphere such as an argon gas atmosphere or a hellium gas -
atmosphere, an inert atmosphere such as a nitrogen gas
atmosphere, or a gas atmosphere of argon gas or helium gas
with nitrogen gas, a reducing atmosphere containing an
lnert gas and hydrogen gas, and an oxidizing atmesphere
containing an inert gas and oxygen. Further, the degraé of
the oxidizing property and the reducing property of these
atmospheres are not also particularly limited.

While the double quartz tube 44, the double cooling
tube 46, and the quick'cooling tube 48 also have the double
tube structure similar to that of the plasma torch 42,.the
present inventlon is not limited thereto and they may have
a multi-tube structure having at least triple £ubes, and

further the size of these tubes are also not particularly

limited.

The product collecting section 52 is a section for
collecting thg oxides—-enclosed fine glass particles 10 of
the present invention that have been created in the
enclosed-fine~particles creating chamber 48a of the quick

cooling tube 48, and includee a collection chamber 52a, a

filter 52b, and a gas suction/exhaust port 52c. The
collection chamber 52a is disposed at an external lower

position of tha guick cooling tube 48 and cemmunicates with
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the encloeed~fine-particlea creating chamber 48a; the

filter 52b is disposed between the collection chamber %2a

and the section communicating with the enclosed~-£fine~-

particles creating chamber 48a and Separates oxides-

enclosed fine glass particles 10 of The present invention

from a fluidized gas such as the carrier gas and the plasma

gas and collects the thus separated oxides-enclosed fine

glass particles 10; and the gas suction/exhaust port 5%2c¢

Sucks the oxides-enclosed fine glass particles 10 of the

present invention accommodated in the enclosed~-fine-

particles creating chamber 48a together with the fluidized

gas and sucks and exhausts only the fluidized gas separated

by tha filtexr 52b.

The gas suction/exhaust Port 52c is connected to a

gas suction source 52d located at an external upper

position of the product collecting sectien 52.

The fluidized gas sucked by the gas suction source

52d through the gas suction port 52¢ is composed of the

Plasma gas such as argon gas, nitrogen gas, hydrogen gas or

oxygen gas which is used to generate the thermal plasma 43,

and the carrier gas such as argon gas which carries the

mixture of the powder materials. The fluidized gas 1is

sucked fxrom the enclosed-fine-particles creating chambex

48a into the product collecting section 52 together with

the oxides-enclosed fine glass particles 10 of the present

invention; The oxides-onclosed fine glass particles 10 of

the present invention created in the enclosed-fine-
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particles creating chamber 48a are completaly collected in

the collection chamber 52a through the filter 52b, and only
the fluldized gas separated by the filter SZb 1s exhausted

from the gas suction/exhaust port 52¢.

Although not shown, the powder materials mixture
feeder 50 1is used to cause the mixture of the powderx
materials, that is, the powder material of glass 22 and the
powder material of oxides 24, which have been mixed by
various mixers at the mixing treatment step 26, to be
carried by the carrier gas such as argon gas and to feed
the mixture into the thermal plasma 43 in the plasma torch
d2. The powder materials mlixture feeder 50 includes a
storage chamber for storing the mixture of the powder
materials, & mixing chamber for causing the mixture of the
powder materials stored in the storage chamber to be
carrled by the carrier gas, a gas supply source for
supplying the carrier gas into tha mixing chamber, and the
like. .

The oXxXldes—enclosed fine glass particles
manufacturing apparatus 40 of the illustrated example
includes the double gquartz tube 44 and the double coocling
tube 46 interposed between the plasma torch 42 for

convertipq the mixture of the powder materxlials, that is,
the powder material of glass 22 and the powder material of

oxldes 24 into the vapor-phase and the quick cooling tube

48 for quickly cooling the mixture of the powder materlials

in vapor-phase to create the oxides-enclesed fine glass

rywv.wrLLia




CA 02378479 2001-12-19

28

particle 10 of the present invention so that the double
quartz tube 44 and the double cooling tube 46 perform
primary and secondary cooling as intermediate cooling 1in
two stages. However, the present invention is not limited
thereto and the apparatus 40 may not include these
intermediate cooling devlices at all, or may include a
device for performing intermediate coocling in one stage, or
may include devices for performing intermediate cooling in

three Oy more stages.

The oxides-enclosed fine glass particles

manufacturing apparatus for performing the thermal plaam@
treatment step 28 of the oxides-enclosed fine qlass'
particles manufacturing process of the present-inventibn is
basically arranged as described above. The operation of
the apparatus and the thermal plasma treatment step 28 for
manufacturing the oxides-enclosed fine glass particles of
the present invention will be described below.

First, the mixture of the powder materials obtalned
at the mixing treatment step 26 1s sent to the thermal
plasma treatment step 28 and supplied to the powder
materials mixture feeder 50 of the oxides-enclosed fine
glass partlicles manufacturing apparatus 40 shown in EIG. 3.
At this time, a given radio-frequency voltage 1is applied to

the radio-frequency oecillation coil 42c¢ of the plasma
torch 42 in the oxides-enclosed fine glass particles

manufacturing apparatus 40, the plasma gas supplied from

the gas supply sources 42g is ejected from the gas ejectlon
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port 42e, and the thexmal plasma 43 is generated and

maintained in the plasma chamber 42a.

Subsequently., when the mixture of the powder
materials is supplied f:om.tha powder materials mixture
feeder 50 into the thermal plasma 43, which has been formed
in the plasma chamber 42a, through the supply pPOoxt 42:, the
powder material of gléss 22 and the powder material of
oxides 24 in the mixture of the powder materials both

gvaporate to be converted into the vaporx-phase.

Beth the materials of the powder material of glass 22
and the powdexr material of oxides 24, which have been
converted into the vapor-phase by the thermal plasma 43,
fall from the plasma chamber 42a and get awayrrom.the
thexmal plaéma 43, enter the cooling chamber 44a of the
double guartz tube 44 and is coocled primarily therein, and
further fall and enter the cooling chamber 46a of the

double cocoling tube 46, and coocled secondarxily therain.
Subsequently, both the materials of the powder

materlial of glass 22 and the powder material of oxides 24,
which have been secondarily cooled to be converted into t@e
vapor-phase or in part the liquid-phase, further fall and
enter the enclosed-fine-particles creating chamber 48a of
the quick coeoling tube 4B. The enclosed-fline-particles
creating chamber 48a is located far from the thermal plasma
and also has the size much larger than that of the cooling

chamber 46a of the double cooling tube 46. Accordingly,
both the materials of the powder material of glass 22 and
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the powder material of oxides 24, which have entered the
enclosed~-fine~-particles creating chamber 48a and converted
into the vapor-phase or in part the liquid-phase, are
quickly cooled and solidified at a breath. Accordingly,
the oxides-enclosed fine glass particles 10 of the present
inVention are created such that the enclosing fine
particles 14, which are pulverized so as to have a particle
size smaller than that of the powder material of oxides 24,

that is, a particle size of, for example, one-tenth to one-
several tenth that of the powder material of oxides 24, are
used as the nucleate particles; the periphery of each of

the nucleate particles is covered with the glass formed of

the powder material of glass 22; several pieces of nucleate

particles gathexy and finally a plurxality of enclosing fine
particles 14 are enclosed in the glass section 121

As described above, the oxides-enclosed fine glass
particles 10 of the present invention each including a
blurality of pleces 0of encleosing fine particles 14 that are
enclosed in the glass section 12 can be obtalined, wherein

the enclosing fine particles 14 comprises the oxides,

double oxides, or salts of oxyacids, or double oxides or

double salts thereof which have been pulverized.
Note that the plurality of encleosing fine particlas

14 that are enclosed in a single oxides-enclosed fine glass

particle 10 may be of the same type or of a different type.
Further, the enclosing fine particles 14 may be

partly formed in the glass state.
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As described above, the method of manufacturing
oxides—enclosed fine glass particles of the present
invention 1s not limited to the intermediate cooling in the
two stages that is performed by the double quartz tube 44
and the double cooling tube 46 and may employ intermediata
cooling in a single stage or three or more stages.

The method of manufacturing oxides-enclosed fine
glass particles of the present invention is basically

arranged as described above.

[Examples]
The present invention will be described below in
detall based on an example.

[Example 1)

A borosilicate powder material of glass 22 having an
average particle size of 2 um, and a powder matexial 24
composed of magnesium oxide powder having an average
particle size of 0.6 pm and aluminum oxide powder having an
average particle size of 1 um were treated according to the
oxldes-enclosed fine glass particles manufacturing method
20 shown in FIG. 2 using the oxides-enclosed fine glass
particles manufacturing apparatus 40 shown in FIG. 3. Then,
oxldes—-encloseqd fine glass particles 10, 50 vol% of each of
which was occupied by a glass section 12, were manufactured
by enclosing fine particles 14 composed of magnesium oxide
and aluminum oxide in each glass fine powder.

A high speed stirring type mixer H1-X (made by

Nisshin Engineering Co., Ltd.) was used at the mixing

e e Y
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treatment step 26 shown in FIG. 2.

In the oxides-enclosed fine glass particles
manufacturing apparatus 40 shown in FIG. 3, the quartz tube
42b of the plasma toxch 42 had an inside diameter of 55 mm
and a length of 220 mm; the quartz tube 44b of the double
quartz tube 44 had an inside diameter of 120 mm and a

length of 2350 mm; the inner tube 46b of the double cooling
tube 46 had an inside diameter of 120 mm and a length of
100 mm; and tThe 1lnner tube 48b of the quick cooling tube 48
had an inside diameter of 400 mm and a length of 9200 mmm.
The powder material 24 of oxide magnesium and oxide

aluminum and the borosilicate powder material of glass 22

were supplied such that the borosilicate powder material of

glass 22 had a mixing ratio of 50 vol% in the mixture of

the powder materials.

A radio-frequency of about 4 MH2z and about 30 kvA was
applied to the radio-frequency oscillation coil 42c of the

plasma torch 42, and a gas mixture of argon gas (60

liters/min) and oxygen (20 liters/min) was used as a plasma

gas ejected from the gas ejection port 42e. At that time,
the atmosphere in the thermal plasma 43 formed in the
plasma chamber 42a of the plasma torch 42 was under reduced
pressure of about 40 kPa.

The mixture of the powder materials was carried.by an

argon gas (10 litexs/min) that i1s a carrier gas supplied

from the supply port 42f of the plasma torch 42 and
supplied into the thermal plasma 43 at a ratio of 30
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grama/hour.
Further, the atmosphere in the enclosed-fine-
particles creating chamber 48a of the quick cooling tube 48

was a reducing atmosphere composed of argon gas containing

oxygen.

The oxldes-enclosed fine glass particles 10 could be
manufactured with a good yield by the way described above.
The thus manufactured oxides-enclosed fine glass

particles 10 were formed in an approximately spherical
shape with an average particle size of 0.3 um, the
enclosing fine particles 14 enclosed in the fine particles
had an average particle size of 0.05 um, and the ratio of
the glass section 12 in each of the oxides-enclosed fine
glass particles 10 was 50 volk.

FIG. 4 1s a TEM photograph showing the cross section
of an oxides-enclosed fina glass particie 10 obtained in
Example 1.

It can be found from FIG. 4 that the oxides-enclosed
fine glass particle is an approximately spherical fine
particle having a plurality of enclosing fine particles
that are enclosed in a glass section and that the plurality
ol encleosing fine particles are enclosed in the oxides-

enclosed fine'glass particle in an excellently scattered

state.
While the oxides-enclosed fine glass particles and
the manufacturing method of the same according to the

present invention have been described above in detail, the
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present invention is by no means limited to the
aforementioned example and it goes without saying that
‘various improvements and modifications can be made within

the range which does not depart from the gist of the

present invention.

Industrial applicability

As described above in detail, according to the
cxides-enclosed fine glass particles of the present
invention, one kind or a plurality of kinds of fine oxidéo
having an average particle size of, for example, 0.01 pum -
0.3 um are held in each of the fine glass particles in a
highly scattered state. Thus, highly scattered fine
particles of oxides can be cbtained by appropriately

pulverlizing them only in consideration of the scattering'Or

the fine glass particles themselves. Further, even if soma
of the fine glass particles agglomerate, they are more
scattered as compared with the conventional fine glass
particles because of agglomeration of a multiplicity of
compbnonts.

Further, since the fine glass particles themselves
are fine with the average particle size of 0.05 um - 1 um,

highly scattered fine particles of oxidas can be alse

obtained.
Accordingly, the oxides-enclosed fine glass particles

of the present invention are very suitable for a case in

which it is deslred to scatter as much as possible a
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plurality of components (a plurality of types of
components) such as a sintering auxiliary agent in a small
amount. Further, since fine particles obtained by
pulverizing the oxides-enclosed fine glass particles of the
present invention are highly scattered as compared with the
fine particles obtained by the conventional method, there
is an advantage that the strength of a sintered body is

increased and that the amount of the sintering auxiliary

agent to be mixed is small.

Furthermore, the method of manufacturing oxides-

enclosed fine glass particles of the present invention has

an effect that the novel oxides-enclosed rine glass

paxticles with the great advantages can be manufactured

easily, and preferably with a good yield.
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CLAIMS

1. A method of manufacturing oxides-enclosed fine

glass particles, characterized by comprising the steps of:

mixing a powder material of glass with a powder material of
oxide which comprises oxides, double oxides, or salts of
oxyacids, or double oxides or double salts thereof that are
not made to glass;

converting the thus obtained mixXxture of the powder
materials into a mixture in a vapor-state by supplying
thermal plasma to the powder materials; and

cooling the mixture 1in the vapor-state,

thereby manufacturing oxides-enclosed fine glass particles
in each of which two or more pieces of at least two kinde
of enclosing particles, which comprise oxides, double

oxides, or salts of oxyacids, or double oxides or double

salts thereof, are enclosed.

2. The method of manufacturing oxldes-enclosed fine

glass particles according to claim 1, wherein an average
particle size of said fine glasas particles is 0.05 - 1 um,

and the average particle slze of sald enclosing Ifine

particles is 0.01 pm - 0.3 pm and less than one half of the

average particle size of said fine glass particles.

3. The method of manufacturing oxides-enclosed fine

glass parxticles according to claim 1 or 2, wherein the
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oxides, double oxides, or salts of oxyacids, or double
oxides or double salts thereof, which constitute said

powder material of oxides are at least two members selected
from the group consisting of titanium oxide, zirconium
oxide, calcium oxide, silicon oxide, aluminum oxide, silver
oxide, iron oxide, magnesium oxide, manganese oxide,
yttrium oxide, c¢cerium oxide, samarium oxide, bervllium
oxide, barium titanate, lead titanate, lead titanate
zirconate, lithium aluminate, yttrium vanadate, calcium
phesphate, calcium zirconate, iron titanium oxidae, cobalt

titanium oxide, barium stannate, chromium oxide, barium

oxide, and vanadium oxide.

4. The method of manufacturing oxides-enclosed fine
glass particles according to any one of claims 1 to 3, whereiln
an averxage particle size of said powder material of glass

is 0.5 pum - 10 um, and the average particle size of said

powder material of oxildes is 0.1 um = S5 pm.

5. The method of manufacturing oxides-enclosed fine

glass particles according to any one of claims 1 to 4, wherein

the temperature of salid therxmal plasma is higher than &

boiling point of said powder material of glass and the

boiling point of said powder matexial of oxides.

6. The method of manufacturing oxides-enclosed fine

glass particles according to any one of claims 1 to 5, wherein
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an atmosphere in said thermal plasma is an atmosphere equal

to or less than an atmospheric pressure,

/. The method of manufacturing oxidas=-enclosed fine

glass particles according to any one of claims 1 to 6, wherein

the atmosphere in said thermal plasma is 25 kpPa - 80 kPa.

8. The method of manufacturing oxides-enclosed fine

glass particles according to any one of claims 1 to 7, whereiln
an atmosphere in which the mixture in the vapor~-phase is

cooled is an inert atmosphere, an oxidizing atmosphere, or a

reducing atmosphere.
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