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ALL SOLID BATTERY, MANUFACTURING
METHOD OF ALL SOLID BATTERY AND
SOLID ELECTROLYTE POWDER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2019-090901, filed on May 13, 2019, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] A certain aspect of the present invention relates to
an all solid battery, a manufacturing method of an all solid
battery and solid electrolyte powder.

BACKGROUND

[0003] Al solid batteries having an oxide-based solid
electrolyte is expected as safe secondary batteries which do
not cause combustion or hazardous gas which is peculiar to
organic-based electrolyte or sulfide-based solid electrolyte.
From a viewpoint of securing battery capacity, it is favorable
that a solid electrolyte layer is thin. It is favorable that a
green sheet having a small thickness is fired. From a
viewpoint of smoothing the green sheet and reducing the
thickness of the green sheet, it is favorable that a particle
diameter of powder is reduced. And so, it is thought that the
thickness of the solid electrolyte layer is reduced by sinter-
ing a solid electrolyte having a small particle diameter (for
example, see International Publication No. 2012/063874,
International Publication No. 2016/063607 and Japanese
Patent Application Publication No. 2018-101467).

SUMMARY OF THE INVENTION

[0004] However, when the particle diameter of the powder
is excessively small, a ratio of crystal grain boundary in a
fired solid electrolyte layer may be high. In this case, ionic
conductivity tends to be degraded.

[0005] The present invention has a purpose of providing
an all solid battery, a manufacturing method of an all solid
battery and solid electrolyte powder that are capable of
achieving favorable battery capacity and favorable ionic
conductivity.

[0006] According to an aspect of the present invention,
there is provided an all solid battery including: an oxide-
based solid electrolyte layer; a first electrode provided on a
first main face of the solid electrolyte layer; a second
electrode provided on a second main face of the solid
electrolyte layer, wherein the solid electrolyte layer is a
sintered structure of solid electrolyte powder, wherein the
solid electrolyte powder has D10% diameter of 0.05 um or
more and 0.6 um or less, D50% diameter of 0.08 um or more
and 1.5 um or less, D90% diameter of 4 um or less, and a
BET value of 3 m*g or more and 20 m*/g or less.

[0007] According to another aspect of the present inven-
tion, there is provided a manufacturing method of an all
solid battery including: preparing a multilayer structure
having a green sheet including oxide-based solid electrolyte
powder, a first paste for electrode layer provided on a first
main face of the green sheet, a second paste for electrode
layer provided on a second main face of the green sheet; and
firing the multilayer structure, wherein the solid electrolyte
powder has D10% diameter of 0.05 um or more and 0.6 pm
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or less, D50% diameter of 0.08 pm or more and 1.5 um or
less, D90% diameter of 4 um or less, and a BET value of 3
m?/g or more and 20 m?/g or less.

[0008] According to another aspect of the present inven-
tion, there is provided solid electrolyte powder including:
oxide-based solid electrolyte, wherein the solid electrolyte
powder has D10% diameter of 0.05 um or more and 0.6 pm
or less, D50% diameter of 0.08 pm or more and 1.5 um or
less, D90% diameter of 4 um or less, and a BET value of 3
m?/g or more and 20 m?/g or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a schematic cross section of a
basic structure of an all solid battery;

[0010] FIG. 2 illustrates a schematic cross section of
another all solid battery;

[0011] FIG. 3 illustrates a flowchart of a manufacturing
method of an all solid battery;

[0012] FIG. 4 illustrates a stacking process; and

[0013] FIG. 5 illustrates results of examples 1 to 3 and
comparative examples 1 and 2.

DETAILED DESCRIPTION

[0014] A description will be given of an embodiment with
reference to the accompanying drawings.

Embodiment

[0015] FIG. 1 illustrates a schematic cross section of a
basic structure of an all solid battery 100 in accordance with
an embodiment. As illustrated in FIG. 1, the all solid battery
100 has a structure in which a first electrode 10 and a second
electrode 20 sandwich an oxide-based solid electrolyte layer
30. The first electrode 10 is provided on a first main face of
the solid electrolyte layer 30. The first electrode 10 has a
structure in which a first electrode layer 11 and a first electric
collector layer 12 are stacked. The first electrode layer 11 is
on the solid electrolyte layer 30 side. The second electrode
20 is provided on a second main face of the solid electrolyte
layer 30. The second electrode 20 has a structure in which
a second electrode layer 21 and a second electric collector
layer 22 are stacked. The second electrode layer 21 is on the
solid electrolyte layer 30 side.

[0016] When the all solid battery 100 is used as a second-
ary battery, one of the first electrode 10 and the second
electrode 20 is used as a positive electrode and the other is
used as a negative electrode. In the embodiment, as an
example, the first electrode 10 is used as a positive electrode,
and the second electrode 20 is used as a negative electrode.
[0017] At least, the solid electrolyte layer 30 is an oxide-
based solid electrolyte. For example, phosphoric acid salt-
based electrolyte having a NASICON structure may be used
for the solid electrolyte layer 30. The phosphoric acid
salt-based solid electrolyte having the NASICON structure
has a high conductivity and is stable in normal atmosphere.
The phosphoric acid salt-based solid electrolyte is, for
example, such as a salt of phosphoric acid including lithium.
The phosphoric acid salt is not limited. For example, the
phosphoric acid salt is such as composite salt of phosphoric
acid with Ti (for example LiTu(PO,),). Alternatively, at least
a part of Ti may be replaced with a transition metal of which
a valence is four, such as Ge, Sn, Hf, or Zr. In order to
increase an amount of Li, a part of Ti may be replaced with
a transition metal of which a valence is three, such as Al, Ga,
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In, Y or La. In concrete, the phosphoric acid salt including
lithium and having the NASICON structure is Li, ,, Al Ge,_
«(PO,);, Li,, Al Zr, (PO,);, Lr,, ALT, (PO,); or the
like. For example, it is preferable that Li—Al—Ge—PO,-
based material, to which a transition metal included in the
phosphoric acid salt having the olivine type crystal structure
included in the first electrode layer 11 and the second
electrode layer 21 is added in advance, is used. For example,
when the first electrode layer 11 and the second electrode
layer 21 include phosphoric acid salt including Co and Li, it
is preferable that the solid electrolyte layer 30 includes
Li—Al—Ge—PO,-based material to which Co is added in
advance. In this case, it is possible to suppress solving of the
transition metal included in the electrode active material into
the electrolyte. When the first electrode layer 11 and the
second electrode layer 21 include phosphoric acid salt
including [i and a transition metal other than Co, it is
preferable that the solid electrolyte layer 30 includes
Li—Al—Ge—PO,-based material in which the transition
metal is added in advance.

[0018] At least, the first electrode layer 11 used as a
positive electrode includes a material having an olivine type
crystal structure, as an electrode active material. It is pref-
erable that the second electrode layer 21 also includes the
electrode active material. The electrode active material is
such as phosphoric acid salt including a transition metal and
lithium. The olivine type crystal structure is a crystal of
natural olivine. It is possible to identify the olivine type
crystal structure, by using X-ray diffraction.

[0019] For example, LiCoPO, including Co may be used
as a typical example of the electrode active material having
the olivine type crystal structure. Other salts of phosphoric
acid, in which Co acting as a transition metal is replaced to
another transition metal in the above-mentioned chemical
formula, may be used. A ratio of Li or PO, may fluctuate in
accordance with a valence. It is preferable that Co, Mn, Fe,
Ni or the like is used as the transition metal.

[0020] The electrode active material having the olivine
type crystal structure acts as a positive electrode active
material in the first electrode layer 11 acting as a positive
electrode. For example, when only the first electrode layer
11 includes the electrode active material having the olivine
type crystal structure, the electrode active material acts as
the positive electrode active material. When the second
electrode layer 21 also includes an electrode active material
having the olivine type crystal structure, discharge capacity
may increase and an operation voltage may increase because
of electric discharge, in the second electrode layer 21 acting
as a negative electrode. The function mechanism is not
completely clear. However, the mechanism may be caused
by partial solid-phase formation together with the negative
electrode active material.

[0021] When both the first electrode layer 11 and the
second electrode layer 21 include an electrode active mate-
rial having the olivine type crystal structure, the electrode
active material of each of the first electrode layer 11 and the
second electrode layer 21 may have a common transition
metal. Alternatively, the a transition metal of the electrode
active material of the first electrode layer 11 may be different
from that of the second electrode layer 21. The first electrode
layer 11 and the second electrode layer 21 may have only
single type of transition metal. The first electrode layer 11
and the second electrode layer 21 may have two or more
types of transition metal. It is preferable that the first
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electrode layer 11 and the second electrode layer 21 have a
common transition metal. It is more preferable that the
electrode active materials of the both electrode layers have
the same chemical composition. When the first electrode
layer 11 and the second electrode layer 21 have a common
transition metal or a common electrode active material of the
same composition, similarity between the compositions of
the both electrode layers increases. Therefore, even if ter-
minals of the all solid battery 100 are connected in a
positive/negative reversed state, the all solid battery 100 can
be actually used without malfunction, in accordance with the
usage purpose.

[0022] The second electrode layer 21 may include known
material as the negative electrode active material. When
only one of the electrode layers includes the negative
electrode active material, it is clarified that the one of the
electrode layers acts as a negative electrode and the other
acts as a positive electrode. When only one of the electrode
layers includes the negative electrode active material, it is
preferable that the one of the electrode layers is the second
electrode layer 21. Both of the electrode layers may include
the known material as the negative electrode active material.
Conventional technology of secondary batteries may be
applied to the negative electrode active material. For
example, titanium oxide, lithium-titanium complex oxide,
lithium-titanium complex salt of phosphoric acid salt, a
carbon, a vanadium lithium phosphate.

[0023] Inthe forming process of the first electrode layer 11
and the second electrode layer 21, moreover, oxide-based
solid electrolyte material or a conductive material (conduc-
tive auxiliary agent) such as a carbon or a metal may be
added. When the material is evenly dispersed into water or
organic solution together with binder or plasticizer, paste for
electrode layer is obtained. Pd, Ni, Cu, or Fe, or an alloy
thereof may be used as a metal of the conductive auxiliary
agent.

[0024] The first electric collector layer 12 and the second
electric collector layer 22 are made of a conductive material.
[0025] FIG. 2 illustrates a schematic cross section of an all
solid battery 100a¢ in which a plurality of cell units are
stacked. The all solid battery 100a has a multilayer chip 60
having a rectangular parallelepiped shape, a first external
electrode 40a provided on a first edge face of the multilayer
chip 60, and a second external electrode 405 provided on a
second edge face facing with the first edge face.

[0026] In four faces other than the two end faces of the
multilayer chip 60, two faces other than an upper face and
a lower face of the multilayer chip 60 in a stacking direction
are referred to as side faces. The first external electrodes 40a
and the second external electrode 4056 extend to the upper
face, the lower face and the two side faces of the multilayer
chip 60. However, the first external electrode 40a and the
second external electrode 405 are spaced from each other.
[0027] In the following description, the same numeral is
added to each member that has the same composition range,
the same thickness range and the same particle distribution
range as that of the all solid battery 100. And, a detail
explanation of the same member is omitted.

[0028] In the all solid battery 100a, each of the first
electric collector layers 12 and each of the second electric
collector layers 22 are alternately stacked. Edges of the first
electric collector layers 12 are exposed to the first edge face
of the multilayer chip 60 but are not exposed to the second
edge face of the multilayer chip 60. Edges of the second
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electric collector layers 22 are exposed to the second edge
face of the multilayer chip 60 but are not exposed to the first
edge face. Thus, each of the first electric collector layers 12
and each of the second electric collector layers 22 are
alternately conducted to the first external electrode 40a and
the second external electrode 405.

[0029] The first electrode layer 11 is stacked on the first
electric collector layer 12. The solid electrolyte layer 30 is
stacked on the first electrode layer 11. The solid electrolyte
layer 30 extends from the first external electrode 40q to the
second external electrode 405. The second electrode layer 21
is stacked on the solid electrolyte layer 30. The second
electric collector layer 22 is stacked on the second electrode
layer 21. Another second electrode layer 21 is stacked on the
second electric collector layer 22. Another solid electrolyte
layer 30 is stacked on the second electrode layer 21. The
solid electrolyte layer 30 extends from the first external
electrode 404 to the second external electrode 405. The first
electrode layer 11 is stacked on the solid electrolyte layer 30.
In the all solid battery 100a, the stack units are repeatedly
stacked. Therefore, the all solid battery 1004 has a structure
in which a plurality of cell units are stacked.

[0030] From a viewpoint of securing battery capacity of
the all solid battery 1004, it is preferable that the solid
electrolyte layer 30 is thin. For example, it is preferable that
an average thickness of the solid electrolyte layer 30 is 10
um or less. It is more preferable that the average thickness
is 5 pum or less. In this case, it is preferable that a green sheet
having a small thickness is fired. From a viewpoint of
reducing the thickness of a smoothed green sheet, it is
preferable that a particle diameter of powder is small.
However, when the particle diameter of solid electrolyte
powder is excessively small, a ratio of crystal grain bound-
ary in the fired solid electrolyte layer 30 is high. In this case,
ion conductivity may be degraded.

[0031] And so, a description will be given of ceramic
material powder, and a manufacturing method of the all solid
battery that are capable of achieving securing the battery
capacity and the ion conductivity. FIG. 3 illustrates a flow-
chart of the manufacturing method of the all solid battery
100a.

[0032] (Making process of ceramic material powder)
Ceramic material powder including the phosphoric acid
salt-based solid electrolyte is made. For example, it is
possible to make the phosphoric acid-based solid electrolyte
powder, by mixing raw material and additives and using
solid phase synthesis method or the like. The resulting
powder is subjected to dry grinding. Thus, a grain diameter
of the resulting power is adjusted to a desired one. It is
therefore possible to make the ceramic material powder
including the solid electrolyte powder. The ceramic material
powder may include necessary additives other than the solid
electrolyte powder.

[0033] In the ceramic material powder of the embodiment,
the solid electrolyte powder has D10% particle diameter of
0.05 pm or more and 0.6 um or less, D50% particle diameter
of 0.08 pm or more and 1.5 um or less, and D90% particle
diameter of 4 um or less. ABET value of the solid electrolyte
powder is 3 m*/g or more and 20 m*/g or less. It may be
possible to measure the BET value by a BET one point
method by using Macsorb HM model-1200 series, nitrogen
gas and nitrogen-helium (30 mol %) mixed gas. An amount
of sample is weighed so that an actual measured value is 1
m? to 50 m®. The sample is put in a glass cell. An adsorbed
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water is removed from the sample by heating the sample for
15 minutes at 200 degrees C. while nitrogen gas is flown
through the sample. After that, it is possible to use the
resulting sample for the BET measurement. It is possible to
measure the D10% diameter, the D50% diameter, and the
D90% diameter by using a laser diffraction particle size
analyzer.

[0034] (Making process of green sheet) The resulting
ceramic material powder is evenly dispersed into aqueous
solvent or organic solvent together with a binding agent, a
dispersing agent, a plasticizer and so on. The resulting
ceramic material power is subjected wet crushing. And solid
electrolyte slurry having a desired particle diameter is
obtained. In this case, a bead mill, a wet jet mill, a kneader,
a high pressure homogenizer or the like may be used. It is
preferable that the bead mill is used because adjusting of
particle size distribution and dispersion are performed at the
same time. A binder is added to the resulting solid electrolyte
slurry. Thus, solid electrolyte paste is obtained. The solid
electrolyte paste is painted. Thus, a green sheet is obtained.
The painting method is not limited. For example, a slot die
method, a reverse coat method, a gravure coat method, a bar
coat method, a doctor blade method or the like may be used.
It is possible to measure the particle size distribution after
the wet-crushing, by using a laser diffraction measurement
device using a laser diffraction scattering method. In the
wet-crushing, excessive energy is not used. Thus, the solid
electrolyte powder has the D10% diameter of 0.05 um or
more and 0.6 pm or less, the D50% diameter of 0.08 um or
more and 1.5 pm or less, the D90% diameter of 4 um or less,
and the BET value of 3 m*/g or more and 20 m*/g or less.
[0035] (Making process of paste for electrode layer) Next,
paste for electrode layer is made in order to make the first
electrode layer 11 and the second electrode layer 21. For
example, a conductive auxiliary agent, an active material, a
solid electrolyte material, a binder, a plasticizer and so on are
evenly dispersed into water or organic solvent. Thus, paste
for electrode layer is obtained. The above-mentioned solid
electrolyte paste may be used as the solid electrolyte mate-
rial. Pd, Ni, Cu, Fe, an alloy including two or more of them,
or a carbon material may be used as the conductive auxiliary
agent. When the composition of the first electrode layer 11
is different from that of the second electrode layer 21, paste
for electrode layer used for the first electrode layer 11 and
another paste for electrode layer used for the second elec-
trode layer 21 may be individually made.

[0036] (Making process of paste for electric collector)
Next, paste for electric collector is made in order to make the
first electric collector layer 12 and the second electric
collector layer 22. It is possible to make the paste for electric
collector, by evenly dispersing powder of Pd, carbon black,
board-shaped graphite carbon, a binder, dispersant, plasti-
cizer and so on into water or organic solvent.

[0037] (Stacking process) Paste 52 for electrode layer is
printed on one face of a green sheet 51 as illustrated in FIG.
4. Paste 53 for electric collector is printed on the paste 52 for
electrode layer. And, another paste 52 for electrode layer is
printed on the paste 53 for electric collector. A reverse
pattern 54 is printed on a part of the green sheet 51 where
neither the paste 52 for electrode layer nor the paste 53 for
electric collector is printed. A material of the reverse pattern
54 may be the same as that of the green sheet 51. The green
sheets 51 after printing are stacked so that each of the green
sheets 51 is alternately shifted to each other. Thus, a mul-
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tilayer structure is obtained. In this case, in the multilayer
structure, a pair of the paste 52 for electrode layer and the
paste 53 for electric collector are alternately exposed to the
two edge faces of the multilayer structure.

[0038] (Firing process) Next, the obtained multilayer
structure is fired. In the firing process, it is preferable that a
maximum temperature is 400 degrees C. to 1000 degrees C.
in an oxidizing atmosphere or non-oxidizing atmosphere. It
is more preferable that that maximum temperature is 500
degrees C. to 900 degrees C. In order to sufficiently remove
the binder until the maximum temperature, a process for
keeping a temperature lower than the maximum temperature
in an oxidizing atmosphere may be performed. It is prefer-
able that the firing is performed in the lowest possible
temperature, from a viewpoint of reduction of the process
cost. After the firing, a re-oxidizing process may be per-
formed. In this manner, the multilayer chip 60 is manufac-
tured.

[0039] (Forming process of external electrode) After that,
metal paste is applied to the two end faces of the multilayer
chip 60. And, the metal paste is fired. Thus, the first external
electrode 40a and the second external electrode 4056 are
formed. Alternatively, the multilayer chip 60 may be put in
a dedicated tool so that the first external electrode 40q is
spaced from the second external electrode 405 on the upper
face, the lower face and the two side faces connected to the
two end faces. And, electrodes may be formed by a sput-
tering. The first external electrode 40a and the second
external electrode 406 may be formed by plating on the
formed electrodes.

[0040] In the manufacturing method of the embodiment,
the solid electrolyte powder of the ceramic material powder
has the BET value of 3 m*g or more and 20 m,/g or less.
In this case, the particle diameter of the solid electrolyte
powder is small. The solid electrolyte powder has the D10%
diameter of 0.05 pm or more and 0.6 um or less, the D50%
diameter of 0.08 pm or more and 1.5 um or less, and the
D90% diameter of 4 um or less. In this case, it is possible to
suppress contamination of powder having excessively large
size. It is therefore possible to smooth the green sheet,
reduce the thickness of the green sheet and reduce the
thickness of the solid electrolyte layer 30 after the firing.
And, the all solid battery 100 has a multilayer structure of
the solid electrolyte layer 30. Thereby, the battery capacity
is improved. The particle diameter of the solid electrolyte is
not excessively small. In this case, it is possible to reduce the
ratio of the crystal grain boundary of the solid electrolyte
layer 30 after the firing. And, degradation of the ionic
conductivity can be suppressed. When contamination of
powder having excessively small size is suppressed, it is
possible to suppress influence on handling of the green sheet
(peeling characteristic, strength and so on). When the green
sheet is smoothed, short can be suppressed.

[0041] It is preferable that an average particle diameter of
the solid electrolyte powder is 0.05 pm or more and 0.6 pm
or less. In this case, it is possible to reduce the particle
diameter of the solid electrolyte powder. And the battery
capacity is improved. The particle diameter of the solid
electrolyte powder is not excessively small. It is therefore
possible to suppress the degradation of the ionic conductiv-
ity. It is possible to measure the average particle diameter by
adjusting the magnification of a scanning electron micro-
scope (SEM) so that a single image includes 80 to 150
numbers of crystal grains, taking a plurality of images so
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that 400 numbers or more of crystal grains are included, and
measuring Feret diameters of all crystal grains in the images.
[0042] The solid electrolyte powder generally has a poly-
crystalline structure. Therefore, when the crystal grain diam-
eter of the solid electrolyte powder is large, the crystalline
structure of the solid electrolyte is close to single crystal
structure. Therefore, the solid electrolyte powder has an
advantage in ionic conductivity. And so, it is preferable that
the crystal grain diameter of the solid electrolyte powder is
100 A or more. It is more preferable that the crystal grain
diameter is 300 A or more and 600 A or less.

EXAMPLES

[0043] The all solid batteries in accordance with the
embodiment were made and the property was measured.

Example 1

[0044] Li,CO;, Al,O;, GeO, and MAP (dihydrogen phos-
phate ammonium), were mixed by a dry bead mill. The
resulting powder was heated for 1 hour at 400 degrees C.
After that, the resulting powder was crushed by a bead mill
in dispersion medium of ethanol so that the D50% diameter
measured by a laser diffraction becomes 1 um. After that, the
resulting powder was calcined at 700 degrees C. Thus,
LAGP powder (LI, Al, sGe, 5(PO,);) was obtained.
[0045] The BET value (specific surface area) was 3 m*/g.
The SEM average particle diameter was 0.6 The SEM
average particle diameter was measured by adjusting the
magnification of a scanning electron microscope (SEM) so
that a single image includes 80 to 150 numbers of crystal
grains, taking a plurality of images so that 400 numbers or
more of crystal grains are included, and measuring Feret
diameters of all crystal grains in the images.

[0046] Sample of 0.05 g was dispersed in ultrasonic bath
of ethanol of 50 mL for 3 minutes. Particle size distribution
of the sample was measured by using LA 950 laser diffrac-
tion device made by HORIBA, Ltd. and using ethanol for
dispersion medium for measurement. The D10% diameter
was 0.6 The D50% diameter was 1.5 The D90% diameter
was 4 Profile of the sample was measured by powder XRD
measuring method. In the powder XRD measuring method,
Ultima IV made by Rigaku corporation was used. Continu-
ous scanning was performed. X-Ray 40 kV/40 mA was used.
Divergence slit was 1°. Vertical divergence limitation slit
was 10 mm. Scattering slit was opened. Photoreception slit
was opened. Monochrome photoreception slit was not used.
Step was 0.02°. Speed was 5°/sec. Crystallite diameter was
measured by WPPF fitting. The measured crystallite diam-
eter was 600 A.

Example 2

[0047] Sample after the thermal process of 400 degrees C.
was dispersed in ethanol. After the dispersion, the D50%
diameter of the sample was 0.06 Other conditions were the
same as those of the example 1. The BET value was 20 m*/g.
The SEM average particle diameter was 0.07 The D10%
diameter was 0.05 The D50% diameter was 0.08 D90%
diameter was 2 pm. The crystallite diameter was 100 A.

Example 3

[0048] TiO, was used instead of GeO,. And, the mixing
was performed so that a composition of Li, ;Al,;Ti,
(PO,); was achieved. Sample after the thermal process of
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400 degrees C. was dispersed in ethanol. After the disper-
sion, the D50% diameter of the sample was 0.08 um. Other
conditions were the same as those of the example 1. The
BET value was 10 m*/g. The SEM average particle diameter
was 0.1 um. The D10% diameter was 0.2 pum. The D50%
diameter was 0.3 um. The D90% diameter was 3 um. The
crystallite diameter was 240 A.

Comparative Example 1

[0049] Sample after the thermal process of 400 degrees C.
was dispersed in ethanol. After the dispersion, the D50%
diameter of the sample was 1.5 pm. Other conditions were
the same as those of the example 1. The BET value was 2.8
m?/g. The SEM average particle diameter was 0.62 um. The
D10% diameter was 0.65 um. The D50% diameter was 1.6
um. D90% diameter was 4.5 um. The crystallite diameter
was 630 A.

Comparative Example 2

[0050] Sample after the thermal process of 400 degrees C.
was dispersed in ethanol. After the dispersion, the D50%
diameter of the sample was 0.04 um. Other conditions were
the same as those of the example 1. The BET value was 25
m?/g. The SEM average particle diameter was 0.04 um. The
D10% diameter was 0.3 um. The D50% diameter was 0.2
um. D90% diameter was 4 um. The crystallite diameter was
80 A.

[0051] (Analysis 1) With respect to the examples 1 to 3
and the comparative examples 1 and 2, the resulting solid
electrolyte powder was wet-crushed (dispersion medium:
mixed solution of ethanol and toluene). A binder was added
to the resulting solid electrolyte powder. Thus, a green sheet
having a thickness of 2 um was formed on a PET film. The
surface roughness (Ra) of the green sheet was measured.
When the surface roughness Ra of the green sheet was 80
nm or less, the surface roughness was determined as good
“(O”. When the surface roughness Ra was more than 80 nm,
the surface roughness was determined as bad “X”. It was
confirmed whether the green sheet was peeled without any
problem. When the green sheet was peeled without any
problem, the peeling characteristic was determined as good
“(O”. When the green sheet was not peeled, the peeling
characteristic was determined as bad “X”. 20 numbers of the
green sheets were stacked. The stacked structure was heated
and pressed at 80 degrees C. Thus, a disk compact having a
diameter ¢ of 1.5 cm was formed. The disc compact was
heated to 700 degrees C. or more. And a sintered structure
was made. Both faces of the sintered structure were sub-
jected to Au sputtering. Impedance of the sintered structure
was measured at a room temperature. Ionic conductivity of
Li was evaluated. When the ionic conductivity was 107
S/cm or more, the ionic conductivity was determined as
good “O”. When the ionic conductivity was less than 10™*
S/cm, the ionic conductivity was determined as bad “X”.
FIG. 5 illustrates the results.

[0052] In the examples 1 to 3, the surface roughness Ra
was determined as good “O”, the sheet peeling character-
istic was determined as good “O”, and the ionic conduc-
tivity was determined as good “O~. It is thought that
favorable sheet smoothness, favorable peeling characteristic
and favorable ionic conductivity were achieved, because the
BET value of the solid electrolyte powder was 3 m?/g or
more and 20 m*/g or less, the D10% diameter was 0.05 um

Nov. 19, 2020

or more and 0.6 pm or less, the D50% diameter was 0.08 um
or more and 1.5 um or less, and the D90% diameter was 4
pum or less.
[0053] On the other hand, in the comparative example 1,
the surface roughness was more than 80 nm. Therefore, the
surface roughness was determined as bad “X”. It is thought
that this was because the BET value of the solid electrolyte
powder was less than 3 m*/g, the D10% diameter was more
than 0.6 um, the D50% diameter was more than 1.5 um, the
D90% diameter was more than 4 pm, and the particle
diameter was excessively large. In the comparative example
2, the sheet peeling characteristic was determined as bad
“X”. Tt is thought that this was because the BET value was
more than 20 m*/g, and the particle diameter was exces-
sively small.
[0054] (Analysis 2) With respect to each of the examples
1 and 2 and the comparative examples 1 and 2, a stack cell
was made by using the green sheet. Paste for electrode layer
having a thickness of 2 um was printed on the green sheet,
by using a predetermined pattern screen. Pd paste having a
thickness of 0.7 um acting as paste for electric collector was
printed on the paste for electrode layer. Moreover, another
paste for electrode layer having a thickness of 2 pm was
printed on the paste for electric collector. 11 numbers of the
green sheet after the printing were stacked so that electrode
layers are alternately exposed to two end faces of the stacked
structure. After that, a plurality of the green sheet without
printing having an average total thickness of 30 pm and
acting as a cover layer was provided on an upper face and
a lower face of the stacked structure. The cover sheets were
crimped to the stacked structure by heating pressurizing. The
resulting structure was cut into chips having a square shape
of 8 mmx8 mm by a dicer. 100 numbers of the chip were
subjected to degreasing by a thermal treatment of 300
degrees C. to 500 degrees C. After that, the chips were
subjected to a thermal treatment of 900 degrees C. or less.
Thus, sintered chips were made. Two end faces of the
sintered chips to which the electrode layers were exposed
was coated with Ag paste. Thus, a pair of external electrodes
were formed. A short rate was calculated from the number
of chip in which short occurred. When the short rate was
10% or less, the short rate was determined as good “O”.
When the short rate was more than 10%, the short rate was
determined as bad “X”.
[0055] In the examples 1 and 2 and the comparative
example 2, the short rate was determined as good “O”. It is
thought that this was because the surface roughness (Ra) of
the green sheet was 80 nm or less. On the other hand, in the
comparative example 2, the short rate was determined as bad
“X”. It is thought that this was because the surface rough-
ness (Ra) of the green sheet was more than 80 nm, and
unevenness degree was large.
[0056] Although the embodiments of the present invention
have been described in detail, it is to be understood that the
various change, substitutions, and alterations could be made
hereto without departing from the spirit and scope of the
invention.

What is claimed is:

1. An all solid battery comprising:

an oxide-based solid electrolyte layer;

a first electrode provided on a first main face of the solid

electrolyte layer;
a second electrode provided on a second main face of the
solid electrolyte layer,
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wherein the solid electrolyte layer is a sintered structure

of solid electrolyte powder,

wherein the solid electrolyte powder has D10% diameter

01 0.05 um or more and 0.6 um or less, D50% diameter
01 0.08 um or more and 1.5 um or less, D90% diameter
of 4 um or less, and a BET value of 3 m*/g or more and
20 m*/g or less.

2. The all solid battery as claimed in claim 1, wherein an
average particle diameter of the solid electrolyte powder is
0.05 pm or more and 0.6 pm or less.

3. The all solid battery as claimed in claim 1, wherein a
crystallite diameter of the solid electrolyte powder is 100 A
or more.

4. The all solid battery as claimed in claim 1, wherein the
solid electrolyte powder is phosphoric acid-based solid
electrolyte powder.

5. The all solid battery as claimed in claim 4, wherein the
phosphoric acid-based electrolyte powder has a NASICON
structure.

6. A manufacturing method of an all solid battery com-
prising:

preparing a multilayer structure having a green sheet

including oxide-based solid electrolyte powder, a first

paste for electrode layer provided on a first main face

of the green sheet, a second paste for electrode layer

provided on a second main face of the green sheet; and
firing the multilayer structure,

wherein the solid electrolyte powder has D10% diameter

01 0.05 um or more and 0.6 um or less, D50% diameter
01 0.08 um or more and 1.5 um or less, D90% diameter
of 4 um or less, and a BET value of 3 m*/g or more and
20 m*/g or less.
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7. The method as claimed in claim 6, wherein an average
particle diameter of the solid electrolyte powder is 0.05 pm
or more and 0.6 um or less.

8. The method as claimed in claim 6, wherein a crystallite
diameter of the solid electrolyte powder is 100 A or more.

9. The method as claimed in claim 6, wherein the solid
electrolyte powder is phosphoric acid-based solid electrolyte
powder.

10. The method as claimed in claim 9, wherein the
phosphoric acid-based electrolyte powder has a NASICON
structure.

11. Solid electrolyte powder comprising:

oxide-based solid electrolyte,

wherein the solid electrolyte powder has D10% diameter

0f 0.05 um or more and 0.6 um or less, D50% diameter
of 0.08 um or more and 1.5 um or less, D90% diameter
of 4 um or less, and a BET value of 3 m*/g or more and
20 m?/g or less.

12. The solid electrolyte powder as claimed in claim 11,
wherein an average particle diameter of the solid electrolyte
powder is 0.05 um or more and 0.6 um or less.

13. The solid electrolyte powder as claimed in claim 11,
wherein a crystallite diameter of the solid electrolyte powder
is 100 A or more.

14. The solid electrolyte powder as claimed in claim 11,
wherein the oxide-based solid electrolyte is phosphoric
acid-based solid electrolyte powder.

15. The solid electrolyte powder as claimed in claim 14,
wherein the phosphoric acid-based electrolyte powder has a
NASICON structure.



