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Particle Control of Sulfide Solid Electrolyte Powder
for Use in All-Solid-State Battery
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Wet milling was performed by changing only the ZrO, ball size condition for 75Li,S-25P,S; (mol%) glass

for use in an all-solid-state battery. The effect of the ZrO, ball size on a powder particle size was investigated.

Results show that the powders obtained after wet milling with ZrO, balls (0.3, 1 and 2 mm diameter) were a

powder with spherical particles of about 10 pm, a powder with spherical particles of about 1-5 um, and a powder

with spherical particles of about 1-10 um, in addition to an angular powder with particles from about dozens of

micrometers to about 100 um. The finest and most homogeneous powder was obtained from the use of 1 mm

diameter ZrO, balls. Next, the ion conductibilities of pellets made from powders were investigated. Consequently,

the ion conductibilities obtained when using 0.3, 1, and 2 mm diameter ZrO, balls were, respectively, 4.9x10™,
5.3x10™, 2.0x10™, and 5.0x10™ S-cm™. The value when using 1 mm diameter ZrO, balls was low. We therefore

concluded that a powder after wet milling with a 2 mm diameter ZrO, balls, not 1 mm diameter, should be used for

batteries.
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Fig. 1 The SEM image of a 75Li,S-25P,S, (mol%) glass
powder before wet milling.
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Fig.2 Raman spectroscopies (200 — 4000 cm™) of a 75L,S-25P,S, (mol%) glass powder before; (a) and after a wet milling with

710, balls [diameter 0.3mm; (b), 1 mm; (c) and 2 mm; (d)].



64

3- _
| P§4
(a) Before
wet milling
5 S
S <
> =
S =
600 400 200 600 400 200
Raman shift (c:;n_1) Raman shift (cm ™)
: PS; ‘ o
(c) 1 mm y (d) 2mm  PS,
E 3
S ©
> >
c c
600 400 200 600 400 200
Raman shift (cm ™) Raman shift (cm™")

Fig. 3 Raman spectroscopies (200-700 cm™) of a 75Li,S-25P,S; (mol%) glass powder before; (a) and after a wet milling with
Zr0O, balls [diameter 0.3mm; (b), 1 mm; (¢) and 2 mm; (d)].

Fig. 4 SEM images of powers after a wet milling with ZrO, balls [diameter 0.3mm; (a), 1 mm; (b) and 2 mm; (c)].
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Fig. 5 Impedance measurements of the pellet produced by the powders before; (a) and after a wet milling with ZrO, balls
[diameter 0.3mm; (b), 1 mm; (c¢) and 2 mm; (d)].

Fig. 6 SEM images of pellet surfaces (The pellet produced by the powders before; (a) and after wet milling with ZrO, balls
[diameter 0.3 mm; (b), 1 mm; (c) and 2 mm; (d)].
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Fig. 7 Charge and discharge measurements of the
In-Li/LiNi,sMn,;Co,;0, cell with fine powders of
75Li,S-25P,S; (mol%) glass.

Fig. 8 An image of the laminated all solid state battery
prototype under development.
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