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Fine Particle Synthesis by Multiple Nucleation Reaction using Microbubbles
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A method using microbubbles was incorporated as a new method for
synthesizing electrode materials, and the electrode properties of the synthesized samples were
investigated. The use of microbubbles can induce simultaneous nucleation reactions, which is
expected to obtain finer and more uniform particles.

Using microbubbles, manganese oxide-based electrode materials were successfully synthesized, and
uniform particles were obtained. The samples with a partial substitution of manganese were also able
to synthesize. The synthesized samples were found to exhibit good electrode properties. It was
suggested that the improvements were due to the decrease in electrode resistance caused by the
homogenization of the particles.

The microbubble-based synthesis method was shown to be useful as a new material synthesis method.



MnO.(a -Mn0O;)

Mn02
MnOz
MnOz
[ . 1
1
A
A B
RIS A A GE A1) \

H

Pt R
"3{:" B R IC2 RN ER

v 1
P
2

200 o\ RIGTEHBIAsME) [

mimﬁmﬁﬁmmam,/

IAOANTILHEITDEDFHEEIRILF—IZLY
RICRETHEEZENERERRIGERE,
COBEBEIRINLT—IEIRERIFELNDD,
FTOHROAFRELZINFILMHAFOESMAATRE,
1 () )




(MnSO;  5H0)

(Mn:Ti 100:0, 75:25, 50:50, 25:75, 0:100) 500ml
K2S20g 500ml (
)
(1 ) _
MnO, MN1_xT 1,0,
Mn02
X (XRD)
(FE-SEM) (BET )
tPVdF: =70:20:10(wt.%)
1.0 mol dm™ LiClO, / EC+DMC(30:70vol.)
R2032 V) 50
100 mv s
0.1 3.0V 1-10 25 mA gt 11-15
50 mA g 16-20 100 mA g 21-100 25 mA gt
( )
)
@
« 2 $
@
3 XRD
3
(M:Ti=100:0) s
(No.3) %’ No.2
37° 42°  56° ¢
60° E
No.3
MnO, I MnO2
(M:Ti:75:25) (NO.Z) 2|0 4io 6IO 80
26/° (CuKa)
3 Mny-xTx02 XRD
No.1l Mn:Ti=25:75,
[ No.2 Mn:Ti=75:25,
(W:Ti=25:75) - (No-3) No.3 Mn:Ti=100:0
4 FE-SEM (M:Ti=100:0)  (No.3)
(M:Ti=75:25) (No.2) 10 nm
M m 2

(M:Ti=25:75)  (No.1)
XRD



4
No.1 Mn:Ti=25:75, ( ) No.2 Mn:Ti=75:25, ( ) No.3 Mn:Ti=100:0

M1 THx02 FE-SEM (

(

5 cv
0.5V 1.0V
(M:Ti=100:0) (No.3) 310 mAh
g* 100 mA g* 25 mA g*
50 25 mA gt (10 )
(M:Ti=75:25) (No.2) 165 mAh g*
(M:Ti=25:75) (No.1) 135 mAh g
(No.2) (No.1) 100 mA
g* 25 mA gt 25 mA gt
11 20
(No.3)  50%
(No.2) (No.3)  40%
21 50
70%
100%
35 35 85
3 20050% 15" 10" Charge 5 20% 15 50 10% 3 208 155 50% 1 0n
> 25 5 25 525
g 2 g 2 g 2
%’ 15 _%:: 1.5 .'_'::)I,S
Z = 1 = 1
05 Discharge 05 05
¢ 0 0
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Specific capacity /mAh g Specific capacity / mAh g'! Specific capacity / mAh g !
_’I600 o _ 1200 600
21400 | =5 ;{‘1000 5500
- \E 400
Trriversible capacity 'g 300
b ?200
_-";:'u 200 E«n 100
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Cycle number/ - Cycle number / - Cycle number/ -
5 MNLxT 1,02 ( )

(

No.1 Mn:Ti=25:75, ( ) No.2 Mn:Ti=75:25, ( ) No.3 Mn:Ti=100:0



200 Hz )

(M:Ti=

500 Q

75:25)

(No.2)
Ti
(M:Ti=75:25)

(M:Ti=100:0)

120Q

(No.2)
(No.1)

0o,
A %0,
%0

1]
=3
S
jood

1Hz

300

/Q

N200]

100

| 200Hz

I AN

1Hz

| Ea00}

(No.3)

(M:Ti=25:75)

1000

590 Q
(No.1)

800
6001
200Hz

200

*

XRD

1000
ReZ/ Q

(

>

2000

6

00 200 300 400 500
ReZ/Q

M n]__xT i x02

Mnl_xT i sz

300

1000

ReZ/Q

(

No.1 Mn:Ti=25:75, ( ) No.2 Mn:Ti=75:25, ( ) No.3 Mn:Ti=100:0

Yoshihiro Kadoma, Satoru Oshitari, Koichi Ui, and Naoaki Kumagai, “Synthesis of
Hollandite-type LixMnO; by Li* ion-exchange in molten salt and lithium insertion

characteristics’, Electrochim. Acta, 53, 1697-1702 (2007).

YOSHIHIRO KADOMA, TATSUYA AKAHIRA, TSUBASA FUKUDA, KOICHI Ul and
NAOAKI KUMAGAI, “SYNTHESISAND ELECTROCHEMICAL PROPERTIES OF NANO
FIBER HOLLANDITE-TYPE MANGANESE OXIDES USING A HYDROTHERMAL

METHOD?”, Functional Materials L etters,

, 5, (2012).






