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SUMMARY

Title of the research

Development in electrochemical methods to prepare
porous electrodes and to control their porosity for
energy reservoir

. Purpose and necessity of the research

This work is aimed at development in electrochemical
methods to prepare porous electrodes and to control
their porosity for energy reservoir, based on fact that
the porosity of porous powders is effectively controlled
by electrochemical methods.

. The contents and scope of the research

Development in electrochemical methods to prepare porous
metallic oxide electrodes

Development in electrochemical methods to evaluate and
analysis the porosity of porous metallic oxide electrodes
Development in methods to control and optimize the
porosity of porous metallic oxide electrodes

. The research results

Electrodeposition of V205 used as a cathode for lithium
secondary battery and control of its porosity by
varying the electrodeposition condition

Quantification of pore structure in terms of fractal
dimension

Elucidation of relationship between pore structure and
energy storage properties

Optimization of pore structure for improvement of
energy storage properties

Publication of SCI paper: 12

Presentation at domestic conference: 12

Presentation at international conference: 8



V.

Possible applicability of the research
Electrochemical methods to prepare porous electrodes
and to control their porosity have an application to
manufacturing process for lithium secondary battery
and supercapacitor.

Electrochemical methods to analysis and evaluate the
porosity of porous electrodes have an application to test
machine and software for porous electrodes for energy

reservoir.
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7. Electrolytic V205 film AFE FE5HAA] Ax2TA A
(1) S53AA AA

- 400 nm-thick Pt/polished Al:03 substrate

v Al Ad o AF Al 21 39
(1) 331" A4
- 0.1 M VOSO4 aqueous solution
110 wt% H2S04 #H7bell &J8) pH = 1.75 ~ 1.8 A
(2) A7)sket A Az |
- Working electrode
: 54 AA (Pt/polished Al:03 substrate)
- Reference electrode
: Saturated calomel electrode (SCE)
- Counter electrode

J

: Pt wire
- Electrolyte
: 0.1 M VOSO4 aqueous solution (pH = 1.75 ~ 1.8)
(3) 35 Az &4
- 25 A2 (25°0)
- JHY=H (potentiostatic condition)
: 1.5 V(SCE) @] ¥A3%t A At (formation potential) & A7]3st Aol 7}
3.
- Eletrodeposition A7k 3 A7k
(4) A5 A= FAH =
- 25, 100, 240 °C 9] 2xA JAFEH7INA 1 AZHEt A=

t}. Electrodeposition %ol 23 V205 film 2] Ax
(1) Electrolytic V205 film ¢ electrodeposition mechanism
@ VO?** o] ats}h: 2VO?* + 2H.0 = 2V0." + 4H' + 2e
@ V205 9] HA: 2V0:" + He0 = V205 + 2H"
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120

Electrodeposition of V. O, film
at1.0V_ for3hin 0.1 MVOSO,

Mass Change / ug cm™

N
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1 {

PN} L s 1 L
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Deposition Time / h

a3 1. Electrodeposition ¢ V205 film o] 2z #s}
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(2) Electrodeposition A|Ztel] w}& HFe] A=k W3l ZA

- ¥ 1 & Electrochemical quartz crystal microbalance
(EQCM) & o]&3leg &H3t electrodeposition ¢ V205 film HF
o] AaFwislejt, pH = 1.756 ~ 1.8 21 0.1 M VOSO4 £dUNA 1.5
V(SCE) 9o &4 HLGE H7ss Add skstd V05 film &
electrodeposition A|Z& o, Ajzte] Frlghel] alel SEHAA ol A4
A€ Va0s5 film o] AR Frpado] AR Frkste], ¢ 3 Alzte] 3 Fo
% 143 g cm® AEY V205 7} FEHAAA ol AR A ¢ F
et

g, AlZ" electrolytic V205 film o] E3lsd 54 37}
(1) AARAA H71 (X-A 32 4%)
- 3% 2 £ electrolytic V20;5 film 9] X-A 3]H o=z ¢ 17 ~ 18°
224 WA 3 (001) peak ] Hagct o]2He AZH V205 film
o] ol vt AAAE JiAlE ulAHA FRUS & 4 Ut
- Electrolytic V205 film 2] (001) peak °] FX= FH9 =7} Fo}
Ao ulel o] & scanning angle oA debdd, ol FH= A T
o o] FAENUr] WELE AEEHY olEFH V205 film ¢
interlayer distance 7} £ & ule} v A e ek A
= %4 7 Ut
(2) v-”ﬂ ZA 9 film @d3F (SEM)
g 3 & electrolytic V205 film ¢ SEM 94 Apzlo|ct, =S wijrre]
E‘ﬂ—% 7FA Al:O3 il &F 400 nm &) Pt film o] &Astx 1 9l
2 300 nm 9] electrolytic V205 film ©o] &AL & 4 Yr}.

o u

ul, AlZ2H electrolytic V205 film ¢ A7|3}stx A 7}
(1) A~7133r A 74
- Working electrode: Electrolytic V205 film electrode
- Reference & counter electrode: Lithium foil
- Electrolyte' 1 M LiClO4PC solution
(2) 9A EA x=AF (Galvanostatic charge/discharge experlment)
- 2% 4 ¥ 1 M LiCl0s €4uelx 20 vA cm™ = 50 A cm” 9
constant current density & #A7338 e <slEte LS
electrolytic V205 film 9] F9bA FAolck 2.0 ~ 4.0 Viyui+ Akele
A& Jehde] 58 AdFeddd (potential plateau) & Hojx] &
€t}. o] X-A 3AE ddozXE AL electrolytic V205 film ©]
| dojets AML ) AAALER)



V,0 ALO,

275

(001) ‘ /\

dried at 240 °C

dried at 100 °C

dried at room temp.

Relative Intensity / arbitrary unit

10 20 30

Scanning Angle /2 6

¥ 2. Electrolytic V205 film ¢ X-4 33 siel,
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_wAccV Spot Magn  Det WD
T 100kV 20 20000x SE_ 6.1

23 3. Electrolytic V205 film ¢ SEM tt x}A,



Potential / V.,

4.0

LI T T T M T T T M T

Current density = 20 uA cm?
----- Current density = 50 pA cm’ k

20

P PN IR SRR T DU PR
5 10 15 20 25 30
Specific Capacity / pAh cm™

. Electrolytic V205 film ¢} S4A
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- Electrolytic V205 film ¢ $HHo] cycle ¢ wl$- 71 &yd S & &
i -‘y:—flﬂ 300 nm 9 electrolytic V205 film 2&] Fubd £8o] ¢F 40
utAh cm™® FEUL <& 4= 9}

ul. A ZH electrolytic V205 film ¢ EH &4 Hr}
(1) Atomic Force Mlcroscopy (AFM) 22 F9 XA}

- 29 5 € 10 x 10 w® 9] scan size & @& electrolytic V.05 film
°] 3D AFM image ©|t}. Electrolytic V205 film ¢ =
sputtering ¢} sol-gel 52 ¥l 2J3] AxH V.05 film ¢ £
b wj$- AFo] ojx electrolytic V205 film o sputtering o}
sol-gel 52 Wy o=g AxH V.0;5 film ol EAFE & g o= 79

71550l EA3r] dFeletn A4 4 AU

A AE

2 AFdA= pH = 1.8 2] 0.1M VOSO4 £4UlA 1.5 V(SCE) 9] &4 AHL-E
3 A7t 51t 7181 Pt/polished Al:Os substrate $Jol| electrolytic Vo205 film & 34
A Fct. BAE electrolytic V205 film 2 X-4 3|2 AJA2RE ol ¥ AA
AE Role AR F2E /S ¢ 4 d9dey FAlE SEM @HiEe F3)
300 nm & A=A} Electrolytic V205 film ¢ A7|38ts EAHL 1 M
LiCl04+PC &YWl galvanostatic charge/discharge experiment,
potentiostatic current transient experiment, AC-impedance
spectroscopy o e ZAIgow, a1 A5 electrolytic V205 film
o] 56 nAh cm™ 9 FwAd £33 90 % ¢ A 714 AE Hold film < %
lithium ion 9] intercalation & A3 93] Aojdrts AAUASE € 5+ I
Ak, =3, AFM 2.2 electrolytic V205 film ¢ ZHE ZAR A= & W

2.2 AxH" Vo205 film o #l3)] Fdo] w9 ARk AMS gAsid.
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¥ 5, Electrolytic V205 film ¢ 3D AFM image.
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7b. b33 ASW 7)F 3
(1) Atomic Force Microscopy (AFM) & °| &3l cpzAd AFY 717

- AF Fe ZdHAL 7]F FRIF 232 AT Edd EASE 7] Fe] AT
W AA 71T W HEHJ HRE AT 7Y s el AT Fo Ex
3= open pore & J)f’é_}ﬁl'iflt]-

- AT Eweo) EA8lE open port & AF
o EHANE dHg 73 Qe de
s A5 E2de) AHFse FWAE AFM &
2 71Fel digk A ARE A9},

- AE g 7T TE2E R g4 85 AEE AT dSEHe AR o8
Ed AHNE A= Pt AFE Az 93] A#sE 8 polished
Al203, etched Ni, unpolished Al:0s 2] Al 7}x] 7|88 Fuldle
Aol Pt uiebE FEstger. ¥ 6(a), 6(b), 6(c) & ZZ polished
Al203, etched Ni, unpolished Al;03 7]#¢]o) 3H3t Pt 9ot A3
AFM image & YeERir},

L
ir

Ede] AANY 4FE F2
ZHE G o3 Axd Pt
ol &3t APl A EW

o rﬁi

- Pt/Polished Al:03 AF9 735 Ede] 7jFo] AL &A3A] &= A%
o], Pt/etched Ni AF9 A% F4 m HEQ A7E ZFE s A2 &
dd 73S 71 A $-el, Pt/unpolished Al:03 A AS & m AE

o wjmd e AAE ZE /1BE AH Al 22 oled & ek

- Al 7FA] AFe] Fdo] AE o E SAEE ¥oFH Yx| AT FHY ol
Wzl (x,y) 99w AFM scan size Btte v 2l TEAH S RoF

= Ao

Y. g3 AW 7T = A%s 29 &
(1) Zqg o] &L o] &3l HAF9 7T F2F A3
- ZHet o] 19759 Mandelbrotrt &/ME 715 gto|t), e AA|
E T8 FEoE rAE 9 FE <t HAY "5‘ = FEhdAl o A9
718t d el £33 o8 =r|fAEdT £4d W ¥ (independence of
scale) & 7ixly] Zdg Ao 28 =2 ﬁ'ﬂ"—‘b—ﬂ' Aekstdct, abelA A
F E9e ARE AF Ede Zag AP AAFeZH AHYgstd ¢ A

L)

- 7154 Y (self-similar fractal): oW gt ®eko] x, y, z A W3k
o2 B2 &R F4E YL d B 2ol Y S E?!'id't}'. A2+
Y (triangulation) 2.8 27|94 = XY (Drgs) & ZAASG. =
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(a) Pt/polished Al,O, (b) Pt/etched Ni

(c) Pt/unpolished Al,O,

2% 6. (a) Polished Al:0s, (b) etched Ni, (¢c) unpolished Alz03 $lel =
g Pt vt A3 AFM image.
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Increased surface area of
four triangles-
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A%t ZHY Qe AW ARERE et 2ok I 7 oM} 2
o] & We) Zolrk Lal AAAES ZAHRYL W 1 231 FAYe DL

2719 N ohe] BAzEez Ui 5 S ENS Tad FAHS W oj3w
A7 e SW Ao|(TS) 7k LIN Q1 2 N el Aztsiez Aedx A &
el wwssm AT, N & F779EA o] SHe sz 7

FAvict ZAE AF Fde FAAS A4y S Aol dis] TAlg}
o] wl ZAd ’ﬁ_%‘ Fde A Adde] 5 AHole dgd e
(SSA)= A(TS)* @AE 7Hdct. wtebA log SSA vs. log TS ¢ e Zol
A s o 7187 #E e A AARE] YehUA Hed oln AFEH
o] A7|AL ZHG UL s 9} Dros=-s+2 9 WAE 7Ix2g s gozy
B A3 T 27| A 2 A4S 2AE 5 QU

- 2715+ =Yg (self-affine fractal): ojWd Reoko] x, y Wo g
Z2E& vEE 2 W¥o2E E ¥EE 48 ¥ u 2L 2Yo] Yehe

"h:} Xl-ﬂ%‘ﬂ‘éﬂ A7 AR S £ B & ‘3«] AL 7}

wm,) g AU A4 TaY UL AAHE Fol-dAPL o
S 2ohIY 8(a) 9 To| WA Foldd AFel (xy) Wl Hepe o
2 AT EWe A2 H9 (T Fol7x ATel B¢ AYLS ule Be 4
olth) 23l 3xdAtole] Zue x, y wgo R B4 x| aA
A7) wEel 2 8(b) o Zo] KL AT E5E0| GAH
. olE Zzte] 34F9 Aol (P) o WF (A) & EF Ais
Mgt B5E0] ATIRAL TAY A 549 Sddels Bae thest
Re P=BdA " @Ag AR dr & 549 A7184 ZdY AUold)
ol AF Ewel Al T HUS 4] o FAAE ARt wA
log P vs. log A 9 ad=9] A 7|&71E = FAAREAA 71L&
& 42 & 3sbd AT A AlGd =YL Y & axgzr 4 Atk

Pn i o o&gV. [0 u{o do X W

-~J.‘-

- AFe] EAANAE =Yg FUo2 AT o AT o] A7l g4l
JA1SAA F ol 442 SIEA dAsm T4 2= Za¢ Hae
A4 sofie},

o 71E TE A3 24 9 1T 4F A 94
(1) 715 &2 FAstE 715 7= FE3t 22 o83l IAFE AEHlA
- &HEHEPoE Axd et EEdez Arad ZdLEe sHAd. A
o5 AFo] ojH@ ZYLdE I REY] wjFe € ATNA AHEE
LHE Y E Az Pt vt Aol ddA 2rlwd Zhd AdeEnt of
el Pt wtet Aol AZIfAd & 7ilgx 7St A7l =9 2
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1% 8. (a) A
(b) o 44

—L
he J
—
Lo

EA A Eold 40%l 3
o A7t EFE B

2z
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z2aH%9E st
- AZHEE O Qg AR ZaE A (Des) HA
D3” 9 & AHEEEHE A JkA Pt ot AT H 88l AL log
SSA vs. log TS ¢ adZo|t}, A 71x] AT 2% log TS ¢ log
SSA #tole] HAABAIE F HdFa glon o] y|E&r|2xe & HAFe
27154 Zag AUE AAs o] £ 1 (3HA §5) o Aelstadr}.
- Aol-dH Ao g Ar|fd T Y (Drsa) A
3 10 & ZAol-dHAYE Al 7kA] Pt wet AT A &3l AL log
P vs. log A 9 z|Zo|c}, A} 7}A] HF BF threshold area
Ar o|elA log P ¢t log A Alo]9] AAAAE & BogFa 9oy
o] AMel rl2rI2H¥ Z HF Ar|Hd =g AU A &
1 (20 35) o A3},

o AANHLY 2 HA
(1) A7153H3 8 AaE =g o]go = 34

- Al e s Ag Fde ZaY AYe dAstes WwHezs £33 vl
2 AFFolY (cyclic voltammetry) oA HH HAFkzt il wst
SE57H FAIE o] 83t HWHFH (peak current method) o] de]
AHE-E L 9t o] whH e AAA]| 5 EhuEg-o] o] 2] FAld] 2| Aol uf,
3 T AFFolFHAA Hdl HF (Lpear) © EHIA H3l & (v) 9}
Ipeax o V* o] FAE 7HX| 2 o] w] AFe] =LY (Dp) & A4 a ¢} Dy
= 2a+1 9 FAE sIdve AMS vl stx Q. B dFqAeE &
Abo] oz HA Ar|EEhEgo] Alelsle (Fe(CN)g)* (ferrocyanide)
2} (Fe(CN)6)® (ferricyanide) o] Atstadut-2-& o]&3te] HAAF
< 37HA] Pt wtebd o] 835t 7 AFe g AdS AT F o] F
< $A ZFEH A EEoJHALE Q& A4 T A e} Al =g
A=} vlaste] Bkt

- 298 11 & HQPAFEE Al 712 Pt et Aol HE3td L2 log Ipeak
vs. log v o ZdiZojr}. Al 71A] AF 2F log Leax 2 log vV Abo]9] #
AFAE & BoAF3 oy o] AA 7|&7|245H 7 A7 =dqdxdS

AR5t £ 1 (4R 35) o A=At
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10°% -
10?7} D, =-(dlogSSAidiog TS)+2 (g) | D, =-(dlogSSA/dlog TS)+2 (b))
o =.5+2 =.5+2
£ E
< = .
O
g 100 1 & 107 s 8
8 1%} o
o @ o, $=-0.02+ 0001
GO e e [+ —
i O -0-0-00- C-POBBVOD GO G- G-+ 0 Z éo\ D, =202 +0.001
S n 5=0.000 +0.000 ] =N
T 10 D, =2.00 +0.000 1 & K
@ ' 5 107" i .
© 5] © o
s 3 LY
................. [o O
3 3 Y
102" i ch ot 1 2 TR
. outer cuto =124 um
Pt/polished Al O, ° i Ptletched Ni
1 1 PN 10354" 1 m . a
10" 1 10 10° 1 10 107

Triangle Size TS/ pm Triangle Size 7S/ um

T T

10347, 4
D, =-(dlog SSAidlog TS)+2 ()
« =-5+2
E
< 343
< ot |
& .
[%) o
< 4o ° $=-0.06 +0.001 |
@ o, D_=206+0001
(& tss
S Q
5 °
7] B
8 10°%1 00 4 ‘1
= w000 o
O AN
»n !
outer cutoff A =5.99 um ! §
1 ° i Ptiunpolished ALO,
I “\ Lo ]
1 10 10°
Triangle Size 7S/ pm

%8 9. (a) Pt/polished Al:0s3, (b) Pt/etched Ni, (¢) Pt/unpolished
Al:Os ATl AFM imageZH¥ A& 4Hzge] Aol (T8 ¢ A" AF HF
(SSA) 7+e] A,
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10° T T . : T :
D,,.=2(dlog P/dlog A)+1 (a) D =2(dlogPidlog A)+1 (b)
= 2n+1 =2n+1
: 10° ¢ E
10 | no " 4 no
g physical | g physical !
E meaning : © ~ meaning |
. i n=058410100 * ; 1206810017
L £ D, =209£0.200 2wt ; D,,=236+0034 -
£ &% € H
= 1L i = .
& uﬂf . &) o?
o . °
o ‘ o ¢
Q N o .
H 11 o i
o A, Pupotished ALO, ° A, Pt/etched Ni
iyl e R .
102 10" 1 10 10" 1 10 10°
Area A/ pm? Area A/ pm’
D, =2(dlog Pldlog A} +1 (c)
=2n+1
107 4
no :
g physical
-~ NI :
3 | meaning
g © : n=0712+0015 3
5 D, =2.42+0030
£
@
o

Ptiunpolished AlLO,

al.

10
Area Al pm®

10°

¥ 10. (a) Pt/polished Al:0s3, (b) Pt/etched Ni, (¢) Pt/unpolished

Al203 A5 EHe] FHd Fole] 40% APt EFo7kA] E& AH

ZaE2 Aol (P) ¢t W3 (4) 79 #A.
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D=2(dlogl , /diog v)+1 f/(}) 10" D=2(dlogi,, /dlog v)+1 (b)-
=20+1 : =2a+t
10400
< : < w0 .
Ji 10°% j
b =
g g 5
= 5 10°® a=0.512+0.005 . _
O e o D,=2.02+0010 !
x x H
S 3
a. a
"y ‘ ] 10°% : . e
10 Pt/polished ALO, oy Py Ptletched Ni Ly
. e ! A A
10’ 10 10° 10°
Scan Rate v/mV's” Scan Rate v/mV's™
D,=2(dlog!_, /dlog v}+1 (C)
=2q+1
104.10_‘ =
1
1 . _
<
1]
3 a=0.529 +0.005
< D,=206+0.010
%] 10°%¢ 4
Q
a
Pt/unpolished Al,O,
103&)__ :
‘; 10130 1041)0 "| 10419
Scan Rate v/mV's”
¥ 11. (a) Pt/polished Al:0s, (b) Pt/etched Ni, (¢) Pt/unpolished

Al:0s A9 ¢& Xl AFFo|FANA A Hdl AF (pear) oF EIA W3} &
= (v) 7] A
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3 1. Pt/polished Al;03, Pt/etched Ni, Pt/unpolished Al:03 A2

& x4y,
ZAol-HAHog ArzbEshi o & HAFHe
A48 Aled | A9 Al 244
Zdg 2 =zdg 3y =g 23
(Df,sa) (Df,ss) (Df)
Pt/polished
/polishe 2.09 + 0.100 | 2.00 + 0.004 | 2.00 + 0.000
Al20O3
Pt/etched Ni | 2.36 + 0.034 | 2.02 + 0.010 | 2.02 + 0.001
Pt lished
/unpolished | ) o, (030 | 206+ 0.010 | 2.06 + 0.001

Al2Os3
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2.

X

Lau NE F27} A S wHE 3 2t

(1) A= FHe] =det ) Wslo] 2 AF9] Jvix] EA W3t 4}

u.

- -r] ATl A AHE-E Al 712 Pt Wt AFE sHeZ st glF olx H=z|e]
MEE=Z AHE-EE LiCoO0: & rf-ulad|EE AFHE Yo g ZF3sle Zag
o] o oA AFALE AFEL AFRSYct. 2 ATl g oz A
2 EAS £ T4 AP, AAF 39 Ad, AHd AFFold, E

dslds sHEgsTAE o gate] HrstAn.

A8

E 1& AFRE H73kea whdd Hddiges A" a4 A4d (D) &
Zol-wxgeos AAD Ar|fd ZAHY AU (Drsa) e YR8 g3 AbzHE
oz AAE Ar|fA T Y (Dess) 3 LTS & 4 Ar}. ol &
oz Alzd Pt wubAFo] Arjfd YL shAdE ARl Auts e
Aztolt}, stxjwt HjHAFHo| o] o] FahwtZo] M A Feuke $4£F o
AHEE = Qe whgolx, AF XU S ¢ o] 29 A2 Fx Fullol 93t x,y,z
Al who ol e 3HEg 7}74 random jump °ll &8 o|Fojx= A& P73
bl HAdAFEeE 249 A5 =dg AYE Aol otz =r|RAt
o] EAL dERE AHLE & 4 It olEE v AFAERREH AHd =
et Aol A AR Zdge] EAL dESte o] oilgles AMIE ¢
4 2}°“1 2715 ZagR ] o] 9] FHitd Ar|FAF ZYd ez Hduyd
L& 4 At



3. 3XUE: ChEM 3% MstE HIe| 7|3 Aol ¥ =3 =
A a

7h A Az =70 Wsl o' AFU 7T Ale] Je g+
(1) &+&A4 electrolytic V205 film A&
- Precursor: VOSO4.3H20
- Surfactant: Triblock copolymer Pluronic P123
(H(-OCH2CH2-)20{-OCH (CH3)CHz2- }70(-OCH2CH2-)200H)
(2) A7|ske A Az
- Working electrode: ITO glass
~ Reference electrode: Saturated calomel electrode (SCE)
-~ Counter electrode: Pt wire
- Electrolyte: VOSO4.3H20 (2.7 g) + 1 : 1 mixture of water and ethanol
(25 g ¥) + P123
(3) AF A= =24
- X AL (25°0)

- X

oL,

HFE7 (constant current condition)
: 1 mA cm™@e] LA AFE 733 Ao 73
- Eletrodeposition Aj7t: 30 &
(4) Surfactante AlA
- 1: 1 mixture of water and ethanol for 1 h
(5) AF A= FA =
- 180 °C HFoNA 3 A7tEet A=

v}, AlZz5 electrolytic V205 film ¢ £H 4 57}
(1) Scanning electron microscope (SEM) 2.2 ¥4 XA}
- 238 12(a) 9 12(b) £ 77 surfactant & H7lsiA gz Az
V205 film 3 7 wt% 2} surfactant & H7Fsto] AIXE V05 film
9] SEM x4 Apxloltt. Surfactant & Fr71sHz] &2 A% AFU pore
= Rolx] %‘;:{'_ dense ¥ film =}Ale] Ed FAHE RogFz gJoy
surfactant & 371§ A$ FHol} surfactant 2 =27 & ¥ nm
o A7E #H= 7]:5"% PAssia wela] o] ¢ vj$- porous T F=
€ IS & 4 ALt
- A=o| porous & FxE 7 o AF EdHo| F71EE SEM EE A
AL T & 4 At

—
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ccV . Spot Magn . Det - W
0 k\%ﬁao - 40000x '\;LD 65
: e %

g 12, 77 (a) 0 wt% ¢ (b)) 7 wt% ¢ surfactant
electrodeposited V205 film electrode 2 SEM EHAMA.



oh. AT =g Y AAH o7 HIW JF = %S
(1) A4 7k F23Y (N2 gas adsorption method) o &% AF2] =74

A ek 3 AA ‘

- AFM £ o] &3t AzZEdye] A¢ & um oA £ 4 um 9 J|FLoE o]
Folx AFe] 71g Fx A%t Ay didel & M nm 279 752
Zte Vo0s5 A9 A% AHR-3t7] oot wiebx] & W nm 27]¢] 752
o|FoR HAFe) 7IF F= APl AP} A4 sk FAYE ol L3t A
T 27IAF =de xdS AAE 5 Q.

- 2% 138(a) € porous V205 film AF o2 HE 4 Hi 71~ F3F 52
FAolx 2% 13(b) & 2% 13(a) EXE A €2 In V/Vmono vs Inln
(p°/p) FAolct, ¥ 138(a) ¢ A& 7k& FF F&J4e Aoz
surfactant & #H718led AZF porous V205 HAFe FwzHo)
surfactnat & A7stA] 3 AlZF V.05 AT EHA M Ao AR
< ¢ F ek | 2% 13(b) A 2™ In V/Viono 9 Inln (p%/p)
o] ;TN YA 7|&7] TE Ze HAFRo] vehAl Hed oy 7]
271 AFEHY A7 A ZdE 2343 3-Dros o FAIE 7HXBE o] 7]
27] dez2Re AF EH A|FAF ZaE AU Z2AE 5 Aot

- 3% 13(b) <M AHZE & 7|1€71E 7Ixle A4l 2 /| Jehdy zZtzte
271 A ZHE AL B & o] JHdlA 2.37 7} Hrel & Ao 49
dA 2.58 & AAHY. ol ArI=FYPez A|xzH V05 HFo] A&
€ Zo] dYdA g =g YL e oF =YY (multi-fractal)
olgte AL ulsiy Br} #HE Aol YoM =ZdYg xHe
surfactant shbshel] oJ3] AAG wjAg 7|FES Zdg Adojetsr A
ZHek ¢ lovw] Ml & Zo] Ao e AU 2.37 & surfactant
E9] $A-d 93] A7l & e =Yg Yo surfactant 59 TF
o ¢J3] surfactant 3lusiitel] s A7 Ede] A AR B3 =
g o] A4 ZAew P4 4 Yt

Aol ovx A% 54 %7

o

(e

. 54 713 728 2
(1) A7z A +4
- Working electrode: Electrolytic V205 film electrode

Jim

- Reference & counter electrode: Lithium foil
- Electrolyte: 1 M LiClO4+PC solution
(2) F9A EA x4} (Galvanostatic charge/discharge experiment)
- % 14 £ surfactant & H7}81A] @3 AZF V05 film A5 7
wt% ¢ surfactant & FE7}sl AZ& porous V05 film Ao 2y
Bl 217} 20 1A cm® o YA E HFE ETeiFo] 9wl A APS T F &
2 10 A 9 JAolth 7 wit% 9 surfactant & st Az
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(a)
- O
Oy sof 4
[y
5 5
Se—
>
_ 60 o 4
©
8 J
o )
?
40 + -
o]
<
@
s {
E 20 | Oo.o’ b
0000
L OOOOOOoOOOOo
o-cDOOoOoOOOOOOO
i 1 | -} 4 1 " 1 n 1
0.0 02 04 06 08 1.0
Relative Pressure, p/p°
T T L)
(b)

Slope =-0.63* 0.003
D,=2.37% 0.003

mono

In viv

Inin(p°/p)

[>
ok
L)
ol
o
4
c

A

=

7} ol&

2% 13. (a) Porous V05 film AFo28g & A4 7}
"?'E'] E]'A] 24L& (b) In V/Vmono vs Inln (po/p) A,
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T T T T T ] T T T

32 |- |—— Polymer sufactant ]
----- No surfactant

10 th cycling /

Electrode Potential / V , |

0 200 400 600 800 1000 1200
Time /s

surfactant £ 78t AZ& porous V205 film AF L ZRE 7tz
o] A AFE ZelFo] 9] kA AP T F AL 10 1A &

o%
d
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porous V205 film AF9] Fwd f£8o] surfactnat & F7Hsix] g
AZE V205 film AR} v 23 IR drop & ¢ 22 #HS & 4 Ut}
o] o] porous MFe ute} AF T FTH o] Fylsle AR Ay

g % vk

(3) Ac-impedance spectra 9 A

- 2% 15(a) € surfactant & #A7}sIA] ¢ AZ& Ve05 film HAF3} 7
wt% 9 surfactant & #7}std A X3 porous V205 film AFo X
B 3 Viyi+ oA €& ac-impedance spectra (Nyquist polt) o|t}.
¥ HAF9 ac-impedance spectra 232 A2 d 25 AS/HA A
wHol| A o] Astdgdut-gof 2§ arc 7} high frequency |l Jelys
AF/AFAAA AddAY  AsEHd] <3 blocking A¥°] low
frequency 99lA Jehta 9ok, F arc ¢ 371E w|&shd porous
V205 film AF2] Aspadubgol digk Asglte] of & AL & 4 de=d
ol I¥ 149 F¥d FAdA Jeld porous V205 film HAF IR
drop °] ¢ Zvhes ARt ARAAEEct, A3o] HAd ubvl gtk AL S
Azt 2H "HFo] porous dA|HA HFe] HHo] FrlsiaL o= s AF
Zko] A4k AL S F5E 4 AUr

- 3% 15(b) & 2.6 VuywLi+ oA 7 wt% ¢ surfactant & 37}ste] A=
& porous V205 film AFo2%¥ 94& ac-impedance spectrum
(Nyquist plot) o]}, 3 ViyLi+ A €2 ac-impedance spectra 9
w2okatE g o] AL 2 MY arc 7} YERSE F arc Alolo)] 45° €] phase
angle & 7HX|& 4ol EAFTS & 4 AUt} o] F arc Ato]9] FHAL 71F
o] A a& 71F WellAe] o] diffusion dAle] 2JF o2 Alg=HY
olf| g A2 HIMA PC solution WHlA 4 ¥ nm 279 71F WA ¥
Fol&9 diffusion ol W& time constant 7} 5 arc Abojel] 45° ¢
rhase angle & 7FA& Aol Vel frequency ¢ g5et dgFy o
B2 A gt A2 EH = s Q.
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T
—O— Polymer surfactant ( a )
--A-- No surfactant

< J
X~

—

]

Q

c A

3] .

kS !

 2F K B
= 8

- [o] .

v / K
2 1Hz y A

o) / It

g /o ,A’A

D SR

A
O i 1 4
0 2 4

Real Impedance / kQ

T T T T
10 mHz (b)
| } -
G
X
S—
D
Q
% 6} o 4
e}
@
O / 0.10,
E g
o 008 .
)
c 1Hz  f 006 P
) /
@ Ll 004 10 kHz |
£
_l“ 0.02 3
45
See the lnse'! 002 004 006 008 010
1 1 " i " 1 1 I
0 2 4 6 8 10

Real Impedance / kQ

2% 15. (a) Surfactant & F71siA] &3 A V05 film AT} 7 wt% 9
surfactant & #7Fste] AZE porous V205 film AF2ZHE 3 Viiwi+ oA
A& ac-impedance spectra ¢ (b) 2.6 VoL« 9AlA 7 wt% 2] surfactant
E A7l AlXE porous V205 film HFo2XE €& ac-impedance

spectrum.
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u,

u

Aol Zag At oA AF B4 ARAA T

- AMZe b g%e AZY Fuds AE sNzZ Y A3
posority 7} Z7H84E, & ﬁ%«l sy Aol FAR4E 3o
e Zrtshe] ololl whet b §%e ZlebA Aek

aFel oA A% 54 ANAE AT /1T FE A

- AT porosity 7} 571§l utel ExHHo] Fristqd FUH fFo] Fut
s =3 AF/HAA AddA e AHslolsdd whgol HE Agke] A
stdck. webq "AF9 ovzx] AR 5AS AHdststr] YA HFe
porosity & F7HAF & Hojr}.

F=3



gdAdx
ARdprEs p2 2 A2 B
(%)
Azl -
I8 oA ARFY 2 AANRA AT AZ A
Bl ‘ 100
T ZA}
= FA}
ucg_] /\]/\ % = -
‘f} 7 |oElectrodeposition 28 Az} 5@ 100
H]}_%‘% A electrolytic Vo205 film 2.2 29 AlA=" HA
2d A58 0%k& wol polishing € Al:03 7% £l 54
FEHAA 400 nm ¢ Pt € DC sputtering #He2 | 100
HAAEFA AL -2t
oAds HAM: VOSO4 aqueous solution
. a ul 3]
As A oHdaAFe pH =3 4 5.78
o 10 wt% HaeS04 & FH7} 100
L . 5 3
A= Az 2A 3 oA HgA Tx AH
: 0.1M VOSO4 agueous solution
oxAe pH AA: pH=1.8
oFA AAR(SEM): 300 ~ 400 nm
o BAAA ZAHX-ray 31ZEH)
Interlayer distance 7} 5% ke ulz}
24 Aol A P v I
o = . 100
718kt Az o Galvanostatic charge/discharge experiment
: 2wkl g% ~ 56 uUAh cm™
FuE YA ~ 90 %
oXxd EA EA: AFM imasge
B A oX 3 A 100

-k




2zt T cl=2M Z& AstE I 7122 Holasty "ot
U SN Il
=
AFAFESE & ki %::)
oxd xA"owg ztzt Ewo] 7lFo] Aol EAs}
2 e A, S A m AR ZVE FE WS
A3 2 49 A3 A A, F om AR
gza A3 2 zZAe AVE Ze 715E P A dgH
c s E Al kA e AHNE #E Pt we 32| 100
715 % Az
ozt AF Ewel AZrel EHAE AFM & ol &
st zalste] AT Ewde] 29 71Tl dig A
3 ARE A
07|22 EAE A AHold AF Fd g =Y
Gz Aoz Az},
3 ==
&8 A : Rough interface & "¢ &3z A
NE FZ _ 100
S 2% 4 e .
eest = oA Eg A AprlRd Z9eE ALY
74,
S oxp7|fA =g 2 AAE A AR
Aaes male a 271 =Z9de f‘<}° ARG & Aol-H Ay 100
- am g | JEACIAE A% xdd gmas 24 9
718 & =+ A fortran =219,
oM7|skerE whl FHPAFHES olgd HAF R
H71584 Y wol e 3 Ay g
gL oAZtEHl & =" =g adst Wslsk| 100
A 444 o) 249 =g 24U dxE &
'o‘l-_
Aol A% F27t
I ¥de = AP W3 e =
A EAe] wA O:djﬂ;z:‘} ESE A Al =HE AW S 100

d5 2A}
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29| 712 Ao ¥ st =

3xtAE: CIE2M 2% A2 ©
2 s
k2 & A=
AFAFET p2g S
(%)
AT Az =4 Wizt ]
= 7}5}F oko] =z A ol M=o
% A 717 Ao} | 51T surfactant @) 2 LA} A |
e B porosity Ao}
Ao =gt x4 oAL st& FEFHY (N2 gas adsorption
AR 2]t method) ] &gt AFe] 274 =¥ x| 100
AFY 7|F 7+ B3 | 4 2AA
53 7lF =& odAE AFE 7t AE & porosity (or
ZrE A9 Zde ) & zte 2 AT FH EA | 100
Az A EA Hr} 7F 2 Sk g8 =4
Ao e AUt 3 .
Ao i = Futd
Ao ouin) A |0 Porosity (or AL AL A WA
BF7ke] FAA 9
EA ke AdzkatA 7
== x}2] 5 } Ex)zle] Ak
AZe] x| A EA o "AFe] EEH%-ZI—-&:} ouix] A EA7e] A
AN 9 AJAZLE A JF F= AA 100
e aw wm |OTHE AR 07 % o1y
°c TR oZubd £ 200 pAh cm? ol
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S dZIgA f AARE WAGAETSS] VeI FE T e HFe "3
A Az g JE Aol 71ES fE olx Ax U 28 AdAlE ] YA TR o
2 A

t5d ASe] AriststA 54 4 Jles LHAA AA s AR AgA
€ 39 54 dEEL Fujy sz Edold FH&

1
N
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1o
!
kO
0x

& AT Ao AR Az A&
d o Arlsetd Wk 2 A JlE 8, 8)
o) 71% Alel B 71T AR 21 VYL o] Fo] T 1T
b 9 Ao e 7lEA AFoE Ses o) Fol
dze] 713 P27 U B4 wAE Gl
A A 54 AdsE 98 AT T2 v So FH B TR
AZHA Aoz dd WS 7lzFA sEoE ARG,
A% Fash A AR SAzdel AR FAS AUA AL
ARG B AZH ARZA @ B G6E AUm gen
40& 2857 AAAE ALY A7 Bag Aol of
AZA V.05 AFe) iz Ag 4zt 79 7% F2o}e)
4 Ae At eva,
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e
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. EteiFofle] S8

AFe] 71E Fx9 dAvA] AR 47 A 7H2 2E ol dA M
E ojgje] thekd ovix] A AEHAME vz A% 7Y 43 Fdd T
& dolm® £ A9 V205 7‘4:‘4} T A7FAE dutEkste o E ol AA
o] &5, &5, £€ 9 ANAEE S ALAA olF A= AvA AZ
54 34E A% A7 28E %lﬁ}.



Al 6 F dFNEFAAAA T delAr|ed R
1. ofllx] MEHE ctSd HF2| sy A= H 713 Al

of 7l&

olul 70 ddldl G. Crespy Tl 93] ;LA (electrolytic
solution) Wellx F&% HFe DC el S Aoz F& Tdo &
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