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(57) Abstract: Since pseudo-capacitance transition metal oxides (for ex-
ample, MnQO,) have high theoretical capacitance and are eco-friendly, inex-

pensive, and abundant in the natural world, pseudo-capacitance transition
metal oxides are gaining attention as promising capacitor electrode materi-
als. However, pseudo-capacitance transition metal oxides have relatively
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low electronic conductivity and limited charging and discharging rates, and
it is therefore difficult to use pseudo-capacitance transition metal oxides for
high output power applications. If a plating process accompanying a li-
quid-phase precipitation reaction is performed on a nanoporous metal such
as nanoporous gold (NPG) to deposit a ceramic material (for example, MnO,
or SnO,) on the surtace of a core metal (for example, NPG), a nanoporous
metal-ceramic composite having particular structural characteristics and
comprising a metal core part and a ceramic deposition part can be obtained.
This hybrid material is a good functional material and exhibits excellent
functions when used as an electrode material for high-performance super ca-
pacitor (SC) devices or as an electrode material for LIB.
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graphite for supercapacitors. Electrochem. Commun. 6, 499-504 (2004)
: (FE%FEF>e@mk19) Zhu, S.; Zhou, H.; Hibino, M.; Honma, I.; Ichihara,
M. Synthesis of Mn02 nanoparticles confined in ordered mesoporous car
bon using a sonochemical method. Adv. Funct. Mater. 15, 381-386 (2005
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esized by microwave-assisted method for supercapacitors with high pow
er and energy densities. J. Power Sources 194, 1202-1207 (2009): (3
Y5 S2@k21) Reddy, A.L.M.; Shaijumon, M.M.; Gowda, S.R.; Ajayan, P.M.
Multisegmented Au-Mn02/carbon nanotube hybrid coaxial arrays for hig
h-power supercapacitor applications. J. Phys. Chem. C 114, 658-663 (2
010): (FE4FEF>C@R22) Hu, L.B.; Pasta, M.; Mantia, F.L.; Cui, L.F.; Je
ong, S.; Deshazer, H.D.; Choi, J.W.; Han, S.M.; Cui, Y. Stretchable,
porous, and conductive energy textiles. Nano Lett. 10, 708-714 (2010)
] PEEMRY v— [ GERFEF>x@A23) Liu, R.; Lee, S.B. Mn02/poly(3,4-
ethylenedioxythiophene) coaxial nanowires by one-step coelectrodeposi
tion for electrochemical energy storage. J. Am. Chem. Soc. 130, 2942-
2943 (2008): (FE#FEFr~cmi24) Chen, L.; Sun, L.J.; Luan, F.; Liang, VY.;
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films of polyaniline and manganese oxide nanoparticles. J. Power Sou
rces 195, 3742-3747 (2010)) & &IC&Y., TOEEM A FHH/M02D R
&, BERLQREELL>TWD,
VFILAF Y ZREBDEBM E L THERINTWBInRMAYE L
. FEEENELLS, EMEREZEEL T IEANETHILEDOEELH D
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[0010]

[0011]

o IHIC, INETHERAREL T, SNOFEEPSNOFIKZE L TZEREZERY F<
BREZ2bO-LTB2EICLY, AEIELLTZ2OZI MO—ILT D
ZEIICDOWTIE, @IS5DH|EBHRINTWARY FERFFXHE4 0-4 1],
RBEERRT BIODFE

AFERESEIHBHREZEDHER., €W LA2 ARG ZFERMIC
IvFVIELODIEICSLIYREINE T/ R—ZRENPG)ICEB L, O
Y hO—J)F, BERERISEES TV TL— R EM (FL—TFT1 7)) T
&Y., a7 (NPG) O&BOXREDLIC, TSIV IRTHDIZEBEY Y HY
EHBELODE, T FL— b (FR) & LTOIAT7OERBORMESE E
DT IENTERADESIVIAOHEEEZ I 7 DERIBORED LICIKE
RO/ RUSHEE LHDIENTELIEERHL. REBOBERKEET
2EOIATEHECLZI VI RAOEBHI S LD S/ ZABEOIT - 53 Y
O ZHEEE; /EER (IVRY Y M) 28I EICKIILE, ZLTZ
ILTHELNENAT) Yy KMBETHZ T/ R—Z2A8B-E53Iv /Y
RIw M, BRIBEMBTHIIEERHTIEICKIIL., ThICED
X, AHEBAEEM L,

FEkIC. =R/ B—S5 243D NPG) A k& L. TOXHEROER
D EICHE (EEE) BLHSNhEF Iy 7 ASn0,EDNPG/Sn0,7/ 2V
Ry NOFEEICHEMRIIL. 543D NPG/Sn0,7/ AVERI Y e ) FoLAA
VEM(LIBS)DEME (7/—K) MELTHAWEETZ A, BREY A VLIS
BWTBWAEMBEE2 L., KEZLOBELHRTE T, kREML. &
MREILTEDCEERBI T EICHINL, CThICEDE, AEPAEZEMLE

AFERE, EEWLTT7OMEEBINTREAWTL—T 1 v TREBE %
HAahttd EIlLY, FIRA T/ AR—ZRAEEB/25IVvI/RIVERD Y
NARYEARBRTE2EDTHD, —DDEFRMBEHETIE, AL, &
BT/ RK—Z ZAu/Mn0,BER R T 5, BFT/ R—F XAu/Mn0,EBRBICE
WT, SRTHICFH/ R—5ZADE& 3D NPG) IF, ZEBF+/IV4&ELTD
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[0012]

SEMEEYTRITTRL, REFLREERE LTEWT, MIn0,0BEF v/i2 4
MEEZIB®RT 5, ARBAOEZI v IR (BB N1 7)) v NHEY
B, EBICKEZIARLLFy NS VR (WBREBRE) . EBICKIRIXRIL
F—BE, IOICRFERBICBNATAVILTEREZTRL. SEEI—/1—F
v /XU (SOZEREBMAE LTRBICEBNMEZTIBDODO—DTH
%,
AOEFRLRERTIE, AFRBRIFZ. FRQ=R7TF/ R—5X& (3D NPG)/
Sn0,AVRYw hZRBEL. IHIC. TDOREE. %3D NPG/Sn0,a VR v
hE&BME L THAWELIBsH iR T %,
AFERE, UTZRHTEZ2EDTH D,
(1) F/R—ZRLEA7 - £ZIv I RAVKRI Y NTHY, EF3 v
JANLEBRINDHERE, SEBEVOEHRINDATZEITHHDT, 4
ZATENF /) R—SRAEBTHZDEa2BFHETHF/R—ZAEEA7
TSIV ORAMBEERIVRY v b,
(2] ZHEFEH. Mn0, Ti0, Ce0, AL,0;, BaTiO;, Sn0,, WO;, In,0; V,0s,
Nb,0s, Ta,05, TaNb0Os, Si0,, Zr0, LaCoOs; LaCr0O;, LaMnQO; LaFeO;, Bi,0;, S
rCo0O;, Cosz0,, CuO, NiO, PrMn0O;, SrTi0O;, BeO, MgSiO;, Mg,Si0, Fe,0;, Fej0,
, Zn0, PbTi0;, RuOBRUCrOMNSIMRBENSBIRINLEDTHD I &R
EFBHLERE (1) IKRBEOIVRI Y K,
(3] ZAT7EN T/ R—FRAEET, ZF/R—SREBOIAEREDE
BOXRALICEEESI v I A’ EBNEIMNELTWSEDTHE I &2k
MEgHER (1] XiF (2] IZBEDIAVERI Y b,
(4]) ZaAT7EPF/R—FREXWE T/ R—FAATHDI I EEHFHET
Lk (1] ~ (3] OVWTIhA—ICEHDOIVRI v b,
(5] ZF/R—ZREN, @BEEEZT7O0MLLTHELNEELDTHD
TEERHET S LER (4) KERHFOOAVRY Y K,
(6) T/ AR—ZZ&EBAT7 - €3IV IRIAVRIY Y NOREETH>T
. EBAIOBRING T/ R—ZREEATE, TL—FT 4 v TUIEBITAL



WO 2012/086697 14 PCT/JP2011/079664

[0013]

T, ZAT7DANBORALICESI VI ABEZERE LD E I &2 HHE
$5F/R—FREBAT7 - I v I/ AHBEERE I VRY v bORER,

(7) 5B5KIE (1) ~ [(B) OVWFhh—ICREHOIVRY Yy hEBBE L
THERALTWB I EEZFHETHIR—1N—F v NI IHIRE,

(8) 5BKIE (1) ~ [5) OVWFhA—ICREHOIVRY Yy hEBBE L
THEALTWRZE2/HET2 ) FoL14 U EMR,

FEADRIR

AREBETIE. BHEOR—/I—F+ RV 9 (SOEBRPEER)F I LA
ZE(LIB) AEBME e LTERBFRS/VR—ZREB/EZIv IR
NA T ) RitRE, BRI, +/ R—35 Z& (nanoporous gold: NPG)/+z
FIVIANAT )Y RT4IVLDRBIND, FIZ, F 7/ K—F ZAu(NPG)
/Mn0 g T )y R4 LI, SHREDR—/IN—F v/ 5 (SC)XERER
MEE LT, £LT3D NPG/Sn0,/NA Ty RTqILAIR, BVWEERELH
5, BREGOLIBAEBMEE LTERTH D, AFRPFOLZNA T v R
MEMEIZ, BhAEXHNEHEREL, AL FEHA. SCAEME, LIBA
ENE, TRIVF—EET/NNA X, HHEFPNA—VFILAVE1—FRED
EBRP Ny 7y TER. BEEOETFHHEBEOERY/ Ny V7 v TER
. EXEHEREM,. BEEELE, BRALQES - EFHELHEAEDOET
DOREAMEE LT, B4 BARICERTH %,

AEROZOHDOEM., FH. BEMHERVCTOET HRIE. LUTOESH
JYLHEEICE>TIRABRTH S D, LALANL, UTOREKRCEHRHN
REBOIZEDRE 2 2D/ AGRMEDORHITAFEAOFE L WEBKRERT
HEDTHY ., RPOEDICOARINTWVWEIEDTHD I EZEBEINZW
o APFMEBICARLEARBPORHRVCHEEARNT, B2 DELERT,/ XIEH
E (HDWHEM) =T &id. UTORBERCABRMEDZDOHEDES
DODOHEICEY ., HEZFIEBZICHOSNTHS D, AEMETEIRETHh
TW3L2TOSENEIE., HPAOBENTEIAINTWEHDT, EnblEAR
BIED—EE L TZDOARABIE I ZICEDO THERINDIREIEDTH 5,
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[0014]

B0 o> i 8 75 ER
[K1] (a) {2 RTFT7O/{LEBIMTIFRWTL—FT1 V0B E%EH
HFEDETDF/R—FZA/EZ5Iy 72OV ERY Y MIRE, Thbb
« NPG/Mn0, VRV y hOEE O REBAR TRLAEDTH D, H—EK
O7O0tR (F7rO41) T, E\ESRED T/ R—S5 X & (bare NPG) H1E
bh, REBTOEZATIN0,F /ERATL—FT4 VLB TEOEEALTE
DODLEICKRELOONT, HZRIVRY Y MNEMENELONS, (b)) F
TOA{EINIRED E EONPGOSEME (FER) , (c) 100-7L—F
1V TUBINTHELNINPG/M0,I VAR y NOSEME (FEH) ., (d) 2
0RETL—FT 14 v JRBINTEHESNENPG/Mn0,0 Ry NDTEME, (e
) 09E L —F 4 Vv TRBINTHESNINPG/Mn0,T >Ry b OHRTEME
[K2] (a) F7OMLIN/IRRED & F DNPG(bare NPG) EFEX DT L —F
4 Y TNBIEETEONAEARARBONG/ESI v 7RI VRS Yy MR E
. §bB, NPG/Mn0,IAVRIY NDYA V) v VRIVIETZL%ERT, M
Li, S0, 7KAMRP, BRTHE, RAF¥ v VEEIR, 50 mV/sTHD, (b) TL
—T 4V TNEFEORRE L THREHYDF v /05 VR (KIERESR
=: volumetric capacitance) ZRd, F¥/iT & R, 50 mV/sDXF v
VBEETOONNIS KD, (c) F7AAILINIIRED F F DNPG(bare NP
OEBEEZ2DTS L —FT 4 v JUBRETEONIAFKEBONG/ Iy
ZOAVRY y BB, $b5, NPG/Mn0,d YRSy NEBIRAMA LK
ARELSCDO.5 A/gDERBEE THORMEMIREZTT. (d) BL2OREER
BETOT 7O/ EINIREDE L DNPG(bare NPO)EBEELXD S L—F
4 Y TNBIEETEONAEARARBONG/ESI v 7RI VRS Yy MR E
. T B NPG/Mn0,aVRY Y NEBRZMEA L72SCOLLF v/i 4 > X (spe
cific capacitance) &9,
[3] (a) AFEBEONPG/EZIv I/ ROAVKRY y NERR, 7405, NPG/Mn
0, VR y hEIR QBT L—F4 Y J0E) D, 10~100 mV/sDFk~ 7R
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AFXF v VEETD, Y17V IRLVIETSLDAF v VEEKREFEEETR
T, (b)) 2F v VEEOBRELTTL—F 1 ¥ JREBTHEI N/Mn0,D
METILHF v/ RETRT,

[B14] (a) NPG/Mn0, R —/X—= + /%> 4 (SC) (DRagone-Plot [HABEE (pow
er density) W T RJLF—ZE (energy density)] %9, 2M Li,SO,KERH
TODE, A: SPETL—FT14 V708, @: 09ETL—FT4 Y J70E, R
: 00T L —FT 4 VTN, tERE LT, tOMn0,REERD CEREEEHD T —
#%70vy NLTRLTHB, §hbHE, In0,EE (TRILF—FE : HAO®E
FE. 3.3 Wh/kg, 3.1 kW/kg, O. O] . E#AEICNT/Mn0, (2.9 Wh/kg, 11 kW/k
g. V) . Au-CNT/Mn0,77 L 1 (4.5 Wh/kg, 33 kW/kg. AEZ=A) . &Etix-
Mn0,/NA J'1) v REWE (7.6 Wh/kg, 4.1 klW/kg, O A, VI . CNT/Mn0,T
Ry MEWR [(25.2 Wh/kg, 45.4 kW/kg, ZRAE=A]) . ZLTHROZX—
IRN—F v /8 % (commercial SCs), (b) YA ZIHOBHON=BT, &
FBADNPG/Mn0, (0pE L —F 4 > J4I8) aAVRY v NEBOHY A JILE
EMERT .

[R5]F / R—FRAu/E5Iy I RaAVRY Yy MERYE, $4bh5E, NPG/M
n0,a>VRI Y NDEDSZARY ML, (a) BT L—FT4 v J0E, (b) 1
0RETL—FT 14 v T0E, (c) 10ETL—FT4 v JUE, CUbE—7 i
 BEOY Y TIVELET—DHDEDTH S,

[B16IMn0, 550 L —F 14 Vv JREBINTHESNINPG/Mn0,IVRY Yy bD
HRTEM{%,
[E71ARFBIDNPG/Mn0, (203 L —F 4 > JIB) aAVRY v NERDA
MEHVAEEZ T T, 2M Li,S0,KER (ERFEAKR) PTOE, 3.3, 6.7, 1
0, 13.3, 16.7 L T20 A/gDREERZER L TAE,

[E8] (a) AFEBHDNPG/Mn0,dV Ry b — b NaEBE L THER L TEE
LEBREZ—NR—F v /045 (SODOAREE (MEKA) » EFEE LTL
IS0 KBRE, BNL—F—&LTTFa2arR—N"—%FAHLEL, (b) &
FBOF/R—Z20/EZIv IV RAVRYy MEISC, T4 B, NPG/MnO,
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BISCOBERERE,

[B91AFEBE DNPG/Mn0,0 VR Yy REBICEDWTDR—/A—F v /82 45 (SC
) OKAREME) OCVEIREZSRT, (a) 09f M0, 7L —F 1 v JUE,
(b) 54fEMN0, 7L —F« >~ 70, (c) 109ENn0, 7L —F 1 > JUIE
o AF¥YVEEEEATHE,

[BI10]A4FEF DNPG/Mn0, B8 X —/X—F v+ /8L 4 (SC) E HARDSCE Z LB L TD
Ragone-Plot&#7~d,

[T b2 RT7O/{bEBESMTIEBRWT L —FT 1 v TUNB - A BAE
HbETOF/R—FAA/EZIv I RAVRI Yy NHYE, $H4bE, NP
G/Sn0, ARy hORETO LA EZELARTRLEEDTH D, BdB. 7L
— T4 7INESE, BERE LIFESH T, 7 <IC. Sn0,IcE(kT %,
a) AgesAug(at. %) DEZLZMICT 7O14 L THREIN =R/ R—
> X% (3D nanoporous Au: 3D NPG) EAf (k) OEAMES, b) 3D
NPGDF+ > R (MU RJV) OEDGXREIC. FIRIh, HEINS/EH
KSn (Tabb, F/#&&IKSN0,) OREZTRIEXNEE, ¢) Lida) IC
X itg 53D NPGODSEMR, d) EEEb) TR BNPG/SnaVRY vy b (T4
HBE, NPG/Sn0, IV 7RIy k) DSEME,

[R12]8EI N/KREBDF FD3D NPG/SnTVRTw b (b5, 3D NPG/S
n0, AV RI Y b)) OSEMEROTEME, a) 3D NPG/Sn0,0 VR w ~ DSEMER
(FF@EBE) . b) 3D NPG/Sn0,a VR v b DRTEIDHLASEME, c) 3D NPG/S
n0,avRYy OTEME (FEK) &EDHARTHSHSAED/RY —>, d) 3D
NPG/Sn0,a v R w h DHRTEM{&, 3DNPGELAF (HF(K) 1CF / FE&IRSh (§
mhbt, T/ FERIRSN0,) MFMIEL TWBAKRFATINTWS,
[E41313D NPG/Sn0,a YRy NERZEFAB LY FU LM VEBDESIL
HHMREE TR N LAERERETT, 0,005V 51, 0VORIT, Lit/LIKKRLTHE
BMEHA VIV ERELK, a) 0.1 COY A IILL—MTIT>7HAED3D NPG
/Sn0, IV RYy NEBOERERM (FOT7 1)) &R, Y4 7ILEHICE
>TIk. HEYELIFRDONGHh >, b) 0.005VHS1.0VDOET, Ex
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[0015]

DCL— N TIT27BE®D3D NPG/Sn0,a Y RY vy NEEBOEBEREE (FO7 4
V) ZRd, ¢c) 0.1 COYA UL — NTRBREY A 75T /=HmED3D
NPG/Sn0,a v RY v NEBMDBE-T 1M VI EHHRZ TR,

[E14]a) VFoLAAVEROEHBE L THEALTIWOEFTRET 1 V)L %
7o 7% ®D3D NPG/Sn0,aA Y RTw DI IR - H 4 F =z (ex situ) DSEME,
b) 0.005VA51. VDR T, ANDCL— k(1 C~8 C)TRMEY 1 7L %&TT
723D NPG/Sn0,J VRY v NEBERY FU LA X VERDORESEN T 1
JIVERBDTZ 7T,

[E5]EE I NRRED E £ D3D NPG/SnaVRY w b DEDXD T DIER % 7
957, BERILFEHITEERSNE, #H79.6%DEETORETH D, =R
uF/R—S5 & (3D NPG) EH#M (ZHFK) 1F, 20.4 wikE HHTW, Z
DD FF I Cu, CRUO0IF, TEMRIEICHER LD A Yo aIliYRHFS
nTWacarbon-lacey 7 1 L LDSDEDEEZ SN D,
FHAZEET H7-HDOHRE

AFBIZ, F/R—S28B (F/2AELE) OFREOLLAESI VY
ATEBEHINTNAT )y FMBRNERCEZORESEZR YT 5, AFH
&, T/ R—SREBOEBXRAEZEII v I AICLYIBERT 5Kz 24
T2EDTHEH D, FIC, AFRBIR. PR EEITREBREONSRD S
JR—SZ&EB-tIIv I/ RAVRY Y NEEEY. BIAIE. PR ED
ZRROF/R—ZRAEEBAT - EIIv I AMEEIVRY v MEIER(X
eIy I2aVRIYy MBIF /R—5 X&ESE; ceramics—composite na
noporous metal films) RUEDEEHEZRMLTWD, HEZF/KR—F X
®BI7 - EZIv I/ RAVKRY v NEIEEYIE., REFRWICIFE., (DEZI Y
DADLEHRINDHEEE (/. & XRBKEE) & €BHNSEHT
N337 (RER. XIEERE) 2HT2ED T, HHBERE (WK /K-
SRA&RE) &, EEKA Y1 X (average pore size) & L THIBOnmdH B \WMEZ
NUTF. I 5ICIEH60mH D WNETNET, HBIHEICIE. #1500 5 Wi
ZFHRUTF. BICIE. #940mmd 2 W EZNLT,. H 20 IE. #30mndH 5 LN EZ
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[0016]

[0017]

[0018]

NUT, AZIE #25mbE5WEZNUTTH2 T/ 1 XAOKA 2L HE
LTWBZABRBEDEDTHSD, ZL T HEF/ R—FREE-EZ73Iv
J2AVRY Y NUBEMERIE. AIXIE. ThESCHEEH 5 WILIBAE
MELTHERALULAEET, ZELLBN-ESHEELZRT I ENEREINDS
RO/, Bn-BHERENEE (Fr /05 PMESNhDE RTS
Xig, SCERNREBEIND Z & 2THEICT 2HHRBERERY/ XITHER%E
BI2IEa/BETDT/ R—FREB - EIIvIRIAVERY Y kA
Ty RPETH 2, IHICIE. LIBAERE LTIE. BhAETREY1 7L
BUEEREST S, RO/ X, REGHE BLWRRESEHREELREE
~YMHRBERERY /XM REET I E2R/RHBETDT/ R—5 %
B-E53Ivs2aVERIYy bnNATYy RYPETH 5,

AFEBRIF, FAEILT /A XE2BT2HEENT / R—SXEBOI7
%, WIBEBEABR T 2SIV VR TREAMBELNTITY v REFJR—
SAEB-EZIVIRAVRY Y hOAR., BIZIE FEHF. SCHEE. )
FoLAFERLIBS), TRILF—BET/ MR, HEBEEP/—VFIL
AVE1—49REONy o7y TER BEREOETFHEHEEDNY T v
TER. BERERAEREE. EELEBENE, RALESR - ETHSECHEAE
DETORARAMBE LTOFERARERET 5,

YT/ R—ZREBIA7 - €3IvIRAVARY Y bOOATAEEKRT
EBELTE, EBLIOSBRINLZEODPEBEETONSEN, FFELLIE. TEE
2B ET 7OMELLTELNIZEONEITFOND, X T ZBEK
TELEBORTMAREDIE. @XIEEEES. HEXIFHESHASL SBEBX
INTWVWBREDOLETONS, FICFELWEDELTE, F/R—FRE(
NPG), + ./ HR—3REFNPC) BEIF 5N B,

APHETHAVWSON S [F7O41] (dealloy) &, F7Oq{LLiE] (
dealloying) . REKDERI . [BRE&] CIERALCEKRTHY., a2tRE
. BEEEMH. TO—IB. HEIWIEEEEE (NIELEEEE) %,
BRIEA (RBTvyFUIER) 289 2B EEME LOT. ZELLE
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DoV EL—BODEBBAKDERELTH/ R—F 2R (F/%4
B&£E: nanoporous metal) . F/R—F XM (F/ZABEMHA) . D
—8B. HEIVWEF/R-ZRAERBE (RE&F /K- A&EEE) 2HRT
2IEEBHKRL, ILHIC, ZEEDPODUREE—BOEBBRKD ZRE
LEDF/R—ZREE (F/R—SRL&BEEREEY) 2HHTDICHED
RIFEOE. ZEBEHBRIFAZETIREKEZEMELOHD I EEZEK
LT&L,

[0019] CHULEF/ R—ZRAEEEIE. EHTA YA X (average pore size) & L
TH00mH B2 WNEFEZNUTOKAT A XanmnT EWo T/ R—F R (F/
%A, B 7% nanoporous) EEEZBLTWEED, HDWIE, IHKAYA X
BB B WIEZNUTERTEWVWS T/ R—SAEEEBLTWVWEED
. HBEGEICIE, EEK[ALT A XWT0mH B NI EFNRUT 2RI EWo 727
JR—ZABEEBLTWVWEED, I 5T, FHAK[AY 1 X#60nmdd 5 L
EENRUT, A2, FEK[AYT A XH50mdd 5 WNMEERUTZ2Rd &L
e/ R—ZAEEEBELTWSHD, LT, HOBEICIE. #40nndh 5
WEENUTOKA YA X aRmT EVWo T/ R—ZABEZELTWS D
D, I LHIICIEFFATAT A XH30mH 2 WNMEZFNLUTEZTRT. HDWNE, F
BK[AT A XH20mH 2 WNEENUTETRT EWo et/ R—SABEZRE
LTW2HD, SYIEFHLSE, FEAIAY M XHM10mdb 5 NI T LT %
RTEVWLF /R—FZABELZALTVEED, FICIE, FHRATAX
#8nmdd B WMEENLLT, BIA I, FHEK[A Y XH5mdd 5 NI EFNLUT %
T EWDF /R—FRABELZBL TV EDHEF SN D,

[0020] ABAMET IEEHEl &ld. EBREEDLBRDIBEVY—MRU/ XIEEE
BENOMRDEBE XFBVW I LLEZEKELTLIVL, £BEAIE. EAHICHE
L TIERMMEDOEMNZER TENIXFICIEREINGWA, ABEWNRIZE, #5
OnmH B WEZNLUEDEIZHEE L TWT L, k. #H50umdhd W iEEh
UTOEIZETDED, HD5WE. MO0undb D WEZENUTOEIZET
5HED, IHICIE, M5 0umdpBWEETNUTOEIZEFTHED,. H50
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[0021]

(&, $2.5unHBWEZNLUTOEIZETZED, AIZAIE 2.0und W
BENLUTOEIZETZED, /o, MLOund2WEENUTOEI %
BI250D. FAIE. $M1.0unhHdWNEEFNUTOEIAFTLIEDREN
Blifond, #52A. £BHAEIF. H0.5unHDNEZNUTOEIZET
2HD, IHICE, W Tundhd2WEENUTOEIEZETETH>THE
W, EEEZRETIDIEAINLIERIE. ZBHDI2WIETThULOEE
TRMEREDE L TEERTVWTEY, BB (I7) THDEF /K-
TABBERETDDICHERT 26®IF. PR EHEZEOEBTLREZIEN
o2& LTEELTWEHDT, fIAIR. Z_BOEBTRO—FIIERE
AzET2EKIIHLTRRMEZBIZ2EBTRTHY. AREERIER
R HEEKRICH L TENMEE T 2@BLRIEBETFOND, £, &R
DEBITRDO—HIEA 4 TR F—(ionization energy, XA 7 1t
RT <+ )l: ionization potentia) M ALY KEREDTHY., —A.
Z_EOEBITROIBOMEIIAIREBTRIVA T ERT Vv ILN
BWEDTHDIEWVWSTZHEDTH>THLL,

LA THBAHEEMBER2B2-HOICERAINEE (£BxHR) OM
HFEHLEELTE, T7OMETEIENTRETHDLDICEFDEVDIE
FHHERDPELR>TEDETEIENTES, @BtHRE L TR, ERERE
TR, REEBILRLEDSLRIENSBRINALEDHSHETF LN, HIZE
. BiRTR. BfEak. SkoR. Einkak. PIVIZULEKRTR. ¥
VA VETRR, 70LKETR. tBEBTR. FY KR, FLETR.
TIAY) LEEERER. VIAVEBRTR FVI/AR TIOFI/AR,
. 88, FINZUL, EAVR, PUYFEVRENSBRINEZEDTH
2TV, BRICIE. BEFEEELRISAEINTVWTLL, 5 LELxH
E LTI, REKTR, BRELHR. BRETR. N\OT Y, RURQED
LFRINEEDDET 5N 5,

ELTWEEE£ELTE ZRICBREINDHDO TR, ST THE
HICHONTWS L ODHMLBEEBEDN DL DEZERTEIEETESN,
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[0022]

[0023]

Bz, & (Au), $R(Ag), #A(Cu). BEER(Zn), PILI =TI LA, = v 7 IL(
Ni). ZZX(Sn), ¥ H > (Mn), gk(Fe), T/5L ~(Co), 2 OL(Cr), EVT
ToWMo), FVITRTFVMW), NFIDLN), AT Nb), FH(Ti), ¥
VAZTL(Zr), 727 LWMg), BEPL), NZTTUALRPD, LT=D
LHRu), AY I LR, FRZTTLOs), 1) I DAL(ANRENLEIRIN
HDEERELTVWREEI’ETOND, JYBKNAEERE LTIE. Au-Ag
&€, Au-Cud €. Cu-MnE&. Cu-AlE&. Cu-Znd&. Cu-Mge&. Ni-AlEg
&. Ni-Mg&&. Ni-MnG&. Cu-Cr&®&. Sn-PbE&. Sn-In&&, Ag-Cue e
. AU-NiE®. Au-PdERBREDNEITFOLNS, IFEICTZ7O4{LTFH/ KR—
SAEBEBIOIFERATE2688& LT, Au-Agh &, Cu-Mnd &, Cu-Zn
BEBENEIFON, FITIFE L < IFAu-AgEE. Cu-MnEE&ENEITFLN B,
ARBETIE, HEMETHZ2EERE LT HHEICIE. £BE. £BER
ExFEAT S, HZEROEIE, FEL <& #50nm~#50 umDEEEDE X
EETDHED, I5ICIE, #50nm~HW10unDERDEIAHTLIEDTHY
FYUFFE L IEH60nm~5. 0 umDEEDEIZEFT2ED, HBWLIEHT
Onm~#1. 0 unDEFEHDEIZHTHHD, I HITHFFE L < (E#80nm~#500n
nDEHEDEIEZEFTEHD, H 2D WNIEHI0nm~HK250mOEFEDEI 5289
2EDRENETFOND, FELWLWEKBITIE, $W0m~150nmDEX %H
THLEBEEEBELWI0MmOEIEZET I2EBERBRENZEITLND,
AEBO—DODORKTIE. &BE®IE. HRAREL (V—EY M) TEX
EBTREZEBELTVTEIW, AIXIE. £BEL (Au-AgER) DIFETIZ.
B2 TH50%~#80%D & (Au) EHERE LTIR(AQDEZEEB L TVWEHDOHE
Fonsd, FUFERAGAE LTI, #H35athAuk U#965athAges W\ D R FEHOD
(ath) TERVIRZSELTWEEER. T70b5, 3bAu-65Age &7 EH EE
Fonhad, £BEIE. AlZIE. ROLIICLTAEING, aEMHOERE
TREBAULIYRICANTIRBREANNAEZV TETENT 1 LA
IKTE D, HHIVEAEMPIE. SBITRLANSNLTERI Ty b2
%, BRIERICHFRICEITINTERE L, ThEEYYTHIRICES, 7
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[0024]

[0025]

LNBERO/NE (EE) ZHICOE., ThEzERERTHL. THE
EL. EE, SfLArs, FRTEEELIRZRYIRL, £BHE%EZESZ
ENTES, EBHEIF. TRINTWVWIHLDEZFERATHIEHTE, k.
KRR IBEHDE DVPIr< RERRESLEDEDZAFTE 2,
AFEBAORNDOREKRTIE, FIAIEL tAvHrEE (Cu-MnEE) ZFEAL.
TDEE. BEELTHI~#70%005E (Cu) &M LTy A WMn) 2238
LTWBHDAEIFOND, LYFELRAHIE LTI, #30athCuKk T#70atiM
nEWD RFHOLE(ath) THRUOTVHUEZEELTWEER. $4bS5, 3
0Cu-7T0Mn SRR EAET SN B, REEK. LESREEERAKRICL T, F
HINnd, €BEIF. TRINTVWLIELDEFERATEIEETE, Tk, &
RIGBEHDEDVCIERA BTV HUVEESHDOEDEAFTE S,
ARPTHERAINZIERER (T vFV7ER) 28T 24K ELT
3. HEZEBEAEVOHOTHIERED O LDV &H—BEERNITE
RELDHDZIEDTEDHEDTHD, XBRIFAZET 2EGAOHEMIE. T
PAMEELOOSNIREEESEOEHAICL YEEEY QD DARIRI N
%, ZAEN_RBULOBNEBTENT 228 L TWBIGHICIE BN
EBTEHRZDOEDD A L —BULEEABELOHDLIICELOHLN
%, HEICIE, ZBRIFAZEIIEAE LTIEIETOND, AFEP%
EKHETDDIHEL TWSERE LTI, ARERCERBIEITOND, FX
L<iE, &BE LT, EREBISEITON, JYFFLIE HEE R,
REE. BIERBEAEDILBIFITOND, FARADHIEDIFFE L WVWEKRT
3. ZBRIIHBRCIERIETOND, BIEIERTEESLTERTZHDT
e, ZBRIFAZETIEEKE. RENTHOTEERPTH-o-TH L
W Au-AgB %A L72ima. I, 70K AR IFEICERTE
20, TNLYBEEOSVWEDHBEVWEDLFERATES, £, Cu-Ingd
ZERALGE. FIAE. $0. 025MERKBRZFEICERTESN. £h
JYBREOSWHDEEVWEDEHEHEATE S,
AFEPADO—DDERICHKD &, HBERFAZEI HHERICLIDHEMAT
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[0026]

HHEEDUNIE, $4bs, TrOME. ERHDIWVIEENRL YKETIT
DIENTESZN, THIREINTZENRLIYURBWEETITONTE LW,
SYUIHEICIE, ZT7O41id. Auv-AgEEPCu-InE & DIHFEERTERET
X%, ARBOHIEOHE LWEKTIE., &7 704 bIF#H100C~#—45
COREDORGETICTON., JYUFFELLIE. H50C~HICDRERMETIC
ThnTdw, o ZT7O00LE. EREOEEITI &N TESEH, IF
BICIE, ZEENOLREE—BOEBERRDERELEDF /K-
2EBEWHT DICKDREBEOEEINS, AFEPEOHZIEDFE LW
BkTlE. &7 701 1bid#300 B L~ 48EFE DB ORI > HE D TH >
T&L, FEICE, $91 BB E~H2005E0OREDOEITI> B D TH>TE
W, &7 704ICH T 2NERERCICANIEREIF. BRNETEF/ R—
TALBMEADANZHRICH U TEYAMELXBEEIRTZ 2,
AFERATE, F/R—FREEELZFIVIRAVRY Yy b (F/R-FR
EBEIIVIRNATY Yy NYE) OBEEENREIN D, BRELEXIE
. BRBENOEBRIND ST/ R-F2&EBOT (BN) %, hBRE (HEER
) XFFL—T71 708 (BEEA Y FE) ICHLT ZIT7DRLAE
DRELICES Iy IV AMBYETN (RIFHE) BLOHDIEER/FHET
%, HEMBBHTARIGIE. BREFERLTWERE (BIXE. /18—
2&NPG)TIER) OLIC. E53Iv IR (BAE. £BBRLEMARE) TH
ST AV YA F21E (R 217752 &ICLY, HZAT7OXRAICE
SIVIRE (REE) ZHBEELODIRV / XIFFERELHBZ &ICLY
ERTES, #ENICIE. O7THE2F/R—ZR&EBIEF. 7V FL—F
(R . 2L T, Xtk (BZBENK) S LTHEL, T/ R—FXTH
DEVOEEE, 86N VRY Y MIEATWS, A7OXRAICH SO
TEBEOXRMICIE., EEBEMREDESI v I ANEBEELOHONT, H
FZATDOREZED CEIKBRDIRG/ XEFEARDOF v I (MY RIL)
RICKEEHZWIELEBELOONE I EN S, YZMBEBITERRISOETE
EBHI, BHADEEEBRICFERET S F vl (FUFRIL) RICESIY
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[0027]

D ARDDHELINTWSZEIRRDS, MK LT REIF7ZBHELTWE
BEMRE (F/R—>EiE) a#FLAFT/ R—3R2VKRIy bR
%,

WL —FT 1V IREBIE, A7 ERD T/ R—SAEBEKE, 53
VYORERDBEBAA VHBREREEERT IS I v I RREFEREDH
IWRBTDZEICLYITITENTES, B3I v I RREEEREKE L TR
BB, IFEIC, KAERXIGIKERENMERINS, 355A. KEARA
BEDREEYREAFERTIIEETRETH D, ARBEE LT, KEF
MHOEHEDEFETE, FAE, 7IO—IILEE IT—FTIVEE. S NV8E B7
I N DIVKRVERER. TRATIVER. ZNJIVER YA F T UE BNER
BEBRRERENETOND, L —T1 V0BT, EREFTHE. FEHR
Mrifsk, MEFHEREICLY, E5Iv 925+ / R—SRE&BEKOF
YRV (hUFRIL) OFDOEBREALICNET LD THDZIENTES
o —DDEKMAERTIE. YT L—FT 1 v J0BIE, AT7ERDZF /R
—S2AeBENAKE, BERLANL, €3I vIRERDZERA 4 VHKER
Ex2FTHEIIv I/ RARSEREOHIC. BEICHLCT, Bl Bib
B, B. 7IAVLBENSERINLZEODHEETIC. FTEDRE TRED
BB DA, RETDIETERETES, E7Iv I RARE LT, HEERE
DIRILEY. BEEBEDHEHELEY. Thoz2EB T IARENET LN,
Bz, £EOABLMIE. ~NOF Vb, HERIE. MERIE. AHEEEE.
T oA EDLEY. 7 v I Rk RIS, TIF OEAREDE
HFIEEMEITEINTLWL, E5I vV ARELT, 74 Ok %EER
L7B&ICE. €B 74 Ok ZRUBRAM. 7ILI =0 LAEBHRM. K
. BEERGEICIYEERBENOMEREZRD I EANTES, £k, f
ZE, BYVAVEL) D LREDBEBHRIEDAREZRITUIET 5D
HETIE, B2, B, BlAE. E RSPV RILATPILTE RRE%
FRITDIENTED, B3I v I RDOEHICIE. HELPBHTYIL-FILiELE
LTHONAEEBRTSIEETARTH D,
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[0028]

KRR LDEIIv I RRELTE. BREETTHR. HEEBERTRLENDL
BEBENOERINLEEDZEALLDONET LN, FIAIE Skknk. B
ek, kR, BmihknR. PN =V LERER. YU HVERR.
Y0 LERHR. TBREBR. F9UELTR f1ExR. 7N 1EE
Bk, 7IA)VEBTR S99 /AR POF/AR 8 88 TL~
ZUh, EAYR, PUFEVRENLBIRINEZEDEEETZDEDTH
2TEW, ESIv I RRICKE, HEFEBITRIEEINLTVWTLL, £
O LR e LT, mFRKEHR. BREoR, BRELE. /NAT Y, R
DRBLENLBIRINEEDNEF LN D,

BLTWBESIYIRELTUE. ZNIREINDHED TR, &P
FTHEEICHNONTWD2HLDODOHFLSEREYIRLDZERTZHIEEHT
XM, FlAE v vHYMn), PILT =D LAY, FE2 i), Ya=
D L(Zr), XYY L(Be), ¥ TR LMg), ARSI, PUFEV(Sh
)o Ay MUDLN), $8(Cu), FEA(Zn), = v 7 IL(Ni), XX (Sn), #k(Fe)
3N R(Co), 2OLECH), EVTTYWM), FVITRTVM), NFUT
L), ZATNb), #>#I)L(Ta), L= LRe). &(Au), $R(Ag). BHE(P
t), NS TLPD), WF=U LR, BYTLRN, ZRITLO0s), 1
O L(Ir), NI L(Ba), FILTZIA(Ge), ISICSVE (L), &
o i(Ce). AT I L(PPr), <) T L(Sn), 2—OEY L(E). H
KUY D LG), FILVETL(D), 1 vTILETLND)ZELZVY /A4 K,
TOF/)ARBREDNLBRINALBDEZEE L TVWBBEDRELET LN
5o

RE¥EHLREZIVvIRELTE BAIZIE M0, Ti0, Cel, AL, 0, BaTiOs,
Sn0,, W0;, In0, V,0;, Nb,0;, Ta,0;, TaNbO;, Si0, Zr0, LaCo0O,;, LaCrQ; L
aMn0,, LaFe0O;, Bi,0;, SrCo0O;, PrMn0O;, SrTiO,, BeO, MgSiO,;, Mg,Si0,, Fe,0,,
Fes0,, Zn0, PbTi0;, Ru0, CrOZE#RAMREDAHEIFOLNDN, THHICIR
EINDHDTERWN, FICEK, E5IvI7R&ELTE, BUERBENY
B (@ F v /X 9 YE, pseudocapatitive material) ZZ(F5 Z &N TE,
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[0029]

Bl ZIE, Mn0,, Ti0, Ce0, Sn0,REAESHTHRABEDHPHONTHY, 45
IS, BEEZZREITHIDOTHRVWAZTY, TR RQHDEDONLHERL TEA
TZ 5,

ARBPAO—DDEKHEKTIE, 7/ R—F2X&NPC)E TSI v I AT
B (581) TX S, BlAIE. NPGOZBHDF v~ FILINERDEED R E L ITMN0,
HHBELOHDIDIE, BYVHVEAY) 7 LKEREZFEATE 2D, FEIC
EEBBRY Y AVEED) 7 LAKARICHZIE, £ RSV UREDETE %R
ML DOAFERTES, HZBYVHAVELHY 7 LKERICE T EY Y
AVEEAY 7 ALADEEIF. BRHOM,EAFONS LD IEEEIRTE 50,
BlZIE, BHLZ0.01~1.0MT, IFFLLIEHH L T0.05~0.20MT, RHIF
FLLEEBLZ0.MTHD, YBZBATVHVEBHY TLKERICE TS
KRSV DIEEIE. BHOM,BAELNS & D ICHEHEREIRTE %, NPGOE
EADOMN0,DAEEIF. RIGEEZIY MO—ILT2ZEILEL>THEEZISBT
EMNAETHY., FIZIE, ERSTUVOEFERKTTOLOMEY Y HVEBAY D
LIKAREFERA LGS, RIGEEIFE., 88 L E5~1200E T, FELLIE
BB LTH~BOET, BEFELEBEELZ200BTHD, NPCGOREA
DEZIvIADNE=RIF. EZIVvIRBEBAFVAREDRE., HML
TWBHBEICIE, B, 28F . REEHA. RISEEREZZHRERIG
FHEIAVMO—ILTBIEILE>TEEADIENARTH 5,

7. Sn0,REEZNPGDZADF v~ RIVNFROEDRE LICHBEE LH S
BETIE, BIERAXKAREZFERALT, fIZE ERZFVVREDETEIZ
AMUT, Snt /RN ZHEEE L, RICERSEFHEHR. XX BF
RPPEJHICES 2 &ICEY . F/ERIRS0MICELLE LOHZEDTH >
TV, SnCLDEBEIF, BHMOSN,ENELND LD ICHEEERTE 3,
BlZIE, BHLZ0.01~2.0MT, IFELLIEHEHLT01~1.0MT, RHFE
LLEHEBLZ0.MTH D, UZBILAIKBRICHTIE RSV VDRE
&, BHIDSNO,ENELONZ LD ICEEEIRTE S, RISIKEEIE. FMEDHKER
DEONDLDITHERERTE LN, B, BB L EDE~3085E T, #F
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[0030]

[0031]

FLLIFBBELE~8IFET., JYUYFELIFBBELZTI0~14EFE T, &
FELLEBELZI125ETH %,

ARBEOAETHELNDZIT7OF /) R—ALBOEBREIC. 25X
v AWEEBEETHAVRY Y NBINA T Y v RYEIE, BB, F
JHA X (#1nm~#100nmDEEDH 14 X) O (XIEKFL: pore. H DL
[&F ¥ > &I channel, Xi& b >R :tunnel) 2ZEELTVWEEWD T

A7 F/R—Z28BOLEBEELETZ2EDTHY. TOHFE, H&ZA
&, DR EHHEOBBEZEL TWTH LK HOEEAIERAEEISER L2
RBOEDT, B, 47— (open) B2/ I F 2= a7 X (bicontinuous
)THDT/ R—Z ZOREBOMBHRHEZHIE T 2D TH D, BEWITIE
. ERETT7OAMETRESINZATHOF / R—FXA&BEZT Y TL— b (
BE) L LTWHI NS, HZHIATOBREELZ ML ESHFEEZRE
LTW3, ZaA7F/R—SREB - E5IvI/RAVERI Yy NEIDNA T
)y RYEIZ. HBHBEICIE. 1. 5nm~HB80nmDEE D 1 XD LED KA
EELTWRAT7F/R—S2ALBOITEBEEETDED. IFF L < I1EH2
nm~F70mDEE DY 1 DZHDTAZEL TWEHAT7F/ R-3 &R
DTEWEEETZD2HD, ILHITHEL < IEH2. 5nn~60nmDEFE D 1 X
DEHDOTAEBELTWEIAT7F/ R—SXL&BOLAEBEEETHED.
F7o. HB3nm~K50nmDEED Y 1 ZOEHDOKAEELTWDIATF/ R—
SAEBOITEBEEETIED. LYIFE L <IEH3nm~#40nmD EE D4
1 ZADEHEOTAEBLTVWD AT T/ R—SRLEBOLEBEEET DD
D, 5T, F3nm~K30mmDEED Y A ADLEHDOKAEAELTWEIATF
JR—Z2AEBOLEEEEETDED, /. H3nn~#20nnDEEE D H 1
ZDHZHOKAEBLTWEIATF I/ R—SA&BOITEBEEETIED
BENBETOND, ARNLREGE EX[ADOY A XiE, EHOT A X %15
LTEV, HEJADOT A XEiE, BR(dianeter) DA XZBHKT2HD
TH>TLL,

ZAT7 T/ R—ZARE - EZIvI/RaAVEKRY Yy NBINA T ) v NYPE
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[0032]

. BEMICIE, ZROAL (XEKH) 22937+ / R—5 A&BHEKR
W EEBLAEYAXDOF /HICHKTZ2EDTHY, ZHIERFBICHELR>T
Wo THREBOBEEFEL. PrRILER>TEY., BF. UMY XRILE
THEWCHAEBTERL THRBOL D ICA>TWEITF /R—5XAEEH
RDEITEBEEZRT 5, FELWESE, &ZF/ R—7XA&EIF. M12mLlE
DO F /A RI (length :XIE MV RIVDORI)DAZZHEBELTWVWEEHED
THY., H2HBEITIE. W4 EDOTHF /VARIDOAEEZHELTVWS
D, FFELLIEHI6mULEDFEEF /ARIDAZZHELTWVWEHD,
ISHICHFFELLIENI8mMULEDFEEF /ARIDAZZHELTWVWEHD,
I HICFERE, H15mm~H50mmDEBEDEHF /ARIDAEZZHELTWS
HD, JUFELLIFH20mULDIEEF / ARIDAEZZHELTWEE
D, THIT, FELLIE, H2mULDFEEF / ARIDAEZHEL TV
5ED, £, 24U EDOEEF / ARIDAEZZHEL TVWEEOHE
Fons,

A7/ R—ZREBEZIv I/ RAVERY Y M, HEIMICIE, FE
ELEF/R—ZXLBOEBEELZRIEL T, #20m~H80nmDEE D 1
ZDEOAERE (EEEXIEFESH: Liganent, HBHWE MY FILOEZR
IEBEHE) 2L TVWAA7FH/ R—SREBHROITEEEERET S
HEDTHY., HBHHICIE. 2. 5nm~FKS0nmDEE DY 1 XDHESERZH L
TWBEHED, I 5ICIE, K2, 5nm~#45mmDEE D H 1 ADFEESEEH L TV
250D, HFFE L IFH3m~40nmOELE DY 1 XDFEMBEZE L TVWEHD
. E7e. K3nm~#3bnmDEE DY A ADOFEEEEBELTWDED, I HICHF
F L < 13#93. snm~#930nmDEEADH 1 ZOFEEEEBEL TWVWDEHED, Fi,
HAnm~F200mDEED T 1 XDOFEEMZBELTWBEEHED, LYUIFFHL < IEH
5~ 10nmDELEDH 1 XDFEEMBZEZBE L TWVWBHH D, I 5T, #3nm~H#8
MmDEEDY A DOFEEBEBELTWDED, £, #3nn~H5nmD EEE D
B4 ADFEEBEELTWDREDOHEIFOND, FIOREKRTIE. AFKBEOH
ETRONDIET/R—FREBEZIVI/ROAVERY v ME, BEINICIE
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[0033]

[0034]

. H95mm~#10nmDELEDH 1 ADFEEBBZE L TWDH D, HFF L < (E#bn
m~# 15D ELED Y 1 ADHEEEMEBEL TWVWDIHD. I HICHFF L < E#bn
m~F20nmDEE DY 1 ADEEIMEHELTWBED, /. #5mm~#525nm
DOEHEDY A ADOFEEEEHELTWEED, LYIFZE L < IE#5mm~#35nmD
SEHEROY A ZAOFEEMEBELTWVWEED, I 5T, TFFEL K #5mm~#545
nmDEBEDY 1 OFEABEELTWEED, £/, #H5m~H50nmDEEHE D
A4 ZDEEMEBL TV EDOLETOND, BENRIGES. LiEEES
DA X, FHADOHY A X &ELTEL,

LEBAMBOY A X &, [ (RF b xRIV) OEDES (diameter) D
A ZXEBRTDEDTH->TEW, FELWEE, ZF/R—SXEREE
Sy IRAVAKRD w ME 1Tl EDOFEERE (length 1 XiE b > R JVEBE
DRI)DEGEHEZZHELTVWEEDTHY. H3HHEICIE. F12nmL LD
FHRIDMN VRIVEBZZEELTWSDHOD, FFE L IEH13nmL EDFEY
RIDMURIVEZZHEELTVWDHO, I5ICHFF L IEMI15mEL EOFE
HARIDMVRIVEZZEELTWSED, /&, #15nm~#50nmD 23 HEH O
FHRIDMN VRIVEZZEELTWSEHD, JUFELIEHI6mU LD
FHRIDMN VRIVEZZEELTWSEHODO, S5, FELE H17m
UEDEHRID MV RIVEEZZHEELTWDED. Fieo #18mmU LD
HARIDMVRIVEEZZEELTWREOMNEIFONnS, LEFEGERIE. T
POMETHREBLTWIEBREDHMD THRINTWS, K&Kk F /R
—S2&BEIIvIRAVRY Y ME, BT RUVBICRINDHEHERT
58DTHD,

BT/ R—ZREBEEZIVIRIVEAY Y ML, HEBEEIMOKRED.
S5IVvIRDE (LAY —: layer, HDWIEKREXIFZE: film) TEDQ
23DHDIVEENIEBINTVS (REINTVLWIIREBHEEINTE
W) $DTHD, HZEIIvIREBIE, BREOHER, (FIFH—ICHEZE
MORAZHEL TWDEEDTH>TELL, IHIC, AEBISET S RV
DOHEDKRAEZEBD IIICHEETD2EDTHBDIENTESE L., IHITIE
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Y FILAMICTHEINLRETEETL2EDTHIIEHTES, &L
IVIADRIR (HEY) OBEIIE. B4 RFETIAY MO—ILTEHIEN
ARETH D,

[0035] ARBO—DDERICHEDI & ZF/R—FREBEIIVvIRIVRY
v M, EROFEDEDTHY, UFHBEOEIE L TRRLABEIDED
ZBETE D, BFFT/R—ZXAEBOEIE., FRTIEGEHEMHEOE
TSI L TERBDIEILBRDBDTH> T,

AFERO—DOBKRICKD & BF/R—FREBEFIvIRAVRY
v M3, BROFEDEDTHY., ThIEFEIRNPTVWEDTHEZDT
CBEIE. B (HEWIEER) OLICEERE (BEFRICLYZHFINT
WBIREE) TRYUHEbNhEY, HE2WIEERAINE, ARKBAOHZIEOHFF
LWREK T, ZEREESLBEZETEZY—MHDIWNIED LY — MR
DEEDEDTH D, /o, ARAOOEFE L VWEKTIE, ZEKIZOE
ZETHHED. MAZETSHD, IROFEOED, AFKOLD, &M
DHZIEEETDEDRETH>TH LW, RENLBE, ZEKRIERE
DY—h, HZAMR, ) AVR BER B3IV IARBETHD, &
FPAD—DDRERKRICH D &, ZERRBRLZLBMEDNLESNTVWE I ENT
o, BIAIE. ASR BE5Iv IR FEUER. /7774 MREDK
=MEL JL, F40>, 72VL8E RVTFLY, RUVIFLYTL
79— BEREDR) T —MRLEOMENLHEINDEIENTES

[0036] AFRBO—DORRICHKD &, REMEZEEHSI TV TL—MEILLYE
SIvHRA@F /7 R—S X% (Ceramics@Nanoporous Gold: Ceramics@NPG) 3
YIRSy FEEMTE, ZTDHDIEFRA—/8—F ¥ /32 % (Supercapacitor: SC
YJEOME, RO/ X, VFUbL4aFEM(Lithiun-ion batteries: LIBs
) AOMBELTHERTES, bbb, BERA Y - T4 Fa(in-situ)i
XAREZNLT. AALTWSZHOALHY BOWmARICERT 55
ODAEETZFH/R—ZRE&NPC) 2 TEEKRELTHERALT. #/R—32X
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[0037]

& -EIIVIABEREZRETE S, \PGOAEDOREROXRADLIZES
Ty ZAWIAE M0, EDBRUBRERTERMBYE)ZEBES I &ICLY. 3
YOV LTESIVIRDBELELGEIDEZHEBFE LODIENTED
o ERSTULREDETH. ZOMRDOTMMERABLT, €3IV IZED
ERRIGEREEI Y hO—LLEY, BBESI v I APRRE (FL—F
1V J0E) OF%ZBELTZRTHRFT / SAMEZHITETIENTESZ
EERBLTWS, 42T, ThefBTRMbIRHLTVS, HEXEH
NieR—5S R (Z3M) F/aAVRIy ME, BEINREDE FONPGE
LB LT, BIMARIEEEICBNZEDER ST A—/R—F v /32 5 HERME
BREELTOMRETRLE, Z2LT. Themdhd 7709 —id 33y
9 A ERBOBEICGESIEKFELLZEDTHLIEERHLTWS, Ih%x
MATEIEEARPOHEERTH D, AFKRAR, F/ R—SXAEEDEE
HEHEELT 2DICIEEICERTHY., B2, EBEMHEDSCEERDREFNE
WKBNEEMHEZRART 2OICERTRETH D, ALK, BREFMGMULIBA
DEBHREFRKTDOICEFRTH 2,

MK LT, AFFAT, NPGOERDOEHA (FLEFEEE. ligament) DFRME-L
ICEZ Iy 7 RBE(thin layer)ZX v F LT, F/R—3237 - €353 v
JZAVRY Yy MBEKREFHRE LD, ThICIYESI v I 2OHEE.
ZIE, BUF N IMBEISICHET DI ENTRTH D, AFERICH
WTIiE. AALTWBATH> T, BAEICERL TEN>TWEAZEL
BoZAMTHBF / R—F Xk (nanoporous gold: NPG)ZTJ7 & LTED
xm (FRIVHRBOXREE22L) LICESIv I 2AFE5EINEOVRY Y
NEIANA Ty RIBEGRD, BREMEEATRETZSZEDTHDI I EERL
TW5, HEBE2IY MO—IITEZEZI v I XEIK. NPGOREBER[ICHE
EIHEORMDDLICHEBEIELZENTES, NPGIE, T FL— b (BE
) RUBMHUOEME LTHRINTWS, YRERME5FT /SN (F
JR—=5R) EBEIIVvIRAVEIY Y ME, BINICENRTWASCRIR%
RIBY D, AFBAIE. DOZAM (KR—ZR) EEOBEEZEN LEEEL



WO 2012/086697 33 PCT/JP2011/079664

[0038]

[0039]

[0040]

ZIVvIRAVRS y NSV BERORARECERMEREEE DO DRHE
ICENSCAMBZRAETHDIERTZ2EDTH S,

AFEBADRDRERRICHED & ZRTBEFKTHDIEZI v 7 AWn0,@F /R
—S5 2L VRY v ~(Mn0,@Nanoporous Gold Composites) MRt TE S, &
DMn0,@F / R—FRELAVRI v ME, BEICBh-EIHNEEERLEHR
Thd, Thbd, BEMRETHEEZNLT N 7Yy RS54
TW3F /R—=FXE-M0,(NPG/Mn0,) AV RY Y hEBLETH I ENTES
o TTL—b (BBRE) & L TONPGHAERERDERFOEXREDLICES
Ty ZMN0EBEMEE LHEZ I ENTE S, 0 HEREHEBELTWSIVR
Ty NI EBERKIE, SCREICBWTENEIRILF—BE, BhiEN
FEZRL. ZELTEBN YA VIV LREREZRIETL2EDTH S,

AFERATIE, E-WHILRDI-_TREEEBRNICTVvFI/ELOB L

JUBEXNEF /S R—S52LNPG) &, F ./ K—S ZX4-Mn0,(NPG/Mn0,) 3

VRS Y NeBET BODFT I/ R—FRFTL— b (F/ LAEHR)
ELTHRATZEDTH S, In0,TH > TNPGONERDRE % &Y 578
FEMAYFE (BN TL—FT1 V7)) 2TV TL— MNES, KRB
THEIN, ThazERALT. T/ R—ZXAELBER - €I v/ XHEY
OAVvARYy PBRIDEIEE S NFNPG/Mn0, VRS y ME2BLETBHIENTES
o TITlE, NPGIE, BTH. TV L—b (BE) RUBIMOEMELT
FRAINTWS, Hi%F/ R—52E&-Mn0,(NPG/Mn0,) OV RY v b DL
CHBEOD7 - VIBENOCEETFNELIEDTHD, TDLDIC, FREN
HRIGE#EI TV L —REICEY, BOLTVW RS HOALSHY BOEH
[ICERT 2EROAEET5ERBERT T/ R—FREB-ZFEEBOME
ICHBLTWRESI v 7 ROVRY Y MRS BEAREEET 5 2 & ICHK
WLTW3B, Fh, KAEBAOFIFLNPG/Mn0,E/EIE, SHAESCEBRICENT:
MEEZTTHDTH %,

AFPTIE, BHEEOR——Fv 245 (SOXKBEREBMRIE LTER
IHTRRF / R—S X & (nanoporous gold: NPG)/ 25X v I ANAT )y K7
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A IIWVLPREIND, FIC. 7/ R—=52 Au (NPG)/ Mn0y/ N4 TV v K7 4
WAE, BHMBEOR—R—F v /RO & (SOXEREBBMBIE LTERTHS
o RFEBADYFNA Ty RT4ILALTIE, ZOBKBOSEEHDF /K
—ZATHBNPGICL Y, Mn0,Fh~DEF DX (electron transport) &4 7
Y DE (ion diffusion) PREBINEEINTEY, ERZEEFv/\V ¥
ELTIERT285DTH 5,

[0041] ARBITIE., =RTT/R—5 & (3D NPG) £ FkE L. ZOXFHEOD
BEOLICHE (RIEEE) tLlLoohntZ 3 v 7 ASn0,EDNPG/Sn0,7 /
OVES Yy MR IND, H3%3D NPG/Sn0,+/ AV RS v M, §82DF
7OAbE, TORODBER L —T 1V TRBICLYEBETE S5, ANPG/S
n0, 7/ aAViRIy ME, Zna)FoLAF7VEMBLIBS)DERE LTTR
PLTHBE. EORAASN(XIESN0)BEICEY., UFT LA FVERICH
WTOHA VIIVEBOBICEWTKEREBEE(LEZWRIICHEE L, &Y
BNTW2REHFTEELL0THDOTHS, TOEMEIE, 0.1 CTI40ME4
A 7V ET>71%T620 mAh/gE WS BWAIHEREA R LK, £/, 8 CD

L—KhTX X, 260 mAh/gE VWD BVWEREEE5X2HDTHo7, LT,
AFEBFO=RITGF/R—ZREBEZI Vv I/ ROAVRY Yy ME, VFULE
BEHICHETI2EVITEMLEDEE (7/—K) & LTHBEILEETH D,
YE=RGFT/R—ZREBELZIVI/RAIAVERYy ha8BiB&E LTHERL
) FUOLAF Y ZREBTIE, RERLORBEZBATE T, FERTO
BEZNETE, ILHIC. RWHAM 2L - 547013505,

LURICEREGIZBIF. ARBAEEHRNICEHAT 2D, COEEHIEICK
FADHADD., ZOERNLEBROBEDEHIERBEINLTVWEIEDT
Hd, INSOPIRIIAFKEBOREDESRHNLRERERAT 272HDHDT
HBH, ABRTHRT 2RPOLEZRELLY. HIWEFHIRT DI &%
RTHDTIFARV, AFEATIE, APMEOBBICED e REBIEL
ARETHD I EIFEBBINDINETH D,

LTOEREGIE. MICEHEMICEHET 25 DLUMNE, BENREMEAVTE
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[0042]

[0043]

[0044]

MLEZED, XIEFEETZIEDTEZHDTHY, ChiIFHEFICEYE
MTEANBREDTH 2,
RHEH 1

(BEAERUVEHERE LTOF / R—S5 X% (nanoporous gold: NPG) DEERL)

HIBRME T b DAgsAUs (RFIE. RFBOLLE: athzrmd)DENT 1)L
I (AggsAugsl, A4 X ~20 mmX20 mmX 100 nm) &, AITHEIE L TEA 4R
YR T & THRIE L7, HExAgsAussA & =R TR 70%AHER (HNOS) K E MR
TERMT Yy F U ITUEZLTFH/ R—FXAE&NPC) Z&E L7, 77011k
INTNPGH Y T & #K(18.2 MQ - cm) P TEEIAEBWT, BELTWS
LEMEZRE L, T/ R—FALITDWTIE, Fujita, T.; Okada, H.;
Koyama, K.; Watanabe, K.; Maekawa, S.; Chen, M.W. Unusually small ele
ctrical resistance of three-dimensional nanoporous gold in external m
agnetic fields. Phys. Rev. Lett. 101, 166601 (2008). Erlebacher, J.;
Aziz, M.J.; Karma, A.; Dimitrov, N.; Sieradzki, K. Evolution of nanop
orosity in dealloying. Nature 410, 450-453 (2001) A SBBTX 3%,

(NPG/Mn0, 7/ OV RS v hDELE)

WEINPGOFLRIFREEER (V) A A > b: ligaments) DEICtES I v 4 ZMn0,%
- BT D E%5Tok, ZTORD, BXEF I v I BB & EH
LT, 3D NPGOREBDFRE % &AM (LENTL—FT 14V J0E) L7,
53y I RTHBUI0FEADERDILFHLIARIE, 0. 1mM KMn0,7KF R (
pH=9~10)Z{FA L., LETREIN/IRED F FODNPGT 1 JL L (as-synthe
sized NPG films)%&, ¥ v MICHEIR LD S HEKBRIREE LS
. FZICETHESRML, ERTHOE. 1098, RC00E0NEBTE &%
72T, NPG/Mn0,+ /AR Y hDT 4 IV L%ER, BxFlELTE ER
> (NHNH,) HR &R L 7=
7 OBE DR DT

BIE XN F F DIRAEDNPG(as-synthesized NPG) & UNPG/Mn0,a >V IR v
MIDOWT, ZOI /OIS L 2R OTHE. v 7 X7 4 — K (0xford

>

(

1
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[0045]

[0046]

)T RILF—DEFXIR O HTEEE (X-ray Energy Dispersive Spectroscope: ED
)AEBLTWEIERKRNEEERE FEEMEE(Field Emission Scanning Elec
tron Microscope: SEM, HZAEF (JEOL)SIJSM-7001F, 15KeV) R OCsEIEEIB
T FEEMEE (transmission electron microscope: TEM, BAEF (JEOL)&210
OF, 200KeV) &R L THMT L 7=,

HEI N E ZDREDONPCE ZAARTH BNPG/Mn0, 7/ IV R v MO
WT., TEMEEMT S 7=, TEMENBZ H—HR > 1) v K(holey carbon TEM g
rids) D EICEW T,

(R=R=F v/ 5 EBDEE]

A=R—=F v RO HIEBERDELIICLTEEL

50 mOEIDEDT 1A (ER) THoTIA—FTA Y ITINTVWBRY
ITFL v (polyethylene: PEYDIE (XY TLY: ~40unDEYX) %, BETS
L — k (conductive plates) & L THWE, FEQEEI NI DIREEDNP
GELZAMARTHBNPG/Mn0,F/ AV RI Y b T4 L%, BEBRUEEREL
TOHPEED EICAGY T 1T 7=,

ZHOFTT7OM I NIIRRED F F DNPGS — b XIFZHDNPG/Mn0, 3 > 7R
Jy hv—hrE, BERL—H—E LTORRDR—/R—(~40um, Bemliese)%
ZOBICHD S D ICHREBR Lz, R—/NN—F v /05 (SOKBOLEDE
E, ~120unTH B,

(NPG/Mn0, T >R v M DESTALZRIMERED 2 #7)

TRTCOESCERAER. ERICEWTA S VI IVIMHRART 2 3
Gy N HIWIN)ZGy N THBIviumstat (Iviumstat EKILFET—I 5T
—<3>: Ivium Technologies) DEHEPY A —E D EIE#E (Iviumstat elect
orochameical analyzer, Ivium Technologies)&{ER L CTiT>7/, SCEED
EJILENZEEZRNRD7HIC, T4 7Yy IRILE VAR —(CV) EER
#iHl (galvanostatic) E— N TORE/HNEDT A M %fT o7,

BRBRAF v VRETO~0.VOHEDEMTEDNVNEZRAE L, TDHIL
WNIRGy MLEBDRE/KREO ORI, 2M Li SOKERFTRELDE
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[0047]

MEBEETH>TO~0.8VOEMZET A VI %#YIRL TiTo7, 100041 4
IWHEICDEY, 1 AgDERBETE > TOERBHE—FTORE KE
ERICLYZDH A VILORE®EFIY I L,

(R RG24

(F/R=—ZREELSIVvIRAVERI Y DT/ R—5 AEE]

Bl 1 allBIRBNICRINAEZEREOIR., $4b5, Ag-AuB £ ZHERIC L
S>TT7AMELTEEBHDF / R—FX&%2HE L. RIS, EOF /K-
ZADF ¥ 3 (FERER, XiEF/ SAMEE) OFICESIv IR
THdF/FERERIN0,ZLBEE LDHD (XvFFTBEXETL—FT12795)
Z&ET, 100 mODEIDS /R=FRA&EZIVvIRAAVERI Y hTHBA/
Mn0, Y RI Y b7 1 L LDEGEI N,

T7OMEINKED F ZXONPGIE, ZDHABNREETSE FIAMER (SEM)
BT, ~40mOFHHARIZELTWEF/AOF v > xILEEFHRN
BREDYHAY MHSREZEABICERL TEN>TWEIAZELEDZA
MTHEIBETHSDZE (B1b) NRINTWVWD, ZDF/fEREDIN0,IZ,
NPGDF / ADF v RILDHRICH—ICTL—FT 1 T LOHLNTWE I E
BPEREINSG (B1c), TLb—T14 Vv J0BOREEZREET 2 &, Mn0, g
B2V MO—ITBHIENTER, ThiE. ITRILF—FEPEXRD S SH
(energy dispersive X-ray spectroscopy: EDS) & {FF L T# DAu/Mn0,3 >R
Ty hNeTROWMTHILICLYERINL (H5) ,

200 L —FT 4 Vv IUNELTELSNAU/MI VRS Y N7 4 IILADSE

BE FEEMEE (transmission electron microscope: TEM)&MNSIE. FDF ./
R—SZADFv 2 (B1d) &, ~5 mOERDF /HERKMN0, (1 e
) THEINTWBIENRINTW, ThENSPEE200BEMEE L&
S5N7Mn0,D ST ARRETEMER (6 KU1 e) ICRINTWVWELDIC, £OD
REODOEISIF. T/ ERAMI0,EED ) HAY FEDEIRRIFICEAMALTWDS
ZEERLTWVWBEDTHY., TnITEY., 2EFENQRNATY Yy RORICE
h-ESHEEREZ52TWS (H7) .
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[0048]

[0049]

(F/R=—FR&ELSIv I/ RAVEKI Yy NOESTILFREHE)
F/R—=FZAu/Mn0,a VR Yy T4 IILLADETIEZENEZ, 2MDE
WAU/Mn0,a VRS Yy T4 ILLZEBHRE L, —FOBOR—/N—% /L —
H—& L. 2M Li S0 KB RAEMEE L TEMR LBt L EEBER (K
8) D7 VT4 7Fv—YRAML—YEMBE LT, HBRLTHRANE, £DSC
REOLHRDOEI I, ~120unThHhs, U 2EBBESICHSWVWT, T7rOq
EINRKEBDEEZDONPCT 1 VL& T/ R—FZAu/Mn0,a VR Y T 1)L
LEEHRE LI, TFORA—/IR—F v /R 45 (SC)D, 50 mV/sDRAF v VEET
BRI A 0y ORIV AN) (V) %2, F2allnd, K2 a
&, T/ R—=5Au/Mn0,I >V RY v bDFE, Mn0,F /R FHAREL TH#
MOHZ2EHMLAERAL Ry VARIET DI &ILEY, T2THHMEEZEL
TWABEFOBRTHZZEERLTWS, LRy IZAE—INENEVLD
ZEld. TDOSCHARE MEEZRILIA NI Y IHA VDT ARTTIEIE—
EDRETITOEZRLTWS, F/R—=—FZAu/Mn0,a VR y NDIFE
. TOEELLYOERBEIF. EBE LTT 7O/ EINKEBOEFEON
PG7 1 ILLmEFERLTHEAILTONESCOENRLYEH, DMRYKERLEDT
HY, TL—F1 v TUEOREEZENTE L OBRLUBRESSHEONN0,DHEE%E
N LHDE, TL—F 1 Y JUNERBEOEMICHEVEERENENT S
ERERSKE (H2b) . Fhikic, NPG/Mn0,BISCHOBMES S MALIL. Mn0,D
HEEICECKEL. BURESEMOYMELRNYIAD I EICIYELLK
EXNDZIENTED, IO EIE. 0.5 A/gDEFRBETOSCORE,/HE
L TCORKRMBABHZOERE-BE 0740 (B2c) ICLYEERIN
FOMEREIE, M0, 7L —F 1 Y JEEOENELHZ &, TNICDONTER
ZICEINL, 2OZERFEYZBLLTL—FT 4TI NEM0D, LYUELDE
SEBADENER ODIEICEBLIEIIRZIEETRBLTWS,

Bl 2 dICid. ENINEREE DR ORI TNPG/Mn0,BUSCOLLF v /8 4 v R
C)BRINTWD, TI T, CsiE, RN
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[%11]

Cs = U[-(AVIADm]

I > THE-BRNSEHEINZHEOT, i(FEMNINAZERT. XA
[#12]

-AVIAt

FZNENOREDHEBEICE T 5EERTOROKEHMBOMER T, nid—
DDEBD EDNPCIUINPG/Mn0,DEE%ZTTHDTHB, BA>/ERTON
PG/MnO,BISCOLEEF v /X2 &V XL, T7 AA LI NIRARD F F DNPGEISC (b
are NPGEUSC) DILF v /X H VY AL YIEZMNICKERED T, Mn0,% LY RW
RBEIL—FT1 v TIBLEZBDIF, SYKREIREFYNRIIVREFZ D

EDTHo7, ANFEVWTRTHDITNES, 2008 In0, 2T L—FT1 v
RLEE | 7=NPG/Mn0,fEFEME T, ~601 F/g (NPGEMn0, & A 7/-EEICED
) EWIBVWHFYNRTUEIVREERTHHEDTHo>7, TDIEIE. Mn0,/
H—R>F+ ./ Fa2—"T (carbon nanotube: CNT; Zhou, Y.K.; He, B.L.; Zhan
g, F.B.; Li, H.L. Hydrous manganese oxide/carbon nanotube composite e
lectrodes for electrochemical capacitors. J. Solid State Electrochem.
8, 482-487 (2004))D~385.4 F/g, Mn0,/R) 3, 4-TFL Y IAF>FA 7
x>) (PEDOT; Liu, R. et al., J. Am. Chem. Soc. 130, 2942-2943 (2008)
YD~210 F/g, Mn0,/7R') 77=1) > (Chen, L. et al., J. Power Sources 195,
3742-3747 (2010)) ~415 F/g. % L TMnO,/CNT/PEDOT-R ) (R F L ¥ Rl
J74%— M=%V RY Y M(Hou, Y.: Cheng, Y.W.: Hobson, T.:; Liu J
. Design and synthesis of hierarchical Mn0, nanospheres/carbon nanotub
es/conducting polymer ternary composite for high performance electroc
hemical electrodes. Nano Lett. 10, 2727-2733 (2010)) D ~427 F/gL V) %
BBV EDTH o7, BRBEMN0.5 A/gh 520 A/gIlELSRBICD
N, ZTOLF v/ H Y RUE, ~170 F/gICE TR LAD ZOEICHITI N
%, TDEIE. KA E LT, Mn0,/CNTICIEER G 25D THB M, HHWE. &
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[0050]

[0051]

WERBE TOGEMORYY v—nNA4 7))y REBICEHT 52 DTH 3,
NPG/MnO,DEBDCVISEMICE T2 X F v VEEDMR%E, M3 a KUK 9
ICg & DI, 10~100 mV/sDEHEICHIY AN, TOR3 a KUE9 &
CIRTOEBTRAF v VEENKRECRBICONERBAEILIADI L
DNEREIND, CVERIRDIRICHE T B FRBZ8IK £ &L, aVWARF v
VRETIA, RETIERTERVWEDTH>7, IHIC, 200ET L —
T4 > JRIE L 7-NPG/MnO,fEREME TIE, 50 mV/sDRXF v VRET~1160 F/
e E WD FREHYBHTEWVWF YNNIV (BEBRE) 2oL, FhiE
. INETIKBEINAEBRROE : YULFIA—Ih—KRVF/ Fa—T (nu
Ltiwall carbon nanotube: MWCNT)/Mn0, CD10 mV/sD A ¥ v > EETD246 F
/emd, A—R 2 /Mn0,BRETD2 mV/sDRAF v VEETDI56 F/cm3(Fischer, A
E.; Saunders, M.P.; Pettigrew, K.A.; Rolison, D.R.; Long, J.W. Elect
roless deposition of nanoscale MnQO, on ultraporous carbon nanoarchitec
tures: correlation of evolving pore-solid structure and electrochemic
al performance. J. Electrochem. Soc. 155, A246-A252 (2008)). # L .
MWCNTT D50 mV/sD R ¥+ VRETD132 F/cm(Lee, S.W.; Kim, B.S.; Chen
,S.; Shao-Horn, Y.; Hammond, P.T. Layer-by-layer assembly of all carb
on nanotubeultrathin films for electrochemical applications. J. Am. C
hem. Soc. 131, 671-679 (2009)). LY HIEDEZMNIHEWMETH 5,
ZRNPG/Mn0, EME D E T AL FHIMREICRITIMN0,DF S Z M 57=0HIC, R
N
[£43]

Csmnoz = (Onpamnoz-Onea Y (AVmnnoz)

EEALT. 770403 NIRRED & F DONPG(bare NPG) D EHREBOER %
ZLEIWT, EEWBICE T HMIN0,DOLBEBTEZTE L, £EBRITBWT,
Qweemnoztds NPG/MnO,EBABDRTEH /=Y OER %, Qweld. NPCEEDIKTEH =Y
DOERZ, ZnEFhnmRL. AVIE, ERVA Y RUDET. myeld. Mn0,DH
BELOONEEEATT,
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[0052]

[0053]

B3 bilmd &I, M0,DELF v /R 5 Y RIERF v VREAT100~50 mV
/SETIETITHICONTHEML, 50 mV/sODRXF+ VEETIIRAT~1145 F
/OICIES B, TOMEIE. EBHRME(~1370 F/g)D~83% & WHHD T, FNILS
CICBEWVWT, ChETTERETHDIEDTHD, TOBNLF /LI
AlE, BH L F/REREDINGD, BF A A UNBRBEDMELILLTIE
2G5O0, BEICEEMHOZAMDAID R Y T — I BIEWICE Y K
INTVWBREWSLIZ—IRIJOBETHLEBEEICLDEDTHD

B4 allld, NPG/Mn0,EAE % M L 72SCF /N4 X DRagone-Plot (i1 EP
WIRNF—BEE)ZRY, JIT. EEHLYDPEEE, P=V2/(4RM) £ E=0.
50V2/MT, ThEhETELL, Ihodd, Vik, hy A T7EBRET, Cld.
MEINETNAZADF v /N &2 T, ML, NPGEED L E Z X IENPG/Mn0,
EBDLEET, R=AVR/Q2I) T, VplEZD by TDHY 4 T7DETBTD
BEERTICBTE2RMNOZDPORA Y NOBOEEMRTTHD, 27OV b
K g & D IC NPG/MnQBISCOLE T RILF— S LLHABE DM 1. Mn0,D
BEELEHICEML, 2098 W02 L —FT 4 Y TREB LB DT, ~57
Wh/kgD IR F—BEE~16 KW kgDHNBEDOHEREIELZ. TOEL
IXRVF—EEIF, ABCHABEOHROT/NNAADEDZIEZHMIEET
2H5DTHD, MOMN0,REMBELLEL THD &, ZDNPG/Mn0, (20437 L
—T 4V JUEY) 1F. XEICHREDHIHREINDHMIN0,REE,. 34b5
. Mn0,Z4& (3.3 Wh/kg, 3.1 kW/kg; Cottineau, T.; Toupin, M.; Delahaye,
T.; Drousse, T.; Belanger, D. Nanostructured transition metal oxides
for aqueous hybrid electrochemical supercapacitors. Appl. Phys. A 82,

599-606 (2006)). FIEAEICNT/Mn0,& Au-CNT/Mn0, 7 L 1 (2.9 Wh/kg, 11 kW/k
g; 4.5 Wh/kg, 33 kW/kg; Reddy, A.L.M. et al., J. Phys. Chem. C 114, 6
58-663 (2010)), $EMER-Mn0,/\1 71w REHR(7.6 Wh/kg, 4.1 kW/kg; Brou
sse, T.; Toupin, M.; Belanger, D. A hybrid activated carbon-manganese

dioxide capacitor using a mild agueous electrolyte. J. Electrochem.
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Soc. 151, A614-A622 (2004); Xu, C.J.; Du, H.D.; Li, B.H.; Kang, F.Y.;
Zeng, Y.Q. Asymmetric activated carbon-manganese dioxidecapacitors i
n mild aqueous electrolytes containing alkaline-earth cations. J. Ele
ctrochem, Soc. 156, A435-441 (2009)), Z# L T. CNT/Mn0,a >R v hEMR
(25.2 Wh/kg, 45.4 kW/kg; Yan, J. et al., J. Power Sources 194, 1202-1
207 (2009)). W, BFEEAKARPODCNT(8.5 Wh/kg, 74 kW/kg; Hu, L.B
.; Choi, J.W.; Yang, Y.; Jeong, S.; Mantia, F.L.; Cui, L.F.; Cui, Y.
Highly conductive paper for energy-storage devices. Proc. Natl. Acad.

Sci. USA 106, 21490-21494 (2009); An, K.H.; Kim, W.S.; Park, Y.S.; C
hoi, Y.C.; Lee, S.M.; Chung, D.C.; Bae, D.J.; Lim, S.C.; Lee, Y.H. Su
percapacitors using single-walled carbon nanotube electrodes. Adv. Ma
ter. 7, 497-500 (2001))%32&Y HMn0,REERLY ., RADHABE T,
EBLE2~W/BEEVIFEVWIRVF—EEETT,

B4 bilid, Y1 7ILBOBEDO N5 TZONPG/Mn0ESCOH 1 7 ILRE
MERT, TOLF+NIHVRUE 1 A/GEVD —EOTEREDERFEET
10005 A JILIChREYRAESIS N, EDF v /052 RUF. RADD5004 1
JIDEIZHTHIRDLEDPERL. TDRITIE, ~85%D L NJLICEXY
RE LT, hid. TRUF—EEARICIEZDONT T v RITRENE
NTETLEREUDNHDIEEZTTHEDTH D, EODNPG/MnOESCHOREEN
TWbF v /AU SMEEIZ. 77574 —TOBARVFTI 7574 —70%E
AMEAEDLIBZIELVETNTWVWEEDICEDN S, Mn0,id. ARRICIE
BEMMEC, TNREZOFEREDEEZHFIRL TWB M, Z DONPG/Mn0,EE
OERHIMRISEELUF v /R &V 2E, ZRTTOF / R—F AHEEHRGD n
anoporous architecture) R CHARBWA AV DOILEMAEBE T &ICL Y,
ZLT, ZONPGERIEVWEIHEEMZETHI&ICLY., EhiERE
LOLNZIENTED, IHICEE, ZAMDNATYy FOVRI Y b
DONPGO 7ERIZ, —BERBF v/ & LTHWVWT, TRLF—FBICH L TE
BHAANZZL%EEH L. FBICBNTHESNLETEMEDH 5 F v /N
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DEHERBEEZILND,
Riefl 2

(NPG/Sn0,+ / DV R v b DHE]

AgesAuzs ORFIE, RFEDLLE: athe =9 )EZERETISE. 7T0%HER (HN
0)KBRHPTERNT Yy F Y /LB E LT, BESHEHELZ100 nmD=R5TT
JR=ZR&ED NPC)D T 1 L L%ZBhE L7, T7AA{EINNPCH > T)IL
ZHEK(18.2 MQ - cm) TH > TEWT, T/ R—FXF v U RILARIZEEL
TWHIEEMEZBWENICKRE L, SEMOEFHEHMEARICEI L, T0®
DFHEITEB & Z50 mOFHHNLARIDEDY XAV b (ABEREXIIES
w) ZALTWIHABICELS > TRUTWSEF ¥ )L (b2 RJVIRBER
) BHM > TWBERRIRR—S X7 (quasi-periodic porous)iEiETH D
EERLTWS, FEBRBTL—T 14 Vv IRMICEY, ZETI2HFE. 0.5M Sn
CL7KA (pH=2) A LT, 3D NPGLICSnF/ RFAEMNE (FL—F1 Y
LIB) B Lz, ExFlELTIE. ERSTVINHN) HREFER L, <O
LTEONETAIILEMKTTITWTEET SILEMELZRE L,

BHNTNPG/Sn0, TV RY y MIDWT, ZD IV OBE & LF RO
T, Efl 1 EERICL TR, $4bb, TORADOFEIREZ, EFRRS
BREBEFEMEE(Field Emission Scanning Electron Microscope: SEM, H
AEF(JEOL)HLJEOL 6300F, 15 keV) Z MM L TN, T, D HEREE
EFIEMEEDM(high-resolution transmission electron microscopy: HTEM
)%, FEAEFIRMEE(TEM, BASEF (JEOL)&2010F, 200 keV) Z{EM L T1T
27z, WYL VXDV bT A MEEREE (contrast transfer function: CT
F) THREINLEIRAEEL 9B (interpretable resolution)id, 0.19 nmT
HB, TFRIF—DEIXER2HT (X-ray Energy Dispersive Spectroscopy: E
DX)I&, BAEF(EOL)R2010FICHBDA v 7 X7 # — K (0xford) & X7 A
AL TITo2 7,

(NPG/Sn0, 3 v R v h DESILZBIMEED DHT)

VFIOLAFVEMRERDEIICLTHEELE,
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ESEZMS/LIEROEEE LT, =RTF/ R—F Z24& (3D NPG) %
HELTE2OBREICSN(IREBRES ICEIEIN TS0, &M > TW3) AN HEE
LHonTWD (Tabn, SnO,MEFE LS TWS) JVRYy b (3D
nanoporous Au-supported Sn0,a >R w k: 3D NPG/Sn0,7/ ORI v bk
] ZEC2XFE(free-standing film)& LTHEAL, BEEELTIFLY
H1—7Rx— N (ethylene carbonate: EC) & T F I AH—RF— h(diethyl ca
rbonate: DEC)y% [(EC:DEC=1:1, v/v] thD1M LiPFEAER L /=,
BERVCBRREEDOL NI ZET ponA IR 27V TV 2w Licsn—7
Rw 2 X (glove box: MBRAUN LABMASTER 130) N CYUXEMAHMII T, Ar
bin MSTATRw 7Y — - 72— - X7 L%AFAL. EEEH 1.0 V~0.00
b VTHEZEMREZY M JILEBE LD,

(FERKR O 2]

(F/R—ZREELZIVvIRAVERI Y NDF ) R—F AtEiE]

B11 1 allld, AgesAus(at. %) DEELZNICT 7O L THREI 1
RIGHNUCF / R—F 2 &> TWBEDEM (3D nanoporous Au: 3D NPG)
OBEAMBENTINTWS, TI T, T7O4 bl TORHNOIKAR B, =
RTCIRFE. SEBEARETEEICFIYRINE, BT 1 ciliFE, F7O4
LI NIRRED F FD3D NPGOD AR 7R EE B T IAMER (SEM &R &R J ., SEM
ICENiE, TOROEEIE. ~50 nmOBFHHNLRIDOED) HA Y N (ALHE
fREENXIIHEET) ZHE L TWIHAARICEN > TRV TWEFr 3L (b
Y RIVIKBER) DO > TWHEREIMR—Z X4 (quasi-periodic porous)
BEEBAITDIENATRINTWS, ZEXE: Y. Ding, M. Chen, MRS Bulle
tin, 2009, 34, 569,

Ag-MEEZHRICL > TT7RAM{ELTESNALFT / R—5 X & (3D NPG)
DF/R=ZZADF v (HEERKBEE XiEF+/ ZAHEE) OHRICTH
JERRSNEEBEE LD (AvFTEXXETL—FT1vT93) T&T,
T/ R=—FR&-HIAVRY Y FTH 23D NPG/SnI VR b7 14 )L LHEH

EInr,
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ZAVRY Yy bDSNEEEEAZIT T, E5I v I ATHB T /HERIRSN0,1C
e d, M LT, E5IVvIRTHDT/HERKRN0,ZLEE LDOTHD
(AYyFINTWBXETL—T17INTWVWDE) Z&&RY, 100 nmd
EXDFH/R—ZR&EZIvI7RAVRY Y NTHB3D NPG/Sn0, VR
Y N7 AILDHEIND, BERERNETL—TFT1 VT LDHZIDIE, BT
FlELTERSYY(NH)EFER LT, 0.5 M SnCLKEMR (pH=2) T, 1285M[]
ERT. WEREREZMEZFERALITbObNA (01 1b) , 1 1dICIE 7

7OAbE, ZTOROBER L —T1 v TUEBTESNRIDF /) R—
£AVRY Yy bOMMBEE SR L TV 2 HENAEEE TEME (SEM KA
ED

3D NPG/Sn0,aA v RYw NEEDXSATLiER%Z, 15179, A1 5&Y
BASMNRTE L, BAW/Sn0, AV RY y MEBEH &L 20 withDAuE HH & £80
wtkDhE2HE LT\,

BLE L/ REBOEEDIDF / R—F &+ /ERRBIVRY Y bOHE
RO MEEER 1 2ICRT, M1 2 allid,. BELAREOEEDAUTE
FINTWBSn(XIESn0,) DSEMEENRINTHE Y. Zhid. TORFMEIC
B> TRUTWEF/R—ZADBEEZRTHEDTHD, B1 2 bIlid,
BIEDILAINAZERLIRINTHS Y., BRBSLE100E50 nmd ELERRY
—TREQAZBL TV —HKRICOMLTWE Ry hT—7 (HEBRBE)
THhdIEanmLTWE, AOEDEXIIE. 20 nn~50 nmDEEDE D TH
5ZEHETRINTVWSG, M1 2cilid, ZOEBETFEME (TEM&KZRL.
Bl12dICIE, moMEiedEEFEMEHEMEEZRY, InoilLy., #
I N7SnRL(XIFSn041) 1. B—IROFERMY (single-crystalline) TdH 2
CEDRERTED, Chid, B1 2 clilHdEBARTH 5 RIRMEEEFHRO
#r(selected-area electron diffraction: SAED)/XY —2(CLk>THTRIN
TW2, &9 —2id, BEBAE<NOS>ITA>ZEWEEICOEYBELNZEHD
THd, VVITIRDSAEDINY =212 &Y, Sn0,DEEIFEHEMICITZIERMET
$HDIENERTED, ZOHTEMEKR (K1 2d) ASRIEIND L DIC,
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B4 DrE, 3~6 mODREIZFELTVWDIHDTH 3,

BDF/R—ZRAEEZIvI/RAVEKRY vy NOESIEZENRFE)

TL—74 v TRBINIDF /R—5 &IV R v (3D NPG/Sn0,F /
AVKRY Y M aBBE L TERL., EXEPRICTRE (charging/dischar
ging (dealloying/alloying)) EE%Z{To7/c& 5, 0.1~1.0 VDEEEH
T, 1C (1000 mA/g) DL — M T, 515mAh/g&E W) EWAIHFHREE R L7z, 1
005 1 VI DET, AEINRETEHRRTER., FHEDNNENIHOD
THo7, TOEILEHMREICIE, TOREMNLEARICEN > TRUT
WBZRTDF / R—5 A& (3D NPG) DX FHBIEN, F— &% E%H
2TW3, $4b56, (NEREERELOEOEMEEEZAICTLI L%
AEEASLHTVWEZE, (ilitteDFRBVWEEEZAREET D&, (i)
LEZIDEIEF, HEOZEREEZRHL T, TRECHOKRETLEEEILLEZ
AT EETAREICL, B LT, REBEICHESZ YA JILLEBDEDE
S[IRIER AL T 5 &N TEB I ETH D,

ADF/R=Z2Z2&AVKRI Y b %A L/E (3D NPGIZHFEISn (X ILSn0,)
SLIEM) DBEEICOVWTOEEER1 3 alliRd, dAabs, C/100L— b
(10BsEEMLEDOBE (Fv /o T74) ZHEELDHBZEVIL—F] TO
BEEOCEFHEZTT, Ihid. ZOEBHHEBMASNER (X IESn0,EHE) DFFH
EELTWVWEHDTHDIEERLTWE, RUIOBNERVEERTY T
. TNZNT56 mAh/gR 624 mAh/gDELELREEHLTH Y., 82%D I —0O
VMERICEETEHEDTH D, TORMWOBERT Y TORICEDEBDR
EHOLICEWEROEREDA 4% —7 2 —X(solid-electrolyte-interpha
se: SEDEMNMERIN, TONEBOIHBTEDORZTRAORICHDEWVWDHE
RERBEEZSNTWS (H. Qiao, Z. Zheng, L. Zhang,L. Xiao, J. Mat
er. Sci. 2008, 43,2778: Y. W. Xiao, J. Y. Lee, A. S. Yu, Z. L. Liu, J
. Electrochem. Soc. 1999, 146, 3623) , M1 3 billE,. HEL — (1 C~
10 C) DEAFI & L T3D PG HFEISn0,DMEREZ TR L TH B, ThTh, 1C
Tlx, 515 mAh/g, 3 CTIE, 470 mAh/g, 5 CTIE, 380 mAh/g, ZL T, 10 C
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[0064]

Tl 210 mAh/gDRERETH 272, B1 3 cillE, 0.5 COL—hTDID
NPCGZFFEISNO, DR EMFREE R L Th D, BHSMIC, 140EDHY 1 VL %ETT>
7212 TE A ~599mAh/gD A HMARBTENHRINTE Y., ZnIEIBERER
=D WIEHBTIEDTH D, Snt /T OHE (FNIEHN79% DI —0O
Vi AT Lee, K. T.; Jung, Y. S.; Oh, S. M. J. Am. Chem. Soc. 20
03, 125,5652-5653) & Lb#Ek LT, 3D NPGZ#FEISN0,A & W RIFRRIETH B
DI, LRBLEMRZH 257, ZORENLRBEEEEL TWLWS RN
H5

B14all, #0.5COL—K~T, 0.005~1.0VOEETIOEDH A VL%
T/ BOAFRADOEBDSEMERZTRT, BASHMIC, Sn0,D3DF/ R—F R
BENYT A JIREBOESRENICEDOEFERbDN S Z &4 < (intact) &
EEoTWVWBIZ &b D, NIBBEOEENEIDILICLY, E14
bICRTEDICEDRE (Fv /X7 4) NEAEBTLTVWSZEICRS
DOHE LNV, B14allBiidHDTIE. AOEHERIE. TL—T1
Y NIB L CHBIN/IREDE M3D NPCZIFRSN0,A VR Yy hDEFNE
Y, EREREXIZNICEAELYMEIRET I &ICLY,. MRS
TW3bEITHB, MAT, DIBHA XDSn0KFICHEE LT, AFEEED3D
FI/R—SR&tESIVvIRAVERI Y MIFEBICBNEL — MEHERIE
LTW3, IhiE, 14 bICRINTEY. SUICICTH A 7 ILALE%ETT
27 & EITIE515 mAh/g&E TR L. ACTDY A VLB TIE420 nAh/g% R L. 6
CTOHA JILALETIE330 mAh/g&RL. Z L T8CTDH A 7 ILAET 260
mAh/g% R~ L TW3,
e E ORI TR

ARAT, BRABSHARBEERT S/ K—52 £33 v/ 2EAS
B (§RabE, 7/ R—R&EA7 - I v I/ RAHBEBRE O VERY v b
) BMELNBIENL. ZOBNEEZFIAL T, EEK. SCAEMRE. V)
Fo LA 74 VEM(LIBs), LIBREE®R, TRILF—IFBT/NM R, EBEEY
NR=YFNAVE1—FREDNY I Ty TER. BEEDOETHIHEED
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Ny o7y TER BERERE., RARER - ETHSRCHEAEDETO
RRICHATRETH S,

AFERIFE. FIROFARCERAICKICEEEH LEUND, RITTER L
REESATHD, LROBRICERT. FARBFOZ < OBRERVCEFA T
ThHY., >TENLEAERNAOBROEHDEHNDEDTH 5,
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[E5KIR1]

[E5KIR2]

F5RIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

[E53KIRT7]

F5RIR8]

EER DEE

FT/R-—ZRAEBA7 - ESIv I/ RAVERI Y b THY., €53
VI ADNHEBRINSHERE, EEVOBHINDAT7Z2ETLE
DT, HHATEBL T/ R—SXAEBTHH I =2FHET 2T /R
—ZREEIA7 - IV I RMBEEBEIVKRY v K,

ZHEFEE A, Mn0,, Ti0, Ce0, AL0;, BaTiO;, Sn0, WO0; In0; V
,05, Nb,Os, Ta,0s, TaNb0Os;, Si0,, Zr0,, LaCo0O; LaCr0O; LaMnO;, LaFe
05, Bi,0;, SrCo0;, Cos0,, CuO, NiO, PrMnO;, SrTiO; BeO, MgSiO;, M
9,510, Fe,05, Fey0,, Zn0, PbTiO;, RuO,ZTUCrO, A 574 B EEA 5 EIR
INEDTHB I EZR/HETHHEKRKETICHEHDOIAVRI Y K,

ZATWHS /R—ZZARET. &S/ R—ZXA&BOAERED
EBRDXALICEREEZIIVIADNHEBIINELTWEEDTHS
CEERBETHEREI NI 2ICEHDOIVRI v b,

ZATEDF I/ R—FREXEF / R—FRAATHZD I & 2HFHE
THHERBFI~3OVWTIA—ICEHOIAVRI v K,

ZT/R—ZREN, @REEET7O0MLLTH/LNEELDTH
DIEEBHETHERELICEHOIVEI v b,

FT/R=ZZEBAT7 - EZIv I/ RAVKRY Y NOBEETH
T, BV OHERIND T/ R—Z2EEIT7%. TL—T1 7%
BICMLT, ZA70ARBORALICESI v I RABEZFHRE LD
PlEERFHET DT/ R—ZREET - €3I v/ AHEERD
YIRY Yy b DBLEE,

BERKIE1T~50VWThI—ICRHEOIVRY Y heEBEBE LTER
LTWBZEZHHMETHRA—N—F v NV IHIEE,

BERKIE1T~50VWThI—ICRHEOIVRY Y heEBEBE LTER
LTWaZez2HBETD Y FUuLAF VEMR
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