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£OIC. RERBEF2 OICEEICRBEZEATZ2RE. M2 20014 X%
NELTBIENFFE LW, COBERDL, M2 20FFF 1 I, 2.
OumBTFIFELL, 1. SBumATFHEYHFFLL, 1. OumlTAH
FUFFELL, O, S umBTFAISITHFF LWL,

LEDEDIC, ZAEERI OB LT3 213, FHHY A4 IH2 umL T O
A22%BL. T4ov /7 A—VEOBTHREEBEELE T 5RFREER20
Z®A D, ThiTLY S ER EIEEENTES, T %A
BHE3O0OBLU3I 2% LTHVWIBSOMERMEEAR LIEE &M
TES, IHIC, MA220FHY A XE60nmUETHBE, ThICLY

ESMFMEELYALIEE I ENTE S,

B1 (d) ki, ZAEGEI 20MA2 2WIIERTE LWL, ZhIC
$Y, ZABERI2DEEENILLTBEHIENTES, k. ZAEAKI2
DRERMNMEZ DT, L2 2RICRIBBZET I ENTE S,

B1 (c) &I, REBEFE2ODMA2 2HICZAELE 100D Y
HAVMTADPMNEL, KREBEA20E, VAXVY M1 4DFKEZEST
WTHLW, ThICLY, REBEF20ICMZ. ZAEELE 1 02ERIE



WO 2016/002277 1 PCT/JP2015/059295

BILEE5T 20, 2ABEFRI0ODEBNEZLYRKLSTES, T, 2AESE
B10IC&Y, RRBEF20%ZFIRT DI ENTE S,

[0041] [RFEEE2 0L, BFIZAEBREALIEGZ v 7LD & D il & L THEE
DLBRESGSATVWTELL, MRS L THEET 2RI, RFABEF200
RREFEELTWTEHL W, Fa S L THRET 20RIE. RRBER
20ICHFINTVWTE LWL, ChICLY, MEFEEALEIEZENT
X5, o, REEBEFR200—HEBILIE. BRO—BERBTIT I &
L&Y, ERMEELYALEIEZENTES,

[0042] E24&LT. BRBEEZETEIEBEEBHINITFAMA RMX, ZAWSCZ
ENTED, BREBHIL AT A RMXLIZHEWT, MELT, HIZAIEEY
77v (Mo) . 9V T7ZRF7y (W) [ FHY (Ti) ., INad=ohb (Z
r) . N72=Z9hL (Hf) . NFY9L (V). =47 (Nb) 85>V
I (Ta) OV EE1DETEIENTED, XELT, BIAEHRE
ELYBETTLIL (Te) OPRLEET1DETEHIENTE D,

[0043] EB24HrBRERBRHANIAT A NEDHFE. ZAEEE1 0 & LTl
EEEAWV. B24 & L THMEREFAEEIHEEOLIVWEREAVSC
EETED, £oT. RETEMRELASAEFRIOBLUI 22RHETSZC
EEHETED,

[0044] 2 (a) BLUVE2 (b) &, EEFE1DOLZABEFLZBAVEERD
BlTHd, M2 (a) ICRTLIIC, BEAFR34IE. ZAEAFR30FLIFS
2EBLIEBETHD, B240ERB15%2B>TWVWD, 2B 1 b RKRES
NTWTEHELW, ThITLY, BUKEDHLY DMEZALEIESZIENT
x5,

[0045] &7, B24MWVST7VEBDEER, VS I7TVE24 589 2%AERK
SOZBELALE. BUIEBLTHLIL, TNICLY, €815, FHY1 X
B2 umllTORRNERD, F7TVB240E&B15%2EFY, Chic
Y. BEER34LDBENBEL LD,

[0046] (2 (b) ICRTLDIC. BEAK36IE. ZAEAXR3I2DE24 2L
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[0047]

[0048]

[0049]

HABIEE26 %250, BILB2 6 DKICIE. BIZIFEEHUMme rs
EERWDIENTED, BEK3 61k, BIEB26 A3 RTHICRY k7
—J LEBETHD, 20D, BIZIFHE Y —FREREEBRFICAW
5 ENTES,

(EMEfRE2)

B2 (c) 3. ZEEME2ICHRIEZEREERIMENTHS, M2 (c
) IKRTEDIC. BEERE40I1F. EiB42, B4 6L UVEHEL 4%
BATWS, EEEBE40F. fIzIE. VFULEFEHR ZREMH. Fi
EEXZEEX v\ I THD, EB4 25LUVEIEHBL 6DV RE—FAD
EMICEREFRE1 OZAERFRI 0, 32, FLRBERI4EAVDIEN
TE2, ZAEER30, 32, FLIEERER3 41F. FIZIETEEEMBITE
BIhTwibsLWwl, ZFEARI 0, 32, FLIIEBEAFRI4%8BMTH
WTHLW, EEME1OSAERI 0, 32, FLIFIHBEFRI 4 E2EBO
fRiEE LTRHWSZ &EICLY., EERBEOMREEZALETES,
(EMEFRE3)

K3 (a) & EEFESIFRZ NI VIS ZRTHEMTHS, K3
(a) IKRTEIIC. SV TYRHEORK, FrrIE2, ¥—NEWE5 4
Y REBS6BLUVRLSVEME 8EHEATWS, FyxI5 2
ZHE®RI 0, 32, FLFIEERI 4550, ¥— MEBS 4 ICEEERM
myzda&EickyYy, V—REMS56&ERLAVEES 8&DEDER % HI1H
95, $AEAR30, 32, FLEBERKRS 4T, IRTEEEBLNI DB
FEI A SWD., NSV I RAI500MEEEDDIENTE D,
(EhefRE4)

B3 (b) 3. EEFELILZDIEVY—%2RITHERNTHS, M3 (b
) IRT LI, B =603, BV I KE62ICEBRE64BLU66
MNERITFENTWS, B2V Tk6 213, ZAERKR3I 0, 32, ##HEK34
FLE36E5L, LYYV IHK6 2T, REBOELICLY., ZOESR
LI 5, BIBO64BLUV661E, B2V IK6 20DEXEFNE
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[0050]

[0051]

[0052]

[0053]

[0054]

DELEBERESICERT 5,

OV TRE 2P ZIE TRV —DIFE. VIV THRE 2ICHR
BRETDE. YoV JE6 20ERGERIELT D, 2PV I%F6
2HBZEK Y —DFE. BV TE6 21’ REINEE, BV
SUTHR6 20BRCEXRNEINLT D, BBO64BL V66 EYIUYT
6 2DBREEXOELERET D, EoH—60&LTR, 1FvEY
H—E9TBIEHTED, $AEER30, 32, #BEKI4FHIE3 61,
REBIAEL, BLUO/FTLRBBENSW O, £ —6 0Dkt
BEEmHDIENTES,

(ERERRES)

B3 (c) & EfREFMESICHEZIABEREZRTHERNTH S, B3 (c
) IKRTEDIC, KIFEMT 013, ABEMET7 2ICEB745LV76D
BRITONTWS, BB7 41E, AONEEHMET7 2ICRFEIND L DI, A
VY ARTH D, KNEBEMET 2I3LFERI3 0, 32, BEKR34IFLR
36 TH2, HELMET 213, APRFINDZ L, BRELBEEZRE
I3, ThICLY., EB745L07 6DEIC. BUENIEL D, $AE
A30, 32, BEEFE3IAF/ALIZ3I6IF. REABIAEL, LB FLE
BREBENEWH, AEEHLT7 ODMEETHD I ENTE S,

REFE2NSEICEVWTIR, BEEE40. SV YRH50, EUY
— 6 O0BLURBEM7 OZHFUFREALADL, ZAEKI 0, 32, #BEHK
34FIF36EMOEBICAVWSIEETES,

EhEf 1

ERBI X, RBRBERESUCEAERDBTH D, LLTD LD ICERES
VIR ZAEFEFER L, M4 (a) HMHE4A (d) & EHEHITICS
l75SEMEBERTH S,

B1 (a) IZx3d LI, BEISMHNSEOumDN i ;oMn,;&&18%1F
HI5, B4 (a) ICRTLIIC, a& 1 8ITIFHARSRRINAW, H1
(b)) IKRT&LDIC, B4 18%450CHD (NH,) ,SOBREAVESS
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[0055]

[0056]

[0057]

[0058]

I£9 %, ThiCEY., EEHFAZIDMHTIOnmOMA 1 2aB Lt Y HAY
F14a%2F32NiIiZAEEETI ON’ERINSG, ZAEEE1 ODEE
IFH30umeEAd, B4 (b) IKRTLIIC. NiZABEEE 01T,
MABLVCYHA Y NEBTE2 T/ SAERBENTERINTWVWS,

B1 (c) ®&HIC. CVDEBRICEWT, KFE (Hy) . 7iLd¥ (A
r)y. XVEVOREFHESE LT, NiZAEEE1 0%28NIET S, C
nICEY, NiZFAEEBE100MATI 2BLTVAX Y M1 4DH A4 IR
RS, NI ZABEET1 00XRAICT I 7 VE2 4B ERINS,
2AIBEEIL, FIZIE800THAS1000C, 2NIBRSREIX. BIZXIEX5 D
No300THD, BUWBREES L URUIBKELZEERET S &ICELY
AT 2BLTIVAA YN TADKREIZFHETE S, ZAEEET100
REE15umbhb25 umeERs,

K1, YU FILG900SHBLUG 900 L DERNIEERE S & UEANLIE
BEERTRTHD, Y ILG900SIF900CTEL, VIGO0
OLIZ900C30NDEMIBAITA >,

[&1]
#9770 BE =455 4R
G900S 900°C 5% 100nm-300nm
G900L 900°C 30 1.5um-2.0um
YU TINGOO0O0SOMAI 28LVT) AA Y M1 4D 1 XD%HIL 1

OO0ONnNmMAL300nmaEETHY., FHAYAXE210nmTHB, Y
AXY M1 4AQBRNMHEREZIEHSOnNnmTHD, Y 7ILGI90 0L DK
A12BLTVAXAY M1 4DY A ZORFmIET. Sumhs2, Oumd
HLHTHD, VAXAV M 4DORNHELFEIINO., 75unTHD, B8,
AT 28BLTYHAY M1 404 XE, SEMEBEBKRZTICERT—Y I
Zi% (Fast Fourier method) %ZFVVAIE L 7,

B4 (c) IZmRTEHIC, MFLT2E Y AA Y M ADBERINDE, UH
AVMTAQREICK TS T VE2 4D FEHRINTWDS,
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[0059]

[0060]

[0061]

[0062]

Bl1 (d) kDI, EEDOER (HC |) KaKzAWEAEELE1 0
EREIES, ChiCLY. NiZAELE1 ONBMEL. ZAEK3 2
IRFARBEFR20DHEMRD, kBEEF20IFE. ML 228L0757Y
B24%F9%, RKRBEFR20DEERZE 1S5 umhNo25 umeind, K
FBEKR20ICEFTBIN I REZAELLEZS, NiREIFO., 08
FRUTTHo7ze B4 (d) IKRTEDIC. P—MROIST7zVE24
B%ET S, BIJHETRELAY Y TIGO900SICETIMA2 20D
B4 Xk, 9200 nmTHD, Thid. ZHLELE1ODHMIA1 28 &
CDHAAY M1 AT A XTIFIEF—HT D, COLDIC. #HA220H54 X
L. A1 2L HAA VM1 A0 1 X nHmEIREBULUTH S,

B5iE, ERFNICBITESTVAEDRRERTRTHD, HEICRT
210 NidYy (F1 (b)) OLDIC. ZAEEE1 0EZRET 2R10%
AEMFR30) & NilL (1 (c) oL NiZAEEET1 0%k
ELEEBOZAEGKRIS2) &, 2RI D E. STV VARY MUICKELE
DRV, ChiIZkY, NiZAELE1 ODBMICLY., RFEEEER20IC
ARIQIA—JRFEAINRTWRWVWI EDDA 5B,

6 (a) &, EREF1ICHIFTZTST7VE2 4 DHHEEEFS (Scanning
) TEME(#,. E6 (b) EEF/¥—>, K6 (c) IZK6 (a) NDHE
HADHLKER. B6 (d) IFB6 (c) DEr/is—>, M6 (e) IFH
6 (c) DA Xx—YH, ®6 (f) IZH6 (a) WOBEEBOLKER. X
6 (g) IF6 (f) oO#/Nv—>, B6 (h) EB6 (f) DA A=Y
MTHd, M6 (e) BLUMO6 (h) &, KREFOHEEERIHTHY
. REFRFEZRTHRL. RERFEOREZETHRILTWS,

B6 (a) IKRTEIIC. KEEBEFR20RWDIST7IVE241E3 KT
BEEBELTWS, 6 (b) IZRT LI, @IFARY—VICALARDSE
CORARY MHERTED, Chid., mFEBEF2 O M3 RTMICHR TN
TWBHZEERLTWS, 6 (c) ILRT LI, HRERORNIVEESE
ATIE., V57 VB2 4 RAIMICR A%, M6 (d) ICRTLDIC, B
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[0063]

[0064]

BADQEF/NY—VIZIE6 DDRARY MAIEBREINS, chid, 6 (e)
WKRTEDIC, BIBHADT ST VE2 4ANRAINANERZET D&%
~LTW3,

6 (f) IRT&IIC. BHRERDNIWVIEEBTIE, VY527 VE?2
A ISR GBI H DL DICHZ D, B16 (g) ICRTLDIC. FHEBT
ARG ARY RHBEBERIND, 6 (h) [I-TLDIC. BB Tid.
TJ27xVE24ICEEBRIOBIVELERIZATEMINTWVWE EEZD
hd, COLDIC, REBTR, V57 VE24 N EEARDDIC. 7
S7xVEB2A4RICAERIOBLIVELERI2HFDORMBMNAEATINTWVS
EEZBND,

PES (Photo Emission Spectroscopy) jZ&FAWTH Y FIGO900SH
JUGCGOOO0LDEFREBEEZRAE LK, AEIF. He | | afg (40.
814eV) ZRAW, ERTITA>k, M7 (a) F. EmEFAI1ICEITZE
B TIVOBEIRLF—ICNT2ETEREEZRIE. 7 (b) & Hv
TIWGOOOLDT I LANIMDEDIEARE, ®7 (c) BH7FILG9
OOLDAEKREETRIMTHD, M7 (a) MEET (c) ITBVWT, #&
BIXNF—RETIILILRIEDLDIRILF—%RL., EEBERIET
REBEICHIGT 5, M7 (a) BLTET (b) ITRTLIIC. 7TILX
LARNWEAIGEVWIRIILF—TI, BENBERENICELT S, Chid. V7
IWGO9O0O0SBLUGIOOLAYS 7 VvHFBEDT45y/I1—VEODE
FIREBEEZETDZIEETRTLTWS, T4y 7 aA—VEOEFRERE
ZELTW3SEE, fIZAERT (b)) OEEIXRLF—DPONH0. 4eV
DEHEICEWVWT, BEIRILF—ICNTIESRELR/NEREZAVER
ELIL & ZOMEEBREA I 0%ULERD, T, LYUERISEWGS.
BRIREA O 5 %L E, FLIFI98%UEEARZ, M7 (c) IKRT LI
 BEZZEIETAELTHIEERCES/MELNE. ZD&LDIC. BF
REBEEIAEICILAWVWIEDDS, T4y /- VEOETREEE%.
B30 7 VB2 4R RTMICHEERINTWS,



WO 2016/002277 17 PCT/JP2015/059295

[0065]

[0066]

[0067]

[0068]

RIC B FIWNGO00SHLUVGIO0OOLDEFREESR., 2 RcHE
FICHBIT2E—FT 45y JETF (single Dirac carrier) DWiIHZHTDEE)
HETRHIACUCL YR LAERETIUALER L, K8k, EMEAH1IC
BIREIINIIBRHEUERTHTHS, T TIWGI00SELUG
900LEHTOOKLUTTIE8500~12000cm2/VsThY, =
BICBWTHE6600~8000cm2/ VsEmgWBEELABETHIEND
VAN

R ICENEE, RERLICEYFEHRLEN I ZAERE10IC. 75
TJIVEB24%WKT D, ChICELY, A2 20FHY A X% 2 umBlF
ETBIENTED, T2 MA220FRNM A XE260nmllEETBH
ENTED, ThIZLY, T4y 7 I—VEREBFREBELET 53 RT
BEORFBEFR204RHTES, CORRBEAR20IF. ERICBITS
BEFREEHNAB8000cm2/ VsULETHY, YT IICL>TIEF1000
Ocm2/VsPlETHB, 2DEIIC. kREEFH20ICEEHEZR/LES
& B/ FREIBINFLEEZRALIEZENTED,

KiEhl 2

EiEfl 213, 2R (N) Z22U0RBBEKR20%2FT2ZAEHR3 200
Thd, EH2TIE, REBEFR20ZFENTHEIIINVEVYORDY
WCED YV ERAW, TOMDZFAENRS 2 DHHAERERA1 ERLCT
HB, NDR—=TEINLTS7 V3BT ETREG (ORR : Oxygen reduct
ion reaction) DEWEIEERMEEET 5,

R2IF, BY UV TILVOBRLERES L URBEZRTRTH S,

[3=2]

#9727 mE FFE vZb JR %4
N1000 | 1000°C 20 | 1.0um-1.5um| VY
N900 900°C 553 400nm-700nm | £ YUY Y
N80O0S 800°C ¥z 100nm-300nm Yy Y
N8OOL | 800°C 304 300nm-800nm | £ YUYy
G900 900°C 205 1.0um=1.5um | A~ vty
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[0069]

[0070]

[0071]

[0072]

[0073]

H#YFINT1000IE1000C204, ¥ FILN9OOIEF900CTH
S, B FILNBOOSIE800CE54, Y FILNB8OOLIK80OOTS
ON BB ETR>/7c, GOO0O0IEINZER—TFLAWVWERH1THY., 9
O0C200DRNIBEITR>, L2 2054 Xid, BUBRENS <
. FEASRCARBZIFERETLRDS,

ER L&YY TILOMEREEY A0 ) vy JRILE VAN —EERL
AR, ZAEKR3 2%/EAEB. Pt Zx&, R (Ag) /1EI1IR (AgC
1) #5BEE Lz, Bk, 0. TM KEthYoL (KOH) BKT
Hb, BERBICTLIERBICEEZEML, WBEERABEICTNSERE
RE L7,

BOk. EREM2ICEFIZIEY Y TINOBEREICRT 2ERBELARIHT
Hb, MOICKRTLIIC. YU FIGO00HBLUNT1000E, &EICERE
EEML TV THERIKIFEAEEDLSLARL, N80OOS, N80OL&
SUTNOOOTHH., BEZOVALABEZHMT 2&. EhEh—0. O
8V, —0. 108&U—0. 14VIZBWTCORRWIBEETSZ, TDELD
IC. RERBEKR2 0NBFEZZH. A2 2081 XHNNIVEFWVWORR
SEMERD, — A NAR=—TINhTWARWG900TIZFORRIEE.ETH
oy

B10iE. ERFI2ICHSIZEY Y TINOBRRBELERBEJ AETITH
THhd, BERBEJ L. Koutecky-Levich EquationZ AW TEHLAEEDT
HbD, BEEEIZ. XPS (X-ray Photoelectron Spectroscopy) & FHW
N1 sHEEOE—VEAETDIEICLYRDE, N=0HEELLER (Oxi
dized N) , C—N=C#EEL/ALEE (Pyridinic N) ., BLTNC HEELL
2% (Graphitic N) OEFRBEICHFEL .

B1O0IKRT&EIIC. Y FIGO00HBLUNTO000TIE., ERBE
J(IFIFIEOTHD, Thid. ORRDOMEBEBENIFEAEB/WI EZRLT
W3, N100OOIZBEWVWTIE. NAR—=FINTWVWBEEDDMEMEEEN AW
o —75. N80OOS, NB8OOLBLUNIOOIE, ZDIEICERBEEJ (A
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

RE ERIERED L W

N80OS, N80OOL, N9OOSBLUN100O0DGraphitic NiZIEIE
BUBRETHD, —H. N1 00OTIE, Pyridinic NASFEREICHAL, N8
00S, N9OOLBLUNIOOMDIEICPYridinic NA'% < A%, DL D
1o, fREEAEMEIEPyridinic NEBE SHEENH B,

HMA2 2004 XB”REVWE, V77 VE24DHEEREAREIW, &
D, AERBSLUVLERFORMBEBEIIMEL, HFL2 2044 XHME
W&, V572 VE2 4 DHIERERNANIV, D). ABRBLITLEE
BREORMBBENSEL A2, HIZIEAEROBEEMEMT S EVWD &, P
yridinic NBEASL A>TWdEEWR D, Lo T, MEFEIELET S
EDEEZDLND,

B10sLvR20 L, MERMHEZALEIEZLDICIE. L2204
ZET umBTFHEFFELL, 800 nmBTFALYFE LW,

EEF2ICENIE. A2 2004 X%2/NILTESZ ED LR
BMLETES, Fh, RERBEX20DEFEERIF1. 2X104S / m&iE
MRELVTA—RYTIv LY, 2L IMAEIV, ThIZLY, g
BiEELYALETES,

EREFI21E. N& R—TL7flaRA LA, mofEs L THET 2T
REe =T ULEBEIKBWTH, RRBERK2 ONRMBERICENSDILHRE
HEIREESUCILICIYMERMEZMLEIEZZENTES,

Efl20ERGIT LT, Yy (P) | & (S) . BR&Y V., €%
EME. FldhUER (B) A R—F L RFEEFR2 05 Lz, UTF
IZ. BTRER—TT2ETORERBMARERT,

N—T7 xR BERAR

) M) Z7OEBIKRZRT 4>

g FAITYV

BREYY BUYIYERMNITOBLKRRT7 4>

BREME YDV EFATIY
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NS NYITFIKRSY
ZOMORRBIER2 O DIEREZHIIERAI2 EE LU TH S,

[0080] /ERUZERH2DERH 1 OIS Y TILOKRFEERIG (HER : Hydro
gen evolution reaction) DfERFEZHY A V) v VRISV AN =%
AW, KRIZBHEBOMBE LTEAWLN S, HERIIZEHE
IhTWwa, B&RIE. 0. 5M B (H.SO,) BHRTHD, SREGIZT
WKFZEEM (RHE : reversible hydrogen electrode) TéH D, F DDA
EREIEEREF2ERALCTHY . SRBPEERT D,

[0081] ®11 (a) & EREFIZOEEFNICS TS TIVOEBEEICTT S
BRBEERNIHTHSD, PB8O0O0IE., V5271 VE24%2MT5EED
BEMNB8O0CTHB Y Y R—TOH Y TILErRd, S800IF BENS
O0CTHIMER—TOY Y FILERT, NPB8OOIX BEHNAB800T
THDIDBEREV V=T OH >V TIV%ERT, NS800E, BREMN800T
THIBEREMBEN—TOH Y TIWVERT, YV TP tIZEETHD, E
11 (a) IERTEDIC. Vv, ME BREV Y, FERBREMEEZRK
REBER20ICR—TF2z&iIcdY,. HERDMERIMEEZM ETE 3,

[0082] EHEHI2HLVEME1OYY TILOEFBBESEHKES 1 OH8ERL
FETEHLE, B11 (b) 3. REMZ2BIVCERLTICEWTEREIC
NI EBEELARIHTHD, Y FIVBIE. mOFER—TLEYY T
ThHY., V57 VB24%5HRTHEZDBEEFI00CTHD, v
IWGOOOLBLUGO00SIE, EEF1OHBERBULT—9THD,
YFILNB8OOLBLUNB8OOSIE, B2 IILTHD, H1 1
(b) IKRTEIIC. YV TIUBELIUNS8OOLIK, EMHEH 1 ERARED
ETHBEEET S,

[0083] EMEGI2OEWMI2E LT, RFBEFR20EZBIEIHE, ILICETIE
oo BALIMMBEHUMmMe r siEZAV, Bk RSV VKBRERBWE
o UTFICET Y 7IVOBERES L OETREEZTRT, Ty TV, Bt
BILT BRIOY Y TITH B,



WO 2016/002277 21 PCT/JP2015/059295

v AL oYY IV BEEsRE ExkE
NRGO N800OS 304 1. 285
NGO N800S 3BHE J®ixtEd
RGO G800S 3™ 3B

GO G800S 3WKE EBrxtd

[0084] EELAZRYYTIDORRBLVEERERIS (OER : Oxygen evolu
tion reaction) DFREFMEAEY A V) v IRILS VAN —EERVEANE
o MEAZIEEEF2ERALTHY. FRBPEERT D,

[0085] R 1 2%, EEH2OEHH2ICETZES Y TILOBEICRT ZERE
BEERTHTHD, M12IC8VWT. EEEICEHMTSE0EREAY, &
BIEICEIMNT 2E0RRERD, B1 2ICRT LDIC. YV TILRGOWEY
Y7INB8OOSIZHEAR, OERODMERMUENMLET S, ISICHYTILN
RGOIE. HFILN8OOSITLhR, OERDAERMES LTORRDAL
M AEET S, —H, YUY TINGOBLUHY Y TGO, s L
TIREAEHETFETH S,

[0086] EREGI2DEWBI2D&LDIC, RFRBER2 0 2L LIORETIZARE &
LCHEEMTHID, BIL LERFBER202BTTHI&ICLY.
BEPM LY 5, BIERTICEYBBRES LT 2BHIFIHETIRRWL,
BlziE, RERBEF2 OD—EABI L. BIELA—EHBTT D, D&
x, REBEF20RICKRBT 2, TORMRICKYMERMEIrDETZED
EEZBND,

KhEHl 3

[0087] ZEREFI3IE. KFRBEEF20IIN i Z =T LEZALEAXRI 20DHITH S
o Nild, OHEELHESEL. Ni (OH) ,&okBEe. KERRERIGDR
WARESEM A2 BT 5, EREAIS TR, B1 (d) IKBWTEAELET100
NizZBRETZEXIC, Ni2—8EEFEIEL, TOMOLAERI 00O
RAEITEREG 1 &AL THYRPBEEIRT 5,

[0088] 1 (b) OEMIEAB8O00CSEHNTITR>T, MFL1 2BLVP HX Y
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[0089]

[0090]

[0091]

[0092]

[0093]

1 ADYAZXDFHE100nmAS300nmTHB, KV I, 2
M 188 (HC ) BRICEYVAXY M 4%5RBRELE, BRICK 20IE
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A. CLASSIFICATION OF SUBJECT MATTER
See extra sheet.

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

c01B31/02, B01J23/755, B01J27/051, B01J27/24, B01J32/00, B01J35/04,
c22C1/08, HO1G1l1/32, HO1L21/28, HO01L29/786, H01L31/0256, HO01L31/0352,
HO01L51/44, HO1M4/02, HO1M4/96, HO1M12/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2015
Kokai Jitsuyo Shinan Koho 1971-2015 Toroku Jitsuyo Shinan Koho 1994-2015

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
JSTPlus (JDreamIII)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2005-263509 A (Nippon Sheet Glass Co., 1,3,5,7,14
Y Ltd.), 6,11-13,
29 September 2005 (29.09.2005), 15-17,19, 20
A claim 1; paragraphs [0007] to [0018]; examples 2,4,8-10,18,
1 to 4 21
& Us 2005/0207967 Al & Us 2008/0145298 Al
Y JP 2013-1098%96 A (Toyota Motor Corp.), 6,13,19,20

06 June 2013 (06.06.2013),
paragraphs [0024], [0025], [0042]
(Family: none)

Y JP 2006-052115 A (Japan Science and Technology 11,12
Agency),

23 February 2006 (23.02.2006),
paragraphs [0028] to [0034]

& US 2008/0019893 Al & WO 2006/016673 Al
Further documents are listed in the continuation of Box C. I:l See patent family annex.
* Special categories of cited documents: “T” later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory undetlying the invention
“E” earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
12 June 2015 (12.06.15) 30 June 2015 (30.06.15)
Name and mailing address of the [SA/ Authorized officer
Japan Patent Office
3-4-3,Kasumigaseki,Chiyoda-ku,
Tokyo 100-8915, Japan Telephone No.
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Y WO 2001/079113 A1 (Sony Corp.), 15-17

25 October 2001 (25.10.2001),
page 5, lines 10 to 23
& US 2003/0015414 Al & EP 1203752 Al

& AU 4878501 A & CA 2376887 A
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L I:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 111 Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet.

L |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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Continuation of Box No.III of continuation of first sheet (2)

Claims 1, 3, 5, 7 and 14 lack novelty in the light of the document
1, and therefore have no special technical feature.

Next, the following special technical feature could be found in claim
2.

Accordingly, claims are classified into four inventions each of which
has a special technical feature indicated below.

Meanwhile, claims 1, 3, 5, 7 and 14 having no special technical feature
are classified into Invention 1.

(Invention 1) claims 1-7, 9, 11-18 and 21

"A porous object which comprises a carbonaceous structure having pores
that have an average size of 2 pm or smaller and a minimum size of 60
nm or larger, the carbonaceous structure having a density of Dirac-cone
electronic states™.

Claims 1, 3, 5, 7 and 14 having no special technical feature are
classified into Invention 1.

Claims 4, 6, 9, 11-13, 15-18 and 21 are classified into Invention
1, since it is efficient to carry out a search on these claims together
with claim 1.

(Invention 2) claim 8

"A porous object which comprises a porous metal and a transition metal
chalcogenide film that has a layered structure and has been disposed
so as to cover the surface of the porous metal'.

(Invention 3) claim 10

"A structure which comprises a metal having an average crystal-grain
size of 2 ym or smaller and a graphene layer formed at the grain boundary
so as to cover the crystal grains".

(Invention 4) claims 19 and 20

"Alithiumbattery equipped with an electrode including a carbonaceous
structure that has been doped with N and/or S and has pores having an
average size of 2 pm or smaller and a minimum size of 60 nm or larger".

Form PCT/ISA/210 (extra sheet) (July 2009)
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