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AFRSCIE [CO2 DBPURTTIZH RN 72 CoNaCx BABAME D EiEE L & VEREME) CEL, SEL Vo TWn A,
F 1% K Tk, CO IR LT COr BEH B BB O MLENEIZ SV TR, COx PR R BRI 5
72, KD COr BIALDOBIFBIOF| R & F ORRFEFEMIZ DWW TR Lz, Fz, COy EEETICKRT AT
DOFANFBRFE OB & 1L FHEFFEE O BAFBRTE OBERIZ OV TR~ fRE Z B 5202 L CTARMZEO BiZ IR Lz,

2% [Co-N-C IV — NIz L A RFBHMEIE] Tk, Fx OREHEKE VTR L 72 Co-N-C filtfi
D COL BB ITTIEME AT LTz & 2 A, IRFHMRIZ L > T, Co-N-C filtli7y CO» BFBE IR MEIT R & < &k
L. BEERHERNFET 52 L& A Uiz, KBIZHEF L7 2wt% Co-P4VPy il iX s Tdh -7, Co-
P4VPy/C (673 K)fitirf THEFET % Co fId, Co AV 1T N 2% 4 FAfiZ L 7= CoNaCx fE, CoO & & Co metal 7 TH
LT ERbolz, MEHICEEND CONCEDEIGNLVNEE | CORILTEMENRWZ E B EE SN, 2
ALVEARBLE LT CoNaCx A COLEILIEMER Th D Ll Lic, REBEHIRIZL > TPAVPYy ICEHENDE Y U
DOMBENEIT L TV BIEPTHILIE, CoO flE L Cometal FEDAERLAZINHI L. CoNyCxFENZL < FERL S, CO
7 7 7T =N EL 720, COBITLIFENENTZZ L 2B L0 Lz,

%3 & [CO BARE TCIEMEIC K 2 4 2488 (Gas-Diffusion-Layer) D525 TiE, B DS HHREA
L7255 GDL BAROBMARIEIEIC SOW TR L=, GDL @ NaOH LB X % CO2 B R oiFE IR
WA B KFERAERISTEMEE TSI L, CO OARGEE, CO D7 7 77— ITkE <Lk, GDL®
XY T2V E— 34280, NaOH H#4 5 Z L ¢, GDL #i®D PTFE 2—F ¢ ' 7 O—#R3EREL,
GDL REDRFEFLEEPFTEH L. GDL REOWEOMENEIMN LT, CO2 A A DM I OIE MR B Lo
<720, COBICIHMEMA b LI/ 2 B & 2T LT,

%48 KB R—/V I VLB X D Co-N-C B/ — Rt CO» i eiE D it fEENE S O & K
JEHERE DR SR Tid, KB REHEKOREAZWE TS Z LIk, COBRBTIEIE LM LTz, KB REMH
IR % R =)L 2V & O CTHRRUEL(KB(bm))IZ & V. Co-N-C fill#it > CO, B soiF I i ic gL 7=, %
TR IVE—T 3BT, XPS & XAFS HIEIC L Y, i E £ D CofidD 9 B CoNyCx D EIA 13
ZWIEE, COLRBILTEMENR N ERBIER S, THERILE LT CoNyC A COBILIEMES CTH D & ik
L72, BR—/V I VALERSRIZ Lo T, CoNsCx fE, CoO F# & Co metal FEDOEI G2 LTz Z E¥boo7z, [\
R EOIEE . CoNWGFEDEIENE L 725 Z LD, CoNaCx FEITIRINIIZ CO2 BT DIE MR & k9 5 Al
MRS 252 Z & &2mRE LT\ e, fHEEFREIC L0 AEICE F41 5 CoO FENFRE IS4, CoNaCx D EIA D31
M7=, Cometal FRIZASEELEEHC LV BRELRARETH o7, KB BIRKIZHOWT, XPSHIEIZ LY, KB &R
—VINRERES B Z T, KBRIEDZ T 7 74 MESME(CEp))IMEL 20 | TENAT 7 AM(C(spP)Di @< 72
HZENEBNERY . FEORERIIENE L 2o TNWD Z ENbh o7z, He-TPD-MS OHIEN S, W
BREETHDT 7 bk, DVR VBN LT ENH LN E 2572, Co-N-C il oBsIc .,
KB & %\ % KB(bm) & $HEf S 3172 Co-PAVPy MEVMif L7223 5 Co FEETEIKT B 73, CoNaCx i 2N Ak 9~ 5 B
12 KB DRKGPIRHE RN S L TWAARENN H o712, 02V ~ 0.6V OFPHTOD CV ORIEIZIBWT,
KB(bm) % AWV 7=l Cid, KB OXMECEAREREENEA SN, BR_EHEOHEREOHATHY, LIv%
<D COy HANWHE S, il D> CO» Wi s (P4VPyY-N, Pyridinic-N & Co-N Ff)?D CO, WA RE A 23H F L=
ZENRBEINT, ZOEREDOMHGDIFNIC KB HmREOE(LIZ LY COEILRISFHEIZ AT 5 FEE
RS B % 7RIB LTz, CO-TPD-MS OHIEN D, KB(bm) % W =it J713 CO, BB &N K H %< 72 o
TR ENTZ, F72. COBTUISHEREIZB T, CO2M D CO ~DIETCIEL. CoNyCxiEIE iz HY &
CO WAL, 1 ETEEBEUIZH E CO: 2R, COERKRISHETL, Z D COELRICHEE AR L
77

#58E JAKE CIIAFEORELZ F &b, FOTEM, STETNE L E%E2 I 500 LTV,

% WSS IE, FISC 2000 7L B0 300 34 1T ORMT A0, b LI 800 FE A 1 MHIRIH L T2 &,
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This doctoral thesis consists of 5 chapters.

Chapter 1: Introduction

Electrochemical conversion of CO2 into useful chemicals by utilizing electricity derived from renewable energy sources is
a potential method to suppress CO2 emission. We have previously reported that Co-based catalyst exhibit excellent activity
for the selective electroreduction of CO2to CO. Large current density, high formation rate of CO and small over potential
were performed by using Solid-Polymer-Electrolyte electrolysis cell (SPE cell). In this study, the Co-N-C/KB catalyst was
improved and demonstrated selective electroreduction of CO2 to CO.

Chapter 2: Effect of carbon support on CO; electroreduction by Co-N-C cathode catalyst

Electrocatalytic activities of various carbon-blacks-supported Co-N-C cathodes were evaluated. Strong-support effects
were observed. A relation between desorption rate of pyridine contained in P4VPy on carbon support and the CO:
electroreduction activities of Co-N-C cathodes were found. Catalysis of carbon supports was discussed.

Chapter 3: Effect of Gas-Diffusion-Layer on CO; electroreduction activity

The electrode catalyst activity of GDL itself, which is the supporting body of the electrode catalyst, was investigated. The
NaOH treatment of GDL was strongly affected the CO:2 electroreduction activity, and the formation rate of CO and the
faradaic efficiency for CO production were significantly changed. The NaOH treatment removes part of the PTFE coding
on the GDL surface, making it easier for COz gas to reach the active site on the catalyst surface, which may improve CO2
reduction activity.

Chapter 4: Effect of KB Ball mill crushing on optimization of CO; electroreduction activity, elucidation of catalytic
activity point and proposal of reaction mechanism of Co-N-C cathode

The surface modification of the carbon support KB, the reactivity with Co-P4VPy on the KB surface is enhanced, a large
amount of CoN4Cx species are produced among the supported Co species, and a significant increase in the CO2
electroreduction activity of the Co-N-C catalyst. By improving the catalyst preparation method, we found that the CO2
electroreduction activity increased significantly and that there was a positive correlation between the percentage of CoN4Cx
structure and the formation rate of CO and the faradaic efficiency for CO. Graphite defects and oxygen functional groups
in KB were introduced, suggesting that more COz gas was adsorbed and the COz adsorption capacity of the CO2 adsorption
sites (P4VPy-N, Pyridinic-N and Co-N species) on the catalyst was improved.

Chapter 5: Summary
This doctoral thesis was summarized.
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