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Table 2.1.1 Experimental conditions.

Cell H-type cell
Working electrode Cu foil (30 mm x 20 mm, 0.05 mm thickness, 99.999 %
purity)
Counter electrode Pt foil (30 mm x 20 mm, 0.1 mm thickness, 99.98 % purity)
Reference electrode  Saturated calomel electrode
Electrolyte
Catholyte 5 mM TEAP + methanol
~ Anolyte 100 mM KOH + methanol
Carbon dioxide 99.9999 % purity
Potential -25t0-4.5V vs. SCE
Temperature 243+05K
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Cyclic voltammograms on Cu electrode in methanol at -30 °C.
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Effect of potential on Faradaic efficiencies for the products by
electrochemical reduction of CO, at Cu electrode in methanol at
-30 °C.
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Tafel plots of H, evolution and the products by electrochemical
reduction of CO, at Cu electrode in methanol at -30 °C.
CO, reduction, CH,, ©;
C,H,, V; co, O;
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Catholyte: 5 mM TEAP + methanol
Anolyte: 100 mM KOH + methanol
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Table 2.2.1 Apparatus and experimental conditions.

Electrochemical Reduction
cell H-type cell
potentiostat/galvanostat Hokuto HA-105
coulometer Integrator 1109

(Fusou Seisakujyo, Inc., Japan)
potential sweep Hokuto HB-111 function generator
XY recorder Graphtec WX1100
thermostat NES Lab., Instruments, Inc., RTE-110
working electrode Cu foil (30 mm x 20 mm,

0.1 mm thickness, 99.98% purity)
counter electrode Pt foil (30 mm x 20 mm,

0.1 mm thickness, 99.98% purity)
reference electrode Ag/AgCl sat. KCl (Horiba, 2060A-10T)
electrolyte

catholyte 80 mmol dm~2 LiOH in methanol
anolyte 300 mmol dm— KOH in methanol
carbon dioxide 99.9999% purity
potential —2.0to —5.0 V vs Ag/AgCl sat. KC1
temperature 243+ 05K
Product Analysis
gas products Gas-chromatography

TCD (GL Science GC-320, Molecular
Sieve 5A; 13X—S, Ar and He carrier gas)
FID (Shimadzu GC-14B, Porapak Q, N,
and H; carrier gas)
liquid products HPLC with UV detector (Hitachi L4000)
TCD and FID gas-chromatography

25



Fig. 2.2.1

Current density / mA cm?

20 4

Y
@
T
1

| N | i |

50 40 30 20 40 0
Potential / V vs. Ag/AgCl sat.KClI

Cyclic voltammograms on Cu electrode in methanol at -30 °C.

Solid line ;

CO, atmosphere

Broken line; N, atmosphere
80 mmol-dm™ LiOH/methanol
300 mmol-dm™3 KOH/methanol

Catholyte
Anolyte

Fig. 2.2.2

.
r

.
4

Faradalc efficiency / %

N
o
T

34
(=]
T

(=}

T T T ¥ T ¥ T

A v ]

Avaiedvaltel v R SENNE
I v
L L ] 1 | -

B
(=)
T
1

o8- o -0 -0—9
i) A ) 1

o0

-,-_D--—U—--D'”"U’ o Q- 1

o\

1

50 40 30 20

Potential / V vs. Ag/AgCl sat.KCI

Effect of potential on Faradaic efficiencies for the products by

electrochemical reduction of CO, at Cu electrode in methanol at -30

°C.
CH, ; ©,
HCOOH; [,
Catholyte
Anolyte

.
r

.
r

C,H, ;
H, ;

Vv,
0.

80 mmol-dm™ LiOH/methanol
300 mmol-dm3 KOH/methanol

26



K198%TH V. COBITIFEZ 572007z, ZOBITERIIAY / —ILHICETNEEN
KODBEZ L > TEL DD EREDNS, BELERM0.1ImA/ TN =EBMEF >ty NE
fLETBHE, COMMTRITIS Aty MBAIZ-0.5VTH o7z, ZDEMDSEIRBEMIC
FETBHICDONT, 2 0VETEREEIIRLITHML., 2.0V 52IcEmL .
2OVELF OB T, COEFM T TORITERMBHMIINAF T TOBRAMEELL T
7z, BREMFEEENY KE. BE BHREOKARBRICERL TWS EEbh 3,
Oritiz51%. NaClO, 2 ZHEMEL LAY ) —)LAEICB W TEHEBIC L 21 27U v
PIVIERT S LZREL Y, TOMETE, F 2ty MEMIZ-0.6V(vs.Ag/AgC)TH 1.
0.6 5-1.3VETOEBENHE TERBEIRRLITHEML, 1.3V TOBM TARIZEML
Zo L2 T, KEAELUFTLIALY ) —IVIBBEFOHA 7Y v 7RIV ET 5 LADOERK
i3, NaClO,ZHFBME L LRI TS T LA EEYUL T, KB FIL/AY ) —
JWEIEIZBIT BN T BT 54>ty MEMIZ. COMBMTIIBIT5 4>ty FEMED
BRRBMIIHE Lz, 80mM/KEEILY FUL/AY ) — VIEBICBWIN, 28I 8-%0
pHIZWI4TH D, CO,ZBMIBZEBEDOpHIZ6.2TH oD, hHY— RED p HHNE
TTEMEF >y NENMITHELZOTHAD, A2ty FEMZEEL T, HEEEHL
TEAE ] —=)VIEEH D CO,DESILFHIEITE-2.0~-5.0VOBMEFH TT > 7=.

224 77 T HBRAOBMOYE

Fig. 22 21TKBL U FIL/AY ) — VIERIC BT DBTERMD T 7 T F—HBADE
NOFEERT. COMNSDBITERMELTAY >, TFL 2, CO. FBNESNE,
AF DT 7 TT—BIL, 2.0005-3.0VETDE T20%D 5 60%ICHML 7=, -3.0VEL

DBEMIZBNT, 60%IENEWHRDMERFS Nz, B *&%Ec:@‘é ZDONT, TFL>D

77 5T RIBNI8DETHRAITHEML =, BIESNEEMEET, AF>DT 7 55—
REZF L OHRIODREN DTz RICKFE(AY D EIFLU)DERT 75T —%%
3. 40VTEIEISN, ZOHRIITHTH oz, -3.0VELFTOEM T, BREBMICTZICD
NTCOLFEDT 7 T T —HERIFRAITHEML ., -3.0VEETIRAE S &EbABICHEML 7=,
KBALD F T LAY 7 —VIZBNWT, TY¥ JIERSINEN SN, AF2DT ¥ FF—
NRISIKIBEI(24.7%, 32.2%, 26%) " PRENHFIN AT A2 XEBERE L LIEAS
J = JVIEIE(39%)0 & 0 #lisD TEH 5 7.

—HREIIC, KBRFDCO,DESILEREITICTBNT, KERERISHAKELBEE S
THED, KEREOWUHNMBO TEETH S, KBILU FULAZXEHERE L LRERE

27



10 T T T T T T

T T T

o

5§ 1

< o

E I

2 0.1

7o) E

@ |

[)]

E T T T T T T T
5 [

3 [fO— E
© [ ]
T

= _
o

o
(==Y

I WYY

50 40 30 20
Potential / V vs. Ag/AgCI sat.KCl

Fig. 2.2.3
Tafel plots of the products by electrochemical reduction of CO, at

Cu electrode in methanol at -30 °C.

CH, formation; ©, C,H, formation ; V,
CO formation ; O, HCOOH formation; [,
H, evolution ; @.

Catholyte ; 80 mmol-dm> LiOH/methanol
Anolyte ; 300 mmol-dm3 KOH/methanol

28



RAWERARS /= IVIBET DCO,DEXLEMEITTIE. -3.0VATFOEBMICBNTKERE
2% TICHIA 5N e, SHEMICXSKBEBRFDCO,NELLENRETICBNTD, K
FT77 5T —HRIIREAKFR) FULETIZ605%E 68%TH D, REAEAY T LEZ A
WEBETIES2%TH oz, Lo T, KIRICBIT DAY/ — VAR TIZKER AN HIE
SINBHIEDTRoTc. TOBEGRE, KR TORAY J—)ViEHICBNTER EOREKED
BEAD=D, KERERISDRIENEEICZLWEZDTH S,

225 F—7J7z)l7Ov bk

KEBALY FULIAY ) —)VIBEERICBIT 2 CO,BITLEKEREDH S BIREE DB
DHEZRN, TOY—T7 )70y M %Fig. 2.231C7RF . Bifi2.1.5EFAECERBED
£t (F—=7z)70y bOERE) OBHEFHENRICLIZ/D, ANTEMNTIHMEET -
Jeo AT IF UV EREKBERETIE,. K-3.0VIHEN 5RO EREENEMET,
BOBBICRIERXFE EINTWS EBEbN3, RILKERICHT 3EAEH»BREEIL.
-5.0VTHII0mA/cm* TH 57z, COEFETIE. -3.5VIHE THB AR R OEREIZZ > Th
EBbhn, EMEORINEER. Bh%E KE. BiE. BEE SOk RRFICERT
5. ABILHR T, BERENDCO,DEHEDHIRZDIC, B EDCOBITRINAHHIR S
NTWBEEOLND, COBILEKRBREDHSEREBEDLIZ. -3.0VEDBRAEMNT
47U ETH o Tz,

226 &

KLY FULZXIFBEMEL LAY ) — VBRI B T 2MEB/IC L 5CO,NnERILYF
HETZITo . RBILRTIE, BRERMELTAY >, TFL >, CO. FBNESN
oo AT DEBRRT 7 5T —HHIF-4.0VT63%THU . WD THWHREER L, ¥
> DEBISERN., WREEREM THAIS Nz, BRBMICIBNT. KEOT7 75573
RIL2BUTTHo /. VFULEEZXHEMEITHND &, A VERNBEMKICED S
ZENGM DTz,

2. 3 KEILLIULZXIFGEREL L ZEKLFNET

231 #¥E

29



Table 2.3.1 Apparatus and experimental conditions.

Electrochemical reduction

Cell H-type cell
Potentiostat/ Hokuto HA-105
galvanostat
Coulometer Integrator 1109 (Fusou Seisakujyo Inc.,
Japan)

Potential sweep Hokuto HB-111 function generator
XY recorder Graphtec WX1100
Thermostat NES Lab., Instruments, Inc., RTE-110

Working Cu foil (30 x20 mm, 0.1 mm thickness,
electrode 99.98% purity)

Counter Pt foil (30 x 20 mm, 0.1 mm thickness,
electrode 99.98% purity)

Reference Ag/AgCl sat. KCI (Horiba, 2060A-10T)
electrode

Electrolyte
Catholyte 80 mmol dm—3 CsOH in methanol
Anolyte 300 mmol dm—3 KOH in methanol

Carbon dioxide 99.9999% purity

Potential —3.0to —5.0 V vs. Ag/AgCl sat. KCl

Temperature 243+ 05K

Product analysis

Gas products  Gas chromatography
TCD (GL Science GC-320, Molecular
Sieve 5A; 13X-S, Ar and He carrier gas)
FID (Shimadzu GC-14B, Porapak Q, N,
and H, carrier gas)

Liquid prod- HPLC with UV detector (Hitachi L4000)

ucts

TCD and FID-GC
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Effect of potential on Faradaic efficiencies for the products by
electrochemical reduction of CO, at Cu electrode in methanol at -30
(o]

C.
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Fig. 2.3.3

Tafel plots of the products by electrochemical reduction of CO, at

Cu electrode in methanol at -30 °C.

CO, reduction; <, H, evolution : @,
CH, formation; ©, C,H, formation ; V,
CO formation ; O, HCOOH formation; [J.
Catholyte ; 80 mmol-dm™ CsOH/methanol
Anolyte ; 300 mmol-dm™> KOH/methanol
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Table 2.4.1 Faradaic efficiencies of the products by electrochemical reduction of CO,on Cu
electrode in methanol-based electrolyte.

Salt Potential Faradaic efficiency (%)

(/'V) CH, CH, CHy CO HCOOH H, Total
TEAP -4.0* 22.0 98 0.01 447 11.4 41 920
(5 mM)
LiOH -4.0? 63.0 14.7 - 14.2 52 1.3 993
(80 mM)
CsOH -3.5% 41 323 . 0.05 9.0 13.1 184  76.8
(80 mM)
Benzalkonium -2.3! 39.1 44 - 243 - 21.0 88.8
(80 mM)

'vs. SCE, ? vs. Ag/AgCl sat.KCL.
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