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Table 3.1.1 Experimental conditions.

Cell H-type cell

Working electrode Au foil (30 mm x 20 mm, 0.05 mm
thickness, 99.999 % purity)

Counter electrode Pt foil (30 mm x 20 mm, 0.05 mm
thickness, 99.98 % purity)

Reference electrode Saturated calomel electrode

Electrolyte
Catholyte 0.1 M KOH-methanol
Anolyte 0.1 M KOH-methanol
Carbon dioxide 99.9999 % purity
Potential -1.6 to -2.4 V vs. SCE
temperature -25, -15, 0, 15 °C

Table 3.1.2 Solubility of carbon dioxide in methanol and

water.

Solubility of CO, (ml ml™)

100 mM KOH-
Temperature (°C) methanol Water
15 6.7 (4.6) 1.07
0 8.2 1.72
-15 12.8 -
=30 16.0 -

Parentheses: pure methanol
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Fig. 3.1.1

Cyclic voltammograms on Au electrode in 100 mM KOH-methanol.
Solid line; CO, atmosphere, broken line; N, atmosphere,

(a); 15°C, (b): 0 °C, (c); -15°C, (d); -25 °C
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Fig. 3.1.2

Effect of potential on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Au electrode in methanol
at 15 ‘C. ’

COo; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.3

Effect of potential on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Au electrode in methanol
at 0 °C.

Co; O, HCOOH; 0O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.4

Effect of potential on Faradaic efficiencies for the products
by electrochemical reduction of CO, at Au electrode in methanol
at -15 C.
co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.5

Effect of potential on Faradaic efficiencies for the products
by electrochemical reduction of CO, at Au electrode in methanol
at -25 C.
co; O, HCOOH; OO, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.6
Effect of temperature on Faradaic efficiencies for the

products by electrochemical reduction of CO, at Au electrode in
methanol at -1.6 V.

co; O, HCOOH; O, H,; ® ,
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.7

Effect of temperature on Faradaic efficiencies for the

products by electrochemical reduction of CO, at Au electrode in
methanol at -1.8 V.

co; O, HcooH; OO, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.8

Effect of temperature on Faradaic efficiencies for the

products by electrochemical reduction of CO, at Au electrode in
methanol at -2.0 V.

co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.9

Effect of temperature on Faradaic efficiencies for the

products by electrochemical reduction of CO, at Au electrode in
methanol at -2.2 V.

co; O, HCOOH; [, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.10
Effect of temperature on Faradaic efficiencies for the

products by electrochemical reduction of CO, at Au electrode in
methanol at -2.4 V.

co; O, HCOOH; I, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Effect of temperature on partial current densities for CO,

reduction and H, evolution by electrochemical reduction of CO,
at Au electrode at -2.4 V.

Total current density; A
PCD for CO, reduction; <
PCD for H, evolution; @
Catholyte and anolyte; 100 mM KOH / methanol

—
=]

0.1k E

Partial Current Density / mA cm™

L I | 1
5 0 15
Temperature / C

I !
=25
Fig. 3.1.12

Effect of temperature on partial current densities for CO,

reduction and H, evolution by electrochemical reduction of CO,
at Au electrode at -2.2 V.

Total current density; A
PCD for CO, reduction;
PCD for H, evolution; @
Catholyte and anolyte; 100 mM KOH / methanol
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Effect of temperature on partial current densities for Co,

reduction and H, evolution by electrochemical reduction of CO,
at Au electrode at -2.0 V.

Total current density; A
PCD for CO, reduction;
PCD for H, evolution; @
Catholyte and anolyte; 100 mM KOH / methanol
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Tafel plots of H, evolution and the products by electrochemical
reduction of CO, at Au electrode at 15 C.
Co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.1.15

Tafel plots of H, evolution and the products by electrochemical
reduction of CO, at Au electrode at 0 C.
co; O, HCOOH; OO, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Table 3.1.3

Best selectivity of CO, reduction at each potential.

Potential Temperature Selectivity®
(V vs. SCE) (c)
-2.4 -25 4.1
-2.2 0 9.0
-2.0 -25 12
-1.8 0 21
-1.6 0 47

2 ratio of partial current density for CO, reduction to PCD

for H, evolution.
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Table 3.2.1 Experimental conditions.

Cell H-type cell

Working electrode Ag foil (30 mm x 20 mm, 0.05 mm
thickness, 99.999 % purity)

Counter electrode Pt foil (30 mm x 20 mm, 0.05 mm
thickness, 99.98 % purity)

Reference electrode Saturated calomel electrode

Electrolyte
| Catholyte 0.1 M KOH-methanol
Anolyte 0.1 M KOH-methanol
Carbon dioxide 99.9999 % purity
Potential -3.0 to -6.0 V vs. SCE
temperature -25, -15, 0 °C
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Cyclic voltammograms on Ag electrode in 100 mM KOH-methanol.
Solid line; CO, atmosphere, broken line; N, atmosphere,

(a); 0 °C, (b); -15°C, (c): -25 °C.
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Effect of potential on Faradaic efficiencies for the products by
electrochemical reduction of CO, at Ag electrode in methanol at
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Effect of potential on Faradaic efficiencies for the products by

electrochemical reduction of CO, at Ag electrode in methanol at
-15 °C.

co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Effect of potential on Faradaic efficiencies for the products by
electrochemical reduction of CO, at Ag electrode in methanol at
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Catholyte and anolyte: 100 mM KOH / methanol
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Effect of temperature on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Ag electrode in methanol
at -6.0 V.
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Catholyte and anolyte; 100 mM KOH / methanol
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Effect of temperature on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Ag electrode in methanol
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Effect of temperature on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Ag electrode in methanol
at -4.0 V.
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Catholyte and anolyte; 100 mM KOH / methanol
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Tafel plots of H, evolution and the products by electrochemical
reduction of CO, at Ag electrode at -15 °C.
Co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Table 3.3.1

Experimental conditions for electrochemical

reduction of CO, at Ti electrode in methanol.

Cell:
Working electrode:

Counter electrode:

Reference electrode:
Electrolyte:

Carbon dioxide:
Potential:
Temperature:

H-type cell

Ti wire (¢ 0.50 x 250 mm,
99.9% purity)

Pt mesh (100 mesh,

¢ 0.07 x 50 x 50 mm, 99.98%
purity)

Saturated calomel electrode
100 mM KOH/methanol
99.9999% purity

-2.0to —2.4V vs SCE

15, 0, —15, =30°C
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Fig. 3.3.1

Cyclic voltammograms on Ti and Ti+H electrodes in 100 mM KOH-
methanol.

Solid line: CO, atmosphere; broken line: N, atmosphere.
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Fig. 3.3.2

Effect of potential on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti electrode in methanol at
15 °C.
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Fig. 3.3.3
Effect of potential on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at 15 °C.
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Effect of potential on Faradaic efficiencies for the products -
by CO, electrochemical reduction at Ti electrode in methanol at
0 °C.
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Effect of potential on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at 0 °C.
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Catholyte/anolyte: 100 mM KOH-methanol.
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Effect of potential on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -30 °C.
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Catholyte/anolyte: 100 mM KOH-methanol.
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Tafel plots of H, evolution and the products by CO,

electrochemical reduction at Ti electrode in methanol at -30

°C.
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Tafel plots of H, evolution and the products by CO,
electrochemical reduction at Ti+H electrode in methanol at
°C.
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Total CO, reduction, W; H,, @:

Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.10

Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti electrode in methanol at
-2.0 V.

HCOOH, O; co, A;
CH,, A; H,, @:;
Catholyte/anolyte: 100 mM KOH-methanol.

1 [ i I
100 -
R - -
~
> i
3 -
o
2 50} 4
5
= ®*e—9 —
o 0"’“2/
[ =
R
'g ./ \ A/A
- A= .
& a— o0
O} A A A A -
| 1 | I

-30 =15 0 15
Temperature / °C

Fig. 3.3.11
Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -2.0 V.

HCOOH, O; Co, 4
CH4I A; HZI .;
Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.12

Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti electrode in methanol at
-2.2 V.

HCOOH, O; Cco, A;
CH4I A; HZ, .;
Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.13

Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -2.2 V.

HCOOH, O; co, A;

CH,, A; H,, @;
Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.14

Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti electrode in methanol at
-2.4 V.

HCOOH, O; Co, A;
CH,, A; H,, @;
Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.15

Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -2.4 V.

HCOOH, O; co, A;
CH4, A; ‘ HZI .;
Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.16
Effect of temperature on partial current density for hydrogen
formation and total current density for the products by CO,

electrochemical reduction at Ti electrode in methanol at -2.2
V.

Total of CO, reduction, O; H,, @;

Catholyte/anolyte: 100 mM KOH-methanol.
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Fig. 3.3.17

Effect of temperature on partial current density for hydrogen
formation and total current density for the products by CO,

electrochemical reduction at Ti+H electrode in methanol at -2.2
V.

Total of CO, reduction, O; H,, ®;
Catholyte/anolyte: 100 mM KOH-methanol.
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LIREOHEEE., KBALH D TL/AY ) — VISR TH Tz, Fig. 3.3.100053.3.1512F %
CBRUOKERBTF Y BB LDBITERYO T 7 57— RN T 2BREDOHEZRT,
2O0VTTF Y CEMIZLZFEERDOHRILZ, BENHEMTBICONTED LIZA, KED
PRI, BEOHME & HITHEML /Z(Fig. 3.3.10). -2.1VTHRICHEANR SNz, HERK
BsBAL(-2.2, -2.3,-2.4V)Tid. OCUTORKBERTT S > EMICLBFROT 7 57—
PERIE, BEOHME &BHITED LM, KEFREITIHEML 7=(Fig. 3.3.12,3.3.14). Fig.3.3.11,
3.3.13,33.15IRT &I, ETOENHBTRKRERRT Y VEMIXEFROT 7 55—
BHEBROT T 713, FYCEMILD T I T EEULTWE, F7 2 ROKRRBET 5 > &l
IC&BCONT 7 5T —3Ri%, HRHMBESEM TREOEME & HIT8A L2 (Fig 3.3.12-
3.3.15). -220VTik., F¥CEBICLBCONT 7 STF—HRDYT I TIX TN TH D (Fig.
3.3.10). EEOHME & HICCODERITIEML 7=,

KFRFELE L COBTOH D EREENDOHMEKIRESRZ, Fig3.3.16,3.3.171ZR7 .
FH O ROKBEBRT Y > BMIC XD KEBREORPEREEL. BEOEME & HITHEM
Lz, KEEREF Y > EMIZLZCO,BITOMFTERBEORKNIL. -15CTES N, —
B, FHUEMTIE, COBTOMNERERE IHBENELREM TREDOEME & BITHEM
L7edy, BB TS EREESOCTRN TS 2.

FH O BEBROKERRT Y BRI K ZKBIEA Y T LAY ) —IVEEHDCO,DE
SILZEMBTANOREOHELZFTLEDHDDEROLIITRS, (1) KBRERTIE. FEO
77 5T —HRIICODT 7 ITF—HREVEN D, (2) FEECODT 7 7T —HhFEI.,
BREZBVIESICONTEMLZ., (3) KEFRLER. BEOHEMEEDITHEML /=,

33.6 £&®

KEALA U™ DA S ) — VI BT 5~ ROKERET ¥ > BRI & 5CO,DnE
SULEHGBT ATV, EAETERYIICOLE XM TH -k, KBRREF Y > BEIC LD
CODT 7573, F¥ L ERMTOHRLDEN Tz, FY U ERMLDEIFHOT 75
F—HRIZ, CODT 7 IT7—PREIDKEN>Z, LML, KERKERFY > EBEMWMITLD
CODT 7 I F—4hait, BBBIICHT S LB VRE TERODRE D KRE Do,
BLECODT 7 5 F—HER(32%)id. KREEF ¥ > BRI & 0-2.2V, -30C DL TE
SN, TOMBIABRRET ¥ L BEICRE L KEOREEE XD ERLTH D, K
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3. 4 ACTVULEMIIEDERIERET

34.1 #E

APV LARRBNZHTH D ESR ETEMITBALS Ao, BRILEIZICBITS
BERMELLTALETHS LBbN S, KEKRFDCO,NELR/LFEHNETICBNT, 12V

LBWZRND EXBREBETERNELTELNDZENDN>TNBY, —F, 7T+
FZPUIINBEZRAWS &, CONEITERT 2T ENREIN TS, KEKEROIEKE
BHAIZBTZ1 200 LBMICESCO,DBLRULEHETLTIE. KEOFAEN B DL,
CO,DBETBEMNETITONZDT, 1 VT LDOBMABEMEIL. A& ) —ILEHD
CO,NEXYLFHETTICOIEE A THS EEbN 5,

3.42 HEEROERSEMN

FEE M3 Table 3.4.112R7 éﬁﬁ{t%ﬂq@gﬂpi HIfi2.1.2TRR7Z=d D2 ANz, &R
@@M‘&wgdﬁﬂKQ%@%ﬁWKUm@kﬁUﬁA%ﬁﬁﬁﬁE&bfﬁht# &
MEENE, B, FYOBHMENBELTELENED, BEZ0IMICHEMLEZ, 15CIi2
BIFB0.3IMKEELTY T L/AY ) = ADCO,DEMEE, 7.3ml/ml (3304molCO,/ml-
methanol) TH - 7.

343 VAU IRIVEIET T L

DT, AY ) —IVIBRIZB T DA 0 PTLABRMICE YA 7w IRV ET T LE
BIE L7z, Fig. 3.4.11CCOMAMTRUNMIATICBITBA > O ABMIZE BT 7 w2
PIVIERT T L%ERT, COLAMTRUNMUMTIIBTETA 7Yy I RINYEYT T LOH
KDEZHZENS, CO,FHIT TRCOBILMNEZ > TNBZERNFRINE. N,FE
KFTIRAROBBRAEL. COBTIEI Sk, ZOBTERIIAY ) —ILHics
ENSEPBKODBZIE>TELEZBD EEDNS, BILERN0.1mA/cm2 RN =B %
Aty bEMEL. COMMTRUNMUTRIT B4y MEMIZ, FREN-1.6VE
-19VTH o7z, H5IE. CO,Z8F1 L 720.1M-KHCO,/KIEHH EN, Z82F1 L 720.1M Y >

81



Table 3.4.1

Experimental conditions.

Electrochemical reduction
Cell
Working electrode

Counter electrode

Reference electrode
Electrolyte

Catholyte

Anolyte
Carbon dioxide
Potential
Temperature
Product analysis

Gas products

Liquid products

H-type cell
In wire

& 2.0 X 75 mm, 4.71 cm?, 99.99% purity

Pt foil

30 mm X 20 mm, 0.1-mm thickness, 99.98% purity
Ag/AgCl sat. KCl

300 mmol dm~3 KOH in methanol
300 mmol dm~3 KOH in methanol
99.9999% purity

—1.8 to.—4.0 V vs. Ag/AgCl sat. KCl
288 = 05 K

Gas-chromatography

TCD (GL Science GC-320, Molecular Sieve 5A; 13X-S, Ar and
He carrier gases)

FID (Shimadzu GC-14B, Porapak Q, N,, and H; carrier gases)

HPLC with UV detector (Hitachi L4000)

TCD and FID gas-chromatography
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Cyclic voltammograms on In electrode with surface area of 4.71
cm’ in methanol at 15 °C.

Solid line: under CO, atmosphere

Broken line: under N, atmosphere

Catholyte/anolyte: 300 mM-dm™> KOH in methanol
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Fig. 3.4.2
Effect of potential on Faradaic efficiencies for the products by
electrochemical reduction of CO, at In electrode (4.71 cm? of
surface area) in methanol at 15 ‘fC.

HCOOH, ©; co, O;

CH,, A; H,, @;
Catholyte/anolyte: 300 mM-dm™® KOH in methanol
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JAZ ) —IVHRDA T LBETIE, TFL 2 EIFY FERINAZD 2D, COMET
DT 7 T —HBRIIKBWOBE XV EN > 7z, —RINTKBEF DCO,DEXULFEHIER
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EFLW, KEICAVTLEIRERE L LA DO ULBERERWZASY ) — VBT O
CO,DEXULZEREILTIE, KERAEN02LLTFITHHRH SN/, WRIT, AT/ —IVEES
DA PULEEIE. HOSBERELBRL TKERZEAERELBZNWERTHS LED
ns,
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D, AF ) —IHDOCO,DBEXULFRTEITTICB T S BITTERM DERENDEEEDHEZFig.
3431TRT, ¥, CO. AF >, KEOEREIFIISOCETEER L LBICEBNITHEML
Tzo INHDRERT, BUERMDT 7 5T —HRN|EFE—ETH D, BLERDIEIERIL
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Fig. 3.4.3 |
Amounts of the products by electrochemical reduction of CO, on In
electrode in methanol at 15 °C plotted against the charge passed
through the cell.
HCOOH, ©; co, O;
CH,, \; H,, @;
Surface area of cathode; 4.71 cm?
Electrode potential; -1.8 V vs. Ag/AgCl sat. KCl
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Fig. 3.4.4
Tafel plot of the products by electrochemical reduction of CO,

with 4.71 cm® of surface area of In electrode in methanol at 15 °Cs
HCOOH,. ©; co, O; H,, @;
Catholyte/anolyte: 300 mM-dm™ KOH in methanol
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Table 3.5.1

Apparatus and experimental conditions.

Electrochemical reduction
cell
potentiostat/galvanostat
coulometer
potential sweep
XY recorder
thermostat
working electrode
counter electrode
reference electrode
electrolyte
catholyte
anolyte
carbon dioxide
potential
temperature

Product analysis
gas products

liquid products

H-type cell

Hokuto HA-310

Integrator 1109 (Fusou Seisakujyo, Inc., Japan)

Hokuto HB-111 function generator

Graphtec WX1100

NES Lab. Instruments, Inc., RTE-110

Pb wire (0.5 mm x 180 mm, 99.9% purity)

Pt foil (30 mm x 20 mm, 0.1 mm thickness, 99.98% purity)
Ag/AgCl sat. KCI (Horiba, 2060A-10T)

300 mmol-dm= KOH in methanol

300 mmol-dm= KOH in methanol

99.9999% purity (Kawase Sangyou, Inc., Japan)
- 1.8 to ~ 25V vs. Ag/AgCl sat. KCl

15 £ 05°C

Gas-chromatography

TCD (GL Science GC-320, Molecular Sieve SA; 13X-S, Ar and He carrier gas)

FID (Shimadzu GC-14B, Porapak Q, N, and H, carrier gas)
HPLC with UV detector (Hitachi L4000)
TCD and FID gas-chromatography
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Fig. 3.5.1

Cyclic voltammograms on Pb electrode in methanol at 15 °C.
Solid line: under a CO, atmosphere;
broken line: under an N, atmosphere;

catholyte/anolyte: 300 mM-dm3 KOH in methanol.
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Effect of the potential on the faradaic efficiencies for
products from the electrochemical reduction of CO, at a Pb

electrode in methanol at 15 °C.
HCOOH, ©; co, O;
CH,, x¢ H,, @;
Catholyte/anolyte: 300 mM dm™ KOH in methanol.
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Fig. 3.5.3

Tafel plot of the products by electrochemical reduction of CO,
at a Pb electrode in methanol at 15 °C.
HCOOH, ©; co, O; H,, @; HCOOH;
Catholyte/anolyte: 300 mM dm> KOH in methanol.
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BRILFHETLTIE. CONSFHBADERDBE NP R TERITR IS Z LN 9h o, —
ENZ. CO,DERIMEMNBRITITBNT, KENTESETRELENWI ENEE LY, K
BALD U D AR EME E LB ERWZAS ) — VR OCO,D BRI FHIE T
T, KEBERENSBHUTICHZ 5177,

355 Z—7z)7ovhk

IKBBAEA VD LAY ) —IVBEBRIZBITZ5CO,0ELLFEMBITICBNT, BERHO
CO,DIEHZRF T 57201T. SHEME A NEZCO,DERILFEHBTIC L S5BTERY D
=770y bEFAN, TO/REFg. 3.5.315R"F . FE. CO. KEERDEHE
WMERE, BABMHEATHERNITHEMLZ, ZO/KRIE. COEFEAMI L THERE
N, TNS QAR ZOBEMEFH TILICO,DIELEBICLVHIEEINAZNI EZ2RLTWSEE
DD, WRIT, HY—FANDTHENCOMMENERENTNEDTH S, KERED
R B EIINT 5 CO,0H P BEREE DT, 2250 ETH - 7=,

356 £&®

KBV DT LAY 7 — ViR BN ERIC L 5CO,0ELLFHBTETV, =
BETTERMIITE. CO. PEDAY > ThHoiz., SEIDERICBITZLTOEMEF T,
FREKDEOWHETERNITEZ S Z LMooz, KBRERDEREER. 3.5%LTF
A 5Nz, ABILRTIE, KBBRTOBITREREDEHEUL T, FBENTICERTSZ &
R Tz,
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3. 6 RIibHEEBORE

AY ) —VIEIERICBIT 5L DEMICE SCO,NBELZULFERBEITTD AT XL EZRFTL
2o ETOBBICBVWTERSHAK FTERILEREILETY, KEOHDERZRERL .
7, BABELLEAY ) —)IVZ2RAWEZCO,DEBERKILENBETIC L DB TERM L. EXKE
EEERVWIENMTAIOR N ST 4 ——BEEITEBE(GC-MS)THESINZ. L
NoT, ZEROBTTERDIIAY ) —INNEELEOTIHRL, COMBERLIZEER
5Nz, £, EOEBEMTS. RRERICRE TRBITERYNERLZEEDNS. X
BRI BN RBRERNSGEZ SNBCOEFHODERTOERAZLTITIRL .

CO, ----> *CO," =======- > CO + CO» (a)

———————— > HCOO" (b)

COEFBDAERIIRIZE D BRIGRENE Z 5Nz, BRI, COBREHICIVE
SULFITCO,” 7 A > TP HIVITEITLEND, KIT, «CO,” 7 =A > T T AN DRI
Ik DCOZRERT B(RIba). /2. SHRHETFETONCZ2ZITRD. FEPERT
B(RIED). IN5DORIBIE. #2 EOMBMIC L DCOPFHORILER EFRETHD &
BEbns,

KB HOCO,DBERULERNRILTIE, FESENIY —FEMELTHVBSN, D
BHE L TOLBMBEEENFARNSN TS, ZNIXEDNTLEEMEZRDOLDIC, 4
MECHETES I EMREINE, 1) RICKFEEEELSHO(Cu). 2) COEEICED
% HD(Au, Ag, Zn). 3) FEZFIZELSHOD(In, Pb, Sn, Cd). 4) CO,DETLZEREEA
EFHT, KEDOBEEL S HDP, Fe, Ni, Mo, Ti). %7z, FOEL > H—R%— MK
FOCO,NEXLFHRIT TS, Bx DEBEEMOERTHESRARSN., LTOXIITHHE
SFENTVSY, 1) COZEIRERT S —T(Au, Ag, Cu, Zn, Cd, Sn,In), 2) >z
UBEEELTERT B YN —T(Pb,Hg, Tl). 3) KEDHEELS/)IN—T, FOEL
SH—HRF— MAETHLEDOFBIIERT 52, ERBITERYICR5SBEMIEN >,
AEBRTELONABRED., A¥ ) —VBHF TEESEEMIC X 5C0,DEXULFEHIETT
DRI FER ZTable 3.6.11ICE DTz,

EO2BETESNEHERIMET, XY/ —IVBEFDOCO,DEBESILERETTTIE, 1) K
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{LkFEEAERT 3 LBEM(Cr). 2) COEEIERT 5 LEBEMAY, Ag). 3) ¥HE
CAERT 2 QBEMPL). 4) COLFBMEBERTS2) &3) OHMIIAY b —F(Ti,
In)/s EICHEET B 2 LINTE T,

Table 3.6.1 Electrochemical reduction products of CO, on various metallic electrodes in
metahnol-based catholyte.

Cathode Potential Faradaic efficiency (%)
/V CO HCOOH CH, H, Total
Au 2.4 72.5 4.2 - 21.6 98.3
Ag -6.0" 87.9 8.9 - 3.0 99.8
Ti 2.0 19.5 32.0 0.1 26.5 78.1
In -1.8? 41.4 50.6 0.1 0.1 92.2
Pb -2.5* 5.4 76.0 0.2 1.3 82.9

' vs. SCE, 2 vs. Ag/AgCl sat.KCl.

CO,DBEALEMBTEIT B B BTERY ORI LD . SREWY ) — TR TE B
&R KBEPPTOEL 2 —R R — MAEF THER SN THWSI, Z0OHREREH
BEREFFAINTORN, «CO, 1. RN > g 2O, BEINEEE0R
ALE—RIZ. C-0D 2 HFNKET Sside-onBd. CHETOMBETEET SCERME, OFETF
D—DDHNKET Hend-onAREZ SN TS, CO,NERILEHETICHIT B KIEER
L. «CO,” DEKFEMside-onB TR I 55, CEEMETEZ SN > THBETES L
WENDH DN, TN+ HET RIS TaRBRIRIATLAN,

SREWD ZOX SR RKINEREICEL T, BEOBREN S VW DhORERESN S,
T, KBERPAY ) —VHTEFHEERS T DHOL I 2EETIE. Aylmer-Kelly 5 1358
WL THRAFHARY MVORERERICE D, «CO, 3B LICRELTH ST, BRAK
FIZEEL TWS ZEE2R/EL TS, F/=, Saveants i, S KBER - TDOCOo,n
BRLFHBRITEE A ORI TR, ZOREN S KERT OXBOA K L +F— L1,
PREENEMICIZEAERELRVWEREL TEBTELZEE2RLED, £, 51T
BABEBRGERLD, COERESETIZCO, IZBMERTREICLVE L <HELEINT
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WBZEZEHFEELEDY, DEDOZENS, AF ) —)VBEEFR TOCO,DESILFRIEITICHS
WTH, PHfE.CO,” DEBEBEMMICBII 2EERERICLD., KIBRENECZER
bbb, AF ) —IVBEEFIZBNT, «CO, NEMEMR L TRELZENLT 5L CMEMII,
COERMBEIZRID, FEAERFRENMLRVHEMS ST, FEERDMBEENIE
IBHERDND, FHI A DULERBTIE. AY ) —IVBERICB W THRBINRRER
EWERLUZED, FHECOEDERLIZETFRINS,

2B TRANELIICAY ) —IVEEF DOCO,DESILEREITTTIE. SEMD SR
KEBFEZERL, MOSBEMTIIRAKFRIIZEAEER LN >, TORILKEE
DOFEMELHBEICHAT S EEITERWY, UTOXSREBEROWUEENEZS5NS,
8 DI FHEIEREIZ2.05ATH D, «CO,” Dk#FE - BERRETHIOEBCIEFEITIEN®, Lk
Mo T, «CO," T AL IVAND 2 DDERA F 2 NHA & OMEREICHIET S I EMH
BTHhEEEDLNS, T§5&, «CO, 7A T TVHNDO—ADOEFHRIINT, RinHMHE
RCOMER L. S SICOREFNEINS EFFFIKFEAN > ERBL. Rifi24TRXZZLD
CREFEETHIAF LV OEEERTDHILENTES, TDHE, AY>, TFLRED
RALKFEE L TEERT S EEDNS, DA, EFHEBEIEOERICELD, ZD0D
ORFZUBZIEICIVFAETHEIAF LV OEEZERTELHEBOAD, RILKFREZ
ERRT 5 EEDNS,

3. 7 HIEDEYN

Ay ) —VBHERAWTEESBEMICLSCO,DERILFRETLEfTo /2, & L8EE
T, EICCORERTERMERD ., KBRS TOEL > —REx— b OB EHE
BL Tz, $hEBEHANSD &, FENEL LU TERI N, KBEEF EIZELL TWRR,
aUBEERTAHTOEL AR — AR EIZRERSAERE 0T, FHEA D

LEBBTIE, CO. FEEDUBHNENWT 7y IT R TERLZ, F& EBMIL, KE
M@Tﬁﬁ&h&C@@ﬁﬁ%ﬁbT‘mi%%éﬁ%ﬁ‘%&/—»ﬁﬁ?ﬁd%@ﬁﬁ
MHEFT L. CO. FBEBERS N, 1> VTLABMIT. AKERT TIEIFEOERVHE
I, 7oL >A—RR— FEETIECONEELE L TERINE Z ENFESNTNSA,
AL ) —IVEEFRTIICO, FBEEBERTHIENGN >z, INSDEBEEMITLDIK
b%ﬁﬁ@\éﬁ%@%ﬁtf@ﬁﬁWﬁﬁ(D[@ﬁ%ki%tﬁﬁTé&Ebﬂéo$
B THESNIFBRN S, FRICEA S 2T LN TE I NLEA, BEREGEOREEIC
HLBRERBTERY ZHETEZ L RBELNTE,
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