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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
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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
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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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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

100 T T 1 T { T T T T
© _ N
~ - -
>
(6]

o _ i
o

O B 7]
3=

© 50 e Sy .
Q O O- "

© - e O S
B oY
p .

@

e N ]

D’— = S
O_

1 { 1 | | ' 1 i i
24 -22 -20 -18 -16
Potential / V vs. SCE

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

45



1001~ T T T T T T T T

© L _
b W -~ -
>
O ]
2 L
Q
¥ L |
=
o 501 .
% L ,"’—‘O "‘~O__\~ _
g | o
m b 1
gL o
K N - {3}
O -

| 1 1 { i 1 1 1
24 22 -20 -18 -16
Potential / V vs. SCE

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
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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 -2.2 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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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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Fig. 3.2.1

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
0 °C.
co; O, HCOOH; O, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.2.3

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
-25 °C.
COo; O, HCOOH; O, H,; @
Catholyte and anolyte: 100 mM KOH / methanol
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Fig. 3.2.5
Effect of temperature on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Ag electrode in methanol
at -6.0 V.

CO; O, HCOOH; O, H,; @
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 -5.0 V.

COo; O, HCOOH; I, H,; @
Catholyte and anolyte; 100 mM KOH / methanol
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Fig. 3.2.7

Effect of temperature on Faradaic efficiencies for the products

by electrochemical reduction of CO, at Ag electrode in methanol
at -4.0 V.

Cco; O, HCOOH; U, 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
Ag electrode at -6.0 V.
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Fig. 3.2.9

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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Tafel plots of H, evolution and the products by electrochemical
reduction of CO, at Ag electrode at -25 °C.
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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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| ] ] 1 1 | 1 | 1 | 1 |
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Potential / V vs.SCE Potential ‘/ V vs.SCE
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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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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Effect of potential on Faradaic efficiencies for the products
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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 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.

HCOOH, O; Co, A;
CH,, A; H,, @;
Catholyte/anolyte: 100 mM KOH-methanol.
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Effect of potential on Faradaic efficiencies for the products
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Fig. 3.3.7

Effect of potential on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -30 °C.

HCOOH, O; Co, A;
CH,, A; H,, @;
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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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.
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Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti+H electrode in methanol
at -2.0 V.
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Catholyte/anolyte: 100 mM KOH-methanol.
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Effect of temperature on Faradaic efficiencies for the products

by CO, electrochemical reduction at Ti electrode in methanol at
-2.2 V.
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Catholyte/anolyte: 100 mM KOH-methanol.
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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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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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Effect of temperature on partial current density for hydrogen
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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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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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Effect of potential on Faradaic efficiencies for the products by
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T51%M564%ETHEMLZ, —FH. CODT ¥y IF7—RIZ. EMZEZEIZTSDONT
23N 541 % ETHEMLZ, £/, PEDOAZ ORER L. RESE., 20CT
50mM-KHCO,KBFRPICH T 21 > P LEBEMITE S CO,DBRILERETZITN. FEE,
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0.0067%TH 3 Le2HELEY, 5T, 0CTIR 77 77 —EIL. 70.0%F .
3.0%CO. 0.001% A% . 0.00035%LF 1 >. 0.0006% L% > Tdh>7?., KBTI LA
JAZ ) —IVHRDA T LBETIE, TFL 2 EIFY FERINAZD 2D, COMET
DT 7 T —HBRIIKBWOBE XV EN > 7z, —RINTKBEF DCO,DEXULFEHIER

TICBNT, KBRRERDNWKERBE LR > TR, KENTELLETREELBNVWI EN
EFLW, KEICAVTLEIRERE L LA DO ULBERERWZASY ) — VBT O
CO,DEXULZEREILTIE, KERAEN02LLTFITHHRH SN/, WRIT, AT/ —IVEES
DA PULEEIE. HOSBERELBRL TKERZEAERELBZNWERTHS LED
ns,

KB F DCO,DESULZEHETITHNWT, BITERMOARETEERICHAI L THEM
TEHZENERINTNBD, AF ) —)HTHLNDBILERYD. 77 77 —RIICHKED
ZEnfiENS. Lo T BuERMNBRULFIICERL THDS I L E2RRET D7
D, AF ) —IHDOCO,DBEXULFRTEITTICB T S BITTERM DERENDEEEDHEZFig.
3431TRT, ¥, CO. AF >, KEOEREIFIISOCETEER L LBICEBNITHEML
Tzo INHDRERT, BUERMDT 7 5T —HRN|EFE—ETH D, BLERDIEIERIL

84



e Ol : ;
S 3
mE r ’/’@
o 0.3+ /,»” g
— - &
0.2+ e B
|5 @,,’
0.1+ /,’/O =1
@ 1
S =z Ly ]
°
9 —O— 1 T T T
o e
g e
0.5- t A
o ]
_______ L
el ,
0 50 100 150

Total charge passed / C

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
Catholyte/anolyte:‘BOO mM-dm> KOH in methanol
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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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FRICERLZZEZRL TS EEBDND, 0.3MAKEBIEA U TL/AY ) —IVHEAD
CO, DM E7.3ml/m1(3304molCO,/ml methanol) TH B8, A& J—)VhY — KK
60m1*i2438ml1(19.6mmol) D CO,NEEL TS, 50COBEEICLD. 5.15ml
(0.230mmol) DCO, %@ T L7z, LAN> T, IV —ROBELHLEZEETEE, HY—R
HEHD2CO,ZEITY 57201213, ERHIITIZ4000COBEEENBHEITR D LHERIEI N7z,

345 #—7z)l 7oy bk

KB T L/AY ) —IVEERICBITZCO,0ELXLFMETIIBNT, BEFOD
CO,DIEMERFT 572017, 1 > VU LBlEZAWECO,DBERILFNETTIC X 5B ITE
RO —7 )70y b%ﬁﬁ&to ZT DR ZFig. 3.4.41T7RY . KERAEDOHS EWE
Eld. e TT5ERLIC 'J)btg Tl D5 B B L B AT EHIP T B EAR I
mMU7z. COERTIE, -2.3VMHED SHMABREENHME T, HEARBOEERE 2> T
WsEEDNS, COBITORAERFEIL. -2.5VOEMTE.3mA/cm?>TH o7z, KEFR
LD EREE TN BCO,DETEMFBE DL, 4295 L TH -7z,

346 F&®
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TV, ERBITEBRMEIFTE. CO. PEDAY > THo7z. 1PV LBEBMIELZ XY
J =V DCO,DESILERRICITH N T, FEAESLHITERLZM, COH10~30%D
NRTHER LIz, RSN ENMEET. COEITDT 7 7T —HRIF86BLLTH > .
IKBFEEITHT 5CO,RITOTFHERBEEDOHIZ, K430 L ThHo%z. 27/ —IViBiE%E
AWZCO,DEBERLFMETIIBNT, 1P UALABMETIZICO. FBEHERT DI &N
BN Tz,
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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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. BREMIL. AgAeCIRIFIKCIEME AWz, KEBILH ) 7 A2 KRHEMEELTAN
=M, BIRBENS., 8, FYUEMELBRL TELI K0 o720, BEZ0.3MITEM
Lz, BB TISCRBNWTERILENEILZT >z, MLULKRENRIZS0CTH 7.

353 AU IRIVEET T L

TIDIT, AY ) — IV BT DMEMICL DA 7 Uy I RIS ET S LERELZ. Fig.
3.5.11CCO,BMTRUN BN FTORBMICKDT AU v IRIVIETSLERT .
D6VETOEMEETHA 7YV IRINIETSLCE— IV RBHENT., BUERICT
BIZDONTILRDIBIEKISNETL TS EEDNZ, COAFMTRUNAMTICHITS
A7V RN ETSLOHKNERZLZENS, COEHK T TIHCOBILAEI -
TWBZENTFRENEZ. NEEKTTIIKEDT 7 57 —HEMN8%TH V. CO,EITIE
BIohhok. ZOBTERIIAY /—IVFICEENBENKOHRICE>TELED

DEBDLND. COMMTRICNLAMTHBIT B BTERIE. THEN-LTVE22VAHEN
SEMLIAD . 51E. CO,28M L 720.1M KHCOKEKH & EH &ML 720.1M Y
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HLED, AF ) —VEEIC BT 5COMMTTORITERIT. N,ANFHi 3B rEfs
DRENDTZ, KBIEAVTL/AY ) —IVERIZBIT5COAMTTOHREBEMICI YA
2w RIVEES T MG NARTFBFEHA 70w 7RV EY I L& DEREBMICH
L, HYV— REOpHMNEILERSA >y MEMICEELZEEDNS, >ty b
BAEEEL T, HEWMERVLEASY ) — VR OCO,DESILFHETE-1.8~-2.5VD
BMEHETITo 72,

354 77T —RBANDEMDHE
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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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Fig. 3.5.2

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.

89



o F T T T T T T T T T3
£ - i
(&) L )
T 10 O -a 3
- E \\\s\ @ E
> B \s\ -
= - ~ee !
(/2] 1 o
c 3 © E
D o o . ]
o - 3
g ~ -
s 0.1 -
= - * 5
= g A ]
(&) .. ]
— r : T
S 0.01F S
- ®
a8 T SR T R S
-2.6 -2.2 -1.8

Potential, V vs Ag/AgClI sat. KCI

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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Fig. 3.5.2IKBILAV T L/ A Y 7 —)VIEEH OMEMIC L 5CO,NEBERILERBITIC
LBITERNDT 7 T —HENDBMOEEERT., CO,N5DETERYIE. T,
CO. DEDAF > THo7k, -25VELF OB T, BIREHFIDAZ 12D S0CETHOES
(CHHBTETD ZENTERN o2, FBERDT 7 55— HHRIE. 2.0V FTIIZE
—ETHo7M, TNLVERBEMTIH66%E THRLIZHADLZ, CODT 7 I F—5%ig.
ROVEDBERENTIHEE—ETH o720 20VULETREMEEDITHEMLE, A5 >
W2 TOEMER T0.4% LT ThHo 7=, KASIL, 20CT50mM-KHCO KB HIZ BT
MEBEMIC L DCO,NBXULEMNBITETV. FBEECODT 7 7T —3RITFNFNG.9%,
0.06%THBZ L2WELZD, 51T, OCTIRFEECON T 7 STF—PRIFTENEN
16.5%. 012%THo72. LinL, KEEIEA U™ LAY ) — LS OSBRI £ 5CO,0
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,

91



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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L7200, ZOAEKREEIZIEEITEN oz, RFK T, 2-70/8 ) — )V EF—IVZAHN
PV —ELTHY, BESDOEETICBIT 2R TRITKG EFRICE Z 2BERISOHE
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DTIE7R<CO,BHZHE LT 5EET ORILSHCBEER KM O X X TCO,D AL EHIE
TTEITI ZEERABT,

4. 1 F=IAARZ T Y —Z2HNZCO,DILFERETT

4.1.1 %8

P 2 AW R IT TR, B EBERIGNEETRE 57289, Th
ENORINESBET 2 ZEIFHE L <, AR TENTNORLEEITI R ZEITR %, &
B OKBEEP DCO,DIHALFERNRTLTIE, BIERINE L TKOSBNEZ D, BENFEET
B, ZOBRIICOEEZBEMSENE, COBTRINDEEDEMT 2 LEbN5, L
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Gas sampling
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l Pressure gauge
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Gas outlet
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| B Gas inlet
Solution T i T
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\
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Fig. 4.1.1
Stainless steel vessel for photocatalytic reduction of CO, under

high CO, pressure.
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ELTHWE,

HRFRR 2SRRI E LT, BETITBT 5 CO,0NFEMETICBNT2-70/5 ) —)b
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EFHRTICBNTHRENEY), Ledt> T, Ti0,Z AN =CO,DHAL EHBTTIZ BN T,
BWENNAY DERICHRNTSH S ZE2HELE, ZUd. EAREMNTSIZONT
TiO,DRE Y1 F DRELFREIVKED SRFICEL L. KE KB EEORISIEE S
N, AV U BEDRIKREOERNEML 7= EE 2 505, KEKTTIE. 2.5MPad %
TOLEOIFLOBERSINLY. LnL., 2-70N8 ) —IVEEFTR. L0EEERTa
ALF L OERBERBSNZN o7z, THUE. XY > DERIMEES NI —BL A
59, TFLCOERPHIFIESNZEEZS5NS, 0.75MPaDEH DB TER D4 RAE
HEnjz. BEBIEZET 2N, ZOENDHTEENERSINZ, ZOEBITHSH TR
RVAS, BETIZBITBTIO, % AN KBERT DCO,DHALEMBTICBNT, A ) —)
DERMBITLOMPafETE =2 72579, LizAt> T, 1.OMPaffiEic B35 CO,0¥
i TR TS B & Ebh 5,

EILERY DR DRI 2 BN S NAEHD TN F— DB TEZ Z E12L 0. KL
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Table 4.1.1

Effect of iso-propyl alcohol on the photocatalytic reduction of

high pressure CO, on TiO,.

Concentration of Yield of CH,
2-propanol, mol L7! 10°°mole(g-Ti)™*
0 0
1.0 1.2
3.0 0.62

TiO,, 100mg; irradiation time, 5h; pressure 2.8 MPa,

temperature, 293 K.

Table 4.1.2
Effect of CO, pressure on the photocatalytic reduction of high

pressure CO, on TiO, suspensions in iso-propyl alcohol solution.

CO, pressure Products, 10 °mole(g-Ti)™* Energy
MPa Conversion
CH, HCOCH Efficiency, %°

0.20 0.10 -2 0.00055
0.75 0.42 2.3 , 0.0059
1.6 0.70 -a 0.0038
2.3 0.62 -a 0.0034
2.8 1.2 -2 0.0065

TiO,, 100 mg; irradiation time, 5 h; temperature, 293 K;
Medium, 1.0 mol L' iso-propyl alcohol.

® less than detectable level (< 0.1)

® 100(Heat of combustion of products) /(Incident light energy)

100



4.1.5 StREFEOZE

ALY DER DT D DRGERHTHIM2RRT 272010, IR OB % 5~/ (Fig.
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ELTC2-71/X ) =)V DFEME. TiO, % HWZEECO, DAL EMBILB T D A ¥ > DR
HEDOHEMIHRETHSD Z ENDho T,

41.6 RISHEHORE
CO,DAMBIRTTD AN Z X LB T 2AFMEN S HBME SN TE TS, TiO, LD
MR ZEUCOMMDKBRIZBNT, A¥ /=), KIVATILFER, X% >. COD¥
R EATIOE TRV, 8 ETOMURENS 2 E2FH S IIER LY, ZELTE
L. CO,EH,0DETE T CTiO Ml ICUVIRR§ 5 &, HEHAE LTeCS U H )L, HETF.
T NERT 2 Z L2 BFAE HBICX DBER L7z, EBRFEE ETRISYD0 S, TiO N
RE MG S U7 BETICHB T 2 C0,0 ML EMBTICBIT S A Y > EXBOER T
Ot 21, Fig. 4.13TH 5 EEX5N%. COENNENERTIE. HEHLTWDHE
CT VNI OFRMEES § S EBDN. BNCOENBAY > DAERICHENTHS S,
T5IT. BIERICAMBES N2, £EKECO,PBITRIEHIREL - EE X 5h5,

417 F£&0

TiO AR Z MW MET ICB 1T 2 CO,DOMEHHETITB N T, R—ILAHRS Ty —
ELT2-7an )/ =V OHRERF LIz, CO,NEDERBITERMIAY > Tho iz,
B=IVAAR D —2HWERBILI AT AT, ITFL VFERINEN SR, AY
> DEREEE., N—IVAAN D % —DEIE LI WRER D A RRGEREE &l U T8fELl Bic
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Fig. 4.1.2 Effect of irradiation time on the yield of methane.
TiO,, 100 mg; temperature, 293 K;

Fig. 4.

pressure, 2.8 MPa;

Medium, 1.0 mol L*! iso-propyl alcohol.

1.3

Reaction mechanism of the photocatalytic reduction of high

pressure CO, using TiO, powders suspended in iso-propyl alcohol

solution.
hv ) . .
TiO, -—--> e (Ti”) + h
" hv N
(Ti**-0"") o> (ri**-07)
for an oxidation .
h
(CH,) ,CHOH ----> , 2H + (CH,),CO
(Ti™*-0")
for reductions
e- -
CO “;‘) . 'Coz
(Ti*-0") '
I
]
! 2H'+e
————— o===mrnd BOOOH
! (TiTT-07)
1
1
I Ha+e 2H +2e 2H'+2e 2H'+2e
= i e > CO + OH ~------- > Y€ % BO —esommmsel $0H, ~ammmmm-
(Ti™"-07) (Ti*-07) (Ti**-07) (Ti7"-07)
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WAARL D v —=ZRNTRILREZ NS 3, COBITRIEDEESEMT 5720,
BETIZBT5CO,DHALEHBTO X S BB RDBITERY EER TEDRICBNTS,
RV AARL D v —DHRMMBEETHRAOTH > - Bbn s,

4. 2 WRIECO,DIEILZFEMIETT

42.1 #E

AR 2 R L 72 CO, DAL H B TIC B § 2 FRIRLE < FhbR TE TN S ),
TNEOMATIE, N THEFEESRHSE T TKBEKRPIZCO,Z8ML TT> TR, T4,
BETIZBUT 2 KBRS DCO,DHLEHBITIRM SN TNDD, ZOHESKEMRIC
COZBENLADHETH D, COHEEBIE LT BEET TDCO, DI B TICE T
SHEITES TN Oz, WIECO,ZBEE L THWDEA. WIECO,2 MM, BB T
BB DBELICFRETCHEJCFHNBETTEIZHEMREORMELEETZY, Lirl.,
FEAS AT 2 AW FRR T TR IN S OBEIZFEIC /R 5780, Fm, Mk
B2 F W2 HAECO, DAL #HBIT TR, RICLBOCO,MNEETHZEICED. 2BOD
CO,ZBEENTESREND 5. APFETIE. X7 L AEHEELILD FTCO,z Wb
T, BRECO,DAALFHIETTE TV, WILEH T TCO,NBLRIGEETSIES Z & 2RA

422 TERUOERSMH

1. SRS

HBARCO, DAL FHNETICHWEREM AT > L AL, Fig 4.1.1ICRLAED O & Ak
B ER Wz, HBRFELTWBE, A5 L AR 20CT—EIRE> 2. Bk
TiOy(50mg)Z A T > L A LIV INIC AN, EHiEE D CO,(99.9999%)% 3 0 43k L T, Wk
ZEBLUIZR. NIVTZEUT, 6.5MPaE TEAZEME i, X572 L A RIVEIEICHE
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GFHNCAB LT, KB LK, COENIEEICRIN, CO,BEEA T TMiAKSmIZ A
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TiO, ¥R DESRA X hIVIZIES-TE200(JEOL, X-band, 100 kHz)% AW T77K THIE L /2.
glld. DPPH(2.0036)28 ML 7.

423 FRIECO,DHALFEHNETT

IKIFIRAECOITIZ & A EBE TR N2, KZEIML 72 W &EE TRIECO, DI L #HE T
oz, RBELAZ, [BPICEETERYZRETS I &G TE RN >7Z. LaL,
BT R (E T2 RS R RME) DRI L 72 TIO,EH EICE L TWA Z ENE X stk
D, CO,EZEEICRL. CO,FRKX T TAEDOMAKGm)ZRML., ZTOMKDOHF T
TiOMEEHFHRE Lz, HAROBITERMEIESNEZD -T2, MAPICFREZRET S Z
EIMNTER, ZORREIE. TiIOERE EORKISHEEIKERIGL ., FEVERLIZEEZS
N5, YEIT, DKECO,FITBTBTIONDFERE ., 2)FKDOTRM,. DB K> TH
LB TIZBIT 2CO,0HLERRITTEITD T &I L, RREAEN. CO,NENEHRIE
DERFHLK T TTONEN, BILERMEIESNRN>/z. 51, XBFZTHOTICE
Bzfroz. ARCBETERMIESNRlh o/, INSO/BELS. FEILCO,DHL
EHBITEOERLEEERDTONE, FROERBNDRE LENOEEEZRNT 572
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HET Lz, ZOBKE. BECO,FOTIODENETES D, HBEAMEI V. ¥4
TOMBKFICEELAVED THS S, BENEBEN 5. TIOEHE LOKEHREEDE
EZHRL . @ TORBHEENATIORE LICHEEL, MKk FBIcTo s fkah
LERETDE RISHFEEIZImm? Y7058 x 10MAEHESL SN, ZOEIT.
CO,DERNTEOEELVETHD 1 THo72Y, LEN->T, BERFEETHD. KndH
FKIITIO DB RE Y1 NCEEL TS EEZ 5N 5,

42.6 RIbHERE DR

TiO MR & A W7z AR CO,H D CO,DHALERIBITTICB T B KIEA H = XL EH S MCT
B720IT, TIOMKRDESRIENT 21T o 7z, FHRH L 7=%. TiO Mt ODESRZA X )L %Fig,
4231w L7z ESRANRT MG, 2OBRB I VHNENSERINTVWS EEZ
537z, INFTTITHME SN TEIN 5, g¢{§1.981@“/ﬁﬂ‘)”iﬁ'ﬁiﬁibf:ﬁ“@ﬁfﬁ
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Fig. 4.2.1

Effect of illumination time on yield of formic acid.

TiO,: 50 mg, temperature: 273 K, pressure: 6.5 MPa.

Amount of TiO, , mg
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T T T

=

N
T

Yield of HCOOH, 10-"mol
N
T

0 03 06 09
Total surface area of TiO, , m?

Fig. 4.2.2
Effect of total surface area of TiO, on yield of formic acid.

Illumination time: 30 h, temperature: 273 K, pressure: 6.5 MPa.
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(Ti4+_02—) -————> (T13+'0—)*
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(Ti**-07)"
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2H +e"
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(Ti¥*-07)*
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BT ELEAEIDESN, BEEZI T 5DICTIODELURBER Y Mok DiEIN 5,
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Fig. 4.2.3
ESR signals measured at 77 K with the TiO, powders after

illumination in liquid CO, medium.
TiO,: 50 mg, illumination time: 30 h, temperature: 273 K,

pressure: 6.5 MPa.
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OB TS Z MM ENTNEEY, Lal, B5hERREIMALEDDEITE
7207z, ZORREED. TIO,NEEYA ECO,DMEMM. FI3TiO,DfllkAEA R EE &
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Fig. 4.3.1 Effect of irradiation time on the yield of formic
acid. Ti0,: 50 mg; temperature: 35 °C; pressure: 9.0 MPa;
protonation: pure water.
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Fig. 4.3.2 Effect of total surface area of TiO, on the yield of
formic acid. Irradiation time: 5 h; temperature: 35 °C; pressure:

9.0 MPa; protonation: pure water.
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Fig. 4.3.3 Effect of acid solutions on the vield of formic acid.
Irradiation time: 5 h; temperature: 35 C; pressure: 9.0 MPa;
protonation: phosphoric acid, @:; nitric acid,O; hydrochloric

acid, A.
v 9. =1.980

50G

g.= 2.014-1

Fig. 4.3.4 ESR signals measured at 77 K with the TiO, powders
after irradiation in supercritical fluid Co,.

TiO,: 50 mg; irradiation time: 5 h; temperature: 35 °C; pressure:
9.0 MPa.
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Fig. 5.1.1 Electrothermal atomic absorption spectrometry with

metal tube atomizer.
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Table 5.1.1 Atomization characteristics of cobalt.

Compound Peak-height absorbance

Chloride 0.146+0.032 (21.9%)

Sulfate 0.130+0.029 (22.3%)

Nitrate 0.118+0.008 (6.8%)

Acetate 0.117+0.014 (12.0%)

Sulfide - 0.111£0.023 (20.7%)
Cobalt 100 pg.

Purge gas; Ar 480 mV/min + H, 20 ml/min.
Pyrolysis temperature; 580 °C.
Atomization temperature; 2300 °C.
Number of measurement >5.

Values in parentheses are r.s.d.
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Fig. 5.1.2 Effect of the atomization temperature in the
tungsten tube atomizer on the signal for cobalt.

Cobalt ; 100 pg.

purge gas ; 480 ml/min argon +

20 ml/min hydrogen.
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Fig. 5.1.3 Effect of pyrolysis temperature on the signal for
cobalt with and without ammonium thiocyanate.

a: 100 pg of cobalt only,

b;: cobalt in the presence of 5 ng of NH,SCN.
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Time, S
Fig. 5.1.4 Interferences of aluminum and effect of ammonium

thiocyanate on the elimination of the interference.
a; 100 pg of Co only
b; 100 pg of Co + 100 ng of Al
c; 100 pg of Co + 5 ng of NH,SCN
d, 100 pg of Co + 100 ng of Al + 5 ng of NH,SCN

e; increasing temperature
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Table 5.1.2

Interferences for the atomic absorption signal in

thiocyanate) on the interferences.

the case of cobalt and effect of a matrix modifier (ammonium

Interferent Without NH,SCN With NH,SCN
Element Amount Peak-height Peak-area Peak-height Peak-area
absorbance (integrated) absorbance (intcgrated)
absorbancestime absorbancestime
No interferent 100pg 0.118+0.008 12.78+0.52 0.117+0.008 12.984+0.44
Al 100 ng 0.075+0.006 6.85+0.57 0.109+0.007 13.381+0.57
Ca 100ng 0.069+0.005 7.32+0.31 0.105+0.006 13.02+0.46
Cu 100ng 0.07610.006 6.4310.55 0.114+0.007 13.12+0.29
Fe 100ng 0.067+0.005 8.1210.61 0.108+0.005 11.65+0.34
K 100ng 0.070+0.007 7.5440.47 0.115+0.006 12.27+0.28
K 1pg 0.074+0.005 7.79+0.52 0.111+0.008 11.851+0.36
Mg 100 ng 0.077+0.006 8.11£0.55 0.114+0.008 13.75+0.52
Na 100ng 0.066+0.006 6.95+0.48 0.112+0.006 13.28+0.41
Na 1pug 0.071+0.008 7.4240.51 0.109+0.008 12.74+0.29
Pb 100 ng 0.074+0.007 8.3940.65 0.105+0.006 11.91+0.47
Zn 100ng 0.073+0.006 7.78+0.54 0.110+0.007 12.81+0.33

Number of measurement > 5.

Table 5.1.3

Determination of cobalt in NIST SRM biological

samples.
Sample Concentration of cobalt (ugg™!)
Found® Reported value®
Oyster tissue 0.37+0.02 0.40
SRM 1566
Bovine liver 0.17£0.01 0.18
SRM 1577a
Citrus leaves 0.018+0.004 0.02
SRM 1572
* Number of analyses = 3.

® Information value (uncertified).
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