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CO, + H + 2¢ --> HCOO E’ = -0.61 V (1)

CO, + 2H" + 2¢ > CO + H,0 E’ = 1053 V (2)

CO, + 6H  + 6¢ -> CH;OH + H,0 E’ = -0.38 V (3)

CO, + 8H" + 8¢ -> CH4 + 2H,0 E° = -0.24 V (4)

2C0; + 2¢ > (COO), (5)

(COO), + 3H" + 2¢ --> "0,C-CH(OH), --> 0,C-CHO + H,O (6)

COy) CH, CH;OH  HCOOH H,C0,
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reaction synthetic < > +
Y co €O, photosynthesis (CH0)y, + nO;
fuel
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€050yd B >
Chemicals
Urea Carbonates
2NH; + CO; = (NH5),CO + H,0 bicarbonates
Sabatier reaction Sedium salicylate
CO, + 4H, > CH, + 2H,0 CO2 + C6H50-Na. > C-HNaO;

Figure 1. Possible pathways to obtain chemicals from carbon dioxide.

9 MeAA B 4 gEel, W/SHH Buwwes AdY Fo
reduction compound+= formic acid, methanol, hydrocarbon®} oxalic acid®|t}. H=3gF ©]
o] 2k} EHA 9] electroreduction< carbon energy cycle®] potential componentZA] Ul
T8 %S har & ¢ JAY (o]AFStER A + energy --> mathane --> ©]4ts)
+ energy). ©|AFSEEAE FE hydrocarbon®] $/3- adsorbed intermediates 3
o}F HAT A A/BSA AehE UeS B lojdrh odsteaz
-] chemical productE $/J3}7]19]13F possible pathwayst Figure 12} 7T}, Figure 1
7} o] t}ekdl hydrocarbonS FAEH, T AR ES WEY] oH$ WAYERS

L r-E o o

re b



ﬂﬂﬂﬁﬁhlﬁﬁlﬂﬂq.

2 2] photosynthsis, photocatalytic?} electrochemical reduction-
effective method% |t} o] 4k} A otol A C-O bond9] breaking=S 3}7] 93t energy
o] A= &% product= 7 ksl=t|
hydrocarbon &2 W3S A7) WH F

reduction process®]t}. Electrochemical carbon dioxide reduction®] thFsh &+ # =

ohFshm,

] £ Figure 20 271 o)

o]#l theFst o] 4k&}EkAreduction reaction®l A
AFs}EEA~ 9] chemical inertness$} stability @<zl reaction (1) ~ (6)°A] &
2t} Electrochemical reduction process®] 7};%

do7]7] fsiAM =

o o

2,

PN
aE g Ae A
=5

2} CO9 reductions

B rlo ol

(UG

]_

ol

%2
£ K

2=
T

o] AF3}EEA~ 9] transformations &
, reactive reagents®} 7] Xi= photo energy’} Z &3}t Folt). o]
Ao 7]7] 9|3t potential > NHE thH] F& -1.9 V7
, AUk o g 20 ~ 25 VZF Z Q3] o] e

. ©]AF3}EF A o] multielectron charge transfer reduction-

W AYF] T

izt 2

one-electron reduction®. T}

7 &890] ¥ processt electrochemical

275 Z thermodynamic<

1Y positive potentials 7}l &2 A HEg-o] dojd = Qi)

Year Electrode Experimenat parameters Main Products
(electrolyte, conditions) (Faradaic efficiency,
%)

2007 GC, Cu Ru(2,2 -bipyridine );(2,2"-bithiazole)™ mechanism
granulated Sn, 0.5 M KHCO;+ 2 M KCland 2 M KOH formate
continous reactor

2006 Cu - review
- aqueous Formate (86)

2005 Cu Deactivation of Cu CH; and other

hvdrocarbons
Cu+Au 0.1M KHCO;: ; 0.1M K;S04 CH: (56.9)
C-Hs (17.1)
Cu polycrystalline | sulfuric and perchloric acid electrolytes CH,, C;Hy CH;OH,
HCHO
Ptand Pv/C Competitive adsorption mechanism
CO»s-H»
2004 polvpyrrole (PPy) methanol CH:0(1.9)
electrode LiClOy HCOOH (40.5) acetic
acid (62.2)
Pd—Pi-Rh alloys - CO
GC MeCN-water presence of tetra aza
annulene]++
Pb-granules aqueous medium tormic acid (94)
Cu-mesh electrode Neutral solution CaHy (80)
H, (9)
2003 Au - polycrystalline | DMSO, hexa-aza-macrocycles and its C0O and HCOOH
Co(ll) complexes

2002 - methanol/LIClIO, -

Cu aqueous NaHCO CH ,( 46)

rhenium and Cu-Rh (EQCM) with CV CO, CHy (31%)

GC Methanol- diphthalocyanine complexes CO, CHy, HCOO®
and phthalocvanine films

Figure 2. Trend in carbon dioxide electroreduction study (2002 ~ 2007)
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