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Study on Conversion of Carbon Dioxide to Methyl Alcohol
over Ceramic Monolith Supported CuO and ZnO Catalysts
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Abstract

Methyl acohal is one of the basic intermediates in the chemical industry and is also being used as a fuel additive
and as a clean burning fuel. In this study, conversion of carbon dioxide to methyl alcohol was investigated using
catalytic chemical methods. Ceramic monoliths (M) with 400 cell/in? were used as catalyst supports. Monolith-
supported CuO-ZnO catalysts were prepared by wash-coat method. The prepared catalysts were characterized by
using ICP analysis, TEM images and XRD patterns. The catalytic activity for carbon dioxide hydrogenation to
methyl alcohol was investigated using a flow-type reactor under various reaction temperature, pressure and contact
time.

In the preparation of monolith-supported CuO-ZnO catalysts by wash-coat method, proper concentration of
precursors solution was 25.7% (w/v). The mixed crystal of CuO and ZnO was well supported on monalith. And it
was known that more CuO component may be supported than ZnO component. Conversion of carbon dioxide was
increased with increasing reaction temperature, but methyl alcohol selectivity was decreased. Optimum reaction
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temperature was about 250°C under 20 atm because of the reverse water gas shift reaction. Maximum yield of
methyl alcohol over CuO-ZnO/M catalyst was 5.1 mol% at 250°C and 20 atm.
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Fig. 1. Schematic diagram of experimental apparatus for conversion of carbon dioxide to methyl alcohol.
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Table 1. ICP analysis of the remaining precursor solu-
tions.

Concentration of precursor ~ Remaining concentration (ppm)

solution [% (W/v)]

Cu Zn
13.6 7.2 116
25.7 6.4 12.3
46.0 13 7.3
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XRD (X-ray diffraction, D/MAX 2200, Rigaku, Japan)
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Fig. 2. TEM images and EDS spectra of CuO-ZnO/M catalyst prepared with 25.7% (w/v) precursor concentration. (a)

Scale bar 50 nm, (b) Scale bar 100 nm.

F=d)7)373 st 4294 Al 15



A ) so] GAF CuOsh ZnOA| Eofel 9|8 ol bshekas] viske ] Age] #q A7 101

2o 7 AT Wi%s} 55.3wWtdbe] siEl AAl T
S #elsl7] 93t ICP(Inductively coupled plasma
mass, ICP-MS, ELANDRCe, USA)E o] 4-3}<]t}.

o

ZET T

3.1 ICP 24

E lojE ICPE o] 4&3le] CuO-ZnO/M &1 &
Wash-coatj o= A8t & Fe g-49] Cugl Zn2
FEE Uelsith Ak Cudl F=e AFA o4
N ot FTHEeS FRAEtslon, Zno| 79
 AAaFe] Al o] Cudie] ZnAEEy &
o] HAEE & 4 AUt ol F AEE 2=
AFA Fgde] syl F71E4S, ZnOddl w3
CuO2] HA7} f=lat Feof, 7] Sl Alzz719]
CuO H]&9l 44.7wt%xc} z7b %A 2= FHA|ul,
Zked 3 =7h ppm 92 mlEFe]oA] oA} wh| ekt
AA| PR o] visd oz A7

o Abzlel A0 wehg 2 o] HIESo ARgF o]
7)) SR Fellr] BAe] 2 Aoz Yehd
CuO-ZnO/AI050] 79 AAWE |83t Az
3t EutEn) o)t} (Sakurai and Haruta, 1996). 11}
2 A7 megs S FAAE AT AS
CuOs$} Zno7} whz o] Yofuhr] o] FujA
22 9T 57 ek 2AA 2 lel i Wash
coatj ez 2] 3l CuOst ZnOs sk H]
g2 A e feaFe) AT o)
T WA W 5 mAsel @ Ao 47
o}.

R

3.2 TEM-EDS &4

A z3F CuO-ZnO/M Zufe] A} =7)e} 74 A
e dotry] YA, 25.7% (wiv)e] HFA 8-l
FEolA Az B Fuls T Fof| 24t
g TEM images} EDS spectraZ® wj-g8= 73 20|
el olch TEM imagez el A =3t Znjo] ez}
FZ7]1= = 40~ 100 nm ¥ ¢ o]¢it}. EDS Spectraz
e 2A438E 7F S A 2E 2@)9] (D))= Cuo
o} ZnO Ao EAF ] 9lon}, 17 2(8) (2)<} (3)
2 Bxejro dFEE & = oo e B2 g

Q) (B)e] Aol EoHYRE CuOst Zno 4ol

[ Copper oxide

QO Zinc oxide
2 o @ (b) 25.7% (Wiv)
> \J
‘D
3
£

(a) 13.6% (w/v)
VN B
0 20 40 60 80 100
2 Theta(Deg.)

Fig. 3. XRD patterns for CuO-ZnO/M catalyst prepared
using the solution with different precursor concen-
tration. (a)13.6% (w/v), (b) 25.7% (w/v)
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