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Reforming of Methane with Carbon Dioxide over
Ruthenium Catalysts
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Carbon dioxide is one of green gases most contributory to global warming. As a chemical approach

to its reduction, we have investigated the conversion of carbon dioxide into useful synthesis gas

through the catalytic reforming of methane with this gas over ruthenium catalysts.

Catalytic activity and life of the ruthenium catalysts were found to be dependent on the basicity of

catalysts, i. e., the amount of carbon dioxide adsorbed on the surface of solid supports. Alumina

containing calcium oxide proved to be best as support. Interestingly, deactivation of the catalysts

became more pronounced as the feed ratio of carbon dioxide to methane was increased.

Based on the study of the deactivation mechanism of the ruthenium/calcium oxide/alumina catalyst

systems, we propose the following guide as essential to further development of the ruthenium catalysts

to be used for the methane—carbon dioxide reforming;

i) Development of heat-resistant alumina with high calcium: oxide content as a support.

ii) Use of a feed gas with a carbon dioxide to methane ratio near unity.
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Fig. 1 Temparature dependance of CO, or CH,
conversion and C yield on equilibrium
at atomospheric pressure, CO,/CH,=1.
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Table 1 Ru particle size, surface area and catalytic activity over 0.1% Ru
supported on AlLO; calcined at the different temparature during the
CO;~CHy reforming at 700C, CO,/CH,=1, the partial pressure of
N>=0.6atm
calcined at 500C calcined at 960C
""" new  used  new  used
Ru size/nm 4.8 5.6 4.2 5.1
surface area/m?-g™! 156 131 62 62
conv./mol% CO, CH, CO;, CH,
S 830785 .......... P B P
20hr 72.2 67.4 2.5 4.6
Table 2 Amounts of adsorbed CO, on various basic oxides
supported on Al;O3 -
Amounts of adsorbed CO; cc/g
8% ALO; 0.21 0.0
8% MgO 0.214 0.001
0.5%Na,0-8% Al,O4 0.738 0.0
4% MgO-8% Al,04 0.705 0.031
8% LayOs 1.30 0.019
8% CaO 1.108 0.124
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the amount of adsorbed CO, at 150C
over M/Al,O; which was dehydrated at
700C by air.

I)M; 8 %Ales, Z)M; 8 %Mgo,

3YM;0.5%Na,0O- 8 % Al,O3,

4M; 4 %¥MgO-4 %CaO,

5)M; 8 %La:0s, 6)M; 8 %CaO
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Fig. 3 Relation between the decline rate of

CO; conversion and the amount of
strongly adsorbed CO, during the
CO;~CH, reforming at 700°C, the partial
pressure of N;=0.latm, W/F=1.4g
*kh/mol.
1. 0.5%Ru/AlLO; (156m?/g)
2. OS%RU/ 8 %Lazo3/A1203 (61m2/g)
3. 0.5%Ru/ 8 %CaQ/Al,Os (61m%/g)
4.0.5%Ru/16%Ca0/Al,Os (61m?/g)
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Fig. 4 Time course of CO. and CH, conversion

over 0.5%Ru/8%Ca0Q/Al,O; during the
COsCH, reforming at 700C, W/F
=1.4g*h/mol, the partial pressure of
N,=0.latm in the different CO./CH,
mol ratio.

1) CO,/CH,=1, 2) CO,/CH.=2,

3) COz/CH4:3
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Fig. 5 XPS spectra of Ca2psz on the fresh or
used 0.5%Ru/8% CaO/Al,O; catalyst.

a ) new catalyst

b) COy/CH,=1, W/F=1.4g%h/mol, the par-
tial pressure of N,=0.6atm, reaction
temp (time) =700°C (200hr)

¢) COy/CH,=3, W/F=1.4g*%h/mol, the par-
tial pressure of N;=0.latm,
temp (time) =700°C (60hr)
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Table3 Comparison of catalytic activity over
0.5% Ru/8%CaO/Al,O, after H,O-treat-
ment with that of no treatment during
the CO;~CH, reforming at 700°C, W/F=

1.4g>k.h/mol, CO;/CH;=1, the partial
pressure of N;=0.6atm
Conversion/%
H;O treatment 81.3 78.4
none* 81.0 78.5

H;O-treatment was done at 700C, W/F=1.4g
*h/mol, CO./CH,/H,0/N,=80/80/75/240cc
/min for 120hrs.

*kconversion was measured after CO, CH,
reforming at 700°C, CO,/CH;=1, the partial
pressure of Np,=0.6atm for 120hrs.

(a) (b)
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Fig. 6 The regeneration test of 1% Ru/8% Ca0Q/
ALOs(a) and 1%Ni/8%CaO/AlLOs(b)
* Regenetration was done at 700C, 85vo0l% CO,
flow for 2hrs. At the point where is indi-
cated by an arrow on Figure, regeneration

is done.
* The reforming of CH, with CO, was oper

ated at 700C, CO,/CH=2, W/F=1.4g
*kh/mol, the partial pressure of N,=
0.latm.
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Table 4 Some characteristic data of 0.5%Ru/8%Ca0O/Al,O; in the different

treatment
Ru conc. Ru3pyse Ru/Al* Ru size
Cwy T ev T Tmolratiok100 /nm
a) 0.8 462.28 0.92 6.9
b) 0.9 462.58 0.86 12.9
c) 0.9 462.09 0.66 30.8

*ksurface of Ru catalyst

a)Fresh catalyst, b)CO,/CH,/N,=240/120/40cc/min,temp(time)=7007C (280hrs),
¢)CO,=20cc/min, temp (time) =700 C (140hrs)

Table5 Comparison of catalytic activity of
1% Ru/8%CaO/Al;Os catalyst after COs;—
treatment at 700C, CO,=20cc/min for
140hrs with that of fresh catalyst.

Conversion/%

..... COZCI_L
CO; treatment 42 63
none 56 84

+« CO,—CH,; reforming was done at 700C,
W/F=1.4g*%h/mol, CQO,/CH,=2, the partial
pressure of N.=0.1latm
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Fig. 7 Influence of the partial pressure of CO,
onto Ru dispersion over 0.5%Ru/8%
CaO/AlLO; which was dealt with
CO;H, mixed gases at 700C, W/F=
7.5g% h/mol for 20hrs.
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