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Syngas production from carbon dioxide using reaction-separation combined process
with hydrogen separation
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Noble reaction system that would convert carbon dioxide and methane to
syngas with high efficiency by using a reaction-separation process incorporating with a hydrogen
separation membrane was investigated. A syngas production catalyst developed was demonstrated to be

highly active at a relatively low temperature and was applied to the reaction-separation combined
process. As a result, in separation-reaction combined process using a Pd membrane, about 90% of the
product hydrogen permeated through the membrane, so that produced hydrogen was separated
immediately from the reaction field. The progress of the water gas shift reaction was suppressed,
and then hydrogen / carbon monoxide ratio of the synthesis gas was increased, and as a result, the
hydrogen yield was improved dramatically.
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Table 1 Surface roughness and contact angle of
substrates and Pd membrane

Pd

Substrate Pd membrane

Substrate roughness [nm] roughness [nm] Contactangle [} ]
PC untreated 2.1 — 80.5
PC plasma 100 W 10.6 1.7 33.1
____PCOMB .24 B 845
ABS plasma 100 W 18.6 43.0 6.1
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Fig. 1 Influence of plating temperature on Pd
membrane mechanical strenght
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Table 2 Characteristics of porous Ni supporting

layer
Pore size Distance Porosity
between the %]
[1em] pores [um] °
90 45 34.9
90 35 40.7
90 - ca. 50
45%
Ni
100 um
20 pm 50%
170
pm 40 pm Pd
SEM
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20 um
Ni
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0.04 MPa
Ni
0.06 MPa
Ni
Ni
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ZI’OZ L21203 Y203 7 14
wt% La,03-ZrO, MgO
CaO SrO 1 wt%
Ru 0.5 wt%
XRD 710,
ZI‘OZ
La203 CaO
CO,-TPD
Table 3
CO,-TPD
SrO  CeO,
CO Ru
Ru CO 1:1
CCOZ

Table 3 CH4 and CO, conversion of various
Ru/basic-oxide added ZrO, catalysts

CH,4 CO,
Catalyst conversion conversion

[%] [“%o]

Ru/ZrO, 474 50.0

Ru/La(7)- ZrO, 55.3 56.9

Ru/Y(7)- ZrO, 65.3 66.9

Ru/La(14)- ZrO, 60.3 63.9
Ru/Mg(1)-La(7)-

710, 59.6 61.6
Ru/Ca(1)-La(7)-

710, 62.1 63.6
Ru/Sr(1)-La(7)-

710, 52.9 59.7

Ru/ ZrOy* 59.1 60.9

Ru/Ce(25)- ZrO,* 51.0 51.6

ZrOgz*: Reference (Daiichi Kigenso Kagaku Kogyo)
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