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Development of Catalysts towards Solar Thermochemical Hydrogen Production
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A large-scale and cost-effective production of hydrogen by thermochemical water
splitting cycles using concentrated solar radiation as a source of heat iIs of great importance.
Sulfur-based cycles using the decomposition of sulfuric acid as an oxygen-generating reaction become a
promising candidate for such a purpose. This study developed the novel catalyst materials for sulfuric
acid decomposition, focusing on supported copper vanadates characterized by its lower melting points.



1.1
CSP Concentrated Solar Power
2007
FIT
1
km?
CSP
1000
IS
IS @ @
(©)) Fig.1
H,S0, —» H,0 + SO, + 1/20, 900 ()
2HI - H, + 1, 400 )
S0, + I, + 2H,0 - H,S0, + 2HI 100 (©))
(1) HS0,-» SO, - SO, 2
3
900
Parabolic trough
600 S0,
IS
(©))
®
400 20%

Fig.1 Schematic diagram of solar IS process.
1.2 SO,
S0,
1S
H,S0, 2 SO,

1970 IS

S0,

S0, Pt >Pd > Rh > Ir
> Ru Pt

Pt >> Cr,0; > Fe,0; > Cu0 > Ce0, > NiO >

Al,0, Fe,0,
Fe-Al Fe-Ti Fe-Cr Fe-Ni
Fe-Cu Cr-Cu
600 S0,
IS
-1
@ G
MO + SO, — (MSO,) — MO, + SO, @)
MO, —» MO + 1/20, )
-2
-1
FT-IR
-2
-3
S0,



-1
X
FTIR
-2
-1
-2
TEM SEM
-3
800
-1
S0,
-2 DFT
S0,
4.1
650
M-0 S0,
H,S0, 550 600 S0, H,0
0,
TCD S0,
Fig.2 M-0 650
S0, M T,
M
Gibbs A G° = —RT In Py
Psos S0,
T, M-0
Tagawa
) ®)
%) S0, M-0
S0, M-0

Fe Cr V

Fe
Cr
v S0,
V,05: 675
S0,
v M-V-0
M-V-0 650
S0, M-0
Fig.2 MoV
M
S0,
Cu-v
M
Ce Co
Zr VFeCr CuNiZn Mn La Mg
40 — T —T—T T T
N
3 bl ® VM0
s SN M-O
o 30 ; \ o
n \
© \
® A
SR o
@ y
5 \
>
c \
3 10 \ e
o PRAY
8 | AR .
o L3 0 6>
400 600 800 1000 1200 1400
T4/ °C

Fig.2 Catalytic activity of metal oxides for SO,
decomposition correlated with the
decomposition temperature (7)) of
corresponding sulfates of M. o : single oxides
(M-0), e : binary oxides (M-V-0). 4.6% SO;, 33%
H,0 and N, balance, WHSV=3.64 g-H,S0, g-cat* h™.
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Fig.3 SO, conversion over oxides in the Cu-V-0
system. 4.6% SO;, 33% H,0 and N, balance at
W/F=3.14x 10 g min cm?>.
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Fig.4 Temperature programmed desorption of 0,
for oxides in the Cu-V-0 systems measured in a
stream of He. Heating rate: 10 mint.
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Fig.5 Energy diagram for SO, decomposition over
oxygen-deficient (100) surface slab model.
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Fig.6 Catalytic SO, conversion over Cu,V,0,/Si0,
versus the reaction time. 4.6% SO;, 33% H,0 and
N, balance, WHSV=3.64 g-H,S0, g-cat™® h*.
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Fig.7 Small-angle XRD patterns (top left) and
pore size distributions (top right) of (a) as
synthesized mesoporous Si0,, Cu,V,0,/Si0, heated
at (b) 650 and (c) 800 . TEM photographs
(bottom) of Cu,V,0,/Si0, heated at (b) 650 and
(c) 800 .
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Fig.8 Structural evolution from mesoporous to
macroporous Cu,V,0,/Si0, via melting of Cu-V

oxide and subsequent dissolution-
reprecipitation process.
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Fig.9 SO, conversion over a) CuV,0,/Si0, and b)
Cu,V,0./S10, versus time-on-stream during
stepwise changes in reaction temperature.
Equilibrium conversions are shown as dashed
lines. 14% SO,, 18% H,0 and N, balance, WHSV=55.2
g-H,S0, g-cat™® h.

/‘ SO3
/ Cu-[SO,] S0,
molten _Y
Cu-V-0
-[2
cut VO, Cu-[20]
Cu-[0] 1/20,

Fig.10 A proposed reaction mechanism for SO,
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