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Abstract

The two-step water splitting thermochemical cycle is composed of the T-R (Thermal Reduction) and W-D
(Water Decomposition) steps. The mechanism of this cycle is oxidation-reduction, which produces hydrogen.
The reaction temperature necessary for this thermochemical cycle can be achieved by a dish—type solar
thermal collector (Inha University, Korea). The purpose of this study is to validate a water splitting device in
the field. The device is studied and fabricated by Kodama et al (2010, 2011). The validation results show that
the foam device, when loaded with NiFe;Os/m-ZrOs:powder, was successfully achieved hydrogen production
with 9 (10 with a Xe-light solar simulator, 2009, Kodama et al.) repeated cycles under field conditions. Two
foam device used in this study were tested for validation before an experiment was performed. The lab scale
ferrite-conversion rate was in the range of 24776%. Two foam devices were designed to for structural
stability in this study. In the results of the experiments, the hydrogen percentage of the weight of each foam
device was 7.194 and 9.954umol g 'onaverage,and the conversion rates 4.49729.97 and 2.55758.83%, respectively.

Keywords : A& A A 7] &% (Building bioclimatic chart), 7]%“d 7 (Climatic design), #FE Z=Z13(Computer
program), v #] A 2F(Energy conservation)
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Fes04(s)=3FeO(s)+1/20:(g) (eq.l)
3Fe0(s)+H0(g)=Fes0u(s)+Ha(g) (eq.2)
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Fig. 1 NiFex04/m-ZrO/MPSZ foam device

Tab. 1: Properties of the foam device used in
the experiment
Specification 2010 2011
Diameter (mm) 80 80
Thickness (mm) 15 20
Weight of ferrite foam 124.0 | 165.7
device (g)
NiFe;O4loadingofNiFe,O4/m-Z
rOyparticles (wt%) 20 16
NiFe,O4loadingonMPSZfoam( 7.1 5.8
wt%)
NiFe;04loadingamount(g) 8.8 9.5
m-ZrOsloadingamount(g) 32.8 50.1

22 33 g7
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Fig. 2(a) Chemical reactor made of alumina: 2010

Fig. 3(b) Chemical reactor made of SUS304: 2011
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Fig. 4 Dish-type solar thermal system (Inha Dish-1)

Tab. 2:  Specification of the Dish System

Specification Size
From  ground to center 1.83 m
Maximum height 4.11 m
Reflectivity of reflector Above 95%

Diameter of reflector 32 m

Focal length 2 m
Total area of reflectors 5.90 m2
Rim angle 43.85
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Tab. 3: Duration of each cycle
Cycle Date T-R step W-D step
No.
1%Cycle May 14:50 ~ 15:15 ~
13"2011 15:10 16:18
2"Cycle May 10:57 ~ 11:27 ~
142011 11:17 12:35
3"Cycle June 13:11 ~ 13:37 ~
202011 13:34 14:06
4"Cycle June 14:13 ~ 14:41 ~
212011 14:35 15:34
5"Cycle June 15:41 ~ 16:05 ~
212011 16:00 17:20
6"Cycle June 13:43 ~ 14:11 ~
212011 14:04 14:36
7"Cycle June 14:44 ~ 15:05 ~
212011 14:59 15:27
8"Cycle June 16:22 ~ 16:44 ~
212011 16:38 17:16
9"Cycle June 11:01 ~ 11:29 ~
212011 11:23 11:58
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(eq. 3)
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Fig. 7 Hydrogen production

Tab. 4: Case | experimental results of hydrogen production
and ferrite conversion in the repeated two-step
water splitting

Cycle Hydrogen Ferrite
Number production conversion
(NL/kg-h) rate (%)
1 10.73 29.9
gnd 7.77 36.0
3 6.19 18.7
4t 3.62 8.99
gt 2.41 4.49

Tab. 5: Case Il experimental results of hydrogen
production and ferrite conversion in the
repeated two-step water splitting

Cycle Hydrogen Ferrite
Number production conversion
(NL/kgh) rate (%)
1* 5.99 36.31
2" 3.43 10.41
3" 2.17 4.61
4" 11.56 52.55
5" 7.81 58.83
6" 7.36 6.65
7" 2.11 2.55
8" 8.91 29.55
9™ 6.7 20.20
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