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Abstract

Two-step water splitting thermochemical cycle with CeO,/ZrO, foam device was investigated
by using a solar simulator composed of 2.5 kW Xe-Arc lamp and mirror reflector. The hydrogen
production of CeO»/ZrO, foam device depending on heat recovery of Thermal-Reduction step
and Water-Decomposition step was analyzed, and the hydrogen production of CeO,/ZrO, and
NiFe,04/ZrO, foam devices was compared. Resultantly, the quantity of hydrogen generation
increased by 52.02% when the carrier gas of Thermal-Reduction step is preheated to 200°C and,
when the Ny/steam is preheated to 200°C in the Water-Decomposition step, the quantity of
hydrogen generation increased by 35.85%. Therefore, it is important to retrieve the heat from
the highly heated gases discharged from each of the reaction spaces in order to increase the
reaction temperature of each of the stages and thereby increasing the quantity of hydrogen
generated through this.

Keywords: 4 A3 EH° 4 A4 Al A"(Dish type solar thermal system), 224 =& 5]|(Two-
step water splitting), 5= (Hydrogen production), 15 Bl 2AFEX](Solar simulator), & 2]
Z=(Heat recovery)
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Fig. 1 Metallic oxide (a)NiFe,04/m-ZrO,/ZrO, foam device (b)CeO,/ZrO, foam device
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Fig. 2 Solar simulator
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10. Liquid pump
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9. Mass flow controller T

7. Water trap
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Fig. 4 Schematic diagram of experimental equipment

Table 1 Experimental condition

) Testing temperature
Redox material
T-R step W-D step Heat Recovery
o NiFe,O4 1,400°C 1,000°C -
CeO, 1,400°C 1,000°C -
@ CeO, 1,400°C 1,000°C T-R step N, (100, 200°C)
® CeO, 1,400°C 1,000°C W-D step No/steam(150, 200°C)

S HY HAFBAE o187t CeO, 9] Bl ol mhe o AAitRFe B4 10l 94 T-R & 1400°C,
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Fig. 5 Hydrogen production of NiFe;04/ZrO, and CeO, (1st cycle)

Table 29} Fig. 6 1~5%012 52 CeO,2} NiFe,0/Zr0,2] 424 A4t et 44 AAEES Bl Zlo]
o} S AAIRRE 5 ol Z- ot vlA] JrgelA uhehtoH, 1A © 2 NiFe,0u/Zr0, 0] 44 AFAteE0] Ce,
ofl ¥13]] 12.68% T TS A& & 4= 9Jrk

Fig. 7 T-R ©AIRFW-D @A) 58257} 2471 1,400°C, 1,0001C 1 Z20]A A2 2 2571 NS
Z2lo9S wo} 100°7C, 200°C 2 o HatS wo] A Wiz Mol2-S tkebdl Zolet, HH| AR 44 A% 2 22 A]

2 AR 4 AE AR F 920 Uit 2o a8t AR B o] 5] e TR |8 25

18

Journal of the Korean Solar Energy Society Vol. 37, No. 2, 2017



3|0 T2 D2 EfIE S5t MO[Z2| 44 ZdAtof st L 225 2
5
[ |NFeo,
1 I C=0:
4
)
E -
£
& °7
E
c
o
g0
T
[
£
s
.
0
2 3 4 5
Cycle number
Fig. 6 Comparison of hydrogen production NiFe;04/ZrO, and CeO, (1~5 cycle)
Table 2 Comparison of hydrogen production NiFe,0./ZrO, and CeO, (1~5 cycle)
Material
H, production (ml/g-material) .
NiFe,O4/ m-ZrO,/ZrO, foam Ce0,/Zr0O, foam
Ist 221 1.86
2nd 2.17 1.88
3rd 2.37 222
4th 244 2.13
5th 2.40 2.16
Total 11.59 10.25
Ave. 2.31 2.05
1 4——¢ Basic
i ®—@—® Preheating-100°C
A&—k— Preheating-200°C
0.8 —
g
-
[1]
£
é, 0.6 —
E |
s
§ 0.4 —|
8
£
N
I
02 —
0
0
Time(min)
Fig. 7 Hydrogen production at T-R step carrier gas temperature of 100~200°C (1st cycle)
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Fig. 8 Hydrogen production at W-D step N,/steam temperature of 105~200°C (1st cycle)

Table 3 Evolved amount of hydrogen at T-R step temperature carrier gas temperature of 100~200°C

. ) T-R step N, preheating temperature
H, production (ml/g-material)

Base line 100°C 200°C
Ist 1.86 2.10 2.90
2 1.88 2.17 3.06
3rd 222 2.25 3.06
Total 5.96 6.52 9.02
Average 1.98 2.17 3.01

T-R @b W-D 0] ¥ES 217} 712 1 400°C, 1,000°CO1 T N,9h 557
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e}
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Table 4 Evolved amount of hydrogen at W-D step temperature Ny/steam temperature of 150~200°C
) ) W-D step Ny/steam preheating temperature
H, production (ml/g-material) .
Base line 150°C 200°C
Ist 1.86 2.08 2.57
2nd 1.88 227 2.64
3rd 222 2.13 2.86
Total 5.96 6.48 8.07
Average 1.98 2.16 2.69

= AFotE A Y BAFGRIE 085101 CeO,oll Hit 22HA] 25l Eofot Mol 2 dee 3staltt. 24
OJ

=
Al sk 7 B 71| Gl Aol mE e Ast e delrt
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(1) CeOz2F NiFe,Ou/ZrO, 2] 2> A1 WL ARl & 5 Mol Z F1t A= %leH,
/\

(3) T-R oM Gl M2 2 IES B4jo7] 918 T-R A9k W-D ] 3hg- 257} 242}
1400TC, 1000TCR) 274 7|02 SuIAIE 100 et 7, Bt S PRI 217 ml= 9.59%

C
AR 3.01 ml=Z 52.02% 57151

o}

() W=D el 0] ol Tk SRS A1) $18) T-R e W-D 9flo] ¥h8-2571 242
1,4007C, 1,000CoI1 No2Fr3715 105CE FUN 24 7150 2 Ny/+3715 150C AEe 3%
1

A AR 2.16 ml2 9.09% ST 15190 51

AE 200C AR B¢ ke

2.69 ml= 35.85%
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