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A Hydrogen Production Experiment by the Thermo-chemical and Electrolytic
Hybrid Hydrogen Production in Lower Temperature Range

- System Viability and Preliminary Thermal Efficiency Estimation-

Toshihide TAKAI, Toshio NAKAGIRI and Yoshiyuki INAGAKI
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Japan Atomic Energy Agency

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
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A new experimental apparatus by the thermo-chemical and electrolytic Hybrid Hydrogen
production in Lower Temperature range (HHLT) was developed and hydrogen production
experiment was performed to confirm the system operability. Hydrogen production efficiency
was estimated and technical problems were clarified through the experimental results. Stable
operation of the SO; electrolysis cell and the sulfur dioxide solution electrolysis cell were
confirmed during experimental operation and any damage which would be affected solid
operation was not detected under post operation inspection. To improve hydrogen production
efficiency, it was found that the reduction of sulfuric acid circulation and the decrease in the

cell voltage were key issues.

Keywords: Hydrogen Production, Hybrid Sulfur Process, Electrolysis, Sulfuric Acid, Solid
Electrolyte, FBR
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. KE= Fib KR “EAERE

AR *) @) o)
G1 98.11 <017 <1.72"
G2 99.22 <0.07" <0.711"
G3 98.80 0.59 <0.62*
G4 97.82 1.43 <0.75™

R TRR X
%63 BMEBKBRTDEETEZEHENTHE
e % Z4=PN =viriv
AR (x10%ke/dm®) | (x10%eg/dm®) | ( x 10°kg/dm®)
SO,k UNzR 1K B 93 2.8 17
SO,k UNzR2E% B 75 <2 17
*6.4 DH&U: mEE R
. REE (MEEELT)
4 pH (x 10_6kg/dm3)

IKERIE TR o LR YR 35 6.2 13200
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+65 ZREIZBTAIVAILE— EFRBEHIRILY—

y 1KEE RECC) H, (kJ) AG, (kJ)
1 |H,80,(L) +5.4H,0(L) 25 -23575 -1970.5
2 [S0;(g)+6.4H,0(g) 600 -1772.3 -1590.4
3 [0.50,(g) +S0,(g) +6.4H,0(g) 600 -16741 -1573.7
4 |SO,(g)+6.4H,0(L) 25 -2126.2 -1817.8
5 |H,S0,(L)+4.4H,0(L) +H,(g) 25 -2071.6 -1733.3
66 MEMB/ADIRAEH=ZE. EME. RAE
BEEA EHETAN BEEA MEIAEE | KENEE
EBR=(C) BIEWV) BH(kJ) (mol) (mol)
SO, Efi# 3% 3.86 % 10° 0.85 3.30 0.01 * % *
HERELEMES | 396%x10° 117 462 * % * 0.02
6.7 BEMEEEHT. RUEBKERICESOKERENE
BEMNEEE T TOHE SERER (I EDGEHE
(@ =1, Cu,s0,=0.156) (@ =15%x10"2, Cu,s0,=0.156)
Q. (kJ) 5.85 x 107 3.9x10*
2
w kJ 1 1.65%X10
2 (kJ) 1.67x10 (56.6% B[ EE 30, 5molds 1= Y [THR B)
Qs (kJ) 8.14x10' 8.14x10'
2
w kJ 1 2.31%x10
w5 (kJ) 8.45x10 (586,65 (2K F T moldp =Y |8
Q=Q,,+Q, (kJ) 6.67 x 107 3.9x10*
W=W 5+ W, (kJ) 1.01x10° 3.96 x 102
TQ=Q+W/04 (kJ) 9.20 % 10° 40x10*
KFRHETNEG%) 31.1 0.7
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6.8 BIREIZHITHIZEERITUZILE —, ZEA R BRI RILX—(65masshlifi B {F ARF)

y VN2 mECC) H, (kJ) AG, (kJ)
1 [H,S0,(L) +1.9H,0(L) 25 -1642.9 -1377.6
2 |SO;(g) +2.9H,0(g) 600 -1408.8 -1091.6
3 |0.50,(g) +S0,(g) +2.9H,0(g) 600 -1310.7 -1074.9
4 |SO,(g) +2.9H,0(L) 25 -14116 -1225.0
5 |H,S0O,(L)+0.9H,0(L)+H,(g) 25 -1357.1 -11405

6.9 BEMLGEHET TOKZREDE (65masshli BL{FE FARF)

B EHT CTOFHE
(@ =10, Cn,s0,=0.345)
Q,, (kJ) 2.34 % 10
W, (kJ) 1.67 x 10"
Q5 (kJ) 8.14x10'
Wy (kJ) 8.45x 10"
Q=Q,+Q, (kJ) 3.16 x 10
W=W 5+ W ;5 (kJ) 1.01 x 102
T=Q+W/04 (kJ) 5.69 X 10
KB BEZNE) 50.2
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