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ABSTRACT

The sulfur-iodine (SI) thermochemical water splitting cycle is one of promising hydrogen production
methods from water using high-temperature heat generated from a high temperature gas-cooled nuclear reactor
(HTGR). The SI cycle consists of three main units, such as Bunsen reaction, HI decomposition, and H,SO4
decomposition. The feasibility of continuous operation of a series of subunits for H,SO, decomposition was
investigated with a bench-scale facility working at ambient pressure. It showed stable and reproducible H>SOs4
decomposition by steadily producing SO, and O, corresponding to a capacity of 1 mol/h H, for 24 hrs.
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Fig. 3 Schematic diagram of HI/I,/H,SO;4 separation column :
Pyrex column (OD 30 mm, height 580 mm) insulated with
Perlite blocks is packed with glass Raschig rings (OD 5 mm,
length 7 mm). Pyrex reboiler is heated by a heating mantle
and the solution is sucked out by a pump
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Fig. 4 Schematic diagram of H>SO, concentrating column :
Pyrex column (OD 30 mm, height 580 mm) insulated with
Perlite blocks is packed with glass Raschig rings (OD 5 mm,
length 7 mm). Pyrex reboiler is heated by a heating mantle
and the solution is sucked out by a pump
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Fig. 5 Schematic diagram of H,SOs decomposition reactor :
Quartz tube reactor (OD 25 mm, height 1275 mm) packed with
quartz Raschig rings (OD 5 mm, length 7 mm) holds 3~5 g
catalyst pellets in the upper high temperature zone. Coils of
quartz tube (OD 6 mm, length 1.5 m) is connected to the bottom
of main quartz tube reactor
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Fig. 12 Effect of temperature variation on the catalytic activity
for SO, conversion : 2CuO-Cr20s pellet 3.02 g, superficial
catalyst contact time 0.2 sec with 95 wt% H,SOs
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Fig. 13 Schematic diagram of bench-scale test facility for sulfuric acid decomposition process

Table 2 Material balance of a bench-scale sulfuric acid decomposition process (basis: 1.0 mol/h Hy)

1 2 3 4 5 g 7 8 g
Companent g/h gmol/h g/h gmol/h g/h gmol/h g/h gmol/h| g/h gmol/h a/h gmol/h | g/h gmol/h g/h gmol/h | g/h gmol/h
14,50. 1230 | 1254 76 | 0077 00 00 1151 | 1173 | 00 00 08 | 0008 | 1212 | 1236 732 | 0236 00 00
.0 1811 | 10608 | 1573 | 8732 00° | 00°* 328 | 1820 | 00° |00°* 319 [ 1773 18 0098 | 198 | 1098 00° | 00°
H 188 | 0147 188 | 0143 00+ | 00+ 00 00 00 00 0.0 00 00 00 00 | 00 00 00
I, 130 | 0051 130 | 00sL 00 0.0 00 00 00 00 00 00 00 00 00 | 00 00 00
s0; 00 00 00 00 00 00 00 00 00 00 00 00 00 00 641 | 1000 00 00
0; 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 160 | 0500 | 160 | 0500
Total 3459 |12061 | 1967 | 9.007 0.0 0.0 1479 | 2993 | oo 0.0 327 |1781 [1230 | 1332 | 1231 | 2834 | 160 | oso0
Temp (°C) 60 115 / 60 35 190 20 280 290 850 40
* data not measured (assumed value)
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