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Abstract — For highly efficient operation of a Bunsen process section in an iodine-sulfur thermochemical hydrogen
production cycle using nuclear heat, the process characteristics of H,SO,-HI-H,O-1, mixture system for separating into
two liquid phases (H,SO,-rich phase and HI,-rich phase) and the distribution of H,O to each phase were investigated.
The experiments for process variables were carried out in the temperature range, from 298 to 353 K, and in the H,SO,/
HI/H,0/1, molar ratio of 1/2/14~20/0.5~8.0. As the results, for the SO,-1,-H,O Bunsen reaction system, the ranges
between the starting point and the saturation point for two liquid phases separation were determined by calculation. The
best result for the minimization of impurities (HI and I, in H,SO, phase and H,SO, in HI_ phase) in each phase was
obtained in an optimum condition with the highest temperature of 353 K and the highest I, molar composition. In this
condition, the HI/H,SO, molar ratio in the H,SO,-rich phase and the H,SO,/HI molar ratio in the Hl-rich phase were
0.024 and 0.028, respectively. For the distribution of H,O to each phase, it is appeared that the affinity between HI and
H,O was more superior to that between H,SO, and H,O. The affinity between HI, and H,O was decreased with increas-
ing temperature but increased with increasing 1, molar composition.
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SO, + I, + H,0 = H,S0, + 2HI (293~373 K) (1)
H,S0, = H,0 + SO, + 0.50, (1073~1173 K) @)
2HI = H, + 1, (473~973 K) 3)
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Fig. 1. Schematic flow diagram of the Iodine-Sulfur cycle for thermo-
chemical hydrogen production.
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Table 1. Data for two liquid phases separation in H,SO,(1)-HI(2)-H,0(3)-1,(4) mixture system with the initial H,SO,/HI/H,0 molar ratio of 1/2/14

Initial I,/H,SO, Global system (mol %) Upper H,SO,-rich phase (mol%) Down HI -rich phase (mol%)
molar ratio X1 Xa2 XG3 XG4 X Xin X3 Xu4 Xp1 X Xp3 Xp4

298 15 K
0.75 5.60 11.03 79.01 436 no phase separation
1.00 5.52 10.87 7791 5.69 10.14 4.79 83.71 136 385 13.07 75.81 7.26
1.25 5.45 10.72 76.84 6.99 11.77 3.73 83.35 1.14 333 13.06 74.66 8.95
1.50 5.37 10.58 75.80 825 12.97 2.96 83.32 0.75 253 1343 72.98 11.05
1.75 5.30 10.44 74.79 9.47 13.67 2.51 83.05 0.78 2.35 13.24 71.88 12.53
2.00 5.23 10.30 73.81 10.66 14.05 2.11 83.33 0.51 2.14 13.17 70.47 14.22
225 5.26 10.17 72.85 11.83 15.33 1.80 82.49 0.39 1.75 12.98 69.61 15.67
2.50 5.10 10.04 71.91 12.96 13.86 1.56 83.96 0.62 1.86 13.16 67.47 17.51
2.75 5.03 9.91 71.00 14.06 16.30 1.36 82.04 0.29 1.37 12.68 67.41 18.53
3.00 497 9.78 70.11 15.13 solidification

313.15K
0.75 5.57 11.21 78.43 4.79 no phase separation
0.80 5.55 11.18 78.24 5.03 8.96 2717 86.71 1.55 4.18 14.57 74.82 6.43
1.00 5.49 11.05 77.34 6.11 10.64 2.39 86.11 0.86 3.46 14.46 73.90 8.18
2.00 5.19 10.46 73.18 11.17 12.06 1.36 85.99 0.59 2.61 13.88 68.36 15.15
3.00 4.93 9.92 69.44 15.71 14.85 0.87 84.13 0.15 1.32 1322 64.09 21.37
3.50 481 9.68 67.71 17.81 10.82 0.53 88.57 0.08 227 13.53 58.92 25.28
4.00 4.69 9.44 66.06 19.81 solidification

333.15K
0.65 5.54 11.11 79.61 3.74 no phase separation
0.75 5.49 11.03 79.02 4.45 9.40 2.93 86.70 0.98 3.73 14.69 75.56 6.02
1.00 5.42 10.88 77.93 5.78 10.46 1.93 86.91 0.71 327 14.69 74.10 7.93
2.00 5.13 10.30 73.81 10.75 11.69 0.71 87.36 0.24 2.88 13.61 69.15 14.37
3.00 4.88 9.79 70.11 15.23 11.58 0.63 87.56 0.22 277 12.66 64.64 19.93
4.00 4.64 9.32 66.76 19.28 13.78 0.61 85.48 0.12 1.39 12.42 60.09 26.10
5.00 4.43 8.90 63.72 22.95 15.69 0.51 83.71 0.09 0.25 12.01 56.30 31.44
5.50 433 8.70 62.30 24.67 solidification

353.15K
0.50 5.62 11.23 80.05 3.09 no phase separation
0.75 5.54 11.07 78.92 4.46 7.97 1.93 89.40 0.70 429 15.78 73.52 6.41
1.00 5.47 10.92 77.81 5.80 9.37 1.68 88.40 0.55 3.52 15.52 72.54 8.42
3.00 4.92 9.82 69.99 1527 13.43 0.81 85.57 0.18 1.63 13.30 63.98 21.09
5.00 4.47 8.92 63.60 23.01 13.38 0.67 85.85 0.10 1.64 11.55 56.53 30.28
6.00 427 8.53 60.82 26.37 15.02 0.81 84.05 0.12 1.20 10.74 54.18 33.87
7.00 4.09 8.18 58.27 29.46 15.57 0.37 84.04 0.03 1.30 10.08 52.00 36.62
7.50 4.02 8.02 57.18 30.78 15.94 0.43 83.56 0.06 1.70 9.50 52.06 36.74
8.00 393 7.85 5591 32.32 solidification

Where X, X,, and x,,; are the molar compositions of component i(=1, 2, 3 and 4) in a global system, an upper H,SO,-rich phase and a down HI -rich phase,
respectively.
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Table 2. Data for two liquid phases separation in H,SO,(1)-HI(2)-H,0(3)-1,(4) mixture system with the initial H,SO /HI/I, molar ratio of 1/2/2.5

Initial H,O/H,SO, Global system (mol%)

Upper H,SO,-rich phase (mol %)

Down HlIx-rich phase (mol %)

molar ratio

X1 X2 Xi3 XG4 Xun X112 X3 Xy Xp1 X Xp3 Xp4

333.15K

14 5.04 10.28 71.32 13.35 13.56 0.85 85.36 0.23 1.34 14.38 65.22 19.06

16 461 9.46 74.17 11.76 1291 1.06 85.72 0.31 1.45 12.66 69.76 16.14

18 418 822 76.94 10.66 11.96 1.35 86.25 0.45 1.66 10.45 73.92 13.97

20 3.76 7.86 78.52 9.86 10.95 1.90 85.90 124 1.63 9.63 76.33 12.41
353.15K

14 5.04 10.28 71.32 13.35 12.47 0.76 86.52 0.25 2.04 14.14 65.17 18.65

16 4.61 9.46 74.17 11.76 11.99 0.96 86.73 0.32 2.04 12.43 69.78 15.76

18 4.18 822 76.93 10.67 11.39 1.22 86.95 0.44 1.95 10.38 73.85 13.82

20 3.76 7.86 78.52 9.86 10.48 1.58 87.29 0.65 1.93 9.57 76.14 12.36

Where x;, X,; and x,), are the molar compositions of component i(=1,2,3 and 4) in a global system, an upper H,SO ,-rich phase and a down HI -rich phase,

respectively.
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