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Abstract: In order to simplify the process of thermochemical sulfur-iodine (SI) cycle for hydrogen pro-
duction, a new sulfur-iodine cycle for hydrogen production system based on HI electrolysis was construc-
ted. The mathematical model and the user-defined module of HI electrolysis process were established, and
then the system process was simulated by using Aspen Plus software. The mass and energy balances of
system were calculated , the thermal efficiency of system was evaluated, and the sensitivity analysis was
conducted. The research results show that the system produces H, of 10 L/h and O, of 5 L/h respectively.
The maximum theoretical thermal efficiency of the system reaches 31. 1% considering waste heat recy-
cling. Sensitivity analysis shows that the power consumption of HI electrolysis section decreases with the

increase of proton transfer number ¢, ,while the conversion rate of sulfuric acid decomposition and the top
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recovery rate of distillation column have significant influence on the energy consumption of sulfuric acid

decomposition section.

Key words: hydrogen production, sulfur-iodine cycle, HI electrolysis, Aspen Plus, thermal efficiency,

sensitivity analysis
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Fig. 1 Schematic diagram of HI electrolytic module
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Fig. 2 Flowchart of SI cycle system based on HI electrolysis
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Tab. 1 Mass balance of Bunsen reaction section

g/mol - h -1
Yk T/K p/MPa
H,0 H,S0, HI I, S0,
1 343 0.1 2.08 0.46 0.02 0.004 0
11 343 0.1 7.69 0.09 1.60 3.69 0

20 382 0.1 9.38 0 0.52  4.25 0.55

21 343 0.1 9.38 0 0.52  4.25 0.55

22 343 0.1 9.75 0.55 1.63  3.69 0

2 H,S0,HBHRETE

Tab. 2 Mass balance of H,SO,decomposition section

¢/mol + h~!
Y T/K p/MPa

HI 1,80, H,0 0, I, S0,

1 343 1 2.08 0.46 0.02 0.004 O 1

2 403 .1 0 0.45 2.14 0 2 0.01

0.0
2-2 343 0.45 2.14 0 0.02 0.01

3 343 0.45 2.14 0 0.01

4 344 0.56 3.02 0 0.45

4-2 373 0.56 3.02 0 0.45

5 411 0.56 0.17 0 0

5-2 1110 0.56 0.17 0 0

6-2 473 0.11 0.62 0.22
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0
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Tab. 3 Mass balance of HI electrolysis section

¢/mol + h~!
Wk T/K p/MPa
H,0 H,S0, H, HI SO, I,
12 373 0.1 7.87 0 0 1.42 0.09 3.78
13 373 0.1 417 0 0 1.42 0 3.78
14 373 0.1 3.70 0 0 0 0.09 0
15 371 0.1 7.00 0 0 242 0 3.78
CAO 343 0.1 2.69 0 0 0 0 0
ANO 343 0.1 7.00 O 0 242 0 3.78
CAl 343 0.1 403 0 045 0 0 0
16-1 343 0.1 0 0 0.45 0 0 0
16-2 313 0.1 0 0 0.45 0 0 0
AN1 343 0.1 5.66 0 0 1.52 0  4.23
18 343 0.1 2.8 0 0 1 0 0
19 343 0.1 2.83 0 0 0.52 0 4.23
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Tab. 4 Thermal efficiency calculation of the new

sulfur-iodine cycle for hydrogen production system

. n/ Ohea” Qetee” Weee/
FSES ] W%
mol +h™" kJ-h™' kJj-h' KkJ-h!
m 0.45 592.71  242.71 0 15.3
M 0.45 471.19  242.71 45 19.2
M 0.45 170.70  242.71 0 31.0
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Fig. 3 Sensitivity analysis of HI electrolysis section
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Fig.4 The change of input heat load per unit hydrogen

production of H,SO, decomposition section relative to

base value under the influence of three parameters
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