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Heat transfer performance of sulfuric acid decomposition reactor in

thermochemical sulfur iodine hydrogen production system

LI Mingyang' > BIE Yiran' HE Yong' WANG Bo’> WANG Xiaoding® WANG Zhihua'
( 1.State Key Laboratory of Clean Energy Utilization Zhejiang University Hangzhou 310027 China;
2.Dongfang Electric Co. Ltd. Chengdu 611731 China)
Abstract: The sulfuric acid decomposition reactor is an important equipment in the thermochemical sulfur iodine hydrogen production sys—
tem its heat transfer needs to match the hydrogen production capacity of the system. In order to study the effect of different structures of
sulfuric acid decomposition reactors on heat transfer and to ensure that the heat transfer of the reactor meets the system requirements while
also meeting the limitations of manufacturing processes. Through experiment the reaction kinetics parameters of sulfuric acid decomposi—
tion reaction were calibrated and a reaction kinetics model was established. The reactor was simulated by gPROMS to obtain parameters
such as pressure temperature flow rate and component concentrations within the reactor. Results show that the total conversion rate can
not be improved by adjusting the length ratio of the preheating section and the reaction section or increasing the thermal conductivity of the
packed particles while the total length of the reactor remains unchanged. Increasing the length of the preheating section in the reactor can
significantly increase the total conversion rate. The key reason is that the length of the preheating section determines whether the tempera—
ture inside the reactor can reach the optimal temperature of 850 °C required for the SO, decomposition reaction. Reducing the reactor diam—
eter does not increase the total conversion rate although reducing the diameter of the reactor is beneficial for heat transfer due to the un—
changed inlet flow rate the fluid flow rate increases significantly reducing the residence time of the reactants and significantly increasing
the reactor flow resistance. Using a sleeve annulus internal and external heating structure as the preheating section of the reactor can effec—

tively improve the total conversion rate. When both internal and external heating are used increasing the heat transfer area is beneficial for
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shortening the length of the preheating section. The length of the preheating section requires about 900 mm to achieve a reactor outlet tem—
perature of 850 °C. A reactor structure design that meets the requirements has been found.
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Fig.1 Principle of thermochemical sulfur iodine cycle
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Table 2 Parameter of properties
H,S0,—S0,+H,0( 400~500 C) (11) (W (me-K)™ 280
: (siC) (T (g+K)™ 0.65
S0,===S0,+1/20,( 850 C) , (12) /(g*em™) 3.21
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100% » /(g em™) 3.21
(SiC) I(T-(g+*K ™ 0.65
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() /mm 2
1 /(kg*m™) 4700
r( H,S0,) = k| x( H,S0,) —Ex( S0;) x( H,0) (0 (ke K) ) 670
] (14) (Fe,05) AW+ (m=+K) ™) 0.55
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Table 1 SO, conversion rate comparison between
calculated and experimental values
505
/°C /%
700 0.08 0.10 20
750 0.23 0.22 4.5
800 0.47 0.44 6.8
850 0.66 0.68 2.9
4
gPROMS .
. ( 2 (900 °C )
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Table 3 Example operating conditions

/(mm * mm™")

(W (m+K) ™

CASE1 157/1 243 0.55
CASE2 600/800 0.55
CASE3 600/800 280
4 H,S0,
H,S0, S0, S0,
S0, S0, S0, H,S0,
S0, ( ) o
4

Table 4 Calculation results of each example

H,S0, S0, S0,
1% 1% 1% /K
CASEI 44.07 8.15 3.59 652.22
CASE2 48.93 6.85 3.35 660.15
CASE3 61.58 4.97 3.06 681.81
3
5~7 o
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Table S Conversion rates of various substances under
different preheating section lengths

H,S0, S0, S0,
/mm  H,SO, /% /% /% /%

600 43.38 85.51 16.24 13.89

8 800 54.17 89.36 20.47 18.29

Fig.8 Changes in various conversion rates under 1 000 64.02 92.34 25.56 23.60

1 200 72.61 94.67 31.82 30.12

different preheating section lengths

9 N
Fig9 Temperature and pressure drop at the outlet of the preheating

section and reactor under different preheating section lengths
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Table 6 Temperature and pressure drop of the reactor

under different preheating section lengths

/mm
/C /C /Pa
600 497.37 576.07 29 230
800 542.94 629.62 37 350
1 000 582.74 679.66 47 780
1 200 619.92 723.20 62 400
5.6
80 mm
SO, 0
4.3
10
140 mm 180 mm
10 mm o
H,S0, S0,
H,S0,
2
H,S0, 7o
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Table 7 H,SO, conversion rate and outlet - @
temperature of different preheating section ’
lengths under internal heating conditions H,50,
. 1,50, ™ o SO, H,S0, (450 C
1 500 99.60 781.68 ) 80 (850 °C) °
1 600 99.77 814.51
1700 99.85 838.68 SO} ° @
1 800 99.89 856.20 SOZ
1 900 99.91 868.78
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/mm H,S0, 1% /°C 900 mm 850 C
700 97.72 746.85 o 2 H,S0,
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900 99.68 853.11 o
1000 99.84 874.84 4) 1 m’/h
1 100 99.90 886.55
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