$12% 53 Brope I UF B Vol. 12 No.3
2024 4 6 J1 ADVANCES IN NEW AND RENEWABLE ENERGY Jun, 2024

NEHS: 2095-560X (2024 ) 03-0249-11

AACFHRIEA G SRR 2 S St SRUMS

Elj/jj:%lv {EI %z, 17 ?H)EJIKE 1’2: {‘ﬁ\ﬁj—i 1’ E%j'pﬁ LY
(1. WK, REIR S0 A A e E S 3080, il 310027 )
(2. RHERMDBRAF, B#ES 611731)

W OE: ORI R IR SRR A R . BB AT T 02 | m/h AR
SR AR R R T KRR S i i o ST IEIRME T Fe20s AL SN 8l 12 28, Horbds i R Fis L
REZ3 AR 1.439 x 1075711 125.63 kI/mol, AR5 X =ML XA BRLIR S3f as A TR o o 25 2R KRBT, i ] =0
fRorfrasth RREB NETERAL PEAR” BRXEAERMEHEER, IS TRB B4 43.27%,
IRFIARR] 3 it AR AR T SR 800 23% . TZSH =AE R A TE 0 5Eat b SEABUESE SiC /hek, #k—
AR T WBALIHOR , BB BT 4i4 70.51%, I H SiC /NBRFrS | EE i FE B A BERESS AR XT A/ . X &
P, CYFABLKC RS 870 mm ., EALIMARBC A 333 mm I, 25K =R BRAER A BERE, ILI SO it 4k /i
HIRF] 73.73%, XN Ho BYFRIR 5K 1.228 8 m¥h, Y50 S MEEE IR B FREARE] 860 CHT, SOs /iHfifkikE 5
60%, MAUFXTRN Ho FYBRIE 3R 1 m¥/he 1ZWF5E ) Ry P AR R o A a1 T TR E S5

KA WA BURIGER; BRIRIMEAS; BUERH; S5yt

FESFES: TKI1 XEFRERS: A DOI: 10.3969/j.issn.2095-560X.2024.03.002

Structural Design and Numerical Investigation of the Sulfuric Acid
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Abstract: The decomposition of sulfuric acid is a key step influencing the hydrogen production efficiency of the
thermochemical iodine-sulfur cycle. This article designed a pilot-scale bayonet sulfuric acid decomposer that met a hydrogen
yield of 1 m%h via numerical simulation. Firstly, the reaction kinetic parameters of the Fe2O3 catalyst were experimentally
determined, with the pre-exponential factor and activation energy being 1.439x107 s ! and 125.63 kJ/mol, respectively. Then,
a comparative simulation was conducted on the decomposers of three structural forms. The results showed that the "half-
area" inner tube had a stronger heat transfer effect than the "half-diameter" inner tube in the decomposer, reducing the length
of the preheating section by 43.27% and decreasing the catalyst usage by 23% to achieve the same decomposition rate. The
third structure further optimized the heat transfer effect of the preheating section by filling SiC balls into the preheating
section based on the "half-area" form, reducing the length of the preheating section by 70.51%. The increase in pressure drop
and energy consumption caused by the SiC balls were marginal. Furthermore, the third structure had optimal cost-effective
performance when the preheating and catalytic section lengths were respectively 870 mm and 333 mm, while the SO3
decomposition rate reached 73.73%, corresponding to a theoretical Hz yield of 1.228 8 m3/h. When the heating temperature
of the decomposer's outer wall decreased to 860 °C, the SO3 decomposition rate dropped to 60%, exactly corresponding to a
Ha yield of 1 m3/h. This study provides a reference for the design of a pilot-scale sulfuric acid decomposer.
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Fig. 1 Experimental system of SOs3 catalytic decomposition reaction kinetics research
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Fig. 2 Analytical model of SO; catalytic decomposition reaction kinetics
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Fig. 3 Schematic diagram of bayonet sulfuric acid decomposer
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Table 1 Dimensions of the sulfuric acid decomposers
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Table 3 Kinetic experimental conditions of SO;3
decomposition reaction catalyzed by Fe2Os3
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Fig. 5 Determination of kinetic parameters of SO3 decomposition reaction at different Gwusv: (a) Gwusy = 16.125 h™'; (b) Gwusv =
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Table 4 Kinetic parameters of SO3 decomposition reaction

catalyzed by Fe2O3
Fe Gwnsv/h™! Als! Ed/(kJ/mol)
1 16.125 1.238 x 107 125.64
2 13.002 1.007 x 107 122.92
3 11.301 2.073 x 107 128.32
FHIH — 1.439 x 107 125.63
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Table 5 Length dimensions of the sulfuric acid decomposers
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