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Research progress of thermochemical sulfur-iodine cycle water

decomposition for hydrogen production
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Abstract: With the increasing shortage of fossil energy and serious environmental pollution, it is urgent to seek
efficient, clean and renewable energy. Hydrogen energy, as a new password of modern energy industry system, has
attracted extensive attention in recent years due to its advantages of cleanliness, renewability, storage and wide
application. At present, there are several ways to produce hydrogen, but the large-scale, efficient, low-cost and green
way is the basis of hydrogen economy. Among them, thermochemical sulfur-iodine cycle (iodine-sulfur cycle) water
splitting hydrogen production is recognized as one of the most promising hydrogen production methods due to its
above advantages. This paper reviews the basic research on the thermochemical sulfur-iodine cycle water splitting
hydrogen production, and introduces it from three aspects: Bunsen reaction, H,SO4 decomposition and HI
decomposition. Secondly, the sulfur-iodine cycle systems that have been established in various countries are

summarized, and the latest progress in the nuclear energy-coupled sulfur-iodine cycle hydrogen production process
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is introduced. Finally, discuss and analyze the current nuclear energy coupling sulfur-iodine hydrogen production
from the aspects of economy, environmental protection and safety, in order to provide new ideas for future research
and development. For the Bunsen reaction part, it is very important to find a new method for efficient separation of
reactants; for the decomposition of H,SO4 and HI, the main research at this stage is still focused on the development
of stable, efficient and low-cost catalysts. After decades of research, thermochemical sulfur-iodine cycle water
splitting hydrogen production technology has made great progress. In actual hydrogen production, the harsh high
temperature and high corrosion environment and complex coupling process are the main reasons that limit its scale
and industrialization. Developing corrosion-resistant and heat-resistant systems made of industrial structural

materials, and continuing to optimize and simulate coupled processes are the future development directions of

thermochemical sulfur-iodide cycle water splitting hydrogen production technology.

Key words: sulfur-iodine cycle; nuclear energy; hydrogen production; thermochemistry
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Fig. 1 Schematic diagram of thermochemical sulfur-iodine
cycle water splitting
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Banerjee %P7 T ERES —on & B A

(Fex1-xCrax03) TEBRER 73 fift S B A ()37 M AL AR e

P, REIR: T FexxCraxOs FE M EBETE 550-
800°C [ B Vi [l AR BE B R 43 it s FeaOs il
T Cr BB AL bR AR A P 2 0 2R3
[ I}, Banerjee %5 BSVIE ML T = Bk 22
(Co/Ni/CuFe;04) PG, KIL CuFe,04 &2 FT

W 6 1 =P Bk 9 f A B B Ay BRI AT IR R 0 i
JLFRIHEAL 7 o

Abimanyu ZEB6LL Yoldas ¥ e - e v A1 H 3 v
FHZE A % Cu/AlLO3 Fe/AlL,O3 Al Cu/Fe/ALL,O; &
EHAF, TR Cw/ALOs AL IE It B &3 T
Fe/ALOs, P4 JE(Cu Ml Fe) & & EHEET
AL RS, (A TEYE B B A58 . Ginosar ZEB7I%} £
2 & &8 AT THER, 35 1.0wt% PY/TIiO,
AT RIS FE =T 850°CHY, 2Cu0-Cr,03
F CuFe 04 ¥ 14 15T 1.0wt% Pt/TiO, . Karagiannakis
GRS PR T 2 M E A SR S E AL
BB SiSiC B gh M EitERE, KB MR
RiZ&PET, BL SiSiC I alff & R AL PERER T LA
Fe 03 NEA IR R o % F& ] CuFe 04 HEALFFIAN SiC
WARI L, Tomar ZEE%9LR FR B Hl & T
CuFe;04/B-SiC, FT CuFe,04/Si0, HHATXFEL . 4551
FK. At A TR CuFe 04/B-SiC HEALFIH T
& @ AR AN BAE A, HE AR E A R T
HE— 45 CuFe,04/Si0, 7K} ) TAF I #ka i
RS, RO R4

B T ROTEREIN Cu-Fe H& & BEALIL,
AEH XS Ce-Cu H A &R AN R BRI T1F
YU 7% . Zhang ZEPUNT CexCu(1002 (x: 0.2~0.8)
ATHEFE, RKINFLAF CeosCuor0n HIMEAL I RE A 4T, I
HIRESL T CuO-CeO, TERMUEH L FEH 73 f# SOs
IFLEE . Yang 202906 f5 6 CuO-CeO, 713K F SiC
b, HFRERER: EEEMKT 800CH, CuO-
CeOo/SiC AL EREW] 215 T CuO-CeOa; (Cu+Ce)/Si
J&FHE N 5~10 mol.%, Ce/Cu ELfE N 1/1 I REFRS
BT AL PERE; FEEE ST T CuO-CeO,/SiC 43 fif SOs
IHEAGHLEE . Wang P08 T 3 — D3 | 3L A
B e ) R B 6 T AR AR AGIE S RE 77, 4 CuO-
CeO, 7 EE ) L s LR T AR A 3edk b sRih g SRR
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KBH AL =R AR, AR E SE
WAL R BA B SARRE RE R R e
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RARORE, B R A BE A fE 5 HaSO4 43
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Table 1 Summary of research work on H2SO4 decomposition catalysts

HEAEF FELER R MR K 2R
Pt/ A1203 . Pt/ ZI‘OZ ~ Pt/TlOz (Pt:

EALIETEHER . Pt/ ALOs> Pt/ ZrOy> PUTIO,;  PYTIO, AL AR 5E Mk f i 6h. 200h [64]
0.1~0.2wt%)
Pt/BaSO,4 (Pt: 0.5~2wt%) 1% 55 TR 4% 1K) P 3 SSCPE AN 1 45 8 B e v [63]
PYTIO, (Pt: 1wt%) Pt bedti . FERR A S R ML PR 32 B R A s (A AR R Eh XS M R AN K 548h [65]
10%Pt/TiO,+ Fe,03 Pt/ TiO, AL REIE T Fe,O5 (<700°C): JRM:AF P 5 BT [AIELG,  SO5 (bRl [66]
Pt/ AL,O; (Pt: 0.5wt%) Pt/ ALO; AL TG PEBEIR B T M358 (700~825°C )5 Pt kL 5 i HR #h Ak 4R 8k i 2 1a) 478 By R 4 100h [67]

Pt/SiC (Pt: 1wt%)

Pt/ n-SiC (Pt: 1wt%)
Pt/ SBA-15. Pt/ mSiC-15

(Pt: 1wt%)

Pt-HMSS

Pt-SBA-15

Pt@mSiO,

NiO. CoO. SiO,. AlLOs, ZnO. Cr;0;.
V,05+ CuO. Fe;,O3. MnO. TiO,
Fe,03. Co304. MgO. NiO

Pt. Fe;03. V50s. CuO. MnO,. Cr,0s.
Ce0,. Co0O. ZnO. AlLO;

Pt. Fe;0;3. CrO3v ALOs. CeO,. NiO.
CuO

Fe/Al F1 AI/Ti

SiSiC (Fe,03 %)

Fea1-9CrayO3

FHSRMRNS SiC HEAT AL FR ;K AR BHE 2 ol &AL PUSIC-AP (£ JCREH %) 7£ 650~850CH 4T (13
AR

Pt BUESE Si B LT RS2 PY n-SiC AT T PUSIC 193 22 JELA

Pt/ mSiC-15 b PEREME T P SBA-15; Pt/mSiC-15 £ 6h (850°C) R 4EH Pt/ m SiO,, Pt FKLIHKA
AR BT R L P IHURE, 3R m AR E

Pt 5133 Si0, BRI BEHIFG P-HMSS:  PIEE() Pt JI0RIAS Pt IR R FIRELE A — @ Utk Si0, 45 LBR P BE 113 Pt TRLIY
AL

SKF MPTMS FE4i &%) PUSBA-15 AT R ekt Pt BORI 4046 7E SBA-15 MIAFL L, 75 Pt BUkL & 18 Fa s

WA TR B MR T R RIpR 48 U7 TH RS BRSSP RHE A 1 iR B

AL T AT BB HEF . Fe,O3 > V4,05 > CuO > Cry03 > Co304 > TiO, > ZnO > MnO, > NiO > Si0, > Al,Os; fifLi%

7% Si0, 15 Pt

P AL LR T AT : Fe,05> Co304> CuO > Cry,05> ZnO> MnO,> TiO, > NiO> AlL,O3> SiO,
Fe,03 AL BRI T Fe 03 7#F] ALOs. ZrO, il BaSO, _FAEIR 4T Hu IR s fitk Pt

AL EHEFEF . PFe,05>V,05>Cu0>MnO,>Cr,03>Ce0,>Co0>Zn0>Al,0;

RIS H i3 IS VEHET : PRCr05>Fe,05> CuO > Ce0,>NiO >Al0;

AL A PERE Fe SR ROSTINTRISEN: 4 Jm BRER B 0TV AU SRR M R 32 SO SN RS S 1 e R 5

SiSiC M BRFL 3E 10 AT AFE, FerO5 T13ME SiSIC LRI RAFMIMEA TSP T 100k J& A H 3L & K35

Fe O3 vk B 10% Cr BURAM IR & T AL ERR R 43k S L v o8 5308 T - S8 AR P A R B, T LT Lk T )
FEA R R 1 R0

6h. 30h. 90h

6h

6h. 50h

50h

50h

100h

120h

1000h

100h

[68][69] [71]

[70]

[72]

(73]

[74]

(73]

[76]

[77][78]

[79]

(80]

(81]

(82]

(84]



Co/ Ni/CuFe,04

Cu/ALLO3+ Fe/ALL,O3+ Cu/Fe/Al,O3

FeTiOs+ MnTiO;. NiFe;,O4. CuFe,O4+
NiCr,04+ 2CuO-Cr,05. CuO. Fe,03
SiSiC  (Fe;03+ CuO. Cu-Fe. Fe-Cr. Cu-
Fe-Al If)2)

CuFe,04/B-SiC. CuFe,04/Si0,

Ce,Cu (10 07 (x: 0.2~0.8)
Cu0O-Ce0,/SiC

CuCe-SiC. CuCe-Al,0; CuCe-SiC-Al,O3-
ball. CuCe-SiC-ALLO;

Cu,V,07. CuV,06+ CeV4/SiO,. Cu-V-

0/Si0, %

fEALTEYEHER : CuFe,04 > NiFe,04 > CoFe,0y
Cw/ALO; AL TE IR T Fe/ALOs, 4 Cu Ml Fe MIE AMEMFE T AT RIS, ML R3458; [Cu)/[Fe] = 1/2,

[Cu] + [Fe] = 0.125 M /& ALO; Bk 73 fif SO5 [ fx 42 )8 2k A

TEAEVEHET . 2Cu0-Cr,05 > CuFe,04 > NiCr,042NiFe,04 > MnTiO3~FeTiO;

Fe-Cr (Feo7Cri303) f&SEUPP BRI PE e 1A K

CuFe,04/B-SiC M A B Z My dfrEfn, FAFT SO; 4 T MRS, MEILMEREELF

CeqsCuo 20, HEALPERESAT: HEALHLADR K HEA SO; A HREUHI G M AR R 55— A SO5, HUR £ SO, #1 0,
CuO0-CeOy/SiC fEMMERELE T CuO/CeO, (<800°C); (Cu + Ce)/Si=5~ 10 mol.%, Ce/Cu=1/1 REFRIG I AE LIRS
CuCe-SiC-ALO; BABU= AL MERE, £ 625°C UG ATl SO; 43 i e P ik 347 B P E s BRI 1 &
515 SO; SRR BRI, 5B RIS

TEARMEALTI R SIS CEAL), RESR m R AEAL AUIGIR N RIHT R BE

168h

100h

120h. 300h
60h

4h. 20h

50h
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(87]

(88]

[891090]
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[92]93]
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o3k B Bunsen VGBS R Hix AR
HHAETE/D B HaSOs 245 WERAINALEE, &5 )5
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TR AL 3% . HAT, % K H Bunsen ¥ B R 2
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BEEEE MRS R BIK Hx SERE5F T
H,S Oy i B0,

alifl J5 1) Hie W5 3L HIx JE #2k, (A
WREEIAR, — BN 10mol HI/kg HoO. TR B 423N
IrfReS, Hlx SR B HaO 2 FER B RE &L A,
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OSURIE - F V2 M (EED) TR 4 A% & o IR TRA DY
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Fig. 2 Schematic diagram of electrolysis-electrodialysis

concentrated HLx solution
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Table 2 Published research on HI decomposition catalysts during 2015-2023

PEALF FEL FasE PEMA T LR

Pd/AC. PYAC. It/AC. Pd-PYAC. Pd- 550 CHJEALFHET: Pt-Ir/C> Pd-Ir/C > Pd/C> Pd-Pt/C > Pt/C > Ir/C;

Ir/AC. Pt-Ir/AC 600 °C I AL FIHET: Pt-Ir/C > Pd-Ir/C > Pd-Pt/C > Pt/C > Ir/C > Pd/C el
2.5%Pt-2.5%Ir/AC HEALFIMEALTEMEf s PR I (AR TLAE FI AT LAR R Pe-I/AC AL R IR e MERIURR A M fALTR 0 Ee e AR R 9L

Pt-It/AC 70h [117][118]
IR RABIBE T B T T R/

M@HCS. M/AC (M=Pt. Ir. Ni) AL IS MR . Pt@HCS > r@HCS > Ni@HCS; M@HCS #EALE 5 T M/AC [119]

AC. MWCNT. CMS. GNS. Ni/AC. MG EHEF: AC>CMS >MWCNT > GNS, Ni/AC > Ni/ CMS > Ni/MWCNT > Ni/GNS; AC A 5 AU S HI 1 R 4670,

Ni/MWCNT. Ni/CMS. Ni/GNS T HZ Ni 1 R A 8k .

AC. MWCNT. CB. CMS HAFE T : AC>CMS>CB>MWCNT 25h [121]

Ni/AC  (Ni: 5%~15%) 12%NV/AC iR TR RAE, (HEETEA e 24h [122]

Ne AL FINEPEHEY : SC-40HF > AC > SC-25 HF > SC-10HF > SC; SC 17 S 2B A & HI AL AN 015 1 67 5 [123]

Ni/ALOs;+ Ru/C 500°C AL I BE R B VR P OB e T N B e 2 SRS AR 4 SR T ) 400min [124]

Ni-PYAC. Ni-Pt/y- ALO3+ Ni-Pt/ZrOy.  HEALFITEHEFERE: Ni(2.5%)-Pt(2.5%)/AC > Ni(2.5%)-Pt(2.5%)/y- AL,Os> Ni(2.5%)-Pt(2.5%)/ZrO,> Ni(2.5%)-Pt(2.5%)/CeO,; Ni(2.5%)-

Ni-Pt/CeO, Pt(2.5%)/AC AT FE o BAT R AT AR e oo (2]

Ce0,-Pd BRI LT, AT RIAR G R, PR IERUR 4 2 s/ 5h [126]

CeOy-La. CeO,-Pr. CeO,-Nd HEALFIFEVEHET: CeOr-La>Ce0,-Pr>Ce0,-Nd: Hi-LIt FAEHE T CeO, AL MR 35h [127]

Ce0,-Niv Ce0,-Co. CeOx-Fe BB RE A 300°CIN, HEALFIEVEHET . CeO,-Ni> Ce0,-Co> CeOs-Fe: ALk BEIB b i B 1 17 1 B A1 5h [128]

CeOy-Ir HALERENL T CeO,-Pd 5h [129]
HEALTF AR : Ni-Co /AC> Ni/AC> Co/AC; Ni-Co M & JE HEALHIH Ni/Co FIZHHGR t T AL FITE LRI MR, Ni/Co 1E 3:1 I

Ni-Co /AC+ Ni/AC. Co/AC 70h [130]
=42 N R3S SN ] TRk

Pd/CNT. CNT AL MERERE . PA(3%)/CNT > Pd(5%)/ CNT > Pd(1%)/CNT > CNT 100h [131]

PYTIO, A Y LU 2 TRT AR 5 A U P 1 P e T 3h [132]

NAC IR B N BeiR s AL AETE: N-6 B RelIupitie, JEIERTHRAT R e AU GE R R AL E O [133][136]

Ni/SiO,+ Ni-Ru /SiO, Ni/SiO, *'5I N\ Ru fig & m fEALTIETE . Fae PEAThuaR vk 800min [135]
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S T LA BA (1) S Al A T R AT A VF 2 1 R
Bk, (HADHI T iR 22 B g A )
ARG, FlwkE@EAHE T (GA) AFES. 2RI,
PEIIEFE A 7 Z0 S T PRSI HaSO4 77
T FEE AN A 2% AU AH AR e B G I SR AR e 1e AT
I8 TR R AR -

TENBRBUEA T2 EEN GA AF], 25
MERRAH FLFE AR B R G0 R I TN . GA 7]
YR IR A BRI R, Bk
FPEUEZN 4 NL/min, N 47% 4137, 1%
ARG H 3 ML ICA R, B Bunsen 0. HaSO4
I3 gL TT AN HI 73 58T, PP B 70 380 FH B ) ko
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Fig. 3 JAEA sulfur-iodine hydrogen production system diagram
of each stage
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Table 3 Summary of nuclear energy hydrogen production costs

R HABR  HIEEE (R A C$/kg)
VHTR HTSE 964.22 2.47
VHTR HTSE 321.41 3.19
APWR PEME 345.6 5.46
APWR PEME 691.2 4.14
APWR PEME 1382 3.56
HTGR HTSE 345.6 2.24
MHR HyS 580 1.77
PBR HyS 160 5.34
SCWR Cu-Cl 200 231
VHTR Cu-Cl 200 2.02
SCWR Cu-Cl 125 3.36
SCWR Mg-Cl 172.8 3.67
MHR Sl 200 1.93
VHTR SI 200 1.85
Nuclear Sl 1200 1.64
VHTR Sl 591.78 5.36
SCWR SI 1175 3.56
HTGR Sl 345.6 2.63
GT-HTR Sl 50.1 2.46
HTR-PM SI 1175 3.78
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