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• IEC is an indicator of the number of ions that a membrane can 

adsorb, determined by titration.

• Grafting time: 8 h, total monomer concentration (St + DVB) = 

50%At a DVB concentration of  10%, IEC decreased 

significantly. → This is attributed to DVB reacting with 

radicals more rapidly than St, leading to polymerization and 

crosslinking structures that suppressed St polymerization.

• With grafting time fixed at 8 h and total  monomer concentration at 50%, IEC varied from 1.0 to 3.3 mmol/g depending on DVB concentrat ion.

• Increasing the solution temperature led to higher cell voltages at 100 mA/cm² and 60 min: 20℃ : 0.76 V, 50℃ : 1.30 V, 60℃ : 1.68 V.

• Using a Kr-beam-grafted membrane loaded with Pt/C catalys t resulted in a cell voltage of 1.57 V at 200 mA/cm².Fig. Relationship between solution concentrati on and electr olysis  time at 20℃

The lowest ohmic overvoltage was observed at  a DVB concentration of 5 vol% (200 mA/cm²: 
0.76 V, 1.03 V).Cell voltage ranged from 1.74 to 5.38 V regardless of IEC.

IEC varied from 1.0 to 3.3 mmol/g depending on the DVB concentration in the monomer 
solut ion, with the graft ing time fixed at 8 h and the total monomer concentration at 50%.

Hybrid Sulfur (HyS) Process

• HyS process is a type of thermochemical  hydrogen 

production.

• Sulfur compounds (SO₂) are circulated within the system 

to generate hydrogen.

• Unlike halide-based processes, hydrogen can be produced 
without halogen reactants.

• Hydrogen production is possible at about 1/7 of the 
theoretical water electrolysis voltage (1.23 V).1)

HyS Process – SO2 depolarized electrolysis

(SDE reaction)

• By separating the electrodes with a cation exchange 
membrane, the react ion can proceed efficiently.2)

• Since ~90% of the total process energy is consumed in 

this  electrochemical  step,² reducing overvoltage is crucial 

for improving overall  efficiency.

Cathode ∶ 2H+ + 2e− → H2
Anode ∶ H2SO3 + H2O → 2H+ + H2SO4 + 2e−

Net reaction : H2 SO3 + H2O → H2 + H2SO4

Theoretical cell vol tage：0.157 V

SDE reaction – ohmic overvoltage (without catalyst)

Investigation of hydrogen production method using sulfur dioxide
（Shibaura Institute. of Technology, Japan）
〇Tokuto Tatsujima, Taichi Tomizuka, Izabela Rzeznicka, Mikihiro Nomura*

➢ Together with H₂O, SO₂ permeates to the 

cathode side.

̶Sulfur deposition occurs on the cathode 

electrode.

̶Leads to decreased electrolysis efficiency.

Problem Objective

1)L.E . B recher e t al,  Int. J. Hydrogen Energy, 2 , 1,  (1977),  7-15

2)河村ら, “硫黄サイクルハイブリッド法による水素製造”, 75, (2007)

3)Tulskiy, G. , e t al.  (2016).  Elec trochemical  Energy Te chnology,  2(1). 13 -16 

4) Shin-i chi Sa wada e t a l,  Int ernat iona l Journa l of Hydrogen Energy, 45, (2020), 13814-13820
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Fig.  Re act ion schem e of the  HyS proce ss.

Anolyte 1.5 M H2SO4, N2 gas

N2 gas flow ra te 300 m L/m in

C atholyte 1.5 M H2SO4

Pump flow rate 6000 mL /h

➢ Reduction of overvoltage in the electrochemical 

oxidation reaction of the HyS process.

̶Fabrication of cation exchange 

membranes

Ion exchange capacity：IEC

IEC mmol g−1 =
0.01×VNaOH

Wd

𝑊𝑑: Membrane weight after sulfonation [g]

Fig.  Re la tionship betwe en me mbra ne  IEC  and DVB 

concent ra tion in  the monomer solut ion.

Ta ble.  Experime ntal  condi ti ons

Fig.  Re la tionship  betwe en DVB conc entrat ion  and ohmic overvol ta ge

Increasing the solution temperature led to higher cell voltages 
after 60 min: 20℃ : 0.76 V, 50℃ : 1.30 V, 60℃ : 1.68 V.

SDE reaction – Effect of temperature

Fig.  Re la tionship betwe en ce ll  vol ta ge  and t ime  at  100 m A/cm² Fig.  Re la tionship betwe en SO₂ solubi li ty  a nd c el l volt age a t di ffe rent t empera tures Fig.  Re la tionship betwe en ca ta lyst loading and ce ll  vol ta ge

SDE reaction – Effect of Pt/C catalyst

When a Kr-beam-grafted membrane was  loaded with 0.6431 mgPt/cm² of Pt/C on one 
side, the lowest cel l voltage of 1.57 V was observed at  200 mA/cm².

Fi g.  Re la ti onship  bet we en current de nsi ty  a nd c ell  volt age

SO2(g) + H2O → H2SO3

H2SO4 H2SO4

H2SO4

SO2

Cation Exchange Membrane

Pump Pump

2e-

Cathode Anode

2H+ H2SO3 + H2O

2e-

2H+

H2 2H+ + H2SO4

Fig. 実験装置模式図
Fig.  Experime ntal  setup.

Fig.  ET FE膜

(le ft) a smade

(right) C rossl inked mem brane

Fig.  Schema ti c i ll ustrat ion of radiat ion-induced graft polyme riza tion.

Radiation-induced

graft polymerization4)

• Crosslinking can suppress the permeation of H₂O and SO₂.

• Ion exchange group density can be controlled over a wide range.

Membrane fabrication procedure

Fig.  ET FE

Substrate

Monom er  / Crosslinker

Fig.  (le ft ) Styrene

(right)Divinylbenze ne , (DVB)

Fig.  Structure  of the 

ca ti on  e xc ha nge 

me mbra ne  (CE M)

γ ray

Ion

beam

Items Investigated • Effect of cation exchange membrane on ohmic overvoltage
• Influence of electrode catalyst and temperature on electrochemical 

oxidation

• Transfer  of SO₂-containing 

species together with H₂O from 

the anolyte to the catholyte has 

been reported.

• Deposition of  sulfur (S) and 

hydrogen sulfide (H₂S) on the 

cathode surface has also been 

reported.
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Fig 1, AnolyteとCatholyteにおけるSO2濃度の経時変化 Fig 2, Catholyteにおける硫黄粒子量の経時変化

Previous studies3)

Fig.  Time va ri at ion of SO₂ conc entrat ion 

i n anolyt e and catholyt e.

Fig.  Time va ri at ion  of sul fur pa rt ic le  content  

i n catholyt e.

＊Tel. ＆ FAX : 03-5859-8160
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Fig.  Re la tionship betwe en DVB conc entrat ion and ce ll  vol ta ge
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