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Hybrid Sulfur (HyS) Process o
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HyS process is a type of thermochemical hydrogen
production.

Sulfur compounds (SO-) 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).
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HyS Process — SO, depolarized electrolysis
(SDE reaction)

« By separating the electrodes with a cation exchange
membrane, the reaction can proceed efficiently.?)

« Since ~90% ofthe total process energy is consumed in
this electrochemical step,? reducing overvoltage is crucial
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Radiation-induced
graft polymerization®
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Membrane fabrication procedure
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Theoretical cell voltage : 0.157 V

Problem Objective

» Together with H20, SO: permeates to the » Reduction of overvoltage in the electrochemical

cathode side. oxidation reaction ofthe HyS process.
-Sulfur deposition occurs on the cathode
electrode. ~Fabrication of cation exchange

-Leads to decreased electrolysis efficiency. membranes

(right) Crosslinked mem brane

Fig Schematicillustration of radiation-induced graft polymerization.

*  Crosslinking can suppress the permeation 0fHz0 and SO..
« lon exchange group density can be controlled over a widerange.

 Effect of cation exchange membrane on ohmic overvoltage
+ Influence of electrode catalyst and temperature on electrochemical
oxidation

Items Investigated

Ion exchange capacity : IEC
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Fig Relationship between membrane IEC and DVB
concentmtion in the monomer solution.

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

SDE reaction — ohmic overvoltage (without catalyst)
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Fig Relationship between DVB concentration and obmic overvoliage
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Fig Relationship between DVB concentration and cell voltage

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

SDE reaction — Effect of temperature
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Increasing the solution temperature led to higher cell voltages

SDE reaction — Effect of Pt/C catalyst
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‘When a Kr-beam-grafted membrane was loaded with 0.6431 mgPt/cm? of Pt/C on one

08 after 60 min: 20°C : 0.76 V, 50°C : 1.30 V, 60°C : 1.68 V. side, the lowest cell voltage of 1.57 V was observed at 200 mA/cm?.
B .,
§ 06 oo 1)LE.Brecher et al, Int J.Hydwogen Energy.2, 1, (1977), 7-15
g .o, . DM B, Bl A5 A Ty FiEI Bk ERIE" T, (007)
& 3)Tukkiy, G.,etal (2016) El h I Ex Technology, 2(1). 13-16
P Conclusion i A St A SN SRR
>, ® Anolyte
@ 02 :g;‘hg‘:,z,mn line * 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 concentration.
on * Increasing the solution temperature led to higher cell voltages at 100 mA/cm? and 60 min: 20°C : 0.76 V, 50°C : 1.30 V, 60°C : 1.68 V.
e Time [minl -  Using a Kr-beam-grafted membrane loaded with Pt/C catalyst resulted in a cell voltage of 1.57 V at 200 m A/cm?.
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