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Abstract

Nowadays, increasing global energy demand, fossil fuel dependence for energy generation, and
resulting CO2 emissions multiply economic and environmental concerns. On the other hand,
hydrogen is a clean energy carrier that can eliminate greenhouse gas emissions and meet future
energy needs. Sulfur-lodine (SI) thermochemical cycle is a highly efficient, eco-friendly, and
lower temperature (~900°C) water-splitting process for hydrogen production. There are three
main reactions in the cycle: Bunsen reaction, sulphuric-acid decomposition, and hydrogen
iodide (HI) decomposition. HI decomposition is an essential step of this cycle because
hydrogen is formed here. It is an endothermic, reversible, and equilibrium-limiting reaction.
There is no remarkable conversion of HI without the catalyst, even at 550°C. The literature
primarily focussed on Pt-based catalysts and costly hydrogen-permeable membranes, which
affect the overall cost of the cycle. Hence, there is a need for cost-effective, active, and stable
catalysts and a feasible approach for attaining conversion above equilibrium in a fixed bed
continuous flow reactor. In the present study, NiO-ZrO- in xerogel form was synthesized by a
single-step epoxide-driven sol-gel method with different nickel content that showed HI
conversion of 23.6% at 550°C. The catalyst (5 wt% NiO-ZrOz) was tested with an adsorbent
for iodine removal to increase the conversion above equilibrium. Activated Carbon (AC) was
selected as an iodine adsorbent and potentially exhibited catalytic properties for HI
decomposition reaction. The catalyst and adsorbent were arranged in different assemblies
inside the reactor bed to find a suitable configuration. The intermixed assembly showed
maximum conversion at 500°C, i.e., 25.6%, which was 2.6% above the equilibrium value. The
catalyst and synthesized adsorbent (5 wt% iodine impregnated on AC) were investigated to
confirm the role of adsorbed iodine in intermixed assembly at 500°C. It has been observed that
a significant conversion of ~35% was achieved, indicating I/AC adsorbent triggered the
conversion owing to its intervention that allowed the system to cross the equilibrium barrier.
The long endurance test measured with catalyst and 12/AC in the intermixed assembly at 500°C
showed excellent stability of ~50 h. Thus, this increase in conversion beyond equilibrium
through iodine removal in a packed bed continuous flow reactor is a practically feasible, stable,

and economical approach.
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Graphite

Gigatonne

Hydrocarbon

High-resolution transmission electron microscopy
High-temperature gas-cooled reactor
International atomic energy agency

Inductively coupled plasma-mass spectroscopy
Intensity of D band

Interantional energy agency

Intensity of G band

International union of pure and applied chemistry
Japan atomic energy agency

Joint committee on powder diffraction standards
Joint research center

Kilo electron volt

Korea institute of energy research

Crystallite lateral diameter

Metal-organic frameworks

Multiwalled carbon nanotube

National chemical laboratory for industry
Nanometer

Parts per million

Selective area electron diffraction

Surface area of catalyst (m?g™)

Scanning electron microscopy
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SSA

TCD
TOS
TPD
TPR
XPS
XRD
AG

AH

Sulphur iodine

Specific surface area

Temperature (°C)

Thermal conductivity detector
Time on stream

Temperature programmed desorption
Temperature programmed reduction
X-ray photoelectron spectroscopy
X-ray diffraction

Gibb’s free energy (kJ/mol)

Heat of reaction (kJ/mol)
Diffraction angle (degree)
Wavelength (nm)

Active site
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