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Abetract. Thiz smdy investigated the szimultanecus photocatalyziz-electrocoagolation process wsing pumice-supported g-CaMa/BiCEBr
nanocomposites in seswater treatment to remove organic polbatants and generate hydrogen gas. The photocatalyst nanocompaszite was synthesized
wia coprecipitation and inmobilized on the pumice surface to enhance light exposure and facilitate catalyst recovery. The performance of the hybrid
system wazs evaluated under various operational parameters, inchuding applied voltage, seawater concentration, and pH. The results showed that the
combined procezs outperformed the individual photocatalyziz and electrocosgulation systems. Optimal performance was achieved at pH 3 and 15%
segwalel concenTation, resuling in §8.37%% methylens blue decolorization and 211 mL of hydrogen within 2 hourz. At higher zalinities and lower pH,
increazad coagulant formation caused a shadowing effect, Emiting photocatabytic efficiency despite continued hydrogen evchution. The XP5 (X-Ray
Fhotoslectron Spectrogcopy) characterization of the photocatslyst material, demonstrated the successful formation of & nanocomposite with a stable
surface chemiztry. Photoluminescence analyziz confirmed that the charge separation mechanizm could be enhanced, supprezsing the recombination
rate and being the primary reason for the enhanced photocatalyziz process, although interfacial electronic interactions remained Bmited. Crrerall, this
stmudy demonstrates that the pumice-supported g-C N, /BiOBr photocatalyst integrated with electrocoagulation provides an effective and stahle
platfiorm for seawater-bazed hydrogen production and organic poliutant remonval
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1. Introduction

The mcreazing demand for clean energy and the urgent
need to nutgate climate change are drving the zearch for
sustanable  and  reczource-efficlent renewsble  energy

In thiz regard, solar and electrical energy can be uzed m a
complementary pattern by relymg on the hybnd processez of
photocatalyziz and electrochermical methods (Muttagn er &,
2022; Prattwi et al,, 2025; Surjo et al, 2024). Photoca iz uzee
zemiconductor matenals to abzorb light and produce eectron-

technologies. In thiz context, hydrogen has been recogmized as
a promising carrier m the world energy tansition due to the
high-energy content and lack of carbon emizzion throughout
combustion {Cheekstamarla, 2024; Roy and Pramanik, 2024; L
Zhang et al, 2024). Among the vanous hydrogen producton
methods, water zplitting fueled by zolar energy iz conzidered
one of the most attractive renewsble energy sources
(Badruzzaman et al., 2025; Imran and Huszain, 2024; Jia et al,
2016). However, there iz a scarcity of frechwater rezources,
which are often used in agnculture or for household purpozes.
Thiz haz led to a nize in the use of zeawater az & nich and
naturally conducting substance to produce hydrogen. Dezpite
the sbundant accessz to zeawater, the large-zcale uze In green
hydrogen mfrastructure 1z zoll lmnited. Thiz iz due to the
complexaty of the lomic composition, az well az the nabiity to
develop =ztable and effective catalystz operatmg mn zalne
STVITOITETIES.
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hole pairz for the production of redox reactions to zplit water
and ebmmate pollutants (Al o7 o, 2024; Hoszeim eral, 2023; R
Li and Li 2017, Yusuf e of, 2025). Meanwhile,
electrocoagulation includes the apphcaton of direct current to
zacrificial electrodes, made of ahuminum /ron, which dizsalves
to create hydromde flocs capturing diszolved contarinants (Al-
AJma et al, 2025; Boinpally et al, 2023). Theze two systems are
by-productz of cathodic reduction to generate hydrogen gas,
and the mechamizms of operation suggest a srong potential for
synergistic interaction when mplemented smultaneously.
Recent studiez have shown that the combmaton of
photocatalyziz and electrocoagulaton produces a significantly
higher operational efficlency compared to the use of a zingle
method (Muttagmn et af,, 2022; Pratiwi ef af, 2025, Surjo et al,
2024). Thiz enhanced performance 1=z atmbuted to the
mteraction between thess mechamezmes. In terms of mechanizms
of operation, the external electric field facilitates the extraction
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nanocomposites in seawater treatment to re pollutant: hydrogen gas. The pl nanocompaosite

was synthesized via coprecipitation and immobilized on the pumice surface to enhance light exposure and facilitate catalyst
recovery. The performance of the hybrid system was evaluated under various oper
seawater concentration, and pH. The results showed that the combined process outperformed the individual photocatalysis and
electrocoagulation systems. Optimal performance was achieved at pH 3 and 15% seawater concentration, resulting in 99.37%
methylene blue decolorization and 211 mL of hydrogen within 2 hours. At higher salinities and lower pH, increased coagulant
formation caused a shadowing effect, limiting photocatalytic efficiency despite continued hydrogen evolution. The XPS (X-Ray
opy) characterization of t material, demonstrated the successful formation of a

witha e chemistry. analysis confirmed that the charge separation mechanism could
be enhanced, suppressing the recombination rate and being the primary reason for the enhanced photocatalysis process, although
interfacial electronic interactions remained limited. Overall, this study demonstrates that the pumice-supported g-C;Na/BiOBr
photocatalyst integrated with electrocoagulation provides an effective and stable platform for seawater-based

and organic pollutant remaval. © 2026. The author(s).
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