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Abstract

This work introduces a universal strategy towards facilitating and controlling the
formation of biphasic P2/03 structures, along with other preferred structural types (P-
type and O-type), in ‘layered’ Na- transition metal (Tm) oxides. Building on our previous
study?!, where we revealed that it is the overall degree of covalency of the cation-oxygen
bonds in the Tw02-‘slab’, as governed by the overall average charge:size ratio (C:S) of the
cation-combination in the Tu-layer (viz., electronegativity), that tilts the balance between
P2 vs. 03 phase formation for a given Na-content, we reveal here the possibility of
facilitating and controlling the P2 + O3 (i.e., bi-phasic/single phase) content in ‘layered’
Na-Tm-oxide based on the same concept. Using a predominantly Ni-Mn-based
composition, we systematically modulated the overall covalency of the Tm-O by
substituting a low-electronegativity cation (Ti%*, having a lower “charge:size” ratio ~6.5
A-1) into the transition metal (Tu) layer for Mn** (having a higher “charge:size” ratio of
~7.5 A-1). This reduction in covalency enhanced the relative stability of the 03 phase over
that of the P2 phase for the original composition, enabling a controlled phase
formation/content for the mixed phase (i.e., 03 + P2) and then eventually in phase pure
03. The effects of the phase assemblage on the electrochemical behaviour have also been
studied in Na ‘half’ cells. These findings offer insights into the design of mixed-phase
(03/P2) cathode materials by precisely tuning the covalency of the Tm-O bond and
following the map reported in our previously published work! (viz., the C:S corresponding
to the Tu-layer relative to the stoichiometric Na content), enabling optimized structural
stability and improved electrochemical performance as cathodes for sodium-ion
batteries.
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Rechargeable aprotic lithium-carbon dioxide (Li-CO2) batteries have attracted significant interest for its potential
as a carbon capture technology and sustainable energy storage. The Li-CO; battery, with a theoretical energy
density of 1876 Wh/kg, features a CO;-fed cathode, a lithium metal anode, and an organic electrolyte. Li,CO3
forms as the main discharge product and dissociates back into Li and CO; during charging. However, its practical
viability is hindered by several fundamental challenges. Primarily, the high kinetic barrier between gaseous CO;
and the solid Li»CO3 product!. The irreversible formation of insulating Li»CO3 results in a low operating voltage
(<2.5 V) and poor energy efficiency. Moreover, although Li-metal serves as a high energy density anode, its
instability and continuous degradation during cycling severely impact long-term performance, ultimately

contributing to battery failure.

Differentiating and quantifying inactive lithium species is crucial for understanding the battery failure
mechanisms, as this provides essential insights into the underlying challenges. Therefore, a systematic
examination of the dynamic evolution of inactive Li and its fundamental relationship with lithium loss, electrolyte
decomposition, and solid electrolyte interphase (SEI) formation is necessary.2 3 To accomplish this, we employed
a comprehensive set of analytical techniques, including electrochemical, spectroscopic characterization, and
chromatographic techniques. This integrated approach allows us to quantify the evolution of dead lithium metal

and SEI components separately, providing a deeper understanding of degradation pathways in Li-CO; batteries.

As the degradation mechanisms of Li-CO; batteries remain largely unexplored, this study offers a detailed
investigation using various quantification techniques. Due to the inherent instability of Li-metal in organic
solvents, our findings reveal that repeated cycling leads to progressive passivation of the anode. This degradation
is primarily driven by electrolyte decomposition, which forms LiOH deposits, and CO; crossover effects, which
lead to Li»CO3 accumulation. These combined processes accelerate surface passivation, increase dead lithium
formation, and ultimately contribute to capacity loss and battery failure. Our quantitative analysis provides
critical insights into these degradation mechanisms, paving the way for future advancements aimed at mitigating
capacity loss and enhancing the long-term stability of Li-CO; batteries.
Keywords: Li-CO; battery, Dead Li quantification, SEI components
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Abstract

LiNi.gMng.;C00.10, (NMC811) is a leading cathode candidate for next-generation lithium-ion
batteries (LIBs) due to its high energy density. However, the commercialization of NMC811 is hindered
by its structural instability and surface reactivity. Surface chemical instability towards exposure to
ambient moisture induces residual lithium compounds (RLCs: Li,CO3, LiOH), which form resistive layers
and trigger parasitic electrolyte reactions. To address this issue, we propose an “Adverse-to-Beneficial”
approach to eliminate RLCs by chemically transforming them into a LixPOy (Li3sPOsand LiPO3) interface. 1
The interface protects the NMC811 surface from moisture attack and unwanted side reactions with
electrolytes.

The key achievements in the work include enhanced cycling stability, improved kinetics, and
reduced interfacial resistance. The protective LixPOy interface enhances the cycle life of NMC811 by
retaining 70 % of the initial capacity after 300 cycles at a 0.5C rate and 60 % after 500 cycles, even at a
5C rate in the voltage window of 3.0 — 4.3 V vs. Li*/Li. The coexistence of two Li-conducting phases lowers
the voltage polarization of the kinetically sluggish H1 — M phase transition, which enhances fast cycling,
reduces cationic disorder, improves coulombic efficiency, improves ion diffusion kinetics, and minimizes
particle crack formation after long-term cycling. ! This approach leverages RLCs, typically detrimental, to
construct a stabilized interface, demonstrating a viable pathway for deploying NMC811 in commercial

batteries without complex coating infrastructure.
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Abstract

Aluminium batteries (ABs) are promising candidates for next-generation energy storage due to
aluminium’s abundance, low cost, and high theoretical capacity. In this work, birch wood-derived carbons
were synthesised via carbonisation followed by KOH activation at biochar-to-KOH ratios of 1:4 (CBW14)
and 1:6 (CBW16). Material characterisation reveals that activation conditions play a critical role in
governing pore evolution, allowing for the controlled tuning of micro- and mesoporosity. Micropores
enhance accessible surface area and charge storage sites, while mesopores facilitate ion transport and
electrolyte penetration. An optimised activation ratio yields a hierarchical pore architecture with a
balanced micro/mesopore distribution, whereas under- or over-activation leads to inferior pore
connectivity. Galvanostatic charge-discharge measurements confirm that the optimised carbon delivers
superior capacity, rate capability, and energy density. These findings highlight that rational pore
hierarchy engineering, rather than maximising surface area alone, is key to improving the

electrochemical performance of biomass-derived carbon cathodes.
Keywords : Aluminium batteries, Biomass, Activated carbon, Porosity, Electrochemical performance
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Abstract

O3-type layered oxides are considered promising cathode materials for sodium-ion batteries
(SIBs) due to their high specific capacity and energy density. However, their practical application is
often limited by rapid capacity fading, which arises from severe structural degradation and complex
phase transitions during cycling. In this work, we develop a Mg/Cu co-doped O3-type layered oxide,
Na[Mgo.03(Nio.2sCuo.05F€0.2Mno.5)0.97]O2 (NFM-MC), as a high-performance cathode for SIBs. The co-
doping strategy effectively widens Na* diffusion channels and enhances electronic conductivity,
resulting in significantly improved rate capability. In-situ XRD analysis reveals that Mg/Cu co-doping
suppresses irreversible phase transitions and minimizes volume strain during cycling, thereby
enhancing structural stability. The NFM-MC cathode demonstrates outstanding long-term cycling
performance, delivering 95% capacity retention over 500 cycles at a 2C rate in the 2.0—4.0 V range,
far surpassing the 40% retention observed in the undoped counterpart. Additionally, the co-doped
cathode exhibits improved high-voltage stability, maintaining 90% capacity after 300 cycles at 1C in
the 2.0-4.2 V range. These findings highlight the effectiveness of Mg/Cu co-doping in stabilizing O3-

type layered structures for high-performance sodium-ion batteries.
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Abstract
Layered sodium transition metal oxides (NaTMO,, TM = 3d metals) have emerged as promising cathode
materials for sodium-ion batteries (SIBs) due to their structural versatility and cost advantages. Among
these, Fe-based layered oxides attract significant attention for their unique ability to incorporate high Fe
content into the transition metal layer—an advantage not seen in their lithium counterparts. Here we
have approached a different strategies varying Fe content in the 03 type Cathode material, This capability
enables activation of the Fe**/Fe** redox couple, providing high capacity and low-cost alternatives for
SIBs. However, increased Fe content introduces challenges such as Fe ion migration, structural instability,
and oxygen release during electrochemical cycling. These effects lead to capacity fading, voltage decay,
and irreversible phase transitions. Strategies such as Cu-Ni/Fe substitution have shown promise in
suppressing Fe migration and stabilizing the structure. This review discusses the structural evolution,
redox behavior, and electrochemical performance of Fe-rich NaTMO, systems, highlighting both the
opportunities and limitations of Fe incorporation, and outlines future directions for optimizing Fe-based

layered cathodes for practical SIB applications.
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Abstract

Rechargeable magnesium batteries (RMBs) are gaining attention as a potential next-generation energy

storage technology due to magnesium'’s high theoretical volumetric capacity, low cost, and widespread

availability. Despite these advantages, their practical application remains limited by key challenges, such

as the lack of cathode materials capable of reversible magnesium intercalation and the scarcity of stable

electrolytes compatible with magnesium metal anodes. In this study, Mos.sW,.5Sg cathode material is

synthesized for the first time using a high-energy ball
milling method. Structural and morphological analysis
performed via X-ray diffraction (XRD), field emission
scanning electron microscopy (FESEM), and energy-
dispersive X-ray spectroscopy (EDS), Inductively coupled
plasma mass spectroscopy (ICPMS) confirms the formation
of a rhombohedral crystal structure and the successful
substitution of W into the MogSg lattice with a distinct
cuboidal morphology. The W-doped material also

demonstrates improved electronic conductivity compared
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to pristine MogSs. Electrochemical testing of a Mos.sWy.5Sg||Mg coin cell at room temperature shows a

first discharge capacity of 116 mAhg ! at a C/5 rate. Also, a specific capacity of 112 mAhg! achieved at a

C/3 rate, with 97% capacity retention over 400 cycles. Additionally, the study investigates the magnesium

ion diffusion behaviour within the Mos.sW,.5Sg structure. Diffusion coefficients, derived from

electrochemical impedance spectroscopy (EIS), and galvanostatic intermittent titration technique (GITT),

span a range from 1078 to 107** cm?/s. Furthermore, post-mortem analysis using ex-situ XRD and FESEM,

confirms the structural integrity of the electrode after extended cycling.

Keywords: Diffusion kinetics, Conductivity, Post-mortem analysis.
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Abstract

The inability of graphite to efficiently store Na+* ions at low potentials necessitates the exploration of
alternate materials as viable anodes for Na-ion batteries. The current work primarily focuses on
comprehending how material disorder induced via synthesis enhances high-rate sodium ion storage in a
series of anatase titania analogs prepared through a sol-gel protocol. The degree of disorder in titanium
oxyhydroxide materials is systematically tuned by modulating the post-synthesis annealing
temperature.The variable disorder in these class of materials arises from residual Ti3+, nitrogen dopants,
and oxygen vacancies, as suggested by several spectroscopic techniues.Electrochemically, we observe a
distinct, non-monotonic relation between Na* storage capacity and the degree of disorder which is in
contrast with the typical size dependence as observed for fully crystalline anatase. The disorder in these
titanium oxyhroxides facilitates bulk Na+* storage modes alongside surface-confined modes, as evidenced
by scan-rate-dependent cyclic voltammetry. These findings correlated with first principles simulations,
suggesting higher Na* occupation sites at moderate disorder levels. In summary, our work aims to
understand the role of material disorder in advancing the development of high-rate battery storage
systems with a goal to mitigate climate change and promote sustainability.
Keywords : Sodium ion battery, fast charging, sol gel, oxyhydroxides, tunable disorder
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Abstract

We report the electrochemical performance and diffusion kinetics of a newly designed NASICON-
type Nasz3zMn12Tio7sMooos(P0O4)3/C composite cathode for cost-effective sodium-ion batteries. The
undoped Naz4Mn1,Tiog(PO4)3 shows secondary phases, indicating phase separation due to high Mn
content [Fig. 1(a1)]. In contrast, the Mo-doped composition exhibits a single-phase solid solution [Fig.
1(a2)], suggesting improved structural stability. The Mo-doped sample delivers a higher discharge
capacity of 124 mAh/g at 0.1C, compared to 100 mAh/g for the undoped one [Fig. 1(b)]. Mo substitution
not only enhances structural integrity but also improves high-rate performance, with a capacity of 99
mAh/g at 2C versus 49 mAh/g for the undoped. Moreover, it demonstrates excellent reversibility and
cycling stability, retaining 77% capacity after 300 cycles and 70% after 400 cycles at 2C. Sodium-ion
diffusion coefficients, estimated via GITT and CV, range from 10™° to 10™** cm?/s. Bond-valence site
energy (BVSE) mapping indicates a Na* migration energy barrier of 0.76 eV. Additionally, distribution of
relaxation times (DRT) analysis effectively deconvolutes impedance spectra, identifying solid-state
sodium-ion diffusion as a key process with a characteristic relaxation time of ~50 s, consistent with the

trend derived from GITT and Warburg-based evaluations across various states of charge.
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Figure 1 (al, a2) XRD pattern of Nas.«Mn1.2Tios(P04)3/C and Nasz.3Mni.2Tio.7sMoo.os(PO4)3/C cathode materials.

(b) The second cycle of galvanostatic charge discharge at 0.1 C.
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Abstract

In light of escalating environmental concerns and energy demand, exploring cleaner and efficient
electrochemical energy conversion technologies is run of the mill. The shift from non-renewable to
renewable sources minimizes greenhouse gas emissions and promotes resource sustainability.l-3
Lithium-ion batteries (LIBs) have gained a significant market for energy storage devices in pursuit of
cleaner energy drives. However, the limited lithium reserves paved the way for the era of sodium-ion
batteries (SIBs), which is attributed to the similar electrochemistry of sodium.? The carbon-based
materials of controlled textural and structural features have been used as anode materials for SIBs. The

low initial coulombic efficiency (ICE) and poor rate capability have been the major issues with SIBs.

Polyaniline (PANI) has been a promising precursor for synthesizing nitrogen-rich carbon materials for
various applications.* Herein, we synthesized the mesoporous nitrogen-rich interconnected carbon
nanospheres by thermal activation of SiO,-templated polyaniline (PANI) at different temperatures, i.e.,
800, 1000, and 1200°C under an inert atmosphere. The average interlayer spacing (dooz) for N-rich
carbon is estimated between 0.38 and 0.40 nm, ideal for the intercalation/deintercalation of Na* ions.
The porous hollow nanospherical structure facilitates utilizing multiple active adsorption sites and a
capacitive-dominated Na+ storage. Furthermore, the high micropore volume (0.11 cm3/g) promotes the
Na+* insertion into micropores and improves the charge storage capabilities through enhanced
transportation and kinetics. A discharge capacity of 174 mAh/g is obtained for the N-rich carbon after
the SEI formation cycling. Moreover, ~100% coulombic efficiency is obtained when the cell attains its

reversibility. The pseudocapacitive mechanism of SIBs will be discussed during the presentation.

Keywords: Nitrogen-rich carbon, Polyaniline, Sodium-ion batteries, Anode materials, Electrochemical

performance

References


mailto:opkhatri@iip.res.in

ACEPS-13, January 11-14, 2026, Bengaluru, India

(1) Dahbi, M; Kiso, M.; Kubota, K.; Horiba, T.; Chafik, T.; Hida, K.; Matsuyama, T.; Komaba, S. Synthesis of
Hard Carbon from Argan Shells for Na-lon Batteries. J. Mater. Chem. A 2017, 5 (20), 9917-9928.
https://doi.org/10.1039/C7TA01394A.

(2) Nita, C.; Zhang, B.; Dentzer, ].; Ghimbeu, C. M. Hard Carbon Derived from Coconut Shells, Walnut
Shells, and Corn Silk Biomass Waste Exhibiting High Capacity for Na-lon Batteries. Journal of Energy
Chemistry 2021, 58, 207-218. https://doi.org/10.1016/j.jechem.2020.08.065.

(3) Zhang, M,; Li, Y.; Wu, F.; Bai, Y.; Wu, C. Boost Sodium-Ion Batteries to Commercialization: Strategies
to Enhance Initial Coulombic Efficiency of Hard Carbon Anode. Nano Energy 2021, 82, 105738.
https://doi.org/10.1016/j.nanoen.2020.105738.

(4) Wang, H; Lin, ].; Shen, Z. X. Polyaniline (PANi) Based Electrode Materials for Energy Storage and
Conversion. Journal of Science: Advanced Materials and Devices 2016, 1 (3), 225-255.
https://doi.org/10.1016/j.jsamd.2016.08.001.



Poster-11

Functional Interface Engineering of MOF-Modified Separators for High-
Energy Lithium-Sulfur Batteries

Anwar Hussain?, Rahul R. Salunkhe*

1Material Research Laboratory, Department of Physics, Indian Institute of Technology Jammu, NH-44, Jammu, J&K, India,
181221.
* rahul.salunkhe@iitjammu.ac.in

Abstract

Lithium-sulfur (Li-S) batteries are promising for future energy storage due to their high energy density,
low cost, and sulfur abundance. However, challenges like the shuttle effect caused by the dissolution and
migration of polysulfides (Li»Ss-Li2S¢) impede their commercialization. To tackle these issues, separator
modification has emerged as an effective strategy. Metal-organic frameworks (MOFs), such as the
thermally stable Zr-based UiO-66, can immobilize lithium polysulfides through strong chemical
interactions, reducing the shuttle effect. Ui0-66 has been functionalized with -NO; (electron-
withdrawing) and -NH; (electron-donating) groups and coated onto a polypropylene separator. The -
NH, group enhances interactions with polysulfides, while the -NO, group increases the framework's
polarity, promoting better electrostatic interactions. The Li-S battery with this modified separator
shows impressive performance, achieving a capacity of 1398 mAh g-! and 1226 mAh g-'at 0.1 C under
lean electrolyte conditions. It also maintains a specific capacity of 736 mAh g-! over 350 cyclesata 1 C
rate.

Keywords: Lithium sulfide, metal-organic framework, separator, polysulfides
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A detailed investigation was conducted to understand the effect of calcination temperature on
the structure-property-performance relationship of MnCo,04 (MCO) electrocatalysts for oxygen evolution
reaction (OER) and aluminum-air battery (AAB) applications!. Thermal treatment significantly
influenced the crystallinity, surface morphology, particle size, and electronic structure of MCO. The
sample calcined at 700 °C (MCO-700) exhibited optimal structural features, retaining its spinel phase
while showing enhanced electrochemical performance. It demonstrated excellent OER durability, with
only a 7 mV increase in overpotential after 2000 cyclic voltammetry cycles, and maintained stable current
during 20 hr of chronoamperometric testing. Additionally, MCO-700 exhibited superior bifunctional
behavior, showing high oxygen reduction reaction (ORR) activity with minimal shifts in onset and half-
wave potentials after extended cycling. When used as an air cathode in primary AABs, MCO-700 enabled
a stable discharge voltage and high rate capability, even under elevated current densities. These findings
highlight the pivotal role of calcination temperature in tailoring the physicochemical properties of spinel
oxides and demonstrate the potential of MCO-700 as a robust bifunctional electrocatalyst for advanced
energy storage and conversion technologies.

MnCo,04; Effect of calcination; Oxygen Evaluation Reaction; Oxygen Reduction Reaction; Aluminum-air

batteries.

Spinel MnCo,0,

Spinel-structured MnCo204 as a highly efficient and stable bifunctional electrocatalyst for the oxygen

evolution and reduction reactions and its application in aluminum-air systems.
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Abstract

Sodium-ion batteries (SIBs) are emerging as a sustainable option for energy storage, standing
out as a cost-effective and resource-abundant substitute to lithium-ion batteries (LIBs). However, the
development of sustainable SIBs necessitates the innovation of separator materials capable of enhancing
battery efficiency and safety. This research highlights the fabrication and characterization of a novel
separator made up of polyvinylidene fluoride-co-hexafluoropropylene (PVDF-HFP) filled with halloysite
nanotubes (HNTs) via the electrospinning technique for SIBs application. The electrospun composite
separator was systematically fabricated and comprehensively characterized to investigate its
morphological, electrochemical, mechanical and thermal properties. Field emission scanning electron
microscopy (FESEM) analysis revealed a well-dispersed HNTs network within the PVDF-HFP matrix,
resulting in a fibrous structure with enhanced mechanical strength (23.6 MPa). Electrochemical
performance was evaluated through electrochemical impedance spectroscopy (EIS) and galvanostatic
charge-discharge (GCD) cycling. The halloysite filled PVDF-HFP separator demonstrated higher ion
conductivity (2.11 mS cm-1) and electrochemical stability at ambient temperature, leading to enhanced
battery performance, including higher specific capacity (171 mA h g-1) at 0.1 C-rate. Thermal stability
studies confirmed the improved thermal resistance of the composite separator, crucial for maintaining
structural integrity under high temperatures. The incorporation of HNTs into the structure of PVDF-HFP
contribute to the development of robust and efficient separators for SIBs, facilitating the development of

sustainable and scalable energy storage technologies.

Keywords: Polymer, Electrospinning, Halloysite, Composite separator, Sodium Ion Battery



Poster-14

ACEPS-13, January 11-14, 2026, Bengaluru, India

Entropy-Engineered Cobalt-Free Cathodes for Ultra-Durable Sodium-Ion
Batteries

Kavya Prakash Agrim!?, Prakash Kumar Pathak?, Rahul R. Salunkhel*,

1 Materials Research Laboratory, Department of Physics, Indian Institute of Technology Jammu, NH-44, Jammu 181221, Jammu and

Kashmir, India

* rahul.salunkhe@iitjammu.ac.in

Abstract

Prussian blue analogue (PBA) has emerged as a potential candidate for SIB cathodes due to its numerous
advantages, such as low cost, easy synthesis, and an open framework with sufficiently large three-
dimensional pathways to facilitate a highly reversible de/intercalation of ions.! However, with all these
benefits, PBA suffers from poor cycling and rate performance, which is mainly caused by [Fe (CN)6]4-
vacancies and coordinated water coming while synthesis, the structural collapse while charging and
discharging. Different attempts have been made to overcome the issues, such as modifications in
synthesis techniques, such as the utilization of surfactants and chelating agents, structural control,
composite material construction, metal substitution, etc. Recently, the high-entropy approach has gained
attention in energy storage, where one element is replaced by five or more in equal ratios to increase
configurational entropy and stabilize the crystal structure.? In our work, we have utilised the high entropy
approach and synthesised the PBA by replacing Fe in its structure with five equimolar elements, named
as HE-PBA, in a controlled inert atmosphere to reduce the coordinating water and vacancies in the
structure. The HE-PBA cathode demonstrated excellent electrochemical performance, benefiting from the
structural stabilization due to the increased entropy, cocktail effect of multiple elements, and low water
content in the structure. The cell demonstrated an ultralong cyclinglife of 5,000 cycles with 75% capacity

retention at 10C and 76% retention after 1,500 cycles at 1C rate.

Keywords: High entropy, Prussian blue analogue, Sodium-ion battery, Cathode
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Abstract

Hard carbon materials have emerged as promising anodes for sodium-ion batteries (SIBs),
owing to their low cost, structural tunability, and compatibility with sodium storage mechanisms. This
study presents a novel synthetic strategy for producing nitrogen-doped hard carbon derived from
sugarcane bagasse via an in-situ amino-aldehyde condensation reaction, employing a facile
polymerization and carbonization route.

The in-situ condensation reaction between amino and aldehyde precursors leads to the
formation of a robust polymeric network that, upon controlled pyrolysis, transforms into a porous hard
carbon matrix rich in closed pores. These closed pores play a critical role in facilitating sodium ion
adsorption and reversible intercalation while simultaneously limiting electrolyte penetration, thereby
stabilizing the solid electrolyte interphase (SEI) and reducing irreversible capacity loss. Moreover, the in-
situ nitrogen doping, primarily in the form of pyridinic and pyrrolic species, enhances the electronic
conductivity and provides additional active sites for sodium storage.

Electrochemical evaluation reveals that the nitrogen-doped hard carbon delivers a high
reversible capacity exceeding 372 mAh/g with an improved initial Coulombic efficiency (ICE) of over 75%,
outperforming conventional hard carbon counterparts. The optimized material also exhibits excellent
rate performance (232 mAh/g at 1C) and excellent cycling stability, attributable to the synergistic effects
of pore structure regulation and heteroatom doping. This work not only introduces a cost-effective and
scalable route for synthesizing high-performance hard carbon anodes but also provides insights into the
structure-performance relationship in sodium storage systems, paving the way for the practical

implementation of SIBs in large-scale energy storage applications.

Keywords: Sodium-ion batteries, Hard carbon, Amino-aldehyde condensation, Engineered pores
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Abstract

A sustainable electrochemical energy storage solution with the help of sodium chemistry, owing
to its abundance, is integral to our efforts towards a climate-conscious future. As such, the development
of positive electrode materials for sodium-ion batteries (SIB) is crucial. These need to be sustainable,
economical and their production scalable. Regarding this, Prussian blue or cyanometallate materials have
garnered significant attention.

In this work, we show that Sodium Iron(II) hexacyanoferrate, or Prussian White (PW) with a
theoretical charge capacity of 170.8 mAh/g and average working voltage of 3.1 V vs. Na*/Na, large
interstitial space and high sodium content (Na:Fe ratio 21) possess multiple advantages as a battery
material for SIB, However, despite much published literature on this, some technical challenges persist.
Hence, understanding the factors behind its electrochemical performance is key, i.e., synthesis conditions,
particle morphology, type and form of H,O content, vacancies, and sodium content. This requires a robust
understanding to be developed to proceed towards effective electrode fabrication, and to extract its
lucrative electrochemical performance. Specifically, development of synthesis to cell fabrication protocols.

In this work, we have attempted to develop an understanding to address these key material
challenges through (SEM-EDS, HR-XRD, FTIR, and Raman) for an improved electrochemical performance.
Development of PW as an effective positive electrode material has been explored through material

synthesis advancement and a higher electrode loading (~10mg/cm?2) approach.

Keywords: Energy storage, sodium ion battery, positive electrode material, Prussian blue. Iron-based

electrodes
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Abstract

Organic Sodium-ion Batteries (OSIBs) are the emerging energy storage systems focused as
sustainable technologies. Variety of organic electrodes with diverse storage mechanism have been
exploited recently. Out of which, n-type organic cathode materials have been largely focused owing from
its redox-based reversible sodium storage and high theoretical capacity based on number of active
functional groups present in an organic molecule. Despite, most of the n-type organic cathode is
electrochemically sodiated in initial discharge due to absence of retrievable sodium-ions at initial
charging!. This will limit in fabricating full-cell sodium-ion batteries since no sodium source present at
cathode side. Tetrahydroxy-1,4-benzoquinone disodium salt (TBQ)?2 as a moderate voltage n-type organic
cathode. Herein, we demonstrate a facile chemical presodiation strategy using sodium biphenyl solution
on TBQ electrodes, fabricate half-cells and charge first. The pristine TBQ does not provides any initial
charge capacity contribution, whereas, the sodium biphenyl-based chemically presodiated TBQ delivered
a initial charging capacity of 145 mAh g1 at 25 mA g! and a good rate capability. The redox behavior and
mechanism was thoroughly analysed by electrochemical studies, ex-situ FT-IR and ex-situ XPS reveals that
the instant sodiation at carbonyl (-C=0-) functional group in TBQ structure and direct phase transition.
This study demonstrates a viable approach to enable the first charge capability in n-type cathode for

organic sodium-ion batteries.

Keywords: Organic Sodium-ion Batteries (OSIBs), n-type cathode, Chemical presodiation, First-charge

capability.
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Abstract
Lithium-sulfur (Li-S) batteries are among the most promising candidates for high energy density storage
systems; however, their commercialization is hindered by sluggish redox kinetics and the polysulfide
shuttling effect.! To address these Li,S + NiPc cathode Li,S + Ni-NC cat
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challenges, single-atom catalysts 5{’

(SACs) have emerged as effective

electrocatalysts for promoting ¥ ¢ SR S

Zero Cross talk

polysulfide  conversion  and

enhancing sulfur utilization.

Nevertheless, their structural
stability remains underexplored. Lithium metal anode Lithium metal anode

Herein, we report the first comprehensive study of the catalyst crosstalk effect in lithium-sulfur batteries,
focusing on the degradation of nickel phthalocyanine (NiPc) SAC during electrochemical cycling. To
overcome this limitation, NiPc is thermally anchored onto pyridinic nitrogen-rich doped carbon (Ni-NC)
SAC, forming atomically dispersed and electrochemically stable Ni-N, active sites. The Ni-NC catalyst
exhibits superior catalytic activity for polysulfide redox reactions, mitigates catalyst poisoning, and
suppresses catalyst crosstalk. Compared to molecular NiPc, the Ni-NC carbon-supported nanostructured
catalyst delivers enhanced reaction kinetics and significantly improves the electrochemical performance

of Li-S batteries.

Keywords: Single-atom catalyst; Crosstalk effect; Solubility of catalyst; Polysulfides shuttling; Electrolyte
contamination
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Lithium-sulfur cells are receiving significant attention as alternative power source for zero-
emission vehicles, unmanned aerial vehicles and advanced electronic devices due to high
theoretical capacity (1675 mAh/g), high gravimetric energy density (2600 Wh/Kg), low cost and
low environmental impact(1). However, the insulating nature of sulfur and the migration of
soluble polysulfides during the cycling process limits their practical application. Additionally, the
volume change (~80%) of active sulfur molecules during charge-discharge cycle further adds to
woes, leading to pulverization of electrode upon prolonged cycling. Although plethora of efforts
has been devoted to mitigate these drawbacks, most of them involves usage of carbon host
prepared from expensive precursors or involves intricate processing techniques with treatment
of sulfur particles by expensive conducting polymer materials (i.e.,, PEDOT, PSS etc.)(2). Keeping
all this points in consideration we are proposing an efficient, cost-effective measure to prepare
CTAB (a cationic surfactant)-assisted submicrometer-sized sulfur-carbon composite. This carbon
is prepared using emulsion polymerization and carbonization-activation process. The as
synthesized sulfur@carbon composite was in-situ grown via wet-chemical synthesis. Here the
composite powder is prepared via a more facile hand-mixing process, potentially making the melt
impregnation process redundant. This makes the process more energy efficient. The S-C
composite was mixed with a zwitterionic aqueous binder to form a slurry. This slurry is coated on
an aluminium foil to prepare the electrode. Here the role of CTAB is dual functional. On one side
it helps to modify the morphology of sulfur which have hollow spherical structure in order to
buffer the volume change and on another side the polar ionic tale of CTAB helps to physically
confine the polysulfides (LizSy, 4 < n < 8) which improves the cyclability, rate performance, above
all helps to extinguish the polysulfide shuttle effect. Additionally, polysulfides can also be
physically anchored at the pores of carbon host which further Here we have used a sulfur cathode
with a sulfur content of ~70% with electrolyte to sulfur ratio ~10-12 pl/mg which could deliver
a specific capacity ~1000 mAh/g with a capacity fading of ~75% after 200 cycles at 0.5C. This
effort could be seen a potential step forward towards practical Li-S batteries with facile synthesis
process using low-cost, easily available ingredients and keeping all other essential parameters
(high sulfur loading, low E/S ratio etc.) under consideration.
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India is strongly motivated to develop cobalt-free lithium-ion battery cathodes due to concerns
about supply chain security, cost, and environmental impact [1]. Lithium Manganese Oxide (LMO)
emerges as a promising alternative, offering advantages like abundant raw materials, lower cost,
good safety, and high power capability. However, LMO faces significant challenges including
structural instability with considerable volume changes, rapid capacity and voltage degradation,
manganese dissolution, and poor long-term cycling stability [2]. To overcome these limitations,
researchers are actively pursuing strategies such as cationic doping (e.g., with Ni, Co, Cr), surface
coating (e.g., with Al,03, TiO;), and advanced synthesis methods. Recent research highlights anionic
doping as a particularly effective approach to mitigate the problematic Jahn-Teller distortion in
LMO, thereby enhances its structural stability, cycling performance, and overall lifespan by
improving electronic structure, strengthening bonds, and reducing manganese dissolution [3].

Here we explored the "dual therapy" approach of simultaneously doping manganese (Mn) sites
with nickel (Ni) and oxygen (0) sites with sulfur (S?7) in spinel LiMn,0, cathodes to improve their
performance. The synthesis of LiNi,Mn; 10, sSs (x=0.4, 6=0.1-0.4) was carried out via a soft chemical
combustion method. X-Ray diffractogram showed characteristic peaks of spinel with slight shifts as
sulfur content increased. FESEM micrographs revealed well-defined octahedral particles with
exposed, thermodynamically stable [111] crystallographic facets. Such facets are less prone to
manganese dissolution and contribute to enhanced structural stability, improved lithium-ion
diffusion, and reduced polarization. The uniform octahedral shapes also minimize reactive sites
where Mn3* disproportionation occurs. XPS study confirmed sulfur doping through S2p doublets at
168.9 eV and 170.08 eV indicating sulfur substitution and formation of M-0-S bond, consequently a
change in stable oxygen environment. Cyclic voltammetry indicated a high voltage peak attributed
to the Ni®*/Ni** redox couple at 4.7 V/4.6 V. Fabricated 2032 coin cells using these oxysulfide
cathodes delivered significantly higher capacities of 160-170 mAh/g, a substantial improvement
over pure spinel (80-100 mAh/g). Further detailed cell data will be presented at the conference.

Keywords: Lithium Manganese Oxide, Cobalt-free Lithium Batteries, JT distortion, Octahedral
geometry, Phase Stability
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Abstract
Fluoride ion batteries (FIBs) are a promising post-lithium-ion battery technology that utilizes fluoride
ions (F-) for charge transfer, offering potential advantages in energy density, cost, and safety. Unlike
lithium-ion batteries, FIBs rely on the movement of fluoride ions between electrodes, enabling higher
theoretical energy densities and potentially lower manufacturing costs due to the abundance of fluorine
resources [1]. Among various transition metal fluorides, FeFz is a promising candidate for the cathode

material of fluoride batteries because of its high

specific capacity. In this report, the reversibility of Charge-discharge characteristics

FeF3 cathode is investigated in conjunction with KF 2(5)

and CeF3 based liquid electrolyte and lithium metal gg

as the counter-electrode material. For the first time, % ;(5)

the discharge-charge performance of a fluoride 5 %g

battery using FeF3 cathode in liquid electrolyte is 3 (1)(5)

investigated. The cell showed a stabilised discharge 0.0 4 T T T T T ,
capacity of greater than 200 mAh g-1 for 100 cycles 0 50 100 150 200 250 300
and discharge midvoltage of 1.5 V. The reversible Specific capacity (mAh/g)

conversion reaction mechanism of FeFs;with its  Fjgure 1: Electrochemical performance of

reversible morphological changes was clarified by  Room temperature working Fluoride ion cell

X-ray diffraction (XRD) and scanning electron using FeF; cathode in liquid electrolyte

microscopy (SEM). In addition, the above

observations were further confirmed by Electrochemical Impedance Spectroscopy (EIS) studies of the
cell in the discharged and charged state. The results of our findings will pave the way for development of
room temperature working Fluoride ion batteries.

Keywords: Fluoride ion batteries, Transition metal cathode, electrolyte, Cycle life
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Abstract
This work investigates a high-performance lithium-ion full cell (CR2032) composed of anode of graphite
blended with TiO; coated Si nanoparticles (Si@Ti0z) and commercially used LiNiogCo00.15Alp.0s02 (NCA).
The use of highly abundant silicon, known for its exceptionally high theoretical capacity of ~3579 mAh-
g, significantly boosts the overall energy density. Detailed characterizations were carried out to validate
the elemental composition and the structural integrity of the in-house synthesized Gr/Si@TiO..
Transmission electron microscopy (TEM) and field emission scanning electron microscopy (FESEM)
confirmed the formation of a well-defined Si@TiO, core-shell structure while elemental mapping
validated the uniform TiO: coating on silicon nanoparticles. The electrode architecture incorporated
optimized thin layers (cathode: ~50 pm, anode: 23 pm) along with suitable mass loadings (cathode: 3.04
mg.cm?, anode: 1.80 mg.cm?), promoting effective lithium-ion transport and ensuring structural integrity.
Although NCA cathodes deliver a practical and stable capacity of ~200 mAh-1g, the pairing with
Gr/Si@TiO; anodes enables a more effective lithiation/delithiation mechanism. The full cell achieved a
specific capacity of 100 mAh-1g at a 5C rate with a capacity retention rate of about 90% of its initial value
over 200 charge/discharge cycles. The findings support the viability of Gr/Si@Ti0O2-NCA configuration
for real world applications demanding high energy density without sacrificing cycle life. This study
highlights the practical potential of silicon-based anodes and lays the foundation for future advancements
involving silicon content optimization and innovative electrolyte systems to improve electrochemical
stability and cycle performance.
Keywords: Core-shell nanoparticles, Gr/Si@TiO2 composite, NCA cathode, energy density
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Abstract

Zinc-ion batteries promise safe, low-cost, large-scale energy storage but are plagued by tunnel
collapse, manganese dissolution, and sluggish kinetics in MnO, cathodes.! Here, we report a series of
phosphorus-doped, potassium-stabilized tunnel MnO, (P-K@MnO,) materials synthesized by tuning the
K-MnO,/P precursor ratio from 1:0.5 to 1:2, harnessing the synergistic benefits of P and K co-modification.
In the optimal sample, the introduction of P forms strong P-O bonds that fortify and subtly expand the
one-dimensional MnO, tunnels, while intercalated K* ions act as pillars to lock in the widened channels.?
This dual modification not only lowers Zn** diffusion barriers by stabilizing and enlarging the tunnels,
introduces lattice vacancies and defect states to enhance ionic and electronic conductivity, and suppresses
Mn dissolution via a reinforced P-0 network and buffered overpotentials. As a result, the optimal P-
K@MnO, electrode delivers remarkable capacity at 0.1 C, which is 2 fold times higher than undoped
K@MnO, and retains outstanding cyclic stability with excellent Coulombic efficiency (~99%) . By forging
a robust, fast-charging tunnel architecture through tailored P + K co-doping, this work charts a scalable

pathway toward high-capacity, durable aqueous ZIBs.

Keywords : Zinc-ion batteries (ZIBs), Phosphorus-doped MnO,, Potassium intercalation, Monodispersed

spherical morphology, Chemical vapor deposition
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Abstract

With the growing demand for high-safety, high-performance lithium-ion batteries
(LIB), separator is a vital component in determining the performance and safety of the
batteryl. In this work, we present a functional non-woven PAN/PVDF core-shell structured
nanofiber separator? and biopolymer modified PAN/PVDF core-shell nanofiber separator
fabricated via coaxial electrospinning. Modification in the PVDF shell of the core-shell
nanofiber enhance the performance of LIB. This composite separator exhibits high
porosity(<40%), robust thermal dimensional stability(<200°C), superior electrolyte uptake
and high ionic conductivity, outperforming conventional polyolefin separators. LIB cell
incorporating this membrane maintained stable cycling performance with high coulombic
efficiency. The findings of this study offer valuable insights into the design of high-performance
separators for next-generation LIBs. The detailed methodol ogy and the outcomes will be presented at
the conference.

Keywords : Lithium ion battery, Separator, PAN/PVDF nanofibrous separator, coaxial electrospinning.
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Abstract

Electrospun nanostructured cathodes are increasingly being explored to enhance the electrochemical
performance of sodium-ion batteries (SIBs), owing to their high surface area, interconnected porous
architecture, and efficient ion/electron transport pathways?. In this work, we report the synthesis of one-
dimensional, porous NazV;(P04);@C (NVP@C) nanofibers via electrospinning, followed by controlled
calcination at 800 °C under an argon atmosphere. The fibrous morphology not only offers a continuous
electronic percolation network through the embedded carbon matrix but also facilitates rapid Na*
diffusion and mitigates volume changes during cycling. Structural, morphological, and compositional
analyses confirm the successful formation of phase-pure NVP uniformly encapsulated within conductive
carbon. The electrochemical performance of these NVP@C fibers is evaluated in a half-cell configuration
against sodium metal, employing both doctor blade casting and electrophoretic deposition (EPD)
techniques to fabricate binder-free cathodes. Among the tested electrodes, the EPD-fabricated NVP@C
cathodes demonstrate superior rate capability, cyclic stability, and reversible capacity, owing to enhanced
interparticle connectivity and uniform deposition. These results highlight the potential of
electrospinning-assisted nanostructuring and binder-free electrode processing routes for developing
high-performance cathodes for next-generation SIBs. Additional electrochemical data and

characterization insights will be presented at the conference.

Keywords: Sodium-ion batteries, NasV,(P04):@C cathode, Electrospinning, Binder-free electrodes,

Electrophoretic deposition (EPD)
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Abstract

Lithium-ion batteries (LIBs) are widely used across industries like automotive and consumer
electronics due to their high energy density and efficiency. However, safety concerns, particularly
regarding thermal runaway, caused by factors such as internal short circuits, overcharging, or physical
damage are an ongoing challenge. To address this, a focus on design optimization, strict safety protocols,
and careful material selection is crucial. The cathode material is particularly impactful in enhancing
battery stability and safety. In response to this need, a thermally stable NMC-based cathode material has
been developed, with a comprehensive analysis of its structural, morphological, electrochemical, and
thermal properties. Structural and morphological studies reveal a well-ordered, layered composition that
contributes to improved performance and stability. Furthermore, thermal and electrochemical
assessments indicate the cathode material can endure temperatures up to 280°C without compromising
capacity, and shows better performance than commercially available NMC cathodes. Additionally, the
enhanced thermal stability has been validated through first-principles theoretical studies. The obtained
results demonstrate the material’s potential to significantly reduce thermal runaway risks in LIBs from a

material perspective.

Keywords (max 5): Lithium-ion batteries, cathodes, NMC622, thermal stability
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Effect of d° element substitution in disordered Li-excess manganese
oxyfluorides for reversible anion redox
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Li-rich cation-disordered rock salt (DRS) cathodes are being widely investigated due to their high
capacity & high energy density obtained from activating anion redox. However, they undergo rapid
capacity decay with irreversible anion redox originating from activation of oxygen redox at high
voltages. O-redox is known to have poor kinetics and leads to large voltage hysteresis. We synthesised
Li1.2MngTio 201.8F0.2 (LMTOF) systems and substituted Ti** with Mn** and obtained greatly improved
reversible anion redox at high voltage. The Mn*" substituted compound (LMOF) shows voltage profile
with plateaus at 3V and 4V over multiple cycles, indicative of spinel-like local structure formation, as
observed by Ceder et. al.?

The dQ/dV plots of the samples cycled at C/10 rate are shown in Fig. b, c. Two peaks are observed,
first around 3.5V which is related to Mn3* to Mn** redox and the second around 4.5V related to O-
redox. A new reversible peak at 4.1V arises for the Mn** substituted sample. This 4.1V peak and its
corresponding plateau in the Ecell vs Li* (de)intercalated data (Fig. a) increases with cycling from the
2" cycle to the 50" cycle. This 4V plateau arises because of the occupation of the spinel-like 8a sites
with Li* ion and Li-Li repulsions of the adjacent 8a sites. This peak is absent in the Ti** substituted
sample. Instead we see a continuous decrease in the anion redox peak with cycling. On discharge a
weak irreversible 4V hump is observed. This suggests that while phase transition to a spinel like phase
is observed for both cases, the spinel-like 16¢ sites in LMTOF may be filled with immobile Ti** cation
preventing the reversible occupation of 8a sites by Li*ion.

RIXS spectra were collected for both the samples at different states-of-charge (SOC) during 1%t & 20t
galvanostatic cycling. A hump was observed at between -6.0 eV and -10.0 eV energy loss region which
is related to the formation of trapped molecular O, for samples in the charged state. Vibration peaks
corresponding to molecular O, vibration were observed in the energy loss region of -0.1 eV to-2.0 eV
for 1t charge of both samples.? But 20*" charge of LMOF sample does not show this molecular O,
vibration, while that for LMTOF sample shows similar intensity as in the 15t charge. This indicates the
spinel-like phase formed on cycling suppresses the formation of molecular O, in LMOF sample.

Keywords: Disordered rocksalt, anion redox
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Abstract

Lithium-ion batteries have a prominent place in the field of electronics owing to their high discharge
voltage, environmental benignity, low self-discharge rate and good cycling stability!. But their increased
utilization necessitates more economic viability. Employing carbon materials as anode could play a
significant role towards achieving this goal. The properties like high structural stability, specific surface
area, electronic conductivity, and pore volume makes porous carbon efficient for energy storage functions.
Among different types of porous carbon, carbon aerogels with 3-D porous network gained more attention
due to the easy synthesis method, pore tuning features etc2. Herein, doped carbon aerogel samples were
applied as anode materials in lithium-ion batteries and its electrochemical performance were evaluated.
BET and X-ray diffraction were done to analyse the pore features and crystalline behaviour of the
synthesized material. The electrochemical performance was evaluated by GCD, CV and EIS measurements.
The optimal sample CA-10 exhibited an initial reversible capacity of 523.82 mAh/g at 100 mA/g, which
is much better than that of bare CA and CA-5. The combined effects of the nanoporous network skeleton
of CA and the evenly dispersed doped nanoparticles are primarily responsible for CA-10's increased cycle

performance, specific capacity, and rate capability.

Keywords: Lithium-ion battery, carbon aerogel, nanoporous network, reversible capacity, high

performance material.
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Potassium-ion (K-ion) batteries are emerging as a promising alternative to lithium-ion (Li-ion) and
sodium-ion (Na-ion) batteries due to their sustainability, cost-effectiveness, and the abundance of
potassium. However, a critical challenge in advancing K-ion technology is the development of a high-
capacity, stable, and cost-effective cathode materialll2l. In this study, we present a novel Fe-based
Potassium (K) rich polyanionic cathode-active material synthesized through a facile low-temperature
method, which exhibits promising electrochemical and structural stability for K-ion batteries.

The synthesized material demonstrates an initial reversible discharge capacity of approximately 102 mAh
g™! at a current density of C/15 in K-ion half-cells, and 70 mAh g™ in full cells. This performance is
accompanied by excellent air stability, which is essential for the material’s long-term use in real-world
applications. Importantly, the cathode material maintains good electrochemical stability over extended
charge/discharge cycles, demonstrating its potential for high-performance K-ion battery systems. To
further enhance the material’s electrochemical performance, we optimized a Pre-potassiation technique
which significantly improves the material’s electrochemical properties, overcoming the initial in-
efficiencies in potassium intercalation without relying on the electrochemical Potassiation process. Our
findings offer a promising step towards the commercialization of K-ion batteries, with a focus on
providing cost-effective, high-capacity, and stable cathodes suitable for large-scale energy storage
applications. These advancements pave the way for the development of next-generation sustainable
energy storage technologies.

Keywords: Energy storage, Polyanionic cathode material, Air-stable, K-ion battery, Economical.
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Abstract

In this article, cross-linked binder systems comprising gelatin (G) and citric acid (CA) were
studied for its application as high performance binders in anode for Lithium lon Batteries (LIB). Gelatin,
a bio-derived macromolecule, is reportedly being researched as a suitable anode binder due to its viable
properties [1]. Citric acid, a highly water-soluble, weak organic polyfunctional monomer, is of particular
interest due to its ability to cross-link through amide and ester bonds with gelatin [2]. Cross-linking the
binders enhances their electrochemical performance, mechanical strength, and thermal stability. The
binder systems, in this study, consisted of various ratios of Gelatin and Citric Acid (G:CA), were prepared
systematically. The G:CA ratio also influenced the phase behaviour of the prepared compositions, which
in turn determined their viscosity and suitability for LIB anode applications. Electrical conductivity
studies as a function of the compositions, were conducted to analyse the electrochemical properties of
G:CA compositions to determine the optimum ratio for use as binders in anodes. The initial conductivity
measurements showed a decrease in ionic conductivity with the reduction of the CA concentration in the
G:CA compositions. Fourier Transform Infrared (FTIR) and Raman spectroscopy were also deployed to
analyse the variation of the chemical bonds and intermolecular interactions in the G:CA systems.
Differential Scanning Calorimetry (DSC) studies were carried out to observe the phase transitions in the
various compositions. These characterization techniques provided deeper insight into the gelatin-citric

acid systems, demonstrating their potential as an effective binder for LIB anodes.
Keywords: Gelatin, Citric Acid, Cross-linked Binder, Anode, LIB
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Sodium-ion batteries (SIBs) are a proper substitute for Lithium-ion batteries (LIBs), but because of low
energy density, these are not commercialized for high-end applications. So, this drawback can be
improved by designing an anode with a huge capacity and low cost. Various studies conclude that Tin (Sn)
is one of the good anode materials based on an alloying mechanism that provides a high theoretical
capacity of 847mAh/g and good cyclability. Using the simple and inexpensive electrospinning method, we
created Sn@carbon nanofibers (Sn@CNFs). Carbon nanofibers (CNFs) serve as phenomenal support
materials due to their one-dimensional structure, which offers a robust foundation for the flow of ions
and electrons and adeptly adapts to accommodate changes in volume during the charging and discharging
processes. The Sn@CNFs composite was extensively characterized through FE-SEM, XRD, TGA, and EDS
to investigate its structural, morphological, and thermal properties. In its pristine form, the Sn@CNFs
nanocomposite demonstrates impressive electrochemical performance, delivering a high reversible
capacity of 610 mAh g™, excellent cycling stability over 50 cycles, and a strong ability to operate
effectively at various current rates. These results highlight its strong potential as a promising anode

material for next-generation sodium-ion batteries.
Keywords: SIB, Carbon nanofiber (CNF), electrospinning.
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Abstract

Alluaudite mineral type frameworks can be employed as electrode materials for secondary
batteries.! These three-dimensional frameworks with large one-dimensional hexagonal channels
enables easy movement of alkali ions, making them suitable for secondary batteries. Their general
formula, A(1)A(2)M(1)M(2)2(X04)3, accommodates alkali (A) and transition metal (M) ions, with X =S, B,
Si, P, As, Mo, W and V.2 The polyanionic moieties (X04) provide structural stability and high-operational
voltage via the inductive effect. X being more electronegative forms stronger covalent bond with O,
thereby making the TM-O bonding more ionic and delivering a higher (Mn+1/Mn*) redox potential.3
Recent studies on sulfate-and orthophosphate-based alluaudites reveal their potential as cathode
materials for Li-ion and Na-ion batteries.# Extending the alluaudite family, molybdate-based alluaudite
Naz.7Mn1.67(M004)3 has also been reported as a 3.45 V cathode leveraging both Mn and Mo redox centres.5

In this study, we investigated Cu-based molybdate analogue Naz.2xCuz«(M004)3 as potential
anode materials for secondary Na-ion batteries. We synthesized this compound for the first time using
the solution combustion route. This Mo alluaudite exhibited electrochemical activity at lower voltage
levels, utilizing Cu and Mo as redox centers. The structure, mechanism, electrochemical and magnetic
properties of these MoO.-based alluaudites will be detailed using a range of analytical techniques.
Subsequently, Naz:2xMn2.x(WO04)3 will be presented as a novel tungstate alluaudite functioning as an
anode for Na-ion batteries. This research highlights the adaptability of alluaudite frameworks in
developing new battery electrode materials.
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Abstract

The increasing demand for Li-ion batteries in energy storage applications along with their
growing cost have accelerated the search for cost-effective alternatives. Potassium-ion batteries (KIBs)
form one such option, offering comparable energy density, cycling stability, and power density.! Among
various cathode materials, we have explored P3- and P2-type layered oxide materials for KIB, in which
P2-type layered materials exhibit greater ionic diffusivity. However, synthesizing P2-type compounds
poses challenges due to their metastable nature, as indicated by density functional theory (DFT)
calculations. While electrochemical synthesis methods have been explored in previous studies, these
approaches are often complex and unsuitable for producing bulk materials. To address these challenges,
we employed a soft chemistry approach via the ion-exchange method (Chimie Douce) to produce three
P2-type structured compounds for KIBs.2 Various characterization techniques used, including X-ray
diffraction (XRD), inductively coupled plasma (ICP) analysis, Fourier-transform infrared spectroscopy
(FTIR), and Raman spectroscopy, were utilized to investigate the local coordination environment and
crystal structure of the synthesized materials. The materials were then tested in half-cell configurations,
demonstrating decent capacity and stable electrochemical performance. Our work offers insights into P3-
type and the synthesis of metastable P2-type of layered oxide for potassium-ion batteries, which are
challenging to obtain through direct calcination methods.3 These findings highlight the potential of soft
chemistry routes for developing next-generation cathode materials for potassium-ion batteries.
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Abstract

Developing low-cost, safe, and durable rechargeable batteries is vital for future sustainable
energy storage. While lithium-ion batteries (LIBs) dominate the market, concerns over resource
availability and cost motivate research into sodium-ion batteries (SIBs) as a promising alternative.
Although many cathode chemistries are well studied for SIBs, hard carbon remains the commercial anode,
yet suffers from low volumetric energy density, poor initial coulombic efficiency, and the risk of sodium
plating during fast charging. These challenges highlight the need for advanced intercalation-type anodes
that combine high-rate performance with long cycle life.

NASICON (Natrium Super-Ionic CONductor) frameworks, known for their structural robustness
and high ionic conductivity, offer a compelling alternative but have been underexplored as anodes. Here,
we developed an “empty” Nb-based Nbz(P04); anode utilizing multi-redox activity (Nb>*/Nb**/Nb3*),
achieving high capacity (~150 mAh g™') and moderate voltage (~1.2 V), but with rapid capacity fading
due to framework instability.lXl To overcome this, extra sodium was introduced to stabilize the structure,
significantly improving capacity retention to 89% after 500 cycles at 5C rate.l?] To further meet practical
fast-charging demands, we applied carbon coating and particle downsizing along with aliovalent doping
(Al3+), enhancing conductivity and creating disordered Na-ion pathways.B] This engineered anode
demonstrated excellent rate performance (80 mAh g™ at 20C) and exceptional cycling stability (95.2%
retention after 5000 cycles). A full SIB pairing this anode with a polyanionic cathode reached a high power
density of 6493 W kg™* and long cycle life. Finally, we explored the role of electrochemically active and
inactive dopants to clarify structure-property relationships. Results indicate that carefully designed
substitutions at the Nb site promote fast Na* transport, structural stability, and ultra-fast rechargeability,
while poorly chosen dopants cause severe structural distortions and capacity loss. This work establishes
a clear pathway to develop high-rate, long-lasting SIB anodes through crystal engineering, doping,
nanoscaling, and carbon coating, advancing the practical realization of sodium-ion batteries.

Keywords: Na-ion batteries, NASICON anode, fast charging, multi-redox, structural stabilization.
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Abstract

Solid polymer electrolytes (SPEs) are progressively essential for next-generation energy storage
systems due to their safety, flexibility and electrochemical stability. The present study focuses on a
blended SPE film which was synthesized through solution casting of a polymer blend comprising
polyvinyl alcohol (PVA) and polyethylene glycol (PEG) in a particular mass ratio, dissolved in deionized
water and followed by the incorporation of lithium perchlorate (LiCl04) as an ion-conducting salt. The
incorporation of PVA and PEG draws upon their complementary properties, with PVA providing
structural integrity and PEG enhancing chain flexibility, while LiClO, contributes to ionic conductivity.
This blending technique, a well-established approach, facilitates ion hopping and enhances the
amorphous phase, thereby optimizing lithium-ion diffusion within the polymer matrix. Conductivity and
dielectric properties were investigated under varying thermal conditions on these systems by changing
the weight percentages (wt%) of PVA and PEG. Electrical characterization was performed using
impedance spectroscopy. The optimized composition formed a stable, flexible film maintaining precise
control over the polymer ratio. The resulting film is expected to exhibit ionic conductivity in the range of

10-6to 105 S/cm, suitable for applications in batteries and supercapacitors.

Keywords: Blended Solid polymer electrolytes (BSPE), polyvinyl alcohol (PVA), polyethylene glycol (PEG),

lithium perchlorate (LiClO,4), solution casting.
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Abstract
Achieving an optimal capacity balance between the cathode and anode, commonly referred to as the N/P
ratio, is vital for enhancing the overall performance of sodium-ion batteries. This balance ensures that
both electrodes operate efficiently, ultimately leading to improved energy density, longer cycle life, and
greater efficiency in energy storage and release. While extensive research has been conducted on lithium-
ion batteries!4, leading to significant advancements in their performance and longevity, there remains a
limited body of studies focused specifically on sodium-ion batteriesS. This investigation examines a
NASICON-based sodium-ion battery with varying N/P ratios. The materials utilized include NASICON
based NazV:(PO4)3 (NVP) as the cathode and VAIMgNb as the anode. Electrochemical testing
demonstrates that an N/P ratio of 1.0 yields optimal performance, characterized by a higher intercalation
voltage and minimal capacity fading. Full cells based on the NASICON framework are evaluated using
different electrolytes, including ether and carbonate-based. Among them, the ether-based electrolyte
exhibits superior performance due to its stable solid electrolyte interface (SEI), higher conductivity and
reduced bulk resistance. The NVP||VAIMgND full cell provides a reversible capacity of approximately 100
mAh g1, with an average operating voltage of 1.92 V. Furthermore, the cell achieves an energy density of
100 Wh kg1 when considering the total weight of both the cathode and anode. The results of this study
establish a robust framework for the design of sodium-ion batteries that effectively balance energy

density and operational lifespan.
Keywords: NASICON, SEI, Capacity Balance, Electrolyte Modulation, Sodium ion Batteries
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Abstract

Abstract:

The advancement of high-performance, cost-effective, and sustainable energy storage devices has
generated heightened interest in sodium-ion and multivalent-ion chemistries. This study offers a
thorough structural and electrochemical analysis of a Na-Al-V,05 (Na-Al-VO) dual-ion system, aimed
at effectively using the mobility of Na* ions alongside the high charge density of Al**. X-ray diffraction
(XRD) validates the successful incorporation of both cations into the V,05 lattice, with crystallite
dimensions ranging from 15 to 25 nm as ascertained by Debye-Scherrer analysis. X-ray
photoelectron spectroscopy (XPS) demonstrates stable oxidation states of vanadium and the
presence of sodium and aluminum, confirming efficient dual-ion intercalation.

Direct current (DC) conductivity tests reveal a significant enhancement in electronic conductivity
with the addition of aluminum, which is ascribed to enhanced charge percolation and electron
hopping pathways within the host matrix. Cyclic voltammetry (CV) electrochemical measurements
reveal distinct redox peaks, validating the effective and reversible insertion/extraction of Na* and
AI**. Galvanostatic charge-discharge (GCD) testing demonstrates stable cycling and elevated specific
capacitance.

The dual-ion mechanism increases charge storage and adds complementary transport channels,
providing a strategic advantage over traditional single-ion systems. This study emphasizes the
function of V,05 as a multifaceted host for dual-ion storage and identifies the Na-Al-VO system as a
formidable contender for advanced sodium-based energy storage technologies, characterized by
improved conductivity and cycling stability.

Keywords: Mixed-ion intercalation ,Layered cathode materials, Na*/AI** transport mechanism
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Abstract

Na,VMn(PO,)s is a promising NASICON-type cathode for sodium-ion batteries, yet its practical
performance is restricted by low intrinsic electronic conductivity and structural instability associated
with MnOg and VOg octahedral distortion. In this work, Na,VMn(PO,)3/C composites were synthesized
via scalable sol-gel and solid-state reaction methods to elucidate the coupled roles of carbon-network
architecture and local atomic structure in governing electrochemical behavior. Multiscale
characterization using XRD, TEM, Raman spectroscopy, and X-ray absorption spectroscopy reveals that
the solid-state route produces a continuous, tightly bonded carbon coating and reduced MnQg/VOsq
distortion, whereas the sol-gel method yields loosely attached carbon sheets and greater local structural
disorder. The improved structural integrity and carbon connectivity in the solid-state-derived material
result in higher electronic conductivity, enhanced Na* diffusion coefficients (107**~107** cm? s7%), and
superior cycling and rate performance compared with the sol-gel counterpart. After 300 cycles, the solid-
state sample maintains higher crystallinity and lower charge-transfer resistance, while the sol-gel
material exhibits significant local structural degradation. These findings establish the critical interplay
between carbon-network engineering and local atomic stability in optimizing polyanionic-based

cathodes, offering practical design guidelines for high-performance sodium-ion batteries.
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Abstract

The recent development of sodium-ion batteries (SIBs) aims not only to reduce reliance on
critical Ni/Co elements but also to increase energy density to satisfy both sustainability and high-
performance demand. Layered oxide cathodes based on Mn-rich and oxygen redox chemistries have
gained escalating interest in recent years since they promise high energy density with no such critical
metals used. Nevertheless, the cathodes are still challenged by high-voltage lattice oxygen loss and Mn3+-
induced Jahn-Teller structural distortion that trigger undesired phase transformation and
microstructural damage, ultimately leading to poor cycling stability. To cope with the challenges, we
herein propose a site engineering strategy by selectively substituting Zn2+ into Na sites and Al3+ into
transition-metal (TM) sites, innovating a novel cathode chemistry of [Nag73Zno.o3] [Lio2sMng76Alo.0102]
(AlZn). Comprehensive experimental and computational investigations reveal that the synergy between
robust Al-O in TM layers and O-Zn-0 pillar effects in Na layers effectively suppresses severe inactive
spinel/rock-salt phase transformations and intragranular cracks in the AlZn cathode. As a result, the
modified cathode exhibits greatly enhanced electrochemical performance in both half- and full-cell
systems. Altogether, this work provides mechanistic insight into improving electrochemical properties of

oxygen-redox-based layered oxides by Al/Zn co-substitution towards high-energy SIB cathodes.
Keywords: Oxygen Redox Chemistry, Sodium-Ion Batteries, Structural Stability Enhancement
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Abstract

Sodium-ion batteries (SIBs) have emerged as a sustainable and cost-effective alternative to
lithium-ion technology, particularly for large-scale energy storage applications. In this study, we
developed a high-performance TizC.Tx MXene-based anode material through an innovative low-HF
electrochemical etching approach. This synthesis strategy yielded high-quality MXene with exceptionally
large lateral flake sizes of 11-12 um while maintaining excellent electrochemical performance. To further
enhance the electrochemical performance, we engineered a Ti0,/Ti3C,Tx nanohybrid through a precisely
controlled microwave-assisted synthesis method, which enabled the optimal growth of TiO;
nanoparticles on the MXene matrix. When evaluated as an anode for SIBs, this unique hybrid architecture
demonstrated remarkable electrochemical properties, delivering a high reversible capacity of 286 mAh/g
at 100 mA/g current density. More importantly, the material exhibited exceptional cycling stability,
maintaining its performance over 500 charge-discharge cycles, along with significantly improved charge

transfer kinetics and sodium-ion diffusion characteristics.
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Figure: Schematic representation of MXene electrochemical etching and subsequent hydration.
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Abstract

This study elucidates the effect of ball milling and heat treatment temperature on the structural
and electrochemical properties of lithium-doped vanadium strontium glasses. Though the effect
of heat treatment in the devitrification of glasses has been studied by researchers earlier, its
effect on electrochemical properties has not been studied much.

The studied glasses were prepared using the conventional melt-quench technique. They were
then ball milled and further subjected to suitable heat treatment for in vitro nanocrystallization.
Structural characterization was done using XRD, FTIR, and SEM. The electrochemical properties
of these base glasses and the nanocrystallized glass-ceramics were analyzed using cyclic
voltammetry and galvanostatic charge-discharge (GCD).

The formation of nanocrystallized phases within the amorphous glass structure increases the
surface area and provides interfaces for faster ion transport and higher charge storage capacity.
Some of the glass ceramics thus showed significantly improved specific capacitance and
capacity retention. The effect of appropriate heat treatment and its role in enhancing the
electrochemical properties of glasses were analyzed in this study. This study will play a
significant role in improving the glass cathodes for Li-ion batteries.

Keywords: Glass, glass ceramic, nanocrystallisation, cyclic voltammetry, galvanostatic charge-
discharge (GCD).
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Abstract

Rechargeable batteries, especially state-of-the-art lithium-ion batteries (LIBs), are crucial in modern-
day society for diverse applications. Sodium-ion/sodium-metal batteries (SIBs/SMBs) are emerging
as the most viable alternative to complement the LIBs and LMBs because of the high natural
abundance and homogenous distribution of Sodium (Na) compared to Lithium (Li). Unstable Solid
Electrolyte Interface (SEI) on the Na metal and carbonaceous anode materials are one of the key
challenges in Liquid electrolyte (LE) based SIBs/SMBs. Dendrite formation and anode volume
change over repeated cycling are other issues that lead to SEI breakdown, electrolyte
consumption, and, in severe cases, short-circuiting of the battery. Moreover, the flammable
commercial LEs pose fire hazards, creating a need for a safer and better alternative.!

Solid or solid-like electrolytes, for instance Gel Polymer Electrolyte (GPEs) can address some of
the key challenges. GPEs are prepared by entrapping LEs into a polymer matrix, leveraging the
ion conduction by LEs and mechanical stability of the polymer matrix, being a potential stand-
alone alternative to both liquid and ceramic-based electrolytes. As electrolyte additives,
fluorinated liquid electrolytes and monomers have been widely used in Li-based systems to
enhance cell stability, but their effects on Na-based systems remain underexplored. This gap
creates an opportunity for further research to enhance the performance and longevity of
SIBs/SMBs. 234

In this work, we discuss the effect of incorporating various fractions of a fluorinated monomer
into the polymer matrix. The polymerization was done via UV-initiated free radical
polymerization to obtain a self-standing GPE film. The fluorinated GPEs show high ionic
conductivity (> 1 mS/cm) at room temperature, high electrochemical stability window (~4.8 V)
and excellent cycling stability, enabling the striping and plating of sodium for over 1000 cycles.
The GPEs, when paired with well reported cathodes, show enhanced cycling stability. These
results show the potential of fluorinated GPEs for developing safer and better SIBs/SMBs
technology for widespread applications.

Keywords: Sodium-ion batteries, Gel polymer electrolytes, Fluorinated monomers, Solid
electrolyte interphase, Energy storage
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Abstract

Electrochemical energy storage devices are becoming increasingly important for large scale applications

e.g., conventional electric grids and electric motor vehicles. The current state-of-the-art lithium-ion

batteries use graphite anode and LFP/NMC cathode and have shown exemplary cyclability and rate

capability. Despite their widespread usage in portable electronic devices, their energy density is limited
to 250 Wh/kg which can be surpassed by using bare metal anodes!. The limited earth's abundance of
lithium metal (20 ppm) provides space to explore various alternatives to it and sodium metal is one of

the best alternatives which has low reduction potential (-2.71V) , high specific capacity(1166 mAh/g) ,

high abundance (23,600 ppm) and economically cheap?. The detrimental effects of liquid electrolytes can

be nullified by employing solid state electrolytes such as Inorganic solid electrolytes, solid polymer
electrolytes and composite polymer electrolytes.

Inorganic solid-state electrolytes like NASICON offer high ionic conductivity (>10™* S/cm) and transport

number (~1), but suffer from surface inhomogeneities and poor interfacial contact, leading to failure at

low current densities. Polymers, though flexible, have limited ionic conductivity and mechanical strength
at room temperature. Composite polymer electrolytes combine the advantages of both, enabling flexible,
high-transport films. While previous studies3 limited filler content (<30 wt%) to preserve film integrity,
we fabricated flexible composite films with 10-60 wt% NASICON via electrospinning, followed by in-situ

UV polymerization of glycol-based precursors. The resulting films show 0.3 mS/cm conductivity and 30-

50 mV overpotential at 0.05 mA/cm?, demonstrating the promise of active-filler-rich flexible electrolytes

for electrochemical applications.
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Abstract

Solid-state Li batteries are considered as a promising alternative to commercial Li ion batteries due to
their superior energy and power density and safety. Moreover, their anodeless configuration is even more
attractive as it can further boost volumetric energy density by eliminating any dead volume in the cell.
The application of NASICON type ceramics (LATP (Li1.3Alo3Ti1.7(P0O4)3/ LAGP(Li1sAlosGe1.5(P04)3) as solid
electrolyte (SE), is preferred as compared to oxide-based ceramics such as LLZO due to their higher ionic
conductivity at ambient conditions and higher air stability. However, their practical implementation in
SSBs is still challenging due to the anodic instability against reduction, as well as their high cost of
manufacturing. Herein, we pre-engineered the Cu current collector surface by introducing a porous
reactive layer via controlled corrosion reaction involving the hydrolytic instability of LiPFs in EC-DEC.
Subsequently, through a series of conversion reaction in an anodeless solid-state half-cell with Li metal and
LATP solid electrolyte, the reactive layer was transformed to Li;O and LiF rich passivating interphases in
between Cu current collector and solid electrolyte. Morphologically this layer was dense and well-adhered on
the Cu current collector which helped to achieve ~90% Coulombic efficiency at ambient temperature and

pressure.

Keywords : Anodeless solid-state batteries, current collector modification, corrosion, Interfacial

passivation, anode-Solid electrolyte interphase
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ABSTRACT

In this experiment we are designing a composite solid-state electrolyte with optimal loading and
distribution of LATP into a polymer of PEO. The PEO is found most compatible as a polymer matrix
among few probable candidates. The symmetric cell and full cell assembly is seen and the
electrochemical performance have been studied. LATP a NASICON based solid-state electrolyte
has been prepared using solid-state synthesis. The ceramic material is calcined into two-step and
sintered by making pellet at 1000°C. These pellets are crushed and kept for later use. This solid-
state electrolyte is stirred in acetonitrile and distributed into polymer matrix of PEO over a weight
% of (30,40,50,70,80,90) by vacuum mixing along with lithium salt(LiTFSI). After the mixing the
ceramic into polymer matrix mixture is coated using doctors blade over a teflon sheet and dried
at 35°C overnight in a vacuum oven. The dried electrolyte is peeled off from the Teflon sheet and
kept into glove box for 24hours to remove any moisture present in the sample. Later 12mm
diameter disc were puched out from the sheet for ionic conductivity studies of the sample in a
Swagelok cell. The ionic conductivity at room temperature was ~10-* S/cm and studied over a
temperature upto 70°C for all the weight% of LATP in PEO. The symmetric cell study using Lithium
foil on both the sides packed in a CR2032 coin cell inside an argon-based glove box and a plating-
stripping was studied over a current density of 0.05mA/cm? ,0.1mA/cm? and so on.
Characterization studies of the pristine ceramic powder was done through XRD, FESEM, EDX,
Raman and FTIR. Characterization of the polymer film was done as well by XRD, FESEM, EDX.
Electrochemical studies like EIS, Plating-stripping was done. Planning to do a full cell study with
the best performed LATP+PEO film and to do a charge discharge of the full cell. The full cell will
be assembled using hot-pressing technique inside a glove box. Postmortem study of the best
performed symmetric cell and full cell will be done using XPS, XRD and FESEM.

Keywords: NASICON, solid-state electrolyte, LATE composite polymer electrolyte
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Abstract

Conventional lithium-ion batteries (LIBs) are approaching their theoretical energy density limits,
prompting growing interest in lithium metal batteries (LMBs) for next-generation energy storage.
However, LMBs using liquid electrolytes face critical safety challenges due to lithium dendrite formation.
All-solid-state lithium metal batteries are emerging as promising candidates for next-generation energy
storage due to their enhanced safety and high energy density. However, challenges such as low ionic
conductivity and high interfacial resistance hinder their practical deployment. In this work, we address
these issues through two complementary approaches. First, Al-substituted LiHf,(P0O4)3; (LAHP) inorganic
electrolytes were synthesized via a solid-state reaction route. Rietveld refinement confirmed a
rhombohedral phase, with the highest ionic conductivity (7.09 x 10™° S cm™*) achieved at 25% Al
substitution. Stable lithium plating/stripping over 170 h and excellent performance in Li||LiFePO, cells
underscore its potential. Building on this, we developed an asymmetric single-layer electrolyte (ASE)
integrating a soft polymer-rich (PVDF-HFP/PVP /LiTFSI) side for improved cathode contact and a LAHP-
rich side for robust lithium metal protection. The ASE demonstrates high ionic conductivity (6.05 x 105 S
cm? at 35°C), long-term cycling in symmetric Li cells (2500 h at 0.2 mA cm™2), and outstanding
performance in Li||LiFePO, full cells (85% capacity retention over 500 cycles at 2C). This innovative
single-layer asymmetric design effectively embeds ceramic reinforcement within the polymer matrix on
one side, offering improved interfacial compatibility, simplified fabrication, and optimal compositional
asymmetry, together enabling a practical pathway toward high-performance solid-state lithium metal

batteries.

Keywords: Solid-state lithium-metal batteries, Asymmetric single-layer electrolyte, Dendrite

suppression, Interfacial compatibility.
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Abstract

Li-S batteries are the promising candidate for the next generation batteries with their high
energy density. In particular, all-solid-state Li-S batteries, which employ the solid-state electrolyte instead
of organic solvents, are very attractive systems. They improve not only safety but also cyclability due to
the suppression of dissolution of lithium polysulfide from the cathode active material generated upon
charge-discharge cycling.

We focused on the Argyrodite-type sulfide (LisPSsCl) with high ionic conductivity, as both
cathode materials and electrolyte for new high-performing Li-S batteries. In order to unlock the stable
redox activity of Argyrodite-type sulfide as the cathode, its electronic and ionic conductivity was
enhanced by mixing with a carbon material and additional Argyrodite-type sulfide. We carried out a
mechanistic analysis and revealed charge/discharge mechanisms, leading to optimized compositions
with superior performance. In addition to the cathode, we also improved Argyrodite solid-state
electrolyte to stabilize the cathode/electrolyte interface by improving chemical and electrochemical
stability as well as mechanical properties.

Using the developed argyrodite-based composite cathode and the argyrodite-type sulfide
electrolyte, and Li metal anode, we fabricated a dry-pressed powder type all-solid-state battery. It
demonstrated reversible capacity with high energy density of ~400 Wh/kg, based on battery components
without casing. In this presentation, we will report on the effects of current collectors and binders in
cathode on battery cycling performance. Besides, coat-type cathode and pouch cells, as well as issues to

be addressed for practical application will be discussed.

Keywords: All-solid-state battery, Li-S battery, Argyrodite, Cathode



Poster-48

ACEPS-13, January 11-14, 2026, Bengaluru, India

Room temperature Fluoride-ion Battery with substitutional doping of K*
in BaSnF; solid electrolyte

Meena M1, Amrtha Bhidel*

1 National Institute of Technology Puducherry, India

* amrthabhide@nitpy.ac.in

Abstract

Fluoride ion batteries are prominent next-generation energy storage systems due to their high
theoretical energy density of 5000 Wh/L, thermal safety, and wide electrochemical stability window
owing to high redox stability. Still, the feasibility of FIB faces challenges due to the inadequate ionic
conductivity of solid electrolytes at room temperature. BaSnF, is a solid electrolyte with high ionic
conductivity, next to PbSnF,, making it suitable for fabricating fluoride ion batteries at room temperature.
In this work, Ba1«KxSnFs (0 < x < 0.15) is synthesized through a hydrothermal strategy. Ba1.«<KxSnFa«
(x=0.1) has shown comparatively high ionic conductivity of 1.46 x 10-4 S/cm with activation energy of
0.18 eV for its implementation in cell fabrication. The ionic transference number of the solid electrolyte
Baix K«SnFsix (x=0.1) investigated through the combined ac-dc technique is measured to be 0.94. The
constructed room temperature Fluoride ion cell Sn(anode)/BaixKSnFsx (x=0.1)/PbF2.rGO(Composite
cathode) is demonstrated with an electrochemical stability window of 1.5 V (in the range 0.3-1.8 V). The
cell performance with an initial discharge capacity of 212 mAh/g is demonstrated at room temperature.
Therefore, the substitutional doping of K+ into the BaSnF. framework synthesized through the
hydrothermal route has improved the ionic conductivity and enabled electrochemical performance at

room temperature.

Keywords: lonic conductivity, Cycling stability, Electrochemical stability window, Fluoride shuttle

batteries, Solid electrolytes.
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Abstract
Solid-state electrolytes (SSEs) are critical to the development of next-generation lithium-ion batteries,

offering enhanced safety, broad electrochemical stability, and the potential for high energy density. Among

them, LLZO garnets have
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The relationship between lithium vacancies and ionic transport in garnets is non-trivial; while vacancies
facilitate Li-ion movement, excessive concentrations can induce (electro)chemical instability. In this study,
we explore both cationic and anionic substitution strategies, including high-entropy (HE) cation mixing
and anion doping, to overcome these limitations. Our findings reveal that the garnet structure inherently
accommodates high compositional diversity, enabling tuning without compromising stability. Specifically,
fluorine substitution in the oxygen sublattice (optimal F-doping) enhances Li-ion conductivity while
maintaining low vacancy concentrations, simultaneously improving ductility and interfacial compatibility.
These results underscore the potential of co-engineering both cation and anion chemistry to unlock high-

performance, chemically stable garnet SSEs.
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Abstract

Solid-state sodium-ion batteries (SSSBs) have emerged as a promising alternative to lithium-ion batteries,
offering enhanced safety, thermal stability, and cost-effectiveness. Despite their potential, the practical
performance of SSSBs is often hindered by poor interfacial compatibility between the rigid ceramic solid
electrolyte (SE) and the cathode, particularly under ambient conditions and high current operations. To
address this limitation, this study introduces a simple and effective strategy involving a composite
polymer interface modifier (CPIM) to enhance the cathode-SE interface.

The incorporation of CPIM significantly enhances ionic transport and interfacial contact, resulting in
stable and efficient electrochemical performance. The modified SSSBs deliver near-theoretical discharge
capacity with minimal degradation over extended cycling, even under high current rates. The improved
performance is primarily attributed to the CPIM’s high ionic conductivity and its ability to establish a
more conformal and conductive interface between the cathode and the solid electrolyte. This reduces
charge-transfer resistance and promotes efficient sodium-ion movement across the interface.

Overall, this approach highlights the potential of polymer-based interface engineering to overcome key
interfacial challenges in SSSBs, contributing to the development of reliable and sustainable solid-state

energy storage systems.

Keywords: Sodium-Ion Batteries, composite polymer electrolyte, interfacial engineering
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Abstract
The cold sintering process (CSP) is a potential method that enables densification at relatively lower
temperatures. Sintering of ceramic electrolytes requires high temperature and longer time and is
therefore, very energy-intensive. Moreover, high processing temperature causes material volatilisation as
well as the formation of secondary phase(s), deteriorating the properties of the electrolyte. NazZr,Si>PO12
(NZSP), a promising NASICON-type solid electrolyte for sodium-ion batteries, also suffers the same
problem of Na and P loss and formation of unwanted secondary phases (e.g. Zr0Oz) due to its high
temperature sintering at 1250 °C. In the present work, the CSP method is investigated for the sintering
temperature of magnesium-doped NZSP, which successfully resulted in the highly-dense pellets at a
lowered sintering temperature. X-ray diffraction, scanning electron microscope and impedance
spectroscopy were used for the phase analysis, morphological study and ionic conductivity determination.
The obtained data was compared further with samples prepared using the conventional route. To evaluate
its electrochemical performance, coin cell was fabricated using a dense electrolyte prepared with
optimised processing conditions, keeping iron-doped NazV,PO1, as cathode and Na-Metal as anode. The
cell showed reasonably good cycling performance resulting around ~90% capacity retention over 100

cycles.
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Poster-52
ACEPS-13, January 11-14, 2026, Bengaluru, India

Microstructure optimizations of NasSbS1/NasZr2Si>P0O12 composite solid
electrolytes for improving cycling performance in Sodium All-solid-state
batteries

Celastin Bebina Thairiyarayar!*, Wei-Ren Liu!

1 Department of Chemical Engineering, R&D Center for Membrane Technology, Center for Circular Economy, Chung
Yuan Christian University, 200 Chung Pei Road, Chung Li District, Taoyuan City, 32023, Taiwan, Republic of China.
* WRLiul203@gmail.com

Abstract

Solid-state sodium-ion batteries offer improved safety and cost advantages, but sulfide electrolytes
such as NazSbS4 (NSS) suffer from interfacial instability, by-product formation, and structural defects that
hinder cycling performance [1]. To overcome these issues, we developed a composite electrolyte by
incorporating NASICON-type NazZr,Si;PO12 [NZSP] into NSS. The optimized 90 wt% NSS-10 wt% NZSP
composition effectively filled voids, blocked cracks, and enabled dual-phase Na+* transport, increasing
ionic conductivity to 0.37-0.396 mS cm-! and reducing activation energy from 0.25 to 0.22 eV. In a
Naz/sFe1/2Mn1,20, | composite | Na half-cell, the battery delivered 118.9 mAh g1 and stable cycling for 100
cycles at 0.05 A g1 as shown in Fig. 1. Cycle life of different compositions of NazSbSs - NazZr,SizP012
composite solid electrolytes. These results demonstrate that NZSP-NSS composites significantly enhance
ionic transport and interfacial stability, advancing the development of high-performance sulfide-based

solid-state sodium batteries.
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A solid-state battery is the next-generation energy storage technology that promises high energy density,
high power, and ultimate safety.! However, Li dendrite formation and high-voltage oxidation stability are
two major challenges in developing solid-state batteries. Solid electrolytes are crucial components that
provide cathodic and anodic stability. Nonetheless, no single electrolyte can solve all issues at the cathode-
anode interface.23 For example, sulphide solid electrolytes can interact chemically and electrochemically
with both Li metal and high-voltage cathodes. In contrast, halides are stable up to 4.2V vs. Li on the
cathode side but are highly reactive with Li metal. Oxide electrolytes are kinetically stable with Li metal
and at high voltages; however, high processing conditions can create additional impedance on the cathode
side due to cross-ion diffusion across the SE-oxide cathode interface.* Doping with fluorine is an effective
strategy to improve both cathodic and anodic stability, with LiF stabilising Li metal and fluorine offering
the highest electrochemical potential to enhance oxidation stability with high-voltage cathodes. Yet,
fluorine-doping often reduces conductivity. In this abstract, we demonstrate how fluorine doping
stabilizes cathodes and anodes through in operando XPS and electrochemical measurements, as well as

methods to increase fluorine doping levels without sacrificing ionic conductivity.

Keywords: solid electrolytel, fluorine substitution2, solid electrolyte interface3, ionic conductivity4
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Abstract
An approach to improve the Al3+ ion storage capacity of MoO3 in aqueous electrolyte is illustrated here.
Graphene as conductive additive and diglyme as electrolyte additive play a pivotal and synergistic role in
the improvement. Graphene-MoO3 composite exhibits stable capacity of 160 mAh g1 over 100 cycles in
diglyme mixed aqueous electrolyte with v/v mixing ratio of 50:50, whereas it delivers a capacity of only
75 mAh g1 at the 100th cycle in pristine aqueous electrolyte. Besides, pristine MoO3 also demonstrates

improved stability in diglyme mixed aqueous electrolyte [1, 2].
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Fig. Graphical Abstract
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Abstract

Zinc-Magnesium Dual lon battery (ZMDIB) was fabricated using MgMn;0, as the cathode and
metallic zinc sheet as the anode in the presence of an aqueous Zn, Mg dual-ion electrolyte. The cathode
material was synthesized using hydrothermal method and the structural purity is confirmed with the
physical characterizations, including XRD, RAMAN and EDX analysis. FESEM and BET techniques were
used to investigate morphology and surface area of the synthesized material. The electrochemical
performances of dual-ion battery were observed by fabricating coin cell and utilizing the techniques such
as CV, GCD, and EIS. The performance and stability of dual-ion battery was enhanced by modifying the
electrolyte. The highest specific capacity was found to be 177 mA h g1 at 50 mA g-1. It also showed good
stability with capacity retention of 85 % after 2000 cycles at a current density of 0.5 A g-1. Ex-situ XRD
analysis was performed to check the electrode stability after long term cycling. The results indicated that
the developed doped nanomaterial exhibits excellent charge storage characteristics, followed by a watch

demonstration.!.2
Keywords: Electrochemical Analysis, Galvanostatic Charge/Discharge, Cyclic Voltammetry.
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Engineering NDI-Derived Organic Anodes for Enhanced Electrochemical
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Abstract

Aqueous multivalent-ion batteries (Zn?*, Mg?*, Ca®*, AI**) are emerging as safe, cost-effective, and
sustainable alternatives to lithium-ion technologies, leveraging earth-abundant materials and the high
charge-storage potential of multivalent redox processes. However, commercialization is hindered by the
scarcity of electrode materials compatible with these aqueous systems, particularly in calcium-ion sytems.
Organic electrode materials offer an attractive route forward, combining structural tunability, low cost,
environmental benignity, and potential for multi-electron redox activity. ()
Our research group has extensively investigated organic materials within aqueous battery systems,
probing into mechanistic studies in multivalent systems (Zn2+), both theoretically and experimentally.(®
In this presentation, we report our development of derivatives of 1,4,5,8-naphthalenetetracarboxylic
dianhydride (NDI) as organic anodes tailored for aqueous Ca?* batteries. The optimised electrode exhibit
enhanced structural stability and reversible Ca®** redox behavior. Mechanistic insights from ex-situ
spectroscopic characterization confirm reversible coordination of Ca** to carbonyl groups indicating
redox conversion rather than traditional intercalation mechanisms.Finally, a full cell has been developed
by combining it with prussian blue analogs. These design strategies align with broader efforts to harness
aromatic dianhydrides like NTCDA/PTCDA as robust organic hosts in multivalent chemistries and offer a
viable pathway toward practical aqueous Ca-ion devices.
Keywords : Organic anode - Naphthalenetetracarboxylic dianhydride (NDI) - Aqueous calcium-ion
battery - Redox carbonyl conversion
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Batteries
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Abstract

Aqueous zinc-ion batteries (ZIBs) have garnered significant attention as a sustainable
alternative to lithium-ion batteries (LIBs) due to their intrinsic safety, low cost, and abundance of zinc
resources. Unlike LIBs, which rely on flammable organic electrolytes and critical raw materials like
lithium and cobalt, ZIBs utilize water-based electrolytes and non-toxic materials, making them safer and
more environmentally friendly. Additionally, zinc metal anodes offer a higher theoretical capacity and
lower redox potential, making ZIBs attractive for large-scale energy storage applications. However,
despite these advantages, aqueous ZIBs face several critical challenges that limit their commercial
viability. The primary issues in ZIBs stem from the instability of the zinc anode in aqueous environments.
Zinc metal is prone to dendrite formation during repeated plating and stripping, leading to short circuits
and capacity decay. Moreover, continuous dissolution of cathode in mild acidic electrolyte limit long-term
stability of the battery.12
This work tackles these issues through electrolyte engineering by incorporating organic co-solvents and
functional additives into the aqueous electrolyte. These modifications successfully inhibit dendrite
growth, suppress cathode dissolution by inducing a well-regulated SEI. The optimized electrolyte
exhibits enhanced cycle life, high coulombic efficiency with stable capacity in full- cell configuration.
Advanced characterization methods, such as time-of-flight secondary ion mass spectrometry (TOF-SIMS),
in-situ FTIR, and MALDI spectroscopy are used to probe the SEI composition and its formation mechanism.
These findings highlight the importance of electrolyte design in improving the zinc in battery stability
and lifespan toward practical safe and sustainable energy storage.
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Abstract

Energy storage is a stepping stone in the decarbonization of the power sector and the transition
to environmentally friendly renewable sources. Aqueous zinc-ion batteries (ZIBs) are among the
potential alternatives to replace non-aqueous lithium batteries owing to their high energy density and
eco-friendliness. Zinc, with its high theoretical capacity (820 mAh g™ / 5855 mAh cm™3), low cost, and
compatibility with aqueous systems, is both safe and environmentally friendly. 221 Although zinc
batteries are strong contenders, they suffer from short cycle life and capacity fading. Over successive
cycles, the anode suffers from dendritic growth, corrosion, and other parasitic reactions, which can cause
the battery to short-circuit. The cathode, meanwhile, suffers from low capacity and active material
dissolution, leading to capacity decay.[3-4]Herein, we demonstrate an approach for electrolyte engineering
using 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) to mitigate ZIBs issue. AMPS, along with
Zn**, forms a metal-organic hybrid interface at the electrode surface. This hybrid interface, with
uniformly distributed polar functionalities, regulates zinc ion flux during plating, and suppresses
corrosion and other parasitic reactions.[3] Electrochemical characterization in half-cell (Zn||Ti) shows a
higher nucleation overpotential and improved coulombic efficiency (99.2%) for the modified electrolyte.
The galvanostatic charge-discharge cycling of a symmetrical cell (Zn||Zn) made with the additive shows
acyclelife >1050 h, compared with the blank electrolyte (200 h). A full cell (Zn||V.0s) fabricated with the
modified electrolyte showed a high discharge-specific capacity of 304.6 mAh g™* at 0.2 A g%, with a
capacity retention of 59.25% after 200 cycles. Electrolyte engineering effectively suppresses dendritic
growth at the anode, increases cycle life, and retards capacity fading at the cathode.
Keywords: zinc battery, electrolyte engineering, AMPS, 2-Acrylamido-2-methyl-1-propanesulphonic
acid, metal organic hybrid layer
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Abstract

The growing demand for sustainable, safe, and high-performance energy storage systems has driven
intensive research into gel polymer electrolytes, especially those derived from natural biopolymers. This
work presents a zinc-based biopolymer gel electrolyte employing a dual crosslinking strategy that
combines covalent bonding and zinc ion coordination. The biopolymer matrix—formulated using eco-
friendly precursors such as dialdehyde cellulose and gelatin—forms a robust, three-dimensional hydrogel

structure that ensures mechanical durability, thermal resilience, and efficient ion transport pathways.

The synergistic effect of dual crosslinking significantly enhances the electrolyte’s ionic conductivity and
flexibility while effectively mitigating zinc dendrite formation. Electrochemical analyses reveal a wide
electrochemical stability window, low interfacial resistance, and prolonged cycling stability under high-
rate charge/discharge conditions. In zinc-ion battery (ZIB) applications, the gel electrolyte enables stable
and reversible zinc plating/stripping with high Coulombic efficiency. Additionally, its application in
supercapacitors demonstrates superior power performance and rapid ion diffusion capabilities. These
results highlight the potential of scalable, biopolymer-based dual-crosslinked gel electrolytes as viable
candidates for next-generation energy storage technologies requiring both high energy and high-power

outputs.

Keywords: Zinc-ion battery, Biopolymer electrolyte, Dual crosslinking, Gel polymer, Energy storage
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Abstract

Aqueous zinc ion batteries (ZIBs) have paved the way for manufacturing safe and high-capacity
batteries. Photobattery can be a viable solution where solar energy is converted and stored efficiently
while being compact [1]. In this study, we present a new self-charging energy storage device by
investigating chemical processes for air-based recharging in photo-assisted Zn-ion device, utilizing
V0:/WO0;3; as a cathode. Here, hydrated vanadium oxide (VO:xH;0) nanoribbons synthesized by
hydrothermal method, are used in aqueous ZIB [2]. Aqueous electrolyte is sustainable, due to the Zn-
based salts being cost-effective, abundant and ease of preparation. The air-based charging achieves an
Open Circuit Potential (OCP) of 1 V, reaching 0.9 V OCP within 140 s. The blend of VO;-xH20 and WO3

resulted in photocathode which can convert solar energy and store it as electrochemical energy in ZIB [3].
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Fig.1. Schematic of the photo-assisted aqueous Zn-ion battery

Keywords (max 5): Zinc ion battery, Self-rechargeable, Photo battery, Energy storage, Metal-air battery
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Abstract

Aqueous zinc batteries (AZBs) are an emerging energy storage technology that offers enhanced
safety, environmental sustainability, and strong potential for grid-scale applications.2 However, the
inherent thermodynamic instability of the Zn anode in aqueous electrolytes presents significant
challenges, including corrosion, hydrogen evolution reaction (HER), and dendrite formation.3#4 These
issues drastically reduce the cycle life and coulombic efficiency of the zinc anode. To overcome these
challenges, the formation of a stable and robust in situ solid electrolyte interphase (SEI) on the anode
surface, achieved through the decomposition of electrolyte components, plays a crucial role in
suppressing side reactions and improving anode stability and performance. Fluoride-based interphase
engineering, incorporating zincophilic and hydrophobic properties through electrolyte modification,
offers a simple yet effective approach with promising advantages. Zincophilic materials enhance zinc ion
transfer kinetics, while hydrophobic components mitigate water-induced side reactions by reducing
water activity near the anode, thereby improving the overall stability of the Zn metal anode. In this study,
we utilized an aqueous zinc salt electrolyte with a fluorine-based additive, which promotes the formation
of a ZnF,-rich inorganic inner layer and a fluoride-rich organic outer layer. The synergistic effects of this
engineered SEI architecture significantly enhance the cycling stability of the zinc anode, even under high

current density.
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Abstract

Zinc-ion batteries (ZIBs) have emerged as a promising solution for sustainable energy storage,
owing to their inherent safety, environmental compatibility, and the availability of zinc, positioning them
as attractive candidates for both grid-scale and portable energy applications. The overall performance of
ZIBs is determined by the choice of cathode material. Conventional cathodes, including manganese
oxides, vanadium oxides, and Prussian Blue Analogues(PBA), primarily function via intercalation and
surface redox reaction processes, which inherently limit their specific capacity and cycling stability.

Achieving higher energy densities necessitates the development of cathode materials that
combine elevated redox potentials with substantial specific capacities, as intercalation-based cathodes
are intrinsically constrained in these respects. Chalcogen elements such as sulfur, selenium, and
tellurium are particularly promising for advancing ZIB technology, as their high redox potentials and
large theoretical capacities combined with the ability of their cathodes to undergo positive valence state
conversions, thereby positioning conversion-type cathodes as a compelling avenue for advancing ZIB
technology’. Among these, tellurium distinguishes itself due to its outstanding electrical conductivity (2
x 102 S m™) and high volumetric capacity (2621 mAh cm3), greatly surpassing the corresponding
properties of sulfur and selenium? While conversion-type cathodes may be prone to structural
degradation during cycling, this challenge can be addressed through the incorporation of buffering
systems, such as transition metal. The electrolyte plays a major role in serving as an ion-conducting
medium and stabilizing cationic tellurium species®.

In this study, metal telluride-based electrodes were synthesized, and their structural and
morphological features were confirmed through X-ray diffraction (XRD) and scanning electron
microscopy (SEM). Electrochemical characterizations were performed in a Zinc||metal telluride battery
configuration using a Swagelok cell. The electrochemical behavior was investigated by cyclic
voltammetry (CV) and galvanostatic charge-discharge (GCD) techniques. The influence of different
electrolyte concentrations on battery performance was analyzed in a voltage range of 0-1.8 V.

Keywords: Zinc lon Battery, Tellurium cathode, Transition metal buffer
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Abstract

The growing demand for large-scale, sustainable energy storage has intensified the search for
battery technologies beyond lithium. This shift has driven growing interest in post-lithium
systems that employ earth-abundant elements and multivalent-ion chemistries.k2 Among
emerging alternatives, sodium-ion and aqueous zinc-ion batteries stand out for their low cost,
high natural abundance, and potential for scalable energy storage. Realizing the full potential of
these systems lies in engineering cathode materials that combine fast ion transport, high redox
activity, and structural robustness. Layered transition metal oxides (TMOs) are particularly
attractive for their compositional flexibility and rich redox chemistry. However, realizing their full
potential requires deeper exploration of the compositional landscape and defect engineering
strategies within layered cathodes to enhance ionic conductivity, activate additional redox
mechanisms, and maximize reversible capacity.34 In Na-ion chemistry, we explore aliovalent
doping, cation vacancies, and their interplay to reveal cooperative and non-cooperative effects
that enhance Na* diffusion, promote oxygen redox, and stabilize P2-03 phase transitions. In
aqueous Zn-ion batteries, where Zn?* mobility is intrinsically limited, we provide mechanistic
insights into Zn** transport in layered oxides, highlighting how defect engineering and co-
intercalation synergistically improve rate capability. These findings advance our understanding
of how structural descriptors regulate ion transport and phase behaviour in layered cathodes,
offering valuable design principles for high-performance, next-generation cathode materials.
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Abstract

Enhancement of renewable H; production via water splitting using visible light-driven semiconductor
photocatalysts has long received global attention because of its great potential for low cost and
sustainability. Bismuth Tungstate (Bi;WOs), with its broad band gap, poses challenges to efficient visible
light absorption and suffers from rapid electron-hole recombination, limiting its hydrogen production
efficiency.! We have engineered a heterojunction between Bi;WOs (BWO) and ZnlIn;S4 (ZIS),2 which
enhances visible light absorption and promotes effective charge separation, reducing the recombination
of photoexcited charge carriers and increasing the drift velocity of electrons and holes. In this study,
assembled rod-like BWO structures are combined with nanoplate-like ZIS, creating a unique hybrid
morphology. Interestingly, the metallic Bi formed during the synthesis of the heterojunction significantly
enhances charge separation efficiency and creates favourable electronic states that facilitate the
accumulation of photogenerated electrons at the semiconductor interface. Furthermore, the reduction of
trap states after heterojunction formation reduces electron-hole recombination and extends the lifetime
of charge carriers, significantly boosting H, generation performance and photoelectrochemical response.
The optimized BWIS@0.26 heterojunction exhibits a photocurrent response that is 10 times higher
compared to bare BWO owing to the synergistic effects of metallic Bi and trap-state engineering at the
interface. Our findings demonstrate that interface engineering of semiconductors is a viable approach to
improve the efficiency of photoelectrochemical systems for renewable energy applications.

Keywords: Bi;WO4/ZnIn;S; heterostructures, S-scheme heterojunction, Photoelectrochemical water
splitting, Defect states, Interfacial Bi-S bond

References

(1) Ghosh, S;; Das, P. S.; Bera, S.; Sarkar, D.; Roy, K;; Nath, S.; Ghosh, P,; Ghosh, C. K.; Allu, A. R. Conjugated
Polymer-Supported Doped Bi;WO¢s S-Scheme Heterojunction for Proficient Water Splitting via Dual
Regulation of Band Gap Engineering and Improved Charge Separation. ACS Appl. Energy Mater. 2024, 7,
10906-10920.

(2) Zhao, X;; Xie, S.; Huang, H.; Zhu, X;; Li, ].; Yang, L.; Bai, L.; Wei, D.; Yin, K;; Yang, H.; Chen, H.; Luo, M. ZnIn,S,
Quantum Dot/Mo-Doped WO, 7, Nanowire Heterojunctions Boost the Photocatalytic Desulfurization of
Diesel. ACS Appl. Nano Mater. 2024, 7,11767-11776.


mailto:srabanti@cgcri.res.in,%20ghosh.srabanti@gmail.com

Poster-65

ACEPS-13, January 11-14, 2026, Bengaluru, India

Zinc-assisted engineering of Co-N; sites in polymer derived perforated
carbon for high performance oxygen reduction reaction

Prakash Subramani 2b, Sreekuttan M. Unni ab*

a CSIR-Central Electrochemical Research Institute Chennai Unit, CSIR Madras Complex, Taramani, Chennai-600113, Tamil Nadu,

India.
b Academy of Scientific and Innovative Research (AcSIR), Ghaziabad-201002, India.

* sreekuttanunni@cecri.res.in
Abstract

Electrocatalysts for the oxygen reduction reaction (ORR) are crucial for the development of
high-efficiency fuel cells and metal-air batteries. Nonetheless, developing cost-effective catalysts that
offer both high activity and durability remains a major challenge. In this context, we present a successful
approach to enhance the electrocatalytic performance of Co-N-C by adjusting the density of the active
reaction centres through the strategic use of Zn. Zinc acts as an in-situ pore-forming agent to maximise
the number of active sites in a Co-N-C catalyst synthesised from a mixture of polyaniline and cobalt
chloride hexahydrate using a thermal degradation route (ZC-N/C). The zinc ions in the precursor not only
enhance the surface area of the resulting carbon, but also inhibit the formation of cobalt oxide/sulfide,
maximising the +2 and +3 oxidation states of cobalt on the carbon surface. The synergistic effect of Zn,
Co, and the N-doped carbon matrix alters the electronic structure of the active metal sites and enhances
the active reaction density, thus enhancing ORR activity. The ORR onset and half-wave potentials of the
synthesised ZC-N/C are on par with those of the state-of-the-art commercial Pt/C under alkaline
conditions. Additionally, ZC-N/C shows an exchange current density of 3.23x10-4 A cm-2 and a rate
constant of 6.65x10-4 cm s-1 for the ORR, which is comparable to that of Pt/C. ZC-N/C reduces the oxygen
molecules through a four-electron transfer pathway with 2% H202 production. The distinctive electronic
interaction of doped Co/Zn-Nx moieties in ZC-N/C provides excellent stability with a AE1/2 of 16 mV
even after 10000 cycles between 0.6 - 1 V vs RHE. Moreover, the performance of ZC-N/C as a cathode
catalyst in an anion exchange membrane fuel cell (AEMFC) shows a Pmax of 215 mW cm-2, which is
similar to that of Pt/C (214 mW cm-2). In addition, a zinc-air cell assembled using ZC-N/C as the cathode
demonstrates a power density of 136 mW cm-2, along with outstanding rate capabilities and stability. At
a current density of 5 mA cm-2, ZN-N/C achieved a capacity of 777 mAh gZn-1, which represents 95% of
the theoretical capacity of the Zn-air cell. These results highlight that Zn/Co-NC is a potentially cost-

effective electrocatalyst for the ORR in low-temperature AEMFC and Zn-air batteries.

Keywords: Anion exchange membrane fuel cells (AEMFC), Zinc-air battery (ZAB), Oxygen reduction

reaction, Nitrogen-doped carbon, Cobalt sulfite nano particles.
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Abstract

In this work, we engineer a bimetallic Fe-Ni 2D MOF intimately interfaced with nitrogen-rich g-CsNs,
driving localized charge redistribution at the atomic scale. This dynamic heterostructure shows a unique
reorganization of oxidation gtates, ligand fields and oxygen vacancy distribution, precisdly tailoring active
site geometry and electronic properties. Such synergy fundamentally alters dioxygen redox processes
kinetically as well as mechanigtically, reducing voltage gaps by 250 mV alongside unlocking remarkable
catalytic efficiencies. Advanced spectroscopic studies confirm eectronic restructuring, while high-
resolution microscopy reveals the atomic arrangement and defect landscapes responsible for superior
activity. Integration of thistuned MOF inazinc-air battery yieldsahigh peak power density of 163 mwW-cm-
2, a specific capacity of 778 mAh/g and remarkable stability exceeding 100 hours, with high round-trip
efficiency retention of 57.4% compared to Pt/C + RuO, system (42.5%). This work eucidates the
transformative potential of atomic control and eectronic synergy in MOF-based materias, setting new
paradigms for designing high-performance, tunable catalysts for sustainable energy solutions.
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Abstract

The aqueous Zn-CO; battery has a high theoretical capacity of Zn (820 mAh g1) and uphold a unique
potential in CO; fixation and reduction, as well as energy conversion and storage, which has been
developing fast in recent years!. Since, CO; elimination from the atmosphere is a tedius and expensive
process, thus CO, conversion and utilization process such as electrochemical CO; reduction (E-CO2R)
provide a sustainable approach to convert CO; into valuable fuels and feedstocks. The electrochemical
reactions that occur at the cathode during charging and discharging, namely the oxygen evolution
reaction (OER) and CO2RR, respectively, are primarily responsible for the performance of aqueous
rechargeable Zn-CO; batteries (ARZCBs) 2. Since, these two reactions participates at the cathode and the
fundamental mechanisms are also different for both the reaction. Thus, design and development of a
bifunctional (CO,RR-OER) catalyst with optimum activity is primarly needed for the development of
ARZCBs. In this work, we utilized Bimetallic transition metal sulfide as a bifunctional catalyst for OER and
CO2RR. To evaluate electrochemical CO;RR, LSV and chrono-amperometry in three electrode system (H-
cell) have been performed and reaction was monitored for various products like ethanol and hydrogen

by using NMR and GC technique.

Keywords : Zn-CO; battery, Electrochemical CO; reduction, Oxygen evolution reaction, Bifunctional

catalyst
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Abstract

Hydroxymethylfurfural (HMF) is one of the important platform chemicals derived from biomass, which
is used to synthesise 2,5-furandicarboxylic acid, a precursor for green polymer polyethene furanoate [1].
Electrochemical oxidation of HMF takes place at near-ambient conditions and has significant advantages
over conventional processes, but the high cost of flow electrolysers and the dearth of robust electrodes
restricts the research to batch processes. Nickel and Cobalt-based layered double hydroxide (NiCo-LDH)
catalysts have shown enhanced catalytic activity due to their adaptable layered structure and chemical
compatibility for the HMF oxidation reaction [1]. However, they suffer from low conductivity, which
limits their performance. Nevertheless, the heterostructure interface can improve their catalytic
properties, thereby enhancing the charge transfer and leading to better contact between the electrolyte
and the catalyst. Herein, we report the two-step process for the synthesis of CoFe metal-organic
framework over NiCo LDH, which could be used as a cathode in a 3D printed flow electrolyser. The
synergy between MOFs and LDH catalysts allows for a greater surface area, improved controlled
coordination environments, and increased molecular adsorption. The as-prepared CoFe MOF over NiCo
LDH at Nickel foam demonstrated around 94% conversion of 10 mM HMF in 1 M KOH with 95% FDCA
selectivity at a potential of 1.4 V vs RHE in batch process studies. Accordingly, a 3D-printed flow
electrolyser is fabricated for the continuous HMFOR [2]. This strategy facilitates the development of
lightweight, cost-effective, highly efficient electrolysers and enables rapid scalability for HMFOR.

Keywords: 3D printed electrolyser, HMF oxidation, metal organic framework, layered double hydroxides
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Abstract

This work investigates at the electrocatalytic characteristics of two-dimensional (2D) molybdenum
disulfide (MoSz) phases for the hydrogen evolution reaction (HER), which is an important pathway for
production of sustainable hydrogen fuel. 2D transition metal dichalcogenides (TMDs) are known for
their distinct electrical and optical properties, making them suitable for a variety of applications,
including catalysis. Specifically, MoS; is a viable alternative to high-cost platinum catalysts in HER
process, with the mixed 1T/2H phase renowned for its higher activity than more frequent 2H phase. We
present the bulk synthesis of 2H-MoS,-C and mixed 1T/2H-MoS; by a wet-chemical approach, and
investigate the effect of reaction time on their characteristics. Our findings demonstrate the enhanced
HER efficiency of the combined 1T/2H-MoS. phase. Quantitative electrochemical experiments
demonstrate that mixed 1T/2H-MoS; has a low overpotential of 260 mV at 10 mA/cm?2 and a Tafel slope
of 65 mV/dec. These values outperform those of MoS,-C (470 mV at 10 mA/ cm?, 99 mV/dec) and
pristine 2H-MoS; (530 mV at 7.7 mA/ cm? 204 mV/dec). The mixed-phase MoS; increased
electrocatalytic activity is ascribed to the conductive 1T phase, which has a greater active surface area
that includes both basal planes and edges, giving it a considerable advantage over the 2H phase of

edge-limited activity.

Keywords: 1T/2H-MoS;, 2D-TMDs, HER, Wet-chemical, MoS;-C


http://www.manit.ac.in/

Poster-70

ACEPS-13, January 11-14, 2026, Bengaluru, India

NiFe Boride-Derived Catalysts for Efficient and Stable Oxygen Evolution in
AEM Electrolyzers

Palash Jyoti Gogoil2, Neena S. Johnl2

!Centre for Nano and Soft Matter Sciences (CeNS), Shivanapura, Bengaluru 562162, India
2Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, India
* jsneena@cens.res.in

Abstract

Metal alloyed borides are gaining attention as next-generation catalysts for the oxygen evolution reaction
(OER), a crucial step in water splitting. Their high conductivity, tunable composition, and abundance make
them appealing alternatives to noble metalsl. However, their long-term stability under industrially
relevant conditions, including high current densities and elevated temperatures, remains underexplored.
In this study, we employ a phase composition modulation strategy to design efficient and durable OER
catalysts based on metal alloyed borides. This approach facilitates in situ phase evolution during
electrocatalysis, forming catalytically active borate/oxide species?. In situ X-ray absorption spectroscopy
(XAS) confirms that the transformation of metal borides into metal borates is essential to achieving high
activity and durability. A nickel-iron alloyed boride-derived catalyst demonstrates an overpotential of
250 mV at 10 mA cm™? in 1 M KOH, along with remarkable stability at 100 mA cm™2 for over 50 hours.
These results highlight its strong performance under practical current densities. To further validate its
applicability, the catalyst is incorporated into an anion exchange membrane (AEM) water electrolyzer
paired with a Pt/C cathode. The device operates stably at 1.8 V and 50 °C for over 70 hours, showcasing
excellent durability under industrial conditions.
Our findings provide valuable insights into the structure-activity relationships of boride-based catalysts
and emphasize the significance of phase engineering in designing scalable, cost-effective materials for
green hydrogen production.
Keywords (max 5): OER, AEM electrolyser, in situ XAS, metal alloyed boride
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Abstract

Ruthenium-based nanoclusters are emerging as promising electrocatalysts for alkaline
hydrogen evolution reaction (HER), owing to their strong water dissociation capability.[1] However, their
catalytic performance is often limited by the strong adsorption of hydroxide ions (OH™), which is crucial
for anion exchange membrane water electrolyser (AEMWE) for achieving the amperes level current
density.[2] To address this limitation, we have designed a ruthenium-cobalt bimetallic nanocluster
anchored on a nitrogen-doped carbon matrix, which improves the OH™ desorption from Ru sites, lowers
water dissociation energy, resulting in enhanced HER kinetics. The improved OH™ desorption has been
validated by cyclic voltammetry and in situ Raman spectroscopy in 1.0 M KOH. In particular, an anion
exchange membrane electrolyser has been assembled for the practical implementation of Ru-Co-NC as a
cathode, which shows the industrial level current density of 2 A cm-2 at 2.35 volts and high stability
over 140 hours. The high cell efficiency of 61.7% and low cost H2 production of $1.08 per GGE H; at 0.5
A cm? demonstrate the potential of Ru-Co-NC for green hydrogen production on an industrial scale. The
density functional theory (DFT) calculations provide mechanistic insights, revealing reduced water
dissociation energy, favourable hydrogen binding energy, and mitigated OH™ adsorption on the Ru-Co-NC
surface. These results highlight the importance of concurrently engineering water activation and OH~
desorption to optimize HER activity for industrial-level current density.

Keywords: Water splitting, Hydrogen evolution reaction, AEM Water Electrolyser, OH- desorption,

Density functional theory.
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Abstract

Metal-organic frameworks (MOFs) have garnered considerable attention for water electrolysis
due to their larger surface area, tailorable topology, and abundant electroactive sites. This study
investigates 3D nanoflake-anchored hierarchical mesoporous pure Ni-MOF microspheres with tailored
crystallinity and surface morphology for efficient overall electrocatalytic water splitting. The optimized
Ni-MOF (Ni8) offering a specific surface area of 146.96 m?/g, providing abundant electroactive sites and
featuring Ni**/Ni3* redox states that facilitate efficient mass transport and gas release during electrolysis
demonstrated superior electrocatalytic performance. Notably, Ni8 demonstrated excellent
electrocatalytic performance, achieving overpotentials of 337 mV for the oxygen evolution reaction (OER)
and 559 mV for the hydrogen evolution reaction (HER) at 10 mA/cm? in 1M KOH electrolyte. Ni8 resulted
in a cell voltage of 1.60 V for overall water splitting, with an electrochemical surface area (ESCA) of 7.80
cm? and turnover frequency (TOF) of 1.02 1/s. These findings emphasize the significance of 3D
hierarchical mesoporous structures in enhancing catalytic activity and positioning Ni-MOF as a cost-
effective alternative to noble metal based catalysts for sustainable hydrogen. If you include Figure(s)

and Table(s), those materials must be incorporated into the text together with their captions.
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Abstract

The increasing the demand for clean hydrogen has creats the significant interest in developing efficient
and sustainable methods and materials for green hydrogen production. Hence here we have synthesized
the Magnetium oxide (MgO) nano materials as electrocatalysts for hydrogen evolution using the green
synthesis method. Aloe vera gel has been used as a reducing and used various concentrations (5g, 10,15
and 20g) of Aloe vera gel. The main objective of the report is to study the effect of the Alovera
concentration on MgO nano materials for alkaline water electrolysis activity for hydrogen evolution. XRD
data confirms the crystalline cubic phase of MgO. Optical absorption data has been shown the decrease
in band gap energy from 4.84 to 3.27 eV as Aloevera concentration increased. Scanning Electron
Microscope (SEM) images of the samples show the diverse nanostructures with different morphological
changes with respect to the change in Aloe vera concentration. Functional groups presence and Mg-0
(800- 890 cm-1) in FTIR spectroscopic and Raman sprectroscopic data confirms the functional groups
like C-O and C=0 due to the residues derived from the Aloe vera during the synthesis.

The greeen synthesized materials (G-MgO-A, G-MgO-B, G-MgO-C, and G-Mg0-D, samples) are behaved as
a good electrocatalysts for hydrogen evolution using the alkaline water. Among these samples, G-MgO-B
has been shown the superior properties of electrocatalysts with lower overpotential of 175 mV at
10mA/cm2 current density with lower Tafel slope of 108 mV/Dec. Hence, We believe that the low cost
and earth abundant materials of green synthesized MgO nano materials (G-MgO-B) are best
electrocatalyst for the alkaline water electrolysis for hydrogen production due to rich defects like
functional groups on the surface, carbon coating and oxygen vacancies of the green synthesis of MgO nano

materials.
Keywords : Green synthesis method; MgO; Hydrogen evolution reaction; alkaline water electrolysis
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Abstract

MoS; has been researched as a cost-effective and environmentally friendly alternative to Pt in the
production of hydrogen fuel. MoS; appear in various phases, such as mixed 1T/2H, 1T, and 2H phases.
The combined 1T/2H phase has better qualities than the metallic 1T phase and semiconduter 2H phase.
The metastable 1T phase is stabilized by the interaction between the 1T and 2H phases in the mixed
1T/2H-MoS;, which increases its catalytic activity. Here, we examined the performance of
dual-metal-doped (copper and iron) mixed 1T/2H-MoS, with varying compositional ratios in the
hydrogen evolution process (HER) both experimentally and through density functional theory (DFT). In
experimrntal results shows that a minimum Tafel slope of 40 mV/dec and an overpotential of -20 mV at
a current density of -10 mA/cm2. Additionally, after 1000 voltammetry cycles, the material showed
remarkable potential stability with negligible change in potential. The stability of the system for HER
was validated by theoretical tests using DFT. We studied on four possible combinations of dual metals
doped into 1T/2H-MoS,. Such as include 1) Cu and Fe doped in 1T phase, 2) Cu in 1T and Fe in 2H
phase, 3) Cu in 2H and Fe in 1T phase, and 4) Cu and Fe in 2H phase. Copper and iron doping in the 2H
phase resulted in a low AG value of 0.7 eV for the combined 1T/2H-MoS2. In comparison to others,
CuFe-1T, Cu-1T/Fe-2H, and Cu-2H/Fe-1T are -10.7, -5.6, and -2.6 eV, respectively. Our work dual
metal-doped engineering method for improving the hydrogen evolution reaction (HER) of 1T/2H-MoS;

is a very efficient and simple method.
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Abstract

The growing demand for sustainable and cost-effective energy storage solutions has intensified
interest in recycling strategies that align with circular economy principles. This study presents a novel
approach to synthesizing cathode materials for aqueous zinc-ion batteries by reclaiming active
components from fully discharged Zn/MnO, batteries. The recovered materials were composited with
vanadium oxide to enhance conductivity and structural stability. Further surface modifications, such as
metal oxide integration and carbon coating, were implemented to address inherent limitations like poor
electronic conductivity and structural degradation. Comprehensive physicochemical and electrochemical
characterizations confirmed that the regenerated cathode materials exhibited improved performance,
including stable cycling behavior, high reversibility, and efficient charge storage. This research not only
demonstrates the feasibility of using battery waste to develop functional electrodes but also highlights a
promising pathway toward environmentally responsible and economically viable zinc-ion battery

technologies.

Keywords: Zinc-ion batteries, Cathode recycling, Vanadium oxide composite, Sustainable energy storage,

circular economy.
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Abstract

Hydrogen production through water electrolysis has garnered significant attention as a clean and
sustainable energy solution. Innovative hybrid electrolysis strategies have emerged, aiming to
overcome this bottleneck by replacing the OER with more efficient organic oxidation reactions.
Biomass has emerged as a promising feedstock in renewable hybrid electrolysis strategies, offering
efficient conversion into high-value-added chemicals. Electrochemical oxidation of biomass-derived
furfural (FF) into value-added furoic acid (FA) offers a sustainable and efficient strategy to replace
the kinetically sluggish oxygen evolution reaction (OER) at the anode[1,2]. Herein, we report the in
situ fabrication of a layered double hydroxide catalyst on carbon cloth for the electrocatalytic furfural
oxidation reaction (FOR). To optimize its performance, we systematically varied the synthesis
conditions for obtaining low-crystalline LDH. The low-crystalline catalyst exhibits exceptional
electrocatalytic activity towards FOR, delivering a notably low onset potential of 1.39 V vs. RHE. In
contrast, the competing oxygen evolution reaction (OER) displays a higher onset potential of 1.52 V
vs. RHE, highlighting the advantage of FF oxidation as a more energy-efficient anodic pathway.
Dynamic structural transformations and mechanistic insights into the catalyst were investigated
using in-situ Raman spectroscopy and electrochemical impedance spectroscopy-Distribution of
Relaxation Time (EIS-DRT) analysis. This study presents a strategy for biomass valorization while
concurrently enhancing anodic reaction kinetics through an efficient, earth-abundant electrocatalyst.

Keywords: Furfural Oxidation Reaction (FOR), Dynamic structural transformation, EIS-DRT, In-situ
Raman
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Implantation for Enhanced Alkaline Hydrogen Generation
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Abstract

Implantation of foreign elements into a host lattice can enhance catalytic activity by
modulating electronic properties. Copper, a low-cost and abundant material, shows great potential in
energy conversion applications. However, its high water dissociation energy barrier limits its catalytic
performance in alkaline hydrogen evolution reactions (HER). Herein, we present a highly scalable
co-electrodeposition method to enhance the electrocatalytic performance of copper for alkaline HER by
incorporating rhenium(Re) into the copper lattice. The incorporated Re improves electrocatalytic
activity by promoting exothermic water dissociation and enhancing water adsorption. The optimised
catalyst, CuRe-10/CP, achieves an overpotential of 46 mV to drive a current density of 10 mA cm?2,
demonstrating excellent electrochemical stability for 450 h at 50 mA cm2 in an alkaline medium (1.0 M
KOH). Additionally, we evaluated the electrochemical activity of the CuRe-10/CP in simulated seawater
and alkaline seawater, where it exhibited exceptional activity and stability. Electrochemical impedance
spectroscopy (EIS), electrochemical surface area measurement (ECSA), and turnover frequency (TOF)
analyses confirm the significant enhancement in catalytic performance following Re incorporation.
Furthermore, in-situ Raman spectroscopy, EIS and density functional theory (DFT) studies reveal that
the Re incorporation into the copper lattice significantly improves the water dissociation and
intermediate adsorption. This study gives a scalable strategy for designing platinum group element free

electrocatalysts for alkaline hydrogen evolution.

Keywords:Hydrogen generation, Hydrogen evolution reaction, Water dissociation, Electrocatalysis,

Water splitting
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Defect-Tuned Spinel Oxides via Sol-Gel Synthesis for Selective and
Efficient Electrochemical Ammonia Production from Nitrate
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Electrocatalytic nitrate reduction (eNOsRR) is gaining attention as a dual-benefit strategy for
sustainable ammonia production and environmental remediation. By providing a low-energy and
decentralized alternative to the traditional Haber-Bosch process, eNO3;RR not only reduces
carbon footprint but also helps mitigate nitrate pollution in water systems. However, the multi-
electron transfer steps involved in this reaction, along with competing hydrogen evolution
reaction (HER), make it a challenging process. Achieving high selectivity and activity demands
precise tuning of catalyst surface and electronic properties.

In this work, we report the design of a highly efficient spinel oxide electrocatalyst synthesized via
a simple and scalable sol-gel method. This synthesis approach allows precise control over
composition and morphology, producing phase-pure nanostructured spinels with abundant
active sites. To further boost catalytic performance, we implement a synergistic strategy that
combines compositional doping, engineered structural defects, and oxygen vacancy modulation.!
These modifications create an optimized surface electronic environment that enhances the
adsorption and activation of key intermediates (*NOs, *NO,, *NOH), accelerates the rate-
determining steps, and effectively suppresses undesired HER pathways.2

Even without advanced structural modifications, the catalyst exhibits outstanding activity under
ambient and neutral pH conditions, delivering an ammonia yield rate of 8.33 mg h™* mg™*cat at
-0.4 V vs. RHE, along with a Faradaic efficiency of 95.84% at -0.3 V vs. RHE. These results
underscore the intrinsic catalytic potential of the spinel oxide framework and highlight the
effectiveness of the sol-gel synthesis in exposing reactive facets and preserving surface integrity.

This work reveals that even unmodified spinel oxides can achieve high-performance eNO3RR,
serving as a strong baseline for future studies involving defect engineering or doping. Moreover,
it emphasizes how scalable, low-cost synthesis routes can yield practical catalysts for green
ammonia production and environmental cleanup.

Keywords: Electrocatalytic nitrate reduction, Ammonia production, Spinel oxide, Defect
engineering, Oxygen vacancies.

References

(1) Qi, S.; Lei, Z.; Huo, Q.; Zhao, ].; Huang, T;; Meng, N,; Liao, |.; Yi, J.; Shang, C.; Zhang, X.; Yang, H.;
Hu, Q.; He, C. Ultrathin High-Entropy Fe-Based Spinel Oxide Nanosheets with Metalloid Band
Structures for Efficient Nitrate Reduction toward Ammonia. Advanced Materials 2024, 36 (27).
https://doi.org/10.1002/adma.202403958.

(2) Hu, Q; Qi, S;; Huo, Q.; Zhao, Y,; Sun, J.; Chen, X.; Lv, M.; Zhou, W.; Feng, C.; Chai, X,; Yang, H.; He,
C. Designing Efficient Nitrate Reduction Electrocatalysts by Identifying and Optimizing Active
Sites of Co-Based Spinels. ] Am Chem Soc 2024, 146 (5), 2967-2976.

https://doi.org/10.1021 /jacs.3c06904.




Poster-79

ACEPS-13, January 11-14, 2026, Bengaluru, India

Atomic-Level Modulation of Boron-Nitrogen-Carbon Frameworks for
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Abstract:

Electrochemical nitrogen reduction (eNRR) under ambient conditions offers a sustainable pathway for
decentralised ammonia production, yet remains fundamentally challenged by the high activation barrier
of dinitrogen and the competitive hydrogen evolution reaction (HER). Boron-nitrogen codoped carbon
(BNC) materials have emerged as a promising class of metal-free catalysts due to their tailored charge
distribution, defect-rich architecture, and favourable interaction with nitrogen molecules. Here, we report
a systematic approach to enhance eNRR performance by engineering the nitrogen chemistry within the
BNC matrix through precise control over synthesis parameters—optimising the nature and density of
nitrogen configurations and their interaction with boron-centred active sites. To further amplify activity,
atomically dispersed metal species are introduced into the optimised BNC framework, modulating the
local electronic structure and spin density near boron, thus strengthening N, adsorption and facilitating
the activation of key intermediates. This integrated design achieves an ammonia yield rate of
67 ugh ™' mge.™* at -0.2 V vs RHE, with a Faradaic efficiency of 65%, outperforming many state-of-the-
art systems. The work demonstrates the power of coupled heteroatom and atomic metal engineering

within carbon frameworks, offering new insights into the rational design of advanced eNRR catalysts.

Keywords: nitrogen configurations, boron and nitrogen codoping, nitrogen reduction reaction, boron

nitride, ammonia electrosynthesis
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Ultrasmall Ru nanoparticles decorated nitrogen-doped CNTs encapsulated
CoNi alloy for efficient glycerol oxidation coupled with nitrate reduction
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Abstract
Paired electrocatalysis combines two complementary half-cell reactions in a single electrolytic system,
allowing for the simultaneous generation of valuable products while reducing overall cell voltage and
enhancing energy efficiency through strategic coupling of oxidation and reduction processes.! Upcycling
pollutants and byproducts like glycerol and nitrate (NO3) contributes to sustainable waste management
and chemical production. We synthesized ultrasmall Ru NPs (2-3 nm) (Figure 1a) decorated over
nitrogen-doped CNTs encapsulated CoNi alloy (Ru-CoNi@NCNTs) as a bifunctional catalyst for
electrochemical oxidation of glycerol coupled with nitrate reduction. Ru-atoms play a crucial role in
regulating the local proton concentration around the active sites essential for the proton-coupled
electron transfer (PCET) process during NOj reduction to NHz. Ru-CoNi@NCNTs delivered a high
current density of >450 mA cm-2 at -0.2 V vs.RHE in the presence of 0.1 M NO3, and a maximum yield of
22.9 mgh't cm2 with 90% FE for NHszat -0.3 V vs.RHE. At anode, the catalyst delivered a high yield of 20.4
Mgformate 't cm2 with over 90% FE at 1.4 V vs.RHE. Ru-CoNi@NCNTs is highly stable even after prolonged
electrolysis with no change in crystallinity and morphology. The glycerol-nitrate paired electrocatalytic
system (NO3RR||GlyOR) (Figure 2) enables upcycling of waste while simultaneously producing valuable

chemicals, offering higher energy efficiency compared to conventional single reaction systems.

) | (b)

NORR| | GlyOR NO,RR| | OER

Energy saving

Current density

Cell Voltage (V)
Figure 1: (a) HRTEM image of Ru-CoNi@NCNTs (inset TEM image), (b) Schematic representation of reduction in

Cell voltage in NO3sRR||GlyOR system compared to conventional NOsRR||OER.

Keywords: Paired electrocatalysis, Nitrate reduction, Glycerol oxidation, Ammonia, CNTs
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Abstract

As global community shifts from non-renewable to renewable sources of energy such as solar and
wind power, the challenge of balancing energy generation with fluctuating demand becomes
increasingly critical.! The advancement in the energy storage devices and carrying out
electrocatalytic reactions in an efficient way is the need of the hours. One such approach is fusing
energy conversion and storing system enabling the two-electron oxygen reduction reaction (2e-
ORR), to value added hydrogen peroxide (H20:) product and its utilization in the energy storage
devices using suitable bifunctional catalyst, without any external H,0; source.2 H,0; is a dynamic
energy carrier and oxidizing agent that has been widely contributed to diverse industries.3 The real
time H0, production analyze by rotating ring disk electrode (RRDE) and various spectroscopic
techniques. Furthermore, this study explores the development of an aqueous rechargeable Zn-H,0,
battery that utilizes a bifunctional electrocatalyst for sustainable H,0, production while
simultaneously generating electricity.# The zinc-peroxide battery exhibits remarkable cycle life and
energy efficiency. Moreover, the battery deliver a continuous electro generated H20, output during
discharge and achieve a notable power density which indicate its viability as an energy solution.
These findings position the Zn-H;0, battery system as a promising next-generation technology,
offering both environmental and economic advantages for future energy systems.

Keywords: Two-electron oxygen reduction reaction (ORR), in-situ H20, generation, bifunctional
electrocatalyst, Zinc- peroxide battery.
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Enhanced Methanol Production through Electrochemical CO2 Reduction
Reaction via a Bimetallic Electrocatalyst.
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Abstract

The limited adsorption and activation of CO: on catalyst and the high energy barrier for intermediate
formation hinder the development of electrochemical CO:reduction reactions (CO.RR).! The
development of efficient and selective electrocatalysts for electrochemical CO, reduction
reaction (eCO,RR) is critical for advancing carbon-neutral energy technologies. In this work,
we have designed a bimetallic Bi@Co catalyst as cathode material for the CO,RR . Methanol
(CH30H) is a highly energy efficient product of the electrochemical CO: reduction reaction (COzRR). 2
Bismuth-based catalysts have shown promise in the conversion of CO: to methanol , but there is still a
great need for further improvement in selectivity and activity. Herein, we report the preparation of Bi
nanosheets decorated by cobalt oxide cube morphology with high Coz+/Co3+/Co** ratio and rich oxygen
vacancies.3 The Cobalt oxide affect the electronic structures of bismuth, enhance CO. adsorption, and
thus promote the CO:RR properties of Bi nanosheets. + Compared with elemental Bi nanosheets, the
hetero-structured Cobalt oxide/Bi oxide nanosheets exhibit much higher activity over a wide potential
window, showing a current density of 10 mA cm-2 with a Faradaic efficiency of 53% at -0.9 V after half
hour vs. RHE.

Keywords : Electrochemical CO; reduction, mechanism of CO2RR, Electrocatalysts, CO, adsorption.
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Abstract

Transition metal phosphates hold promise as efficient oxygen evolution reaction (OER) catalysts,
but a clear picture of the OER mechanism and its link to structural changes remains elusive, particularly
the role of surface reconstruction on activity.1.2 Herein, we unveil the origin of the electrocatalytic activity
of the carbonophosphate class of polyanionic insertion frameworks towards the electrochemical water
oxidation reaction. These isostructural compounds, denoted by NazMP04CO3; (M=Ni, Co, Mn), possess a
sidorenkite-type structure with the monoclinic symmetry (P21/m).3 Notably, NazNiP04COs exhibits
remarkable catalytic performance with an activation overpotential of 320 mV at 20 mA/cm? with good
long-term durability in alkaline KOH solution. By integrating electrochemical OER measurements with a
combined suite of operando Raman and in-situ X-ray absorption (XANES/EXAFS) analysis, we elucidate
the in-situ self-reconstruction of NazNiP04CO3 catalyst into disordered Ni(OH):/y-NiOOH electroactive
phases with simultaneous leaching of phosphorus into the electrolyte. Depth-resolved XPS studies further
confirmed the dynamic evolution of these reconstructed electrocatalytic phases into the bulk structure
(upto 500 nm). The enhanced catalytic performance can be attributed to the abundance of surface-
exposed OER-active Ni*3 sites, generated through the electrochemical activation of the sidorenkite
precatalyst. This study underscores the role of in-situ techniques in unravelling the real-time structural

transformations of phosphate-based electrocatalysts and their extensive impact on catalytic activity.
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utilizing MOF-based composite
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Abstract

The electrochemical reduction of nitrate (NO3™) to ammonia (NH3) offers a promising strategy for
addressing two critical global challenges: nitrate pollution and sustainable ammonia production.
Traditional methods for NH; synthesis, such as the Haber-Bosch process, are highly energy-intensive and
contribute significantly to greenhouse gas emissions. Simultaneously, excessive nitrate discharge from
agricultural and industrial activities poses serious environmental and health risks. In this context,
electrochemical nitrate reduction (e-NRA) under ambient conditions has emerged as an attractive
alternative for decentralized and energy-efficient ammonia generation. However, achieving high
selectivity, activity, and stability in e-NRA remains a significant challenge due to the complex multi-
electron transfer process and competing side reactions.

In this work, we report the design and synthesis of a metal-organic framework (MOF)-based
composite catalyst tailored for efficient e-NRA. The composite integrates a high-surface-area MOF scaffold
with catalytically active metal nanoparticles, supported on a conductive substrate. The MOF structure
provides abundant coordination sites for nitrate adsorption and confinement of reaction intermediates,
while the embedded metal centers facilitate electron transfer and activation of NO3;~ molecules.
Electrochemical tests demonstrated a high ammonia yield rate and Faradaic efficiency, along with
excellent stability over extended operation. Mechanistic studies suggest that the synergistic interaction
between the MOF and metal sites enables favorable adsorption geometries and promotes proton-coupled
electron transfer, suppressing undesired by-products such as N, or NO,~. Our study highlights the
potential of MOF-based composite catalysts for selective nitrate electroreduction and paves the way for
integrated technologies that combine environmental remediation with value-added chemical production.
The tunable nature of MOFs, coupled with the modularity of composite design, opens new avenues for
tailoring active sites and reaction environments for enhanced performance in electrocatalytic nitrogen
transformation processes.

Keywords: MOF, multi-electron transfer, green ammonia,
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Abstract
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Oxygen defect chemistry

The shift away from fossil fuels is essential for reducing greenhouse gas emissions. A promising approach
involves CO, electroreduction powered by renewable energy. Although converting CO, into hydrocarbons
(CHy) is energetically demanding due to complex multielectron transfer steps, the selective reduction of
CO, to CO presents a more energy-efficient alternative. CeOx-based electrodes are widely employed in this
process because of their mixed ionic-electronic conductivity (MIEC).

In this study, DFT+U calculations were used to explore the impact of Pr and Gd doping on CeO, electrodes.
Oxygen abstraction energies were computed to assess defect formation in both pristine and doped
systems. The presence of hydrogen was found to lower these energies, promoting the formation of Ce3*.
Bader charge analysis indicated that hydrogen occupies oxygen vacancy sites in CeOy as hydridic species.
In Pr-doped CeO,, oxygen abstraction was even more favorable; however, the strong formation of O-H
bonds in molecular hydrogen limited oxygen release, maintaining the material in a more oxidized state.
In the Ce{Pr}0, lattice, hydrogen exhibited protic behavior.

Adsorption analyses revealed that CO binds more strongly to Ce-metal sites in doped Ce{M}Oy than in
undoped CeO,, supporting an oxygen-vacancy-driven mechanism involving the formation of a "metal-

carbonyl” intermediate.
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Abstract

The rising demand for efficient, durable, and affordable energy storage has accelerated research
beyond Li-ion batteries. Zinc-air batteries with high theoretical energy density (1084 Wh kg™), eco- friendliness,
and low cost, are the promising alternatives for next-generation clean energy technologies. However, their
practical implementation is hindered by the sluggish kinetics of the oxygen reduction reaction (ORR) and
oxygen evolution reaction , which govern the discharge and charge processes, respectively. Conventional

catalysts such as Pt, Ir, and Ru are either expensive or lack bifunctional activity.*
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Intermetallic nanostructures, owing to their ordered crystal structure, uniform active sites, and unique
electronic properties, are a promising choice for a low-cost bifunctional catalyst.> Herein, We synthesized an
electrocatalytically active CoSn intermetallic catalyst embedded within a nitrogen-doped carbon shell
(CoSn@NC-AL) via a novel shape-controlled approach using a Co—Sn bimetallic charge-transfer complex
([Co(bpy)s][Sn(OH)6]) and ZIF-8 precursor. The CoSn@NC-AL catalyst exhibits remarkable pH-universal ORR
activity, with onset potentials of 0.94, 0.89, and 0.85 V, and half-wave potentials of 0.84, 0.76, and 0.69 V vs.
RHE in alkaline, neutral, and acidic media, respectively. Impressively, it retains its catalytic performance with
negligible change after 25,000 cycles in 0.1 M KOH. The rechargeable ZAB delivers a high peak power density
of 282 mW cm2 at 463 mA cm2in alkaline electrolyte, and 44 mW cm at 80 mA cm2 in neutral electrolyte.
Furthermore, the device shows excellent charge—discharge cycling stability for >99 h in alkaline and 270 h in
neutral media, with negligible voltage decay, highlighting the robust bifunctional activity of the catalyst in both
environments.

Keywords: bimetallic complex, intermetallic, CoSn@NC, oxygen electrocatalyst, zinc-air battery

References
(1) Ghora, S.; Chakraborty, R.; Bag, S.; Kumar, M. M.; Raj, C. R. Chem. Commun., 2025, 61, 2636-2657.
(2) Kundu, A.; Mallick, S.; Ghora, S.; Raj, C. R.  ACS Appl. Mater. Interfaces 2021, 13, 40172-40199.
(3) Ghora, S.; Satpati, B.; Jena, B. K;; Raj, C. R. ACS Appl. Mater. Interfaces 2025, 17, 2, 3426-343.



Poster-87

ACEPS-13, January 11-14, 2026, Bengaluru, India

F-based Ni-Fe systems for improved OER application

Rinya Rubu!, Divya Bhutani2, Premkumar Senguttuvan . *

1New Chemistry Unit, International Centre for Materials Science, and School of Advanced Materials, Jawaharlal Nehru Centre
for Advanced Scientific Research, Jakkur, Bangalore 560064 Karnataka, India
2Chemistry and Physics of Materials Unit, and School of Advanced Materials, Jawaharlal Nehru Centre for Advanced Scientific
Research, Jakkur, Bangalore 560064 Karnataka, India
*prem@jncasr.ac.in
Abstract

Hydrogen (H:), with its high energy density, is emerging as a sustainable alternative and a
vital clean energy source over fossil fuels. The commercial H, generation via the steam reforming
process results in the emission of carbon dioxide and carbon monoxide, adversely affecting the fuel-
cell electrodes and the environment.! Alternatively, electrochemical water-splitting generates H; at
the cathode, i.e., Hydrogen Evolution Reaction (HER). The sluggish kinetics of the Oxygen Evolution
Reaction (OER) at the counter electrode require additional overpotential (E° = 1.23 V). Hence,
improving the kinetics of OER can positively affect the overall efficacy of water electrolysis. The state-
of-the-art catalysts for OER and HER include noble metals like Pt, RuO», and IrO,, which are scarce
and costly. Engineering the catalytic surfaces of the earth-abundant transition metal alternatives
with defects and dopants is known to improve the efficiency of fuel production. Nickel-based
catalysts act as pre-catalysts with active conversion to NiOOH species in alkaline conditions. 2 The
catalytic activity of Ni improves through regulating the electronic structure with other metal ions or
anions. Fe has been widely reported to enhance the catalytic activity of Ni, attaining ampere-level
currents and high stability towards OER. As an anion, fluorine assists electron transfer from one
metal site to another, facilitating surface reconstruction, thus enhancing overall activity. 3

In this direction, we explored the Fe-based NHiM2+M3+F¢ defect-pyrochlore system,
synthesized by a soft-chemical method. The NiFe-pyrochlore showed a very high current density of
1.6 A cm-2 at alow overpotential of 310 mV in alkaline conditions with a stable performance for 550
hours (1 A cm?) in potentiostatic conditions. Post-reaction characterizations and control
electrochemical studies conclude the in-situ modifications in electronic structure with the existence
of active metal sites in higher oxidation states and oxyfluoride species. The easy synthesis, high
stability, and reproducibility of the catalyst make it suitable for future utilization in sustainable
energy generation and conversion.

Keywords: OER, Pyrochlore, Fluorine, Ni-Fe, alkaline
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Abstract

The development of high-performance and durable photoelectrodes is crucial for advancing
photoelectrochemical (PEC) water-splitting technologies, which are vital for achieving efficient oxygen
evolution reactions (OER) and sustainable hydrogen production.! This study introduces a novel ternary
composite, In,S3/FeVO4/CNT, designed for enhanced PEC oxygen evolution.2 The In;S3/FeVO4
heterostructure significantly improves PEC performance through its type-II band alignment,3 which
effectively reduces electron-hole recombination and enhances charge separation. Incorporating carbon
nanotubes (CNTs) further optimizes performance by providing efficient conductive pathways that
facilitate electron transport and lower charge transfer resistance.* As a result, the In,S3/FeV04/CNT
ternary composite achieves an impressive current density of 14.70 mA cm-2 at 1.8 V vs. RHE, marking a
significant performance enhancement compared to pristine In,S; and FeVO.. Electrochemical impedance
spectroscopy (EIS) reveals that the ternary composite exhibits the lowest charge transfer resistance,
while Bode phase analysis highlights a prolonged carrier lifetime, indicative of improved charge
separation. The applied bias photon-to-current efficiency (ABPE) shows a dramatic 32-fold increase
compared to pristine In,Ss, underscoring the synergistic effects of heterostructure engineering and CNT
integration. Additionally, the ternary composite demonstrates excellent stability and reliability during
transient  photocurrent cycling, maintaining consistent performance under repeated
chronoamperometric ON/OFF cycling.
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Abstract

Hydrogen fuel from green alternatives have been gaining lot of attention lately due to socio
economic barriers and global energy crisis. Water electrolysis has been able to replace
commercial steam reforming for high purity hydrogen production. In water electrolysis, Hydrogen
Evolution Reaction (HER) occurs at cathode, while Oxygen Evolution Reaction (OER) happens at
anode. Due to the corrosivity issue associated with acidic pH and high cost of state of art catalysts
(Pt/Ru02/1r0y), alternatives like non-noble metal catalysts can be considered. Heteroatom doping
and surface heterogeneity is known to modify electronic structure of active sites.

This issue associated with high amount of fresh water can be tackled by utilizing abundant sea
water sources. Chloride ion interruption and oxidation is a competitive reaction while using sea
water electrolysis.! This can be overcome by very simple strategy of electrostatic repulsion from
groups like phosphates or sulphates.2 Herein we utilized P,S- co-deposited on Fe based catalyst
showing high activity (1.6Acm=2 at 390mV, -1.4Acm?2 at 520mV) towards OER and HER
respectively. The catalyst also showed good performance of 1.8Acm2 at 2.4V. Moreover, the
catalyst showed high catalytic stability towards OER, HER and full cell in galvanostatic mode to
achieve a high current density of 1Acm-2.

Keywords: Sea water electrolysis, Co-doping, Electrostatic repulsion.

References

(1)  Gao, E-Y; Yu, P-C.; Gao, M.-R. Seawater Electrolysis Technologies for Green Hydrogen
Production: Challenges and Opportunities. Curr Opin Chem Eng 2022, 36, 100827.
https://doi.org/https://doi.org/10.1016/j.coche.2022.100827.

(2) Wu,Y; Du, X;; Zhang, X. P Doping Transition Metal Sulfides as Bifunctional Electrocatalyst
for Overall Seawater Splitting. Int ] Hydrogen Energy 2025, 103, 174-182.
https://doi.org/10.1016/].JHYDENE.2025.01.181.


mailto:eswar@jncasr.ac.in

Poster-90

ACEPS-13, January 11-14, 2026, Bengaluru, India

Harnessing Magnetism: Self-Supported NiCo,0, on Magnetic Substrate for
High-Performance Alkaline Water Electrolysis
Minakshi Sharmat”, Vijay K. Singh?, Ambesh Dixit!

1Advanced Materials and Devices (A-MAD) Laboratory, Department of Physics, Indian Institute of Technology Jodhpur, Jodhpur,

Rajasthan-342030, India
2Department of Physics, Indian Institute of Technology Ropar, Rupnagar, Punjab-140001, India

*Corresponding authors: ambesh@iitj.ac.in, vksingh@iitrpr.ac.in

Abstract

Alkaline water electrolysis under an external magnetic field has attracted considerable interest
owing to its potential to accelerate electrochemical reaction kinetics and minimize energy losses!. Recent
studies demonstrate that applying a magnetic field to a ferromagnetic working electrode can enhance
catalytic activity; however, the underlying mechanism and the interplay between ferrimagnetic (FiM) and
ferromagnetic (FM) interfaces in driving such improvements remain unclear?. In this work, we report a
simple one-step hydrothermal synthesis of a self-supported FiM Nickel Cobaltite (NiCo,0,)
electrocatalyst grown directly on FM Nickel Foam. X-ray diffraction analysis confirms the phase-pure
synthesis, while field emission scanning electron microscopy reveals a nanostructured flower-type
morphology. The efficacy of electrocatalyst is tested via electrochemical characterizations in 1 M KOH .
The electrocatalyst under no magnetic field (0 mT) shows an overpotential for 10 mA cm-2 current density
(M10) of ~ 207 and 296 mV for HER and OER respectively. However, the overpotential 1nio shows a
significant reduction to 168 and 272 mV for HER and OER respectively upon subjected to a static external
magnetic field of 35 mT. Thus, applying magnetic field significantly boosts its HER and OER performance
with the enhancement of ~ 178 % and ~ 540 % in current densities, respectively. This enhancement is
attributed to magnetic gradients established between the FiM/FM interface and the diamagnetic
electrolyte, which results in FiM-FM superexchange, ultimately reducing the magnetoresistance of the
electrode. The chronoamperometry test reveals that the electrocatalyst sustains its activity under
magnetic field for ~ 40 h. Our work demonstrates the importance of fabricating magnetic electrocatalysts

over magnetic substrates for energy-efficient overall alkaline water electrolysis.

Keywords: Water electrolysis, Green hydrogen, Magnetoelectrocatalysis, Ferrimagnetic, Ferromagnetic.
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Abstract

Plants must obtain adequate nitrogen (N) from the soil for their growth and development. Nitrate
(NO3-) serves as the primary nitrogen source for plants in aerobic soils. In addition, the increasing
contamination of water resources with nitrate ions poses a significant risk to human health and the
environment, highlighting the need for rapid, sensitive, and cost-effective detection strategies. To address
the global need for developing long-term sustainable solutions we present a copper nanoparticles-
decorated reduced graphene oxide (CuNPs/rGO) nanocomposite as a highly efficient electrochemical
sensing platform for nitrate detection. CUNPs were deposited onto a glassy carbon electrode (GCE) via
drop-casting, followed by functionalization with rGO to enhance the sensing performance. Calibration
plots for paraquat detection in the concentration range of 10-100 pM were obtained at the CuNPs/rGO-
modified GCE, exhibiting a linear response with increasing paraquat concentration. The modified
electrode demonstrated a markedly enhanced current response approximately threefold higher
compared to CuNPs-only modified electrodes. Furthermore, the sensor achieved a theoretical limit of
detection (LOD) of 0.104 nM, as estimated from the linear fitting curve, highlighting its high sensitivity
toward paraquat detection. The interaction of the NO3- molecule with the sensor film was examined by
density functional theory (DFT) simulations, which indicated that oxygen-vacant spots on the CuNPs/rGO
surface are optimal for NO3- adsorption. This durable sensor serves as an efficient instrument for real-

time environmental evaluation of NO3-, contributing to public health safeguarding.

Keywords: Copper nanoparticles, Reduced graphene oxide, Electrochemical sensor, Nitrate detection,

Density Functional Theory
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Abstract

The global challenge caused by substantial increase in discarded lithium-ion batteries (LIBs) has
resulted in serious environmental contamination which requires urgent intervention of
environmentalists. Deep Eutectic Solvents (DESs) as green solvents are on a merge to replace toxic
mineral acids used in hydrometallurgical process to recover spent LIBs. Here, we propose a less
viscous, highly acidic, and strongly reducible DES to selectively extract Cobalt and Graphite from
industrially processed LIB black mass. A hydrated DES composed of guanidine hydrochloride (GHC)
and citric acid monohydrate (CAM) can extract cobalt and graphite from LIB Black Mass under
optimal reaction conditions of 120°C and 4 hours. Due to the strong acidity and abundant chloride
coordinating ions of CAM/GHC, the LiCoO, black mass exhibits significant solubility in this DES
system, with partial dissolution observed even at room temperature without stirring. Cobalt is
precipitated as Cobalt oxalate dihydrate by adding oxalic acid dihydrate whereas Lithium remains
into the solution as Lithium oxalate ions, which require further anti-solvent precipitation technique
to convert Li»C204 to LiCOs3. The process of leaching mechanism by our novel DES is compared with
traditional choline chloride- citric acid (ChCl:CA) based DES and results offer perfect evidence for
utilization of DES in the extraction of critical metals from spent LIB electrode materials. To enhance
the recovery efficiency of cobalt and graphite, key leaching parameters—including temperature,
hydrated DES composition, and metal-ligand coordination behavior were systematically optimized.
Furthermore, CAM/GHC could be recycled with a similar dissolving performance. This work
addresses critical challenges in metal recovery and contributes to the advancement of sustainable
battery recycling by demonstrating a green and efficient alternative to conventional
hydrometallurgical routes.

Keywords: Spent Lithium-ion Batteries, Deep Eutectic Solvents, Hydrometallurgy, Green solvents
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Abstract

For underwater vehicle applications, Mg-AgCl sea water activated (SWA) batteries are being
used for propulsion power. These batteries are capable of providing high power during discharge, which
is the requirement for underwater vehicle. Mathematical models have been used extensively to simulate
physical and electrochemical processes occurring inside the battery. Comparison of modeling results
with experimental data have revealed greater scientific information of the processes inside the battery.
In order to gain a better understanding of Mg-AgCl SWA battery, it is necessary to conduct detailed
modelling and simulation work into the different operation conditions of Mg-AgCl SWA battery. In this
current work, a one dimensional model is established to simulate the voltage profile of Mg-AgCl SWA
battery. A scheme of principal equations for Mg-AgCl SWA battery is derived based on single domain
method. A set of mathematical equations is solved for discharging process of Mg-AgCl SWA batteries.
The entire Mg-AgCl cell is considered as single domain and the equations are solved for 1 dimensional.
The model predicts the voltage profiles at different flow rates of electrolyte, current density,
temperature and inter electrode spacing. Kinetics of electrochemical process and transport of species
with in the cell are solved and integrated. The voltage profiles were predicted by means of COMSOL
Multiphysics 6.0.The results are compared with experimental results obtained from testing of a basic

Mg-AgCl battery setup employing AP65 magnesium alloy as anode and AgCl as cathode.

Keywords (max 5): Seawater, Reserve battery, Flow rate, Magnesium, Silver
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Detecting, discriminating, and quantifying dihydroxybenzene (DHB) isomers like catechol (CT) and
hydroquinone (HQ) presents significant analytical challenges due to their nearly identical redox
potentials and similar electrochemical behaviors. Quantification becomes more complex in binary
mixtures, where signal interference occurs and selective, concentration-dependent calibration is
required. Currently, there is a lack of simple, low-cost, handheld strip-based sensors for reliable
discrimination and quantification of DHB isomers. In this work, we report the development of a
Nickel-Ferric Hydroxide (NFH)/carbon black nanocomposite-based, non-enzymatic electrochemical
working electrode and a corresponding strip sensor for the detection, discrimination, and
quantification of CT and HQ. The working electrode, used in a standard three-electrode setup,
achieves detection limits as low as 10 nM for both isomers, while the strip sensor shows a limit of
detection of 50 nM. Both platforms effectively discriminate CT and HQ signals even in 1:1 mixture.
Statistical parameters such as skewness and kurtosis of the sensing signals have been modeled to
support robust real-time discrimination. The sensors demonstrate excellent repeatability (over 5000
measurements) and reproducibility over time. Detailed synthesis and structural characterization of

the sensing materials provide valuable insights into the underlying mechanisms
Keywords: Metal oxide, MWCNT, Electrochemical sensor, Phenolic compound, Machine Learning.
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Abstract

Seawater electrolysis poses electrochemical challenges due to the concurrent chlorine evolution
reaction (CER), which leads to fuel contamination and typically requires segmented cell designs with
costly membranes and precious metal anodes. In this work, we introduce a membrane-free, scalable
strategy for green hydrogen production from natural seawater by employing a unidirectional competitive
redox reaction. The oxidized redox species remains stable on a carbon electrode, effectively suppressing
CER while promoting hydrogen evolution through additional proton release. This approach enables a lab-
scale, unsegmented, precious-metal-free electrolyzer operating at voltages as low as 1 V, sustaining pure
hydrogen generation for over 100 hours with energy consumption nearly one-third that of conventional
systems.! This offers a highly energy-efficient and cost-effective route for centralized green hydrogen

production, aligning with global climate goals.

Keywords: Seawater Electrolyzer, Hydrogen Production, Competitive Redox, Membraneless

RCA"

Pure H, Production »—O . @ O—- Membrane-less protocol

Suppression of Cl, I—- Non-precious electrodes

W Total energy requirement
Schematic diagram of the sea-water splitting device in an undivided cell architecture containing a

unidirectional redox competition agent (RCA).
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Abstract

Low-grade heat harvesting represents a promising route for converting ambient waste heat into electrical
energy. However, conventional thermogalvanic systems predominantly rely on metal ion or halide-based
redox couples, which are constrained by low heat-to-electricity conversion efficiencies. Here, we
demonstrate a non-redox thermogalvanic approach based on water formation via a net-zero hydrogen
redox process. This reaction exhibits a favorable positive entropy change with an inherent asymmetry in
their temperature-dependent response, enabling the conversion of nearly 30% of absorbed thermal
energy into electrical output, with a resulting thermodynamic efficiency exceeding unity. The developed
device achieves a temperature-insensitive maximum power density of approximately 33.55 mW-m™2-K™2,
which is ~70 times greater than that of state-of-the-art ferrocyanide-ferricyanide systems. This work
significantly broadens the scope of electrochemical heat harvesting by moving beyond traditional redox-

based mechanisms.

Schematic diagram of electrochemical water formation assisted galvanic-thermogalvanic device for waste heatrecovery.
Key words: Thermogalvanic device, Hydrogen redox, Heat harvesting, Seebeck coefficient.
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Sodium-ion batteries (NIBs) are an alternative option to state-of-the-art lithium-ion
batteries (LIBs) due to their low cost and natural abundance of sodium. Significant progress
has been made in NIB cathode materials such as layered metal oxides and polyanionic
compounds with promising results. On the anode side, graphite, which is the anode for LIBs,
shows insignificant capacity for sodium due to the unfavorable thermodynamics, resulting
in the use of low energy density hard carbon. Thus, it is crucial to identify anode materials
that are more energy dense and exhibit good cycle life compared to hard carbon for
improving the cell-level performance of NIBs. In this context, metals that can form alloys
with sodium, such as tin, antimony, germanium, and lead are promising anode materials for
NIBs due to their high capacities. Particularly, tin exhibits a high theoretical capacity of 847
mAhg-t, calculated till formation of the Na;sSns intermetallic. However, it is important to
understand the alloying reaction of Na and Sn for the optimization of tin-based anodes for
NIBs. Herein, we investigate the thermodynamic properties and estimate the Na-alloying
voltage for the sodium-tin system using first principles calculations. Additionally, we
construct a cluster expansion Hamiltonian based on density functional theory calculations
and perform semi-grand canonical Monte Carlo simulations to estimate the solubility of Na
within the Sn body-centered cubic and body-centered tetragonal structures, at different
temperatures. Construction of the temperature-composition phase diagram enables us to
estimate the extent of (metastable) sodium-solubility in tin and the corresponding alloying
voltages. Our work should improve the fundamental understanding of the thermodynamics
of the sodium-tin alloy system and aid in the optimization of alloying anodes for usage in
NIBs.
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Abstract
The atmospheric CO, concentration has reached an unprecedented level of approximately 427 ppm,
contributing significantly to environmental degradation. Existing mitigation techniques are often limited
by high costs and low efficiency!. Electrochemical conversion of CO, in aqueous electrolytes, offers a
promising route for transforming CO, into value-added products while mitigating anthropogenic
emissions. In the aqueous solution, CO, dissolves and produces HCO3, H¥, and CO3~. Continuous
purging of CO, further decreases the pH, enhancing H* production?. In this study, we presenta Na —
CO, system to utilize the produced H* from CO, using Na-metal as an anode, an organic electrolyte,
NASICON separator, aqueous electrolyte (CO, saturated NaOH solution) and Pt/C coated cathode. A Pt/C-
coated cathode facilitates the hydrogen evolution reaction (HER), while sodium oxidation occurs at the
anode. The Na* ions produced at the anode migrate through the NASICON separator and react with
bicarbonate ions (HCO3 ) in the catholyte to form sodium bicarbonate (NaHCO3). This process enables the
simultaneous production of hydrogen gas, sodium bicarbonate, and electrical energy.
A multiphase transient mathematical model using dilute solution theory, binary electrolyte theory, and laminar
bubble flow in aqueous electrolyte is developed and validated against experimental results. The model
provides insights into the system’s behavior by resolving concentration fields, reaction zones, local currents,
and potentials. Additionally, a parametric study is performed to assess the impact of key design parameters,
including cathode—separator distance, anode size, electrode porosity, and chemical reaction rate constant. This
combined experimental and modeling approach offers comprehensive insights into the operation and
optimization of Na — CO, electrochemical systems for sustainable energy and CO, utilization.
Keywords: Na-CO; battery, CO; utilization, Energy Conversion, Bubbly flow, Hydrogen Production
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Abstract

MXenes are a class of 2D materials that exhibit a large surface-to-volume ratio, with exceptional
electrocatalytic properties and tunable surface chemistry. It is formed by chemically etching the “A” layer
from the 3D MAX phase and offers a novel platform for electrochemical biosensing applications. Titanium
Carbide (TizC2) MXenes can be employed as a working electrode due to their 2D sheet-like morphology
and high porosity, which is achieved through the intercalation of the etching agent. The partially filled d-
orbitals in the Titanium transition metal in TizC, MXenes leads to the formation of a large number of active
sites promoting efficient electron transfer during redox reactions for enhanced sensitivity and selectivity
of electrochemical sensors. Cortisol detection plays a vital role in today’s world, as its irregular levels
serves as an indicator for psychological stress which leads to obesity, anxiety and depression. Hence,
timely detection is crucial for regulating overall health. When cortisol interacts with Ti3C; MXenes, the
electrons from cortisol binds with oxygen containing surface terminations (O, OH) through combination
of covalent, vanderwaals and hydrogen bonds at the electrode electrolyte interface. In this work, a novel
Ti3C; MXene screen-printed electrode is fabricated to analyse the reaction mechanism at the electrode-
electrolyte interface during the addition of cortisol in the electrolyte. The real time performance and the
analytical figures of merit of the sensor, such as sensitivity, selectivity, and detection limit, is evaluated
through voltametric and amperometric techniques. The screen-printed electrodes can be optimized and
developed as point-of-care devices for real-time and continuous monitoring of cortisol using whole blood
in the future.
Keywords: Electrochemical, TizC; MXenes, screen printed electrodes, cortisol, sensors.
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Electrochemical impedance spectroscopy (EIS) is a powerful tool for probing the interfacial
properties and reaction mechanisms of electrochemical sensors. In this study, we extensively
utilized EIS to analyze the interaction between nickel oxide (NiO) polyhedra and glucose at the
electrode interface, providing deep insights into the performance of nonenzymatic glucose
sensors. NiO polyhedra were synthesized via the direct thermal decomposition of nickel nitrate
hexahydrate (Ni(NO3)2-6H20), a scalable and straightforward method that remains underutilized
in electrochemical sensing applications. The synthesized NiO was used to modify glassy carbon
electrode (GCE) and screen-printed electrodes (SPE). The electrochemical glucose-sensing
properties of these NiO-modified electrodes were assessed using cyclic voltammetry (CV) and
chronoamperometry (CA), with EIS playing a crucial role in elucidating the electrode interface
interactions. The NiO/GCE demonstrated high sensitivity for glucose detection, achieving
1109 pA mM-1 cm-2 in the glucose concentration range of 5 uM to 1 mM and 737.7 pA mM-1 cm-
1 from 1 mM to 6 mM, with a detection limit of 1.1 uM. Notably, the sensitivity decreased at higher
glucose concentrations, indicating two distinct linear ranges. EIS measurements were conducted
at varying potentials for two constant glucose concentrations to investigate this phenomenon.
The EIS analysis revealed a flip in the impedance spectra or negative resistance at higher glucose
concentrations, providing detailed information about charge transfer resistance and interfacial
kinetics, which explained the observed changes in sensitivities in CV and CA experiments. The
electrode exhibited excellent selectivity over common interferents, along with reproducible and
stable performance. The extensive use of EIS not only provided a deeper understanding of the
electrode processes but also highlighted the effectiveness of the thermally decomposed NiO
polyhedra in enhancing sensor performance. This work underscores the potential of NiO-
modified electrodes for nonenzymatic glucose sensing and demonstrates the critical role of EIS
in advancing electrochemical sensing technologies.

Keywords :Impedance spectroscopy, Glucose oxidation, Nickel oxide, semsitivity
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Abstract

The increasing salinity of freshwater sources, driven by rising sea levels and human activities, demands
efficient management of industrial brine [1]. Desalination offers a solution by transforming waste brine
into a resource, extracting valuable minerals like Li, Na, K, Mg, and Ca while producing clean water.
Desalination also provides a sustainable method for extracting important ions like Li from unconventional
sources such as geothermal brines, seawater, and industrial wastewater. We focus on electrochemical
desalination using intercalation electrodes, an energy-efficient method that selectively extracts specific
ions (or multiple ions) from varied brine compositions. While much of the research in this field has
focused on overcoming the shortcomings of the most common intercalation electrodes - olivine-FePO,
and spinel-MnO; [2], our approach explores alternative electrode frameworks with superior properties.
Lithium-ion battery (LIB) and beyond LIB cathodes are promising candidates for potential desalination
electrodes. However, the stability of these battery cathodes in water is not well understood. Utilizing high-
throughput computational data generated using density functional theory-based calculations, we
construct multi-element Pourbaix diagrams to assess their thermodynamic stability in water (at different
salt concentrations) and calculate the intercalation voltage of water-stable frameworks. We filter
frameworks based on the optimum operating voltage for aqueous electrolytes and identify electrodes that
can intercalate either multiple or selective ions. Our high-throughput computational study proposes
promising candidate electrodes for experimental trials, advancing electrochemical desalination for

sustainable mineral extraction and water purification.
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Abstract

Electrochemical energy storage systems are emerging as pivotal components of the global
energy landscape. Among various strategies to enhance material performance, structural modification
has proven to be a powerful tool for tailoring electrochemical properties. In this work, iron sulfide (FeS,)
was synthesized via a hydrothermal method and systematically studied to understand the impact of
lattice relaxation on its charge storage behavior. Structural analysis using XRD and TEM confirmed lattice
relaxation, which is correlated with improved ion diffusion kinetics. XPS analysis revealed a shift in
binding energies toward lower values, indicative of altered electronic structure due to defect formation.
Electrochemical performance, evaluated using a three-electrode configuration, demonstrated a
significant enhancement in specific capacitance from 433 F/g to 946 F/g at a current density of 1 A/g.
The Nyquist plot further confirmed the contribution of both diffusive and capacitive processes, marked
by a transition from blocking to absorbing behavior in EIS. These findings highlight the role of lattice-
level modifications in optimizing FeS,-based electrodes and underscore their potential for next-

generation energy storage technologies.
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Abstract
Lithium batteries are vital for contemporary energy storage and are integral to the global shift towards
sustainable energy. Nonetheless, their safety and reliability present considerable hurdles, particularly in
high-power applications. Internal short circuits (ISCs), frequently caused by the proliferation of lithium
dendrites, are a primary contributor to battery thermal runaway, occasionally leading to catastrophic
incidents such as fires and explosions. Although numerous investigations have suggested diverse
methodologies for the early detection of ISCs, they frequently necessitate complex methods or intricate
configurations. This study presents an innovative methodology for the early detection of soft short
circuits in lithium metal batteries (LMBs) through the application of signal processing techniques to cycle
data from diverse battery designs, eliminating the need for abusive conditions. Model the battery as an
RC circuit with periodic resistance variations, correlating these fluctuations to the occurrence of ISCs.
This methodology, which combines the Fast Fourier Transform (FFT) and Welch’s technique for frequency
domain analysis, enables the identification of distinctive peaks and power spectral distributions linked to
ISC development. Our system presents an innovative method for the early detection of proactive ISC and

significantly enhances battery safety while mitigating the risk of serious disasters.
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Abstract

Recovery of value-added minerals (like manganese) from low-grade manganese ore is gaining significant
interest because manganese is highly earth abundant, cheaper and exhibits variable oxidation states.
Therefore, these manganese-based products are increasingly used in energy applications. From energy
perspective, the development of cost-effective catalysts for the oxygen evolution reaction (OER) and
hydrogen evolution reaction (HER) in water splitting has garnered significant attention, owing to its
potential to address pressing environmental and energy challenges, including CO, emissions and the
depletion of fossil fuel reserves [1]. In our present study, an environmentally friendly, microwave-assisted
leaching approach was employed to extract manganese from primary sources. Additionally green, cost-
effective and safe lixiviant composed of organic acids were utilized. Following optimisation of the leaching
parameters, manganese was effectively leached from low-grade manganese ore achieving a leaching
efficiency of >90%, whereas iron remained in the residue. Subsequently, transition metal oxalate
dihydrate (t-MOX) was recovered from the optimized leach liquor solution. The recovered material was
further evaluated for its application in water splitting reaction showing bifunctional electrochemical
performance. In terms of OER, the recovered t-MOX showed favourable onset overpotential of 340 mV
along with a lower Tafel slope of 65 mV.dec'! demonstrating excellent electrocatalytic and charge transfer
kinetics. In terms of HER, the recovered t-MOX shows an onset overpotential of 302 mV recorded at a
current density of 10 mA.cm-2. Thus, the recovered material demonstrates favourable onset potential and

can act as electrocatalyst for both OER and HER in water-splitting processes.
Keywords : Low-grade manganese ores, microwave assisted leaching, organic acid, energy conversion
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Abstract

The practical utilisation of lithium-sulfur (Li-S) batteries is hindered by challenges such as the
shuttle effect, polysulfide dissolution, and sluggish reaction kinetics. To overcome these
challenges, we design a series of dual-atom catalysts (DACs) anchored on N-doped graphene using
a computational approach that combines Machine Learning interatomic potentials (MLIPs) as
well as we develop a method named PACE (Precise and Accurate Configuration Evaluation) to
accurately identify the adsorption configurations on the graphene layer with help of MACE-MPOQ
to pre-screen adsorbate configurations before performing first-principles density functional
theory (DFT) calculations. Our findings reveal that Fe and Co-based DACs (with other 3d and 4d
transition metals) exhibit superior polysulfide anchoring capacity compared to single-atom
catalysts (SACs), due to the favourable metal-S interactions arising from inter-site synergistic
effects. Additionally, we identify key descriptors, such as d-band center, electronegativity, and
number of sulfur atoms, that largely influence the Gibbs free energy of the sulfur reduction
reaction (SRR). A detailed understanding of the SRR mechanism and atomic-level insights will
help improve the electrocatalytic activity of existing graphene-based materials as well as design
new materials experimentally.

Keywords: Lithium-sulfur batteries, Density Functional Theory, binding energy, machine
learning.
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Abstract

By virtue of sustainability and redox functionality, organic materials are an emerging class of
electrodes for multivalent metal-ion batteries. However, the inevitable dissolution of radical anions in
electrolyte media during electrochemical reduction poses a challenge to electrochemical reversibility and
stability.! The stable and electrochemical reversible formation of dianions of cationic perylene diimide
(cPDI) in aqueous calcium-ion electrolyte is reported. Electrostatically assembled cPDI onto functional
titanium carbide TizC,Tx MXene is processed in the form of semi-transparent thin films to probe
characteristic spectral changes during reduction-oxidation cycles. In situ UV-Vis-NIR spectroscopy
studies confirm the potential dependent reversible formation of radical anions and dianions of ¢PDI at
-0.3 and -0.6 V versus Ag wire, respectively. Moreover, the bridging of Ca2+ ions between two molecules
of perylene diimide also causes the change of electron density at the titanium atoms, as observed from
the shift in the transverse surface plasmonic peak of MXene. This clearly signifies the role of non-covalent
interactions between TizC,Ty and perylene diimide in stabilizing dianions in aqueous media, thus
suppressing the dissolution effects. This study opens avenues for the exploitation of non-covalent

interactions in the design of stable functional organic charge storage hosts for multivalent metal ions.2
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Dry reforming of methane (DRM) is considered an effective approach to simultaneously fix CH4
and CO; which are malefic greenhouse gases (GHGs) responsible for global warming while
producing syngas (CO+Hz) which is a feedstock for valuable chemical synthesis (1). Protonic
ceramic fuel cells (H-SOFCs) have emerged as a plausible alternative to oxygen ion conducting
solid oxide fuel cells (0O-SOFCs) attributed to the relatively low activation energy associated with
the migration of H+* ions as compared to 0% ions, effectively allowing them to operate at
temperatures below 6000C (2). In this regard significant research has been carried out on barium
based cerate and zirconates for H-SOFC electrolyte application(3).However severe coke
deposition in the presence of hydrocarbon fuels and carbon dioxide containing environments is
one of the major drawbacks which retards the overall cell performance and ultimately leads to
cell degradation. One more important aspect of hydrogen generation from CHs and CO; mixture is
the electrode material since the widely used nickel-cermet suffer from degradation and nickel
evaporation in humidified atmospheres. To evade this issue, we have used Sr1.9sFe14Nip1M00.506-5
(SFNM) double perovskite because of its moderate electrical conductivity, higher stability in
reducing and CO; containing atmosphere as well as its bifunctionality attributed to its stability in
oxidizing atmosphere which makes it suitable for its usage as oxygen electrode (4). In this work
we have explored barium free ceramic electrolyte , strontium and aluminum doped lanthanum
cerate (LSCA) for potential application as proton conducting electrolyte in H-SOFCs. In this regard,
we have designed lanthanum cerate (LaCeO3) ; LCO and Lanthanum Strontium Cerium Aluminate
(Lao.eSro.1CeosAlp203); LSCA and 1 wt.% nickel oxide (NiO) added as sintering aid to LSCA (LSCA-
NiO) electrolytes and SFNM electrodes in symmetrical configuration, considering the
bifunctionality of the double perovskites. The electrical conductivity of the as designed
electrolytes has been evaluated in dry air using AC 2 probe technique from 5000 C to 750° C. At
7500C, the conductivity value for LCO was 2.96 mS cm-! while for LSCA, a 2.6-fold increase in
conductivity was observed which is 7.89 mS cm-.. ascribed to the increased basicity at the B-site
cation with trivalent metal ion doping and increased acidity at A-site with bivalent metal ion
doping respectively enhancing the oxygen vacancy which is pivotal for proton conduction (5).The
addition of NiO as sintering aid improves the conductivity and LSCA-NiO exhibits conductivity
value of 1.67x10-2 S cm'! at 750°C. The protonic conductivity of LSCA-NiO measured by ion
blocking electrode cell between 4509C to 750°C method depicts the electrolyte offers a
conductivity value of 3.89x10-3S cm-1at 750°C and 8.85x10-4S cm-1at 500°C. The electrochemical
testing of the symmetrical cells based on LSCA and SFNM has been performed in fuel cell mode
CH4 + COz mixture as fuel and air. A maximum power density of 31 m W cm-2was obtained at 8000
C .Impedance spectroscopy results indicate a decrease in polarization resistance(R;) value with
an increase in temperature. The lowest R, was observed to be 2.5 () cm-2 at 800°C..

Key Words : Protonic Ceramic Fuel Cells (H-SOFCs), dry reforming of methane (DRM), lanthanum
cerate  (LaCeO3);LCO, strontium and  aluminium  doped lanthanum  cerate
(Lao.sSro.1Ceo.sAlo203);LSCA .
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Figure 1. (a) Comparison of conductivities of LCO, LSCA and LSCA-NiO electrolyte materials with
temperature, (b) Arrhenius plots of conductivities of LSCA and LSCA-NiO, (c) Arrhenius plots of
proton conductivities of LSCA and LSCA-NiO, (d) Current density- voltage -power density
characteristics curves of SFNM| LSCA| SFNM symmetrical cells in CH4 + CO, mixture as fuel and
air and (e) Nyquist plots of SFNM| LSCA| SFNM symmetrical cells in CHs4 + CO; mixture as fuel and
air
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Abstract

Green hydrogen production through water electrolysis powered by renewable energy is a key enabler for
global decarbonization and aligns closely with the United Nations Sustainable Development Goals,
particularly SDG 7 (Affordable and Clean Energy), SDG 9 (Industry, Innovation, and Infrastructure), and
SDG 13 (Climate Action). In this study, we present a rapid and energy-efficient fabrication strategy for
NiOS-decorated activated nickel foam (NiOS@ANF) electrodes using a scalable electrodeposition method
completed within 2 hours. The developed electrodes exhibit strong electrocatalytic activity and long-term
operational stability in untreated river water, even under fluctuating power inputs—conditions
representative of real-world renewable energy sources. This work not only addresses key challenges in
electrode design for alkaline water electrolysis (AWE) but also demonstrates the feasibility of integrating
low-cost, durable materials into decentralized green hydrogen production systems. Our findings
contribute to the broader effort of building sustainable hydrogen infrastructure for a carbon-neutral

future.
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Abstract

Reversible phase transformations in cathode materials are critical for the long-term performance of
sodium-ion batteries (SIBs). These transformations typically occur either as solid solutions or via
two-phase coexistence, with the latter often resulting in characteristic voltage plateaus, as seen in
NASICON-type or olivine-type cathodes. A comprehensive understanding of such cathodes
necessitates accurate characterization of interfacial dynamics, diffusional pathways within distinct
phases, and the structural differences between these phases. While physics-based modeling,
particularly the shrinking-core approximation, has been widely applied to phase-change materials
like LiFePO4in lithium-ion batteries, its adaptation to sodium-ion systems remains less explored.

In this work, we extend the shrinking-core model, previously established for lithium systems, to a
sodium-ion framework, using Na3zV,(P0,).Fs; (NVPF) as arepresentative phase-change cathode. This
theoretical model effectively captures the intricate interface dynamics during de-sodiation /sodiation
processes, encompassing solid-state diffusion limitations and the movement of the phase boundary.
Our framework leverages experimental parameters reported for sodium-ion systems, specifically
NVPF cathodes [2-3], building upon early modelling efforts in this domain. By utilizing literature-
based parameters, the model provides a robust tool for exploring the interplay between diffusion
dynamics and phase transformation within the system. This approach offers crucial insights into
concentration gradients and the movement of the shell-core interface, directly correlating these
phenomena to the cathode's voltage performance. Ultimately, this work presents a foundational
approach for the rational design and optimization of sodium-ion cathodes, and when integrated into
a complete full-cell model, can predict the overall performance of the entire SIB system.

Keywords: Sodium-ion batteries (SIB), cathode, Shrinking-Core model, Reversible phase
transformation, Physics-based modelling
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Abstract

The disposal of plastic and electronic artifacts is an expensive and time-consuming process. Versatile

measures are needed to address the significant environmental hazard posed by excessive plastic
consumption and improper disposal of technological trash?!. Here, we have demonstrated a very simple
and affordable method for creating a triboelectric nanogenerator (TENG) out of plastic and electronic
debris. Triboelectric layers were made using recovered polyethylene terephthalate (PET) from old
Kapton tape and printing paper?. More crucially, a straightforward copper sacrificial electrodeposition
method was used to create the electrode layers instead of complex and extensive procedures. It is an
excellent approach to recycle discarded plastics and create gadgets that collect and generate energy from
thems3. The copper was taken from discarded electrical wires from malfunctioning UPS batteries. The
fabricated TENG produced a high-quality electric output maximum open circuit voltage of ~552 V, a short
circuit current of 18.8 uA and a high-power density of 7.68 W m-2 under contact-separation triggered by
human hand tapping. This work stresses the importance of implementing economically viable strategies

for utilizing plastic and electronic waste to harvest valuable energy.

Keywords : Triboelectric nanogenerator, Waste plastic, Electrodeposition, Energy generation and

storage.
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Abstract

With the growing demand for flexible and high-performance energy storage devices, the
development of scalable electrode architectures has become increasingly important.
Transition metal dichal cogenides and oxides offer great promise due to their tunable redox
behavior and structural versatilitylX. Herein, we report the synthesis of a hybrid tungsten
disulfide/tungsten trioxide (WS,/WOs) heterostructure via atmospheric pressure chemical
vapor deposition (APCVD), offering afacile and scalable route to functional electrode
materials. The resulting WS>/WOs hybrid features a unique mixed morphology comprising
flower-like and rod-like nanostructures, fostering a synergistic combination of electric
double-layer capacitance (EDLC) and faradaic pseudocapacitance. This hybrid architecture
was directly integrated onto carbon cloth substrates to fabricate a symmetric two-electrode
supercapacitor device. The assembled device exhibits excellent capacitive performance,
delivering a specific capacitance of 381 F/g at a scan rate of 100 mV/s.

Our findings highlight the potential of TMD/oxide hybrids as next-generation el ectrode
materials for high-performance supercapacitors, combining scalabl e fabrication with superior
electrochemical characteristics.

[1] A. Subhramaniyan Rasappan et al., “Battery-type WS2 decorated WO3 nanorods for high-
performance supercapacitors,” Mater. Lett., vol. 357, no. December 2023, p. 135640, 2024, doi:
10.1016/j.matlet.2023.135640.
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Studies on ionic conduction in polymer electrolyte membranes
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Abstract
Polymer electrolyte membranes are gaining significant attention due to their crucial role in various
applications and their potential in advancing clean energy technologies, particularly fuel cells and
electrolysers. Among these polymers, perfluorinated sulfonic-acid (PFSA) ionomers stand out due to their

exceptional ionic conductivity and robust chemical and mechanical stability.

Understanding the ionic conduction mechanisms within Nafion, along with the factors that affect its
conductivity and strategies for addressing these challenges, is essential for the development of more
effective electrolyte membranes. Such advancements are directly linked to improving the efficiency and

performance of energy conversion devices.

Conductivity of Nafion is essentially a function of relative humidity and temperature. Relative humidity
itself is a function of temperature. It is hence crucial and challenging to maintain these parameters to
study the conductivity of Nafion whilst simultaneously using the spectroscopic methods to develop
molecular level understanding during conduction of ions. Electrochemical Impedance Spectroscopy and
in-situ Raman scattering measurements upon equilibration at a particular temperature and relative
humidity provide important insights to correlate structural changes with the conduction of cations in the
membrane. The shifts in the Raman peaks on exchanging Nafion with different cations, particularly -SO3-
stretching vibrations on varying temperature and relative humidity provide information about the
conductivity mechanism of the Nafion. Distribution of Relaxation Times analysis of the impedance data
elucidates the timescales of processes involved in the transport of cations along the complex morphology
of the polymer electrolyte membrane.

Keywords : Polymer Electrolytes, lonic Conductivity, Impedance, In-situ Raman Scattering
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Analysis of Li-ion transport in varied solvent systems for Li-S batteries
using multi-scale mathematical models
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Abstract

Lithium-sulphur (Li-S) batteries are irrefutably one the most promising technologies for future
applications in electric vehicles for their high theoretical energy density (2567 Wh kg1) and
electrochemical capacity (1675 mAh g-1), but practical performance is relatively poor. This high energy
density arises from multi-electron redox reactions involving polysulphides. These reactions alter the
electrolyte composition dynamically; consequently, the transport characteristics evolve during cell
operation. Furthermore, the crossover of solvated polysulphides to the anode lead to capacity degradation.
These highlight the need to understand the effects of electrolyte-transport dynamics. Most continuum
scale simulation studies employ dilute solution theory, which neglects inter- and intra-species
interactions. The concentrated solution theory, based on the Onsager-Stefan-Maxwell framework,
captures these interactions at the continuum level, but it is not easy to apply since it requires several
transport parameters, namely the cross diffusivities, which are challenging to obtain from experiments.
Hence, we adopt a multiscale approach, combining molecular dynamics with physics-based 1-D model for
solvent systems of variable solvation properties. The 1-D model flux equations are modified using the
formulations given in Mistry et al.1 Here, we examine dimethyl ether (DME), 1,3-dioxolane-dimethyl ether
(DOL-DME, 1:1 vol) and dimethyl ether-1,1,2,2-tetrafluoroethyl-2,2,3,3-tetrafluoropropyl ether (DME-
TTE, 1:1 vol) as the solvents and 1M Lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) as salt. To
simplify the model, we truncate the sulphur reduction reaction to consider three representative
polysulphides: Ss?7, S427,and S?°. The self and cross diffusivities, and the transference numbers,
included in the 1-D model is calculated from the MD analysis. The simulated concentration gradients of
various soluble polysulphides across the cell depicts how solvation shell structure change at the
microscopic scale affect extent of shuttle and ionic conductivity and thus affect the capacity fading in lean
electrolyte cells at the continuum scale. The insights obtained thus serves a tool for understanding
electrolyte structure, its effect on the ion transport and efficient prediction of the battery performance,

which will help in design and optimization of better electrolyte for Li-S battery.

Keywords: Mathematical modelling, Lithium-Sulphur, Electrolyte
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Abstract

Over the past few decades, there has been considerable debate regarding the oxygen redox in
lithium-rich cathodes and, more specifically, the nature and fate of the oxidized oxygen species.1-* O-loss
has been loosely associated with TM-migrations at elevated states of charge, which eventually leads to Li
and O loss from the surface regions (a process called "densification") of the cathode. Another school of
thought has proposed the utilization of a cation-disordered rock-salt crystal structure (DRS) to achieve
large compositional flexibility and prevent the ill effects of TM-migrations.5¢ We study the O-redox
behaviour of typical Li-rich cathode L1.2Nig2Mng602; with the material crystallizing in two distinct crystal
structures: the commonly occurring cation-ordered layered structure and the cation-disordered DRS
structure. Distinct disparities in the O-redox behavior of the cathodes within two distinct crystal
structures are manifestly evident. The DRS cathode exhibits an accelerated onset and and greater
propensity of O-redox as compared to the cathode in the layered structure. More significantly we observe
that the oxidized O-species in the DRS structure exhibits a notable degree of freedom, which renders it
susceptible to loss from the lattice. In contrast, in layered cathodes the spectroscopic signature of
oxydized O species can be found to persist for atleast upto a week suggesting its “trapped” nature. By
comparing the differences in environments around the oxydized O-species in the DRS and layered
structure the study conclusively relates the O-loss behaviour to TM-migrations and rock-salt phase
formation. This finding therefore clearly relates O-loss to rock-salt phase formation and resolves a long-

standing ambiguity in the field.

Keywords: Li-ion battery, Cathode Material, Disorder Rocksalt, Anionic Redox
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Abstract

Sodium-ion batteries (SIBs) are gaining attention as a safer, more affordable alternative to
lithium-ion batteries for large-scale energy storage. However, they still face major problems
like low energy density, slow sodium-ion diffusion, unstable cathode materials during
cycling, and poor lifespan due to side reactions at the electrode-electrolyte interface. These
challenges limit their commercial success. Traditional experimental methods for solving
these problems are expensive and time-consuming. To speed up progress, researchers are
now combining Density Functional Theory (DFT) with Machine Learning (ML) and
Artificial Intelligence (AI) to predict and screen battery materials before making them in
the lab. For example, ML models trained on DFT data have successfully predicted the
voltage and stability of new cathode materials like NASICON-type compounds. Similarly,
ML-driven simulations of hard carbon have revealed how sodium ions move and get stored
inside the anode, helping improve energy capacity. Al tools are also being used to design
new liquid and solid electrolytes by predicting SEI formation and chemical compatibility.
Together, DFT and ML make it possible to test thousands of materials virtually, reducing the
need for costly experiments and accelerating the discovery of high-performance battery
components. This computational approach is helping SIBs overcome their limitations and
move closer to real-world use in grid storage, electric vehicles, and backup power systems.

Keywords: Sodium-ion batteries, DFT, Machine Learning, Artificial Intelligence, Materials
Discovery
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Abstract

A new series of benzothiadiazole (BTD) based organic chromophores was developed by tuning
the donor group in the D-DTP-benzothiadiazole-phenyl-acceptor framework with alkoxy-phenyl
moieties (BTD-DTP4, 5 and 6). The design aimed to lower the HOMO level by ~300 mV compared to
conventional photocatalysts, thereby enabling efficient electron transfer from low-potential HAT
mediators such as 4-acetamido-(2,2,6,6-Tetramethylpiperidin-1-yl)oxyl (ACT). Simultaneously, the LUMO
level was reduced, extending light absorption beyond that of the reference dye (E)-3-(5-(4-(bis(2'4'-
dibutoxy-[1,1'-biphenyl]-4-yl) amino)phenyl)thiophen-2-yl)-2-cyanoacrylic acid (D35) and affording a
significant photocurrent gain. Among the series, BTD-DTP5 delivered the best performance, yielding
photocurrents of 4.0 mA/cm? with ACT, respectively. It also achieved >90% conversion of secondary
alcohols to Cs-ketones. These results highlight the critical role of donor engineering in controlling redox

levels and absorption profiles, offering a promising strategy for visible-light-driven biomass conversion.

Keywords: Dye-sensitized photoelectrochemical cell; visible-light photocatalysts; alcohol oxidation;

biomass conversion
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Effect of dispersion of conducting phase on impedance of porous electrode
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Abstract

Efficient design of the conductive phase in porous electrodes can significantly reduce overall
impedance and improve the performance of electro-chemical systems. Recent work by Ramaswamy et al.
demonstrated that surface treatment of platinum-supported carbon catalysts to optimize the distribution
of the ionomer phase can enhance fuel cell performance.! In solid-state batteries, achieving effective
contact between the solid-electrolyte and the electrode active material (AM) remains a major bottleneck
limiting performance.2 Similarly, in Li-ion batteries, the morphology of the carbon-binder domain (CBD)
critically influences both ionic and electronic conduction pathways.3

Our preliminary computational analysis using an in-house developed impedance code

suggests that uniform ion-conductive coatings (white color coatings in Figure 1) can significantly reduce

impedance (see Figure 1 impedance). We studied two designs on artificially generated electrodes as

shown in Figure 1 where red circles refer to AM. e '
Design 1: a uniform coating of conductive material C\c/)\gttizg
(white) around the AM, Design 2: the conducting phase at T
is uncoated. In both designs 1 and 2 the conducting

material (white) does not entirely occupy the non-AM _

space and has some empty void space (blue) which Sion_cofgg&? I =) f 't
does not participate in ion/e- conduction. For the ‘E

chosen parameter ( eay = 0.53, €ion—conductive T _I\-ng)u-trCoating = wp

Evoid = 0.47) the resistance of the coated electrode _'l'-; Without
was reduced by 22% with just 2.5% increase in -,-.-COTing
conductive phase volume fraction. As expected, the a

coated electrode also has highest capacitance (i.e sion—condu':tive(Wﬁi‘te-)-_

active surface area). This indicates that coated = 29.6%

Bel£) 5]

electrode may lead to a better design, leading to overall

. . . o . Figure 1: Effect of ion conducting coating on the
lower impedance. Impedance behaviour is finger-print & & &

of various losses within the electrode. Tailored design impedance of a porous simulated electrodes .
of the conductive phase can reduce such losses. Therefore, in this work, we systematically investigate
various designs of conductive phase in porous electrode and their impedance characterstics.

Keywords: Impedance, Batteries, Fuel-cell, Ionic, Electronic
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Development of High-Performance Proton Conducting Solid Oxide Cell (H-
SOC) Electrodes: Pr-substituted Lao.7xPrxSro.3Co0.8Feo.203-s and Nd/Cu Co-

doped Bio-Template Enhanced Pr2NiOa4+s
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Abstract
Proton conducting solid oxide cell (H-SOC), an energy efficient electrochemical device, that converts the
chemical energy of fuels (H, CHs4 etc.) to electrical energy in fuel cell mode and vice-versa in electrolyzer
mode, operating at intermediate temperature (500-700 °C).The oxygen reduction reaction (ORR) and
water oxidation reaction (WOR) are the rate limiting steps, requiring robust air / steam electrode with
enhanced triple (H*/02-/e-) conductivity. [l This study investigated A-site Pr3+ substitution in Lags-
«PryxSro3C008Fe0203.5 [X=0, (LS), X=0.2 (Pr1),0.35 (Pr2)]. All composition showed metallic conductivity
behavior as in figure 1 (a), with Pr3 showing lowest activation energy (E.=0.01964 eV), followed by Pr1
(Ea=0.0199 eV), LS ( Ea= 0.02177eV) and Pr2 (E,=0.0258 eV) as shown in Arrhenius plot of total
conductivity, figure 1 (b). Additionally, A-site ‘Nd’ and B -site ‘Cu’ doping in (Pr;NiO4.s): PNNC, have been
explored as a cobalt free ruddlesden popper air / steam electrode material for H-SOC. PNNC showed
semiconducting behavior with highest conductivity of 27.54 S/cm at 750 °C, increasing to 31.659 S/cm in
humid conditions due to the formation of protonic defects. Single cell: NiO-BZCYY/BZCYY (300um) /
PNNC, achieved current density of 186 mA /cm2 (fuel cell, at 0.3 V) and -650 mA/cm2 (electrolysis, at 2 V)
at 650 oC. Bio-template modified PNNC (Temp PNNC), significantly improved performance achieving 370
mA/cm? (fuel cell, at 650 ©C,0.3V) and -1259 mA/cm? (electrolysis, at 650°C,2V) are achieved, with
reduced polarization resistance from 5.18 to 0.322 Q0 cm2. The corresponding current density-voltage

curve and impedance spectra for both PNNC and temp-PNNC electrodes are presented in Figure 1 (c) and

(d).

........

Keywords: Proton conducting solid oxide cell, Triple conductors
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Abstract

By leveraging the synergistic effects of LDHs and conductive networks like nickel foam (NF), the
study aims to develop cost-effective, high-performance materials for next-generation metal-ion
capacitors. Comprehensive physical characterization of the MnFe-LDH@NF was performed with
electrochemical testing. MnFe-LDH stand out due to their tunable composition, high surface area,
and excellent ion-exchange properties. The synergistic integration of LDH nanosheets with a
conductive substrate like NF significantly enhanced charge transport and electrochemical
performance. The deposited MnFe-LDH@NF electrode exhibited a high specific capacitance of
1456 mF cm-2, with an energy density of 102 yWhcm-2and a power density of 357 uWhcm-2. For
practical application, MnFe-LDH@NF was assembled with a zinc plate in 1 M KOH electrolyte to
construct a hybrid zinc-ion capacitor. This configuration demonstrated a specific capacitance of
220 mF cm2, along with an energy density of 36 uWh cm-2 and a power density of 1090 pWcm-2
while retaining 99.99% of its capacitance and achieving 100% coulombic efficiency over
prolonged cycling also reaching to cell voltage upto 0.8 V to 2 V. Furthermore, a planar solid-state
device was fabricated, which showed excellent performance with a specific capacitance of 878.8
mF cm2, energy density of 101 uWh cm-2, and power density of 970 uW cm-2. The device retained
81% of its capacitance after cycling and exhibited a coulombic efficiency of 99% after 2000
charge/discharge cycles. Impressively, it could power an LED for 3 minutes, demonstrating its
practical applicability for real-world energy storage solutions.

Keywords: Zinc-ion capacitors, Energy density, Specific capacitance, Power density, Layered
double hydroxides.
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Abstract

Various cathode materials, such as transition metal phosphides (TMPs) and carbon-based
materials like MXenes, have been explored to enhance the electrochemical performance of zinc-
ion capacitors (ZICs). MXenes, particularly TizC,Tx, exhibit excellent electrical conductivity, large
surface area, and abundant active sites, making them promising candidates for energy storage
applications. However, their performance is often limited by restacking of nanosheets and
oxidation in alkaline medium. To overcome these limitations, a hybrid electrode was developed
by integrating TizC,Tx MXenes with nickel phosphide (NP) on a 3D nickel foam (NF) substrate.
This hybrid structure leverages the synergistic effects between the high conductivity of MXene
and the pseudocapacitive nature of nickel phosphide, resulting in improved specific capacitance,
energy density, and cycling stability. The TizC,Tx/NP@NF hybrid electrode was synthesized via a
two-step process: electrochemical deposition of nickel phosphide onto nickel foam, followed by
hydrothermal growth of MXene. The resulting electrode demonstrated an excellent specific
capacitance of 763.64 mF cm2 at a current density of 0.95 mA cm2in 1 M KOH electrolyte, with a
corresponding energy density of 23 yWh cm™ and power density of 223 pyW cm-2. Furthermore,
a hybrid zinc-ion capacitor (TizC.Tx /NP@NF // Zn) was assembled using the hybrid electrode as
the cathode and a zinc plate as the anode. Operating at a voltage of 1 V in 1 M KOH, the device
exhibited a specific capacitance of 469.58 mF cm2, an energy density of 60 uWh cm-2, and a power
density of 336 pW cm-2. Notably, the device maintained 93% capacitance retention after 10,000
continuous charge/discharge cycles with nearly 100% coulombic efficiency, underscoring its
excellent long-term stability. These results highlight the potential of TizC,Tx /NP@NF hybrid
electrodes for high-performance zinc-ion capacitors in practical energy storage applications.

Keywords: Hybrid MXenes, zinc-ion capacitor, specific capacitance, energy density, power
density.
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Abstract

Lignocellulosic biomass is a plant-based material that mainly contains lignin, cellulose and hemicellulose.
These materials have potential to produce activated carbon due its natural interconnected pore network.
The conversion of lignocellulosic biomass feedstock into porous carbon material for supercapacitor has
been increasingly explored by researcher!. Lignin, cellulose and hemicellulose have been used as
feedstock for producing activated carbon, which is further utilized as an electrode material for
supercapacitor application. The carbonizing temperature (700 °C - 950 °C) and chemical treatment
methods determine their resulting properties including surface area (500 - 3000 m2/g) and pore size
distribution (0 - 50 nm), which are crucial for fabricating supercapacior electrode material. Moreover, the
feedstocks structure composition also affects the morphology and capacitive performance of activated
carbon electrode?. In this regard, we experimentally charecterize the physicochemical performance of the
biomass derived activated carbon using X-ray diffraction, Raman spectroscopy, fourier-transfer infrared
spectroscopy, N2 physisorption, and field emission scanning and transmission electron microscopy. The
electrochemical performance is conducted in aqueous electrolyte using technique such as cyclic
voltammetry, galvanostatic charge-discharge test and electrochemical impedance spectroscopy. The
synthesized electrode demonstrated a maximum specific capacitance of 122 F/gat 1 A/g, highlighting the

potential of lignocellulosic-derived activated carbon for supercapacitor applications.

Keywords: Lignocellulosic biomass, Activated carbon, Supercapacitor
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Abstract

The global transition towards clean and sustainable energy technologies necessitates the exploration of
alternative fuels that combine high energy efficiency with minimal environmental impact. Hydrogen has
emerged as clean energy carrier owing to its high gravimetric energy density and zero carbon emission upon
utilization. However practical challenges associated with hydrogen storage, handling and transportation have
driven interest toward ammonia as an alternative energy vector which offers high volumetric energy density
and serves as a carbon free and high hydrogen content, making it an attractive fuel for direct ammonia fuel
cells (DAFCs).Despite this potential, the practical deployment of DAFCs is significantly limited by the sluggish
kinetics of ammonia oxidation(AOR), particularly under low temperature operating conditions. This kinetic
limitation is primarily attributed to the formation and accumulation of strongly adsorbed reaction intermediates
onto the catalyst surface and hinder catalytic activity. To overcome this challenge, we propose the development
of a nanostructured platinum-nickel alloy catalyst featuring a flower-like morphology. This unique structural
modification provides an enhanced surface-to-volume ratio and promotes a well- ordered inter/intra-atomic
arrangement, which facilitate improved catalytic performance. The tailored Pt-Ni architecture is expected to
offer superior resistance to intermediate poisoning and promote efficient low-temperature AOR, thereby
advancing the applicability of ammonia-based energy systems.
Keywords : Pt-Ni Alloy Nanostructures, Intermediate Poisoning Resistance,Ammonia oxidation reaction,
Direct Ammonia Fuel Cells
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Abstract

This study provides a strategy for improving the performance of Na*-ion based solid-state
supercapacitors (SSCs) via two approaches: (1). interfaces modification by forming a stable thin micro
gel layer to ensure optimal utilization of the electrode surface area and (ii). Adding a redox additive, KI,
to the composite solid polymer electrolyte enhances ion activity in the electrolyte. The SSCs have been
assembled using a Na* ion conducting NZSP (Na3Zr,Si;P0O12) reinforced composite solid polymer
electrolyte (CSPE) membrane of room temperature conductivity 210-4Q-1cm-! and high surface area
(~1800m2/g) activated carbon-based electrodes. The electrochemical performance parameters
dramatically improve when a high-boiling-point organic solvent (DMF) layer is inserted at the electrode-
electrolyte interface. Electrochemical investigations reveal that utilizing a nominal amount (<5uL/cm?)
of such solvent at the interface improves the effective contact area and ionic movement across the
interface. The study further explores the role of redox additive addition in the CSPE membrane. The
conductivity of CSPE increases to a value of ~3 x10-3 Q-1cm-! at 50 °C when added with a small amount of
KI (~0.06g per 1g of CSPE). Results reveal that the utilization of DMF improves the specific capacitance
from ~150F-g1 to ~205F-g-1. Also, after the addition of redox additives (KI), the Cs value further rises to
~570F-g-1. Such changes lead to a notable drop in the equivalent series resistance (ESR) of the device and
maintain the coulombic efficiency above 95%. The cells exhibit stable electrochemical performance, i.e.,
~86% of capacity retention after 2000 cycles of charge-discharge at 1mA/1V (~50% after 10000 cycles).
Such SSC combinations demonstrated the remarkable potential of these high-performing supercapacitors

by powering 8V LED circuits for at least ~50 minutes during direct discharge.

Keywords: Electric double-layer supercapacitor; Pseudo capacitance; Interface modification; Solid-

state supercapacitor; Solvent-layer approach.
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Abstract

Flexible hybrid supercapacitors (HSCs) offer great potential for portable, flexible electronics
owing to their high-energy storage, stability, mechanical resilience, and eco-friendliness.
However, their electrochemical performance is limited by cathode materials. Nickel-based
transition metal selenides (TMSs) are promising candidates for cathodes owing to their inherent
capacities, yet face challenges such as structural degradation, low electrical conductivity, and
sluggish charge transfer, which hinder cycling stability and rate capability. This study employs a
synergistic approach by engineering a built-in electric field (BIEF) and Se vacancies in the
NiSe,@FeSe heterostructure (VNSFS) through solvothermal method followed by calcination.
This synergistic modulation enhances structural integrity during the
intercalation/deintercalation of electrolyte ions, boosts ionic and electronic conductivity,
improves ion diffusion kinetics, ample electroactive sites, and reduces activation energy
supported by theoretical calculations. Consequently, the VNSFS electrode exhibits an impressive
specific capacity of 238.89 mAh g1 at 1 A g'1, with excellent rate capability and outstanding cyclic
stability, maintaining 98.86% capacitance retention over 12,000 cycles. Additionally, the
insertion/deinsertion of OH- ions in the VNSFS electrode is systematically investigated through a
series of in-situ and ex-situ characterization techniques. Furthermore, a quasi-solid state
VNSFS//AC flexible HSC delivers a high energy density of 94.17 Wh kg-1 without compensating
power density of 750 W kg-1, prolonged cyclic stability and excellent rate capability. This device
advances sustainability by integrating a commercial solar cell module for renewable energy
harvesting and storage, capable of powering various electronic devices within 2 mins of charging
also supports wireless charging and effective AC filtering. This electrode demonstrates efficient
water splitting with self-powered via the HSC. Thus, this work offers a high-safety, flexible energy
storage device that supports the development of wearable electronics, replacing bulky capacitors
with miniaturized high-performance HSC, promoting eco-friendly energy solutions, and
contributing to sustainable development goals.
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Abstract

Heterostructure creation has been an effective strategy to synthesise hybrid supercapacitor
electrodes by combining materials of various charge storage mechanisms, leveraging the
advantages, and minimising the drawbacks of individual materials as separate entities. Herein, a
hybrid supercapacitor electrode has been fabricated producing ternary NiSe;/rGO/PANI
heterostructure, through simple hydrothermal followed by in-situ polymerisation techniques.
Owing to the synergy between the materials, the electrode decorated on a flexible carbonaceous
template exhibits a remarkable capacity of 657.36 Cg1@1 Ag! offering excellent stability over
12000 cycles. Subsequently, a hybrid asymmetric supercapacitor (HASC) constructed using
NiSe,/rGO/PANI as a positive electrode and AC as a negative electrode possesses a high energy
density 0f 98.82 Wh kg-1ata power density of 750.05 W kg-1 with a capacitive retention of 95.04%.
Encasing the complete device with Polydimethylsiloxane (PDMS) mould acting as an energy
storage band demonstrates an unaltered device performance at various bending angles of 0° to
1350, which refers to its compatibility in flexible electronics. Further, the practical usefulness of
the as-designed prototype has been exhibited by powering several devices such as; Light Emitting
Diodes (LEDs) of various colours, homemade windmill, Arduino board, and LCD monitor via
charging through a commercial silicon solar panel paving the way to bloom renewable energy

conversion and storage.

Keywords

NiSez/rGO/PANI heterostructure, Hybrid supercapacitor, Energy density, Surface passivation,

Flexible supercapacitor.
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Abstract
As a battery-type material, bimetallic manganese cobalt phosphides (MnCoP) have garnered considerable
interest in the domain of energy storage. In this paper, the influence of an external magnetic field on
supercapacitor performance was investigated. The electrochemical behavior of the MnCoP electrode was
evaluated using a three-electrode configuration. Upon application of a magnetic field, the electrode
exhibited a remarkable increase in specific capacitance from 25.9 F/g to 105 F/g at a current density of 5
A/g. The presence of a non-uniform magnetic field created a magnetic gradient force, which enhanced ion
transport at the electrolyte/electrode junction, thus thinning the Nernst diffusion layer. Furthermore, the
electrode retained a high proportion of its charge storage capability, with values of 72.17% and 84.34%

recorded in non-magnetic and magnetic environments, respectively.

Keywords: Supercapacitor, magnetic field, nanorods, battery-type material.
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Abstract

To address the discrepancy between energy supply and demand caused by diurnal and seasonal
fluctuations, significant efforts focus on storing renewable energy using diverse energy storage
technologies. Redox flow batteries are advantageous over traditional types due to their ability to separate
energy and power functions. However, critical interfacial processes like mass transport and electron
transfer profoundly influence the energy storage and conversion mechanisms of flow batteries. We
demonstrate that activation of electrostatic forces at interfaces enables directional molecular flux to and
from electrode surfaces, generating concurrent or counteracting electrostatic and diffusion currents. This
strategy enhances flow battery volumetric energy density and increases energy efficiency up to

approximately 92%, while preserving the redox active species' solubility limit.
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Abstract

We present the development and performance of solid-state ceramic supercapacitors (SSCs)
employing a novel composite electrolyte system composed of aluminium-doped lithium lanthanum
titanate (Lig.36Lag.56Ti0-095Al0.00503; AI**-LLTO) and the ionic liquid 1-ethyl-3-methylimidazolium
tetrafluoroborate (EMIM BF,). Structural analysis via Rietveld refinement confirms the retention of the
tetragonal perovskite structure post Al** substitution, while XPS and Raman spectroscopy validate the
successful doping without secondary phase formation. Incorporation of ~6 wt.% EMIM BF, enhances the
ionic conductivity of the composite to ~1073 Q-1 cm™ at room temperature—an increase of nearly three
orders of magnitude compared to pristine LLTO. Symmetric SSCs were fabricated by integrating the
composite electrolyte between copper electrodes coated with high surface area freeze-dried carbon
aerogel (FD-CA), using a cost-effective hot-roll lamination process. The assembled devices demonstrate a
high specific capacitance of ~370 F g™ at 1 mA (2 V), excellent cyclic stability (~87% capacitance
retention over 15,000 cycles), and high coulombic efficiency (~99%) at 35 °C. The capacitive response is
characteristic of ideal electric double-layer behaviour up to 2 V. These findings underscore the promise
of AI**-LLTO/EMIM BF,, composite electrolytes and FD-CA electrodes for advancing high-performance,

safe, and scalable solid-state energy storage technologies.
Keywords : Solid-state supercapacitor; Perovskite; FD-CA; Rietveld refinement; XPS
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Solid-state supercapacitors (SSCs) with composites of Li* ion conducting garnet type LALZO
(Lis.7sAlo2sLasZr2012) with an ionic liquid (EMIM BF,) as electrolyte are reported. The composite
of LALZO with 6 wt% of IL, having high ionic conductivity = 10-* Q-1cm-1, was used as an
electrolyte by compressing between high surface area activated carbon coated copper electrodes,
and assembled in 2032 type cell geometry. The SSCs exhibit stable cycling performance for at
least ~ 4000 cycles at 1 V operating voltage and 0.57 A/g (1 mA) discharge current with a
relatively high coulombic efficiency of ~ 99 %. A typical cell at 35 °C exhibits a specific capacitance
of ~ 550 F/gat 0.57 A/g (1 mA), and 2 V. The stability of the solid-state converters (SSCs) was
tested from 0°C to 100°C. They exhibited consistent performance under these extreme
temperature conditions. Supercapacitors performing below an operating voltage of 1.5 V exhibit
a pure electric double layer type nature and, in a range of 1.5V <V <2.5V, a mixed EDLC/pseudo
behaviour. At 1.13 A/g (2 mA), a highest specific energy is obtained as ~ 86 Wh/kg. Further, at
5.67 A/g (10 mA), the SSCs exhibited a highest specific power of ~ 2195 W/kg. The results
demonstrate that the LALZO-IL composites can potentially be solid-state (ceramic) electrolytes
in high-performance supercapacitors. A stack of 4 cells can power two white LEDs (6 V) in series
for approximately 30 minutes.

Keywords: solid state supercapacitors; garnet-type Li* ion conductors; device stability; ionic
liquid-ceramic electrolyte
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Abstract

To improve the durability of polymer electrolyte fuel cells, carbon-free catalysts are attracting
attention. In particular, tin oxide (SnO:) is fascinating due to its electrical conductivity and chemical
stability. It has already been reported that Pt/SnO; catalysts using Sn0O, doped with antimony (Sb) and
they exhibit high durability 1.2. For the practical use of Pt catalysts using Sb-SnO; (Pt/Sb-Sn0;) and their
large-scale diffusion, it is essential to improve the catalytic activity. Since the catalytic activity of Pt/Sb-
Sn0; depends on the crystallinity, morphology, and conductivity of Sb-SnOy, it is important to study and
optimize the Sb-Sn0; synthesis method. In this study, we focused on the coprecipitation method and the
hydrothermal method to synthesize the Sb-Sn0, nanoparticles, which have been used as industrial
synthesis methods and are also used as laboratory-scale methods. Now, we developed a new synthesis
method (coprecipitation-hydrothermal synthesis), and evaluated the prepared Sb-SnO; and Pt/Sb-SnO..

In the experimental methods, tin fluoride (SnF,) and antimony chloride (SbCls) mixed in distilled
water. After adding tetramethylammonium (TMAH), the solution stirred for about 3 days, and transferred to a
Teflon internal-vessel with stainless-steel-out jacket autoclave. The autoclave was placed in an electric furnace
at 240°C. The precipitate was washed 3 times using centrifiguation and dried (named as “coprecipitation-
hydrothermal Sb-SnQ,”). Pt catalyst was deposited by the polyol method as “Pt/Sb-SnO,”. For the “Pt/Sb-SnO,”,
the prepared coprecipitation-hydrothermal Sb-SnO, powder was dispersed in a mixed solvent of ethylene glycol
and water, then platinum chloride hexahydrate was added. The solution was then heated at 120°C for 2 hours to
produce the platinum nanoparticles on the Sb-SnO, surface.

The performance of using coprecipitation-hydrothermal Sb-SnO, was compared with that of Sb-SnO,
using the simple coprecipitation (coprecipitation Sb-SnO,) and hydrothermal methods (hydrothermal Sb-SnQ5).
The electrical conductivity of Sb-SnO; and the catalytic performance of Pt/Sb-SnO, were compared. As a result,
coprecipitation-hydrothermal Sb-SnO, showed the best results in both cases. This is due to the appropriate

doping of Sb by coprecipitation and the improvement of crystallinity by hydrothermal treatment.

Keywords: PEMFCs, carbon-free catalysts, coprecipitation-hydrothermal method, Sb-doped tin oxide
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Abstract

Carbon-suported Pt catalyst (Pt/C) are the most widely used for oxygen reduction reaction
(ORR) in prton-exchange-membrane fuel cells (PEMFCs) in order to realize a carbon-free hydrogen-
energy society. However, the durability of this catalyst is limited by the carbon support, which can cause
the degradation. To improve this, metal oxides such as SnO; have been investigated as the alternative
supporting materials.! In our recent study, it was reported that Sb-doped SnO; nanoparticles synthesized

by an ozone-assisted hydrothermal method exhibit enhanced electrical ()

conductivity and durability.2 We also reported a unique peak appearing 0.10 Sy

around 0.7 V in cyclic voltammetry (CV) measurements for Pt/Sb-SnO, A ~—

ORR catalysts (Figure 1(a)).2 Understanding the factors causing this ~E |7~ <\

peculiar peak is crucial for the practical application of Pt/Sb-SnO.. % l _ : 7
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Pt supported on carbon (Pt/C) has been extensively synthesized and studied due to its high
performance in polymer electrolyte fuel cells (PEFCs). The research using porous carbon as a support
material for Pt has received considerable attention due to a reduction in ionomer poisoning of the Pt
surface. Carbon modification is also an effective method for enhancing catalytic activity. Ref. 1 reported
that nitrogen-doped (N-doped) porous carbon increases the interaction between Pt particles and carbon
support. We focused on Pt/N-doped mesoporous carbon (MPC) catalyst because we believe that a
synergistic effect can be expected from the suppression of ionomer poisoning? and the enhancement of
the interaction between the Pt particle and carbon support. On the other hand, MPC with a lower nitrogen
amount is preferred, as a higher nitrogen amount accelerates water flooding at high current densities. To
understand the fuction of low N-doped MPC for cell evaluations at low relative humidity (RH), we
compare the electrochemical properties of Pt/5% N-doped MPC [A] and Pt/2% N-doped MPC [B] to
Pt/MPC as a reference material without N-doping.

N-doped mesoporous carbons were produced by heating the MPC with an N-containing
compound under an inert atmosphere. Pt loading was carried out by the liquid-phase reduction,
obtaining [A] and [B]. The hydrophilicity by the BET surface areas was in the order of [A]>[B]>Pt/MPC.
Fig. 1 shows a typical polarization curve of the samples under the low RH condition. [A] and [B]
demonstrated higher performance than Pt/MPC (Fig. 1a) across the entire current density range, which
can be attributed to the suppression of ionomer poisoning in [A] and [B]. However, the effect of nitrogen
content is evident in the higher current density region. The lower the nitrogen content, the higher the

performance, which could be attributed to the (@ :
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Abstract

The development of advanced composite materials is essential for enhancing the
performance of supercapacitor electrodes in next-generation energy storage devices. In this
study, the electrochemical behavior of two-dimensional TizC, Ty MXene sheets was investigated
by integrating them with polyaniline (PANI) nanofibers through a polymerization technique.
Electrochemical measurements were carried out using graphite sheets as current collectors. The
TizC,Ty/PANI nanocomposite exhibited an impressive specific capacitance of 854 F/g at a
current density of 1 A/g in 1 M H,S0, electrolyte. Furthermore, the composite retained 88% of
its initial capacitance after 2000 charge-discharge cycles at a high current density of 5 A/g,
indicating excellent cyclic stability. Electrochemical impedance spectroscopy (EIS) revealed an
ionic conductivity of 48.6 uS/cm and a diffusion coefficient of 196.1 x 10™*? cm?/s for the
Ti3C,Tx/PANI composite. These results highlight the potential of Ti;C,Tx/PANI as a promising
electrode material for high-performance supercapacitor applications.

Keywords: TizC,Tx/PANI synthesis; mild etching; in situ-polymerization; nanofibers and supercapacitor

applications
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Abstract
Electrochromic supercapacitors (ESCs) merge energy storage with energy saving, offering versatility
across applications. Here, we propose a A novel P5CIn/CoMn;04//DPDBPy based Electrochromic
Supercapacitor (ESC) featuring a 1,1'-dipyridyl dibutyl Pyridine viologen (DPDBPy) gel film and a
P5CIn/CoMn;04 composite film, containing a 1 M LiClO4 in PC/PMMA gel electrolyte demonstrates
impressive characteristics. The pyridine-based extended viologen used here shows electrochromic as
well as storage property having a specific capacitance of ~ 11 mF cmz2in three-electrode set up. Featuring
a remarkable optical contrast of around 68.5% at 510 nm, this device exhibits exceptional longevity with
over 10000 cycles of operation while maintaining minimal transmission modulation loss. Crafted from
cost-effective materials, it ensures consistent, reproducible, and reversible color transitions. From a clear
pale yellow in its discharged state (0 V), it smoothly transforms into a pinkish-purple when fully charged
(1.5 V), highlighting its broad voltage range and vivid contrast. It proves efficient for powering electronic
devices by exhibiting a large specific capacitance of around 35.34 mF cm2, retaining 94 % after 10000
cycles. Additionally, its reasonably rapid switching kinetics (tc = 8 s and tb = 9 s), coupled with its
impressive transmission contrast and prolonged operational lifespan across a 4 x 2 cm? active area,
outperform numerous Electrochromic Supercapacitors (ESCs) documented in existing literature. This

establishes the P5CIn/CoMn;04//DPDBPy ESC as a premier option for dual-function switchable windows.
Keywords: Supercapacitor, electrochromic, energy storage, viologen.
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Abstract

The integrated photo-supercapacitor (PSC) is a single device where the photovoltaic (PV) layer first
converts solar radiation into electrical energy. This energy is immediately conveyed to the storage layers,
which store it in the form of charge that can power any electronic device. The PSC is characterised by its
ability to self-charge under incident light and self-store the photo-generated current. This removes the
need for two separate devices for energy conversion and storage. Deploying a PSC reduces space
requirements, cost, and weight [1-3]. In this work, we are trying to develop the Three-electrode
monolithic photo-supercapacitor, which requires less space than the conventional photo-supercapacitor.
Before integrating the monolithic photo-supercapacitor, an IL-modified HTL-free Perovskite solar cell was
prepared with a cell efficiency of > 9 %. Also, we prepared a new material, Ni-ATA MOF, as the cathode
material, which gives the capacitance of 820 F g1, and rGO from the graphite extracted from a spent
lithium-ion battery, and it gives 143 F g1 as an anode. An asymmetric supercapacitor was fabricated by
sandwiching a KOH-soaked GF/D separator between the cathode and the anode. The asymmetric
supercapacitor gives 107 F g-1 capacitance in the voltage window of 0-1.5 V. We have integrated the solar

cell and asymmetric supercapacitor into a self-charging monolithic photo-supercapacitor.

Photosupercapcitor, Pervoskite, solar cell, supercapacitor, integrated devices.
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Abstract

The development of cathode catalysts with enhanced oxygen reduction reaction (ORR) activity
and long-term durability is critical for advancing polymer electrolyte membrane fuel cells (PEMFCs).
While Pt-based alloys are extensively explored, their practical deployment remains challenging due to
stability and synthesis limitations. Chemically ordered Pt-alloys have recently gained attention owing to
their favorable electronic and geometric structures, which significantly enhance ORR kinetics.

In this work, we report—for the first time—a one-step solid-state synthesis of
Pt3_4Coo.54yNio.54y/C (x = 0, 1, 2; y = 0, 0.5, 1) nanoparticles supported on carbon. Among the series,
Pt,Co;Ni; /C emerged as the most promising composition, demonstrating exceptional performance in
both half-cell and full-cell configurations. Remarkably, this catalyst achieved a mass activity seven times
higher than commercial Pt/C in acidic media, meeting the U.S. DOE 2025 targets. Furthermore, it retained
substantial activity after 50,000 potential cycles, underscoring its electrochemical stability.

Under real PEMFC operating conditions, Pt,Co,Ni, /C delivered a peak power density surpassing
that of commercial Pt/C, validating its potential for practical application. This study introduces a scalable,
single-step route for fabricating high-performing, durable ORR catalysts, offering new perspectives for

fuel cell technologies and clean energy research.
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Abstract

With the growing demand for energy storage from renewable energy sources, photo-
rechargeable supercapacitors offer a viable alternative for directly converting and storing solar energy.
This will take over the traditional energy solution, which uses a solar cell to convert solar energy and
store it in rechargeable batteries. A binder-free nickel-cobalt nanowire arrays with a cubic spinel
structure were directly grown on nickel foam via an in-situ hydrothermal process. The resulting one-
dimensional nanowires exhibited a uniform morphology and a favourable bandgap of approximately 1.67
eV, making them ideal candidates as electrode materials for photo-assisted supercapacitors. Electronic
structure analysis revealed the coexistence of Ni**/Ni** and Co®*/Co3' redox pairs, significantly
enhancing electrochemical kinetics and facilitating efficient photo-assisted charge storage. Under
illumination, we demonstrated a remarkable 54% increase in areal capacitance, attributed to the efficient
separation and storage of photo-generated charges driven by surface polarization effects. Density
Functional Theory (DFT+U) calculations further confirmed that nickel substitution in the Cobalt matrix
significantly reduces the bandgap and enhances magnetic moment, supported by asymmetric spin-
resolved density of states and band structure analyses. This research provides valuable insights for

developing next-generation photo-assisted energy storage solutions.
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Abstract

Increased demand for high-capacity and eco-friendly energy storage devices has stimulated
intensive research in green electrode materials for electrochemical double-layer capacitors (EDLCs)[1].
In this study, we report the synthesis of a hierarchically porous, N-doped activated carbon derived from
a nitrogen rich biomass precursor (cannon ball fruit) via carbonization and chemical activation.
Structural and morphological characterization using XRD, SEM-EDS, BET, CHN analysis and Raman
spectroscopy, confirmed the formation of a highly porous micro / mesostructure. The activated carbon

exhibited N content of 1.4 % and a surface area of

o Preparation
)\ and drying

1483 m?2g-1. Electrochemical performance was

evaluated in a symmetric two-electrode pouch cell

configuration (1.0 F-3.0 V) using high voltage Dried precursor
non-aqueous electrolyte (SBPBF, in acetonitrile). The L
material exhibited superior double layer capacitive

behaviour with a specific capacitance of 75 F/g at 1

A/g with excellent cycling stability (> 95% retention L Symmetric EDLC Pouch cel, Activated Carbon
1F -3.0v

over 10000 cycles). The hierarchical porous structure . _ _

) . ) ) o ) Figure 1: Schematic representation of
combined with N doping contributed to efficient ion _ _ _

] . _ . synthesis of cannon ball fruit derived AC

transport and increased specific capacitance. This
sustainable synthesis route eliminate the need for external dopants and offers a scalable and
environmentally friendly approach towards advanced electrode materials for next generation
supercapacitors.
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Abstract

The current trend of past pace development of aqueous energy storage devices which utilize non-
metallic ammonium ions (NH4") as charge carriers, owing to their sustainability, suitability for grid
scale energy storage'. Unlike traditional metallic charge carriers such as Li*, Na*, Zn*" and Mg?" ions;
NH4* ions exhibit fast diffusivity due to small ionic size and light molar mass. The selection of
appropriate electrode materials possess significant challenges. Functional organic materials are
gaining interest as efficient candidates for processing of electrodes due to sustainability, low-cost and
environmental friendliness. However, dissolution of the organic materials in aqueous medium is a
major obstacle which leads to capacity fading of the device. In this work, we have demonstrated the
incorporation of Ti3C, T MXene sediment into the cationic naphthalene diimide (¢NDI) organic imide
group to form a hybrid structure known as cNDI@LC-Ti;C,Tx. Non-covalent H-bonding interactions
are the key driving force for these organic-inorganic hetero structures which has been investigated
using FTIR and UV-visible study?. ¢eNDI@LC-Ti;C,T, hybrid electrode showed pseudocapacitive
behavior in aqueous NH4" ion electrolyte. Due to the hydrophilicity nature and high electronic
conductivity of MXene, this MXene-organic hybrid electrode improves the specific capacitance and
rate performance for non-metallic ammonium ion storage devices.

Keywords: Cationic naphthalene diimides, Liquid crystal MXenes, Pseudocapacitance,

Ammonium ion electrolytes, Polarized microscopy.
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Abstract

The present investigation delves into the ionic transport studies of EMIM-BF, ionic liquid reinforced into
nano-crystallites of NazsZr2Si;P012225 (NZSP) and reveals their possible application as a solid-state
electrolyte, particularly in supercapacitors. NZSP has been prepared by a conventional solid-state
reaction route, and Rietveld refinement confirms the formation of NZSP. Highest conductivity of ~10-3 Q-
lcm-1is achieved by the incorporation of ~12wt% EMIMBF,4 in NZSP. Increasing the content of ionic liquid
tends to reduce the grain boundary resistance of NZSP crystallites. Further, all solid-state supercapacitors
have been prepared in a sandwich geometry in hot roll lamination operated at 100 °C with activated
carbon electrodes of surface area ~1800mz2-g-1. Ionic liquid content in NZSP matrix tends to enhance the
overall device performance. The supercapacitors are stable with CV and galvanostatic charge-discharge
cycling, exhibiting a specific capacitance of ~ 225F-g-1 at an operating voltage of ~2V with ~1mA
discharge current. The device has excellent cycle stability(~80% capacitance retention over 15,000
cycles) and high coulombic efficiency. These findings promise that the composite NZSP/EMIMBF s with AC
electrodes has significant potential in the field of energy storage and can be scaled to solid-state energy

storage technologies.

Keywords: Solid-State Supercapacitor, NASICON, Ionic liquid.
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Abstract

The implementation of a stratified architecture in electrode design offers a promising approach
to enhance the energy density of supercapacitors without compromising their power density. Additionally,
interface engineering within heterostructured electrodes serves as a highly efficient method for
modulating their physical and chemical properties, thereby boosting their charge storage capability. This
study presents the synthesis of a Ti;C,Tx MXene-nickel manganese telluride (NMTe) composite, achieved
via acid etching followed by a simple one-step in situ hydrothermal method, wherein lychee-like NMTe
structures are embedded within multilayered TizC,Tx sheets. Notably, the binder-free NMTe@Ti3C,Tx
electrode outperforms its individual components—NMTe and TizC,Tx—owing to the synergistic
interaction between the two materials and a unique structural design that enhances electrode-electrolyte
interfacial dynamics. The composite structure successfully suppressed the restacking of TizC.Tx layers
and the aggregation of NMTe particles. As a result, the NMTe@Ti3C, Ty battery-type electrode exhibited a
remarkable specific capacitance of 2139.1 F g1 at 1 A gt and excellent cycling stability, retaining 96.5%
of its performance over 10,000 cycles with only minor changes in surface morphology. Mechanistic
insights revealed a deeper understanding of interfacial charge transport modulation and the
reorganization of electronic states during the charge storage process. Mechanistic insights revealed a
deeper understanding of interfacial charge transport modulation and the reorganization of electronic
states during the charge storage process. To assess device-level performance, symmetric and asymmetric
supercapacitors were assembled using binder-free NMTe@Ti3C, T electrodes. The asymmetric device, in
particular, exhibited an expanded voltage window of 1.6 V and achieved a high energy density of 114.2
Wh kg1 at a power density of 756.8 W kg-1. These outcomes underscore the potential of telluride/MXene-
based architectures for advanced energy storage applications.

Keywords: MXene, transition metal telluride, supercapacitor, energy density, power density



Poster-142

ACEPS-13, January 11-14, 2026, Bengaluru, India

High-Temperature PEM Fuel Cell Membranes Reinforced with MOFs for
Sustainable Hydrogen Energy.
Akshay Sharmal®, Amit C Bhosale!, Bhaskar Jyoti Deka?3

1 Green Hydrogen Lab, Department of Hydro and Renewable Energy, Indian Institute of Technology Roorkee, Haridwar, Uttarakhand,

India 247667

2 Advanced Membrane Research Lab, Department of Hydrology, Indian Institute of Technology Roorkee, Haridwar, Uttarakhand
247667, India
3 Centre for Nanotechnology, Indian Institute of Technology Roorkee, Haridwar, Uttarakhand 247667, India

* bhaskar.deka@hy.iitr.ac.in

Abstract

The increasing global demand for clean and sustainable energy has intensified interest in Proton
Exchange Membrane Fuel Cells (PEMFCs), which generate electricity with water as the only byproduct.
High-Temperature PEMFCs (HT-PEMFCs), operating in the range of 100-200 °C, offer several advantages
over conventional low-temperature PEMFCs, including reduced catalyst poisoning and elimination of
cathode flooding 1. However, the commercialization of HT-PEMFCs is hindered by the lack of proton
exchange membranes (PEMs) that are thermally stable, cost-effective, and exhibit high proton
conductivity under anhydrous conditions. To address this challenge, nanocomposite membranes
incorporating metal-organic framework (MOF)-based nanofillers have been investigated to improve the
mechanical and proton-conducting properties of phosphoric acid (PA)-doped membranes. MOFs are
crystalline porous materials consisting of metal ions coordinated to organic ligands, known for their high
surface area and excellent chemical and thermal stability 2.
In this study, we fabricated a dense, defect-free nanocomposite membrane by incorporating zirconium-
based MOF UiO-66 into a polyvinylpyrrolidone-polyether sulfone (PES-PVP) polymer matrix to form a
Ui0-66/PES-PVP composite membrane. The UiO-66 nanofillers were homogeneously distributed within
the membrane, significantly enhancing its mechanical properties. Various Ui0-66 loadings (1-5 wt%)
were explored to determine the optimal concentration, with strong UiO-66-PA interactions confirmed
via Fourier Transform Infrared (FTIR) spectroscopy. Thermogravimetric Analysis (TGA) indicated high
thermal stability, showing negligible weight loss up to 200 °C. The composite membrane exhibited
improved PA uptake, reaching up to 2.14 mol of PA per monomer unit of PVP. The optimal composition
(3 wt% Ui0-66) demonstrated a low ohmic resistance and achieved a proton conductivity of 50 mS/cm
under anhydrous conditions. Furthermore, the PES-PVP-3 wt% UiO-66 membrane exhibited superior
chemical stability, as validated by Fenton'’s test, and demonstrated higher power density compared
to the pristine PES-PVP membrane. These findings confirm that the UiO-66/PES-PVP
nanocomposite membrane is a promising candidate for high-performance and durable HT-
PEMFC applications.
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Abstract

This work focuses on the fabrication of hybrid polymer composites incorporating lithium garnets.
It has been found that the ionic conductivity of pristine Polyethylene oxide (PEO) is very low, in
the range of 107 to 10-8 (-1cm-1. Several measures are considered to enhance the thin polymer
electrolyte's overall ionic conductivity and ion transport, including suitable ionic salt and specific
additives. The additive used in this study is Lithium garnet incorporated with Niobium,
specifically Lis7sLazZri7sNbo2s5012 (LLZNO), prepared via the sol-gel method. The LLZNO fused
with polymer has a reported ionic conductivity range of 10-3 to 10-4 Q-1cm-! at room temperature.
The hybrid polymer composite is synthesized by optimizing the salt concentration and varying
the ratios of garnet to polymer in polymer-in-ceramic and ceramic-in-polymer configurations.
This optimization is expected to enhance the ionic conductivity by promoting the formation of
more prominent grains and reducing grain boundary resistance. However, it is also observed that
the ionic conductivity decreases beyond a specific concentration of garnet and polymer, which is
due to the crowding of ions that results in the ion path blocking.

Keywords — LLZNO, Hybrid Supercapacitor, Garnet
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Abstract

The development of multifunctional materials that merge mechanical strength with energy storage
capabilities is essential for progressing lightweight and integrated technologies in aerospace, automotive,
and wearable systems. This study introduces an innovative method for the fabrication of structural
supercapacitor electrodes through the growth of molybdenum trioxide (MoOs) nanostructures on
stainless steel (SS) mesh using chemical vapor deposition (CVD), followed by O, and Ar plasma treatment
to improve their properties. The application of plasma markedly boosts surface activation, enhances
film adhesion, and facilitates surface modification. The morphological and structural characterizations
conducted through SEM, XRD, and Raman spectroscopy validate the formation of uniform, vertically
aligned MoO3 with optimized oxidation states. Electrochemical testing demonstrates improved areal
capacitance, outstanding rate performance, and remarkable cycling stability. Furthermore, mechanical
testing under bending shows that the electrode preserves its structural integrity and electrochemical
functionality, confirming its potential application in structural energy storage. Fabrication of
supercapacitor devices in serial and parallel architectures is also demonstrated for the various portable
device applications. This approach provides an effective method for producing high-performance
structural supercapacitors, showcasing a promising avenue for multifunctional material systems in
future engineering applications.

Keywords: Molybdenum trioxide, Chemical vapour deposition, plasma treatment, Structural

Supercapacitors.
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Abstract

Metal-insulator transition near 68 °C in_Vanadium dioxide (VO.), provides a unique platform for
thermally adjustable energy storage devices. VO, nanostructures, synthesized using hydrothermal
methods are used to prepare stable ink for direct application on nickel foam, carbon fiber paper, and
stainless steel mesh. The ink-based method allows for the development of cost-effective, VO, coating
on on rigid and flexible substrates.Using each substrate design, two-electrode symmetric supercapacitor
cells were built and tested for electrochemical performance using CV, GCD, and EIS. Measurements were
taken at ambient temperature and above the VO, phase transition temperature to examine how the
metal-insulator transition affects capacitive performance. Specific capacitance, charge transfer
resistance, and rate capability varied across the temperature range, with improved performance at the
phase transition due to increased electrical conductivity and ion mobility.

This study shows that ink-processed VO, can be used for temperature-responsive supercapacitors and
underlines the influence of substrate architecture on device performance. This can inform the design of

future thermally adaptive energy storage devices for various applications.
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Abstract

Proton-exchange-membrane fuel cells (PEMFCs) are expected to be widely used as clean energy
devices that do not emit greenhouse gases. Improving the durability of catalysts is essential for the large-
scale adoption of these devices. The research using metal oxides is actively being conducted to improve
durability. However, their low conductivity results in low catalytic activity. To address this, the SnO; has
been doped with Sb or Ta.l2 To realize the catalyst which has the high activity and durability, we
synthesized the Sb-Ta co-doping SnO; as the Pt catalyst support. We prepared the Pt/Sb-Ta-Sn0,, and
evaluated the catalyst activity and durability.

Sn0O; and Sb-SnO, were prepared by ozone-assisted hydrothermal method as previously

reported.3 Furthermore, Sb-Ta-codoped SnO, samples were obtained by applying a second co-doping

process to Sb-doped SnO,. This second co-doping was carried out using two

methods: one at room temperature (Sb-Ta-SnO,_RT) and another under < :\_
hydrothermal conditions (Sb-Ta-SnO,_HT).

N
Platinum was supported on SnO; as a catalyst, and electrochemical f w}
measurements and durability tests were conducted using a half cell. Compared , ' v
to conventional catalysts (Pt/C), the degradation ratio relative to the maximum T w0 W 100 3 142

Cycie rurtsr | res
value of electrochemical surface area (ECSA) was mitigated(Fig 1), and the mass Figure 1. Transition during
durability testing of ESCA
retention rate of Pt/C, Pt/Sb-

This is thought to be due to the interaction between Pt and Ta. Sn0z, Pt/Sb-Ta-Sn0;_HT

activity retention rate after durability testing was more than four times higher.
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Abstract

In this work, we report the synthesis and application of MOF-303, an aluminium-based metal-
organic framework constructed from Al** and 1H-pyrazole-3,5-dicarboxylic acid (H,PZDC), for the
development of a composite proton exchange membrane. The successful formation of MOF-303 was
confirmed by X-ray diffraction (XRD), showing high phase purity and crystallinity consistent with
reported structures. MOF-303 exhibits outstanding water adsorption capacity, with a steep uptake at low
relative humidity and strong water retention due to its polar pyrazole-NH functionalities and open pore
structure!l. These properties make it highly suitable for enhancing water management in proton-
conducting systems. We incorporated MOF-303 into sulfonated poly(ether ether ketone) (SPEEK) to
fabricate a mixed matrix membrane (MMM) aimed at anhydrous or low-humidity operation in proton
exchange membrane fuel cells (PEMFCs). The target is to provide additional hydrogen bonding sites and
promote stable proton conduction under dry conditions by retaining water within the pores of MOF-303.
The composite membrane is expected to exhibit enhanced conductivity, mechanical stability, and
operational resilience at elevated temperatures without external humidification. The MMM properties

and its PEMFC performance will be shown at the conference.
Keywords (max 5): MOF-303, SPEEK, mixed-matrix membrane, proton conduction, PEMFC
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Abstract

In solid oxide fuel cells (SOFCs), the oxygen reduction reaction (ORR) is a crucial electrochemical
process and is often the rate-limiting step affecting overall fuel cell performance. Therefore, enhancing
ORR activity is critical for the efficient operation of intermediate temperature solid oxide cells (SOCs). In
this work, we have selected ceria as the ORR catalyst over other well-known options due to its favorable
chemical and mechanical stability, as well as its operability at intermediate temperatures!il. Ceria was
synthesized using the glycine nitrate combustion method. The formation of a pure phase was confirmed
by powder X-ray diffraction (PXRD), and characteristic peaks were identified in the Raman spectrum of
the synthesized material. Ceria ink was prepared using optimized concentrations of additional
components. The cell was operated at 800 °C and tested under varying concentrations of O, and CO,.
Performance was evaluated using electroanalytical techniques, online mass spectrometry, and operando
Raman spectroscopy.

An increase in O, concentration led to improved electrode performance. Similarly, applying a
higher bias enhanced the electrode’s electronic conductivity and reaction kinetics. Mass spectrometry
results showed consistent and reproducible cell behavior. Operando Raman spectroscopy, conducted
under different gas concentrations and applied biases, revealed no significant changes in the Raman
spectra—indicating that CeO4 remains stable even under higher bias and in the presence of O, and CO,.

These results demonstrate that ceria exhibits promising behavior as an ORR catalyst in SOC applications.

Keywords: Solid oxide cells (SOCs), Oxygen reduction reaction (ORR), ECOzRR, Ceria Catalyst, Operando

Raman Spectroscopy
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Abstract

The rapid expansion of lithium-ion battery (LIB) usage has led to significant amount of spent
batteries, posing both environmental challenges and opportunities for resource recovery. In this study,
cobalt was selectively recovered from the leaching residue of waste LIBs and converted into cobalt oxide
(Cos304) via a controlled thermal decomposition process followed by co-precipitation. The synthesized
Co30,4 was systematically characterized using XRD, SEM, and BET to confirm its phase purity, morphology,
and surface area. The recovered Co304 was subsequently employed as an active electrode material for
supercapacitor applications. Electrochemical performance was evaluated through cyclic voltammetry
(CV), galvanostatic charge-discharge (GCD), and electrochemical impedance spectroscopy (EIS). The
material exhibited promising pseudocapacitive behavior with a high specific capacitance and excellent
cycling stability, demonstrating its potential as a sustainable electrode material. This work not only
promotes the circular economy by recovering valuable metals from e-waste but also advances the

development of eco-friendly energy storage devices.12

Waste lithium-ion batteries, Cobalt oxide, Supercapacitor, Co-precipitation
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Abstract

Supercapacitors (SCs) are known for their application in areas that need fast, stable, and high
energy throughput serving as a bridge between batteries and conventional capacitors. The
capacitive property of a SC is influenced by parameters such as assembling technology, selection
of electrolyte, potential window, and most importantly, electrode materials. This study reports the
synthesis of carbonised polyaniline (C@PANI) using mesoporous silica (MCM) as the removable
scaffold to develop a porous conducting structure. Composites using the carbonised polyaniline
with transition metal dichalcogenides (TMDC), named C@PANI/MoS; and C@PANI/SnS;, were
subsequently fabricated to enhance the pseudocapacitance. Spectroscopic (PXRD, FT-IR, Raman)
and microscopic (FE-SEM, HRTEM) characterisations were employed to verify the porous
polyaniline structure along with formation of nanosheets of MoS; and SnS;. Subsequently, the
application of synthesized materials was assessed by fabricating asymmetric supercapacitor
(ASC) devices with synthesized material as anode, MnO, as cathode, and 1 M TEABF4in
acetonitrile as the electrolyte. Electrochemical analysis revealed that the synergic effect of TMDC
integration led to enhanced electrochemical performance of the final composites compared to
porous carbonized polyaniline.

Keywords: Asymmetric supercapacitor; polyaniline; pseudocapacitance; energy storage.
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