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This work investigates the influence of the heterocyclic organic additive 5-(4-dimethylamino)phenyl-1,3,4-oxadiazole-2(3H)-thione on the
electrochemical behaviour of Ni-Cd cells in 35% KOH electrolyte. The compound was synthesised in a two-step process using 4-(N,N'-
dimethylamino)methyl benzoate and hydrazine hydrate. Its structure was confirmed by Fourier-transform infrared (FTIR) and nuclear
magnetic resonance (NMR) spectroscopy. The electrochemical impedance spectroscopy, cyclic voltammetry and chronoamperometry
demonstrated a distinct decrease in charge-transfer resistance, increase in the ion diffusion and higher reversibility of both the Ni(OH)2/
NiOOH and Cd/Cd(OH)2 redox couples in the presence of the additive. Successive cycle charge-discharge studies show that in the later
cycles there is a higher discharge potential, increased stability and better capacity retention of the cells compared to blank and CMC-
modified cells. Capacity output tests also indicate that the additive inhibits the formation of Cd(OH)2 and Cd(OH): in the porous electrode
matrix, polarisation and effective exploitation of the active material, especially at low and moderate discharge rates. Based on the results,
itis confirmed that 5-(4-dimethylamino)phenyl-1,3,4-oxadiazole-2(3H)-thione functions as an effective electrolyte modifier, significantly
enhancing electrode kinetics, cycling stability and discharge performance in Ni-Cd systems, thereby provides a viable pathway to enhance
the performance of alkaline batteries.

Keywords: Ni-Cd battery, Electrolyte additive, 1,3,4-Oxadiazole-2-thione, Charge discharge properties.

INTRODUCTION

Nickel-cadmium (Ni-Cd) battery systems have continued
to dominate other mobile devices, emergency lighting systems
and aerospace use in their products as nickel-cadmium cation-
anode systems have strong cycling characteristics, can handle
overcharge and their performance is less affected by the wide
temperature range [1,2]. Electrochemical properties of these
systems, however, highly rely on the composition and stability
of the alkaline electrolyte used to conduct operation [3]. The
electrolyte is commonly KOH, although its characteristics
can be enhanced substantially by selective incorporation of
organic or heterocyclic components that have an effect on
electrode kinetics and discharge-charge behaviour [4,5].

Electron-rich functional groups in organic heterocyclic
compounds have become the focus of growing interest to
electrolyte modification since they are capable of increasing
ionic conductivity, suppressing the parasitic reactions and
stabilizing electrode-electrolyte interfaces [6]. Most of them
are derivatives of 1,3,4-oxadiazole, which have displayed
promising electrochemical behaviour due to their excellent
capability of donating electrons, planar conjugated structures
and capability of engaging in proton-transfer equilibria [7,8].
These molecules can play the role of mediators, corrosion
inhibitors or charge-transfer facilitators in the alkaline environ-
ment [9].

Compound 5-(4-(dimethylamino)phenyl)-1,3,4-oxadia-
zole-2(3H)-thione is of considerable interest due to its thione-
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thiol tautomerism, high electron density and resonance-stabi-
lised aromatic structure [10], which may play a significant
role in modulating electrode kinetics in the Ni-Cd systems.
The introduction of electron-rich heterocyclic additives cont-
aining active functional groups into alkaline electrolytes can
alter the characteristics of the electrical double layer, poten-
tially suppressing oxygen evolution at the positive electrode
while enhancing faradaic charge-transfer reactions during
cycling [11,12]. Moreover, its molecular configuration supports
strong adsorption onto electrode surfaces, which may reduce
self-discharge and enhance discharge capacity, even at the
ambient temperature [13].

While heterocyclic additives have demonstrated notable
advantages, there is a lack of detailed and systematic research
on the impact of oxadiazole-based thione derivatives on the
electrochemical behaviour of Ni-Cd systems [14]. In this
context, the inclusion of 5-(4-dimethylaminophenyl)-1,3,4-
oxadiazole-2(3H)-thione in alkaline electrolytes can offer
meaningful insights into improving conductivity, electrode
stability, energy efficiency and the cycling behaviour of Ni-Cd
cells at ambient conditions. This research is designed to deter-
mine its contribution to change the electrolyte behaviour and
increasing the performance measures of the Ni-Cd system at
room temperature.

EXPERIMENTAL

All chemicals employed in this study were of analytical
reagent (AR) grade and used without further purification un-
less specified. 4-(N,N-Dimethylamino)methyl benzoate (>99%)
and hydrazine hydrate (80%) were procured from Sigma-
Aldrich. Carbon disulfide (>99.5%) and potassium hydroxide
pellets (>85%) were obtained from Merck. Ethanol (>99.9%,
HPLC grade) and glacial acetic acid (>99.7%) were supplied
by Thermo-Fisher Scientific. Sodium hydroxide (>98%) used
for electrode treatment was purchased from Loba Chemie.
All aqueous solutions were prepared using deionised water
with a resistivity of 18.2 MQ cm.

Characterization: FTIR (Perkin-Elmer Spectrum Two,
4000-400 cm™) and NMR (Bruker Avance 111 400 MHz)
were used for the structural characterisation. Electrochemical
studies (CV, EIS, CA) were carried out on a Zahner Zennium
XC workstation using a three-electrode system with Ni-Cd
working, platinum counter and Hg/HgO reference electrodes
in alkaline medium. The charge-discharge cycling were per-

formed at 27 + 5 °C, with voltage recorded at regular intervals.
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Synthesis of 5-(4-(dimethylamino)phenyl)-1,3,4-oxa-
diazole-2(3H)-thione: 5-(4-(Dimethylamino)phenyl)-1,3,4-
oxadiazole-2(3H)-thione was synthesised via a two-step pro-
cedure. In the first step, hydrazine hydrate was reacted with
4-(N,N’-dimethylamino)methyl benzoate in a 1:1 molar ratio
in alcohol (5 mL) as solvent. The reaction mixture was refl-
uxed for 2 h to facilitate the formation of the corresponding
hydrazide intermediate. Upon completion, the mixture was
cooled and the resulting solid was separated by filtration,
thoroughly washed and dried. In the second step, this inter-
mediate was dissolved in ethanol, followed by the addition of
an aqueous KOH solution and CS;. The reaction mixture was
heated and maintained under reflux for an additional 2 h to
promote cyclisation. After cooling, the mixture was poured
into cold water and subsequently acidified with glacial acetic
acid to obtain desired product as precipitate (Scheme-1I). The
obtained solid was filtered, recrystallised from ethanol and
washed with water to yield the purified compound.

Preparation of electrolyte: 4-(Dimethylamino)benzohy-
drazide and 5-(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2-
(3H)-thione (2.7009 g) was dissolved in 400 mL of 35% KOH
solution with gentle heating to ensure complete dissolution.
The resulting solution was filtered to remove any undissolved
impurities and the clear filtrate was collected.

Formation of electrodes: Electrochemically impregnated
electrodes were prepared by initially treating them in 20%
NaOH solution to remove surface impurities including carbo-
nates. The plates were subsequently rinsed in hot water and
then immersed in a hot nitrate solution, followed by thorough
washing for 4-5 h to eliminate residual ions. Finally, the abs-
ence of nitrate impurities was verified using the brucine test
with dilute sulphuric acid, indicated by no development of pink
colouration.

Filling of electrolytes: The electrodes were assembled
following standard procedures and the prepared electrolyte
(35% KOH) was gradually introduced into the Ni-Cd cells up
to the required level. Two cells were filled for the comparison
of experimental results. The number of the cells with and
without additives were prepared for comparative evaluation.

Formation cycles: Following electrode assembly, the
cells were subjected to three formation cycles conducted at
an ambient temperature of 27 + 5 °C. Prior to charging, the
electrolyte level was adjusted to coincide with the top surface
of the electrodes, and the cells were fitted with valve bodies
to ensure the controlled operations. Charging was carried out
under constant current conditions, with voltage recorded at

=]

O
Z

NH
NH-NH,

@

Ca
/ =S
CS,/ KOH o

4-(Dimethylamino)benzohydrazide

5-(4-(Dimethylamino)phenyl)-
1,3,4-oxadiazole-2(3H)-thione

Scheme-1: Synthesis of 4-(dimethylamino)benzohydrazide and 5-(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione
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regular intervals. At the end of each charging step, the elect-
rolyte level was readjusted up to the cover trap, followed by
a resting period of 2-4 h. After each discharge, drain clips
were introduced to maintain proper cell functioning.

The electrochemical performance was subsequently eval-
uated through five test cycles (TCs). Each cycle involved
charging at 10 A for 5 h followed by 5 A for 3 h, resulting in
a total charging duration of 8 h per cycle. After charging, the
cells were allowed to rest for a minimum of 12 h before being
discharged at a constant current of 25 A down to a cut-off
voltage of 1 V. Charging and discharging voltages were moni-
tored at regular time intervals using a Zahner Zennium XC
electrochemical workstation. Comparative analysis of cell
performance was conducted across successive test cycles to
assess the effect of the electrolyte additive. The formation
cycles involve stepwise charging at controlled current levels
(5-10 A) followed by discharge up to a cut-off voltage of 1
V, enabling gradual activation of the electrodes. An increase
in the current during successive cycles improves electrode
conditioning, ensuring stable electrochemical performance
and efficient capacity development and the details are shown
in Table-1.

TABLE-1

FORMATION CYCLES AT DIFFERENT CURRENTS
Current Duration

EC, Charging 5A 8h
Discharging 5A UptolV

. 10A 3h

e Charging 5A 2h
Discharging 5A UptolV

Charging LU ol

FCs 5A 2h
Discharging 25 A UptolV

Electrode characteristics: The electrode behaviour was
characterised using electrochemical impedance spectroscopy
(EIS), cyclic voltammetry (CV) and chronoamperometry (CA),
followed by charge-discharge cycling in cells with and with-

110

out the electrolyte additive. During cycling, the potentials of
both positive and negative electrodes were recorded at regular
intervals against a standard mercury reference electrode after
the initial cycle. The data were represented as voltage-time
profiles, with time on the x-axis and voltage on the y-axis.
Based on these measurements, a comparative evaluation was
performed between additive-containing and control cells, and
variations in performance across successive test cycles were
analysed.

RESULTS AND DISCUSSION
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The structure of 5-(4-(dimethylamino)phenyl)-1,3,4-
oxadiazole-2(3H)-thione was characterized by FTIR and NMR
spectra presented in Fig. 1. It is evident in the FTIR spectrum
of the compound that the N-H stretching of the heterocyclic
thioamides/amide-type NH are often to be found as the broad
band in the 3500-3200 cm™ region [15,16]. The strong band
in the 1000-100 cm*known as aromatic C—H phenyl ring and
oxadiazole ring proton is observed as a weak band in the
range 3100-3000 cm™ [16]. The aliphatic C-H stretching of
N(CHs3). group bonded appears in the form of weak shoulders
in the 2950-2850 cm™ [2]. The 1,3,4-oxadiazole ring exhibits
a strong characteristic absorption at 1668 cm™, attributed to
C=N/C=C stretching vibrations. In addition, the v(C=N) and
aromatic C=C stretching bands typically appear within the
range of 1680-1520 cm™ in 1,3,4-oxadiazole derivatives [17].
The presence of the additional aromatic C=C stretching bands
of the para-substituted phenyl ring is verified by the presence
of peaks at 1584 and 1445 cm™ as the additional aromatic
C=C stretching bands. An intermediate peak of 1356 cm™ is
related to C-N stretch/CHs; deformation of the dimethylamino
group [16]. In tertiary aromatic amines, v(C—N) and CH; bending
is exhibited in the 1360-1250 cm™ region. The overlapping
bands of C=S of the thione group and C-O-C/C-N vibrations
of the oxadiazole ring give the peaks at 1292 cm™ and 1224
cm, respectively [18,19]. In oxadiazole-containing compo-
und, the C-O-C linkage typically exhibits absorption bands
in the regions 1275-1200 cm~ and 1075-1020 cm™2, while the

S OO COWON ~ NN <+
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Fig. 1. FT-IR and NMR spectra of synthesised 5-(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione
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v(C=S) stretching vibration is generally observed around
1270-1220 cm [18,19]. The combined C-N and C-O stret-
ching vibrations associated with the dimethylamino group
and the oxadiazole ring appear near 1136 cm™ [18,19]. The
out-of-plane C-H bending vibrations of the para-disubsti-
tuted benzene ring and the heteroaromatic system are appea-
red at 993, 890, 827 and 741 cm™. Aromatic C-H out-of-
plane deformations typically occur within the 900-650 cm
range, displaying the characteristic multiple bands indicative
of para-substitution.

In the *H NMR spectrum, the N-H proton of the 1,3,4-
oxadiazole-2(3H)-thione tautomer appears as a singlet at &
10.07 ppm. This resonance is consistent with the character-
istic downfield shift (6 10-13 ppm) observed for such systems,
arising from strong deshielding effects induced by the adja-
cent C=S group and ring nitrogen atoms. The aromatic region
exhibits signals corresponding to the para-disubstituted phenyl
ring. The protons at positions H-2 and H-6, located ortho to
the electron-withdrawing oxadiazole-2-thione moiety, appear
as a pair of doublets in & 7.95-7.75 ppm region, which is
typical for ortho-aromatic protons in such environments. The
remaining aromatic protons (H-3 and H-5) of the para-dimethyl-
aminophenyl group give rise to two doublets at & 7.54-7.52
ppmand & 6.79-6.42 ppm. The observed splitting pattern reflects
the para-substitution, with one set appearing relatively
deshielded and the other more shielded due to the strong
electron-donating nature of the dimethylamino group. Further-
more, the two equivalent methyl groups of the dimethyl-
amino substituent [N(CHs)2] were observed as a singlet at &
3.56 ppm. Typically, N-CHjs protons resonate in the range &
2.9-3.1 ppmin less polar solvents; however, a downfield shift
to approximately & 3.5 ppm in DMSO-ds is expected due to
increased deshielding in the highly polar solvent environment.

EIS, chronoamperometry and CV behaviour of Ni-Cd
cell with and without additive: Electrochemical impedance
spectroscopy (EIS), cyclic voltammetry (CV) and chronoam-
perometry present some complementary information on the
impact of the additive on the electrochemical behaviour of
the Ni-Cd cell. In the Nyquist plots (Fig. 2), the two systems
have a depressed semicircle followed by the short low-freq-
uency tail that is usually associated with a Randles-type of
equivalent circuit that includes solution resistance, charge-
transfer resistance (R and diffusion elements (Fig. 3) [20-22].
The cell without additive shows a significantly larger semi-
circle, revealing a higher Rt and stronger interfacial polarisa-
tion at the electrode—electrolyte interface, represented by
constant phase element (CPE) [23,24]. In contrast, the addi-
tive containing electrolyte displays a much smaller semicircle,
indicating a substantial reduction in R and faster charge-
transfer kinetics associated with the Ni(OH)2/NiOOH and
Cd/Cd(OH), redox couples [21,24,25]. Since, the high freg-
uency intercept changes only slightly, the additive mainly
influences interfacial rather than bulk ochmic resistance [26].

To balance interfacial modification factors with the idea
of transporting electrolytes, the oxadiazole-based additive
concentration was kept at 0.5 (w/v). In this concentration, the
electrode has gotten coverage on its surface large enough to
enable charge-transfer kinetics and inhibit parasitism reactions,
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Fig. 2. Nyquist plots for the Ni—Cd cell in the absence and presence of
oxadiazole additive
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Fig. 3. An equivalent circuit for nyquist plots recorded for Ni—Cd cell in
the absence and presence of oxadiazole additive
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as is indicated by the dramatic decrease in charge-transfer
resistance, an increase in redox reversibility and an increase
in discharge properties. The weaker interfacial effect would
be expected with lower concentrations, which would offer
incomplete surface coverage, whereas higher concentrations
might raise electrolyte viscosity, excessive surface adsorption
or mass-transport constraints, which have the potential to bring
a negative effect of electrode accessibility. Widely reported
similar optimum concentration windows of the heterocyclic
electrolyte additives have applied to alkaline battery systems,
where moderate levels of additives satirize the highest kinetic
advantage but do not bring about surface blocking. Thus,
0.5% is a viable and practically useful concentration that
provides an actual enhancement of performance without
negative effects on electrolyte conductivity and stability.

The lower tail observed at the low-frequency when the
additive is present indicates enhanced diffusion of ion and
enhanced infiltration of the electrolyte in the porous active
material [24,27]. Generally, the Nyquist plots justify that the
additive intensifies electrode kinetics, interfacial resistance
and electrochemical accessibility of active species that are
essential in Ni-Cd systems at high-rate operation [25].

The additional proof on the beneficial effect of the
additive is the result of the chronoamperometric curves (Fig.
4). The observed current decay following the potential step
is of the usual diffusion-controlled Cottrell behaviour [28,29].
Nevertheless, the additive cell has a permanently negative
current within the period of transience. The lower cathodic
transient current is described by the inhibition of parasitic side
reactions, especially the hydrogen evolution process and the
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Fig. 4. Chronoamperometric curves for the Ni—Cd cell in the absence and
presence of oxadiazole additive

metal dissolution process that frequently primarily happens
in alkaline systems with nickel within the primary charge-
discharge reaction; the results of the EIS and CA clearly
demonstrate the presence of better kinetics of primary charge-
discharge reaction [30,31]. Therefore, the additive acts as a
protective interfacial modifier, which reduces self-discharge
and improves coulombic efficiency.

These conclusions are further supported by the cyclic
voltammograms (Fig. 5). The observed peaks are attributed
to the Cd/Cd(OH), and Ni(OH)2/NiOOH redox transitions,
and are evident in both electrolytes [32-34]. The peak currents
are lower without additive and so is the peak separation, which
represents slow kinetics or high polarisation. Upon the intro-
duction of the additive, the anodic and cathodic peak current
and separation of two peaks are observed to increase and the
reduction in charge-transfer between the peaks, respectively
and the reversibility is enhanced and the processes are obser-
ved to be faster [32,35]. The increased area under the CV curve
in the additive-containing system reflects improved active
material utilisation and higher charge storage capability [33,
35]. Such improvements are consistent with the previous
reports showing that electrolyte additives stabilize electrode
surfaces, promote the formation of highly conductive phases
and enhance overall battery performance [26,35-37].
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Fig. 5. Cyclic voltammograms recorded at 5 mV/s for the Ni—Cd cell in the

absence and presence of oxadiazole additive

Al EIS, CA, and CV results consistently indicate that the
additive enhances electrochemical reversibility, reduces inter-
facial and diffusion resistances, suppresses parasitic reactions
and improves the redox Kinetics relevant to capacity. Conseg-
uently, the additive-treated Ni-Cd cell exhibits higher discharge
capacity, improved rate capability, reduced self-discharge,
and enhanced cycling stability compared to the additive-free
system.

Charge-discharge studies: Discharge potentials were
recorded at different time intervals during the charge-discharge
experiments. These experiments were conducted both in the
absence and presence of the organic electrolyte additive, 5-
(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione. The
charge—discharge studies were performed at varying discharge
rates at 303 + 1 K.

Capacity output studies: The output capacities of elec-
trodes and cells have also been studied without and with the
organic additives (CMC), organic electrolyte additives and the
results have been tabulated in Tables 2 and 3.

TABLE-2
DATA OF OUTPUT CAPACITY OF SINGLE CELL WITH
AND WITHOUT ADDITIVE AT DIFFERENT RATES

No. of charge discharge cycles

Output
capacit 5-(4-(Dimethylamino)-
pacities of .
Blank CMC phenyl)-1,3,4-oxadiazole-
electrodes .
2(3H)-thione
0.1 28 29 25
0.5 26 27 25
1.0 22 23 23
TABLE-3

DATA OF OUTPUT CAPACITY OF SINGLE CELL WITH
AND WITHOUT ADDITIVES AT DIFFERENT RATES

No. of charge discharge cycles

Output
ca| e 5-(4-(Dimethylamino)-
pacities of _
electrodes Blank CMC  phenyl)-1,3,4-oxadiazole-
2(3H)-thione
0.5 24 25 25
1.0 23 24 25

Discharge mechanism and fabrication of porous elec-
trodes: Discharge profiles typically exhibit three character-
istic regions. An initial rapid drop in potential is observed,
associated with activation processes, followed by a relatively
gradual decline governed by ohmic resistance. In the final
stage, a sharp decrease in voltage occurs, primarily due to
mass transport limitations. This terminal decline is inherently
non-linear and may arise from phenomena such as crystalli-
sation or depletion of electroactive species; it is particularly
important as it marks the end of the usable discharge capacity
of the cell.

At moderate discharge rates, the voltage profile remains
nearly flat over a substantial portion of the discharge period,
indicating stable electrochemical behaviour until the active
material becomes depleted. However, when the discharge
current exceeds the rated value, the voltage curve exhibits a
steeper slope, leading to a lower cut-off voltage and a reduc-
tion in the achievable ampere-hour capacity per cycle. During
discharge, the electrolyte concentration gradually decreases,
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resulting in increased internal resistance. Simultaneously,
limitations in mass transport become more pronounced due to
restricted diffusion of active species, particularly when materials
exhibit low diffusion coefficients. To mitigate electrode polari-
sation under such conditions, the active materials for both
electrodes were prepared with a controlled porous structure,
facilitating improved electrolyte access and ion transport.

Failure mechanisms of sintered cadmium electrodes
and role of additives: The performance limitations of sint-
ered cadmium electrodes in Ni-Cd systems are closely asso-
ciated with the structural and kinetic constraints arising during
repeated cycling. A key challenge lies in the progressive
accumulation of Cd(OH), within the porous matrix during
discharge, which restricts ionic transport and reduces the avail-
ability of the electrochemically active sites [38]. This effect
is further intensified by the formation of crystalline Cd(OH).
phases whose size, morphology and distribution depend stron-
gly on the charge—discharge of electrode [39]. As a result, the
electrode undergoes gradual loss of efficiency due to diffusion
limitations within the growing hydroxide layer.

In addition to mass transport constraints, the intrinsic pro-
perties of the B-Cd(OH), phase, including lattice structure,
crystallite size and surface characteristics, play a decisive role
in governing discharge behaviour [40]. The repeated dissolu-
tion-precipitation processes during cycling promote the
formation of a dense and poorly conductive Cd(OH); film on
the cadmium surface. This layer progressively inhibits charge
transfer, leading to increased polarisation and eventual onset
of parasitic reactions such as oxygen evolution under sust-
ained current conditions [41]. Interfacial degradation mech-
anisms play a central role in the observed decline in discharge
efficiency.

The evolution of electrode microstructure with cycling
further contributes to performance deterioration. Although
freshly prepared electrodes exhibit relatively high surface areas,
continuous cycling leads to redistribution and agglomeration
of active material, resulting in a measurable reduction in

effective surface area and electrochemical accessibility [42,43].

Moreover, at higher discharge currents, the formation of inter-
mediate species (e.g. CdO) and their incomplete conversion
to Cd(OH), introduces additional kinetic barriers, thereby
reducing the attainable capacity. The partial recovery of cap-
acity upon subsequent low-current discharge suggests that
these limitations are at least partly reversible and governed
by diffusion-controlled processes [44].

Previous studies have demonstrated that the incorpora-
tion of suitable additives can mitigate several of these limita-
tions by modifying interfacial and transport properties [45].
For instance, additives such as benzotriazole have been shown
to stabilise discharge capacity across a wide range of opera-
ting conditions, particularly by reducing the rate of capacity
fade at higher currents. These improvements have been attri-
buted to enhanced cadmium dissolution kinetics and reduced
diffusion resistance within the hydroxide layer. Despite reported
improvements, the fundamental mechanisms through which
additives modulate film formation, ion transport and structural
evolution at the electrode interface remain inadequately eluci-
dated. In this context, the present study explores the incorpo-
ration of trace metallic additives, such as cobalt and zinc,

during electrode preparation as a strategy to control Cd(OH),
formation and preserve pore accessibility. By limiting the
development of compact hydroxide layers and facilitating
more uniform reaction pathways, these additives are expected
to reduce polarisation effects and enhance overall discharge
performance. This approach addresses a critical gap in existing
studies by focusing not only on performance enhancement but
also on the underlying physico-chemical mechanisms gover-
ning electrode behaviour in alkaline Ni-Cd systems.

Effect of electrolyte composition on cell performance:
The composition of electrolyte influences the performance of
alkaline cells in different ways. The effect of electrolyte
concentration on the performance of the cell and the effect of
additives such as lithium hydroxide and other inorganic and
organic additives are debatable subjects of great importance.
The effect of electrolyte composition on different types of Ni-
Cd cells can be analysed before interpreting the results of the
present work.

Ni-Cd pocket cells: Normally, pocket cells are filled with
electrolyte containing 19-24% of KOH, corresponding to a
density of 1.18-1.23 g/mL at room temperature. At densities
below 1.18 g/mL; the cell capacity tends to decrease and this
tendency is more pronounced at low temperature. Further, a
decrease in density is accompanied by decreased conducti-
vity and higher freezing point. At 1.23 g/mL, the electrolyte
does not start to freeze until it is at -36 °C, the corresponding
value for 1.18 g/mL is -23 °C. Since satisfactory operation at
-18 °C to -15 °C is frequently required, a density of at least
1.17 g/mol is necessary. Therefore, in this work focusing on
electrolyte composition, a KOH solution with a density of
1.17 g/mL was consistently employed in all test cells.

Ni-Cd sintered plate cells: The vented sintered plate
cells are normally filled with solution of pure KOH contain-
ing 26-32% by weight of KOH. As the conductivity is maxi-
mum at 27% KOH and the lowest freezing point of -66 °C is
at 31% KOH, the normal range is between 27 to 31%. How-
ever, a capacity improvement of 6% can be obtained while
using 35% KOH compared with often used 31% KOH elect-
rolyte. For very low temperature applications higher concen-
trations have been considered favourable.

A higher KOH concentration has certain negative effects
also (i) the cycle life of the positive electrodes may be decre-
ased (ii) the oxygen recombination rate in sealed cells will
decrease with increasing KOH concentration. These effects
occur probably due to the reduced solubility of oxygen in the
more concentrated electrolytes. Thus, the lowest possible con-
centration of KOH used should be compatible with freezing
and increased internal resistance considerations. In present
study, taking into consideration the above facts and the pro-
posed utilisation of the cell for low temperatures applications,
the concentration of KOH is maintained at 35%.

Effect of electrolyte additives on cell performance: A
mixed electrolyte containing 35% KOH, 1% LiOH and 0.5%
5-(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione
was used.

Capacity tests and performance of cells: Tables 2 and
3 summarise the capacity output obtained from both single-
electrode and full-cell configurations in the presence and
absence of different electrolyte additives. The results indicate
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a clear enhancement in capacity at lower discharge rates (0.1
C and 0.5 C) for all additive-containing systems compared to
additive-free cells. This improvement can be attributed to the
role of the additives in suppressing the nucleation and growth
of Cd(OH), within the porous electrode matrix, thereby
preserving pore accessibility and promoting a more uniform
distribution of active material.

A distinct variation in performance is observed during
cycling. In the initial cycles, cells containing organic additive
exhibit comparatively lower capacity than those incorpora-
ting CMC. However, from the 7th-8th cycle onwards, a prog-
ressive improvement in capacity is evident for the oxadiazole
based additive. The capacity reaches a maximum across both
low and high discharge rates by approximately the 10th cycle,
and a stable output is attained around the 12th cycle, indicating
improved electrode conditioning and stabilisation of electro-
chemical processes.

The half-cell potential measurements further support
these observations. In cells containing oxadiazole derivative,
the electrode potential remains below 1.30 V during discharge,
whereas in additive-free systems it increases to nearly 1.40 V

under similar conditions. This reduction in potential suggests
that the adsorbed layer of organic additives, including both
CMC and the oxadiazole derivative, decreases interfacial resis-
tance and facilitates charge transfer. In addition, the utilisation
efficiency during the first cycle exceeds 80% of the theore-
tical capacity in the presence of oxadiazole derivative, which
is higher than that observed for CMC-treated and untreated
systems. The utilisation capacity further improves with incre-
asing cycle number, reflecting enhanced activation and more
effective utilisation of the electrode material over prolonged
cycling.

Charge-discharge characteristics: Fig. 6 indicates that
although the initial discharge potential of cells containing
oxadiazole derivative is comparatively lower than that of
CMC-added and additive-free systems, the potential in the
later stages of discharge is significantly improved. In this
region, the oxadiazole based additive exhibits a higher and
more stable discharge potential than CMC, ultimately resul-
ting in superior overall performance relative to both CMC-
containing and blank cells. These observations suggest that
the role of the oxadiazole-based additive extends beyond
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Fig. 6. Comparative electrochemical performance of Ni-Cd cells with blank, CMC and oxadiazole added electrolytes: (a) charging data in
TC1, (b) discharging data in TC1, (c) charging data in TC2, (d) discharging data in TC2, (e) charging data in TC3, (f) discharging
data in TC3, (g) charging data in TC4, (h) discharging data in TC4, (i) variation of discharge profiles over successive cycles, (j)
positive electrode voltage variation in TC2, (k) negative electrode voltage variation in TC2, (I) positive electrode voltage variation in
TC3, (m) negative electrode voltage variation in TC3, (n) positive electrode voltage variation in TC4, (0) negative electrode voltage

variation in TC4, and (p) variation of positive electrode and

conventional surface passivation. While adsorption at the
electrode surface does occur, the additive appears to form a
thin, permeable interfacial layer that facilitates ion transport
while simultaneously suppressing undesirable side reactions.
The marked reduction in charge-transfer resistance, along
with improved redox reversibility and enhanced discharge
characteristics, indicates that kinetic enhancements dominate
over simple surface blocking effects. Selective adsorption of
the additive contributes to interfacial stabilisation, enabling
improved charge-transfer processes and maintaining electro-
chemical activity during cycling. The proposed mechanism,
illustrated in Fig. 7, highlights the multifunctional role of the
additive at the electrode—electrolyte interface, including reduc-
tion of interfacial resistance, suppression of parasitic reac-
tions, stabilisation of the interface and enhancement of redox
kinetics in Ni—Cd systems.

(9) negative electrode discharge voltage in additive-containing cells

Conclusion

The present study demonstrates that addition of 5-(4-
(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione into a
35% KOH electrolyte markedly enhances the electrochemical
performance of Ni-Cd cells. The structural confirmation of
the synthesised additive by FTIR and NMR is supported by
electrochemical analyses, which indicate a significant modifi-
cation of the electrode—electrolyte interfacial behaviour. EIS
reveals a distinct reduction in charge-transfer resistance and
interfacial polarisation, reflecting improved ionic mobility and
more favourable electrode kinetics in the presence of additive.
The cyclic voltammetry and chronoamperometric studies fur-
ther confirm enhanced reversibility of redox processes, supp-
ression of parasitic reactions and increased utilisation of
electroactive species. Charge—discharge cycling studies show



Vol. 38, No. 5 (2026)

Interfacial Modulation and Enhanced Capacity of Ni-Cd Cells using Oxadiazole-based Electrolyte Additive 1125

OH ) N At
- *™_-S =
Oxadiazole additive molecules

(r-conjugated, N/S donor sites)

Adsorption

OH’ A

¢ |
O —r>—" |
ON =~ S
J

T

o

2

b}

>

®©

©

{ =

©

2 :

;| s
e ;

= & ~3 Porous Ni / Cd Electrode Surface

"% Ni(OH),/NiOOH and Cd/CdOH), redox sites)

Electrolyte (35% KOH)

H,

OH

OH A

'L Suppresed H, evol

Thin organic interfacial Iéyer
(adsorbed additive film)

Controlled
Cd(OH), #
formation_

_Improved OH™
diffusion

Enhanced mass transport
& active material utilization ‘

Fig. 7. Schematic illustration explaining the proposed mechanism of oxadiazole additive action at the electrode—electrolyte interface

that cells containing the oxadiazole-based additive consis-
tently exhibit higher discharge potentials in the later stages of
discharge, along with improved capacity retention compared
to both additive-free and CMC-modified systems. The
additive appears to mitigate the formation and accumulation
of Cd(OH); within the porous cadmium electrode, thereby
reducing mass transport limitations associated with pore
blockage and structural degradation. Enhanced diffusion
characteristics and stabilisation of the electrode surface cont-
ribute to improved coulombic efficiency and more effective
utilisation of active material during prolonged cycling. The
capacity measurements further indicate that the additive pro-
motes superior performance at low and intermediate discharge
rates, particularly beyond the seventh cycle, where stable and
enhanced capacity trends are observed. The reduction in half-
cell potentials and improved discharge profiles highlight the
role of the additive in lowering interfacial resistance and facili-
tating charge-transfer processes. Based on the obtained results,
5-(4-(dimethylamino)phenyl)-1,3,4-oxadiazole-2(3H)-thione
is established as an effective electrolyte modifier capable of
enhancing electrochemical reversibility, rate capability and
long term stability of the Ni-Cd systems.
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