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This study presents a comprehensive investigation of aqueous ammonia electrolysis as an alternative method for
hydrogen production. It explores various experimental conditions, energy, and Faradaic efficiencies, and the
underlying electrochemical mechanisms. Cyclic voltammetry and electrolysis tests were conducted at different
current densities (ranging from 50 to 700 mA) to determine the optimal conditions for hydrogen gas (Hz)
generation. Gas chromatography with a thermal conductivity detector (GC-TCD) was used to confirm the pro-
duction of hydrogen and verify the absence of gaseous nitrogen. Alongside the solution-phase analyses, these
findings provide clear evidence for the formation of soluble by-products, primarily nitrite (NO2") and nitrate
(NOs"), as both species were detected and quantified in our measurements. The Faradaic efficiency reached 98%,
while energy efficiency ranged from 59% to 75%. The results are compared with existing literature, emphasizing
ammonia's potential as a sustainable hydrogen carrier and highlighting the current limitations of the process in

aqueous media.

1. Introduction

Hydrogen is widely acknowledged as a crucial energy vector for the
transition to clean, sustainable energy systems [1,2]. It serves as a
carbon-free fuel alternative that can be utilized across various sectors,
including transportation and chemical industries, facilitating significant
decarbonization of energy chains [3]. The growing global interest in the
so-called “hydrogen economy” underscores its strategic importance in
replacing fossil fuels and integrating renewable energy sources, such as
solar and wind, into stable, reliable energy systems [4].

Water electrolysis, while technologically advanced, requires a sig-
nificant energy input due to its thermodynamic decomposition potential
of 1.23 V [5,6]. In contrast, ammonia (NHs) is a promising alternative
due to its lower decomposition potential of approximately 0.77 V and its
high hydrogen content of 17.6% by weight [2]. Additionally, ammonia
is regarded as a convenient hydrogen carrier thanks to its well-
established infrastructure for production, storage, and transportation.
It also could release hydrogen on demand through catalytic or electro-
chemical decomposition [7,8].

The electrochemical decomposition of ammonia follows the overall
reaction:

2NHs + 60H™ —Nz+ 3Hz2+ 6H20

Ammonia oxidation at the anode and reduction processes at the
cathode are kinetically complex and influenced by factors such as pH,
electrode material, and applied potential [5]. Previous studies [1] have
highlighted the effectiveness of Pt- and Ni-based catalysts in promoting
selective oxidation. However, the overall efficiency still relies on mass
transport and internal resistance. Recent studies have also explored
advanced electrocatalytic ammonia oxidation pathways and elec-
trode properties that impact selectivity and efficiency, empha-
sizing the broader interest in optimizing both catalyst design and
reaction conditions for improved hydrogen production and
nitrogen-containing product control [9].

Electrolyte composition and ionic conductivity play a central
role in determining the kinetics, selectivity, and overall efficiency
of electrochemical energy conversion processes, particularly in
systems involving multi-electron reactions such as ammonia
oxidation. The nature of the electrolyte directly influences charge
transport, reaction pathways, and interfacial phenomena, thereby
impacting hydrogen production efficiency and system stability.
Recent studies focusing on ammonia electrolysis systems have
demonstrated that electrolyte composition, concentration, and
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ionic transport properties are key parameters governing electro-
chemical performance and energy efficiency, underscoring the
critical importance of electrolyte optimization in ammonia elec-
trolysis processes [10].

In addition to its favorable thermodynamic properties, ammonia has
become increasingly relevant as a practical and scalable hydrogen car-
rier due to its high volumetric energy density, carbon-free composition,
and the well-established global infrastructure for production, storage,
and transport [8,11]. In this context, ammonia electrolysis emerges as a
key enabling technology; rather than competing with water electrolysis,
it provides an efficient pathway to release hydrogen on demand from a
stable and energy-dense molecule. Several techno-economic analyses
have emphasized that utilizing ammonia as a hydrogen vector can
significantly reduce distribution costs, enhance long-distance energy
transport, and facilitate the integration of renewable energy sources.

Therefore, understanding and optimizing the electrochemical
decomposition of ammonia is essential not only for improving hydrogen
generation efficiency but also for advancing ammonia-based energy
storage systems within a future low-carbon energy landscape [12-14].

2. Materials and methods
2.1. Reactor and electrodes

Experiments were conducted in H-type borosilicate reactors (see
Fig. 1), using platinum electrodes: a 2.5 cm? working electrode (WE) and
an 11.5 cm? counter electrode (CE). The counter electrode consisted of
coiled platinum wire, and the potentials were measured relative to an
Ag/AgCl reference electrode.

2.2. Electrolyte and operating conditions

The electrolyte was prepared by dissolving NH4Cl to achieve a final
concentration of 200 mM in a 500 mM NH.OH aqueous solution. This
concentration was determined to be optimal based on a preliminary
study that evaluated various electrolyte concentrations. The experi-
ments were conducted at 22 °C and 0.92 atm, with an initial pH of 11.
The applied currents ranged from 50 to 100 mA over a 60-min elec-
trolysis period.

2.3. Cyclic voltammetry

Cyclic voltammetry (CV) was conducted to assess the redox behavior
of ammonia within a potential range from —1.0 V to +0.4 V. The NH4Cl
and NH.OH system showed the highest cathodic current at around —0.6
V, indicating optimal conditions for hydrogen (H2) evolution.

Gas out Gas out

Fig. 1. Schematic representation of the H-type borosilicate electrochemical
reactor used in the experiments. The system consists of two compartments
separated by a glass frit, equipped with platinum working and counter elec-
trodes (2.5 cm? and 11.5 cm?, respectively) and an Ag/AgCl reference elec-
trode. The configuration allows isolated anodic and cathodic environments,
enabling controlled analysis of ammonia oxidation and hydrogen evolution.
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2.4. Gas and nitrogen species analysis

Gas quantification was conducted using gas chromatography
(GC-TCD) with a Shimadzu 2030 system equipped with a Carboxen
1010 column. Argon was used as the carrier gas, with the injector
temperature set to 80 °C and the detector temperature to 100 °C.
The concentrations of nitrate and nitrite were determined through
colorimetric analysis. Specifically, nitrite and nitrate concentra-
tions in solution were measured using colorimetric test kits from
Hanna Instruments: the Nitrite Test Kit HI 3873-0 and the Nitrate
Test Kit HI 3874-0, respectively.

3. Results and discussion
3.1. Electrolyte concentration effect on CV response

Cyclic voltammetry (CV) was performed at varying concentra-
tions of ammonium chloride (NH4Cl) from 100 mM to 500 mM. This
analysis provided valuable insights into how electrolyte composi-
tion affects the electrochemical behavior of the ammonia system.
The voltammograms, recorded between — 1.0 and + 0.4 V, dis-
played significant differences in both anodic and cathodic re-
sponses. Notably, in the cathodic region (—0.6 to — 0.8 V), where
hydrogen evolution is predominant, the results were particularly
striking. Among the tested concentrations (see Fig. 2), the 200 mM
NH.Cl solution showed the highest cathodic current density. It also
exhibited a sharp, well-defined peak profile and minimal hystere-
sis, indicating efficient charge-transfer kinetics, favorable mass
transport, and stable interfacial behavior. In contrast, the lowest
concentration tested, 100 mM, resulted in significantly reduced
currents and less well-defined features. This outcome consists of
insufficient ionic strength and increased solution resistance, which
hinder electron transfer. At concentrations of 300 mM or higher,
the voltammograms became progressively broader and less
distinct, showing flattened cathodic waves and increased hystere-
sis. These distortions can be attributed to mass-transport limita-
tions due to increased viscosity, changes in activity coefficients,
and ion-pairing effects at high ionic strength. Additionally,
competitive adsorption of NHs" or Cl~ species can disrupt the
electrochemical double layer and partially inhibit the activity of
platinum surface sites. The distinct changes in the waveforms
across different concentrations illustrate that both diffusion and
interfacial kinetics are strongly influenced by electrolyte compo-
sition. Overall, the results confirm that 200 mM NH4Cl strikes an
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Fig. 2. Cyclic voltammograms were recorded for different NH4Cl concentra-
tions (100-500 mM) in 500 mM NH4OH at room temperature. The electrolyte
with 200 mM NH.Cl exhibits the highest and most stable cathodic current
density in the hydrogen evolution region (—0.6 to —0.8 V), indicating optimal
ionic conductivity and superior electrochemical performance relative to the
other concentrations tested.
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optimal balance between conductivity, interfacial stability, and
charge-transfer efficiency, thereby maximizing hydrogen evolu-
tion while avoiding the transport and adsorption limitations
observed at higher concentrations. For these reasons, 200 mM
NH.Cl was chosen as the ideal electrolyte concentration for sub-
sequent electrolysis experiments under the studied conditions.

3.2. Voltammetric profiles and electrochemical mechanism

The cyclic voltammogram obtained for the electrolyte containing
200 mM NH.Cl in 500 mM NH.OH displays a characteristic profile
related to the electro-oxidation of ammonia and hydrogen evolution at
the platinum electrode. During the cathodic sweep, a distinct reduction
wave emerges between —0.6 and — 0.8 V, corresponding to hydrogen
evolution. The current reaches a notable minimum, indicating efficient
proton reduction facilitated by the buffer capacity of the NHs"/NHs
system and the favorable ionic conductivity at this concentration. The
smooth, continuous increase in current magnitude throughout the
cathodic branch suggests that mass transport does not limit the process
and that the electrode surface remains active during the scan. During the
anodic sweep, the voltammogram exhibits a clear oxidation transition
beginning near —0.3 V and extending toward positive potentials,
marked by an anodic shoulder that signifies the onset of ammonia
oxidation. The anodic current remains relatively modest, which is ex-
pected for platinum in alkaline ammonium media. The absence of sig-
nificant peak splitting or hysteresis indicates a stable electrode-solution
interface with minimal accumulation of adsorbed intermediates, such as
*NHx species. The nearly symmetrical loop and the relatively small
separation between the forward and reverse scans confirm that the
system demonstrates quasi-reversible behavior, with charge-transfer
kinetics not significantly hindered by surface poisoning at this electro-
lyte concentration. Overall, the distinct voltammogram shape, charac-
terized by a pronounced cathodic wave and a smooth anodic response,
supports the conclusion that 200 mM NH.Cl provides an optimal balance
of conductivity, buffer capacity, and interfacial stability, enabling
effective hydrogen evolution and controlled ammonia oxidation during
the potential cycle. [15].

3.3. Selection of applied currents for electrolysis experiments

The current values of 50, 75, and 100 mA used in the electrolysis
experiments were determined based on the voltammetric behavior
of a 200 mM NH.Cl electrolyte. The cyclic voltammetry (CV) results
showed a well-defined hydrogen evolution region between — 0.6
and — 0.8 V, where the system exhibited stable charge-transfer
kinetics and no signs of mass-transport limitations. This cathodic
window corresponds to a potential range where the current in-
creases sharply and consistently, indicating that hydrogen evolu-
tion can occur efficiently under controlled current conditions. The
100 mA current was selected to explore conditions near the upper
boundary of the system's stable electrochemical response,
providing insights into hydrogen generation at higher reaction
rates without exceeding the onset of polarization effects indicated
by the CV profile. The intermediate current of 75 mA represents a
balanced regime in which the electrode operates efficiently within
the hydrogen evolution interval, enabling assessment of energy
efficiency and Faradaic performance under moderate kinetic de-
mands. Lastly, a current of 50 mA was chosen as a conservative
operating condition, minimizing overpotential and avoiding the
risk of diffusion-driven deviations, thereby enabling a precise
evaluation of baseline system efficiency.

Together, these three current levels establish a systematic framework
for analyzing the influence of electron flux on hydrogen production,
ammonia oxidation pathways, and energy consumption, while remain-
ing entirely consistent with the electrochemical behavior observed in
the voltammetric characterization.
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3.4. Gas chromatography analysis

To achieve precise detection and quantification of gases pro-
duced during ammonia electrolysis, a series of optimization ex-
periments was conducted using gas chromatography with a
thermal conductivity detector (GC-TCD). The experiments focused
on adjusting key operational parameters, including selecting the
carrier gas and working temperatures within the system.

Initial tests revealed that helium, commonly used as a carrier gas,
was not suitable for hydrogen detection because its thermal conductivity
was too similar to hydrogen's. Consequently, argon was chosen as the
preferred carrier gas, providing better contrast and sensitivity for
detecting hydrogen peaks. Further adjustments were made to the de-
tector and injector temperatures, as well as to the flow rates, to enhance
resolution and signal intensity.

After systematic testing, the optimal working conditions were
established as follows: injector temperature at 80 °C, column tempera-
ture at 60 °C, detector temperature at 100 °C, and detector current at 30
mA. Both the carrier gas and make-up gas were set to argon with a flow
rate of 3.0 mL/min. The injection method employed was split mode with
an 80:20 ratio. Under these conditions, the retention times were clearly
defined: hydrogen at 2.11 min, oxygen at 3.45 min, and nitrogen at 3.57
min (Fig. 3). These optimized parameters allowed for reliable separation
and quantification of the target gases, facilitating consistent monitoring
of hydrogen production during electrolysis experiments.

The chromatogram obtained from the ammonia electrolysis experi-
ment, conducted at 200 mA for 60 min, displayed three distinct peaks
corresponding to hydrogen (Hz), oxygen (O2), and nitrogen (N2). The
hydrogen peak at approximately 2.11 min was clearly associated with
the electrochemical reduction of ammonia at the cathode, confirming
successful hydrogen generation under the specified conditions.

However, the peaks observed at 3.45 min (O2z) and 3.57 min (N2) do
not correspond to products formed during the electrolysis reaction.
Instead, these signals are attributed to residual atmospheric gases, spe-
cifically air, that entered the system due to incomplete sealing of the
electrolysis reactor. This interpretation is supported by the close corre-
lation between the intensities and retention times of the Oz and N2 peaks
and those of atmospheric air standards, and by their consistent presence
in control samples. Therefore, these peaks should not be interpreted as
evidence of ammonia oxidation to nitrogen gas or water electrolysis
producing oxygen; instead, they indicate background contamination.
The GC-TCD calibration was performed using direct injections of
pure N2 without dilution. The lowest reliably detected injection
volume was 20 pL, corresponding to approximately 0.82 pmol of N2
under ambient conditions (1 atm, 25 °C). Therefore, any electro-
chemically generated N> below this amount may remain unde-
tected. Therefore, trace amounts of electrochemically generated N2
or O: below this threshold cannot be completely excluded,
although no current-dependent increase was observed.

Due to the setup not being entirely airtight, ambient oxygen and
nitrogen diffused into the gas collection line and were subse-
quently detected during chromatographic analysis. Future experi-
ments will require improved sealing of the system to ensure
accurate quantification of reaction products. Moreover, no
detectable nitrogen gas (Nz2) was observed, suggesting that
ammonia oxidation did not completely convert to nitrogen gas;
instead, it likely formed nitrate (NO2") and nitrite (NOs ™) species
in solution. The observed product distribution is governed by the
combined effect of the Pt electrode and the alkaline NH«Cl/NH:OH
electrolyte. Platinum is known to promote ammonia oxidation
through adsorbed NHx* intermediates, but under the applied po-
tentials and alkaline conditions used in this study, complete
oxidation to N: is kinetically unfavorable. Instead, parallel oxida-
tion pathways leading to soluble NOx species become dominant.
Additionally, the presence of chloride ions and high hydroxide
concentration influences surface coverage and reaction kinetics,
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Fig. 3. Gas chromatography (GC-TCD) chromatograms for samples collected during ammonia electrolysis. The profiles show a distinct hydrogen peak and confirm
the absence of nitrogen gas formation under all applied current conditions, indicating incomplete oxidation of ammonia to Nz in the present system.

favoring nitrate formation over N: evolution Similar results re-
ported by Christensen et al. (2020) indicate that complete oxida-
tion to N: is strongly dependent on the anode material and the
applied potential. Catalysts such as Pt—Ru or Ni—Co are known to
enhance the selectivity of ammonia oxidation.

3.5. Analysis of nitrite, nitrate, and hydrogen production

Nitrite and nitrate concentrations were measured using colori-
metric test kits from Hanna Instruments: the Nitrite Test Kit HI
3873-0 and the Nitrate Test Kit HI 3874-0. Table 1 summarizes the
concentrations of the aqueous nitrogen species and the corre-
sponding hydrogen volumes measured for each applied current.

Across all experiments, nitrate (NOs~ ) was the dominant soluble
oxidation product, while nitrite (NO2") was present only in small
quantities. At a current of 100 mA, where hydrogen production was
highest (0.73 mL/min), the nitrate concentration was also rela-
tively high (40 mg/L). This suggests that higher currents favor
partial ammonia oxidation but do not necessarily lead to higher
nitrite conversion. In contrast, the experiments at 75 mA and 50
mA exhibited similar nitrate concentrations (60 mg/L each),
despite differing hydrogen outputs (0.58 mL/min and 0.35 mL/min,
respectively). This indicates that nitrate formation may not depend
linearly on current; rather, it is likely influenced by complex ki-
netic factors, such as local pH gradients, mass transport, and sur-
face reaction mechanisms at the anode. Nitrite levels remained low
across all conditions (0.1-0.2 mg/L), which aligns with existing
literature indicating that NO-" is typically an unstable intermedi-
ate that rapidly oxidizes to NOs™ in alkaline environments.

A qualitative comparison indicates that higher hydrogen pro-
duction, such as 0.73 mL/min at 100 mA, does not necessarily lead
to an increased formation of nitrogen-containing by-products.
While it is expected that hydrogen output rises with the applied
current, the accumulation of nitrate seems to follow a more com-
plex pathway. This implies that the oxidation of ammonia does not
completely balance hydrogen production in terms of nitrogen mass
closure.

Despite the formation of NO2~ and NOs™ in solution, the total

Table 1

Nitrite, nitrate, and hydrogen production during aqueous ammonia electrolysis
at different applied currents. The results reflect the distribution of nitrogen-
containing products and the corresponding hydrogen generation rates under
steady-state operation.

Applied Nitrite (NO2 ) mg/  Nitrate (NOs")mg/  H: Produced (mL/
Current L L h)

100 mA 0.2 mg/L 40 mg/L 43 mL/h

75 mA 0.1 mg/L 60 mg/L 34 mL/h

50 mA 0.1 mg/L 60 mg/L 21 mL/h

nitrogen measured in the aqueous species is considerably lower
than the stoichiometric amount anticipated from ammonia
decomposition. Notably, no gaseous nitrogen (Nz2) was detected
using gas chromatography with thermal conductivity detection
(GC-TCD), indicating that the missing nitrogen is not in a gaseous
form.

The unexplained nitrogen may exist in other dissolved NOx species
not accounted for in this study, such as NO2, NOs, and NH-OH, or in
intermediate adsorbed species on the electrode surface, like NHx*, N*,
and NOx*. This phenomenon has been documented in catalytic
ammonia oxidation mechanisms, particularly in the formation of surface
passivation layers on nickel-based electrodes. Consequently, the
incomplete recovery of nitrogen indicates the presence of additional
oxidation pathways and surface-bound intermediates that need further
investigation [16,17].

The time-resolved hydrogen production profiles illustrated in
Fig. 4 clearly demonstrate how applied current influences the ki-
netics of hydrogen evolution during aqueous ammonia electrol-
ysis. All three curves show approximately linear increases over the
60-min experiment, indicating that the system operated under
stable electrochemical conditions, without noticeable mass-
transport limitations or electrode passivation within the tested
range.

At a current of 50 mA, the hydrogen generation rate is the lowest,
reaching around 21 mL by the end of the experiment. The gentle slope of
this curve reflects the lower electron flux available for the cathodic

H, Volume (mL)
N
a

Current 50 mA

10
Current 75 mA
5 Current 100 mA
0
0 10 20 30 40 50 60 70

Time (min)

Fig. 4. Hydrogen production as a function of time during ammonia electrolysis
at applied currents of 50, 75, and 100 mA. Higher applied currents result in
increased hydrogen evolution rates, with 100 mA producing approximately
0.98 mL/min, 75 mA yielding 0.58 mL/min, and 50 mA generating 0.35 mL/
min. The results demonstrate the direct proportionality between applied cur-
rent and hydrogen generation efficiency.
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hydrogen evolution reaction. When the current is increased to 75 mA,
the slope becomes steeper, and the final volume of hydrogen produced
reaches approximately 35 mL. This suggests a nearly proportional in-
crease in hydrogen production, as predicted by Faraday's law, while
maintaining a linear, stable profile throughout the experiment.

The results at 100 mA support this trend, yielding the highest
hydrogen volume of approximately 0.73 mL/min and the steepest
curve among the three tested currents. The preserved linearity,
even at the highest current, indicates that neither ammonia
depletion nor significant diffusion limitations occurred, and that
the electrode remained active throughout the entire electrolysis
period.

A detailed comparison of the curves reveals that the increase in
hydrogen production is not perfectly proportional to the increase
in applied current. For instance, when the current is doubled from
50 to 100 mA, the hydrogen volume increases by roughly 110%, in
contrast, increasing the current from 75 to 100 mA results in only a
25% increase, despite representing a 33% increase. This slight
deviation from ideal proportionality suggests the presence of fac-
tors such as ohmic losses, additional side reactions, or competing
ammonia oxidation pathways. These pathways, including nitrate
and nitrite formation, become more significant at higher currents,
potentially consuming ammonia or intermediates that would
otherwise contribute to hydrogen production.

Overall, the linearity of all curves indicates that ammonia
concentration, electrolyte conductivity, and electrode surface ac-
tivity remained adequate for sustained hydrogen evolution
throughout the experiment. These trends suggest that current in-
tensity strongly influences the reaction kinetics of hydrogen pro-
duction. However, the imperfect proportionality between current
and hydrogen volume is consistent with the incomplete nitrogen
balance observed in the system. It is important to note that a full
quantitative nitrogen mass balance was not attempted in this
study. Only gaseous products (H2 and N2) and aqueous nitrite and
nitrate species were experimentally quantified. Other possible
nitrogen-containing intermediates, such as hydroxylamine
(NH20H), dissolved NOx species, or surface-adsorbed in-
termediates (NHx*, N*, NOx*), were not directly measured. As a
result, the nitrogen balance discussed here is partial and qualita-
tive rather than fully quantitative. This limitation supports the
interpretation that parallel oxidation pathways and the formation
of adsorbed intermediates play a significant role in ammonia
electrolysis under the conditions studied.

3.6. Faradaic and energy efficiencies

To assess the performance of aqueous ammonia electrolysis
under various operating conditions, experiments were conducted
at current intensities of 50 mA, 75 mA, and 100 mA. These specific
current levels were chosen to ensure that the experimental condi-
tions were comparable to those used in preliminary tests, where
optimal performance was observed at 200 mA. The selected values
aim to assess both energy and Faradaic efficiencies under
controlled, reproducible conditions, enabling consistent compari-
son with previous optimization experiments. Faradaic efficiency
was calculated based on the experimentally measured hydrogen
volume relative to the theoretical hydrogen yield derived from the
total charge passed. Throughout all tests, the Faradaic efficiency
remained high, with corrected values of approximately 96.4%,
98.2%, and 92.9%, respectively. These results indicate that a sig-
nificant portion of the electrical charge was effectively converted
into hydrogen gas, particularly at 75 mA, which yielded the highest
Faradaic efficiency. Two scenarios were considered when evalu-
ating energy efficiency: one based on the actual potential across
the electrochemical cell and the other on the total potential sup-
plied by the power source. The latter includes system losses, such
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as internal resistance and overpotential. When calculated using the
cell potential, energy efficiency ranged from 66.7% to 75.0%,
demonstrating that the electrochemical reaction itself was rela-
tively efficient. However, when accounting for the full system
losses, energy efficiency dropped to 33%-36%, indicating signifi-
cant energy dissipation outside the reaction zone, likely due to
overpotential and thermal losses [1,4]. These findings highlight
the importance of optimizing cell design and operating parameters
to reduce resistive losses and enhance overall system performance.
Among the tested conditions, a current of 75 mA achieved the best
balance between hydrogen production and energy efficiency. In
contrast, while 100 mA produced higher hydrogen output, it also
increased energy consumption. The results from the experiments
align with reported efficiencies for ammonia electrolysis systems
that utilize platinum (Pt) and nickel (Ni) catalysts, which range
from 60% to 80% [5,18]. The calculated energy efficiency, based
on the Gibbs free energy (237 kJ/mol for Hz), was 62.5%. This
aligns well with values reported for reference catalytic systems
[4]. The current results (Tables 2 and 3) closely align with those of
Mazloomi and Gomes [4], who reported Faradaic efficiencies
ranging from 90% to 95% in optimized ammonia electrolysis sys-
tems. In this case, the overall yield relative to the ammonia
consumed was 1.2%. This can be attributed to incomplete reagent
conversion in aqueous media and to adsorption of intermediates on
electrode surfaces [18].

3.7. Comparison with literature data

The current results (Table 3) closely align with those of Mazloomi
and Gomes [4], who reported Faradaic efficiencies of 90%-95% in
optimized ammonia electrolysis systems. The overall yield relative to
the consumed ammonia was 1.2%, attributed to incomplete conversion
of reactants in aqueous medium and the intermediate adsorption on
electrode surfaces [18]. From a techno-economic perspective, the
results summarized in Table 3 indicate that ammonia electrolysis in
an NH4Cl/NH4OH electrolyte can achieve Faradaic and energy ef-
ficiencies comparable to those reported for conventional alkaline
ammonia electrolysis and even water electrolysis systems. Unlike
water electrolysis, ammonia electrolysis benefits from a lower
theoretical decomposition voltage and avoids the need for ultra-
pure water, which can reduce both energy demand and opera-
tional costs. Moreover, the use of aqueous ammonia as a hydrogen
carrier leverages existing large-scale infrastructure for ammonia
production, storage, and transportation, potentially lowering
capital and distribution costs. Although additional energy losses
related to cell resistance remain a challenge, the present system
demonstrates that efficient hydrogen generation from ammonia
can be achieved under mild conditions, supporting its practical
relevance for decentralized hydrogen production and on-demand
hydrogen release.

4. Conclusions

The results of this study demonstrate that electrolysis of aqueous

Table 2

Electrical energy consumption and associated efficiencies for ammonia elec-
trolysis at 50, 75, and 100 mA. Values are reported for both cell potential and
power source, allowing direct comparison of system-level and device-level
performance.

Current Electrical Efficiency Electrical Efficiency

(mA) Energy (Cell) (Cell) Energy (Power (Power
Source) Source)

50 6.0J 66.7% 12.0J 33.3%

75 9.9J 67.7% 20.3J 33.0%

100 14.4J 75.0% 30.0J 36.0%




F.L. Fossaluza et al.

Table 3

Electrochemistry Communications 185 (2026) 108124

Comparison of Faradaic and energy efficiencies obtained in this work (calculated based on the cell voltage) with reported values from the literature for different

ammonia electrolysis systems and electrolyte compositions.

Study Catalyst / Electrode Electrolyte Composition Operating Main Products Faradaic Efficiency Energy Efficiency
Conditions* (%) (%)
This work Pt foil NH4Cl 200 mM + NH4OH RT, 0,98 atm, Hz (gas), NOs™ (aq), trace ~ 96-98 59-75
500 mM aqueous NO:

Christensen et al. [1] Pt-based electrode 1 M KOH + NHs (g) RT, 1 atm Hz, N2 94 68

Lan et al. [2] Pt electrode 1 M NaOH + NHs (aq) RT, 1 atm Hz, N2 95 60-70

MTzl|°°ml andGomes ;| ced catalyst 0.5 M NaOH + NHs (aq) RT, 1 atm Hs, N2 90-95 65

Zhao et al. [19] Pt/Ni catalyst Alkaline medium RT, 1 atm Hz, N2 97 72

Gupta et al. [7] Transition metal 1 MKOH + NHs RT, 1 atm Hz, N2 / NOx 93 70

catalyst

ammonia is an effective method for recovering hydrogen. This reinforces
ammonia's potential as one of the most promising hydrogen carriers in a
low-carbon energy system. With a hydrogen content of 17.6 wt% and a
low thermodynamic decomposition potential, ammonia can be synthe-
sized, transported, and stored using existing industrial infrastructure,
providing a practical and safe way to store renewable energy.

Our findings show that this stored hydrogen can be released on de-
mand through electrochemical decomposition under mild conditions.
The NH4Cl/NH4OH electrolyte system achieved high Faradaic effi-
ciencies (92-98%), indicating that nearly all the electrical charge was
converted into molecular hydrogen. Hydrogen production increased
proportionally with the applied current, reaching 0.73 mL/min at 100
mA, while energy efficiencies ranged from 59% to 75%, aligning with
literature reference systems.

Gas chromatography confirmed that hydrogen was the only
gaseous product, demonstrating that ammonia was selectively
converted to hydrogen without detectable nitrogen gas (Nz) under
the tested conditions. Although the oxidation of ammonia did not
fully proceed to Nz, primarily resulting in nitrate and minor nitrite
formation, this limitation does not impact the main objective of the
process: efficient hydrogen regeneration from ammonia. The
incomplete nitrogen balance suggests the presence of unquantified
dissolved NOx species and surface-adsorbed intermediates, which
should be investigated in future mechanistic and materials-focused
studies.

Overall, these results highlight that ammonia is an excellent
hydrogen carrier and that ammonia electrolysis offers a viable pathway
to regenerate hydrogen under mild, controllable, and electrically driven
conditions. This combination of practicality, high efficiency, and
compatibility with existing infrastructure emphasizes the strategic value
of ammonia electrolysis for distributed hydrogen production within
emerging low-carbon energy systems.
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