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Small changes, big gains: standardizing
non-electrode coin cell components in aqueous
zinc battery research†

Saptarshi Paul,‡a James H. Nguyen,‡a Michael L. Harrigan, a Ashutosh Rana,a

Andy Berbille a and Jeffrey E. Dick *a,b

Aqueous Zinc Metal Batteries (AZMBs) hold the potential for safe and cost-effective solutions for next-

generation energy storage. While coin cells are the most used model in lab studies, current literature

often overlooks the influence of the non-electrode components, namely the current collector, spacer,

spring, and casing materials. The lack of standardization of AZMB coin cells assembly stifles reproducibil-

ity, applications, and comparisons across studies. Here, we present a systematic study that reveals the pro-

found impact of these non-electrode components on AZMB performance. We found the optimal coin

cell comprises a titanium or copper current collector, stainless steel (SS) components (spacer, spring, and

casing) protected by a copper foil, and an electrolyte volume of 40 μL. This optimized AZMB coin cell

attains a 99.78% coulombic efficiency (CE), in stark contrast with the 99.3% achieved by a Zn∥Cu asym-

metric coin cell (control). In addition, these optimizations improve the cyclability by more than 20 times

over the control (1950 vs. 80 cycles). Despite the straightforward and cost-effective nature of these

modifications, their undeniable repercussion on AZMB performance substantiates the importance of

moving towards standardized non-electrode coin cell components and assembly protocols in this field.

Our study, and proposed standards, enable accurate evaluation and comparisons of the impact of addi-

tives, current variations, and other performance-enhancing strategies in AZMB research.

Broader context
As the global energy landscape shifts toward renewable sources, the need for safe, cost-effective, and scalable energy storage solutions has never been greater.
Aqueous Zinc Metal Batteries (AZMBs) offer a promising alternative to lithium-ion technology, boasting inherent safety, abundant raw materials, and environ-
mental sustainability. However, a critical yet often overlooked barrier to their development is the lack of standardization in laboratory-scale coin cell assem-
bly, the primary platform for evaluating AZMB performance. Inconsistencies in non-electrode components, such as current collectors, spacers, springs, and
casings, obscure meaningful comparisons and hinder the reproducibility essential for scientific progress. Our study directly addresses this challenge by sys-
tematically assessing the impact of these components on AZMB electrochemical behavior. By identifying optimal materials and configurations such as utiliz-
ing copper current collectors, stainless steel components protected with copper foil, and a controlled electrolyte volume, we demonstrate how small, yet stra-
tegic modifications can massively improve coulombic efficiency and cycle life. These findings provide a much-needed framework for standardized coin cell
assembly, ensuring that future research yields results that are both reliable and comparable. In doing so, this work accelerates the pathway to practical AZMB
deployment.

Introduction

The energy storage sector today faces challenges of material
scarcity, safety risks, and environmental concerns.1–5 Aqueous
zinc–metal batteries (AZMBs) offer high capacity (820 mA h
g−1), low cost ($65 kW−1 h−1),1,6,7 and environmental compat-
ibility enabled by aqueous electrolytes.8–11 Mildly acidic elec-
trolytes (pH 3–7) are particularly advantageous for practical
AZMB applications by providing superior cycling stability com-
pared to their alkaline counterparts.12–15 Despite their advan-
tages, AZMBs face commercialization challenges due to para-
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sitic reactions during zinc electrodeposition.16–19 These reac-
tions lead to dendrite growth, corrosion, and passivation,
impacting performance. Mitigating strategies including elec-
trolyte additives,20 adjustment of current density,21,22 and
modification of electrode substrates23 have shown promising
results in improving the performance of the cell. However,
among these factors, the influence of non-electrode materials
of a coin cell on the performance of AZMB across different
studies is not comprehensively addressed in the literature.

The first and primary step toward real-world AZMB appli-
cations is rigorous lab research, with stainless-steel coin cells
as the primary platform for studying zinc battery systems.
Common in lithium-ion and sodium-ion research, coin cells
are cost-effective and preferred over alternative
configurations.24–27 Previous studies, such as Kundu’s work in
202128 and Zhou’s in 2023,29 have focused on improving the
coin cell’s current collector and spacer configurations, respect-
ively. Similarly, Yang’s group extensively evaluated various
current collectors in 2023 to optimize their performance.30

Despite these advances, a comprehensive study examining the
impact of the electrodeposition of Zn and consequent side
reactions, such as HER, corrosion, and passivation on all the
non-electrode components of the coin cell-current collectors,
spacers, springs and casing materials as depicted in the above
Fig. 1 remains absent in the literature. In Fig. 1(A), we show
these non-electrode materials can have potential impact on Zn
electrodeposition and as depicted in Fig. 1(B), it will eventually
impact the battery performance. Given the substantial impact
of these elementary modifications, our findings underscore
the urgent need for researchers to report and eventually stan-
dardize coin cell assembly details to ensure consistency and

meaningful performance comparisons across different kinds
of AZMB studies. This knowledge gap is being addressed in
our work here.

First, we screen different materials which can be used as
prospective current collectors. After examining the prospective
current collector’s battery performance and observing the
effects of Zn electrodeposition, passivation, and corrosion with
techniques such as SEM, EDX, and XRD, we show that Ti and
Cu yielded similar performance as current collectors and were
more efficient than SS and Ni. With this understanding on
material performance as current collectors, we go on to add a
layer of Cu as a protective foil in front of the SS non-electrode
components to diminish the harmful effects of HER, cor-
rosion, and passivation. The results showed that both the cou-
lombic efficiency and cyclability of the coin cell drastically
increased. Second, to further minimize the deteriorating
effects of the side reactions, we implemented different
volumes of the electrolyte as the electrolyte is both responsible
for Zn deposition and HER simultaneously as shown recently.
We observe that lower amount of electrolyte (40 μL) than what
is conventionally used (200 μL) goes to show better perform-
ance and cyclability for the battery. All the optimizations we
implemented show a higher CE than our standard control
Zn∥Cu asymmetric coin cell (99.3%), with our most optimized
coin cell showing the best performance with 99.78% CE and
lasting for 1950 cycles compared to our control which lasted
for 80 cycles. These modifications highlight the influence of
the non-electrode components of the coin cell and underscore
the importance of systematically reporting coin cell assembly
protocols, ensuring accurate and meaningful comparisons of
battery performance. Without standardization or proper

Fig. 1 (A) Schematic depicting different components of a coin cell. (B) Schematic illustrating the impact of Zn electrodeposition and side reactions
on battery performance, influenced by various coin cell components.
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reporting of coin cell assembly, the role of additives, coatings,
substrate design, and other performance-enhancing strategies
cannot reliably be compared and analysed between studies.

Results and discussion
Optimizing current collector

To evaluate the distribution of charge among various current col-
lectors, we investigated materials such as titanium (Ti), copper
(Cu), nickel (Ni), aluminum (Al), and stainless steel (SS).28

Initially, we assessed the performance of these current collectors
using coin cell configuration of Fig. 1(A) with 200 μL of 1 M
ZnSO4 electrolyte. Subsequently, we analyzed the charge distri-
bution between zinc electrodeposition and side reactions through
detailed characterization using SEM, EDX and XRD.

Fig. 2(A) shows the CE observed for the cycling of Zn asym-
metric cells with different current collectors and a fixed
current density of 1 mA cm−2, capacity of 0.5 mA h cm−2 and a
stripping cut off at +0.5 V. The average CE values were calcu-
lated using eqn (1).

CEavg ¼ 1
N

X Qs

Qp
ð1Þ

where N represents the number of cycles (here, N = 50), Qs is
the stripped charge and Qp is the plated charge. Fig. 2(A)
reveals that Ti and Cu are performing better than Ni and SS (a
trend that is frequently observed in this work). Al also shows
similar efficiency to Ni here, but the upcoming sections will
show its erratic behavior as reported in literature previously.28

Additionally, Fig. 2(C) shows that the initial coulombic
efficiency (ICE) values also indicate the same trend. Along with
these two observations, we performed a galvanostatic protocol
given by Xu et al.31,32 There is an initial preconditioning cycle
that is performed to minimize substrate effects (lattice mis-
match and interphase interactions), followed by a constant Zn
deposition at 5 mA h cm−2 to provide a reservoir of Zn to deter-
mine CE (Qr). Consequently, we chose a capacity of 1 mA h
cm−2 (Qc) to cycle the coin cell 9 times prior to stripping, until
the potential reaches +0.5 V vs. Zn/Zn2+; this ensures all the Zn
is stripped off. The current density is constant for the entire
protocol. The potential versus time curve obtained for Ti, was
done by this protocol which can be seen in Fig. 2(B). Ti and Cu
outperform Ni and SS and Al also shows appreciable CE. We
provide the corresponding curves for Cu, Al, Ni and SS in
Fig. S1.† In Fig. 2(D), the same behavior is noted across
different measurements. In the following sections, we analyze
the charge distribution trend across different materials to
determine its underlying cause.

As previously discussed, hydrogen evolution reaction (HER)
compromises current collector stability. To assess suscepti-
bility to HER, we tested various current collector materials in 1
M KCl using a platinum counter electrode and measured HER
onset potentials against an Ag/AgCl reference electrode.33–35

Fig. S2† reveals that Ni (green) and SS (purple) are more prone
to HER compared to Ti (red) and Cu (yellow). The inset high-
lights the significant difference in HER onset potential
between SS and Ti. This distinction is critical, as Ti demon-
strates the highest CE, while SS shows the poorest perform-
ance. Al also shows later onset potential to HER supporting its

Fig. 2 (A) The Coulombic Efficiency (CE) of asymmetric cells with different current collector materials, over 50 cycles. (B) Representative potential
vs. time (Aurbach) curve for Ti. (C) Initial Coulombic Efficiency (ICE) trends from the coin cell data. (D) Coulombic efficiency trends using Aurbach
curve as shown in (B), as function of current collector materials.
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performance seen in Fig. 2. In subsequent sections, we further
explore how Ti consistently shows superior performance, while
SS exhibits suboptimal results across the board. By observing
the different onset potentials displayed by the current collec-
tors within the study, we indicate the effect of different current
collectors used in a coin cell. Next, we analyze electrodeposi-
tion and side reactions affecting their stability.

In this section, we explore the distribution of charge to Zn
electrodeposition for the different current collectors. Since, we
have observed better CE performance for Ti and Cu than Ni
and SS, we expect it to be related to the nucleation of Zn at
these current collectors as well. From previous literature it is
known that morphology of Zn particles deposited plays a big
role in the efficiency of the battery.36–38 Therefore, to observe
this phenomenon and understand the nucleation of Zn on the
different current collectors, we do a galvanostatic plating of
0.5 mA h cm−2 on Zn using 1 mA cm−2 current density for all
the current collectors using the asymmetric coin cell setup
and 1 M ZnCl2 as the electrolyte. We observe that the nuclea-
tion overpotential is more for Ti and Cu than for Ni and SS as
shown in Fig. 3(A). This supports our previous performance
data as we know from classical nucleation theory that a higher
nucleation overpotential results in a higher areal density and
smaller critical radius.39 This directly correlates to having a

uniform deposition which should improve the cyclability and
performance of the AZMB.

Additionally, we also conducted contact angle studies
(goniometry) to learn about the electrodeposition of Zn on the
different current collectors. It is known that a lower contact
angle means, the surface is more wettable and thus the inter-
facial energy is lower and should result in a more uniform
deposition.39 This is exactly observed in Fig. S3(A)†, where we
analyze the final contact angle of the different current collec-
tors after 10 minutes. The trend in the final contact angle was
showing the lowest angle for Ti followed by Cu, Ni, Al and SS.
Thus, it supports our performance and qualitative characteriz-
ations. Moreover, we also performed dynamic contact angle
analysis. Here, we put 1 drop of 50 µL of the electrolyte on the
current collector. We measure its initial contact angle and
then the contact angle after 10 minutes. We observe no discre-
pancy in change of contact angle after 10 min, following the
same trends observed previously, with ΔθTi > ΔθCu > ΔθNi >
ΔθAl > Δθss (Fig. 3(B)). All the other contact angle images for
the different current collectors are shown in Fig. S3(B).† A
greater change in contact angle indicates higher surface
wettability,40,41 leading to more uniform Zn deposition. This
argument also aligns with the performance of the current col-
lectors in coin cell efficiency.

Fig. 3 (A) Nucleation overpotential for the galvanostatic plating of 0.5 mA h cm−2 of Zn on Cu as a function of collector materials. (B) Variation in
contact angle after 10 min on the different current collectors. (C) SEM images of 0.5 mA h cm−2 deposited onto different current collectors. The
scale bar for the panel on the left is 10 µm and for the panel on the right is 30 µm.
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We also evaluate the morphology of the Zn deposition
using SEM. While the Zn plating on Ti exhibits a cluster-like
morphology, this feature progressively diminishes when transi-
tioning to Cu, Ni, and SS substrates, where the morphology
shifts toward more flake-like structures. Flake like structures
are known to be from zinc oxide or hydroxide-based side pro-
ducts which can hamper the performance and cyclability of
the battery.35 Ti and Cu show cluster like structures (stacking
of deposited Zn orientations) which have been shown pre-
viously to be beneficial for the battery.28,42 Thus, from this dis-
cussion of nucleation overpotential, contact angle measure-
ments and SEM, we demonstrate how the Zn electrodeposition
is more efficient for Ti and Cu compared to Ni and SS. Al
shows strange morphology as we had discussed before. The
next section examines side products from various side reac-
tions and their impact on the selected current collectors.

Previously, we examined electrodeposition; here, we analyze
how charge distribution to side reactions affects current
collectors.35,43 Beyond HER, corrosion and passivation also
decreases the performance. Notably, Zn morphology shifts
from clusters to flakes when transitioning from Ti to SS. It is
also important to note here that both Zn metal and Zn side
products (oxide/hydroxide) are Hexagonal Close Packed (HCP)
and show hexagonal flakes. While Ti showed clusters and a
lack of flaky structure, we strengthen our argument here by
doing XRD of the components to detect the side products. We
know from literature that high-index Zn orientations (101) and
(100) correlate to deposition angles of 38–70° and 90° respect-
ively which are known to be dendritic in nature and detrimen-
tal to the performance of the battery. And low-index Zn orien-

tations of (002) are of deposition angles 0–37° which are
known to be uniform in nature and beneficial to the perform-
ance of the battery.34 (Deposition angles are measured relative
to the substrate). Here, in Fig. 4(A) we show the XRD spectra of
all our current collectors. Peaks of 002 and 100 and 101 were
matched from literature values.34,44 We compare the ratios of
the different peaks observed for the current collectors to
understand the Zn deposition on it. Cu(111) peak overlaps
with Zn(101) peak. Therefore, along with R002/(R100 + R101 +
R002) ratio we have also provided R002/R100 ratio for all current
collectors in Table S1.† We found that Ti and Cu have higher
ratios than Ni and SS. This indicates that the propensity of
uniform deposition is higher for Ti and Cu than Ni and SS. Ni
and SS tend to show more of dendritic morphology which are
more representative of the side products formed.

To analyze these side-products further, we perform Energy
Dispersive X-ray (EDX) elemental mapping of Ti (best perform-
ing current collector) and SS (worst performing current collec-
tor) in Fig. 4(B). First, EDX analysis confirms the presence of
sulfur-containing species on the SS electrode, likely due to
interfacial reactions. In contrast, no detectable sulfur signal is
observed on the Ti surface as shown in Fig. S4,† indicating a
more stable interface and lower propensity for side-product
accumulation which is reflected from the performance data we
have discussed before. Second, it is also important to note that
there are distinct blank spots (dark) seen in the EDX mapping
of the substrate of Ti (rightmost), which again shows the for-
mation of Zn clusters on Ti and flaky structures on SS.
Therefore, from the XRD and SEM-EDX data of Zn on Ti is pri-
marily from Zn metal deposition whereas Zn present on SS is

Fig. 4 (A) XRD spectra of electrodeposited Zn on different materials, at a fixed capacity of 0.5 mA h cm−2. (B) SEM and EDX mapping for Ti and SS.
(Scale bar: 10 μm.) (C) Thickness of Ti and SS coin cells is shown after 50 cycles.
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primarily from ZHS. Moreover, we observe the effect of HER in
the coin cell with the different current collectors in Fig. 4(D).
After 50 cycles, the thickness of the SS coin cell was appreci-
ably higher (3.58 mm) than that of Ti (3.32 mm). This clearly
depicts the heightened effect of HER for SS compared to Ti.
Not only is this bad for the performance of the cell, but also
the safety of using these batteries.34 We also observe in
Fig. S5† that the thickness of Zn∥Cu half-cell is around
3.28 mm which is close to the thickness of Ti, signifying the
higher resistance of the Zn∥Cu battery to the deteriorating side
reactions. This will be helpful in the upcoming discussions.

The previous sections illustrate how charge distribution
between zinc electrodeposition and side reactions influences
current collector performance. Titanium (Ti) and copper (Cu)
promote uniform Zn deposition with lower resistance, while Ni
and SS favor side reactions, causing dendritic growth, HER,
corrosion, and passivation. Next, we will optimize other coin
cell components, namely the spacer, spring, and case to
further enhance battery performance and longevity.

Optimizing spacer, spring, and case

In addition to the current collector, other components of the
coin cell such as the spacer, spring, and case also significantly
influence the performance and cyclability of asymmetric
aqueous zinc–metal batteries. These components are typically
made of stainless steel due to its affordability. However, as
demonstrated above, stainless steel is highly susceptible to
side reactions during zinc electrodeposition. This raises criti-
cal concerns about the role of the spacer, spring, and case in
contributing to the degradation of coin cell performance.

Here, we delve deeper into this issue to understand and
address these challenges.

To observe the effect of side reactions on the spacer, spring,
and case, we run a Zn∥Cu coin cell with 1 M ZnSO4 for 50
cycles and then decrimp it. In the coin cell cases, spacer, and
spring, we observe a white milky layer and a brownish stain as
shown in Fig. 5(A). These are indicative of side reactions like
corrosion, passivation and hydrogen evolution which are all
responsible for destabilizing the cell.29 We also performed
XRD as shown in Fig. 5(B) on the spacer and got two distinct
peaks (around 17 and 27 degrees) within the region of 10–30
degrees which have been known previously for the existence of
ZHS side products, representing the flaky structure observed
as shown in the inset (observed in SEM).29,45,46 To get a deeper
view of the side products formed, we did SEM imaging of the
case, spacer and spring as shown in Fig. 5(C). We observe the
formation of flakes and dendritic structures on each of the
materials. Previous reports have shown how flakes are indica-
tive of side products formed during Zn deposition and dendri-
tic structures are responsible for shorting the cell.35 Fresh
samples of case, spring and spacer are reported in Fig. S6† for
appropriate comparison. These results clearly indicate the
deteriorating effect of what side products caused in the pres-
ence of stainless-steel coin cell components. In the next
section, we will see how we are mitigating these effects by
using a simple and cost-effective option.

In this work, to mitigate the effect of side reactions on the
stainless-steel coin cell components, we add a Cu foil between
Zn foil and the spacer as shown in Fig. 6(A). We observe two
things from the previous current collector section: 1. Cu

Fig. 5 (A) Case, spacer, and spring after 50 cycles of Zn∥Cu coin cell. (B) XRD spectrum of the spacer (at low angles), inset shows observation in
SEM of Zn deposition on SS. (C) SEM images of case, spacer, and spring after 50 cycles of Zn∥Cu coin cell. (Scale bar is 10 µm.)
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attains better performance than SS and 2. Cu and Ti give
similar performance, shown in our coin cell data as well as the
characterizations done via SEM, EDX and XRD as shown in
Fig. 2–4. Thus, we used Cu as a cost-effective protective foil to
minimize the effect of HER, passivation and corrosion on the
spacer, spring, and the case to improve the coin cell
performance.

Now, with the protective Cu foil inside our coin cell, we
examine its performance. Fig. 6(B) shows the images of spacer,
spring, and case after 50 cycles of cycling. The coin cell was
decrimped for imaging. Unlike in Fig. 5(A), there was little
sign of corrosion or passivation resultant of side reactions or
HER, which are known to degrade the coin cell. We show that
with a protection layer, the coin cell runs much longer than
without a protection layer. Without the protection layer
(control), we reported around 80 cycles. But with the protec-
tion layer, it outperforms the control as shown in Fig. S7 and
S9.† In terms of battery performance as well as shown in Fig. 6
(C), without the protection we observed an ICE of 78.14% and
Average Coulombic Efficiency (ACE) of 98.29%, whereas with a
protection layer, an ICE of 84.58% and ACE of 98.80% are
achieved. We also evaluated the performance via Aurbach
measurements as shown in Fig. 6(D) and Fig. S8.† We observed
the same trend with the coin cell containing the protection
giving a better performance. This argument aligns with our
previous data. We know that SS gives flaky and dendritic struc-
tures as it is more prone to side reactions indicating the pres-

ence of ZHS which was depicted using SEM and XRD. On the
other hand, Cu gives more uniform and homogenous depo-
sition, which results in its better performance than SS as
shown in Fig. 1. Therefore, by using a Cu protective layer above
the SS spacer, the efficiency of the battery is improved through
mitigating corrosion, passivation and HER on the spacer,
spring, and case. The cyclability of coin cells with the protec-
tive layer and without the protection are reported in Fig. S9†
confirms this observation. The coin cell with the protective
layer lasts much longer than the one without the protection.
This approach provides a cost-effective and efficient solution
for enhancing zinc battery systems in laboratory settings. In
the next section, we explored another simple yet impactful
technique to further improve battery performance.

Here, we investigated the impact of varying electrolyte
volumes in the coin cell. Conventionally, 150–200 μL of electro-
lyte is used in coin cell studies.29 However, we questioned
whether this excess electrolyte truly enhances performance, or
if it may contribute to the deterioration of the cell. We tested
two different volumes of 1 M ZnSO4 electrolyte: 40 μL and
150 μL. We illustrated in Fig. 7(A) that the performance of the
coin cell containing 40 μL of the volume performed better
than the one with 150 μL. We also conducted Aurbach studies,
which showed the same trend as depicted in Fig. 7(B) and (C),
and Fig. S10.† The coin cell with 40 μL of electrolyte outper-
formed that with 150 μL. We employed a standard Zn∥Cu
asymmetric cell for this study. The reason for this trend can be

Fig. 6 (A) Schematic of the coin cell configuration with a layer of protection added. (B) Images of spacer, spring, and case after 50 cycles in a coin
cell containing a protective Cu foil between Zn and the spacer. (C) The performances of Zn∥Cu coin cell with (bottom) and without (top) protection
are depicted. (D) Coulombic efficiency evaluation using Aurbach protocol for coin cell with protection.
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traced back in our previous discussion about side reactions
and side products which is explained in our schematic as to
how during the plating cycle of Zn, along with electrodeposi-
tion of Zn there are consequent side reactions that may occur.
These side reactions negatively impact coin cell performance
and longevity. Our data suggests that higher electrolyte
volumes exacerbate these reactions, leading to greater degra-
dation. As seen in Fig. S11,† coin cells with lower electrolyte
volumes sustained a higher CE than those with higher
amounts. Thus, reducing electrolyte volume offers a simple,
cost-effective approach to mitigate side reactions, enhancing
both performance and lifespan.

Conjointly, we made the most optimized coin cell as shown
in Fig. 7(D) to explore its performance and compare it with tra-
ditional techniques. We use Cu as a current collector, insertion
of Cu foil as a protective layer and using 40 μL of electrolyte to
prevent degradation of the coin cell components via corrosion,
passivation, or HER. Not only does our coin cell run at least 20
times more than our control of a standard asymmetric Zn∥Cu
coin cells (80 cycles vs. 1950 cycles), but it also shows better
performance (shown in Fig. 7(E)) than standard Zn∥Cu coin
cells (CE of 99.3%). With all the optimizations shown in this
paper, we acquired a commendable CE of 99.78%; therefore,
showing the power of these simple optimization techniques.
Different electrolytes like 1 M ZnCl2 show similar trends with
electrolyte volume, lower performance with 150 µL compared

to 40 µL as shown in Fig. S12.† We have also observed that for
80 µL of ZnSO4, the performance is in between that of 40 µL
and 150 µL as seen in Fig. S11† going together with our pre-
viously observed trend.

This exhibits the potential of non-electrode components in
the performance and cyclability of the coin cell. The coin cell
components containing spacer, spring and case of the most
optimized cell given in Fig. S13† look very clean and devoid of
side products, like Fig. 6(B). In comparison, the coin cell com-
ponents while using 150 μL seen in Fig. S13† have white
patches similar to the side products seen in Fig. 5(A). Thus,
the impact of simple modifications on these non-electrode
components cannot be disregarded, calling for standardization
of coin cell assemblies for consistency and reliability of data
across different AZMB studies.

Conclusion

In this study, we highlighted the critical yet overlooked role
played by non-electrode components in AZMB coin cells per-
formances. To that effect, we demonstrated that simple and
cost-effective modifications strategies significantly enhance
AZMBs performance. Through systematic material screening
and optimization, we identified Ti and Cu as ideal current col-
lectors capable of considerably elongating the lifetime of the

Fig. 7 (A) Coulombic efficiencies of coin cells using 40 μL and 150 μL of electrolyte in the coin cell. (B) Coulombic efficiency using Aurbach proto-
col for a coin cell containing 40 μL of electrolyte (C) coulombic efficiencies achieved using Aurbach protocol for 40 μL and 150 μL of electrolyte
volume are shown. (D) The performance (coulombic efficiency) of a fully optimized coin cell (E) cyclability of a fully optimized coin cell (green) and a
Zn∥Cu (blue) cell serving as a control.

Paper EES Batteries

820 | EES Batteries, 2025, 1, 813–823 © 2025 The Author(s). Published by the Royal Society of Chemistry

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
m

aj
 2

02
5.

 D
ow

nl
oa

de
d 

on
 1

7.
 1

0.
 2

02
5 

06
:4

8:
17

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5eb00084j


coin cells (cyclability) and coulombic efficiency. Our experi-
ments also showed that inserting a simple protective Cu foil
over stainless steel components suffices to mitigate corrosion,
hydrogen evolution reaction (HER) and passivation, which are
factors of hindrance towards high performance in AZMBs. In
addition to the previous modifications, reducing electrolyte
volume further to 40 μL leads to total improvement of 99.78%
for coulombic efficiency and up to 1950 cycles life over the
99.3% and 80 cycles observed for the Zn∥Cu control. These
findings demonstrate the impact of non-electrode components
emphasizing the urgent need for reporting and standardiz-
ation in AZMB coin cell assembly, ensuring reproducibility
and meaningful performance comparisons across studies.
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