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In the present study, a porous air cathode made of amorphous silica xerogel (a-SX) derived from sago
waste was investigated for treating the first discharge of an aluminum-air (Al-air) battery. Four types of
air cathode samples were produced by varying the content of polyvinylidene fluoride (PVDF) binder
from 5 wt % to 30 wt % in a composite of a-SX, carbon black (C), and PVDF. The detailed structural
characterization of the explored composite samples was performed using various techniques, such as X-
ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy
(SEM), and N adsorption-desorption isotherms. The performance of the prepared air cathode in the Al-
air battery was tested successfully during the first discharging treatment. The study demonstrated that
the volume fraction of the microporous structure in the air cathode sample increases with increasing
binder content, while for mesoporous structures, it acts in the opposite direction. The sample containing
a binder of 10 wt % provides the mesoporous structure with the largest volume fraction and the formation
of discharge products with the smallest fraction in the mesopore, and their presence generates a discharge
capacity in an Al-air battery with the longest stable plateau voltage.

Keywords: amorphous silica xerogel; porous air cathode; aluminum air battery; discharge capacity;
plateau voltage.
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1. INTRODUCTION

Silica (Si03) in all its allotropic forms is a material that is widely used for various applications
in many industrial processes and electronic devices [1-3]. Among these applications are different
advanced electrochemical energy storage and conversion devices with high power and energy density,
such as fuel cells, supercapacitors, and batteries. The batteries are considered quite promising and
actively studied devices that possess an attractive combination of features. Most notably, the batteries
are characterized by theoretical energy densities in the range of 2-12 kWh/kg [4], nominal cell voltages
of 1-3 V [5], and power densities of 1000-10000 W/kg. The batteries can deliver high capacity with high
charge-discharge cycle durability [6], store full capacity when charged quickly [7], and retain at least
80% of their original capacity for a high number of charge cycles. Such favorable parameters for the
storage and conversion of electrical energy are important for advanced technologies in today's society
and are used in many application systems, such as hybrid electric vehicles, power backup systems for
wind and solar energy, portable electronics, and uninterruptible power supplies.

One of the most promising and highly appreciated battery types is the metal-air battery, in
particular the aluminum-air battery. The main advantages of an Al-air battery are as follows. First, these
batteries use aluminum metal as an anode, which is low-cost, safe, and abundant. The costs of the cathode
part are reduced because it uses freely available oxygen from ambient air as the cathode source. Second,
technologically, the usage of oxygen leads to a significantly reduced battery weight and provides more
free space for energy storage.

One of the important components in the structure of the Al-air battery is the air cathode, which
is composed of an active layer, a cathode binder, and a conductive additive. The air cathode facilitates
the oxygen reaction and is regarded as a key factor that determines the practical energy and power density
of the batteries. However, the sluggish kinetics of the oxygen reaction on the air cathode hinders the
development of Al-air batteries with high discharge capacity, making it necessary to combine the three
components of the air cathode to obtain an appropriate electronic active layer of air cathodes in Al-air
batteries.

SiO2 has been successfully employed as an active layer material in various types of batteries,
such as Li-ion [8], Zn-air [9], and Li-air batteries [10]. These results demonstrated that experimentally,
the prepared SiO: inhibits a high charge transfer [11] due to its low characteristic conductivity of
approximately 10™* S/m and the volume change of particles during the electrochemical reaction. Such
problems can be overcome by adding carbon black as a conductive additive. In several studies, the use
of a carbon black of approximately 10 wt % to dope SiO> in Li-ion batteries [12, 13] demonstrates high
reversible capacities, excellent cycling stability, and superior rate capabilities. However, in these
batteries, agglomerates were found during preparation of the slurry for the active layer when a
polyvinylidene fluoride (PVDF) binder was introduced into the SiO> composite. As a result, an unequal
distribution of pores is observed in the agglomerates, thus causing the narrow size of micropores for the
Si0, composite. In this case, oxygen diffusion and electrolyte access are limited toward the active site
surface at the air cathode. In another study, polytetrafluoroethylene (PTFE) and guar gum (GG) were
used as binders to provide sufficient electrochemical stability of the SiO; active layer in an Al-air battery,
which results in a much slower charge transfer than using a PVDF binder [14, 15]. Therefore, PVDF is
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the binder with the best stability; however, the idea of optimizing the PVDF binder content while
maintaining the required properties and functionalities of the air cathode is essential.

In this paper, we report the results of an investigation on the preparation of air-cathode active
layers based on a composite of SiO> in the form of silica xerogel and carbon black with various loadings
of the PVDF binder. Furthermore, we also discuss the structural properties of the air cathode obtained
using X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron
microscopy (SEM) and N2 adsorption-desorption isotherms to obtain a better understanding of the effect
of the PVDF binders on the discharging capacity of an Al-air battery.

2. EXPERIMENTATION

2.1. Preparing the raw material and air cathode sample

The a-SX was produced from the extracted solid residue of sago waste available at a community
sago processing plant in Kendari, Indonesia. The procedures of the extraction have been described in
detail, and the purity of a-SX was as high as 98.8% [16, 17]. The average particle size of the solid sago
waste residue is 656 nm.

Table 1. Compositional formulations for the prepared air cathode sample.

Sample Mass percentages (wt %)
a-SX C PVDF
S85 85 10 5
S80 80 10 10
S70 70 10 20
S60 60 10 30

The raw materials for the air cathode are a-SX, carbon black (C) and PVDF binder. C and PVDF
powders are commercially available materials supplied by Sigma Aldrich. The composite powder for
the air cathode was prepared by mixing a-SX, C, and a binder of PVDF. Table 1 presents the
compositional formulations for the prepared air cathode samples. Based on a fixed C composition, the
prepared chemical compositions of a-SX-PVDF were 60, 70, 80, and 85 wt % of a-SX in aqueous slurry.
The S85 sample was prepared using 85 wt % a-SX powder and 10 wt % C powder. These materials were
mixed and then pulverized for 24 hours at room temperature by an alumina ball mill. Approximately 5
wt % PVDF was mixed in 10 mL of N-methylpyrrolidone (NMP) solvent and then stirred using a
magnetic stirrer to obtain a homogeneous binder suspension. The mixed powder of a-SX and C was
dropped slowly into the PVDF solution and stirred to obtain a homogeneous stable slurry in the paste
phase. The prepared slurry was deposited on the surface of a square nickel mesh substrate with an area
of 16 cm?. The layer thickness of 0.6 mm was adjusted using doctor blading. The deposited slurry was
dried at 105 °C for 24 h in an oven. Making the S80, S70, and S60 samples was carried out following
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the same steps as described above. The prepared samples were termed samples before receiving the
discharging treatment.

2.2. Method for testing the Al-air battery

The Al-air battery cell is composed of an anode and a cathode with an active area of
approximately 16 cm?, as well as a polypropylene (PP) separator inserted between them. An aluminum
(Al) plate of alloy 1100 was used as the anode material, and an active layer of the S85 sample was
attached to the surface of the nickel mesh substrate as an air cathode. An aqueous solution of 6 M
concentrated KOH was used as an electrolyte. Polypropylene is soaked in KOH solution to provide an
effective transfer medium for hydroxide ion crossover. An Al plate at the anode and a nickel mesh at the
cathode were used as the terminals for measurement based on electrochemical impedance spectroscopy
(EIS) and cell discharge. The procedures for EIS measurements have been described in detail in previous
studies [15]. Testing of the constant current discharging was carried out by using a multichannel battery
testing system (BTS-MPTS, China) at a discharge current of 10 mA and a cutoff voltage of 0.05 V.
Furthermore, referring to a sample of S85 after receiving the discharging treatment, it is termed an SD85
sample. The same procedure was carried out for the S80, S70, and S60 samples, and each of the samples
was labeled SD80, SD70, and SD60, respectively.

2.3. Method for characterizing the air cathode sample

X-ray diffraction patterns for air cathode samples before and after discharge were obtained using
a Smartlab X-ray diffractometer with a Cu Ka radiation wavelength of 0.15418 nm. The measured trace
of the diffraction angle was in the range from 10 to 90 degrees. FTIR spectroscopy was carried out using
a Varian 800 FTIR spectrometer in the wavenumber range from 400 to 4000 cm™'. All FTIR
measurements were carried out in specular reflectance mode using the KBr pellet technique at room
temperature. Furthermore, the surface microstructure of the air cathode samples was characterized by a
scanning electron microscope (SEM) JEOL JSM-6400 with a magnification of 7500 times. The
distribution of pore sizes in the air cathode samples before discharge was evaluated by a nitrogen
adsorption-desorption method using a Quantachrome Nova-1000 Analyzer.

3. RESULTS AND DISCUSSION

Figure 1a and 1b display the XRD patterns of the prepared air cathode before and after discharge,
respectively. For the a-SX sample, one broad peak can be observed in the range of 20-22.51", which is
characteristic of the presence of an a-SX. For the SX85 sample, the weak diffraction peaks of a-PVDF
at 18.5" and B-PVDF at 19.9" overlap with a broad peak of a-SX [18]. As the PVDF binder content
increases from 10 wt % (SX80) to 30 wt % (SX60), the peak intensities of a-PVDF and -PVDF increase
as well. Furthermore, the XRD peaks corresponding to carbon black were not found, probably due to the
small (and therefore undetectable) amount. Compared to Figure 1a, Figure 1b shows that the additional
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peaks at 22.3" and 40.2" are associated with a diffraction pattern of AI(OH)3 [19], confirming that the
discharge product of AI(OH)3was formed during the discharge stage. The detected peak of Al(OH)s was
weak since its diffraction peaks coincided with the broad peak of a-SX. As shown in Figure 1b, the peak
intensity of the broad diffraction pattern of a-SX is reduced, and its peak position shifts toward higher
diffraction angles. In many studies, the intensity reduction and the shift of the broad diffraction pattern
of a-SX were found to be induced by the presence of water molecules, which led to structural
conformational changes in the silica network [20, 21]. In our case, during the discharging process, the
discharge product of AlI(OH)s accumulates at the air cathode and generates water molecules, and the
structure of the silica network changes due to the increase in the water molecule content.
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Figure 1. XRD pattern of the air cathode (a) before discharge and (b) after discharge.
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Figure 2. FTIR spectra for the air cathode (a) before discharge and (b) after discharge.

Figure 2a and 2b display FTIR spectra of the prepared air cathode before and after discharge,
respectively. In Figure 2a, the spectrum of the a-SX sample shows peaks at 465 cm™ (peak 1) and 1100
cm? (peak 5), relating to the Si—-O-Si asymmetric vibration and bending vibrations, respectively [22].
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Peak 2 at approximately 790 cm™ and peak 4 at approximately 950 cm™ are attributed to the Si-O-Si
symmetric vibration and the Si-OH stretching band, respectively [23]. Peak 7 observed at 1620 cm™ is
assigned to the bending H-O—H bond groups of adsorbed water molecules, and peak 8 at approximately
3452 cm* can be attributed to -OH stretching of hydroxyl groups or the remaining water [24]. For the
S85 sample, compared to the initial spectrum (a-SX sample), two additional peaks (peaks 3 and 6) can
be observed. They correspond to the characteristic peaks of the amorphous phase in PVDF at 880 cm™
[25] and the C—O stretching vibration of the carboxyl group at 1380 cm™! [26]. The intensity of the peak
absorbance for the functional groups PVDF and C-O increases as the PVDF content in the air cathode
increases. Compared to Figure 2a and Figure 2b, the peak intensity associated with the Si-O-Si
symmetric vibration is reduced, and the Si-OH stretching band disappears. Furthermore, the intensity of
the discharged air cathode contains a sharp peak related to the -OH stretching mode. This peak is
attributed to AI(OH)s due to the hydrogen bonded AlI(OH)s hydroxyl groups or the structural water
molecules present within Al(OH)s [27].

Figure 3 shows the integrated intensity for the -OH stretching mode at 3452 cm™ of the air
cathode sample before and after discharge with different content of the PVDF binder. The integrated
intensity of the -OH stretching mode for the discharged air cathode sample is much higher than the
integrated intensity of the -OH stretching mode of the air cathode sample before discharge. We assume
that the discharged samples contain a larger number of structural water molecules bound in the sample,
ascribed to the side reaction of oxygen reduction during the discharging process. This behavior is in line
with the results of previous studies [28, 29]. Furthermore, the number of water molecules decreases with
decreasing PVDF binder content from 30 wt % (SD60) to 10 wt % (SD80), and afterward, it increases
as the binder content is lowered to 5 wt % (SD85).
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Figure 3. Integrated intensity for the -OH stretching mode at 3452 cm™ of the air cathode before and
after discharge with varying a-SX content.
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Figure 4 presents SEM images of the prepared air cathode sample before and after discharge. For
the air cathode sample before discharge, the S85 sample exhibits a rough and aggregated surface texture
with large and inhomogeneous pores that are composed of stacked particles with a shape similar to the
shape of the powder. The individual particles are not visible, and the aggregates have an irregular shape.
The image of the S80 sample indicates the presence of a few smaller interconnected pores. The formation
of pores is caused by bridging particles that have fairly loose bonds and are distributed homogeneously
in the PVDF binder. Furthermore, the number of pores in the S80 sample was found to be more than the
number of pores in the S85, and these pores were also relatively larger in size. The image of the S70
sample shows a surface with aggregated texture and reduced pore size. Furthermore, the S60 image is
characterized by a denser microstructure accompanied by an aggregated surface. Overall, the reduction
in the content of the PVDF binder results in a highly porous structure created from interconnected pores.

Figure 4. SEM images of the cathode before and after discharge of S85 (a) and SD85 (b), S80 (c) and
SD80 (d), S70 (e) and SD70 (f), and S60 (g) and SD60 (h).
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From this SEM observation, the cathode with PVDF content of 5 wt % (S85) and 10 wt % (S80)
shows a highly porous structure. In all other samples (S70 and S60), the addition of PVDF binder
changes the appearance of the sample surface, which becomes denser due to the stronger blockage of
the pores by the PVDF binder in the S70 and S60 samples. After fully discharging, the structure of the
discharged air cathode changed significantly. For the SD85 cathode, the microstructure is characterized
by a fragile fractured surface. The grain morphology of the flat areas was also evidenced. In the grain
surface, there is a growth of a crust-like layer speculated to be a discharge product of Al(OH)s. This
substance is produced during the discharge reaction process and is a nonconductive metallic oxide. The
formation mechanism of the AI(OH)s layer is consistent with the published result in a previous study on
an air cathode of activated carbon for an Al air battery cell [30]. For the SD80 cathode, the SEM images
exhibit a porous shape with low homogeneity and irregular agglomerates. In some locations, the porous
surface is covered by a small amount of the AI(OH)s layer formed during the discharge process.
Furthermore, the SD70 sample contains an increased amount of the Al(OH)z layer, and in the SD60
sample, more pores are covered by a large amount of AI(OH)s layer; therefore, the sample surface
appears to have a denser layer.
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Figure 5. Pore size distributions of the air cathode before discharge.

Figure 5 shows the pore size distribution of the air cathode before discharge. All samples consist
of a sharp distribution of micropores with a pore size of less than 2 nm and mesopores with a pore size
between 2 nm and 50 nm. The general trend of log differential intrusion in the micropore size range
gradually decreases with decreasing PVDF content from 30 wt % (S60) to 10 wt % (S80) and thereafter
increases with decreasing PVDF content to 5 wt % (S85). The mesopore size range acts in the opposite
direction. Both the increase and decrease in the log differential intrusion are attributed to an increase and
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decrease in the volume fraction for the structural pores consisting of isolated and interconnected pores
in both micropores and mesopores [31]. For a higher content of PVDF, an increase in the volume fraction
of micropores may be attributed to an increase in the blocked mesopores of the air cathode, while a
decrease in the volume fraction of mesopores is ascribed to the precipitation of the PVDF/NMP solution,
and precipitate phases cause the densified microstructure and the decreased connectivity in the gaps of
pore spaces so that they generate a lower total porosity. In this way, the decreased porosity and the
increased compactness of the sample are created. Furthermore, in the mesopore size range, the pore size
is shown to shift toward a smaller pore size with increasing PVDF content. This shift of pore size is
related to at least two facts. First, as PVDF binding increases, more PVDF particles fill the mesopore
space. Second, the lower surface tension of the solutions with a higher PVDF content results in a
reduction in the size of the pores [32].

S S —

1000

800

600

Z ()

400

200

—

0 A 1 A 1 A 1 A 1 A 1

0 500 1000 1500 2000 2500 3000

Z (O
Figure 6. Nyquist plot of EIS spectra for the Al-air batteries using air cathodes with different content of

PVDF.

Figure 6 shows the Nyquist plot of the EIS spectra for the Al-air batteries using the air cathode
with different PVDF content. For all the samples, the plot consists of an incomplete small semicircle, an
out-of-shape large semicircle, and a straight line inclined at an angle to the real axis in the high-,
intermediate-, and low-frequency regions (Warburg regions), respectively. A starting point of the small
semicircles in the Nyquist plot represents the equivalent series resistance (Rs) associated with the
electrolyte solution, current collectors, and contact resistances [33]. As shown in the inset of Figure 6,
Rs increases as the PVDF content increases from 5 wt % (585) to 30 wt % (S60). This behavior is
attributed to the formation of reduced interconnection networks between the SX and CB particles in the
composite layer due to the gradual blockage of a larger amount of an electronic active layer by the higher
content of PVDF particles. The value of Rs is much higher than S80 sample. According to the SEM
observed in the case of the SD85 sample, the fragility of the surface was observed, causing damage to
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the conducting matrix between the active particles of a-SX and conductive C. The current collector of
the nickel mesh loses contact with the air cathode, and as a result, the contact resistance between the
active material and the current collector increases. The small incomplete semicircle can be related to the
solid electrolyte interphase layer resistance (Rsei). Rsel originates from the resistance of a layer that
forms on the interface between the anode and electrolyte. The Rsgs increases with increasing PVDF
binder content from 5 wt % (S85) to 30 wt % (S60). The higher volume fraction of mesopores easily
induces diffusion of electrolyte ions through the pores and produces more reaction product AI(OH)s in
the electrolyte medium. Therefore, the product of this reaction accumulates on the surface of the Al
anode, resulting in an increase in the Rsg), which impedes OH- migration to the Al anode in the discharge
reaction. This interpretation is in agreement with similar findings of studies on lithium and magnesium-
air batteries [34, 35]. The R resistance is associated with the existence of an amount of the Al(OH)s
reaction product [34] that enters the pores in the composite layer and is being adsorbed onto their
surfaces. The charge-transfer process between the pore surface in the composite layer and the electrolyte
solution is interrupted prematurely and leads to changes in the charge transfer resistance. Furthermore,
the out-of-shape large semicircle can be associated with the charge transfer resistance of the cathode and
electrolyte interface (Ret). The Ret value increases significantly with increasing PVDF binder content
from 5 wt % (S85) to 30 wt % (S60). This finding relates to two facts pertinent to the blocking of the
micropore entrance by the discharge product and the formation of water molecules in the pore.
Micropores are too small to incorporate AI(OH)3, and according to the literature [36], the entrance of the
micropores can easily be blocked by AI(OH)s; thus, these pores remain unfilled by oxygen and
electrolyte ions. The increase in Ret may be attributed to the volume fraction of micropores increasing
when the SX content increases from 5 wt % (S85) to 30 wt % (S60), so that the pore contact area blocked
by Al(OH)s increases, and therefore, the charge transfer resistance Rt increases. Moreover, the change
in the distribution of the discharge product in the cathode due to the presence of the water molecules
also takes place [29]. As seen in Figures 6 and 3, there is a clear correlation between Rt and the number
of water molecules contained in the discharged sample. Therefore, Rctincreases due to an increase in the
amount of the discharge product formed in the interior of the mesoporous channel when the PVDF
content increases from 5 wt % (S85) to 30 wt % (S60). The S80 sample has the smallest value of Rt due
to both the smallest amount of microporous structure and smallest number of water molecules bound in
the mesoporous structure of the sample. In this case, growth-restricted discharge products were formed
at the mesopore channels of the cathode structure. A straight line in the final plot is related to the Walburg
resistance (W). The appearance of the resistance is the consequence of the resistive behaviors of the ions
penetrating into the air cathode pores [35]. The slope of the line for the S80 sample is greater than the
slope of the line for the S60 and S70 samples, indicating that the diffusion of electrolyte ions in the active
layer of the S80 sample is faster than in the two samples S60 and S70 due to the development of more
mesopores in the air cathode when the PVDF binder content was lowered to 10 wt % (S80).
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Figure 7. Discharge curve of the Al-air batteries using air cathodes with different PVDF content.

Figure 7 shows the discharge curves of the Al-air battery obtained using air cathodes with
different content of PVDF binder. The oven circuit voltage (OCV) of all samples is 1.13 V. At the initial
stage of discharging, the voltages of the S85, S80, S70, and S60 samples are observed to drop from the
OCV to approximately 0.65 V, 0.82 V, 0.92 V, 0.79 V, respectively. The cause of such a drop in the
region may be attributed to insufficient rest time for proper air cathode wetting. In this case, the
electrolyte is inserted only into the amorphous surface layer and has not seeped deeply into the interior
of mesoporous channels so that it will reduce the electrolyte permeability and cause uneven contact
between the electrolyte and active sites of the sample, thus resulting in a voltage drop. Furthermore, the
voltage quickly recovers to approximately 0.97 V, 1.02 V, 0.96 V, 0.94 V as a stable plateau voltage,
respectively. The batteries maintained a stable voltage to treat the discharge process for 16.84 h, 22.16
h, 38.73 h, and 29.94 h, respectively. A decrease in the stable voltage length is caused by an increase in
the content of PVDF binder. According to the EIS results, this decrease is attributed to an increase in the
Rt in the active layer of the air cathode due to the blocking of the entrance of the electrolyte into the
micropores by discharge products and the formation of discharge products bound in water molecules in
the mesopore channels. Such behavior is in line with the interpretations from the related studies on Al-
air batteries using iron [36], carbon fiber cloth [37], and carbon composite [38] as an air cathode. Table
2 shows the comparison of SiO>/C with other materials as air cathodes for primary Al-air batteries. The
Al-air battery using the SiO2/C composite in the present study exhibits a stable voltage of 0.96 V and a
discharge time of 38.73 h. These values are similar and are higher than the values obtained for the Al-
air battery using the SiO./graphite composite as an air cathode. A decrease in discharge time may be
attributed to the introduction of graphite as an additive material. During the discharging process, graphite
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experiences a larger volume expansion than carbon black [42] so that it creates a larger gap between the
graphite particles and contraction of the graphite-connected Si particles by the GG binder. Therefore,
both contribute to an increase in the loss of electrochemical activity of the SiO2/graphite composite
electrode. Furthermore, these results also demonstrate that the discharge time of our result is much higher
than the discharge time obtained for Al-air batteries with different active materials, viz., MnO2, carbon
and Pt. The reason for this difference in discharge time may be attributed to at least two factors. First,
the detailed analysis of these investigations reveals the role of the side reaction [43, 44] and shows that
the carbon electrode undergoes the deterioration of the electrochemical reaction due to carbon
combustion by active oxygen species during discharging. Second, in the presence of the binder, the
MnO., carbon and Pt particles in the composite agglomerate strongly during the slurry preparation of
the active layer [45-47] so that the microstructure of agglomerated particles has narrow and uneven
pores. As a result, the pore utilization can be more limited for both O diffusion and electrolyte access
to the air cathode active surface. In contrast, in our study, carbon black and SiO, agglomerates were
more brittle due to the high porosity of these agglomerates. The microstructure of agglomerated SiO>
was not as dense as the microstructure in agglomerated carbon and MnO; particles. These larger pore
channels provide pathways for electrolyte ingress and accommodate the cathode active mass volume
expansion during discharging.

Table 2. Comparison of SiO2/C with other materials as air cathodes for primary Al-air batteries

Air cathode material Stable plateau Discharge time (h) References
voltage (V)

SiO»/graphite 0.98 8.92 [15]
MnO,/C 0.86 12.72 [39]
Carbon fiber cloth 0.92 1.62 [37]
Ag>MnO4/C 0.95 7.49 [40]
Pt/C 0.95 7.34 [41]

SiO/C 0.96 38.73 This work

4. CONCLUSIONS

A porous air cathode for treating the first discharge of an Al-air battery has been successfully
produced from an amorphous silica xerogel and PVDF as a binder. In the prepared air cathode, the
introduction of PVDF for the binder of the active layer affects the formation of a porous structure in the
a-SX sample. The microporous structure decreases as the content of PVDF binder decreases from 30 wt
% (S60) to 10 wt % (S80) and then increases slightly as the content decreases to 5 wt % (S85), while the
mesoporous structure acts in the opposite direction. The presence of the resulting porous structure
generates a change in the stable plateau voltage length for the discharge capacity of the Al-air battery.
The micropore sizes are too small to incorporate the discharge products of Al(OH)s. The entrance of
these micropores can easily be blocked by the AI(OH)z layer; thus, these pores remain unfilled by oxygen
and electrolyte ions; therefore, the larger amount of microporous structures significantly reduces the
length of the stable plateau voltage. Furthermore, the number of water molecules bound in the sample
changes the discharge product formation from the restricted to easily grown Al(OH)z layer in the interior
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of the mesopore channels, resulting in a significant decrease in the stable plateau voltage. The air cathode
of the a-SX sample with a PVDF binder content of 10 wt % delivers the longest stable plateau voltage
for 38.73 h.
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