Chapter 4

Investigation on Al3* ion storage in
Bi2MoOgs and BizWOQOs for rechargeable
aqueous aluminum-ion battery

Reversible and stable electrochemical Al3* ion storage process
defines the functioning of a rechargeable aluminum-ion
battery. This chapter illustrates the electrochemistry of BizMoOs
and BizWOQOs for AI3* ion storage in aqueous electrolyte. A
mechanistic study reveals probable transformation of Bi2WQOs to

BiOClI during the electrochemical process.

Ref: R. Baishya, H. Phukon, D. Kalita, S. R. Barman, and S. K. Das, “Investigation on
AP* ion storage in BizMoOs and BizWOe for rechargeable aqueous aluminum-ion
battery,” Journal of Energy Storage, vol. 94, p. 112 541, 2024.
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4. Investigation on AI** ion storage in Bi:MoOs and Bi:WOQs for

rechargeable aqueous aluminum-ion battery
4.1 Introduction

In continuation of the previous chapters, it is to be noted that there is another set
of two-dimensional Bi compounds such as BixMoOg and BioWQOs. These materials also
belong to the aurivillous family with a general formula Bi2An.1BnOsn+1 (Where A = Ca,
Sr, Ba, Pb, Na, K and B = Ti, Nb, Ta, Mo, W, Fe). The crystal structure consists of
layered oxide layers of (Bi»02)*" sheets which are sandwiched between (An-1ByOsn+1)*
layers which provides a stable and an open channel for ion insertion [1,2]. There are
reports of BiMoQOs and BioWOs for various applications such as photocatalytic activity,
sensing, ferroelectric, pyroelectric and supercapacitor devices [3-9]. All of these
fascinating features encourage us to carry out an electrochemical investigation on
BixMoOs and BixWOs for AI** ion storage in aqueous media. To the best of my

knowledge, this kind of study for both these materials has hitherto been unknown.
4.2 Experimental Section
4.2.1 Materials

Bismuth nitrate pentahydrate (Bi (NO3)3.5H20, Sigma Aldrich), sodium molybdate
(NazMoOs, Sigma Aldrich), sodium tungstate (Na2WOQO4, Sigma Aldrich), ethanol and

distilled water.
4.2.2 Synthesis

Bi2MoOs was prepared using a hydrothermal technique as reported in ref [10]. Briefly,
3.5 mmol of Bi(NO3);.5H>0 and 1.75 mmol of Na,MoOs were dissolved in 10 mL of
ethylene glycol under constant magnetic stirring. The solution was mixed with 20 mL of
ethanol and stirred for 5 hours to get a homogeneous mixture. Then the solution was
transferred to a teflon lined autoclave and it was heated at 160 °C for 16 h. After letting it
to cool naturally, the solution was washed with ethanol and distilled water several times.
The obtained sample was dried at 80 °C overnight to get the final product. Exactly
similar method was adopted in order to synthesize BioWQOs. The tungsten precursor in

this case is NaoWO4.
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4.2.3 Characterization

The phases and purity of the prepared samples were identified using X- ray diffraction
(BRUER AXS D8 FOCUS, Cu-K, radiation, A= 1.5406 A) and Raman spectroscopy
(RENISHAW BASIS SERIES WITH 515 LASER, RENISHAW, UK). FESEM
technique (JEOL-JSM7200F) was used to understand the morphology. XPS analysis was

performed to investigate the surface chemical composition using ESCALAB Xi" system.
4.2.4 Electrochemical analysis

To fabricate the working electrode for the electrochemical analysis, electrode slurries
were prepared using the active materials (Bi2MoOs/Bi2WOg), carbon black and
polyvinylidene fluoride in a weight ratio of 7:2:1 using N-methyl-2-pyrrolidone as
solvent. The obtained slurry was cast on a graphite piece and it was dried at 90 °C for 12
hours. The electrochemical activities of BiobMoOs/Bi2WOs were investigated using cyclic
voltammetry (CV) and galvanostatic charge-discharge experiments in a three-electrode
glass cell set up with Pt and Ag/AgCl were used as counter and reference electrodes
respectively. The CV analysis was performed in the potential window of -0.8 V to 0.4 V
(vs Ag/AgCl) at different scan rates. Similarly, the charge-discharge profiles for both the
materials were performed in the same voltage range at different current densities ranging
from 0.5 to 2.5 Ag’l. The electrolytes used were of various concentration of AICl3 and
Al(SO4)3. Electrochemical impedance spectroscopy (EIS) was performed in the
frequency range of 1 mHz to 200 kHz with a signal amplitude of 10 mV.
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4.3 Results and Discussion
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Figure 4.1 XRD patterns (a) BiMoOs and (b) BioWOs, FESEM image of (¢) Bi2MoOs
and (d) Bi2WOe.

The X-ray diffraction patterns of BioMoOs and Bi2WOg are shown in figure 4.1.
The diffraction peaks obtained for BiMoOs (figure 4.1a) and BixWOs (figure 4.1b)
match well with the orthorhombic phase (JCPDS No.— 84-0787 & JCPDS No. -73-2381).

FESEM images indicate the formation of clusters of nanoflakes in both cases (Figure

4.1(c, d)).
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Figure 4.2 CV profiles of BixMoOs (a) 1 M AICI3, (b) 0.5 M AICl; and (c) 0.5 M

Alx(SO4)3 aqueous electrolyte at a scan rate of 2.5 mVs™.

The initial electrochemical assessment of BiMoOs and BioWOg was performed
by cyclic voltammetry in AICl; and Alx(SOs); containing aqueous electrolytes of
different concentrations in the potential range of -0.8 V to 0.4 V at a scan rate of 2.5
mVs!. Figure 4.2a shows the CV profiles of BixMoQg in 1 M AICI; aqueous electrolyte
which apparently shows prominent redox activity. There are two cathodic peaks located
at -0.54 V and -0.67V which are observed for all cathodic scans, whereas only single but
intense anodic peak could be observed at -0.03 V in all the anodic scans. Similar
electrochemical activity is also observed for 0.5 M AICI3 aqueous electrolyte (Figure
4.2b). On the other hand, as shown in figure 4.2c, the CV profiles attained in 0.5 M
Al2(SO4)3 aqueous electrolyte show slightly different behavior. First, there is only one
very intense cathodic peak at -0.6 V in the 1* cathodic scan. In the subsequent cathodic
cycles, however, there is emergence of two cathodic peaks around -0.4 V and -0.55 V.
Second, two prominent anodic peaks around 0.03 V and 0.22 V could be noticed in all

the anodic scans except the first scan.
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Figure 4.3 Galvanostatic charge discharge profiles of Bi2MoOg in 1 M AICl; at a current
density of (a) 0.5 Ag!, (b) 1 Ag! and c) 2.5 Ag’!; c) Rate capability of Bi2MoOs at

different current densities in 1 M aqueous AICl3 electrolyte.

0.6 0.6
8 0 0.5 M AIC, electrolyte ——1%D | =~ 0.5 M AICI, electrolyte —— 1% D
> 0.5Ag" —1'c | Bgal 1Ag” —1c
< 02 —2"p| < —2"Dp
[o)] nd (= nd
< 0.0 —2"¢c| < o0 —2"c
@ — 3D | @ —3"D
202 ' 2 a
¢ | 504] —
-0. ——s50" —50"D
% 50"\ C g) th
06 — ©-0.6 —s0cC
o ©
208 2 e b)
0 100 200 300 400 5001 600 0 100 200 300 400 500
06 Specific capacity /mAhg’ 500 Specific capacity /mAhg™
5 0.5 M AICI, electrolyte ——1°' D :c:n 0.5 M AICI_electrolyte
D g1l 25Ag” —1c | < :
L o3 g 1o [ Baso] »
< 00 o |2 [
g 1 —3%p §300. -4 Discharge
= 0.3 —3"c | 8
o —350"D| ©150. 1 Ag'1
05A -
2 0] 0" G hg?_, g’ t » 25Ag"
= %ﬁm¢ B L -
S . & o == )
0 30 60 90 120 150 0 60 120 180
Specific capacity /mAhg™ Cycle number

Figure 4.4 Galvanostatic charge discharge profiles of BixMoOs at a current density of (a)
0.5 Ag!, (b) 1 Ag'landc) 2.5 Ag’'; ¢) Rate capability of BixMoOg at different current
densities in 0.5 M aqueous AlCIl; electrolyte.
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Figure 4.5 Galvanostatic charge discharge profiles of Bi2MoOs at a current density of (a)
0.5 Agl, (b) 1 Ag'landc) 2.5 Ag’'; c) Rate capability of BizMoOg at different current
densities in 0.25 M aqueous AlCIs electrolyte.
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Figure 4.6 Galvanostatic charge discharge profiles of BixMoOg at a current density of (a)
0.5 Ag', (b) 1 Ag'andc) 2.5 Ag’!; d) Rate capability of Bi-MoOs at different current
densities in 0.5 M Al>(SOs)3 aqueous electrolyte.
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The galvanostatic charge-discharge (GCD) profiles of BixMoOg also support the
outcome of cyclic voltammetry measurements. Figure 4.3a shows the GCD profiles of
BixMoOg in 1 M AICI3 aqueous electrolyte in the potential range of -0.8 V to 0.4 V (vs.
Ag/AgCl) at a specific current rate of 0.5 Ag™'. There is a prominent discharge potential
plateau at -0.4 V and a charge plateau at -0.1 V in the initial cycle. Since there is capacity
fading, the potential plateaus are not clearly visible after the first discharge cycle. The
estimated initial discharge and charge capacity values are 330 mAhg™! and 86 mAhg'!
respectively. Almost similar trend was also observed for higher current densities (figure
4.3c). Since 1 M AICl; aqueous electrolyte is highly acidic, GCD measurements were
carried out at 0.5 M and 0.25 M AICI; electrolyte. The charge-discharge profiles in this
case (figure 4.4 and 4.5) are almost identical to the profiles obtained with 1 M AICl3
electrolyte. However, a slight improvement in stability could be noticed (figure 4.4). On
the other hand, when evaluated in 0.5 M Alx(SO4); aqueous electrolyte at the same
current density, the initial discharge profile shows a prominent discharge potential
plateau at -0.4 V and a charge plateau at -0.1 V (figure 4.6a). However, the most
prominent discharge potential plateau is observed at -0.2 V from the second discharge
cycle onwards with minor plateau at -0.4 V. This behaviour is consistent at higher
current density also (figure 4.6c). Although there is capacity decline in this case also

(figure 4.6d), but the decline is more severe in the case of AICl3 electrolyte.
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Figure 4.7 (a) CV profile, Galvanostatic charge discharge profiles of BioWOs at a
current density of (b) 0.5 Ag! and (c) 2.5 Ag'; (d) Rate capability of BibWOs at

different current densities in 1 M aqueous AICl3 electrolyte.
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Figure 4.8 Galvanostatic charge discharge profiles of BioWOs at a current density of (a)
0.5 Ag!, (b) 1 Ag'and c) 2.5 Ag!; ¢) Rate capability of BixMoQs at different current
densities in 0.5 M aqueous Alx(SO4)3 electrolyte.

Figure 4.7a shows the CV profiles of Bi2WOg in 1 M AICI3 electrolyte at a scan
rate of 2.5 mVs™!. In this case, two cathodic peaks of varying intensities could be noticed
at -0.3 V and -0.67 V in the 1% cathodic scan, while there is only one anodic peak around
0.02 V. In subsequent cathodic cycles, a broad peak emerges in the potential range of -
0.4 V to -0.8 V. This is again reflected in the charge-discharge profiles of BibWOgin 1 M
AICl3 aqueous electrolyte at a current rate of 0.5 Ag™! (figure 4.7b). There are two
distinct discharge potential plateaus at -0.2 V and -0.4 V in the first discharge cycle with
a concomitant charge plateau at -0.1 V. The initial discharge and charge capacities are
estimated to be 257 mAhg! and 140 mAhg! respectively. Similar trend is also seen at
higher current densities (figure 4.7c). However, all the measurements suffer from
capacity decline (figure 4.7d). Electrochemical measurements were conducted again in
0.5 M Alx(SO4)3 aqueous electrolyte (figure 4.8). As could be seen from the CV profiles
(figure 4.8a), now there is a pair of prominent cathodic and anodic peaks around -0.4 V
and -0.1 V respectively except the cathodic peak around -0.7 V in the first cycle. The
charge-discharge profiles as shown in figure 4.8(b, c¢) are quite consistent with the CV

profiles. The initial discharge and charge capacities are evaluated to be 284 mAhg™! and
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225 mAhg'! at a current rate of 0.5 Ag™. After 50" cycle, the capacities are around 50
mAhg! (figure 4.8d).

Current/ mA.cm?

Voltage (V vs. Ag/AgCl)

124 BLWO, a) 5 1 M AICI; eleﬁtrolyte b)
84 g’ 0.3 0.5 Ag — 1%p
~ st
4 D —1C
o] <.f, 00 —_omp
g —2"c
-4 203 —3"D
-84 e —13"c
S 06 —50"D
-124 ° th
16 0.5 M AICI electrolyte |> 507 ¢C
0.8 06 -04 -02 0.0 02 04 0 50 100 150 200 250 300 350 400
Voltage/ V (Ag/AgCl) Specific capacity /mAhg’
0.6 - 400
05 MAICl;electrolyte  ¢)| @ 0.5 M AIClelectrolyte d)
| 25Ag" ___up | <
0.3 g "0 | E300-
—'c |3 :
0.04 —2p |5 -(-Discharge
o | 8200
-0.3 —3"p S
——3“c | £1004
-0.6+ —50"D| §
—s0"c| & ol
-0.94 r r r v v r T
0 50 100 150 200 250 0 60 120 180

06

Specific capacity /mAhg”

Cycle number

Figure 4.9 Galvanostatic charge discharge profiles of Bi2WOs at a current density of (a)
0.5 Ag', (b) 1 Ag!land c) 2.5 Ag!; c) Rate capability of BioWOs at different current

densities in 1 M aqueous AlCl3 electrolyte.
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Figure 4.10 Galvanostatic charge discharge profiles of BioWOs at a current density of
(a) 0.5 Agl, (b) 1 Ag'andc) 2.5 Ag!; (c) Rate capability of BixWOg at different current

densities in 0.5 M aqueous AICI3 electrolyte. Current collector used here is exfoliated

graphite.
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Figure 4.9a shows the CV profiles of Bi2WOQOg in 0.5 M AICI3 aqueous electrolyte
at a scan rate of 2.5 mVs!. In contrast to 1 M AICl; electrolyte, only one pair of cathodic
and anodic peaks is seen around -0.67 V and -0.03 V in all the scans which is again well
corroborated with the charge-discharge profiles (figure 4.9b). However, as shown in
figure 4.9(b-d), the capacity decline could be significantly impeded with the lower
concentration of AICIl3 aqueous electrolyte. The discharge and charge capacities are
around 100 mAhg! and 65 mAhg™! at the 50" cycle at a current rate of 0.5 Ag™! (figure
4.9b). Interestingly, this was not the case for BiobMoOg (figure 4.4). In an effort to further
enhance the storage capacity and stability of BioWOs, charge-discharge experiments in
0.5 M AICl; aqueous electrolyte were conducted using exfoliated graphite as the current
collector (figure 4.10). The process of obtaining exfoliated graphite was described in our
previous work [11]. It could be observed from figure 4.10(b-d) that there is significant
improvement in storage capacity. A stable capacity above 200 mAhg! is attained at a

specific current rate of 0.5 Ag™! (figure 4.10b).
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Figure 4.11 EIS spectra of Bi2WOg coated on normal and exfoliated graphite in 0.5 M
AlCls.

SI/No | Types of current collector | Charge transfer resistance (Rz) (ohm.cm2)

1 Normal graphite 12.11

2 Exfoliated graphite 9.039

Table 4.1: Charge transfer resistance values obtained from fitting the EIS data shown in

previous figure
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Figure 4.12 SEM images of (a-b) normal graphite and (c-d) exfoliated graphite, contact

angle measurements of (c) normal graphite and (f) exfoliated graphite.

Electrochemical impedance spectroscopy analysis of the electrodes in pristine
graphite and exfoliated graphite indicates lower charge transfer resistance in the case of
exfoliated electrode (figure 4.11 and Table 4.1). An examination of the surface of the
normal graphite and exfoliated graphite from the obtained SEM images (figure 4.12
(a,b), (c,d)) hints that the surface of the normal graphite is almost smooth, whereas the
exfoliated graphite resembles a porous structure made of nanosized graphite flakes.
Therefore, it is expected that the number of channels for ion flux at any instant for the
exfoliated graphite electrode is relatively higher in comparison to normal graphite
electrode. This obviously influences the electrochemical activity. Additionally, the
electrochemical exfoliation may facilitate inclusion of functional groups on the surface
which may increase the hydrophilicity of the exfoliated graphite. It is supported by the
contact angle measurement. As shown in figure 4.12(e,f), it is observed that the contact
angle for exfoliated graphite (52.3°) is much lower than the normal graphite (77.3°).
Hydrophobicity of the substrate is important in this case since the electrochemical

evaluations are performed in aqueous medium.
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Figure 4.13 CV profile of BioMoOs at different scan rate in a) 1 M AlCI3 and b) 0.5 M
AlICl3 aqueous electrolyte. CV profile of BioWOg at different scan rate in a)l M AlCI3 and
b) 0.5 M AICI3 aqueous electrolyte.
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Figure 4.14 Ex-situ FESEM images of BixWOgs after (a-c) 1% discharge, (d-f) 1 charge,
(g,h) HRTEM images and (i) SAED patterns of BioWOs, after 1st discharge.
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Figure 4.15 Ex-situ XRD patterns of BioWOs before and after 1% discharge, 1% charge

and 15" discharge state, respectively.
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Figure 4.16: High score plus analysis of (a) BiOCI. (b) B1203, (c) Al203 and (d) WO3 of

the discharged state electrode.
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To understand the electrochemical AlI** ion storage mechanism in BixWOs, the
discharged and charged state electrodes were analyzed by FESEM, HRTEM, XRD, XPS,
Raman, FTIR, UV-Visible techniques. First of all, it is to be noted that the CV profiles
obtained at different scan rates for Bi2WOs/Bi2M0Os show that there is no direct
relationship between the peak current and scan rate (figure 4.13). The ex-situ FESEM
investigation indicates that the morphology of Bi,WOg transforms from a closed packed
morphology to a prominently visible two-dimensional open structure after the first
discharge and charge (figure 4.14 (a-c), (d-f)). Ex-situ XRD patterns of the 1* discharged
and 1% charged state electrodes (figure 4.15) were analyzed to identify the appearance of
the probable crystal phases. It is clearly noticeable that the discharged state electrode
contains few extra diffraction peaks in addition to Bi2WOg peaks. For example, the peak
positioned at 26 = 32.64° splits into two peaks at 26 = 32.35°and 26 = 33.37°. There is
one new peak at 26 = 40.85°. There are three additional peaks between 260 = 45-50° and
two peaks between 26 = 58-62°. Almost similar pattern is observed for the 1% charged
and 15" discharged state electrodes. The diffraction patterns are complex, however, most
of the new peaks are similar to the BiOCI phase (ICSD no: 98-002-9143) (figure 4.16a).
There is possibility of the presence of Bi2O3, WO3 and Al>O3 phases which could not be
properly identified due to the overlapping of the diffraction peaks (figure 4.16 (b-d)).
The 1 discharge state electrode was further analysed by HRTEM and SAED. It could be
seen from figure 4.14g that lamellar structure could be observed for the discharged
electrode. In addition, a fringe spacing of 2.66 A (figure 4.14h) is estimated which could
be related to the (012) plane of BiOCIl. Moreover, the SAED pattern (figure 4.141) could
also be mostly indexed to BiOCl phase (ICSD no: 98-002-9143).

Figure 4.17 shows the ex-situ XPS spectra of the BiWOs electrode after 1%
discharge and charge along with the XPS spectrum of the pristine BioWOg. The
characteristic Bi 4f peaks for Bi2WOg consist of two peaks namely Bi 4f72 and Bi 4fs
positioned at 159.8 eV and 165 eV respectively indicating a trivalent oxidation state for
Bi** (figure 4.15a) [12]. There is a minor shift (0.35 eV) in the peak positions after
discharge and charge. Similarly, the peaks assigned for W also show a minor shift after
cycling (figure 4.17b) [13]. On the other hand, the O s peak located at 530.6 eV, which
can be assigned to the typical W-O bond, splits into two new peaks positioned at 530.4
eV and 532.4 €V after 1% discharge and 1% charge (figure 4.17¢) [14]. In addition, The CI
2p peak can be well observed at 198.76 eV (figure 4.17d). The binding energy ascribed
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to the ClI2p3/2 can be well indexed with the CI2p peak of BiOCl phase [15]. This gives an
indication for the possible formation of BiOCI nanostructure from Bi;WOg after
subsequent cycling. The discharge and charge state of the Bi2WOs electrodes also show
the presence of Al 2p peak at 74.85 eV confirming the presence of Al (figure 4.17¢) [16].
Figure 4.18a shows the comparison of Raman spectra of pristine BibWOs and BioWOs
after subsequent cycling stage (e.g. 1% discharge, 1% charge and 15" discharge). All the
characteristics Raman peaks of BixWOQOs could be noticed in the pristine BioWOg [17].
Notably, the peaks at 793 cm™ and 823 cm™ corresponds to the O-W-O symmetric and
asymmetric vibration modes respectively, whereas the peak at 710 cm™ is related to the
asymmetric stretching vibrations of W plane with O atoms in the W-O bond [18-20]. The
peaks observed in the range of 250-350 cm™! corroborate the Bi-O bending vibrations at
the top of the WOs octahedron. The peak around 150 cm™ is attributed to the external
vibration of the WOs octahedron [21,22]. It is observed that the intensity of the Bi,WOs
characteristics peaks decreases after the 1% discharge/charge process and after 15
discharge cycle, most of the peaks almost disappeared. In addition, some of the peaks are
either blue or red shifted. For example, the peak at 301 is blue shifted by 6 cm™ and the

!is red shifted by 4 cm!. It indicates the interaction of AI** ion with

peak at 793 cm’
Bi2WOg crystal structure during the electrochemical process. It is also supported by the
FTIR spectra of the discharged and charged state of the Bi2WOg electrode (figure 4.18b)
[23,24]. One of the characteristic peaks of Bi2WOg 1.e. the W-O stretching modes at 814
cm’! completely vanished after discharge/charge [25]. Whereas there is an emergence of

a new prominent peak at 1113 cm™ which is related to Bi-Cl bond of BiOCI phase [26].
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Figure 4.17 Ex-situ XPS spectra of (a) Bi4f and (b) W4{, (c) Ols, (d) C12p and (e) Al2p
of BiaWO¢ before and after 1% discharge,

respectively.
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Figure 4.19 (a) UV-visible spectra before and after cycling, Tauc plots (b) before cycling,

(c) After 1% discharge, (d) after 1 charge and (e) after 15" discharge of BixWOe.

Sl no State of the material | Obtained band gap (in eV)
1 Pristine BioWOs 2.64
2 After 1% discharge 2.73
3 After 1% charge 2.78
4 After 15" discharge 2.93

Table 4.2: obtained band gap values. of BixWOg before and after 1% discharge, 1% charge

and 15" discharge state, respectively.

97



Chapter-4

Ex-situ UV-visible spectral analysis also indicates a change in the structure of
Bi2WOs after cycling. Figure 4.19a shows the UV visible spectra of pristine BiWOs and
Bi2WOg after subsequent cycling. In case of pristine BiyWOs, an absorption edge around
450 nm could be noticed similar to previous reports [27]. However, a blue shift in the
absorption edge is observed for the discharged/charged state electrode. Based on the UV-
visible outcomes, the band gap energy values are calculated (figure 4.19 and Table 4.2)
and it is found that there is slight increase in the band gap of the discharged/charged state
electrodes in comparison to pristine BixWQOs. Considering all of these outcomes, there
are possibilities of two reaction mechanisms during the electrochemical process. First,
since BioWOQgs is a layered structure with (Bi»02)*" sheets sandwiched by (WO4)*" layers,
the AI** ion may get inserted inside the interlayers. Second, during the discharge-charge
process, some of the (Bi202)*" sheets exposed to the electrolyte may react with the free
CI ions in the electrolyte to form BiOCI. There are instances of leaching of (Bi»02)*" to
form bismuth oxyhalides in acidic environments [28]. Overall, it could be summarized
as: (a) BioWOg + xAI’" + xe© — (Bi202)*"(xAI*") (WO4)* and (b) Bi,O; + 2CI" —
2BiOCI + 2¢'. It is to be noted here that this kind of phase change may result in not only
low coulombic efficiencies but also can influence the first discharge profile. An
analogous situation could be highlighted here as was illustrated by Tarascon and his
coworkers in a study on transition metal oxides [29]. For example, when Li" ion reacted
with CoO to form nanosized Co and Li»O in the 1* discharge cycle, the discharge profile
was completely different from the rest of the cycles. Notably, there was a very flat
discharge plateau in the 1% discharge cycle. Moreover, the Coulombic efficiency was

also lowest for the first cycle.
4.4 Conclusion

In summary, this chapter illustrates the electrochemical behaviours of BixMoOs and
BixWOs for AI** ion storage in aqueous electrolyte. It is found that the electrochemical
activities are different for different aqueous electrolytes for both the materials. Although
capacity fading is a severe problem for both the materials in 1 M AICIl; aqueous
electrolyte, the electrochemical stability could be seen for 0.5 M AICl; aqueous
electrolyte only for Bi,WOs. While the charge-discharge profiles are almost identical for
both BixMo0Ogs and BioWOe, it is to be noted that BioWOs exhibits better electrochemical
long-term stability and severe capacity decline is noticeable for BixMoOs. The specific

discharge capacity is 94 mAhg™! at a current density of 1 Ag™! over 50 cycles for BixWOe
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in an optimized AICl; aqueous electrolyte. The specific capacity could significantly be

enhanced by the use of an exfoliated graphite current collector. The electrochemical

impedance spectra (EIS) of natural and exfoliated graphite shows less charge transfer

resistance in case of exfoliated graphite substrates which results in the improved

electrochemical storage behavior of BioWQOs. The mechanistic study suggests formation

of BiOCl during the charge/discharge process.
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