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and (b) 6 h at 8 V power supply

XRD of TizAlC; treated in 5 M NaOH electrolyte for 6
h

CV profiles in 1 M H2SO4 for the following electrodes:
pristine TisAIC,, 6 h treated (in 5 M NaOH electrolyte)
Ti3AlIC2 and 12 h treated (in 5 M NaOH electrolyte)

(@ CV profiles in 1 M H2SO4 for the following
electrodes: 5 M and 10 M NaOH electrolyte treated
TisAIC, electrodes, Duration = 6 h and (b) XRD
patterns of TizAIC; treated in 8V potential for 6h at 10M
NaOH electrolyte

CV profiles in 1 M H2SO4 for the following electrodes:
10 M and 12.5 M NaOH electrolyte treated TizAlIC>
electrodes, Duration =6 h

Cyclic voltammetry of TizAIC: electrodes treated in
hybrid electrolyte (1 M AICI3 /5 M NaOH) in (a) 1 M
H2SO4 and (b) 1 M AICIs aqueous electrolyte at the scan
rate of 1 mvs?

Electrochemical measurements of TisAlC> electrodes
treated in hybrid electrolyte (1 M AICIlz / 5 M NaOH)
(a) galvanostatic charge/discharge measurements in 1 M
AICIs aqueous electrolyte, (b) specific capacitance vs.
cycle numbers at current densities of 0.4 Ag™ and 0.02
Ag* for discharge and charge cycles respectively, (c)
capacitance versus cycle numbers and (d) capacity
retention (%) vs. cycle numbers for 1000 repeated GCD
cycles in 1 M AICI; aqueous electrolyte at 1 Ag™ and
0.02 Ag! for discharge and charge cycles respectively
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Figure 5.14

Figure 5.15

Figure 5.16

Figure 5.17

Figure 5.18

Figure 5.18

(@) CV profiles of TisAlC: electrodes treated in1 M
AIClz added 12.5 M NaOH hybrid electrolyte. The CV
was performed in 1 M AlClz aqueous electrolyte at scan
rates of 1 mVs? to 10 mVs?, (b) Comparison of CV
profiles of pristine TisAIC, and TisAIC, electrodes
treated in1 M AIClz added 12.5 M NaOH hybrid
electrolyte. The CV was performed in 1 M AICl3
electrolyte, and (c, d) GCD measurements in 1 M AICl3
electrolyte for TisAlC> electrodes treated with 1 M
AlClzadded 12.5 M NaOH electrolyte

CV measurements in 1 M AICls electrolyte for TisAIC>
electrodes treated in 1 M AIClz added 5 M NaOH and 1
M NaCl added 5 M NaOH electrolytes

Electrochemical measurements of TisAlC: electrodes
treated in hybrid electrolyte (1 M AICIlz / 5 M NaOH)
(@ Cyclic voltammetry in 1 M AICI; aqueous
electrolyte at scan rates of 1 to 10 mVs?, (b) variation
of peak currents with square root of scan rates, (c) area
separation under CV curve for diffusive controlled
processes at 1 mVs? of scan rate and (d) relative
contribution of diffusive and capacitive controlled
charge storage processes at different scan rates

FESEM images of (a) pristine TizAICz, (b, ¢) TizAIC>
electrodes treated in hybrid electrolyte (1 M AICI3 /5 M
NaOH), (d) 5 M NaOH treated TizAIC; electrode, and
(e, T) TisAIC: electrode treated in hybrid electrolyte (1
M AIClz /1 M NaOH)

(@) XRD patterns and (b) Raman spectra of pristine
TizAlIC, and TizAlCztreated in hybrid electrolyte (AICI3
/ NaOH)

Nyquist plots of pristine TisAlC2 and hybrid electrolyte
(in5 M NaOH + 1 M AICls) treated TisAlC: electrodes;
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Scheme 5.1

Figure 6.1
Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

inset shows the zoomed portion in the high frequency
region

Probable mechanism for exfoliation of MAX phase with
the hybrid electrolyte (1 M AIClz added 5 M NaOH)

CHAPTER 6
(@) XRD pattern and (b) FESEM of LiFePO4
Electrochemical measurements of LiFePOs. (a)
Cyclic voltammetry (CV) at scan rate of 1 mV s, (b)
galvanostatic charge-discharge (GCD) profile at
current density of 0.3 Ag? for 20 repeated cycles
(inset shows capacity vs. cycle number plot) in 0.5 M
Li>SO4 aqueous electrolyte; and (c) CV at scan rate of
1 mVstand (d) GCD at current density of 0.3 Ag™ for
20 repeated cycles (inset shows capacity vs. cycle
number plot) in 0.5 M AIClz aqueous electrolyte
1%t discharge, 1% charge and 2" discharge GCD
pattern of LiFePO4 in 0.5 M AICl3 aqueous electrolyte
at current density of 0.3 Ag™*
CV profile of LiFePOys at scan rate of 1 mV stin (a) 1
M AICl3, (b) 0.25 M AICl3, (c) 0.1 M AICIz aqueous
electrolytes; GCD of LiFePO4in 1 M AICls aqueous
electrolyte at(d) current density of 0.3 Ag?, () current
density of 0.75 Ag?, (f) current density of 1 Ag™;
GCD profile at current density of 0.3 Ag™in (g) 0.25
M AICIs, (h) 0.1 M AICls aqueous electrolyte
GCD profile of LiFePO4 in current density of 0.3 Ag-
Lin (a) 1 M Al2(SO)4, and (b) 1 M AI(NO3)3 aqueous
electrolytes
CV measurement of LiFePOg at scan rate of 1 mV s’
lin (a) 1 M HCI, (b) pristine water; (c) GCD at current
density of 0.3 Ag in 1 M HCI aqueous electrolyte
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Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10

Figure 6.11

Figure 6.12

Figure 6.13

Ex-situ FESEM of LiFePOy4 (a) pristine electrode, (b)
after 1 charge, (c) after 1% discharge

Ex-situ XRD patterns of pristine LiFePO. after 1%
charge/discharge and 2" discharge states

(a-c) Screen shot of XRD analysis of HighScore Plus
software

Ex-situ XPS spectra of (a) summary of pristine and
tested electrodes, (b) aluminum 2p spectra, (c) iron
2p spectra, (d) oxygen 1s spectra, and (e) phosphorous
2p spectra for pristine LiFePO, and after 1%
charge/discharge states

GCD profile in mixture of 0.5 M Li»SO4 and 0.5 M
AICl3 (1:1) aqueous electrolyte of LiFePOg4 at current
density of 0.3 Ag™*

(a) Capacity vs. cycle number plot of LiFePO4 in 0.5
M AICI3 aqueous electrolyte at current density of 1
Ag, inset shows the color change of the electrolyte
after cycling, and (b) UV-Visible spectra of the
electrolytes before and after GCD cycling, inset
shows the UV-Visible spectrum of 0.5 M AICI; from
200 nm to 600 nm

GCD profile of LiFePOy at current density of 1 Ag™
in (a) 0.12 M FeCls added in 0.5 M AICI3z, (b) 0.06 M
FeClsz added in 0.5 M AICls, (c) 0.03 M FeClz added
in 0.5 M AICls, (d) 0.18 M FeClzadded in 0.5 M AICls
aqueous electrolyte and (e) Capacity retention vs.
cycle number plot of LiFePOs in different
concentrations of FeClz added in 0.5 M AICl3 aqueous

electrolyte at the current density of 1 Ag?
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ABBREVIATIONS

Abbreviations/ Symbol Name

PPyNTs Polypyrrole nanotubes

PEDOT Poly(3,4-ethylenedioxythiophene)
FESEM Field Emission Scanning Electron Microscopy
FTIR Fourier-transform infrared spectroscopy
XRD X-ray diffraction

XPS X-ray photoelectron spectroscopy
HRTEM High Resolution Transmission Electron Microscopy
ITO Indium tin oxide

IUAC Inter University Accelerator Centre
MeV Mega electron volt

cm Centimeter

MO Methyl orange

CTAB Cetrimonium bromide

rGo Reduced graphene oxide

DD water Double distilled water

NMP N-Methyl-2-pyrrolidone

PVDF Polyvinylidene fluoride

SEM Scanning Electron Microscopy

TGA Thermogravimetric analysis

TMDC Transition-metal dichalcogenide

w.r.t With respect to

g/l Gram per litre

BET Brunaur-Emmett-Teller

EDL Electric double layer

EIS Electrochemical impedance spectroscopy
MHz Megahertz

% Percent

AlB Aluminum ion battery

Al ion Aluminum ion

Alg Ampere per gram

Ccv Cyclic voltammetry
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GCD
TisAIC,
LiFePO,
h

M

mA
MoS;
NaOH
KCI

GO
AICls
Alx(S04);
AI(NO3)s
°C

Wh

Galvanostatic charge-discharge
Titanium Aluminum Carbide
Lithium Iron phosphate
hour

Molar

Mili ampere

Molybdenum disulfide
Sodium Hydroxide
Potassium chloride
Graphene oxide
Aluminium chloride
Aluminium sulfate
Aluminium nitrate

Degree Celsius

Watt-hour

Ohm

Coulombic efficiency
Specific capacitance
Equivalent series resistance
Charge transfer resistance
Electronic energy loss

Nuclear energy loss
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