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PREPARATION AND CHARACTERIZATION OF
LiNi;-xCoxO; (0.2 £ X <0.5) NANOCRYSTALLINE POWDER

Naw Mon Thae Oo!, KhinThan Yee?, Hnin Yu Wai?®

Abstract

The main aim of the research work is to study the preparation and characterization of LiNi;,Co0,0,
(0.2 < x <£0.5) nanocrystalline powder. LiNi;,C0,0; (0.2 < x < 0.5) nanocrystalline powders for
lithium ion batteries were prepared by a modified sol-gel method using lithium nitrate (LiNO3),
cobalt (1) nitrate (Co(NOs),.6H,0), nickel(ll) nitrate (Ni(NOs),.6H,0) as starting materials,
de-ionized water as solvent, citric acid (CgHgO;.H,0) as chelating agents and carboxy methyl
cellulose as dispersant agent. The prepared LiNi;,C0,0; (0.2< x < 0.5) nanocrystalline powder
was characterized by TG- DTA, XRD, FT IR and SEM analyses.TG-DTA analysis of the
synthesized LiNi;,C0,0, (0.2 < x < 0.5) nanocrystalline powder was carried out to determine the
appropriate calcination temperatures. The prepared LiNiygCoq,0, powders were calcined at 600,
700, 800, 900 and 1000 °C. The resulting calcined powders were characterized by XRD technique.
The lattice parameters and the average crystalline size of the samples calcined at different
temperatures were calculated using Debye Scherrer equation. It was observed that the crystallite
size increases with increasing calcination temperature which may be due to the growth of particle
size but the sample calcined at 800 °C was selected as optimum temperature because the sample
(LiNiggCo0q,0,) has high crystallinity and small crystallite size at this temperature. From XRD
spectrum, the observed value of average crystallite size of LiNiggC0¢,0, are 29.58 nm, 32.24 nm,
17.22 nm, 29.25nm and 47.62 nm at different temperatures. Therefore, the other three compounds
such as LiNig7C030,, LiNigeC0040, and LiNigsC0,50, were also prepared by using the same
methods. The prepared (LiNig7C0030,, LiNiggC0q40, and LiNigsC0y50,) nanopowders calcined
at 800°C were characterized by XRD. From XRD spectrum, the average crystalline size of
prepared three compounds are 69.94 nm, 41.76 nm, and 43.43 nm at 800 °C. From FT IR analysis,
it was only found stretching vibration of metal- oxygen chemical bonds. Surface feature study of
the prepared nanocrystalline powders were observed from SEM. It was observed that
agglomeration increase with high porosity and increasing Co doping levels.
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Introduction

The lithium nickel—cobalt oxide (Li Ni;.x CoxO,) used as cathode material was grown at
appropriate temperature using sol-gel method. Lithium nickel cobalt oxide (LiNiCoO,) has been
widely studied as a cathode material for lithium ion secondary batteries since it has good
capacity, high specific energy, good power rates, low self-discharge, and excellent cycle life
(Luetal., 2014).

Layered lithium transition-metal oxides (LTMOs) such as lithium cobalt and lithium
nickel are the most advanced studied electrode materials. Many lithium intercalated transition
metal oxides have been studied as the positive electrode material used in high energy density
rechargeable batteries (Sathiy et al., 2011).
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The sol-gel method has been used to prepare LiNi;.xCoxO, at lower temperature and
shorter time, and mostly, compound powders with uniform morphology, narrow particle size
distribution, and high homogeneity.

In the present work, LiNi;.xC0xO,, nanopowders for lithium ion batteries were prepared
by a modified sol-gel method. The prepared LiNi;.xCoxO,powders were calcined at different
temperature. The characterization of the LiNi;xCoxOzpowders (0.2 < x < 0.5) nanocrystalline
powders were prepared at optimum temperature by sol-gel method. The prepared nanocrystalline
powders were also characterized by XRD, SEM, FT IR and TG-DTA techniques.

Materials and Methods
Sample Collection

Lithium nitrate, cobalt nitrate, nickel nitrate, citric acid, carboxy methyl cellulosewas
purchased from BDH Chemicals Ltd. Poole Englandandcitric acid used as achelating agent and
carboxy methyl cellulose used as a dispersant agent. Distilled water was used as the solvent in all
analyses.

Modern instruments techniques were used SEM (Scanning Electron Microscope), XRD
(X- ray Diffractometer), TG-DTA (Thermogravimetry /Differential Thermal Analysis) and FT IR
(Fourier Transform Infrared Spectroscopy).

Preparation of LiNi;xC0,O, (0.2 < x < 0.5) Nanocrystalline Powder

LiNi;xCoxOznanocrystallinepowder was prepared by sol-gel method using lithium nitrate,
cobalt nitrate, nickel nitrate, citric acid, carboxy methyl cellulose and deionized water.

Firstly, (6.9 g) oflithium, (23.29), (20.35 g), (17.44 g), (14.54 g) of nickel (II) and (5.8 g),
(8.73 9), (11.64 g), (14.55 g) of cobalt (II) nitrate salts (1:0.8:0.2M), (1:0.7:0.3 M), (1:0.6:0.4 M),
(1:0.5:0.5 M) was added 100 ml of deionized water. Next, 42 g of citric acid (the molar ratio of
citric acid/ total metal ions = 1) was added 100 ml of deionized water. The individual solutions
were mixed and after that with a small amount of carboxy methyl cellulose (the molar ratio of
cellulose to total cations was 5x10°) was added into this solution. The mixture solution was
heated at 65°C for 12 h under constant stirring to form the sol. The sol was then evaporated at
120°C in dry oven until the gel was formed. The gel solution was calcined at various
temperatures (300°C, 600°C, 700°C, 800 °C, 900°C and 1000°C for 4 h). Finally, the samples
were ground smoothly in an agitate motor. The resulting powders were characterized by SEM,
XRD, FT IR and TG-DTA.

Characterization of the Prepared Samples

The chemical composition ofLiNi;«CoxO2in mass percentage was determined by Flame
spectroscopy and Wet analysis. The structural characterization of LiNi;.CoxO, nanocrystalline
powder was analysed using FT IR. The interaction of LiNi;«C0xO, nanocrystalline powder was
investigated by XRD analysis. Thermal properties of these powders were evaluated by TG-DTA.
The morphological structure of the prepared these powder was characterized by SEM.X-ray
diffraction (XRD) analysis was carried out using Rigaku X-ray Diffractometer, RINI 2000/PC
software, Cat. No 9240 J 101, Japan. Copper tube with nickel filter was used. FT IR spectrum
was recorded in the range of 4000-400 cm™by using 8400 SHIMADZU, Japan FT IR
spectrophotometer. The scanning electron microscopy (SEM) images were obtained using JSM-
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5610 Model SEM, JEOL-Ltd., Japan. Thermogravimetric analyses of samples were performed
using TG-DTA apparatus, (Hi-TGA 2950 model).The temperature ranged between 0°C and
600 °C under nitrogen gas (at a rate of 50mL/min).

Results and Discussion
XRD Analysis

The XRD pattern of the prepared LiNigsCoo20, nanocrystalline powders calcined at
different temperatures are shown in Figures 1- 4 and the average crystalline size, crystal system and
lattice parameter are listed in Table 1. XRD pattern of the prepared LiNi;-xC04O; (0.2 < x < 0.5)
nanocrystalline powders calcined at 800 °C are shown in Figure 5 and summarized in Table 2.
The prepared sample calcined at 800 °C was selected as optimum temperature because it has high
crystallinity and small crystallite size at that temperature. By XRD analysis to the four Co doped
LiNiO, samples, it was found that the layer structure is not very clear in LiNiggCoq,0, sample.
But increasing Co doping level the layer structure formation are distinct. Among the different
doping level of LiNiO, compounds it was found that LiNigsC0o 20> has perfect layer structure and
small crystallite size than other two compounds (LiNip7C0030, and LiNip5C0050,). The
crystalline size of LiNi;CoxOznanocrystalline powder was calculated by using Scherrer’s
equation (Ahmed et al., 2012).
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Figure 1 XRD diffractogram of prepared
LiNigC0o 20, powder at 600 °C
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Figure 3 XRD diffractogram of prepared
LiNiggCop 20, powder at 900 °C

Figure 2 XRD diffractogram of prepared
LiNip gC0o 20, powder at 700 °C
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Figure 4 XRD diffractogram of prepared
LiNigC0g 20, powder at 1000 °C
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Table 1 Average Crystalline Size of the Prepared LiNi;.xCoxO, Powder at 800 °C for 4 h

from XRD analysis
Average crystalline size from Lattice Parameters
Temperature by using Debye Crystal
(°C) XRDdata  qoporrer equation a/A° c/A° System
(nm) (nm)
600 21.5 29.58 2.8804 14.1890 Hexagonal
700 28.98 32.24 2.9101 14.0365 Hexagonal
900 33.74 29.25 2.8150 14.0493 Hexagonal
1000 54.73 47.62 2.8362 14.2793 Hexagonal
? 6000 % 15000 4
(a) (b)
(©) (d)

Figure 5 XRD diffraction patterns of (a) LiNiggC0q20; (b) LiNip7C0030> (¢) LiNigsC00.402 (d)
LiNig5C0p50,powder by sol-gel method calcined at 800 °C for 4 h
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Table 2 Average Crystalline Size of Prepared LiNi;xCoO, Powder at 800 °C for 4 h from

XRD analysis
Average crystalline size (nm) Lattice Parameters
Samples bv Using Debve Crystal
XRD data y using Lebye alA° CIA° System
Scherrer equation

LiNiggC0q,0, 19.49 17.22 2.8925 14.1185 Hexagonal
LiNip7C0030, 75.5 69.94 2.7979 14.1885 Hexagonal
LiNigeC09.402 39.91 41.76 2.8412 14.0712  Hexagonal
LiNip5C0050, 42.58 43.43 2.8386 13.9974  Hexagonal

FT IR Analysis

FT IR data indicated the presence of functional groups in the LiNi;«Co0xO, powder. The
FT IR spectra of the prepared LiNi;«CoxO, powder calcined at 800 °C are shown in
Figures 6 and 7, the spectral assignments shown in Table 3. In the spectrum of LiNi;-xC0xO;
(0.2 < x < 0.5) nanocrystalline powder, the peak observed stretching vibration of metal oxygen

bond (Silverstein et al., 2013).
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Figure 6 FT IR spectra of (a) LiNiggC0920- (b) LiNip7Co0030, nanocrystalline powder prepared
by sol-gel method calcined at 800°C for 4 h
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Figure 7 FT IR spectra of (a) LiNigC0¢ 40, (b)LiNig5C0050, nanocrystalline powder prepared
by sol-gel method calcined at 800 °C for 4 h

Table 3 Band Assignments of FT IR Spectra of the Prepared LiNi;«CoxO, Powder by Sol-
gel Method Calcined at 800°C for 4 h

Observed wave number (cm™) *Literature Band
LiNio3C0020; | LiNip7C00305 |LiNiosC00405 | LiNigsC00505 Wa"fcr'\r']‘.’l;nber Assignments
Stretching
478 515 526 580 650-400 vibration of
M-O bond

Silverstein et al., 2003

SEM Analysis

Particle morphology was studied by obtaining micrographs using JOEL-JSM-5610,
Japan, lon sputter-JEC-1600 (Sahoo et al., 2010). The morphology of prepared LiNi;.xC0xO>
Powder were investigated by SEM in Figure 8-9. SEM microphotograph of LiNi;«Co040,
Powder calcined at 600 and 800 °C show the spherical agglomeration of porous nature and
irregular shaped morphology. When the temperature was increased to 800°C well defined form of
particles was observed. It was observed that agglomeration increase with increasing Co doping
levels. The LiNiy5C0q50, has higher porosity than other three compounds.
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Figure 8 SEM mlcrophotograph of the prepared LiNip 8Coo 20, powders at 600 °C
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Figure 9 SEM microphotographs of the prepared (a) LiNigpgC0p20, (b) LiNip7C0030;
(c) LiNip6C0040(d) LiNipsC0050, powder by sol-gel method calcined at 800 °C for
4h
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Thermal Analysis

Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) themogram of
prepared LiNi;xCoxO, powders heated at 300 °C, are shown in Figure 10. Total weight loss
LiNi;«CoxOoare listed in Table 4. It was found the prepared sample calcined at 300 °C, the
temperature range between38-110 °C, endothermic peak was observed. And The first weight loss
is due to the removal of absorbed water and moisture. The temperature range between
110-410 °C, exothermic peak was observed. The second weight loss is due to the decomposition
of nitrate and the burn out of organic species in the powder 410-600°C, endothermic and
exothermic peak was observed. The final weight loss is due to the burning of carbon-residue in
the temperature range between 410-600°C, endothermic peak was observed. Prepared LiNij-
xCo0, nanocrystalline powder calcined at 800 °C are shown in Figure 11 and there are no
prominent weight losses observed in TG curves and there are also no prominent heat absorbing
or evolving processes found in DTA curves at this temperature are summarized in Table 5.
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Figure 10 TG -DTA thermogram of the prepared LiNiggCoq,0,powderat 300 °C

Table 4 Thermal Analysis of LiNiggC020, Powders at 300 °C from TG-DTA Data

. Peak’s
Temperalture Weight loss Temperatures Nature of TG remark
range (°C) (%) °C) peak
38-110 5.06 74 Endothermic The first weight loss Is due

to the removal of absorbed
water and moisture

110-410 6.49 401 Exothermic  The second weight loss is
due to the decomposition of
nitrate and the burn out of
organic species
in the powder

410-600 12.97 474 Exothermic  The third weight loss is due
552 Exothermic  to the burning of carbon-
residue

Total weight loss 24.52




J. Myanmar Acad. Arts Sci. 2020 Vol. XVI11.No.1B 101

C wesr
1 /¢ PSR
Flle Name: 2-8.8.2017 NawhonThaeOo(LiNiCo02-300C) 2003-01-01 01-28.tad &an &, Lom TRA lomp.
Detector. DTGH0H - W ¢
000~ Acquisition Date 0310101 1 a8 | FileName:  2-13.9.2018 NMTO(LING. 7Co0.302) 2003-01-01 03-00 Ch1 tad
f Acquisition Time 01:30:05(+0630) 1B Detactor DTG-60H 0.0
| Sample Name:  NawMonThaeOo(LINICo02-300C) L so000 &0 Sample Name: NMTO(LINI.7C00.302)
So0q Sample Waight: 8.861[mg) : . Sample Weight: 57 635(mg)
Annotation: o Call Aluminum
t 40123C B0 Atmosphera:  Nitrogan 50000
AW g, FlOWRER S0{miimin)
12000 4no1c - a0 S
o 6.00
‘ e 55297C T ST g MG M
| 3 1 000 G End 60186
20000, s Weight Loss  -0.330mg
| 4
s B i | 6100 2240C D57 y0c0
| 00 ! 30,00
! e 200 409.00C
2000
“ 2000 6100 428.92C 20000
B ‘ 60.00
100.0- Start n4C | s
anl End 600.00C { 100.00 7000 52.00 e
' 1
WeightLoss ~ -2.172mg 20,00 5800
-24.512% ‘
15000+ . N ol j000 5700
] L Tine f,?,:? 'iﬂ:; ThaeOoLINCo02-300C 000 10.00 2000 30,00 4000 5000 6000
lavMonThaeOo(Lil -300C) oo jmin) NMTO(LINIC 7Cob 302)
'.""'w‘ OTA 164 Terg
R Tl ) Temp . N [
W o [ Plohame 21402010 NUTOLNG 5000 §02) 2005.0101 001 C11
(2 000 W00 pewcty 010604 o
s /sy FleName: 14302018 NMTO(LING 6Co0 402) 2003.01-01 23-20 Chi tad o Seme Name. AMTOLING §Ce0 807
Y 541 7%, Deteclor DTG-60H 00 Sarple eyt 42 134mg
¢ b0 Y Sample Name: NMTO(LINIO.6C00.402) B0 Cm Aumeum
cupow 7 Sample Weight 67 700[mg] 20 Amosgters  Nopn
200 800 Celt Aluminum ¢ Powfaw  Spwnn| 0
Atmosphere:  Ndrogen 5000 000
000 7py FlowRate  50[miimin] 1000
000
.00 Start 38.14C ()] »00
1000+ “04c ane
: o End 60181C | 4000 o -
2000 24477C Waeight Losa 1.138mg 00
74.00 1.682%
2000 12259C 4 00
7300
4000 000 wy B0 xou
7200 384.48C 2TMC
5000
7100 &0 00
-80.00
i 000
e 0¥ »ne o = — o
w0 S0 w0 o o
90.00 68,00 o0 o 90 Wegition 1 Yamg
o000 67.00 e 0o
| L)
1000- 6600 ax
000 10.00 200 2000 4000 5000 00 o ak
v NMTO(UNIO 6Co0 402) i 0m 00 Y00 oo 0w 0w

(© (d)

Figure 11 TG -DTA thermogram of the prepared (a) LiNigC0020; (b) LiNip7C00 30> ()
LiNigC00 40> (d) LiNig5C0050, powder by sol-gel method calcined at 800 °C for h

Table 5 Total Weight Loss Percent of LiNi;.xCoxOznanocrystalline powder from TG-DTA
Analyses

Samples Weight loss (%0) TG remark
LiNip.8C0020, 0.273
LiNig7C0q302 0.573 Thermally stable within the temperature
LiNio6C00.40; 1682 range between 38 and 600 °C

LiNio_5C00.502 2.789
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Conclusion

LiNi;xC0xO, nanocrystalline powder was prepared by using sol-gel method at different
calcination temperatures. By using Scherrer’s equation, the crystalline size of LiNi;.xC0xO>
nanocrystalline powder was calculated to be 29.58 nm (600°C), 32.24 nm (700°C), 17.22 nm
(800°C), 29.25 nm (900°C) and 47.62 nm (1000°C). The sample calcined at 800 °C was selected
as optimum temperature because it has high crystallinity and small crystallite size at that
temperature. By XRD analysis, Co doped LiNiO, samples, it was found that layer structure is not
very clear in LiNipgCog20, sample. But increasing Co doping level the layer structure formation
are distinct. Diffraction patterns of other three sample clearly show (0 0 6)/ (0 1 2) peaks and
(0 1 8)/ (1 10) peaks splitting and it is the characteristic of a perfect layer structure. Average
crystalline size of three prepared LiNig7C0p30, LiNipsC0040; and LiNipsC0q50, samples are
69.94, 41.76 and 43.43 nm. According to TG-DTA performance on LiNipgC00,0, sample
calcined at 300 °C, it was found that crystallization temperature is about 500 °C. Total weight
loss percent is 24.52% observed in TG curves. Prepared LiNi;«C0x0, sample calcined at 800°C,
there are no prominent weight losses observed in TG curves and there are also no prominent heat
absorbing or evolving processes found in DTA curves. From FT IR analysis, it was only found
the stretching vibration of metal- oxygen chemical bonds and so it may conclude that the
prepared four LiNi;xCoxO, samples calcined at 800 °C have no impurity. Agglomeration of
LiNio5C0050,is more than other three compounds. It was observed that agglomeration increase
with increasing the Co doping levels. The LiNigsCo0y50, has higher porosity than other three
compounds and it may be concluded that the porosity decrease with increasing the Co doping
levels.
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