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Abstract

In this paper, a series of Na-doped Li;Na,;TicO;4 samples are synthesized by a
simple solid-state reaction method through Li-site substitution with Na. Morphology
observation shows that all the five materials are well crystallized with a particle size
in the range of 150-300 nm. Electrochemical analysis shows that Lij 9sNas sTicO14
exhibits lower charge/discharge polarization (0.05 V) than that (0.11 V) of other
Li;xNay+TigO14 samples (x=0.00, 0.10, 0.15, 0.20). As a result, LijosNay¢sTigO14
owns the highest initial charge capacity of 243.6 mAh g', and maintains the
reversible capacity of 210.7 mAh g' after 79 cycles. For comparison,
Li; x\NayTigO14 (x=0.00, 0.10, 0.15 and 0.20) samples only hold the reversible
capacity of 159.1, 203.5, 190.1 and 156.7 mAh g, respectively. Moreover,
Lij 9sNay 0sTigO14 also delivers the best rate performance compared with other four
samples, with the charge capacity of 221.1 mAh g at 200 mA g, 211.9 mAh g at
300 mA g, and 198.7 mAh g at 400 mA g™ Besides, the reversible in situ structural
evolution proves that Li;¢sNaysTicO14 is stable host for lithium storage. All the
improved electrochemical properties of Na-doped Li;Na,TisO14 should be attributed
to the Na-doping with low content, which reduces the charge/discharge polarization

and improves the ionic conductivity.

Keywords: Li,Na,TicO14; Na Doping; Electrochemical behavior; Anode material;

Lithium ion batteries.
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1. Introduction

Because of high energy density, high output working potential and long cycling
life, the rechargeable lithium ion batteries have been widely used in portable
equipment, such as electric vehicles, hybrid electric vehicles and plug-in hybrid
electric vehicles [1, 2]. But the intrinsically poor safety characteristics hinder the large
scale deployment of lithium ion batteries. One safety issue is that the dendritic lithium
may grow on the surface of anode at high rates due to low Li insertion potential of
conventional graphite materials approaching 0.0 V versus Li/Li" [3].

To replace the carbonous materials, various titanium based oxides have been
proposed as high performance anode materials for lithium ion batteries [4-9].
Compared to widely reported LisTisO12, Li;MTigO14 (M = Sr, Ba, Pb) are a novel
kind of hosts for lithium storage [10-14]. The stable framework, lower resistivity and
lower working potential (1.4 V versus 1.55 V of LisTisO,,) attract the materials
scientists all over the world to make this compound become a promising lithium
storage anode material. For instance, the solid state formation mechanism of
Li,SrTigO;4 anode is investigated using starting materials of SrCOs, Li,COs, and
anatase TiO, by ex situ X-ray diffraction (XRD) [10]. It is found that the optimal
calcination parameter to form pure Li;SrTigOy4 is 950 °C for 8 h. To improve the
packing density, mesoporous TiO, brookite is used as a template and reactant in a
sol-gel synthesis [11]. As a result, LiSrTigO;4 anode shows impressive performance

with a reversible capacity of 120 mAh g at C/14 rate and 92.0 mAh g™ at 4C rate.
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Isostructural to LiySrTigO4, LizNayTigO14 reveals lower lithiation potential of
1.25 V with open channels in the structure enabling the reversible insertion of lithium
ions [15-19]. Although Li;Na,TisO;4 can be obtained at 600 °C by sol-gel method, it
shows a low reversible capacity of about 75 mAh g' [15]. To find appropriate
preparation parameters, a comparison between sol-gel route and solid state method is
undertaken for Li;Na,TisO14 at different sintering temperatures [16]. It can be found
that Li;Na,TigO,4 prepared by sol-gel method at 700 °C reveals the highest initial
charge specific capacity of 106.6 mAh g and the best rate properties than any other
samples. To further improve the electrochemical properties, the coating by conductive
additives, such as copper/carbon, carbon nanotube, graphene, carbon black, is made
on Li)Na,TigO14 [17, 18]. As a result, modified Li,Na,TigO4 exhibits lower
electrochemical polarization, quicker kinetic behavior and improved lithium storage
capability compared to bare Li;Na,TicO14. However, few investigations have been
reported to enhance the electrochemical performance of Li,Na,TisO4 by doping [20].

In this paper, five Na substituted Li; «NayTigO14 (x=0, 0.05, 0.10, 0.15, 0.20)
samples are synthesized by a simple solid-state method. The structure, morphology
and electrochemical properties of as-prepared sample are described and compared by
using various analytical methods. An investigation is carried out to give new insights
of Na doping into the evolutions of structural property, ion diffusion, rate

performance, charge-discharge behavior of Li;Na;TiO4.

2. Experimental
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2.1 Sample preparation

In the sample preparation procedure, all the chemical reagents are of analytical
grade. Via a simple solid-state method, Liy<NayTigO14 (x=0, 0.05, 0.10, 0.15, 0.20)
samples are prepared using stoichiometric amount of CH3;COOLi-2H,0 (99.0 %),
CH3;COONa-3H,0 (99 %) and anatase TiO; (5-10 nm, 99.8 %). The starting materials
are mixed by planetary ball milling for 15 hours in ethanol to obtain homogeneous
slurry. The resulting slurry is dried at 80 °C for 24 hours, and then calcined at 800 °C
for 10 hours in air atmosphere to obtain the final Li.<Na,,TisO14 samples.
2.2 Material characterization

The phase identifications are performed on a Bruker D8 Focus X-ray
diffractometer with nickel-filtered Cu Ka radiation (A=1.5418 A), operating at 40 kV
and 40 mA. In situ X-ray diffraction (XRD) patterns are collected by the same
instrument. The samples are scanned between 5 to 80° (20 degree) using a scan speed
of 0.2° min™!. The surface morphologies of Li, (\NayTisO14 samples are observed by
a L30 S-FEG field emission scanning electron microscope (SEM), conducting at 10
kV.
2.3 Electrode preparation and battery assembly

The working electrodes are prepared by dispersing a mixture of as-prepared
active material, carbon black and polyvinyldene fluoride with a weight ratio of 8:1:1
in Nmethyl-2-pyrrolidinone to form homogeneous slurry. After mixing, the slurry is
pasted on copper foil evenly and then the film is dried at 120 °C in a vacuum oven for

12 hours, followed by cutting into sheets with a diameter of 15 mm. The
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two-electrode coin-type cells are assembled in an Ar-filled glove box by using
Li;xNay+xTigO14 (0 < x £0.2) film as working electrode, lithium metal foil as counter
electrode, Whatman glass fiber as separator and 1 mol L™ LiPFg in a 1:1 (v/v) mixture
of ethylene carbonate and dimethyl carbonate as electrolyte.
2.4 Electrochemical evaluation

Galvanostatic charge-discharge tests are conducted on Land CT2001A multiple
battery test system at a current density of 100 mA g'1 between 0.0 and 3.0 V. Cyclic
voltammograms (CVs) are performed via a computer-controlled CHI 660D
electrochemical workstation at a scan rate of 0.1 mV s between 0.0 and 3.0 V.
Electrochemical impedance spectroscopy (EIS) analysis is carried out by CHI 660D
electrochemical workstation with an oscillating potential of 5 mV in the frequency
ranging from 10’ to 10 Hz. The cells for EIS observation are three-electrode system
with metal lithium foils as reference and counter electrodes. All the tests are carried

out at room temperature.

3. Results and discussion

Fig. 1 presents the XRD patterns of as-prepared LiyxNayTicO14(0 < x < 0.20)
obtained at a temperature of 800 °C. All these patterns are collected on Bruker DS
Focus X-ray diffraction instrument at a room temperature. It can be observed from the
XRD curves that the diffraction peak positions and the relative intensities of the
prepared samples are well matched with the standard powder diffraction file of

JCPDS card No. 52-0690, and it is clear that the diffraction patterns of all samples are
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similar with each other. Here, a twin peak appears at 65 °C in Fig. 1 corresponding to
(824) and (040) peaks. It also shows from the graph that no impurities are observed in
Li;Na,TicO14 and Na doped Li;Na,TigO14 samples. All the results obtained from the
above means that the low content Na doping (0 < x < 0.2) does not change the main
crystal structure of Li,Na,TisO14. For a clear observation, the peak position variation
of (024) plane is enlarged and shown in Fig. 1b. The compounds with Na doping
content of x=0.05 and 0.10 exhibit no variation of the diffraction peak, revealing that
low Na doping does not affect the lattice parameter of Li;Na,TicO4. However, the
Bragg positions of the Na-doping Li, \Na;,TigO14 samples with x=0.15, 0.20 slightly
shift to lower diffraction angles based on the enlarged (024) peak in Fig. 1b,
indicating the lattice parameter of LiyNa;,TigO14 gradually increases after Na
doping. The increased lattice parameter should be ascribed to the larger Na™ (0.97 A)
replacement of the smaller Li" (0.68 A) in the sites.

Fig. 2 provides the typical SEM photographs of Liy \Na+xTigO14 (0 < x < 0.20)
samples. It is apparent that all the five prepared samples are similar with each other,
having a relative uniform morphology with narrow size distribution between 150 and
300 nm. It also can be found that the size of Li;Na,;TicO4 s relatively smaller than
another four samples, which may attribute to the bigger Na' replacement of the
smaller Li" in the structure.

The CV curves of Li \NayxTigO14 (0< x < 0.20) are presented in Fig. 3. All the
tests are conducted at room temperature under a scan rate of 0.1 mV s between 0.0

and 3.0 V. As is shown in Fig. 3a-3e, a pair of characteristic redox peaks can be
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observed at around 1.17 and 1.19 V for five samples, regarded as the signature of two
lithium-ion per formula insertion into and extraction from the Li; xNayxTigO14 (0< x <
0.20) framework [14, 16], which is in consistence with the charge-discharge potential
plateaus in Fig. 4. According to the formula of Li, \Na,.4TicO14, a total of six Ti*" can
be reduced to Ti’" after a theoretical evaluation. Thus, the broad peak around 0.0-0.1
V is associated with another four lithium-ion formula storage in the compound. And
all the CV peaks are narrow and sharp, corresponding to the rapid kinetic process for
lithium ions transportation in the lattices. Besides, pristine Li;Na,TicO4 and
Lij 9sNay 05TigO14 exhibit much obvious reduction peaks at 1.178 V and 1.205,
respectively, and a sharper oxidation peaks at 1.362 V than other Li,«NayTicO14
(0.10 < x £0.20) samples. The peak current reduces relatively rapid along with the
increase of Na doping concentration from 0.05 to 0.20, revealing a drop in the
electrode kinetics. Moreover, the initial three CV curves of Li,Na,TigO14 and
Li; 9sNay ¢5TigO14 coincide with each other and show higher peak current than the
other three ones, indicates that Li;Na;TicO14 and Lij 9sNaysTicO14 have higher
electrochemical reaction activity and reversibility. The difference between anodic and
cathodic peaks can be mainly attributed to the slow lithium ion diffusivity in
solid-state body of bulk Li;4NaxTicO14 (0.10 < x < 0.20) [13]. The potential
difference (A@,) of Lir\NayTis014 (0< x < 0.20) electrodes between oxidation and
reduction peaks is listed in Table 1. It is obvious that the potential separation (A,
value) of pristine Li;Na;TicO14 (about 1.82 mV) is much larger than those of

Na-doped samples. It suggests that Na doping is beneficial to the reversible
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intercalation and deintercalation of Li" in the structure, and then enhances the
reversibility of Li;Na,TigO4. Furthermore, LijgsNa; ¢sTigO14 expresses the smallest
potential separation among all the materials, indicating that Lij 9sNayosTicO14 may
own the best electrochemical performance for its fast electron transfer kinetics and
outstanding cycling reversibility.

Fig. 4 depicts the charge and discharge curves upon the 1%, 10™, 20" and 50"
cycles of Li;xNayixTicO14 (0 < x < 0.20) samples at the potential range of 0.0-3.0 V.
As is shown in Fig. 4a, all above-mentioned compounds exhibit one charge plateau
and one discharge plateau, similar to the previous report of Li;Na,TigO14 [14-17]. For
the initial cycle of LiyxNayTigO14 (0 < x < 0.20), the potential drops rapidly from
open-circuit potential to 1.35 V, and then the discharge potential maintains for a long
flat platform at a average potential of 1.24 V. Finally, a long slope appears between
0.0 and 1.2 V. During the charging process, the charge plateaus of Li;4NayixTicO14
(x=0.00, 0.10, 0.15 and 0.20) are at about 1.34 V. In contrast, the plateau of
Lij g5sNay ¢sTigO14 keeps nearly at 1.30 V, and then rapidly increases to the cut-off
potential. It reveals that LijosNayosTisO14 has lower charge/discharge polarization
(0.05 V) than that (0.11 V) of LirxNayTi014 (x=0.00, 0.10, 0.15, 0.20), which is
also in correspondence with the results of CV curves. Besides, it is evident that the
charge plateau of Li;g5Nay05TigO14 are much longer than those of Liy«NayiTigO14
(x=0.00, 0.10, 0.15, 0.20) in all of four graphs. After 50 cycles, Li; 95Na 0sTigO 4 still
exhibits the discharge and charge plateaus at around 1.16 and 1.33 V, respectively. Its

charge-discharge polarization remains much lower than those of Li;xNayixTicO4
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(x=0.00, 0.10, 0.15, 0.20), which further confirm the superior cycling performance of
Lij 9sNaz 0sTigO 14

To further conduct investigation of the -electrochemical properties for
Li; xNay+«TigO14 (0 < x < 0.20), the cycling performance and corresponding cycling
coulombic efficiencies upon repeated cycles are also shown in Fig. 5. It can be clearly
observed that Li; 9sNa, osTigO14 express the highest charge capacity of 243.6 mAh g
for the first cycle, while Li;Na,TigO4, LijgNay TigO14, LijgsNaysTigOr4 and
Li; §Na; ,TigO14 only deliver the initial charge capacity of 240.1, 229.0, 214.0 and
225.2 mAh g'l, respectively. Besides, LijgsNay5TigO;4 still remains the charge
capacity of 210.7 mAh g' after 79 repeated cycles, which proves that appropriate
amount Na doping is beneficial to improve the cycling stability of Li,Na,TigO14. On
the other hand, Li;Na,TicO14, Lij 9Nay 1 TigO14, Li; gsNay 15TigO14 and Lij gNaz 2 TigO14
only hold the reversible capacity of 159.1, 203.5, 190.1 and 156.7 mAh g,
respectively, implying high Na doping content goes against the cycling performance.
Therefore, it is known that the superior cycling performance of Lij95Nay ¢sTigO14 18
attributed to the low content Na doping in the structure, which may improve the
lithium ion diffusivity and structural stability of Li;Na;TigO;4. Furthermore, the
corresponding cycling coulombic efficiencies upon repeated cycles are shown in Fig.
5b. Among the five compounds, Li;gsNay05TigO14 still presents the highest average
cycling efficiency of 99.0 %, while the others hold the cycling coulombic efficiency
of nearly 94.5-98.0 %, which further indicates the outstanding cycling performance of

Lij 95sNaj 05TigO14.

10
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Fig. 6a displays the Nyquist plots before cycles for the as-prepared
Li;xNay+xTigO14 (0 < x < 0.20). The enlarged Nyquist curves of LiyxNayixTicO14 (0 <
x < 0.20) in the high frequency region are also shown in Fig. 6a as an insert graph. All
the curves have one semi-circle in the high-frequency region and a straight line in
low-frequency region, which are related with the charge transfer process and lithium
ion diffusion behavior. The EIS patterns can be used to calculate the lithium diffusion
coefficient (Dy;), which is an important factor to evaluate the electrochemical kinetics
of compounds. Here, the Dy; of lithium ion can be calculated by the following
equation [4, 21]:

_ (RTY
Y 24n’FC o)’

1

Where R is the gas constant (8.314 J mol” K™), T is the absolute temperature for
battery testing (298 K), A is the surface area of electrode (1.766 cm?®), n is the number
of electrons transfer during the electrochemical reaction, F is the Faraday constant
(94850 C mol'l), Cyi is the concentration of lithium ion in the compound, and the

Warburg factor 6 can be calculated from the plots in the low-frequency region, and

the relationship of ¢ with Z, is as follows:

1

Z.=R, +R +ow? ()

The Z.-c plots are shown in Fig. 6b, and a linear characteristic could be seen
from the curves. Based on the equations (1) and (2), the calculated diffusion
coefficients are listed in Table 2. Observed from Table 2, it is clear that
Lij g5sNay 95 TigO14 possesses the highest lithium ion diffusion coefficient of 1.11x10™

cm? s'l, while the pristine Li;Na;TigO14 only reveals a low lithium ion diffusion

11
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coefficient of 1.57x10™"° cm?® s™'. With the increase of Na doping content, the lithium
ion diffusion coefficient finally reduces to 437x10"° cm? s' with x=2.0 in
Li;xNay+TigO14. It suggests that appropriate amount Na doping is beneficial to
improve the lithium ion diffusivity and kinetic behavior of Li,Na,TicO4. Therefore, it
is expected that Li;95Nay 05 TigO14 may have an outstanding rate property.

Fig. 7 delivers the initial charge-discharge curves of Liy«NayTigO14 (0 < x <
0.20) samples at 200, 300 and 400 mA g'l. It can be found that Li;Na;TigO14,
Lij 9sNay 9sTigO14 and Lij9Nay 1 TicO14 show a flat plateau at around 1.34 V for the
charge plot and a flat plateau at about 1.20 V for the discharge plot. In contrast,
Li; gsNay 15TigO14 and Lij gNa, 2 TigO14 display the discharge and charge plateaus at
0.98 and 1.48 V, respectively. The results indicate that Li,Na;TicOys,
Lij 9sNay 9sTigO14 and Li;9Nay 1 TigO14 maintain lower electrochemical polarization
than Li; gsNay 15TigO14 and Li; gNa, ,TigO14 during high rate discharge-charge cycles,
even at a current density of 400 mA g'l. It also suggests that Li,Na,TicO4,
Lij 95sNay ¢sTigO14 and Lij 9Na, 1 TigO14 may have better kinetic properties at high rates.

The rate performances of five LiyxNay,TigO14 (0 < x < 0.20) samples are
presented in Fig. 8. Extended galvanostatic cycles of the Liy<Nay,TisO14 electrodes
are performed at increasing current density of 150, 200, 250, 300, 350 and 400 mA g™
Viewed from Fig. 8, it is obvious that the pristine Li;Na,TicO4 only maintains the
lithium storage capacity of 206.5 mAh g at 200 mA g, 194.6 mAh g at 300 mA g™,
and 186.6 mAh g at 400 mA g'. With the increase of Na doping content, the rate

performance of Liyx<NayTisO14 shows an improvement at low Na content and then

12
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presents a decrease at high Na content. Compared with other four samples,
Li; 9sNay 0sTisO14 apparently delivers a better performance with the charge capacity of
221.1 mAh g at 200 mA g, 211.9 mAh g at 300 mA g, and 198.7 mAh g at 400
mA g'. This result is roughly consistent with the cycling performance as shown in
Fig. 5a. From what have discussed above, it can be concluded that the incorporation
of low sodium content x=0.05 provokes positive effect on ionic conductivity and the
electrochemical properties for Li;Na;TigO4.

To observe the structural evolution of Na-doped Li;Na;TigO4, in situ XRD
technique is used to investigate the reversibility of Li; 9sNay 05TigO14. The description
of in situ cell and its preparation process can be found in our previous paper [22]. Fig.
9-11 shows that the characteristic diffraction peaks of LijosNassTicO14 gradually
shift to lower Bragg positions during the lithiation process. With a reverse delithiation
reaction, all the feactured peaks can go back the original positions. It suggests that the
structural change of Li; 9sNay 05TigO14 is highly reversible during the charge/discharge
process. As a result, the stable host structure of LijgsNayosTigO14 can ensure the

long-term repeated electrochemical cycles.

4. Conclusions

Via Li-site substitution with Na, five Lip \NayTigO14 (0 < x < 0.20) samples are
prepared by a simple solid-state method. XRD results reveal that all the as-prepared
samples are single-phase without any impurity. Morphological characterization shows

that all the five samples are well-crystallized products with a homogeneous particle

13
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size between 150 and 300 nm. Electrochemical analysis shows that Li; 9sNa g5TigO14
exhibits the highest reversible capacity and the best rate property among all the
Li;Na,TigO4-type anodes. Compared with other four samples, Lij 9sNa; ¢sTigO14 can
deliver a better rate performance with the charge capacity of 221.1 mAh g at 200
mA g, 211.9 mAh g’ at 300 mA g, and 198.7 mAh g at 400 mA g'. EIS results
prove that the improved lithium storage performance of Na-doped Li;Na;TicO14 is
related to the improved ionic conductivity and the decreased redox polarization via
Li-site substitution with Na. Besides, the reversible structural change of
Li; 9sNay 95TigO14 as observed by in situ XRD proves its stable host structure for

repeated lithium storage.
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Figure captions

Fig. 1. XRD patterns of LiyxNayTisO14 (0 < x < 0.20) samples. (a) Full patterns, (b)
local patterns.

Fig. 2. SEM images of Li, (Nay+xTicO14 samples. (a, b) x=0.00, (c, d) x=0.05, (e, )
x=0.10, (g, h) x=0.15, (i, j) x=0.20.

Fig. 3. CVs of LipxNayTigO14 (0 < x < 0.20) samples. (a) Li;Na;TigOq4, (b)
Li19sNaz 0sTi6O14, (¢) LiroNaz  TicO1s, (d) LiigsNaz 15TigO14, (€) LirsNaz 2 TigO14.

Fig. 4. The 1* (a), 10" (b), 20™ (©) 50™ (d) and 79 (d) charge/discharge curves of
Liy xNay+xTigO14 (0 <x < 0.20) samples at a current density of 100 mA g'l.

Fig. 5. (a) Cycle performance and (b) corresponding coulombic efficiency of
Lizx<NayxTigO14 (0 <x <0.20) samples.

Fig. 6. (a) EIS patterns before cycles and (b) corresponding Z,. vs. o™ curves at the
low frequency range for Lipx<NayTigO14 (0 < x < 0.20) samples.

Fig. 7. The comparative charge/discharge curves of Li; «NayTigO14 (0 < x < 0.20)
samples at different current densities. (a) 200 mA g'l, (b) 300 mA g'l, and (c¢) 400 mA
g

Fig. 8. Rate performance of LiyxNayTis014 (0 < x < 0.20) samples.

Fig. 9. Overall In situ XRD patterns of Lij 9sNay 05TigO14 during the charge/discharge
process.

Fig. 10. Selected In situ XRD patterns of Li; 9sNa 05TicO14 with the same background.

Fig. 11. The evolution of relative intensity versus Bragg position of Lij gsNaj ¢sTi6O14

during the charge/discharge process.
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Table captions

Table 1. Potentials of the redox peaks in the CVs for LirxNayxTisO14 (0 < x < 0.20)

samples.
Table 2. The Li' diffusion coefficients calculated from EIS patterns for

Li; x\NayxTigO14 (0 < x <0.20) samples.
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Fig. 1. XRD patterns of Liy \NayxTis014 (0 < x < 0.20) samples. (a) Full patterns, (b)

local patterns.
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Fig. 2. SEM images of Li; «\Nay,Tis014 samples. (a, b) x=0.00, (c, d) x=0.05, (e, f)

x=0.10, (g, h) x=0.15, (i, j) x=0.20.
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Fig. 3. CVs of LipxNayTigO14 (0 < x < 0.20) samples. (a) Li;Na;TigO14, (b)

Lij9sNaj 05 TigO14, (¢) LiroNay 1 TigO14, (d) Lij g5Naz 15Ti6O14, (€) Lij sNaz2TigO14.
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Fig. 4. The 1% (a), 10" (b), 20™ (c) 50™ (d) and 79 (d) charge/discharge curves of

LixNay+xTigO14 (0 < x < 0.20) samples at a current density of 100 mA g'l.
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Fig. 9. Overall In situ XRD patterns of Li; 9sNay ¢sTigO14 during the charge/discharge

process.

29



RSC Advances

galvanostatic
charge

(a)

end of

Intensity (a.u.)

potentiostatic

Intensity (a.u.)

galvanostatic

charge
end of

potentiostatic

pristine pristine

1 1 1 1 1 1 1 1 1 1 1 1 1 1

280 282 284 286 288 290 292 294 31.0 315 320 325 330 335 340
2 theta (degree) 2 theta (degree)

(c)

end of

Intensity (a.u.)

potentiostatic

galvanostatic J [

pristine
1

43.0 435

Fig. 10. Selected In situ XRD patterns of Lij 9sNay ¢sTigO14 with the same background.

44.0

44.5 45.0

2 theta (degree)

30

Page 30 of 34



Page 31 of 34 RSC Advances

Pattern Number
Pattern Number

282 28.4 286 28.8 29 292 294 3 315 32 325 33 335 34

2 theta (drgree) 2 theta (degree)

Pattern Number

43 43.5 a4 44.5 45

2 theta (degree)

Fig. 11. The evolution of relative intensity versus Bragg position of Lij 9sNa; ¢sTi¢O14

during the charge/discharge process.
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Table 1. Potentials of the redox peaks in the CVs for Li; \NayTigO14 (0 < x < 0.20)

samples.
Samples Ppa (V) Ppc (V) Agy (mV)*
Li;Na;TigO14 1.360 1.178 182
Lij.05Naz,05TigO14 1.362 1.205 157
Li1oNay 1 TigO14 1.355 1.190 165
Li;.5sNa2,15TigO14 1.362 1.198 164
Li; sNa,;TigO14 1.354 1.186 168

‘ AQp= Ppa- Ppc
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Table 2. The Li' diffusion coefficients calculated from EIS patterns for

Li;xNay+TigO14 (0 < x < 0.20) samples.

Samples x=0.00 x=0.05 x=0.10 x=0.15 x=0.20

Dui(em®s™)  1.57x10"°  L11x10™  1.13x10™*  2.81x10"°  4.37x107°

6 (Qs") 615.5 226.5 229.2 460.1 368.6
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Enhanced lithium storage property of Na-doped Li;Na,TisO14 anode materials
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