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Because traditional graphite anode for Lithium-ion batteries (LIBs) has low coulombic 

efficiency, high irreversible capacity and large volume expansion which can no longer 

satisfy the requirements of high-performance batteries. This article therefore presented the 

development of an anode material based on structural design to enhance its properties. 

One-dimension structured nanocomposites of yttrium-doped TiO2(B) nanowires/ SnO2 

nanotubes were synthesised at various yttrium concentrations via hydrothermal method. 

Phase composition, crystal structure, morphologies, and electrochemical properties were 

evaluated to study the effects of the dopant on performance and capacity of the LIBs. XRD 

showed the modification in crystalline size and lattice parameters when yttrium was 

introduced. Electrochemical properties were markedly enhanced by the yttrium-doped 

nanocomposites, especially for the one with 0.5%mole yttrium (TSY50). The TSY50 

offered the highest diffusion coefficient of 2.34×10
-10

 cm
2
/s, reduced the Li-ion diffusion 

length and the cell resistance, improved the specific capacity, cycle performance and 

capacity retention, as demonstrated by cycling tests. The prepared yttrium-doped 

nanocomposite could be considered as a promising material for its application as an anode 

in LIBs. 
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1. Introduction 
 

As a green power supply, Lithium-ion battery (LIBs) has attracted much attention in 

recent years due to its high energy density, long life cycle and low self-discharge. LIBs are widely 

used in many applications such as portable electronic devices and tools, mobile devices, and 

electric vehicles [1, 2]. However, traditional electrode materials, commercial graphite, for LIBs 

can no longer meet the growing demand for high-performance batteries. This is because the 

traditional graphite anode has the theoretical capacity of 370 mAh/g [1] resulting in low coulombic 

efficiency, high irreversible capacity and large volume expansion [2]. The development of anode 

materials with higher capacity, faster-charging speed, and more extended cycle performance, 

therefore, has become one of the current research trends.  

A number of anode materials have been studied to improve the electrochemical properties 

for a higher performance battery, including TiO2, SnO2, SnOx/TiO2, TiO2/MoO3, Li4Ti5O12, and 

MoS2 [1, 2]. As an anode material for LIBs, although TiO2 has a remarkable reversible capacity, 

high chemical/thermal stability, safe reaction potential (>1.5 V vs. Li/Li
+
), small volume change, 

environmental friendliness, and excellent cycle performance [2], its low theoretical specific 

capacity (175-335 mAh/g) and poor electric and ionic conductivities [2] limit the application in the 

field of power batteries.  

To overcome its drawbacks, in this study, four strategies have been proposed: (i) 

fabrication of one-dimension nanostructures; (ii) the use of bonze-phase titanium oxide (TiO2(B)); 

(iii) compositing with SnO2; and (iv) doping with yttrium (Y). Strategy (i), a high surface area is 
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concerned as to increase contact area between the active materials and the electrolyte and hence 

1D nanostructures (nanowires and nanotubes) are fabricated here.  Hua et al. [3] reported that long 

length TiO2(B) nanorod solid state LIBs had a high cycle performance, which the Li
+
 could be 

easily transported along the length compared to the TiO2 (P25) nanoparticles. Wang et al. [4] 

reported that porous SnO2 nanotubes fabricated by microwave-assisted hydrothermal process had a 

high surface area for oxidation-reduction reactions because of high Li
+
 storage capacity and great 

cyclic performance. Wu et al. [5] claimed that SnO2 flower-like structure showed the advantage 

for Li
+
 transport with short length for ion diffusion due to the high reversible reaction in anode cell 

of LIBs. Strategy (ii) TiO2(B) is chosen here because this low-density phase provides the highest 

capacity (200-300 mAh/g) and a more open tunnel structure compared with other polymorphs 

(anatase, rutile, and brookite) which enhances ion transport and cycles performance [2, 6]. Wu et 

al. [7] prepared TiO2(B) nanosheets by hydrothermal process and found that their electrochemical 

properties were highly reversible capacity, good cycling stability with excellent capacity after 25 

cycles, and effectively buffer the volume changes during ion transport. Strategy (iii) the 

combination of TiO2(B) nanowires with SnO2 nanotubes here is to improve the Li
+
 storage 

capacity and cyclability of SnO2-based anodes. Because bulk TiO2 has low capacity and poor 

electrical conductivity while SnO2 possesses high electrical conductivity, high theoretical specific 

capacity (782 mAh/g) but poor cycle performance and low working voltage (0.6 V vs. Li/Li
+
) [1, 

2]. Furthermore, it was found that SnO2 nanoparticles coated on TiO2(B) nanosheets offered high 

discharge capacity, great cycle performance, and coulomb efficiency ~93.1% [7]. However, excess 

SnO2 decreased the capacity retention due to Li-Sn composite formation and volume extension [8]. 

SnO2 exhibits a volume changes as much as 200% during charge/discharge cycling, affecting the 

cycle life and performance of the LIBs. Thus, the use of nanostructured TiO2(B)/SnO2 composites 

can improve the Li
+
 storage capacity and cyclability of SnO2-based anodes because of the 

mechanical support function of the TiO2(B) during the charge/discharge cycling [1]. Strategy (iv) 

doping the nanocomposite with Y is to enhance electron injection efficiency, and reduce electron 

trapping and transport time. Aghazadeh et al. [9] studied the effect of Y-doped Fe2O3 by cathodic 

electrodeposition method on supercapacitor ability and found that Y
3+

 dopant enhanced the ability 

up to 20%. Furthermore, Qu et al. [10] and Baig et al. [11] reported that Y-doped TiO2 is helpful 

for oxygen vacancy formation which is used in gas production and solar cell application. Khan et 

al. [12] synthesised TiO2 nanorods doping with Y
3+

 ions which is used for H2 production under 

visible light. Y doping reduced the bandgap energy and induced the mixed-phase formation of 

anatase/rutile resulting in a high photocatalytic activity for H2 generation.  

In this article, based on the above structural design, the influence of Y-doped TiO2(B) 

nanowires/SnO2 nanotubes on electrochemical properties was investigated. The nanomaterials 

were prepared via hydrothermal method with various Y concentrations. The fabrication, 

characterization, microstructure, and electrochemical performance of the prepared TiO2(B)/SnO2 

nanomaterial electrodes were reported and discussed.  

 
 
2. Experimental 
 

2.1. Synthesis of Manganese oxide nanowires and Tin oxide nanotubes [13, 14] 

Manganese oxide nanowires (MnO2 NWs) were fabricated by 0.264 g potassium 

permanganate (KMnO4, Ajax Finchem) mixed in 30 ml distilled water. After stirring for 20 min, 

0.4 ml hydrochloric acid (96% HCl, J.T. Baker) was added to the mixture and continually stirred 

for 20 min. Next, the solution was transferred to a Teflon-line autoclave and annealed at 200C for 

12h. Then, the reacted product was filtered and washed until pH 7 by water and ethanol. The 

powder was dried in an oven at 95C for 24h. 

Tin oxide nanocrystals (SnO2) were coated on MnO2 NWs template. First, 0.10 g MnO2 

NWs was added to 30 ml distilled water and stirred at room temperature for 30 min. Next, 0.10 g 

of stannous chloride (SnCl2.2H2O, Ajax Finchem) and 0.5 ml HCl (96%, J.T. Baker) were added 

while stirring. After that, the mixture was transferred to autoclave and annealed at 200C for 4h. 

Then, the MnO2/SnO2 precipitate was filtered and washed until pH 7 by water and ethanol. The 
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powder was collected and dried in an oven at 95C for 24h. Finally, SnO2 NTs were obtained by 

removing the template with oxalic acid. The 0.1g of powder was transferred to 30 ml sulfuric acid 

solution (30% H2SO4) at 60C, added 0.2 g oxalic acid (C2H2O4, Kemaus), and stirred for 30 min. 

The powder was filtered and washed until pH 7 by water and ethanol. Then, it was dried in an 

oven at 95C for 24h, annealed at 400C for 2h.  

 

2.2. Synthesis of Titanium dioxide phase B nanowires  

Titanium dioxide (phase B) nanowires (TiO2(B) NWs) were fabricated by hydrothermal 

method. 1.0 g of TiO2 powder (Degussa P25) was mixed with 30 ml of 10 M sodium hydroxide 

(NaOH, Kemaus) and sonicated at room temperature for 1h. Next, the mixture was transferred to 

an autoclave and annealed at 220C for 24h. Then, the precipitate was collected, washed with 0.1 

M HCl, water, and ethanol until pH 7. After that, the product was dried at 95C for 24h and 

annealed at 400C for 2h. 

 

2.3. Synthesis of Yttrium-doped Titanium dioxide phase B nanowires/Tin oxide  

       nanotubes 

Yttrium-doped Titanium dioxide phase B nanowires/Tin oxide nanotubes (TSY) were 

prepared by hydrothermal method. First, 1:1 TiO2(B) NWs:SnO2 NTs powder was mixed in 30 ml 

of 1:1 ethanol:water and stirred for 20 min at room temperature. Next, Yttrium precursor, Yttrium 

nitrate (Y(NO3)3, 99.8%, Sigma-Aldrich) was added into the solution varied at 0-1%mole of Ti. 

Then, 1 ml HCl was added and stirred for 20 min at room temperature. After that, the dispersion 

was transferred to an autoclave and annealed at 95C for 6h. Finally, the precipitate was collected, 

washed with water until pH 7 and dried at 95C for 24h.  

All synthesized samples were labeled according to their synthesis conditions and listed in 

Table 1. 
Table 1. Lists of samples and their synthesis conditions. 

 
Sample ID Details 

T Pure TiO2 (B) NWs 

S Pure SnO2 NTs 

TS TiO2(B) NWs/SnO2 NTs 

TSY25 TiO2(B) NWs/SnO2 NTs with 0.25% mole Y: TiO2(B) 

TSY50 TiO2(B) NWs/SnO2 NTs with 0.50% mole Y: TiO2(B) 

TSY1 TiO2(B) NWs/SnO2 NTs with 1.00% mole Y: TiO2(B) 

 

 

2.4 Materials characterization 

The degree of crystallinity and phase composition of as-synthesized nanopowders were 

studied by X-ray diffractometer (XRD; Philips X’Pert MPD, United Kingdom) with CuKα 

(λ=1.5405 Å) radiation at 40 kV in the 2θ-range 5°−90° with scan rate 0.05°/s. The lattice 

parameters (a, b and c) of TiO2(B) and SnO2 were calculated from XRD results using d-spacing 

and the standard formula for different crystal systems [15]. The crystallite size (D, nm) was also 

estimated from the highest XRD peaks of TiO2(B) and SnO2 using Scherrer’s formula, equation 

(1): 

 

    D = 0.9/cos              (1) 

 

where  is the x-ray wavelength (nm),  is the peak full width at half maximum (FWHM), and  is 

the Bragg angle. 

The morphology and topography of the nanoscale powder were examined using field-

emission scanning electron microscopy (FE-SEM; Apreo FEI, USA) at an accelerating voltage of 

5 kV and transmission electron microscopy (TEM; JEOL 2010, Japan) at 200 kV. The elemental 
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composition was also analyzed using the energy dispersive X-ray spectroscopy (EDS; Oxford 

Instruments, United Kingdom) at 20 kV. 

 

2.5 Electrochemical measurement 

The anode electrode was fabricated by mixing the as-synthesised materials, carbon black 

powder (N330), and polyvinylidene fluoride (PVDF, Alfa aesar) in n-methyl-2-pyrrolidone 

solution (99.8% NMP, Loba chemis) at a ratio of 80:10:10. The mixture was stirred and coated on 

a copper plate. After being dried on a hot plate at 60C, the electrode was annealed in a vacuum 

oven at 90C for 12h. The electrochemical properties were investigated using electrochemical 

impedance spectroscopy (EIS), Metrohm Autolab. The cyclic voltammetry (CV) was measured by 

using a three-electrode electrochemical cell method in a 0.1 M Lithium carbonate (Li2CO3, 

Mallinckrodt) electrolyte. Coated materials on a copper plate (1.0×1.0 cm
2
), Ag/AgCl, and 

platinum (Pt) wire were used as working, reference, and counter electrodes, respectively. The 

potential windows were run at −0.6 to +0.6 V with a scanning rate of 0.05 V/s. Then, the result 

was collected and analyzed.  

Diffusion coefficient (D0, cm
2
/s) of Li

+
 in the electrode was calculated from CV curve by 

following equation [16]: 

 

    
5 3/2 1/2 1/2

p 0 0i =(2.69×10 )n AD C ν                (2) 

 

where ip is the current intensities at highest position (A/g), n is the electron transfer number, A is 

apparent surface area (cm
2
/g), C0 is the maximum ion concentration (mole/cm

3
), and  is the 

sweep rate. 

The schematic of LIBs cell was illustrated in Fig 3(a). As-synthesised nanocomposite 

coating on a copper plate (1.5×1.5 cm
2
) was used as an anode while a lithium plate (99.9% Li, 

Alfa aesar) was employed as a cathode electrode. Polypropylene paper (Celgard


 2400) was used 

as a separator. An electrolyte was a solution of 1.0 M lithium hexafluorophosphate in ethylene 

carbonate and diethyl carbonate (LiPF6 in EC/DC 1:1, Alfa aesar). All components were then 

assembled in a homemade box under argon gas (O2 ˂ 100 ppm). The impedance and the charge-

discharge measurement were then recorded. The impedance was carried out between 0.1 to 10
5
 Hz 

with an amplitude of 10 mA at room temperature. The galvanostatic charge-discharge was 

performed at a cycle potential window between 0.1 to 4.2 V and a current of 1 mA. 
 

 
3. Results and Discussion 
 

3.1. Phase composition and crystal structure 
Figure 1 shows XRD patterns of as-synthesised nanomaterials: the single oxide (a) T 

(TiO2(B)), the nanocomposite (b) TS (TiO2(B)/SnO2), and the Y-doped nanocomposites (c-e) TSY 

(Y-doped TiO2(B)/SnO2) at (c) 0.25, (d) 0.5, and (e) 1 mol%Y.  The T (Fig1A(a)) exhibits only 

monoclinic phase of TiO2(B) at 2 = 14.5, 24.9, 28.9, 44.4 and 48.4 degrees corresponding to plan 

(200), (110), (002), (003), and (020), respectively (JCPDS no. 74-1940). The TS (Fig.1A(b)) 

shows a combination of the TiO2(B) and the rutile tetragonal structure of o-SnO2. The o-SnO2 

peaks were observed at 2 = 26.6, 33.8, 38.3 and 51.9 degrees corresponding to plan (110), (101), 

(200) and (211), respectively (JCPDS no. 41-1445). For the TSY at all Y concentrations 

(Fig.1A(c-e)), only the diffraction peaks of TiO2(B) and the o-SnO2 was found with no sign of 

additional characteristic peaks (such as Y2O3) which may be attributed to the low Y content. 

Although that, Y-doping effects were observed on the diffraction peak characteristics as the peak 

intensity and position were modified. Fig.1B illustrates the extended XRD patterns of all samples 

from 2 = 10 to 35 degrees. As compared to the TS (Fig. 1B(b)), the TSY (Fig.1B(c-e)) showed 

lower TiO2(B) peak intensities at 2 = 14.2 and 25.0 degrees, as the Y concentration increased, 

and peak-shifts to lower diffraction angles from 2 = 14.2 to 14.0 degrees and from 2 = 25.0 to 

24.8 degrees. Not only that but also lattice parameters of the TiO2(B), in particular a, were 
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modified when Y was introduced (see Table 2). These phenomena were attributed to Y interstitials 

in the TiO2(B) structure because the interstitial Y
3+

 (0.90 Å) has a larger ionic radius than Ti
6+

 

(0.75 Å) and Sn
4+

 (0.69 Å) resulting in lattice distortion and the modified lattice parameters. Also, 

this may lead to an increase in oxygen vacancies and defects in the structure and hence the 

observation of modified peak intensities and positions [10-12]. In addition, the crystallite size of 

TiO2(B) calculated from Eq. 1 increased with doping concentration from about 9.9 nm (the T and 

the TS) to 15.9 nm (the TSY1) as demonstrated in Table 2. This suggested the effects of Y doping 

on crystallinity that Y doping promoted grain growth and lattice distortion.  

 

 

 
 

Fig. 1. (A) XRD result and (B) XRD extended at 2 = 10 to 35 degrees of (a) TiO2(B) NWs (T), (b) 

TiO2(B) NWs/SnO2 NTs (TS), Y-doped TiO2(B) NWs/SnO2 NTs (TSY) at (c) 0.25, (d) 0.5 and  

(e) 1 %mole. 

 

 
Table 2. The lattice parameters of TiO2 and SnO2 in the Y-doped nanocomposites. 

 

Sample 

Lattice parameters (Å) Crystallite 

size 

(nm) 

Diffusion 

coefficient 

(×10
-10

cm
2
/s) 

Series 

resistance 

(Ω) 
TiO2(B)  SnO2 

a b c  a, b c 

T 13.02 3.76 6.50  - - 9.9 0.13 22.5 

S - - -  4.73 3.16 9.2 63.32 - 

TS 13.10 3.77 6.52  4.74 3.19 9.9 1.75 8.8 

TSY25 13.06 3.77 6.50  4.74 3.18 9.9 1.11 8.6 

TSY50 13.14 3.77 6.51  4.74 3.18 11.4 2.34 5.4 

TSY1 13.18 3.77 6.49  4.74 3.19 15.9 0.32 4.6 

 

 

3.2 Morphologies 
Figure 2 demonstrates the morphologies of as-synthesised nanostructures. The pure 

TiO2(B) (Fig. 2(a)) exhibited nanowire structure with smooth surfaces that agglomerate forming 

bundles of 1D nanostructure. The average diameter and length of the nanowires were 100 nm and 

3 µm, respectively. Fig. 2(b-c) show microstructure of the doped sample; TSY50. Clearly, the 

TSY50 demonstrated composite 1D nanostructures of the TiO2(B) nanowires and SnO2 nanotubes 

(indicated by the red circle). The nanotubes were found to be agglomerated (Fig.2(b)) with rough 

surfaces due to the formation of SnO2 nanocrystals while the nanowire surfaces were composed of 

dispersed nanocrystals (Fig.2(c)). The nanotube structure was further magnified by TEM 

(Fig.2(d)) providing further insight into the morphology and microstructure of the material. The 

result further confirms that the nanotubes were made up of agglomerated SnO2 nanoparticles with 
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an average particle size of about 10 nm.  The inner tube diameter was about 65.2 nm and the wall 

thickness was 8.2 nm. This suggested that SnO2 nanoparticles formed uniformly on the template 

surfaces (MnO2 nanotubes). Once the template (the core) was removed, nanotube structure with 

rough surface due to the deposition of SnO2 nanoparticles was therefore obtained.   

 

 
 

Fig. 2. FE-SEM images of (a) TiO2(B) NWs (T), (b-c) Y-doped TiO2(B) NWs/SnO2 NTs at 0.5%mole Y 

(TSY50), and (d) TEM image of SnO2 NTs (S). 
 

 

3.3. Electrochemical properties of the nanocomposites as LIBs anodes  
The cyclic voltammetry (CV) test was applied to study electrochemical performance of the 

nanomaterials using a voltage window between −0.6 V and +0.6 V in a 0.1 M Li2CO3 electrolyte. 

Figure 3(a) presents the first twenty-five CV curves for the undoped (T and TS) and Y-doped 

nanomaterials (TSY25, TSY50, and TSY1). The resulting CV showed two different regions of 

anodic (positive current values) and cathodic (negative current values) peaks where the oxidation 

and reduction take place, respectively. As expected, a small oxidation/reduction peak was noticed 

on the T, indicating its poor reversibility in electrochemical reaction.  Interestingly, the largest 

oxidation/reduction peak was found on the TSY50, pointing out a highly reversible 

electrochemical reaction of the Y-doped nanocomposite anode.  Furthermore, the highest redox 

activity gained from the TSY50 at +0.016 V and −0.39 V corresponds to the deintercalation and 

intercalation (see Eq. (3-5)) of Li
+
. These reactions led to capacity loss during the first charge-

discharge process [17, 18]. Generally, the reversible reactions (Eq. (3) and (5)) were the 

alloying/de-alloying process during Li
+
 transport. It is worth to noting that although SnO2 

electrode offers high capacity, the formation of LixSn (Eq. (5)) causes volume extension of the 

electrode resulting in battery degradation and short-term service [18, 19].  Note that excess Y 

(>0.5%mol, the TSY1) yielded a small oxidation/reduction peak, suggesting a significant decrease 

in electrochemical performance of the electrode. This may be attributed to an excess defect 

concentrations and oxygen vacancies as well as excess formation of Y2O3 on the surfaces of 

nanowires/nanotubes which inhibit Li
+
 ions transport [8, 20]. Furthermore, the deintercalation and 

intercalation gained from the TSY50 was considerably increased as the number of cycles increased 

(Fig.3b). This pointed out a high Li
+
 transport capability when the charge-discharge voltage was 
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applied as a result of Y dopant. The electrochemical reactions of Li
+
, TiO2(B), and SnO2 can be 

described by the following reactions (3-5) [17-22]  

 
  TiO2 + xLi

+
 + xe

- 
  ↔  LixTiO2 (0 ≤ x ≤ 1)                                  (3) 

   SnO2 + 4Li
+
 + 4e

-
  →   Sn + 2LiO2

+
             (4) 

    Sn + xLi
+
 + xe

-
  ↔  LixSn  (0 ≤ x ≤ 4.4)           (5) 

 

To analyse the influence of Y doping on Li
+
 diffusion, the diffusion coefficient (D0) of 

doped nanocomposites was calculated from CV curves using Eq. (2) and displayed in Fig. 3(c). 

The T, undoped anode, showed the lowest D0 of 0.13×10
-10 

cm
2
/s. The diffusion coefficient 

increased to 1.75×10
-10

 cm
2
/s when TiO2 and SnO2 were combined (the TS). The effect of Y on D0 

can be seen clearly when the D0 reached the highest value of 2.34×10
-10

 cm
2
/s at 0.5%mole Y 

(TSY50). The D0, however, decreased dramatically to 0.32×10
-10

 cm
2
/s when 1%mole Y (TSY1) 

was applied. This could be a result of excess defects and oxygen vacancies in the structures, 

resulting in a charge ion being trapped in the structures and thus poor ion exchange of the 

materials [20].  Furthermore, excess Y2O3 coating on the nanostructured surfaces may be formed 

which prevented Li
+
 ions insertion/extraction through 1D nanomaterials [20, 22]. Note that the 

estimated D0 values were in accordance with the CV testing results that TSY50 yielded the highest 

electrochemical performance while the lowest one was the T. As compared to the T and TS 

anodes, the enhancement in the diffusion coefficient, charge transfer, and the reversible reactions 

could be ascribed to the optimum Y doping on TiO2(B)/SnO2 nanocomposites.  

 

 

    
 

 
 

Fig. 3 (a) CV results at 25th cycles of TiO2(B) NWs (T) TiO2(B) NWs/SnO2 NTs (TS) and Y doped 

TiO2(B) NWs/SnO2 NTs at difference amount of %mole Y; 0.25 (TSY25), 0.50 (TSY50) and 1%mole 

(TSY1); (b) CV results after 25th cycles of the TSY50; and (c) Diffusion coefficient (D0) after 25th 

cycles of all samples. 
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To investigate the electrochemical performance of the prepared nanomaterials, LIBs cells 

were assembled. Figure 4 illuminates schematic of the LIBs cell which the nanomaterials were 

used as LIBs anodes.  The Nyquist plots were conducted to examine impedance of LIBs. Figure 

5(a) presents a series of Nyquist plots of the prepared nanomaterials. Clearly, the plots consisted of 

semi-circle and linear zones. The size of semi-circle represents the charge transfer resistance and 

charge recombination resistance of the nanomaterial-electrolyte interface [23]. For the undoped 

samples (T and TS), their semi-circles were large which attributed to a large charge transfer 

resistance. The size of semi-circle, however, decreased as the anode material was further doped 

with Y, suggesting the smaller resistances in charge transfer and charge recombination of the 

doped samples. Interestingly, among them, the TSY50 exhibited the smallest semi-circle, and 

hence its lowest charge transfer resistance. The inset (Fig.5(a)) shows the impedance of the cell 

that shifted to the origin when Y was doped. The shifted impedance of the real part on the x-axis 

represents the decreased series resistance with the increased Y concentration. Here, the TSY50 

LIBs had the series resistance approximately 5.4 Ω which was markedly lower than that of the 

undoped T (22.5 Ω) and TS (8.8 Ω) anodes. Therefore, the decrease in size of the semi-circle and 

increase in charge transfer capability, as well as the left-shifted impedance of the doped materials 

with the increased Y suggested the effects of Y dopant on the electrochemical performance. Note 

that the low series resistance and decreased ion transfer resistance of the TSY50 led to enhanced 

electrical conductivity, ion transport across electrolyte-electrode interfaces and hence superior 

cycle performance of the LIBs. 

 

 

      
 

Fig. 4. (a) Schematic diagram and (b) photographs of TSY50 LIBs cell and (c) TSY50 coated on  

 a copper plate. 

 

 

Figure 5(b) shows the galvanostatic charge-discharge curves for the TSY50 sample. The 

first specific charge/discharge capacity was 1,416.7/944.0 mAh/g, while that for the third cycle 

were decreased to 1,393.7/684.5 mAh/g.  In comparison with the TSY50, the undoped TS 

exhibited a much lower specific charge/discharge capacity of 821.1/719.1 mAh/g for the 1
st
 cycle 

and 749.1/516.2 mAh/g for the 3
rd

 cycle.  Furthermore, the specific discharge capacity and 

capacity retention of the TSY50 and TS calculated from the specific discharge capacity were 

illustrated in Fig. 5(c). The capacity retentions of TSY50 and TS at the 3
rd

 cycle was 81.3% and 

75.9% in Fig. 5(d), respectively. After 40 cycles, the capacity decreased to 219.7 mAh/g and 118.8 

mAh/g for the TSY50 and TS, respectively, along with the capacity retention of 22.6% and 16.5%, 

respectively. This suggests the decrease of electrode polarization due to the formation of solid 

electrolyte interphase (SEI) film, composite materials, and irreversible process between Li
+
 

charge-discharge in Eq. (5) [16-18].  
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a) 

 
b) 

 
c)  

d) 

          Fig. 5. (a) Nyquist plots, (b) galvanostatic charge-discharge profiles at 1 and 3 cycles, and (c) 

Specific discharge capacity at 1-40 cycles and (d) Capacity retention of TSY50 at a current of 1 mA of 

TiO2(B) NWs/SnO2 NTs (TS) and Y-doped nanocomposites as anode cell of LIBs. 

 
 
4. Conclusions 
 

Y-doped TiO2(B)/SnO2 1D-structured nanocomposites were prepared and used as anode 

materials for LIBs. The effect of Y doping on electrochemical performance was explored and 

investigated in comparison with the undoped anodes; the TiO2 nanowires, the SnO2 nanotubes, and 

the TiO2(B)/SnO2 nanocomposites. Both doped and undoped anodes were electrochemically 

characterized by cyclic voltammetry, electrochemical impedance spectroscopy, and galvanostatic 

charging-discharging techniques. Interestingly, Y doping at an optimum content of 0.5%mole Y 

played an important role in a marked improvement in electrochemical properties; ion transport, 

specific capacity, cell resistance, cycle performance and capacity retention of the nanocomposite 

anode. All these reasons together make the Y-doped TiO2(B)/SnO2 nanocomposite anode a 

promising candidate for the production of anode electrode materials for high-performance LIBs. 
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