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The tremendous consumption and increasing depletion of fossil 

fuel resources by traditional energy production, as well as the in-

creased pollution they have caused, highlight the urgent demand 

for renewable energy [1–4]. Because of their superior properties 

such as high energy density, high power density, light weight, and 

long cycle stability et al., lithium ion batteries (LIBs) have been 

widely used as power sources in hybrid electric vehicles (HEVs) 

and electric vehicles(EVs) [5–7]. The graphite is extensively used 

as a commercial anode material for LIB. It will stores Li+ when to 

form LiC6 with a flat voltage, V≈0.2V (vs. Li/Li+) through an in-

tercalation process. However, a LiC6 charged anode forms a pas-

sivating solid-electrolyte interphase(SEI) layer that consumes Li+ 

from the cathode. The SEI layer prevents uniform platingout of Li 

during charge. Moreover, in the process of fast charging and dis-

charging, the dendrites forming on the anode may to penetrate the 

separator and short-circuit the cell creating a severe fire hazard 

[8,9]. Compared to the commercial graphite anodes, Li4Ti5O12 

(LTO) exhibits a relatively high lithium insertion/extraction poten-

tial of 1.6V~1.7V (vs. Li/Li+), which avoided the SEI formation in 

standard electrolyte solutions and suppresses lithium dendrite dep-

osition on the surface of the anode. However, the low storage ca-

pacity of LTO (175mAh/g in theory) has prevented its widespread 

use [11-13]. 

Titanium dioxide is considered as one of the most promising 

anode materials for lithium ion batteries due to its abundant natural 

resources, non-toxicity and low cost [14]. Compared to ana-

tase(P25), brookite and rutile, bronze crystalline titania (TiO2-B) 

belongs to monoclinic system.1986,Marchand et.al firstly reported 

the synthesis of TiO2-Bby 500ºC heat treatment to Hydrogenated 

titanic acid, which got from the K2Ti4O9 ion exchange. TiO6 octa-

hedra in theTiO2-B structure connect with each other by sharing 

the vertex and corner. In the direction of a,b and c, TiO2-B has a 

more open space in that it is very suitable for Lithium ion interca-

lation/deintercalation [15]. In addition,TiO2-B has a high reversi-

ble specific capacity, thermal stability and low volume expansion 

(<=4%) in the process of intercalation/deintercalation, which can 

effectively avoid the collapse of the electrode material because of 

the large change between the charge and discharge, significantly 

improved the material cycle performance and electrochemical 

stability. 

Research shows that TiO2-B is a pseudo-Faraday induced cur-

rent process with pseudo-capacitance effect, while the implanta-*To whom correspondence should be addressed: Email: kxsong@hdu.edu.cn 

 Phone: 13588198089 

TiO2-B/Ag Nanocomposite Wires Enhanced Electrochemical Performance for  

Li-ion Batteries 
  

Jinlong Wang1, Kaixin Song1,*, Changqing Tong1, Guanglei Tian2, Jun Wu1, Huifang Gao1 and Junming Xu1 

  

1College of electronic information and engineering, Hangzhou Dianzi University, 310018, Hangzhou 
2College of Materials Science and Environment engineering, China Jiliang University, 310018, Hangzhou 

  

Received: June 25, 2017, Accepted: September 18, 2017, Available online: September 25, 2017 

  

Abstract: In this work, the pristine and Ag-composited TiO2-Bronze (TiO2-B) nanowires are successfully synthesized by hydrothermal 

method using anatase(P25) as titanium source. The SEM, TEM results reveal that the silver particles are well distributed on the TiO2-B 

nanowires. Also, the TiO2-B/Ag nanowires are dispersed very well, which demonstrate more Li-ion insertion/extraction hosts exposed to 

the electrolyte. Moreover, the electrochemical performance tests suggest that compared with the pristine TiO2-B, the Ag-composited TiO2-

B (TiO2-B/Ag) shows remarkably higher capacities (~286mAhg-1, closing to the theoretical capacity) and superior rate capability. The 

reasons causing this performance difference are ascribed to the added silver particles, which could reduce the Li-ion diffusion length and 

improve the material electrical conductivity. 

  

Keywords: Hydrothermal,TiO2-B/Ag, Nanowires  

  
   

Journal of New Materials for Electrochemical Systems 20, 183-188 (2017) 

© J. New Mat. Electrochem. Systems 



184 

tion of anatase and rutile is a solid diffusion process, so TiO2-B can 

carry out rapid charge and discharge [16]. However, the low elec-

tric and ionic conductivities within TiO2-B limits its application to 

commercial lithium batteries. To overcome these issues, the current 

research mainly based on the material morphology and composite, 

such assynthesis nanoparticles, nanowires, nanosheets to improve 

the electrochemical properties of the material. At the same time, 

composites was compounded on the basis of the preparation of 

different morphology TiO2-B with the materials of good conductiv-

ity such as carbon, graphene and Cu to improve the synergistic 

effect of TiO2-B [17-19]. Some electrode material for lithium ion 

battery with good electrochemical performance were prepared. 

Specifically, hybridizing TiO2-B with carbonaceous materials 

(carbon nanotubes, graphene, etc.) has attracted a lot of attentions 

[22,23,24]. Among those carbonaceous materials, the two-

dimensional (2D) graphene is commonly used because of its high 

conductivity, structural flexibility [20,21,23,25-27]. Zhang e,g [28] 

synthesized NiO/TiO2-B nanocomposites by hydrothermal and 

precipitation method. The first charge and discharge capacity was 

395mAh/g at 0.1C rate. Capacity retention was 96.2% after 50 

cycles. The capacity retention rate was higher than that of pure 

TiO2-Bwhich was 87.4%.Lan et al [29,30]. Prepared TiO2-

B/graphene nanocomposites by one-step hydrothermal route, and 

the discharge capacity decreased from 205.3mAh/g to 189.4mAh/g 

when cycling from 4 to 300. The average decrease ratio of capacity 

during circulation is 0.026%. Zhang et al [31]. Synthesized Cu-

doped TiO2-B nanowires by the microwave assisted hydrothermal 

method. The doped nanowires show a specific capacity of 

186.8mAh/g at the 10C rate with capacity retention of 64.3% after 

2000 cycles. Remarkably, our material exhibits a specific capacity 

of 150mAh/g at the 60C rate, substantiating its superior high rate 

capability for rechargeable lithium batteries. 

To find a more effective doping species, herein we prepared 

TiO2-B/Ag nanowires composites by hydrothermal method. Next, 

we compared with the pure TiO2-B nanowires. The obtained nano-

composites could not only increase the capacity of TiO2-B, but also 

display excellent cycling and rate performances as anode materials 

for LIBs. 

P25, Silvernitrate(AgNO3), sodium hydroxide(NaOH), hydro-

chloric acid(HCL),distilled water, and deionized water were used. 

All chemicals were used further purification. 

Typically, 1.48gP25 into 40mL 10mol/L sodium hydroxide solu-

tion, stir for 2h and then add Silvernitrate to continue stirring for 

2h, then transferred to 50mL hydrothermal reactor. And placed in 

oven at 180ºC for 72h, then cool to room temperature and remove. 

The resulting product was washed three times with deionized wa-

ter, centrifuged and filtered to add right amount of 0.1mol/L HCl. 

The mixed filtrate was stand for 24hafter stirred for 30min. Rinse 

the solution to pH=7 using deionized water. The resulting white 

precipitate was dried in an oven at 70ºC for 12h and then heat-

treated in a tube furnace at 410ºC(heating rate 5ºC/min) for2hto 

obtain an off-white powder product for subsequent Characteriza-

tion and performance testing. 

In contrast, pure TiO2-B samples without any composite materi-

als were prepared by using P25 as raw material and the same prepa-

ration process. 

The room-temperature crystalline phase constituents were iden-

tified by powder X-ray diffraction (XRD) (RIGAKUD/max 

2550/PC, Rigaku Co, Tokyo, Japan) analysis with CuKa 

(λ=1.54056Å) radiation at the voltage of 40kV and current of 

30mA.The scanning rate was 10°min-1 in the 2θ range from 10 to 

80°.The surface morphologies of the TiO2-B and TiO2-B/Ag hybrid 

nanomaterials were examined using a scanning electron micro-

scope (SEM, Hitachi, Japan) and a transmission electron micro-

scope (TEM, TecnaiF20). The samples for TEM measurement were 

prepared by dispersing the composite materials in ethanol and plac-

ing a drop of the clear solution onto a carbon-coated copper grid 

followed by drying. The Energy dispersive spectroscope (EDX) 

and elemental mapping analyses were performed using a Ni grid 

(200 meshes) as the sample holder. 

For the electrochemical measurement of lithium-ion intercala-

tion, the above samples were assembled into a half cell. The TiO2-

 

Figure 1. XRD patterns of TiO2-B and TiO2-B/Ag hybrid. 

 

 

 

Figure 2. EDS and Mapping of TiO2-B/Ag hybrid 
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B and TiO2-B/Ag were mixed with polyvinylidene fluoride (PVDF) 

binder and acetylene black carbon additive in a weight ratio of 

70:15:15, respectively. The mixture was spread and pressed on 

copper foil circular flakes as working electrodes (WE), and dried at 

120ºC in vacuum for 12h. Lithium foils were used as the counter 

electrodes. The electrolyte was 1M LiPF6 in a 1:1:1 (volumeratio) 

mixture of ethylene carbonate (EC), ethylene methylcarbonate 

(EMC) and dimethyl carbonate (DMC). The separator was Celgar-

d2400 (America) micro-porous polypropylene membrane. The cells 

were assembled in a glove box filled with highly pure argon gas 

(O2 and H2O levels < 1ppm), and charge/discharge tests were per-

formed in the voltage range of 1.0 to 3.0 V (Li+/Li) at different 

current densities on a Neware automatic batteries tester (Neware 

CT-3008, Shenzhen, China). Cyclic voltammetry (CV) and electro-

chemical impedance spectroscopy (EIS) were collected in the volt-

age range of 1.0 to3.0V (Li+/Li) on electrochemistry workstation 

(CHI6608B). 

The XRD patterns of TiO2-B and TiO2-B/Ag are illustrated in 

Fig.1. It can be seen that the XRD patterns of the two samples ob-

tained under the experimental conditions are basically the same. 

The characteristic peaks of Ag appear in the XRD patterns of the 

composites at 38°, but the other peak indicates that no other new 

phase produces, while the peak intensity and peak width are almost 

the same, indicating that the crystallinity of TiO2-B has not been 

greatly affected by Ag composite. At the same time, at 77°there is a 

weak anatase characteristic peak, indicating that both samples have 

a small amount of anatase phase produced. 

In order to further determine the composition of the composite 

material, we use the energy dispersive spectroscopy (EDS) and 

element mapping to analyze the elements in the samples qualita-

tively and quantitatively. The spectrum of the TiO2-B/Ag sample as 

Fig.2 show, which confirmed that Ag was successfully compound 

with TiO2-B and distributed uniformly and continuously on TiO2-B 

nanowires. 

To observe the morphology of the TiO2-B and TiO2-B/Ag hy-

brid, the samples were measured by SEM and TEM. Fig.3 is a one-

 

Figure 3. SEM images of two samples: low magnification ofTiO2-B (a), TiO2-B/Ag(b),high magnification of TiO2-B (c),TiO2-B/Ag(d) 

 

 

 

Figure 4. The TEM images of TiO2-B/Ag nanocomposite tubes 

 

 



186 

dimensional bronze crystalline nano-TiO2-B and its composites 

with Ag low and high magnification of the scanning electron mi-

croscope, Fig.3a and b can be seen that at low magnification of the 

prepared TiO2-B and TiO2-B/Ag nanocomposites are linear, evenly 

distributed, while there is a slight reunion phenomenon. However, 

there was no significant difference in the morphology of the two 

samples, and it was found that the composited Ag did not have a 

significant effect on the morphology. Fig.3c and d for the sample at 

10,000 times can clearly see the material of linear shape, uniform 

length. 

Fig.4 shows TEM images of bronze crystalline titanium dioxide 

TiO2-B/Ag nanometer linear composites. It can be seen that TiO2-B 

exists in a linear morphology, the sample TiO2-B/Ag nanowires 

formation width evenly, width is about 45nm, 275nm to several 

micrometers in length, and there is no obvious agglomeration phe-

nomenon, while high TEM no other morphology except TiO2-

B/Ag. 

To evaluate the electrochemical properties of the two samples, 

CV was carried out at a scan rate of 0.5 mV/s between 1.0 from 

3.0V. As depicted in Fig.5. The samples ofTiO2-Band TiO2-B/Ag 

nanocomposite electrode materials were observed at 1.5V and 

1.75V in the first scanning process from Fig.5a and b. At the same 

time, due to the influence of the SEI film, the second and the third 

charge and discharge cycle of the reduction peak occurred offset. 

Moreover, the two groups of samples were almost coincident with 

the reduction oxidation peak in the three times scaning, which indi-

cated that the TiO2-B/Ag nanocomposite electrode had good elec-

trochemical stability. Simultaneously, the structure of TiO2-B/Ag is 

stable in the process of lithium ion insertion and removal. 

Fig.5c and d show the charge-discharge profiles of TiO2-B and 

TiO2-B/Ag nanocomposite electrode materials. It can be seen that 

the charging platform of the two sets of samples is about 1.5V, 

which corresponds to the reduction peak of the CV curves. Similar-

ly, the discharge platform is about 1.75V, which corresponds to the 

oxidation peak of the CV curves. At the same time, the specific 

discharge capacity of TiO2-B and TiO2-B/Ag was 236.465mAh/g 

and 286.369mAh/g, respectively. The specific capacity of the com-

posites was higher than that of pure TiO2-B.Indicating that the 

 

Figure 5. CV curves of the cell made of (a) TiO2-B and (b) TiO2-B/Ag hybrid at a scan rate of 0.5 mVs-1; Charge-discharge profiles of the 

cells made of (c) TiO2-B and (d) TiO2-B/Ag hybrid at a current density of 0.1 C. 
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composite with Ag to enhance the first charge and discharge capac-

ity of the material. 

Fig.6a is a sample of pure TiO2-B and sample TiO2-B/Ag 50 

charge and discharge cycle capacity chart. The composite discharge 

capacity is much higher than the non-composite materials. Ag com-

posite can effectively enhance the electrochemical performance of 

TiO2-Bnanowires.TiO2-B/Ag rate of capacity loss of in the circula-

tion process almost the same, in to 50 cycles. The discharge specif-

ic capacity ofTiO2-B and TiO2-B/Ag were 95.21mAh/g and 

126.5mAh/g. 

The rate capabilities of TiO2-Band TiO2-B/Ag hybrid were eval-

uated by charge-discharge at various current densities from 0.1 to 

2C for every each 5cycles (Fig.6b). It clearly reveals that both of 

them exhibited excellent capacity retentions at each current density. 

The discharge capacity of the two sets of samples at the high cur-

rent density of 2C is stabilized at 101mAh/g and 121.58mAh/g 

after5cycles respectively. Respectively, it’s superior for TiO2-B/Ag 

that a large capacity of207.8mAh/g can be achieved again when the 

current rate was returned to 0.1C even after cycled at different cur-

rent rates, while the pure TiO2-B is 144mAh/g, indicating that 

TiO2-B/Ag nanocomposite materials for lithium ion battery anode 

material has a better rate performance. 

For further understanding the different kinetics of TiO2-Band 

TiO2-B/Ag hybrid during the electrochemical reaction, the EIS was 

carried out and the results are shown in Fig.7.Itcan be seen that a 

semicircle at high frequencies is related to the charge transfer re-

sistance and a short-inclined line in low frequency regions is due to 

the ion diffusion within the anode [32]. The semicircle diameter of 

TiO2-B/Ag is small, which indicates that the composite has higher 

charge transfer ability and lower electrochemical reaction re-

sistance. This might be contributed to the Ag supported the TiO2-B 

nanowires could enhance the electrons conductivity. It also con-

firms that TiO2-B/Ag nanocomposites have excellent electrochemi-

cal performance, which is consistent with the previous magnifica-

tion performance and cyclic performance test. The low slope of the 

low frequency part reflects the resistance of the ions on the SEI 

layer, which can be seen from the curves that they have lower im-

pedance. 

In this paper, a facile hydrothermal route is designed for prepar-

ing linear TiO2-B/Ag nanocomposites. As seen from SEM and 

TEM, the Ag particles are uniformly distributed on the surface of 

TiO2-B nanowires, which significantly improve the electrochemical 

kinetic characteristics of the materials. Besides, according to the 

electrochemical performance tests, the TiO2-B/Ag nanocomposites 

show excellent electrochemical performance. The specific capacity 

 

Figure 6. (a) cycling performances at a current density of 0.1C for TiO2-B and TiO2-B/Ag hybrid and (b) rate capabilities from 0.1 to 2C, 

respectively. 

 

 

 

Figure 7. Nyquist plots of EIS results of TiO2-B/Ag composites 

and pure TiO2-B over a frequency range of 100 kHz to 0.01 Hz 
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of TiO2-B/Ag nanowires reaches 121.58mAh/g at a current density 

of up to 2C and 172.6mAh/g at a current density of 0.1C. In con-

trast, the specific capacities of pristineTiO2-B nanowires materials 

are 101mAh/g@2C and 144mAh/g@0.1C. Additionally, under 

charge and discharge cycle test at 0.1C, the initial discharge specif-

ic capacity of the TiO2-B/Ag nanocomposites reaches to 

286.369mAh/g, much higher than that of the TiO2-B nanowires, 

which is 216.1mAh/gin the first discharge capacity. Also, after 50 

cycles, the TiO2-B/Ag nanocomposites still maintain 126.5mAh/g. 

These results would shed light on the practical application of Ag 

compounded materials as high capacity electrode with good cycling 

stability for next generation LIBs. 
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