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Abstract

Hydrothermal method has been successfully used to synthesize a spheroidic zinc doped Li4Ti5O12 (Li3.95Zn0.05Ti5O12) with large

specific surface area. X-ray diffraction (XRD) and scanning electron microscope (SEM) are used to characterize the structure and

morphology. The electrochemical properties are measured by the galvanostatic method and the results demonstrate that the

Li4Ti3.95Zn0.05O12 has a large discharge capacity of 182.45 mAh/g at 0.1C. With the favorable transport channel caused by the doped

Zn2þ , the Li3.95Zn0.05Ti5O12 exhibits an enhanced high rate capacity of 122.38 mAh/g and better cyclic stability at 10C, which is

promising for application in lithium ion batteries.

& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

In the past few decades, lithium ion battery has attracted
tremendous interests as promising power source in porta-
ble electronics and hybrid electric vehicles [1,2]. Recently,
lithium titanate (Li4Ti5O12) has been found to be a suitable
candidate material for lithium ion battery. Spinel Li4Ti5
O12, as promising anode material, demonstrates many advan-
tages compared to the conventional used graphite [3–6]. In the
process of Liþ intercalation and deintercalation, the
Li4Ti5O12 displays a good reversibility and structural stability
and there is negligible change in the unit cell volume, which is
called ‘‘zero strain’’ material [7–9]. The spinel lithium titanate
possesses good lithium ion mobility and a long and stable
voltage plateau at approximately 1.5 V versus Liþ /Li. How-
ever, the low intrinsic electronic conductivity of bulk Li4
Ti5O12 (merely 10�9 Scm�1) restricts its high rate perfor-
mance [2], which limits the wide application in the hybrid
electric vehicles.
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In recent years, much effort has been devoted to the
exploration of Li4Ti5O12 with various particle sizes and
morphologies, hoping to enhance the discharge capacities
and cycle performances at high rates. Coating with con-
ductive materials (e.g., TiN, and Ag) [10–12] and doping
with other metals (e.g., Mg2þ ,Zn2þ , Al3þ , V5þ) [13–15]
have been researched, trying to improve the high rate
electrochemical properties. In previous reports, Yuan et al.
[16] reported the Zn2þ doped Li4Ti5O12 in the form of
Li4�xTi5O12 (x¼0, 0.25, 0.5, 1) and Chen et al. [17]
researched the Li4Ti5�xZnxO12 prepared by the solid state
method. Doping of zinc can increase the electronic con-
ductivity and Liþ ion conductivity.
The aim of the present work is to improve the electronic

conductivity and high rate behaviors. In this paper, we report
a hydrothermal synthesis of zinc doped Li4Ti5O12 in the form
of Li3.95Zn0.05Ti5O12. The hydrothermal synthesis is an even
simpler and lower temperature method, compared with sol–gel
and solid state methods. The spheroidic Li3.95Zn0.05Ti5O12

measured by N2 adsorption/desorption BET isotherms has
demonstrated a great specific surface area and a good cycling
performance at the high rate of 10C.
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Fig. 1. (a) XRD patterns and (b) magnified (400) peaks of the Li4Ti5O12

and Li3.95Zn0.05Ti5O12.
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2. Experiments

2.1. Sample preparation

All chemicals were used as received. The tetrabutyl
titanate was mixed in ethylalcohol with stirring to form
solution A. The starting reagents of LiOH �H2O and
Zn(CH3COO)2 weighed with the stoichiometric ratio in
order to get the Li3.95Zn0.05Ti5O12 were dissolved into
20 mL deionized water with stirring, forming an aqueous
solution B and then dropwise added into the solution A
with strong stirring for 1 h. After that, the mixture was
transferred into stainless-steel autoclave at 180 1C for 24 h.
The obtained precursor was calcinated at 600 1C for 10 h
to get the final products. The crystal structure of the
powders was characterized by X-ray diffraction (XRD,
Rigaku D/max-2000) and the morphology was observed
by scanning electron microscopy (SEM, S4800, Japan).

2.2. Electrode preparation and electrochemical

characterization

Electrochemical measurements were performed using
2016-type coin cells assembled in an argon-filled glove
box (German, M. Braun Co., [O2]o1ppm, [H2O]o1ppm).
To fabricate the electrodes, a mixture of the synthesized
Li3.95Zn0.05Ti5O12, acetylene black, and polyvinylidene
fluoride (PVDF) binder at a weight ratio of 80:10:10 was
pasted on pure copper foil. Pure lithium foil was used as the
counter electrode. The electrolyte consisted of a solution of
1 M LiPF6 in ethylene carbonate and dimethyl carbonate
(ECþDMC, 1:1 in volume). The charge/discharge tests
were carried out using a LAND Celltest 2001 A (Wuhan,
China) system between cutoff voltage of 2.5 and 1.0 V. The
cyclic voltammetry (CV) was measured on a CHI660D
electrochemical workstation.

3. Results and discussion

Fig. 1 shows the XRD patterns of the as-prepared
Li4Ti5O12 and Li3.95Zn0.05Ti5O12 calcinated at 600 1C,
which is much lower than that of 800 1C synthesized by
sol–gel and solid state methods [6]. The diffraction peak of
Li4Ti5O12 named sample 1 in Fig. 1(a) coincides with the
cubic spinel structure (JCPDS No. 49-0207) without
obvious impurity. Correspondingly, the Zn doped Li4Ti5
O12 was named sample 2 in Fig. 1(a), which was very close
to the pure Li4Ti5O12 in XRD patterns. And there is an
obvious increase of crystallinity after doped with Zn2þ .
The XRD pattern in the Fig. 1(b) shows that the peaks of
the Zn doped Li4Ti5O12 shifted to smaller angels and
indicated an enlarged lattice constant of the Li4Ti5O12

according to the Bragg equation. This may be caused by
two reasons: (1) the radius of Zn2þ (74 pm) is larger than
Liþ (68–70 pm) [16]. The doping of Zn will cause the
lattice constant of the Li4Ti5O12 increased; (2) meanwhile,
the transition of a certain amount of Ti4þ to Ti3þ will
cause the increase of the lattice constant from 60.5 pm to
67 pm, which are the main factors to explain the enlarged
parameters and indicate that the Zn2þ has successfully
entered the lattice of spinel Li4Ti5O12.
The Fig. 2 was the energy dispersive spectrum analysis

(EDS) of the Zn doped Li4Ti5O12. From the table of the
element content, we can see that the molar ratio of Zn/Ti
was 1/100 approximately. Meanwhile, with the doping of
Zn2þ there must be a transition from Ti4þ to Ti3þ for the
charge balance, which means that the doped Zn2þ can
only replace the Liþ , forming the final Li3.95Zn0.05Ti5O12.
The SEM images of the Li4Ti5O12 and Li3.95Zn0.05Ti5O12

powders are shown in Fig. 3. The images in Fig. 3(b) and
(d) show that the spinel Li4Ti5O12 and Li3.95Zn0.05Ti5O12

powders are assembled by many nanosheets. But the sheets
of Li3.95Zn0.05Ti5O12 with the thickness of several nan-
ometers in Fig. 3(d) are thinner than that of dozens of
nanometers of Li4Ti5O12 in Fig. 3(b). Meanwhile, the loose
and porous structure contributes to increase the specific



Fig. 2. The energy dispersive spectrum analysis of the Zn doped

Li4Ti5O12.

Fig. 3. SEM images of the Li4Ti5O12 (a:� 10,000, b:� 100,000
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surface area of the products, which can provide more
transport channels for lithium to insert into the electrode
material and delay the capacity loss associated with the
concentration polarization to higher current density [18].
The synthesis of Zn-doped Li4Ti5O12 using hydrother-
mal method needs much lower temperature than other
approaches like sol–gel and solid state methods [6–8],which
need a high temperature over 800 1C. The sheets on the
surface of the Zn-doped Li4Ti5O12 may be melt into thick
sheets and even bulks when calcinated at high temperatures
by sol–gel or solid state methods, which will be disadvan-
tageous for Liþ to insert into the spinel Li4Ti5O12 and
decrease the discharge capacity.
Fig. 4 is the first-cycle charge/discharge curves of the

Li4Ti5O12 and Li3.95Zn0.05Ti5O12 at 0.1C and 10C, respec-
tively. Compared with 172 mAh/g of the Li4Ti5O12, the first
discharge capacity of Li3.95Zn0.05Ti5O12 is 182.45 mAh/g at
0.1C. The capacity of Li3.95Zn0.05Ti5O12 at 10C is 122.38
mAh/g, which is much larger than that of 90.6 mAh/g for
the Li4Ti5O12. It demonstrates that the Zn doped lithium
titanate has a better high rate discharge capacity. This may
be caused by the exaggerated lattice parameters, which is
easier for Li to insert and diffuse in the bulk Li4Ti5O12. The
cycling performances of Li4Ti5O12 and Li3.95Zn0.05Ti5O12 at
different rates are shown in Fig. 5. It is obvious that the Zn
doped lithium titanate demonstrates larger discharge capa-
city and better cyclic stability at various rates, especially at
high rate. For the doped Li3.95Zn0.05Ti5O12, the retention of
the discharge capacity is 117.4 mAh/g after 20 cycles, which
) and Li3.95Zn0.05Ti5O12 powders (c:� 3000, d:� 100,000).



Fig. 4. Initial charge-discharge curves of pure Li4Ti5O12 (0.1C and 10C)

and Li3.95Zn0.05Ti5O12 (0.1C and 10C).

Fig. 5. Cycle performances of Li4Ti5O12 and Li3.95Zn0.05Ti5O12 at

different rates.

Fig. 6. N2 adsorption/desorption BET isotherms of Li3.95Zn0.05Ti5O12

and Li4Ti5O12.
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is approximately 30 mAh/g higher than that of the pure
Li4Ti5O12. It could be attributed to the large specific surface
area, which increases the Li storage on the surface and adds
the contact with the electrolyte, decreasing the concentra-
tion polarization to higher rates [19]. Moreover, the doping
of zinc increases the lattice constant of Li4Ti5O12, in which
the Liþ can transfer and diffuse faster. It also enhances
the ion conductivity, which is beneficial to the high rate
performance.

Fig. 6 shows the N2 adsorption/desorption isotherms of
the Li4Ti5O12 and Li3.95Zn0.05Ti5O12. Both the isotherms
reveal type VI with a representative H1-type hysteresis
loop, which are the characteristic of mesoporous materials
[20,21]. The Brunauer–Emmett–Teller (BET) specific sur-
face area of the Li3.95Zn0.05Ti5O12 is 128.6 m2g�1, which
exceeds a great many than that of pure Li4Ti5O12

(64.3 m2g�1). Accordingly, the doping of zinc in Li4Ti5O12
has increased the specific surface area obviously, which can
provide more locations and channels for lithium to insert
into the electrode material, and improved the high rates
behaviors, indicating a promising wide application in
the HEVs.

4. Conclusions

In summary, Li3.95Zn0.05Ti5O12 powders have been
successfully synthesized via a simple hydrothermal method.
The results demonstrate that the Li3.95Zn0.05Ti5O12 with
good crystallinity has a higher discharge capacity and
specific surface area, which also exhibits better cyclic
performance than the pure Li4Ti5O12 prepared by the
similar process. The specific capacities at 0.1C and 10C
are 182.45 mAh/g and 122.38 mAh/g, respectively, which
are much larger than the Li4Ti5O12. Zn-doping is beneficial
to the intercalation and deintercalation of Liþ , implying a
promising use in the lithium ion batteries.
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