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Nano-Li4Ti5O12 pore microspheres were synthesized by hydrothermal and subsequent calcination 

methods using Ti-(OC4H9)4 and LiAc·2H2O as raw materials. TEM analysis highlights the excellent 

crystallinity of the nano-sized Li4Ti5O12 primary particles with the size between 30–40 nm. As anode 

material of lithium ion batteries, the nano-Li4Ti5O12 exhibits higher capacity and better rate capability, 

delivering the 1 C capacity close to the theoretical value of 175 mAh g
−1

, 10C capacity of 133 mAh g
−1

 

and even 60 C capacity of 80 mAh g
−1

. The ameliorated electrode-performance is ascribed to 

nanostructure of the material that provides shorter diffusion-paths and faster migration rate for both of 

ions and electrons.. 
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1. INTRODUCTION 

In recent ten years of research, spinal Li4Ti5O12 has been regarded as a popular anode material 

due to the highly reversible lithium intercalation and deintercalation prosperities (Li4Ti5O12 + 3Li
+
 + 

3e
-
→Li7Ti5O12) [1-2]. It has a theoretical capacity of 175 mAh g−1 with a very flat charge/discharge 

potential plateau at 1.55 V due to the stable Ti
4+

/Ti
3+

 redox couple versus and experiences zero-strain 

during lithium intercalation/deintercalation [3-6]. Furthermore, Li4Ti5O12 also saves other advantages 

such as superior safety, excellent structural stability, high rate capability, low toxicity, low raw 

material cost and long cycle life [7-8]. Hence, Li4Ti5O12 is an important candidate as anode material of 

future lithium ion battery.   

However, Li4Ti5O12 has intrinsic disadvantages of low electronic conductivity (<10
−13

 S cm
−1

), 

and slow lithium-ion diffusion (10
−9

–10
−13

 cm
2
 s

−1
), which restrict its practical application in lithium-
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ion batteries [9-13]. To enhance rate performance of Li4Ti5O12 anode materials, several methods have 

been investigated and reported, such as doping with metal cations (Mg, Sn, Ag, Cu or Al etc) [14-18], 

coating with carbon [19], modifying surface morphology with titanium nitride [20,21]. Moreover, 

carbon nanotubes, carbon nanofiber or graphene are incorporated with Li4Ti5O12 by mechanical mixing 

and nanotechnology have been proposed to overcome this obstacle [22-23]. Especially those materials 

on the nanometer level, increase the contact area with electrolyte and shorten the migrating path of Li 

ions during intercalation/extraction, which would lead to improved lithium intercalation kinetics, and 

result in a higher utilization and better rate properties [25-31]. For instance, nanosheets and nanowires 

synthesized by Yang et al and Wei et al exhibited high rate capability and superior cycling stability at 

high current densities [32,33]. In contrast, improving rate performance and maintaining the high tap 

density would significantly increase the volumetric energy density of Li4Ti5O12. Depending on the 

material morphology and particle size, spherical Li4Ti5O12 material has higher tap density than 

irregular particles and improved safety associated with their low interfacial energy [21,34,35]. 

Here we described the synthesis of nano-Li4Ti5O12 pore microspheres using a hydrothermal 

self-assembly wet chemistry route followed by short time heat treatment. The morphology of the 

prepared Li4Ti5O12 pore microspheres was characterized by means of SEM and TEM, and the 

electrochemical performance of the Li4Ti5O12 microspheres powders with nano-structured was further 

tested as an anode material for lithium ion battery, as an evidence for its competency for further 

utilization in lithium ion battery of high rate performance. 

 

 

 

2. EXPERIMENTS 

2.1. Synthesis of nano-structured Li4Ti5O12 pore microspheres 

The preparation of the nanostructured powder Li4Ti5O12 can be briefly described by the 

following process. Firstly, 2mL of tetrabutyl titanate (TTIP, Ti-(OC4H9)4, 99%, Aldrich) was dissolved 

in 20mL of absolute ethyl alcohol and 0.5g of lithium acetate(C2H3O2Li·2H2O, 99%, Aldrich) was 

dissolved in 20mL of absolute ethyl alcohol in beaker, respectively. Then, two mixtures were 

transferred to a sealed stainless steel Teflon-lined reaction vessel (60 mL) and 3 drops of distilled 

water was added to the mixed solution of TTIP and LiAc drop by drop. The autoclave was sealed and 

heated at 170℃ for 3 days, and then cooled to room temperature naturally. The resultant powder was 

dried at 80℃ for 24 h under vacuum to obtain the precursor of Li4Ti5O12. The precursor was calcinated 

at 1050℃ for 1 h with a heating rate of 5℃ min
−1

 in a muffle furnace under air atmosphere and then 

cooled to room temperature naturally in the furnace. 

 

2.2 Material characterization 

Crystal structure of the powder was determined by X-ray powder diffraction(XRD, Rigaku 

D/max-γB) with a Cu anode as X-ray source (λ = 1.54059 Å), at a scanning rate of 6º min
−1

 in range of 
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10–90º. The morphology of Li4Ti5O12 material was characterized by scanning electron microscope 

(SEM, Hitachi S-4800) and transmission electron microscope (TEM, Hitachi H-7650). 

 

2.3 Electrochemical characterization 

The electrode was prepared as follows:  80wt.% Li4Ti5O12 powder, 10wt.% carbon black, and 

10wt.% polyvinylidene fluoride (PVDF) were dispersed in 1-methyl-2-pyrrolidinone (NMP) to prepare 

a slurry. The resultant slurry was then coated on a copper foil and dried at 120℃ for 10 h in a vacuum 

oven. The thickness of Li4Ti5O12 anode was around 60 μm. The work electrode was punched into 

circular discs. Electrochemical performance of the electrode was measured with 2025 type coin cell 

with lithium foil as the counter electrode and reference electrode, and Celgard2400 as the separator. 

The electrolyte was 1mol L-1 LiPF6 dissolved in a 1:1:1 (vol.%) mixture of ethylene carbonate(EC)，

dimethyl carbonate (DMC) and ethyl methyl carbonate (EMC). The cells were assembled in an argon 

glove box where both moisture and oxygen content were less than 1ppm and were cycled between 1V 

and 2.5V versus Li/Li
+
 at 1-60 C rates (1 C = 175 mAh g

-1
). 

 

 

 

3. RESULTS AND DISCUSSION 

Fig.1 shows the XRD patterns of the Li4Ti5O12. The diffraction peaks are indexed at 2θ =18.4, 

35.6, 37.1, 43.3, 47.4, 57.2, 62.8 and 66.1°，indicating the spinel-type Li4Ti5O12 (JCPDS Card No. 49-

0207), with the space group Fd-3m spinel. Meanwhile, the refined lattice parameter of Li4Ti5O12, 

which is consistent with results reported by Ohzuku et al [3]. 

 

 

 

Figure 1. XRD diffraction patterns of nano-Li4Ti5O12 samples. 
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Figure 2. (a) and (b) Representative SEM image, (c) and d) TEM image, (e) and (f) HRTEM image of 

the nano-Li4Ti5O12. 

 

Fig. 2a shows the morphology of the Li4Ti5O12, which are well ordered and relatively uniform 

microspheres with average diameter of 1.5-2 µm (Fig. 2b). To further examine the architecture of the 

Li4Ti5O12 microspheres, the samples were investigated by TEM, as shown in Fig. 2c. It can be seen 
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that clavate particle is upright and orderly distributed in the surface of the microspheres. Meanwhile, 

many pores, about 20 nm poresize, are found between particles, this unique morphology would make 

the active material contact with electrolyte more sufficiently, leading to improve electrochemical 

property. Upon magnifying to higher resolution (Fig. 2d), the particle displayed large scale nano-

particle of size 30–40 nm. It is expected that such a structure plays a vital role in enhancing the rate 

performance via reducing the diffusion path length for ionic and electronic mobility. The high 

resolution electron microscopy (Fig. 2e) further reveals that the crystalline region with clear lattice 

fringes has an inter-planar spacing of 0.48 nm, consistent with the (111) atomic planes of the spinel 

structure, indicating that the well-crystallized spinel phase in the nanostructured materials was 

prepared. Fig. 2f is an electron diffraction pattern collected from the same sample [36-38]. Calculated 

lattice spacings are in agreement with JCPDS reference card no. 49-0207 for cubic Li4Ti5O12, and the 

FFT pattern also confirms the formation of a highly crystallized spinel phase. Fig.3 shows the constant 

current initial charge–discharge curves of the nano-Li4Ti5O12 pore microspheres at different rates from 

1 to 60 C between 1.0 and 2.5V. Li4Ti5O12 show outstanding rate performance. At the initial rate of 1 

C, the potential plateau can be seen at around 1.55 V with a discharge capacity of 168.3 mAh g
-1

. It 

should be pointed out that the high coulombic efficiency (ca. 99.3%) in the first cycle might be 

ascribed to the perfect crystallization degree and nano-particle size, which decrease the irreversible 

capacity. The reversible capacity decreases to 157, 143, 133, 123, 108, 91 and 80 mAh g
-1

 when the 

density rate increases to 3 C, 5 C, 10 C, 20 C, 30 C, 40 C and 60 C, respectively. Although the capacity 

and the potential plateau both decrease with increasing current density, a high capacity of 80 mAh g
-1 

is still maintained even at 60 C. The significant improvement in the rate performance can be mainly 

attributed to good crystallinity and the short lithium diffusion path [28,39]. 

 
Figure 3. Charge-discharge curves for nano-Li4Ti5O12 between 1.0 and 2.5V at different current 

densities. 
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Fig. 4 shows the rate and cycle performances of nano-Li4Ti5O12 pore microspheres. For each 

stage, the process was taken with 50 cycles. As shown in Fig. 4, an excellent   cycling performance is 

observed for Li4Ti5O12 electrode, even at the higher rate of 60C. The capacity loss is only in the range 

of 0.01-0.02% within per 50 cycles at all current rates, indicating the high stability of the as-derived 

Li4Ti5O12 in repeated cycles. In addition, the coulombic efficiency stayed at about 100%, 

demonstrating an excellent cycling performance of Li4Ti5O12. The high-rate charge–discharge 

capability of Li4Ti5O12 could mainly be deduced from facile Li
+ 

ion diffusion in the nanocrystal 

structures [32, 33, 40]. 

 
Figure 4. Plots of charge-discharge capacity versus cycle number and coulombic efficiency versus 

cycle number under different current rates. 

 

 

 

4. CONCLUSION 

In conclusion, the nano-Li4Ti5O12 pore microspheres were synthesized by hydrothermal and 

short time calcination method. The prepared Li4Ti5O12 presents the morphology of pore microspheres 

structure, which would guarantee sufficient contact between active material and electrolyte, particle 

size is ranging between 20–50 nm, thus facilitating the electrochemical storing Li. At rate of 1 C is 

achieved a capacity value of 168.3 mAh g
-1

, capacity value close to the theoretical value of 175 mAh 

g
-1

. In addition, in lithium batteries at high-rate, the polarization remains small, and high lithium ion 

insertion, the nano-Li4Ti5O12 pore microspheres demonstrated superior rate capability even at a 10 C 

rate retained over 93% capacity of 1C. Irrespective of rates used, Li4Ti5O12 retain their initial capacity 

up to 50 cycles. These results suggest that nano-Li4Ti5O12 pore microspheres is superior in terms of 
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both high rate-capability and capacity retention is ascribed to nano and pore structure of the electrodes 

that provide more short and faster diffusion-paths for Li . 
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