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Abstract: LisT 15012/ graphite composite was prepared by solgel method using ethyl alcohol as solvent,
lithium acetate and tetrabutyl titanate and graphite as raw materials. Lis TisO12/ graphite com posites were
characterized by X-ray diffraction( XRD) , scanning electron microscopy ( SEM) combined with electro-
chemical tests. Results show that LisTis O12/ graphite composite with 5% carbon mass fraction containing
can be obtained by annealing the precursor at 600 'C for 6 h in Ar atomophere. T he com posites can deliv
er a specific capacity of 167. 1 mAh/ g, 99. 0% and 105. 1% of the capacity can be retained after dis-
charged for 80 times at 0.1 C and 2.0 C, respectively. Compared with pure Li4TisO12, LiaT 15012/ graphite
composite shares larger discharge capacity, better cyclability and rate performance, suggesting LisT is O12/
graphite composite is a promising anode material for lithium ion batteries.
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Due to its good structural stability ( zere-strain insertion material)“’z] and satisfactory safety (the
mid-discharge voltage of LisTisOn2 close to 1.5 V versus Li’ /Li) in charge discharge process, LisTisO 1
is thought as a good anode material for asymmetrical mixed battery and lithium ion batteries with high
power. However, lower lithiun-ion conductivity and low electronic conductivity of LisT is O12 lead to poor
rate capability[3_ ' To overcome this shortco ming, many methods have been tried, such as sot gel, doping

1-2,7 . . .
l " Results show that an electronically conductive agent such as Ag is very use-

and nanotechnologies
ful to improve the high rate performance of LisTis012'" . However, the high cost of Ag metal urges us to
develop new conducting additive. T o find a cheaper conducting additive is one of the keys for the practical
application of LisTisO12. Carbon is a good conducting material and is used widely in lithium ion batteries.
If LuTisO12 is coated with carbon on its surface, the good conductivity of carbon can make up for the poor
conductivity of LiaT is O12 and thus improve its electrochemical properties. A. Guerfi et al” ' investigated

the effects of carbon black, high-surface-area carbon, graphite and carbonized polymer) on the structure,

morphology and electrochemical properties. According to their results, carbons can play three roles: (1)
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as reducing agent, improves the reaction in the bulk powders and increases lithium diffusion in the parti-
cles to enhance complete transformation; (2) the carbon additive helps to reduce the particle size and pro-
duce an agglomerate of small particles in a chain-like structure; ( 3) to increase the interparticle contact
and disturb the undesirable particle growth. Hence, it is possible to obtain LuTisO12 material with good
performance by using different types of carbons.

In this paper, L4 TisO12/ graphite composite was synthesized by solgel method and the electrochemt

cal properties, especially the high rate cycling performance were investigated.

1 Experiment

A certain quantity of tetrabutyl titanate was solved in ethanol absolute with the volume ratio of V
(tetrabutyl titanate) © V(ethanol absolute)= 1. 5. The solution of tetrabutyl titanate was added to an a
queous ethanol solution of lithium acetate stirring strongly according to the stoichiometric ratio of
LiaTisO12 to get a clear yellow sol. A certain quantity of graphite ( the mass ratio of Li4T is O12 to graphite
is 197 1)used in lithium ion batteries was dispersed uniformly in this sol with ulirasonic wave and stir
rers. After stirring for 2~ 3 h, a black gel was obtained. The gel was dried at 105 C for 4 h in vacuum to
get a black precursor. The precursor was calcinated at 600 C in Ar atmosphere for 2~ 6 h to obtain
LisTis012/ graphite com posite.

The thermal behavior of the precursor was analyzed by thermal analysis apparatus (T GA/SD-
TA851e, METTLER TOLEDO) . Phase identification studies of the samples were carried out by an X-ray
diffractometer (XRD; Rigaku D/MAX-gA) with Cu ka radiation. T he surface morphology and EDS ana-
lyses of carbon content in LisTis012— C composite was done by scanning electron microscopy ( SEM ; JSM
5600 LV).

A slurry containing 80% L##TisO12/graphite composite( mass fraction, similarly hereinafter) , 10% a-
cetylene black and 10% PVDF ( polyvinylidene fluoride) was made using N methylprrolidinone (NMP)
as the solvent. Electrodes with an area of 1 ¢m” for the measurements of electrochemical characterization
were prepared by coating slurries (about 100 Pm in thickness) on copper foils followed by drying in vacu
um at 60 C for 12 h. Electrochemical tests were conducted using a conventional coin-type cell, employing
lithium foil as a counter electrode and utilizing 1.0 mol* L™ ' LiPFe in ethylene carbonate/ dimethyl car
bonate (EC/ DM C) (with an EC to DMC volume ratio of 1. 1) as the electrolyte. T he assembly was car

ried out in an Arfilled glove box. The electrochemical analyses were carried out with an electrochemical

analysis system.

2 Results and Discussion

Fig. 1 shows the thermogravimertric (T G) a 100 120
nalysis and differential thermal analysis (DTA) of 90 100
dry gel precursor. From the TG curve, it can be e 80 80 N
seen that about 7. 44% weight of the precursor is % 70 60 é
loosed, which is due to lose of physical absorbed g 60 40 g
water on the surface of the precursor. Accordingly, 50 20 =
an endothermic peak between 50 Cand 96 C ap- 40F ' '_?20
pears on the DTA curve. The obvious weight loss 30 2(‘)0 460 660 200
above 200 Cis caused by thermal decomposition of Temperature/C

lithium acetate and the formation of titanium( 1V') Fig. 1 TG and DTA Curves of Dry Gel Precursor
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oxide from organotitanate and there are two exothermic peaks at 344 C and 405 C on DTA curve. When
the reaction stops at 450 C, the weight loss is 42. 59% , which is close to theoretical value of 44. 36%"'" .
Above 600 C, there is no weight loss at TG curve, indicating that the decom position is complete. TG and
DTA results suggest that LisaT s O12/ graphite composite can be obtained by calcinating the precursor at
600 C.

Fig. 2 is XRD patterns of LisTis012/ graphite
composites calcinating at 600 C for various time.
5 . There is no peaks assigned to carbon, because the
3;_ l content of carbon is too small to detect. All peaks
2 . ,.m.l“l- T agree well with the standard peak of JCPDS card
LT No. 26— 1198, indicating that the LisTi0n in
lc 6h . LiaT 5012/ graphite composite shares aface centered
S cubic structure with a space group of "' . With calci

10 20 30 40 50 60 70 80 90

20/(°) nating time increasing, these diffraction peaks are
Fig. 2 XRD Patterns of Samples Calcinating at sharpened and enhanced, which shows the particles
600 ‘C for Various Time have grown up with more perfect crystalline.

Fig. 3 shows the SEM images of LiaTisO12 and Lis TisO12/ graphite composite. Lis TisO12 is composed
of particles with single morphology and LisT i5012/ graphite composite is composed of particles with two
kinds of morphology with features corresponding to LisTis Oz powder and graphite, respectively. As
shown in Fig. 3, LisT is Or2 particles are well dispersed, while there are some aggregates between particles
of LisT 15012/ graphite composite. The introduction of carbon fragments adhering to the spherical

LisT 5012 particles promotes the aggregation of particles of L TisO 12/ graphite composite[ l

Fig. 3 SEM Images of Li,TisO»(a) and Li;, TisO,,/ Graphite Composite (b) Powders
Fig. 4 presents the discharge and charge curves of LisT is O12 and LisaT is O12/ graphite com posite at 0.

1C (16.8 mA/g).LuTisOr delivers a reversible discharge capacity of 146. 8 mAh/g. While the reversi-
ble discharge capacity of LisTis Orz— C composite is 167. 1 mAh/g, which is very close to the theoretical
capacity (168 mAh/g), indicating that the active material utilization is very close to the theoretical value.
Compared with LisTisO12, the reversible discharge capacity of LisTisO12— C composite is raised by about
13. 8%, which is due to the improvement of lithium ion diffusion coefficient in the insertion-desertion
process because of existing of carbon.

The cyclability of LisTis Oz and Lis TisO 12/ graphite composite is shown in Fig. 5. Cycled 80 times,
the discharge capacity of LuTisO1z is 142. 9 mAh/g and 97.3% of the initial capacity is retained, while
the discharge capacity of LisTis O12— C is 165.4 mAh/g and 99. 0% of the initial capacity is retained. Ob-
viously, the introduction of carbon increases the conductivity of LuTisO12 and improves the cycling per

formance of the LuTisO12/ graphite com posite.
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Fig 4 Discharge and Charge Curves of Li, TisO;,(a) and Fig. 5 Cyclability of Li, Tis O;2( a) and Li, Tis Oy,/
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Fig. 6 shows the rate performance of LisTisO12 and LisT is O12/ graphite composite. With the increase
of discharge rate, the reversible capacity of both LisTis Oz and LisT is O12/ graphite com posite decreases.
The reversible capacity of both LisT 5012 decreases from 146. 8 mAh/g at 0.1 C to 116.9 mAh/g at
2.0 C,and 79. 6% of the initial capacity is retaned. To LisT is O12/ graphite composite, the reversible ca-
pacity decreases from 167. 1 mAh/gat 0.1 C to 140.9 mAh/ g at 2.0 C, and 84.3% of the initial capacity
is retained. This result shows that the rate performance of Lis+Ti5s012/graphite composite is better than
LiaTis012. M eanwhile, it is shown from Fig. 6 that the capacity retention rate is not improved at small
current rate, though it helps retain higher discharge capacity. Results show that with the increase of cur
rent rate, the cycling stability of both LisTis Oz and LisT is O12/ graphite composite increase and the capae-
ity retention rate keeps a higher level at higher current rate. According to our test result, the capacity re-
tention rate of LisaTisO12 and LisTisO12/ graphite composite is the best at 2. 0 C, which is 100. 8% and
105. 1% after cycling 80 times. It is very interesting that the capacity retention rate of both LuTisO12 and
LisT 15012/ graphite com posite is more than 100% and the reason is under studying.
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Fig. 6 Rate Performance of Li,Ti; O»(a) and Li, Tis O,»/ Graphite Composite (b) Powders

3 Conclusions

LiaT i5012/ graphite composite precursor was prepared by solgel method using ethyl alcohol as sot
vent, lithium acetate and tetrabutyl titanate as raw materials, and graphite as carbon source. LisTis O12/
graphite composite with 5% carbon containing can be obtained by calcinating the precursor at 600 C for
6h in Ar atomophase. The composites can deliver a specific capacity of 167. 1 mA h/ g,99.0% and 105. 1%
of the capacity can be retained after being discharged for 80 times at 0. 1 C and 2. 0 C, respectively. Com-
pared with pure LiuTisO12, LiaT is O12/ graphite composite shares larger discharge capacity, better cyclabit

ity and rate performance, suggesting Lis TisO12/ graphite composite is a promising anode material for lith+
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um ion batteries.
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