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Abstract: Li4T i5O 12 / g raphite composite w as prepared by so-l gel method using ethy l alcoho l as solv ent ,

lithium acetate and tet rabuty l t itanate and g raphite as raw mater ials. L i4 Ti5O 12 / g raphite composites w ere

character ized by X-ray diff ract ion( XRD) , scanning elect ron microscopy ( SEM ) combined w ith electr o-

chem ical tests. Results show that L i4T i5O12 / graphite composite w ith 5% carbon mass f ract ion containing

can be obtained by annealing the precurso r at 600 � for 6 h in Ar atomopher e. T he composites can deliv-

er a specif ic capacity of 167. 1 mA h/ g, 99. 0% and 105. 1% of the capacity can be retained af ter dis-

char ged for 80 times at 0. 1 C and 2. 0 C, respect ively. Compared w ith pure Li4Ti5O 12 , Li4T i5O 12 / g raphite

composite shares larg er discharg e capacity, bet ter cy clability and rate performance, suggesting Li4T i5O12 /

graphite composite is a promising anode material for lithium ion bat teries.
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Due to it s g ood st ructural stability ( zero-st rain inser tion material)
[ 1, 2]

and sat isfactory safety ( the

mid-dischar ge vo ltag e of L i4T i5O12 close to 1. 5 V versus Li
+
/ L i) in charg e-dischar ge process, L i4 Ti5O 12

is thought as a good anode material for asymmetrical mix ed bat ter y and lithium ion bat teries w ith high

pow er. How ever, low er lithium-ion conductivity and low electronic conduct iv ity of L i4T i5O12 lead to poor

rate capability
[ 3- 6]

. T o over come this shortcoming , many methods have been tried, such as so-l gel, doping

and nanotechnolog ies
[ 1- 2, 7]

. Results show that an elect ronically conduct iv e agent such as Ag is very use-

ful to improve the high rate performance o f Li4T i5O12
[ 8]
. How ever, the high co st of Ag metal urges us to

develop new conducting addit iv e. T o f ind a cheaper conduct ing addit ive is one of the key s for the pract ical

application of L i4Ti5O 12 . Carbon is a good conduct ing mater ial and is used w idely in lithium ion bat teries.

If L i4 Ti5O 12 is coated with carbon on its sur face, the good conduct ivity of carbon can make up fo r the poor

conductivity of L i4T i5O12 and thus improve its elect rochem ical pr opert ies. A. Guerf i et al[ 9- 10] invest igated

the ef fects of carbon black, high-surface-area carbon, gr aphite and carbonized polymer) on the st ructure,

morpholog y and elect rochemical propert ies. According to their results, carbons can play three ro les: ( 1)
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as r educing agent, improves the react ion in the bulk powder s and increases lithium dif fusion in the part-i

cles to enhance complete transformat ion; ( 2) the carbon addit ive helps to r educe the part icle size and pr o-

duce an agg lomerate of small part icles in a chain- like st ructure; ( 3) to increase the inter-part icle contact

and disturb the undesirable part icle g row th. Hence, it is possible to obtain Li4 Ti5O 12 material with good

performance by using differ ent types o f carbons.

In this paper, L i4 Ti5O 12 / g raphite composite w as synthesized by so-l gel method and the electr ochem-i

cal proper ties, especially the high rate cycling perfo rmance w ere investig ated.

1 � Experiment
A certain quant ity o f tetr abuty l t itanate w as so lved in ethanol absolute w ith the volume rat io of V

( tet rabuty l t itanate) � V ( ethanol absolute) = 1�5. The solution o f tet rabutyl t itanate w as added to an a-

queous ethano l solut ion of lithium acetate stirring strong ly according to the stoichiometr ic ratio of

Li4T i5O 12 to get a clear yellow sol. A certain quant ity o f g raphite ( the mass rat io o f L i4T i5O12 to g raphite

is 19�1) used in lithium ion bat teries w as disper sed uniformly in this sol w ith ultr asonic w ave and st ir-

r ers. Af ter st irring fo r 2~ 3 h, a black gel w as obtained. The gel w as dried at 105 � for 4 h in vacuum to

get a black precursor. T he pr ecursor w as calcinated at 600 � in Ar atmosphere for 2~ 6 h to obtain

Li4T i5O 12 / g raphite composite.

The thermal behav ior o f the precurso r w as analyzed by thermal analysis apparatus ( T GA/ SD-

T A851e, MET TLER TOLEDO) . Phase ident if icat ion studies of the samples w ere carried out by an X-ray

dif fractometer ( XRD; Rigaku D/ MAX-gA) w ith Cu k� r adiat ion. T he surface morpho logy and EDS ana-

lyses o f car bon content in Li4T i5O 12- C composite w as done by scanning electron m icroscopy ( SEM ; JSM

5 600 LV) .

A slurry containing 80% Li4 Ti5O 12 / g raphite composite( mass f ract ion, sim ilarly hereinaf ter) , 10% a-

cety lene black and 10% PVDF ( poly viny lidene f luo ride) w as made using N- methylprro lidinone ( NMP)

as the solvent . Electrodes w ith an area of 1 cm2 fo r the measurements of elect rochemical characterization

w ere pr epared by coat ing slurries ( about 100 �m in thickness) on copper foils fo llow ed by dry ing in vacu-

um at 60 � for 12 h. Elect rochem ical tests w ere conducted using a conventional coin- type cell, employing

lithium foil as a counter electr ode and ut ilizing 1. 0 mo l � L - 1 LiPF 6 in ethy lene car bonate/ dimethy l car-

bonate ( EC/ DMC) ( w ith an EC to DMC volume ratio of 1�1) as the elect rolyte. T he assembly w as car-

r ied out in an Ar- filled glo ve box. The elect rochemical analyses w ere car ried out w ith an electro chemical

analysis system.

2 � Results and Discussion

Fig. 1 � TG and DTA Curves of Dry Gel Precursor

Fig. 1 show s the thermog ravimert ric ( T G) a-

nalysis and differ ent ial thermal analy sis ( DTA ) of

dry gel pr ecursor. From the T G curve, it can be

seen that about 7. 44% weight of the pr ecursor is

loosed, w hich is due to lose o f physical absorbed

w ater on the sur face o f the pr ecur sor. According ly,

an endo thermic peak betw een 50 � and 96 � ap-

pear s on the DTA curve. The obvious w eight loss

above 200 � is caused by thermal decomposition of

lithium acetate and the fo rmat ion of titanium ( IV )
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ox ide f rom or gano titanate and there ar e tw o exotherm ic peaks at 344 � and 405 � on DTA curve. When

the react ion stops at 450 � , the w eight lo ss is 42. 59% , w hich is close to theo ret ical v alue of 44. 36% [ 11] .

Above 600 � , there is no w eight loss at T G curve, indicat ing that the decomposition is complete. TG and

DTA results suggest that Li4T i5O12 / gr aphite composite can be obtained by calcinat ing the pr ecur sor at

600 � .

Fig. 2� XRD Patterns of Samples Calcinating at

600 � for Various Time

Fig . 2 is XRD patterns of Li4T i5O 12 / g raphite

composites calcinat ing at 600 � fo r v arious t ime.

There is no peaks assigned to carbon, because the

content o f carbon is too smal l to detect . Al l peaks

ag ree w ell w ith the standard peak of JCPDS car d

No. 26 - 1198, indicat ing that the Li4T i5O12 in

Li4T i5O 12 / g raphite composite shares a face centered

cubic st ructur e w ith a space group of[ 12] . With calc-i

nat ing t ime incr easing, these dif fraction peaks are

sharpened and enhanced, w hich show s the part icles

have g row n up w ith more perfect cr ystalline.

Fig. 3 show s the SEM images of Li4T i5O12 and Li4 Ti5O 12 / g raphite composite. L i4 Ti5O 12 is composed

of part icles w ith single morpholog y and Li4T i5O 12 / g raphite composite is composed of part icles w ith tw o

kinds of mor pholog y w ith featur es co rresponding to L i4T i5O12 powder and graphite, respect ively. A s

show n in Fig . 3, Li4T i5O12 part icles ar e w ell dispersed, while there are some agg regates betw een part icles

of L i4T i5O12 / graphite composite. The int roduct ion of carbon fr agments adhering to the spherical

Li4T i5O 12 part icles pr omotes the aggregat ion of part icles of L i4 Ti5O 12 / g raphite composite
[ 10]

.

Fig. 3� SEM Images of Li4Ti5O12 ( a) and Li4Ti5O12 / Graphite Composite ( b) Powders

Fig . 4 presents the discharg e and charge curv es of L i4T i5O12 and Li4T i5O12 / graphite composite at 0.

1 C ( 16. 8 mA/ g) . L i4 Ti5O 12 delivers a reversible discharge capacity of 146. 8 mAh/ g. While the rever s-i

ble discharg e capacity of L i4T i5O12– C composite is 167. 1 mAh/ g, which is v er y close to the theoret ical

capacity ( 168 mAh/ g) , indicat ing that the act iv e material ut ilizat ion is very close to the theo ret ical v alue.

Compar ed w ith Li4 Ti5O 12 , the reversible discharg e capacity of Li4T i5O 12– C composite is raised by about

13. 8%, w hich is due to the improvement o f lithium ion dif fusion coeff icient in the insert ion-deser tion

pro cess because of ex ist ing of carbon.

The cyclability of Li4T i5O12 and Li4 Ti5O 12 / g raphite composite is show n in Fig. 5. Cycled 80 t imes,

the dischar ge capacity o f L i4 Ti5O 12 is 142. 9 mAh/ g and 97. 3% of the init ial capacity is r etained, w hile

the discharg e capacity of L i4T i5O12- C is 165. 4 mAh/ g and 99. 0% of the init ial capacity is retained. Ob-

v iously, the intr oduct ion of carbon increases the conduct iv ity o f L i4 Ti5O 12 and improves the cycling per-

formance of the Li4 Ti5O 12 / g raphite composite.
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Fig. 4� Discharge and Charge Curves of Li4Ti5O12 ( a) and

Li4Ti5O12/ Graphite Composite ( b) Powders

Fig. 5� Cyclability of Li4Ti5O12( a) and Li4Ti5O12 /

Graphite Composite (b) Powders

� � Fig. 6 show s the rate performance of L i4 Ti5O 12 and Li4T i5O12 / graphite composite. With the increase

of discharge r ate, the reversible capacity o f both Li4T i5O12 and Li4T i5O12 / graphite composite decreases.

The reversible capacity of both Li4T i5O12 decreases from 146. 8 mAh/ g at 0. 1 C to 116. 9 mAh/ g at

2. 0 C, and 79. 6% o f the init ial capacity is retained. To Li4T i5O12 / graphite composite, the r eversible ca-

pacity decreases f rom 167. 1 mAh/ g at 0. 1 C to 140. 9 mA h/ g at 2. 0 C, and 84. 3% of the initial capacity

is r etained. This result show s that the rate per formance of Li4T i5O12 / g raphite composite is better than

Li4T i5O 12 . M eanwhile, it is shown from Fig. 6 that the capacity retent ion rate is no t impr oved at small

current rate, though it helps r etain higher discharg e capacity . Results show that w ith the increase of cur-

r ent r ate, the cycling stability of bo th Li4T i5O12 and Li4T i5O12 / gr aphite composite increase and the capac-

ity retent ion rate keeps a higher lev el at higher current rate. Acco rding to our test result, the capacity re-

tention rate o f L i4T i5O12 and Li4 Ti5O 12 / graphite composite is the best at 2. 0 C, w hich is 100. 8% and

105. 1% after cycling 80 t imes. It is v ery interest ing that the capacity retent ion rate of both Li4 Ti5O 12 and

Li4T i5O 12 / g raphite composite is more than 100% and the r eason is under studying.

Fig. 6� Rate Performance of Li4Ti5O12 ( a) and Li4Ti5O12 / Graphite Composite ( b) Powders

3 � Conclusions
Li4T i5O 12 / g raphite composite precursor w as prepared by so-l g el method using ethyl alcohol as so-l

v ent , lithium acetate and tet rabuty l t itanate as r aw materials, and graphite as carbon source. Li4T i5O12 /

graphite composite w ith 5% carbon containing can be obtained by calcinat ing the precursor at 600 � for

6h in Ar atomophase. The composites can deliver a specific capacity o f 167. 1 mA h/ g, 99. 0% and 105. 1%

of the capacity can be retained af ter being discharged fo r 80 t imes at 0. 1 C and 2. 0 C, r espect ively. Com-

pared w ith pure Li4 Ti5O 12 , L i4T i5O12 / gr aphite composite shares larger discharg e capacity, bet ter cyclabi-l

ity and r ate performance, suggest ing Li4 Ti5O 12 / graphite composite is a promising anode material for lith-i
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um ion bat teries.
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Li4T i5O 12 /石墨负极材料的湿法制备与电化学表征

何则强1, 2 ,熊利芝1, 2 ,梁 � 凯1

( 1.吉首大学化学化工学院,湖南 吉首 � 416000; 2.中南大学化学化工学院,湖南 长沙 � 410083)

摘 � 要:以无水乙醇为溶剂, 醋酸锂、钛酸丁酯和石墨为原料 ,采用湿法制备了 L i4T i5O12/石墨复合材料.采用 X- 射线

衍射、红外光谱、扫描电镜和电化学测试等对合成产物进行了表征. 结果表明: 600 � 氩气气氛中煅烧 6 h 可制得碳质量分

数5%左右的 Li4T i5O12 /石墨复合材料, 其可逆容量达到 167. 1 mAh � g - 1 ;经 80 次循环后, 0. 1C 放电时, 容量保持率为99.

0% , 2. 0 C 放电时容量保持率达到 105. 1% . 与纯 L i4T i5O 12相比, L i4T i5O 12 /石墨复合材料具有更好的循环性能和倍率性

能,是一种优良的锂离子电池负极材料.

关键词:锂离子电池; L i4T i5O12 ;负极; 湿法
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