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Effect of TiDoping on the Structure and Performance
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(Deparment of Chenistry, Depariment of M aterials Science & Engineering, State Key L aboratory for
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Abstract In this study, a series of Co-doped compoundswith the fomula of L Nig 75,9 Cau 25 Tk O, (x =0,

0 1,0 25)was synthesized by using ®l-gel method Their structure, particle size, electrochemical properties
were studied by TG, XRD, SBM and electrochemical tests It was shown that the structure of materials changed
from a hexagonal layered structure © a cubic structure as the x value increased In particular, amixture of hexa
gonal and cubic structurewaspresented at x =0 25 The electrochemical performance of the materials depended

strongly on the amount of Ti doping Possible effectson the structure and performance of L N 75 ) Cth 25 Tk O

due to Ti doping are briefly discussed based upon the experiment and computational results
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1 Introduction

L ithium cobalt oxide has been widely used as a
cathode (positive electrode) material for commercial
scondary lithium-ion batteries due © its advantages
of easy preparation, high woltage, good reversibility,
and high theoretical gecific cgpacity A LiCdO, cath-
odewith a carbon anode o make the first succesdul
Li-ON battery ", which nov dominates the lithium
battery market There is a Iimited availability of co-
balt, which causes it to have a high price and al co-
balt brings the envirorment pollution™”’. In order to
tackle the problens asociated with the high cost and
gystan instability of L iCaO,, amethod for the prepa-
ration of a verson of the compound which has
improved electrochemical characteristics and cationic
aubgtitutions on the cobalt sites has been wught
extensively ~ Of these aubstituted compounds
LNi,Co,.,0, has been identified as one of the most
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attractive materials The layered L Ni,Co,. O, (0 <x
<1) compounds have been studied extensively as
cathode materials for lithium batteries®®. The poor
themal stability and cyclability of LN i,Co,. O, (0 <
x < 1) demand for doping another element, such as
Ti, Al, Mg, Fe, Y, Sr, etc

Among those doping elements tried, Ti is re-
urceful in the earth and it has snall structure chan-
ges when lithium ion intercalation and deintercala
tion Previous studies ""**' confimed that doped Ti
can make the structure more stable, hence, mprove
the themal stability and cyclability However, previ-
ouswork only investigated doped Tiwith snall anount
( <10%). In order to further study the effect of the
amount of Ti doping on the structure and performance
and understand the role of Ti played in the cathode
material of LN i, Co,. ,O,, we used 2l-gel method ©
gynthesize a series of LN 5., Cay 5 Tk O, (x =0,
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01, 0 25).
chamical perfomance and electric state of the materi-
als at different x values both experimentally and by
calculation using VA SP were exanined

2 Exper mental
2 1 Synthesisof M ater ials

Three typesof LNk . ,Coy 25 Tk O, (x =0, Q 1,
Q0 25) were prepared by l-gel pretreament using

The structure, mormhology, electro-

citric acid as a chelating agent and lidphase foma-
tion A swoichiometric anount of lithium nitrate
(LINO;) , nickel nitrate (NINO; - 6H,0) and cobalt
nitrate (CoNO; - 6H,0) was disolved in ablute
ethyl alcohol and mixed with aqueous lution of citric
acid And then a sbichiometric anount of tetrabutyl
titanate (CHsO, Ti) wasadded The resulting olu-
tionwas stirred at 80  formore than 12 h © obtain a
clear visoous gel The gel was dried at an oven at 120
for 12 h LiNg5.,Cohs THO, (x =0, Q 1,
Q 25) were calcined at 725  for 2 h after precalcin-
ing the obtained precursor at 380
and cooling,
fixed at 1

. During heating
the variation of the temperature was

/min

2 2 Character ization of M ater als

The themal analysis was carried out on a
Netzsch STA 400 analyzer with 50 mL /min of floving
air and a heating rateof 10  /min in the temperature
range of 323 1273 K used precurors of dry gels
The structures of the materials prepared were charac-
terized by powder X-ray diffracton (XRD), using
Philips Panalytical X’ pert diffractometer with Cul
radiation operated at 40 KV and 30 mA. The data
were oollected in the B range of 10°  90° using a
step size of O 0167° and a counting time of 10 s per
step. Themormphologies of the materialswere obtained
by using a scanning electron microscope (L EO 1530
field emission SBM, Oxford Instruments) which was
operated at 15 kV. The sampleswere coated by Au
before the SBM observation

Electrochenical characterization was perfomed
with coin-type cells The cathode was prepared by
mixingan 85 5 10 (w/w) ratio of active material,
carbon black, and polyvinylidene fluoride binder, re-

Pectively, in N-methyl pyrrolidinone L ithium metal
was used as an anode and a polypropylene sgparator
was used o sparate the anode and the cathode; 1 0
mol/L LiPR disolved in a1l 1 mixture of ethylene
carbonate / diethyl carbonate was used as an electro-
lyte The charge and discharge cycles were carried
out at aQ 1 C-rate over apotential range betveen 2 7
and 4 4v.

2 3 Calculation

Al calculations were perfomed in the general-
ized gradient goproximation (GGA) to density func-
tional theory as mplamented in the Vienna Ab Initio
Simulation Package (VASP). A planewave basis st
with a kinetic-energy cutboff of 500 &/ wasused The
reciprocal $ace samplingwas donewith a4 x4 x4 k-
point grid for structures containing 4 grids

3 Realtsand D iscussion
Figure 1 dhows the TGA-DTG curves of the dry-
gel precurorsprepared for the precalcination and cal-
cination proceses The gmbolsC;, C, and C; in the
figure represent LNk 5 Cay 550, LN 65CO 25 Th 105
and LNk s Cay o5 Thos O,, regectively Belov 200
, all three typesof the materials had snall peaks,
and thisweight loss of the precursors could be due to
the deomption of superficial and structural water In
the temperature range of 200 300 , a peak oc-
curred due o the decamposition of nitrate and/or the
dehydration of metal citrate t aconitatd*’. Then a
shamp drop in weight gopeared betveen 350 and
400 , which isattributed to the cambustion of acon-
itate and its canplex There were snall changes in
the temperature range of 400 600 . When the
temperature was higher than 700 , a snall peak ap-
peared and could be related to the decomposition of
carbonate It is evident that temperature of phase
trandomation for C, was above 650 , while the
tamperature for the phase trandomation of C, and C,
were about 600 and 500
by, the themal stability can be improved by increas
ing the amount of Ti doping
Basd on the TGA /DTA reaults given in Fig 1,
eight characteristic temperatures, namely, 350

, regectively There-
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Fig 1 TGDTG curvesof the dry-gel precursor of three different
amounts of Ti doped materials
380 ,400 ,450 ,500 , 550 , 600

650 and 725 , were lected and a <eries of
XRD measureaments at each temperature kept for 2 h
wasmade ex-situ Figure 2 shows the XRD patters of
C,, G, and C; at eight characteristic tenperatures
raised consequently fran 350 o 725 The pre-
curorswere first heated up © each of the slected
temperatures and kept constant in the oven for 2 h,

and then were analyzed by XRD at room temperature

The XRD pattemnsof C, C, and C; keptat725  are
those of finished product It can be sen from Fig 2a
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Fig 2 XRD pattersof three different anount of Ti doped materi-

alson gynthesized at for 2 hours

that C, at725 had the typically hexagonal structure
with the gace group of R-3m. For hexagonal struc-
ture, the relative intensitiesof XRD lines I / l(104)
Of g0y /(o610 @re considered o be indicaiorsof the
ordering of lithium and other transition metal cations
(Ni and/or Co) '™, and the ordering of the structure
can al® be evaluated fran the XRD gectrawith the
degree of either (108) /(110) or (006) /(102)
peak plitting All the peaks belong o those of hexar
ogonal structure and no other phases were presented
The value of I(gs /104 is1 0027 and (108) /(110)
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and (006) /(102) are lited, indicating an ordered
and layered structure As evident in Fig 2b, G,
which calcined at 725  al® had hexagonal structure
with s /10 being L 027 and the degree of the
peak gliting of (006) /(012) and (018) /(110)
was better than that of C,. That ist say doped Ti can
increase the ordering of lithium and other transition
metal cations (Ni and/or Co) and can increase the
ordering of structure However, for C; at 725
(Fig 2c), twvo phases, cubic structure and hexagonal
structure co-existed

From the whole XRD patterns of C,, it can be
<en the courses of phase trandomation fran cubic
structure o hexagon structure In the tamperature
rangeof 350 600 , the XRD patterswere smilar,
and all the peaks were characteristic of the cubic
structure, the development of (003) and (104)

l H 100 nm §8

Fig 3 Micrographs of three types of cathode materials syn-
thesized at 725  for 2 hours

,

© 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved.

peakswith the increase of temperature becane gpar-
ent The phase trandomation took place above 650
and the hexagonal structure replaced the cubic struc-
ture W ith the increase of tamperature, the intensity
of characteristic peaks became stronger and well-de-
fined, the degree of the peak wlitting in (006) /
(012) and (018) /(110) became significant For C,
the hexagonal structure was obtained at above 600

, both agreed well with the TGA reaults In the
caz of C;, to phases were presented through the
whole temperature rang The reaults in Fig 2 sugges
ted the better defined hexagonal and layered structure
can be obtained at x =0 1 While o phass are
presented with x =Q 25
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Fig 4 Cyclic discharge curves of the first wo cycles of
three different anounts of Ti doped materials
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Tah 1 Summary of cycling perffomance from Fig 4

M aterial
G G G
Charge capacity /mAh- g * 193 201 170
First D ischarge capacity /mAh- g'* 172 190 140
Loss(%) 12 6 18
Seoond Charge capacity /mAh- g * 1 178 181 123
D ischarge cgpacity /mAh- g 166 179 115
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Fig 5 DOSof three different anount of Ti doped materials a) c¢) lithiation, d) f) delithialization

Figure 3 is the SEM
C;which calcined at 725

micrographsof C,, C,, and the obtained precursor at 380 . It can be seen that
for 2 h after precalcining the shape of the particles for C, and C,was regular
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with clear edges (Fig 3a and 3b), indicating good
crystal structure The particle sizes for C, are snaller
and more unifom than those of C,. The momphology
revealed C; indistinct edges of particles and rough
arfaces, hence poor structure The SEM observation
is consistentwith the XRD reaults discussed before

Figure 4 compares the first charge and discharge
curves of these three materials For C, and C,, they
both had plateaus at about 3 6 V, but for C;, there
was no obviousplateaus The charge/discharge cgpal-
ities and there losses are ammarized in Table 1 It
can be sen that for C, the first charge capacity was
193 mAh/g and the first cycle losswas 12%. The
first charge capacity for C, reached 201 mA h/gwhile
which is higher than that of C,, the first cycle loss
maintained at 6%, suggesting that the cyclability of
C, isbetter than that of C,. The first charge cgpacity
for C; was23mA h/g lower and the first cycle losswas
6% higher than those of C,, suggesting poor electro-
chamical perfomance

The density of statesforL i,N 75 ,Cy 25 Ti,O, (X
=0, 0 1, Q 25)when y =1 and y =0 were calculat-
ed and the reaults are provided in Fig 5 When the
lithium ion deintercalation occerred, the energy of
Femi (E-) was lover and the Ni-e, orbitmoved o a
higher lever of E;, indicating the degree of polariza-
tion on Ni-O and Co-O increased, hence, the valence
) o + Ni( ). The
dopingwith snall anount of Ti (x =0 1) increased
the DOS of Ni-g, (Fig 5b), implying that the va-
) and + Ni(

The presence of Ni** made the

of Ni ion changed fram +Nii(

lencesof Ni are + Ni( ) with less
N and moreNf{".
structure more stable However, when x =0 25, the
DOS of Ni-g, decreased, indicating that the high do-
pingwith Ti is detrmental 1o the structure of materi-
al The calculated results agreed well with the experi-

mental rexults

4 Conclusion
Three typesof materialsL N 5.  Cty 25 Ti, O, (X

=0, O 1, Q 25) were prepared by l-gel method
and analyzed by TG, XRD and SEM for the structure
and momhology information The electrochemnical per-
formance electron structure were al® exanined The
reaults shoved that the themal stability can be m-
proved by doping Ti Better defined hexagonal struc-
ture can be obtained at x =0 1 with good electro-
chamical perfomance When x =Q 25, wo phas
were presnted, which resulted in poor electrochami-
cal perfomance The calculation in the density of
states revealed the change of Ni ion valence during

delithializating
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