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a  b  s  t  r  a  c  t

Spherical  NixCo(1−2x)Mnx(OH)2 (x  =  0.333,  0.4,  0.416,  0.45)  precursors  with  Co  concentration-gradient
were  prepared  by  co-precipitation  from  sulfate  solutions  using  NaOH  and  NH4OH  as  precipitation  and
complexing  agents.  Then,  well-ordered  spherical  LiNixCo(1−2x)MnxO2 was  synthesized  by  sintering  the
mixture  of  as-prepared  precursor  and  Li2CO3 at 950 ◦C  for  16  h  in  air.  EDXS  results  indicated  that  the
concentration  of  cobalt  decreased  gradually  inside  out  of  the  spherical  precursor  particle,  and  it was  uni-
form in  spherical  LiNixCo(1−2x)MnxO2 particle  obtained  by  sintering  with  Li2CO3. According  to  Rietveld
refinement  of  XRD  patterns,  the  LiNixCo(1−2x)MnxO2 synthesized  from  Co  gradient  precursor  showed
lower  degree  of  cation  disorder  than  that  prepared  from  conventional  precursor.  The  well-ordered
LiNixCo(1−2x)MnxO2 from  Co gradient  precursor  delivered  much  better  high-rate  capability  than  con-
rdered ventional  one.  The  decrease  of  cation  disorder  of  LiNixCo(1−2x)MnxO2 is  attributed  to  the  cobalt-rich  in
core  of  the  precursor  particles.  Both  abundant  Co3+ and  Li+ can  restrain  cation  mixing  effectively.  Since Li+

needs  long  time  to reach  core  during  calcining,  cobalt-rich  in core  of  the  precursor  particle  is very  impor-
tant  for restraining  cation  mixing.  Concentration-gradient  precursor  is  helpful  to  prepare  well-ordered
LiNixCo(1−2x)MnxO2 with  good  high-rate  capability,  and the total  content  of  expensive  and  toxic  cobalt
does  not  need  to be  increased.
. Introduction

Ternary materials LiNixCo(1−2x)MnxO2 with a layered NaFeO2
tructure has been studied extensively as cathode materials for
echargeable lithium-ion batteries because of their high reversible
apacity, wide working voltage range, low cost and good ther-
al  stability [1–4]. The transition metal ions (TM) in this kind

f materials are Ni2+, Co3+, and Mn4+ [5–8]. Mn4+ can raise
he structural and thermal stability, but it is almost electro-
hemical inactive in the charging/discharging process. The most
harge/discharge capacity of material is contributed by the oxi-
ation and deoxidation of Ni2+/Ni4+, especially under 4.4 V [9].
ut it is harmful to the thermal stability and cycle performance
hat Ni is excessive in LiNixCo(1−2x)MnxO2 [10]. Besides, Ni2+

r = 0.69 Å) and Li+ (r = 0.76 Å) have similar ionic radius, and they
end to exchange their sites in crystal cell, which is referred
o as cation disorder or cation mixing. Because of that, the

ominated structure of (Li)3a[NixCo(1−2x)Mnx]3b{O2}6c is in fact
Li1−yNiy)3a[LiyNi(x−y)Co(1−2x)Mnx]3b{O2}6c [11–13].  In this struc-
ure, Ni2+ will block the diffusion path of Li+ on Li+ plane due to the
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electrostatic repulsion of Li+ and Ni2+, which is harming to the rate
capability of LiNixCo(1−2x)MnxO2 [14].

Increasing the amount of lithium and cobalt in
LiNixCo(1−2x)MnxO2 is an effective way to restrain cation mix-
ing [15,16].  Excess lithium will lead to the oxidation of part
of Ni2+ to smaller Ni3+ (r = 0.56 Å), and the lacking of lithium
inclines to break of lithium layer. In preparing process, 3–11%
excess lithium is usually introduced. In contrary to excess of
Li+, increasing cobalt contention in LiNixCo(1−2x)MnxO2 is more
outstanding way  to restrain cation disorder. When x = 0.5, 12%
Li+ exchange their sites with Ni2+, and less than 2% Ni2+ are
found in lithium layer when x = 0.25 [16–18].  However, more
cobalt will results in economical and environmental prob-
lems because cobalt is rather costly and toxic. Minimizing
cation mixing without increasing Co usage will be commercially
valuable.

Gradient material has been studied as cathode material for
lithium ion batteries. Sun et al. prepared Li(Ni0.8CoxMn0.2−x)O2
material with core–shell structure. The concentration of Mn  in shell
of particle was  higher than that in core, which was just inverse
for concentration of Ni [19,20]. The electrochemical properties

and thermal stability of the core–shell Li(Ni0.8CoxMn0.2−x)O2 mate-
rial were improved, which was  attributed to the Mn4+ and Ni2+

concentration-gradient distribution. Koenig et al. also synthesized
the tailored Li1.2(Mn0.62Ni0.38)0.8O2 particles with internal gradient

dx.doi.org/10.1016/j.jpowsour.2011.10.143
http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
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Fig. 1. Illustration of co-precipitation process.

f Ni and Mn.  Mn  was rich on surface of particle and Ni was  rich in
ore [21].

LiNixCo(1−2x)MnxO2 is commonly synthesized by solid-state
eaction of NixCo(1−2x)Mnx(OH)2 precursor and LiOH or Li2CO3 at
igh temperature. LiOH or Li2CO3 particles are firstly adhered on
he surface of precursor particles, and then Li+ diffuses into the
ore of precursor particle during calcining. In this work, spherical
ixCo(1−2x)Mnx(OH)2 (x = 0.333, 0.4, 0.416, 0.45) precursors with
o concentration-gradient were firstly synthesized by improved
o-precipitation. Co was  rich in core and the Co concentration
as decreased inside out of the precursor particle. Well-ordered

pherical LiNixCo(1−2x)MnxO2 was then prepared from this pre-
ursor. Effects of gradient precursor on the cation disorder and
lectrochemical performance of LiNixCo(1−2x)MnxO2 were studied
n detail.

. Experimental

Taking Ni0.4Co0.2Mn0.4(OH)2 as example, spherical gradient
recursor was synthesized as follows. The solution of NiSO4
Sinopharm Chemical Reagent, China) and MnSO4 (Sinopharm
hemical Reagent, China) (Ni:Mn = 1:1, molar ratio) was named
olution A. The solution of NiSO4, CoSO4 (Sinopharm Chemical
eagent, China), and MnSO4 (Ni:Co:Mn = 3:4:3, molar ratio) was
amed solution B. Solution A was pumped into solution B in flow
ate Q. Simultaneously, the mixed solution of A and B was agi-
ated vigorously and pumped continuously into a water-jacketed
STR reactor in flow rate 2Q. The reactor was filled with N2. The
olume of solutions A and B was equal and two  solutions were
xhausted at the same time. In this way, concentration of cobalt fed
nto the reactor was decreased continuously. The solution of NaOH
Sinopharm Chemical Reagent, China) and NH3·H2O (Sinopharm
hemical Reagent, China) was also pumped into the reactor at the
ame time. NH3·H2O acted as chelating agent. The pH value and
emperature were controlled at about 11.0 and 50 ◦C in the reactor,
espectively. The stirring speed was about 1500 rpm min−1. After

 h, all operations were stopped for 20 min  and the precipitation
eposited entirely in the reactor. Part of supernatant liquid, which
olume was equal to the volume of solution B pumped into the
eactor in 2 h, was drawn out and the volume was emptied for
ext 2 h reaction. All the raw solutions were completely pumped

nto the reactor in about 20 h. Then the final product in the reactor
as filtered, washed and dried in turn. Thus, the spherical gradient
i0.4Co0.2Mn0.4(OH)2 powders were obtained. The co-precipitation
rocess was illustrated in Fig. 1. The conventional precursors with
o concentration-gradient of TM were also prepared by the same
ethod.

The spherical LiNi0.4Co0.2Mn0.4O2 was synthesized by sinter-

ng the mixture of as-prepared precursor and Li2CO3 (Sinopharm
hemical Reagent, China) at 950 ◦C for 16 h in air. 7 at.% excess of
i2CO3 was added to compensate the loss in calcining process.
Fig. 2. Co concentration gradient in Ni0.4Co0.2Mn0.4(OH)2 particle by calculating and
testing.

The molar ratio of metal elements in material was evaluated
by inductively coupled plasma (ICP) emission spectroscopy. The
XRD patterns were recorded by Rigaku D/MAX-2500 X-Ray Diffrac-
tometer with Cu-K radiation (� = 1.54056 Å) in the range of 10–100◦

with a step size of 0.03◦. Rietveld refinements were carried out
with the FullProf suite program (Windows version, April 2004) to
acquire crystal parameters and degree of cation mixing. The par-
ticle morphology of the powders were observed using a scanning
electron microscopy equipped with an EDAX energy disperse X-ray
spectrometer (SEM, JSM6301F).

2032-type coin cells for electrochemical tests were assembled
in a glove box filled with dry argon gas. The cathode consisted
80 wt.% LiNixCo(1−2x)MnxO2 material, 10 wt.% acetylene black as
conducting agent, and 10 wt.% polyvinylidene fluoride (PVdF) as
binder. After being uniformly blended in N-methylpyrrolidinone,
the electrode was pressed in the form of a disk with a diameter of
9 mm  and then dried at 120 ◦C for 24 h in vacuum. A typical cathode
disk contained active material of about 12 mg  cm−2. Celgard 2400
microporous membrane was  used as separator and lithium metal
served as anode. The electrolyte was 1 mol  L−1 LiPF6 EC + DEC (1:1
volume ratio). Charge and discharge tests were galvanostatically
performed at different C-rates with 1.5 mA  as 1C in the potential
range of 2.7–4.5 V (versus Li/Li+) at room temperature.

3. Results and discussion

3.1. Preparation and characterization of NixCo(1−2x)Mnx(OH)2
precursors

Spherical NixCo(1−2x)Mnx(OH)2 precursors with Co
concentration-gradient were prepared by co-precipitation. The
concentration gradient distribution of cobalt in precursor particle
was  achieved by inteqrally feeding-in. The sketch of inteqrally
feeding-in and reaction was  shown as Fig. 1. The concentration of
cobalt fed to reactor was calculated by the molar balance of Co of
input–output, as follows.

As shown in Fig. 1, V1 is initial volume of Co-poor solution, x1
is Co molar concentration of a species in the Co-poor solution, V2
is initial volume of the Co-rich solution, x2 is initial Co molar con-
centration of Co-rich solution fed to the reactor, V is the volume of
the sulfate solution fed to the reactor in the time of t, x is molar
concentration of Co fed to the reactor at the time of t, and dV is the

volume of the solution fed to the reactor in the time of dt.

b1 = V1

V1 + V2
= V1

V0
(1)
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Fig. 3. SEM images of NixCo(1−2x)Mnx(OH)2 powders. U10,

2 = V2

V1 + V2
= V2

V0
(2)
A molar balance on the Co-rich solution (labeled by dashed line
n Fig. 1) as a function of V results in the following expression.

1b1 dV − x dV = (b2V0 − V + b1V)dx + x dV (3)
0, (c) U17, (d) G17, (e) U20, (f) G20, (g) U33, and (h) G33.

When the V changes from 0 to V, x decreases from x2 to x. Applying
the boundary condition to Eq. (3) results in following expression:
x =
(

1 − V

V0

)b1/b2
(x2 − x1) + x1 (4)
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Fig. 4. SEM image of the cross-section of Ni0.4Co0.2Mn0.4(OH)2 particle.

f V1 = V2, b1 = b2 and x1 = 0, then

 =
(

1 − V

V0

)
x2 (5)

Eq. (5) indicates that Co concentration in Co-rich sulfate solution
ecreases linearly over time. The concentration of Co deposited on
he particles decreases along with the decreasing of the Co concen-
ration of solution fed into the reactor. Thus, the Co-concentration
radient is formed in the precursor particles. The Co concentration
istribution in Ni0.40Co0.20Mn0.40(OH)2 precursor particle was cal-
ulated and tested, as shown in Fig. 2. R is final radius of the particle
nd r is real-time radius in the process of precipitation. As can be
een from Fig. 2, the concentration of Co decreases slowly between
/R = 0–0.5. The position r/R = 0.794 is the half point of the volume
f the particle, which means that a thin shell layer occupies the half
olume and 50% Co exists in this rather thin shell if Co distributes
niformly in particle. When r/R < 0.794, the concentration of Co is
igher than average concentration (Co-rich area). When r/R > 0.794,
he concentration of Co is lower than average concentration (Co-
oor area). It is worth noticing that the feeding way  adopted in
his paper can obviously result sharp gradient of Co concentration
cross the radius of precursor particle.

Gradient NixCo(1−2x)Mnx(OH)2 (x = 0.33, 0.4, 0.416, 0.45) are
igned as G33, G20, G17, G10, and corresponding conventional
recursors are signed as U33, U20, U17 and U10, respectively. In co-
recipitation process, primarily fine particles were firstly formed,
hich was the cores of the final precursor particles. Then, the fresh
ydroxide precipitated on these cores and the particles grew up
radually. Finally, spherical precursor particles were yielded. The
EM images of precursors are shown in Fig. 3. The particle size of
i0.45Co0.1Mn0.45(OH)2 precursor powder is about 3–4 �m.  Other
recursors have a larger diameter of 5–6 �m.

The EDXS test shows that the molar ratio of Co/TM on the surface
f G20 precursor particle is 0.065:1, which is higher than calculation
alue because the area detected by probe beam of EDXS is under the
article surface. The cross-section of G20 particle was also tested
y EDXS. As shown in Fig. 4, the points collected EDXS spectra are

abeled as 1, 2, 3 and 4 from outside in, which is probably corre-
ponding to the positions of r/R = 0.9, 0.6, 0.3, and 0, respectively.
he Co-concentration distribution tested by EDXS is shown in Fig. 2.
greed with the theoretically prediction, Co is mainly concentrated
n the centre of the particle and little Co is appeared near the par-
icle surface. However, the tested Co concentration is lower than
alculation value in centre of the particle, and it is just high near
he surface. The deviation between experimental and calculated
ources 202 (2012) 284– 290 287

values may  come from following reasons. The precursor particles
are porous secondary particles, which are not uniformly piled with
the primary fine particles. Some fresh precipitation with low con-
centration of Co can come into the core through the cracks of
particle. Besides, the Co concentration tested by EDXS represents
an average value in the bulk around the selected point and EDXS
testing has itself unavoidable errors [21]. The actual compositions
of all precursors acquired from ICP-AES are listed in Table 1. The
ICP results coincide well with theoretical prediction.

3.2. Characterization of LiNixCo(1−2x)MnxO2

The LiNixCo(1−2x)MnxO2 cathode materials were synthesized by
calcining the mixture of NixCo(1−2x)Mnx(OH)2 precursor and Li2CO3
at 950 ◦C for 16 h in air. Corresponding to the precursors of G33,
G20, G17 and G10, the products are named LG33, LG20, LG17 and
LG10, respectively. Similarly, LU33, LU20, LU17 and LU10 materi-
als come from U33, U20, U17 and U10 precursors, respectively. The
SEM images of LiNixCo(1−2x)MnxO2 powders are shown in Fig. 5.
LG and LU samples are all spherical and have narrow particle size
distribution. The Co/TM ratios on the particle surface were also ana-
lyzed by EDXS. As shown in Table 1, in contrast to the precursor
particles, the Co/TM ratio on the surface of LG10, LG17, LG20, LG33
particles rises to 10.2%, 16.8%, 19.8%, and 32%, which indicates the
Co concentration-gradient disappears in final lithiated materials.

Fig. 6 shows the XRD diffraction profiles of LiNixCo(1−2x)MnxO2
from different precursors. All the peaks are indexed as
typical hexagonal phase with space group R-3m.  Rietveld
refinement of LiNixCo(1−2x)MnxO2 is performed by using
(Li1−zNiz)3a[Nix−zCo1−2xMnx]3b{O2}6c structural model. The
main structural parameters obtained from the refinement are
summarized in Table 2. The agreement factors of refinements
show that the calculated patterns agree well with the observed
patterns. The cell parameters of a and c are both reduced when
the Co content is increased in LiNixCo(1−2x)MnxO2. This is because
that the radius of Co3+ (0.545 Å) is less than that of Ni2+ (0.69 Å),
and similar with Mn4+ (0.53 Å) [16]. So, along with the increasing
of Co content, average radius of TM decreases, which results in the
shrink of crystal cell. The parameters of a and c also decrease with
the decreasing of cation mixing. As shown in Fig. 7, LG samples
have less cation mixing than LU samples.

The well cation order may  be resulted from the Co
concentration-gradient in the precursor particle. When the precur-
sor and Li2CO3 are calcined, the precursor particles are surrounded
by plenty of Li+ and Li+ diffuses very slowly to the core of the parti-
cles. So the concentration of Li+ is high on shell and low in the core
of particles during calcining process. When NixCo(1−2x)Mnx(OH)2
with cobalt concentration gradient is used as precursor, the con-
centration of Co is sufficient in the core, although where Li+ is little.
Since high Co concentration is effective for reducing cation mix-
ing as abundant Li+, enough strong force are supplied to restrain
cation mixing both in shell and core of particle. The effect of cobalt
concentration-gradient on cation disorder is more remarkable for
large particle since Li+ more slowly diffuses to the centre of particle.
Although the Co concentration gradient disappears after calcina-
tion, the benefit of well cation order resulted by gradient precursor
is retained, which is confirmed by the XRD refinement. The solid-
state reaction process using gradient precursor is illustrated in Fig. 8

.
The intensity ratio of I(0 0 3)/I(1 0 4) can reflect the degree

of cation disorder for layered structure LiNixCo(1−2x)MnxO2. A

high value of I(0 0 3)/I(1 0 4) means low degree of cation disor-
der and good electrochemical performance. Conversely, if value of
I(0 0 3)/I(1 0 4) is lower than 1.1, the cation disorder is undesirable,
which indicates that a few Ni2+ are mixed with Li+ in 3a sites [22,23].
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Fig. 5. SEM images of LiNixCo(1−2x)Mnx(OH)2. LU10, (b) LG1

he variation of I(0 0 3)/I(1 0 4) ratio with Co/TM ratio is shown in
ig. 9. The I(0 0 3)/I(1 0 4) of LG samples are obviously greater than

hat of LU samples. The R value, defined as the ratio of the intensity
f doublet peaks (0 0 6) and (1 0 2) to (1 0 1) peak, is meanwhile an
ndicator of the extent of hexagonal ordering. Material with good
exagonal ordering usually has an R value of lower than 0.5. The R
 LU17, (d) LG17, (e) LU20, (f) LG20, (g) LU33, and (h) LG33.

value is lower, the hexagonal ordering is better [14,24,25].  R val-
ues of samples are less than 0.5 except LU10 and R decreases with

the increasing of molar ratio of Co/TM. Compared with LU sam-
ples, LG samples show lower R values when the Co concentration is
same, which means that LG samples have more perfect hexagonal
structure. R and I(0 0 3)/I(1 0 4) ratio are listed in Table 2.
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Table 1
Actual composition of gradient NixCo(1−2x)Mnx(OH)2 and Co/TM on the surface of precursors and LiNixCo(1−2x)MnxO2 particles.

Sample name Nominal composition Actual composition Co/TM on the surface of precursor (%) Average Co/TM of
LiNixCo(1−2x)MnxO2 (%)

U10 Ni0.45Co0.10Mn0.45(OH)2 Ni0.440Co0.091Mn0.469(OH)2 – –
G10  Ni0.450Co0.091Mn0.459(OH)2 3.9 10.2
U17 Ni0.416Co0.168Mn0.416(OH)2 Ni0.410Co0.173Mn0.417(OH)2 – –
G17 Ni0.412Co0.176Mn0.412(OH)2 9.7 16.8
U20 Ni0.40Co0.20Mn0.40(OH)2 Ni0.393Co0.202Mn0.405(OH)2 – –
G20  Ni0.392Co0.198Mn0.410(OH)2 6.5 19.6
U33 Ni0.33Co0.34Mn0.33(OH)2 Ni0.325Co0.342Mn0.333(OH)2 – –
G33  Ni0.325Co0.341Mn0.334(OH)2 9.9 32.0

Table 2
The structure parameters of LiNixCo(1−2x)MnxO2 samples.

Sample name a (Å) c (Å) c/a I(0 0 3)/I(1 0 4) R Cation disorder (%) Rp (%) Rwp (%) �2 Rb (%)

LU10 2.8766 14.2682 4.957 0.99 0.516 7.2 11.8 14.2 3.28 2.148
LG10  2.8753 14.2615 4.958 1.00 0.470 6.7 12.7 14.4 3.47 2.886
LU17 2.8749 14.2645 4.962 1.02 0.489 6.3 10.7 12.5 2.56 1.903
LG17  2.8710 14.2545 4.965 1.09 0.477 5.3 9.09 11.5 2.19 1.787
LU20  2.8693 14.2536 4.968 1.13 0.432 4.1 12.9 13.8 2.62 1.852
LG20  2.8685 14.2498 4.968 1.17 0.411 3.6 12.8 14.7 3.13 2.092
LU33  2.8619 14.2343 4.976 1.12 0.416 4.0 11.3 14.3 2.92 2.316
LG33  2.8605 14.2284 4.974 1.27 0.400 3.1 10.7 14.1 2.89 2.604

d
o
L

Fig. 6. XRD patterns of LiNixCo(1−2x)MnxO2 from different precursors.

In summarize, values of I(0 0 3)/I(1 0 4), R, and degree of cation

isorder all demonstrate that LG samples have more regular hexag-
nal structure and less cation disorder than LU samples. Therefore,
G samples are expected better electrochemical performance.

Fig. 7. Cation mixing of LiNixCo(1−2x)MnxO2 from different precursors.
Fig. 8. Illustration of solid-state reaction process.

3.3. Electrochemical performance of LiNixCo1−2xMnxO2

Electrochemical properties of LiNixCo1−2xMnxO2 cathode mate-
rials were investigated using coin type cell. The cells were charged
and discharged twice at 0.2C rate, then charged at 1C and dis-
charged at 1C, 2C, 3C and 5C rates for 5 cycles, respectively. The
test results are shown in Fig. 10.  The typical discharge capaci-

ties at different rates are given in Table 3. As shown in Fig. 10
and Table 3, the rate capabilities of LG samples are remarkably
higher than that of LU samples at over 1C rate, which is owed
to the low degree of cation mixing and regular layered hexagonal

Table 3
Typical discharge capacities of LG and LU samples at 1C, 2C, 3C, and 5C rates.

C-rates Typical capacity of the samples (mAh g−1)

LU10 LG10 LU17 LG17 LU20 LG20 LU33 LG33

1C 141.9 148.1 147.4 163.7 163.7 170.5 162.4 176.8
2C 124.2 133.7 135.6 151.4 145.4 156.8 150.1 167.3
3C  110.3 122.0 126.3 144.9 134.4 147.3 144.7 162.6
5C 90.5 107.5 116.1 129.8 115.2 128.8 135.1 153.6
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Fig. 9. I(0 0 3)/I(1 0 4) of LiNixCo(1−2x)MnxO2 from different precursors.
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ig. 10. Rate capability of (a) LiNi0.45Co0.1Mn0.45O2, LiNi0.40Co0.20Mn0.40O2 and (b)
iNi0.416Co0.168Mn0.416O2, LiNi0.333Co0.333Mn0.333O2.

tructure of LG samples. Because of less Ni2+ barriers and more
rdered passway, Li+ can unhinderedly diffuse in the crystal of LG

amples. Thus the LG samples can exhibit excellent electrochemical
erformance at heavy currents. Although content of Co is halved,
he rate capability of LG17 is comparable to LU33 at 1C, 2C, 3C
nd 5C. In contrast, the rate capability of LG10 is inferior to that

[
[
[
[
[

ources 202 (2012) 284– 290

of LU20. Although LG10 is prepared from gradient precursor, the
degree of cation mixing is still as high as 6.7% because of the low
Co content, which is higher than 4.1% of degree of cation mixing
of LU20. The results reveal that gradient precursor is beneficial to
synthesize LiNixCo1−2xMnxO2 materials with good electrochemical
performance and the expensive and toxic cobalt can be decreased
at the same time. The materials prepared from gradient precursors
have great commercial competitiveness in the lithium-ion batteries
market.

4. Conclusions

The spherical gradient NixCo(1−2x)Mnx(OH)2 precursors with
Co-rich in core and Co-poor on surface have been prepared by
proposed process. The well ordered spherical LiNixCo(1−2x)MnxO2
is synthesized from this cobalt concentration-gradient pre-
cursor, which shows a hexagonally ordered layered structure
and low degree of cation mixing. Co-gradient in precur-
sor can effectively restrain cation mixing in calcining process
while the expensive and toxic cobalt is not increased. The
LiNixCo(1−2x)MnxO2 material from gradient precursor exhibits bet-
ter rate capability. Discharge capacities of LiNi0.40Co0.20Mn0.40O2
and LiNi0.416Co0.168Mn0.416O2 synthesized from gradient precur-
sors are comparable to LiNi0.333Co0.333Mn0.333O2 obtained from
conventional precursor at 1C, 2C, 3C, and 5C rates, although their
Co contents are sharply decreased. The better electrochemical per-
formance of LiNixCo1−2xMnxO2 prepared from gradient precursor
is attributed to the low cation mixing and well ordered hexago-
nal structure. Spherical Co-gradient NixCo(1−2x)Mnx(OH)2 material
prepared in this work is a promising precursor for synthesizing
LiNixCo(1−2x)MnxO2 cathode materials.
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