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The LiNij;3Coq/3Mny302/Ag composite used for cathode material of lithium ion battery was prepared
by thermal decomposition of AgNOs added to commercial LiNi;;3Co1;3Mny 30, powders to improve the
electrochemical performance of LiNi;;3Mny3Coy/30,. Structure and morphology analysis showed that Ag
particles were dispersed on the surface of LiNiy;3Co;;3Mn; 30, instead of entering the crystal structure.
The results of charge-discharge tests showed that Ag additive could improve the cycle performance and
high-rate discharge capability of LiNi;;3sMn;;3Co4/30,. Extended analysis indicated that Ag was unstable
in the commercial electrolyte at high potential. The improved electrochemical performance caused by
Ag additive was associated not only with the enhancement of electrical conductivity of the material
and the lower polarization of the cell, but also with the increased “c” parameter of LiNi;;3sMny3C0130;
after repeated charge/discharge cycles and the compact and protective SEI layer formed on the surface of

Keywords:

Lithium ion battery
Cathode material
LiNi]/g Co, 3 MI]]/g 0,
Ag additive

Electrochemical performance LiNi;3Mn;/3C0130;.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Layered transition-metal oxide LiNi;;3C01;3Mn;;30,, has been
extensively studied as a promising cathode material for lithium ion
battery, because of its higher reversible capacity, milder thermal
stability, lower cost and less toxicity than commercially used LiCoO,
[1,2]. Recently, with the development of high-power consuming
electric devices, more efforts have been paid on the modification
of LiNi; 3C013Mn; 303 so as to further improve its electrochemical
performance, especially the high-rate capability [3-6].

During the last few years, there were some researches dealing
with the silver depositing (mixing) on (with) the cathode mate-
rials such as LiFePO4 [7,8], LiCoO, [9] and LiMn;04 [10-12], and
improved electrochemical performance was achieved, which was
mainly ascribed to fact that the Ag additives efficiently increased
the electrical conductivity of the material particles. However,
Huang et al. [9] reported an undesired oxidation peak about the
dissolution of silver in the first cycle of cyclic voltammograms, sug-
gesting that silver may be unstable in the nonaqueous electrolyte
system under higher potential.

In this paper, a simple thermal decomposition method was used
to prepare LiNiy ;3Coq3Mny 30, /Ag composite and the electrochem-
ical performance was measured. The mechanism that Ag additive
improved the performances of LiNij;3Coq;3Mny;30; was studied
and discussed.
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2. Experimental
2.1. Preparation of the LiNi;;3Co;/3Mn;30,/Ag composite cathode

Commercial LiNij;3Coq;3Mny 30, powder from Best Co., China,
was used to prepare the LiNij;3C013Mny302/Ag composite.
AgNO3 (AR) was dissolved in distilled water and then the
LiNi;3C01/3Mn; 30, powders were added to the AgNOs solu-
tion to obtain a suspension. The weight ratio of AgNO3 to
LiNi;3C01;3Mn; 30, was 1:9. The suspension was stirred vigor-
ously to disperse the mixture homogeneously and dried at 100°C
to evaporate the water. Then the obtained precursor powders
were heated in a furnace at 500°C for 1h in air to obtain the
LiNij3Co1;3Mn4;302/Ag composite.

The electrode was prepared by mixing the cathode material
(pristine LiNij;3Co1;3Mny30; or LiNij;3C01;3Mny302/Ag compos-
ite, 80 wt.%), acetylene black (10 wt.%) and polyvinylidene fluoride
(PVDF) binder (10 wt.%) homogeneously in N-methyl pyrrolidinone
(NMP), and then coating uniformly on an aluminum foil. Finally, the
electrode was dried under vacuum at 120°C for10 h and punched
into disks (@ =14 mm) for use.

2.2. Characterization and analysis

The crystal structures of the pristine LiNij;3C07;3Mny;30;
and the LiNij;3Coq;3Mny;302/Ag composite were examined on
X-ray diffractometer (D/max-rB, Rigaku) with Cu Ka radiation
(A =1.5406 A). The morphological features were observed by scan-
ning electron microscope (SEM, FEI QUANTA 200, Philips) and
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field-emission scanning electron microscope (FESEM, S-4700,
Hitachi). The existence of Ag was confirmed by energy disper-
sive spectrometer (EDAX). The pristine LiNij;3Coq3Mny;30; and
the LiNi;3C01;3Mny;302/Ag composite electrodes were analyzed by
X-ray photoelectron spectroscopy (XPS) using PHI5700-ESCA with
focused monochromatic Al Ka radiation (1486.6 eV).

The charge and discharge behaviors of the pristine
LiNi;j3C013Mn;30; and the LiNi;j;3C013Mn;;30,/Ag compos-
ite were examined using CR2025 coin-type cells. The cell consisted
of the as-prepared cathode and a lithium metal anode separated by
a porous polypropylene film. The electrolyte was 1molL~! LiPFg
in a mixed solvent of ethylene carbonate (EC), diethyl carbonate
(DEC) and ethyl methyl carbonate (EMC) (1:1:1 by volume). All
the cells were cycled between 2.8 and 4.4V vs. Li/Li* at ambi-
ent temperature (23 +2°C). The constant current and constant
voltage charge (CC-CV charge) was performed galvanostatically
at a current density of 20mAg-! and then potentiostatically at
4.4V until the current density dropped to less than 2mAg~!. The
discharge was performed by varying the discharge current density
at 20, 80, 160, 320 and 800 mA g~!. Cyclic voltammetry study was
carried out on CHI720B electrochemical workstation at a scan rate
of 0.2mVs~! between 2.8 and 4.7V vs. Li/Li*.

3. Results and discussion
3.1. Characterization of the LiNi;;3Co1/3Mny/30,/Ag composite

When the AgNO3 and LiNiy;3Co13Mny 30, precursor powders
were calcined above 440 °C, the AgNO3; would decompose as follow:

(1)

The weight ratio of AgNO3 and LiNi;;3C0q3Mn;30; in the
precursor powders was 1:9, and the Ag content in the final
LiNi;3Co1/3Mn;30;2/Ag composite was calculated to be 6.6 wt.%.

Fig. 1 shows the X-ray diffraction (XRD) patterns of the pris-
tine LiNij;3Coq;3Mny;30;, the LiNij;3Co13Mny30,/Ag composite,
and the Ag pattern (PDF #04-0783) as a reference. Compared with
the vertical lines that stand for the typical XRD patterns of Ag
metal and the pattern of LiNi;;3C01;3Mny;302/Ag composite, only
the strongest characteristic Ag (11 1) peak can be detected between
the (006) and (0 12) peaks of LiNi;3C013Mn; 303, as the amount

2AgNO; — 2Ag + 2NO; + 05

of Ag is small and the other characteristic peaks of Ag are almost
overlapped by the peaks of LiNiy;3Co13Mny30,. Since the radius
of Ag* (1.26A) is greatly bigger than that of the Co3* (0.63A),
Ni2* (0.72A) and Mn#** (0.54A), if Ag is doped in the lattice of
LiNij3C01;3Mny30,, it will lead to an increase in the lattice param-
eters of the sample. For this reason, the lattice parameters of all
the samples were calculated from the XRD results by profile fitting
method. However, the “a” and “c” values of the LiNi; 3Co13Mn; 30,
in the composite, 2.8628 +0.0006 A and 14.240+ 0.004 A, are in
accordance with those of the pristine LiNij;3Coq;3Mny;30,, ie.,
a=2.8640+0.0007 A and c=14.241 +0.004 A. It is suggested that
Ag does not enter the layered structure of LiNij;3Co1;3Mnq;30;
[9,13] and the LiNi;;3Co1;3Mny;302/Ag composite is a mixture of
Ag metal and LiNi;;3C013Mny305.

The SEM images of the pristine LiNij;3Coq;3Mny;30; and
the LiNij;3C0q3Mny30/Ag composite are shown in Fig. 2.
Compared with the images of LiNij;3Coq;3Mny;30, and
LiNi;;3Co13Mn;302/Ag composite, it can be seen that some
small irregular shaped particles with a size about several hundred
nanometers exist on the surface of LiNij;3Co1;3Mny 30, particles.
The energy dispersive spectroscopy (EDS) on one of the particles at
the cross point (Fig. 2c) indicates that these small particles are Ag.

3.2. Electrochemical performances of LiNi;;3Co1/3Mn;305/Ag
composite

Fig. 3 presents the cycle performance curves of the pristine
LiNi;;3C013Mny;30; and the LiNij;3C01;3Mny;302/Ag composite
cycled at a current density of 20mAg-! over the voltage range
of 2.8-4.4V. For the pristine LiNi;;3C013Mn;;30, the initial dis-
charge capacity is 165mAhg-! and the discharge capacity fades
to 143 mAhg-1 after 50 cycles, corresponding to a capacity reten-
tion of 86.7%. For the LiNi;3Co1/3Mn;302/Ag composite, the initial
discharge capacity is 169 mAhg-1, which is a little higher than
that of the pristine LiNi;;3Coq;3Mny;30,. However, the 50th dis-
charge capacity of the LiNiy ;3Coq3Mny 30, /Ag composite still keeps
160mAhg-1, which corresponds to 94.7% of the initial capacity.
It is evident that Ag additive can significantly improve the cycle
performance of LiNij;3C0q3Mny30;.

Fig. 4 displays the discharge capacity retention of the pristine
LiNi1/3C01/3MH1/302 and the LiNi]/3C01/3MH]/302/Ag composite
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Fig. 1. (a) XRD patterns of the pristine LiNi;;3Co1;3Mn;30,, the LiNi;;3Co1;3Mn; 30, /Ag composite, and the Ag pattern (PDF #04-0783) and (b) local view of (a) in the 26 range

of 37.5°-39.0°.



4 R. Guo et al. / Journal of Power Sources 189 (2009) 2-8

pot
4.0 101 mm

Pressure| Det
ETD

200
a0 180 |
=
é MMMAM
S (]
il ammnn MAAAAMMMAMA‘MAMMMAMM
3] ....-..I.I
§ 'Iln-"
: Il.Il.-lllllll.lI-I..I
g 140 |
=)
£ —
g —®—LiNi, Co, Mn, 0,
2 L —A—LiNi Co, Mn O /Ag
100 : . L i 1 L 1 1 1 1 1
P 10 20 - v ’

Cycle Number

Fig. 3. Cycle performance of the pristine LiNij3C013Mn;;30; and the
LiNi;;3Coq/3Mn;302/Ag composite at a current density of 20mAg' over the
voltage range of 2.8-4.4V.

shows only 103 mAhg-! at this current density, 62.8% of that at
20mAg-1.

3.3. Discussion on the effect of Ag additive

To further understand the mechanism of the remark-
ably improved electrochemical performances of the
LiNi;3C0q3Mn;302/Ag composite, the variation of Ag addi-
tive during the charge-discharge process, the structure and
electrode/electrolyte interface after cycles was also studied.

The initial and cyclic voltammograms of the pristine
LiNij;3C01;3Mny;30; and the LiNij;3C01;3Mny;302/Ag compos-
ite are displayed in Fig. 5. An additional oxidation peak at
about 3.78V was found on the initial de-intercalation curve
of LiNij;3C0q3Mny30;/Ag composite but the corresponding
reduction peak was not observed. Since the potentials difference
between Li*/Li and Ag*/Ag in the aqueous system is about 3.85V
(Li*+e~=Li at —3.045V and Ag* +e~ =Ag at 0.7991V), this addi-
tional oxidation peak was probably attributed to the dissolution
of silver [9]. Inner short circuit of the cell usually happened at the
initial stage of charge while LiNi;j3C01;3Mn;;302/Ag composite
with higher silver content (~10wt.%) or pure Ag powders were
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with increasing the applied current density for both samples. g0 L1 . 1 . 1 . 1 . I . 1
However, it is clearly observed that the LiNij;3Coq3Mny;302/Ag 0 10 20 30 40 50
composite has better rate capability than the pristine one. Espe- Cycle Number

cially, at the current density of 800mAg~1, the initial discharge
capacity of LiNij;3Coq;3Mny;302/Ag composite is 116 mAh g1,
which is 69.5% of that at 20mAg~1. Meanwhile, the pristine one

Fig. 4. The discharge capacity retention of the pristine LiNi;;3Co;/3Mn; 30, and the
LiNi3Coq/3Mn;302/Ag composite cycled at various discharge current densities over
the voltage range of 2.8-4.4V.
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Fig.5. Cyclic voltammograms of cells using the pristine LiNi;;3C0q/3Mn;30, and the
LiNi;;3Coq/3Mn;302/Ag composite as the cathodes.

used as cathode. This phenomenon is due to the dissolution of
silver, as the dissolved Ag deposits on the anode is the main reason
caused the inner short circuit of cell. Furthermore, the dissolution
of Ag happens earlier than the de-intercalation of Li* from the bulk
of LiNi]/3CO]/3MH1/302.

The initial and charge-discharge curves of the pristine
LiNi;j3C013Mn;30; and the LiNi;jj3C013Mn;;302/Ag compos-
ite are shown in Fig. 6. It can be clearly seen that when
the LiNij;3Coq;3Mny;302/Ag composite was charged to about
16 mAhg-! at the beginning of the charge process, the potential
of LiNiy;3Coq;3Mny;30,/Ag composite suddenly increases to about
3.81V, and then falls back to normal. This phenomenon is called
potential jump in following text. Comparing with the plateau of
charge and discharge curves, the LiNi;;3C013Mn;30,/Ag compos-
ite has lower polarization than the pristine LiNij;3Coq3Mny30,.
For LiNij;3Coq3Mny30,/Ag composite, the increasing amount of
the charge capacity (about 18 mAhg-1) is approximately equal to
the capacity before the potential jump happens. Combining with
the result of cyclic voltammetry test, the dissolution of Ag hap-
pens earlier than the de-intercalation of Li*, we presume that the
increase in charge capacity is mainly due to the dissolution of silver
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Fig. 6. The initial charge-discharge curves for the pristine LiNi;;3Co13Mn;30; and
the LiNiy;3Co13Mny302/Ag composite at a current density of 20mAg~" over the
voltage range of 2.8-4.4V.
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Fig. 7. Ag3d spectra of the LiNiy;3Coq3Mny30,/Ag composite electrode at different
points (a-f) on the initial charge-discharge curve: (a) before charge, (b) charged to
about 3.73V (10mAhg-'), (c) charged to about 3.73V (40 mAhg-'), (d) charged to
3.83V, (e) charged to 4.4V and (f) discharged to 2.8 V (after 1 cycle).

and the sudden potential jump may be associated with the end of
silver dissolution.

XPS test was conducted when the LiNi;;3C0q3Mn;30,/Ag com-
posite electrode was charged and discharged to the potential at
different points (from a-f) on the initial charge-discharge curve
in order to investigate the valence change of Ag during the initial
charge-discharge cycle, and the Ag 3d spectra were shown in Fig. 7.
The binding energy of Ag 3ds, for the LiNi;;3C013Mn;;302/Ag
electrode before charge (a) and before the potential jump (b) is
368.0eV, indicating that the Ag exists as elementary substance
[14,15]. When the LiNij;3Co1;3Mnq;30,/Ag composite electrode
began to charge to a lower potential after the potential jump
(c), the binding energy of Ag 3ds;, remained constant (about
368.0eV). It indicates that some silver may still remain on the
surface of the LiNi;;3C0;;3Mny;30, particles after the end of sil-
ver dissolution. The reason for the appearance of sudden potential
jump and the residue of silver still needs further study. When the
LiNiy3Co1/3Mny30;2/Ag composite electrode was at higher poten-
tial (3.83V (d) and 4.4V (e)), the binding energies of Ag 3d5;, were
found to be 367.6 and 367.3 eV, which are more negative than that at
the beginning of charge. Since the binding energies of 367.6-367.8
and 367.2-367.4 eV were reported for Ag;0 and AgO, respectively
[14-17], it is concluded that the residual Ag was further oxidized
at higher potential. However, after the electrode was discharged
to 2.8V (f), the binding energy of Ag 3ds), increases to 368.0eV
again, this means that the oxidized Ag was reduced to Ag again or
Ag was deposited back from the electrolyte. The content of Ag in
the composite after one cycle must be very low, because the cor-
responding peak about the reduction of Ag* is hardly detected on
the cyclic voltammogram of the LiNij;3C01;3Mny302/Ag compos-
ite.

Generally, the improved the electrochemical performance of the
cathode with Ag mixed or coated is attribute to the enhanced sur-
face electrical conductivity of the particles [7-10], then lower the
cell polarization [10,11] and reduce the resistance [7,11,12]. There-
fore, according to the results above, the existence of conductive
residual Ag metal at lower potential and even AgO at higher poten-
tial on the surface of the cathode are both beneficial to reduce
the resistance and polarization of the cell. However, the dissolu-
tion of Ag from the cathode and the appearance of Ag,0 on the
surface of LiNij;3Coq3Mny30; at a certain potential range during
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Fig. 8. XRD patterns of the pristine LiNij;3Co13Mn;302, and the
LiNi;;3Coq/3Mny30,/Ag composite at the end of discharge after 10 cycles.

the charge process will be unfavorable for increasing the electrical
conductivity of the material particles. It means that the improved
electrochemical performance of the LiNi;3Coq3Mn;302/Ag com-
posite may be not only due to the increased electrical
conductivity. There may be some other reasons to improve
the electrochemical performance of the LiNij;3Co1;3Mny;302/Ag
composite.

XRD patterns of the pristine LiNij;3C013Mny30; and the
LiNi;j3C013Mn;302/Ag composite at the end of discharge
after 10 cycles are shown in Fig. 8. The result indicates
that there is no obvious structural degradation after repeated
charge/discharge cycles. The lattice parameters are: the pristine
LiNiq/3C01;3Mny307: a=2.851+0.001A and c=14.252+0.005A;
the LiNi;;3C01;3Mny;302/Ag composite: a=2.8541 +0.0003A and
c=14.260+0.002 A. It indicates that the microcosmic structure
of LiNij;3C01;3Mn;;30; has changed. According to Refs. [18-20],
the values of “a” and “c” have a relationship with the Li con-
tent x in delithiated LixNij;3Co1;3Mny 302, i.e., a-value decreases
and c-value increases with the decrease of x (x>0.4). The
capacity consumption of the dissolution and oxidation of Ag
during the initial charge process can be deducted from the ini-
tial charge (delithiation) capacity of the LiNij;3Coq3Mny;302/Ag
composite by using the Ag electrode mixed with the same
amount of inert material as the LiNij;3Coq3Mny;30; in the
composite. It can be found that the initial charge (delithi-
ation) capacity of LiNij;3C03Mny30; in the composite is
similar to that of LiNij;3Coq3Mny;30; and the 10th discharge
(lithiation) capacity of LiNij;3Coq3Mny30,/Ag is larger than
LiNi;;3C013Mny30,, which means that the content of Li* in
LiNiy3C01;3Mn430,/Ag is higher than that in LiNi;3Coq3Mn; 30,
after 10 cycles. Furthermore it is obvious that the contents of
Li* are higher than 0.4 in both cycled samples. Therefore, a-
value of LiNij;3Coq;3Mny;302/Ag should be larger than that of
LiNij;3Co1/3Mny 303, and c-value should be lower than that of
LiNij3C01;3Mn430;.Infact, LiNij;3Co1;3Mny 30, /Ag shows alarger
c-value than LiNij;3Coq3Mny 303, which suggests a small quantity
of Ag" might migrate into the lattice of LiNi;;3Coy;3Mn;30; and
expand “c” parameter of LiNi;;3C01;3Mn;;30; during the repeated
charge and discharge process in LiNij;3Coq3Mny;302/Ag compos-
ite. This resultindicates that Ag additive may increase the interlayer
spacing of LiNij;3Co1/3Mny;303, which can facilitate the intercala-
tion and de-intercalation of Li* ion [21] and be also favorable for
the electrochemical performance.

Generally, the components of electrolyte can be oxidized
and decomposed on the surface of the cathode materials to

form solid electrolyte interface (SEI) layer, causing the change
of the morphology and surface elemental components of the
cycled cathode material particles [22,23]. Fig. 9 shows FESEM
images of the uncycled LiNi;3Co;3Mny 30, electrode, the pristine
LiNij;3C01;3Mny;30; and the LiNij;3C01;3Mn4;302/Ag composite
electrode after 10 cycles. There are some defects on the surface
of the original LiNi;3C0;3Mn;30; particles, and the morphology
of the two cycled electrodes is quite different form the uncycled
one. It can be seen that the surface of all particles after 10 cycles
becomes rough and may be covered by the decomposition prod-
ucts of the electrolyte (SEI layer). The electrolyte decomposition
products on the surface of the pristine LiNij;3Coq;3Mny;30, parti-
cle are discontinuous and cannot cover the whole surface of the
particles, and the surface defects are found to have an increas-
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Fig.9. FESEM images of (a) the uncycled LiNi;;3Coy;3Mny 30, electrode, (b) the pris-
tine LiNiy;3Coq3Mny 30, electrode after 10 cycles and (¢) the LiNi; ;3Co13Mny302/Ag
composite electrode after 10 cycles.
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ing trend compared with the original LiNi;3Co;3Mn;30; particle
before charge, which may be eroded by the electrolyte. How-
ever, the electrolyte decomposition products on the surface of the
LiNi;3Co01/3Mny302/Ag composite particle are more compact than
the pristine LiNij;3Coq;3Mny;30, particle and the surface defects
are hardly to be observed. It means that Ag additive can promote
the decomposition of the electrolyte and the formation of more
compact SEI layer.

To characterize the difference of the SEI layer formed
on the surface of the pristine LiNi;;3C013Mn 30, and the
LiNi;3C013Mn;302/Ag composite electrode, XPS test was per-
formed on these electrodes after 10 cycles and the C 1s, O 1s and
F 1s spectra are shown in Fig. 10. In the C 1s spectra, the peak
around 290 eV is very complicated and can be assigned to carbon-
ate, such as Li,CO3 and/or RCH,0CO,Li [24,25], and PVDF binder
[—(CF,CH3 )x—] [22]. The broad peak around 284-288 eV is in fact a
group of superimposed peaks including the graphitic carbon (con-
tribution from acetylene black) at 284.3 eV, hydrocarbon (CH; ) peak
at 285 eV, ethereal or alcoholic carbon (PEO or RCH,0CO,Li) around
285-287eV [25,26] and ester carbon (RCOOR’) around 288-289 eV
[26]. The O 1s spectra includes a broad peak around 531-534eV
which is attributable to carbonate (531-532eV) and/or ethereal
oxygen (533-534eV) as the major peak [22,25], and another oxy-
gen peak around 529-530eV which is mainly attributable to M—O
(M=Ni, Co, Mn, Li) bonds of LiNij;3Co1;3Mny;30; [27]. Because of
the dissolution of Ag during repeated cycles, the increase of the
decomposition products of electrolyte and the restriction of inves-
tigation depth of XPS, the signal of Ag was very weak after 10
charge-discharge cycles. It is difficult to determine the existence of
Ag—O in the Ag 3d spectrum. Even though there were some Ag—0
bonds in the lattice, the Ag—0 component in O 1s spectrum can be
ignored compared with the massive Ni—0O, Co—0, Mn—O bonds in
the material and decomposition products of electrolyte. In the F 1s
spectra, the main peak around 688 eV is assigned to PVDF binder
[22] and the shoulder peak around 685-686eV is assigned to LiF
[24,25].

The C 1s, O 1s and F 1s spectra in Fig. 10 were deconvolved by
the components summarized above and the atomic percentages
(%) of each component are summarized in Table 1. Comparing with
the calculated results, the contents of the respective components of
the LiNi; 3C01/3Mn;30;/Ag composite electrode are quite different
from that of the pristine LiNi;;3Coq;3Mny ;30 electrode. The com-
ponents associated with the electrode itself (acetylene black, PVDF,
and the M—O bonds) of the LiNi; 3C013Mn;30;2/Ag composite elec-
trode are of an obviously lower content than that of the pristine
LiNi;;3Co13Mn;30; electrode. Correspondingly, the contents of

Table 1

Binding energy (eV) and atomic percentage (%) of the main components of the
pristine LiNij;3Co13Mny30; electrode and the LiNi;;3Coq;3Mny302/Ag composite
electrode after 10 cycles.

LiNi]/gCO]/gMI’l]BOZ LiNi1/3Co],3Mn”302/Ag

BE/eV % BE/eV %
C1s 290.5 12.9 290.7 10.8
288.7 5.1 288.7 7.2
287.0 48 287.0 13.6
285.9 224 285.9 215
285.0 8.4 285.0 17.6
2843 46.4 2843 29.3
01s 534.1 17.8 534.4 22.0
533.0 236 533.0 34.0
531.6 365 531.6 26.1
529.7 22.1 529.4 17.9
Fls 688.0 91.1 688.2 66.3
685.5 8.9 685.5 33.7
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Fig.10. C1s,0 1sandF 1s spectra of the pristine LiNi;3Coq/3Mn; 30, electrode (thin
line) and the LiNi;3Co13Mn;;302/Ag composite electrode (thick line) after 10 cycles.
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the components associated with the SEI layer (RCH,0CO;Li, PEO,
LiF, Li;CO3 and so on) are higher for the LiNij;3Coq;3Mn;;302/Ag
composite electrode. It also suggests that Ag additive can promote
decomposition of the electrolyte and the formation of SEI layer,
which is consistent with the SEM results. Generally, the erosion
and dissolution of the cathode material caused by the electrolyte

with trace HF is one of the reasons that deteriorate the electro-

chemical performance of the cathode materials [28]. Compact SEI
layer on the LiNi;;3Coq3Mny30; particle is beneficial to suppress
the surface erosion caused by the electrolyte and improve the cyclic
stability of the electrode.
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4. Conclusions

The LiNij;3Coq;3Mny;302/Ag composite was successfully pre-
pared by thermal decomposition of AgNO3 added to the
LiNi;;3Co1;3Mn; 30, powders. The Ag additive dispersed on the
surface of LiNi;;3C013Mn;;30; particles can indeed improve the
cycle performance and high-rate discharge capability. Experiments
confirm that Ag additive is unstable in the nonaqueous electrolyte
system during the charge/discharge processes, because it can dis-
solve into the electrolyte or be oxidized to silver oxide. The Ag
additive takes it effect in three ways: (1) reducing the conductivity
and lower the polarization of the cell; (2) expanding “c” parameter
of LiNij;3Mny3Coq/30; after repeated charge/discharge cycles; (3)
promoting the formation of compact and protective SEI layer.
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