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ABSTRACT: The use of graphene as a conductive additive to enhance
the discharge capacity and rate capability of LiNi;;3Co,/3Mn;/30,
electrode material has been demonstrated. LiNi;/3Co;,3Mn; 30, and
its composite with graphene (90:10 wt %) were prepared by microemul-
sion and ball-milling techniques, respectively. The structural and morpho-
logical features of the prepared materials were investigated with powder
X-ray diffraction, scanning electron microscopy, transmission electron
microscopy, Raman spectroscopy, and X-ray photoelectron spectroscopy.
Characterization techniques depict single-phase LiNi,;3Co;,3Mn; /30,
with particle sizes in the range of 220—280 nm. Electrochemical studies on
LiNi,; 3Co;,3Mn; 30, and LiNi,; 3Co;,3Mn; ;30,—graphene were con-
ducted using cyclic voltammetry, galvanostatic charge—discharge, and
electrochemical impedance spectroscopy methods by constructing a
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lithium half-cell. Cyclic voltammograms show the well-defined redox peaks corresponding to Ni**/Ni**. Charge—discharge tests
were performed at different C rates: 0.05, 1, and S between 2.5 and 4.4 V. The results indicate the better electrochemical performance of
the LiNi, ;3Co;/3Mn ;30,—graphene composite in terms of high discharge capacity (188 mAh/g), good rate capability, and good cycling
performance compared to LiNi; ;3Mn; ;3C0;,30,. The improved electrochemical performance of the LiNi; 3Co;/3Mn; 30,—graphene

composite is attributed to a decrease in the charge-transfer resistance.
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1. INTRODUCTION

Lithium-ion batteries (LIBs), which use the lithium transition-
metal oxides as the positive electrode, have become attractive
energy storage systems for portable electronic devices and the
powering of emission-free vehicles.' "® Among the lithium transi-
tion-metal oxide intercalation compounds, LiCoO, has been
adopted as the cathode material in commercial LIBs because
of its high specific capacity, long cyclic stability, and easy
preparation.” '* However, the low thermal stability and high
cost of LiCoQ, shifted the research efforts toward the search for
alternative cathodes, such as layer-structured LiNiO, (high
reversible capacity but low thermal stability) and spinel-struc-
tured LiMn,O, (hi§h thermal stability and low cost but low
reversible capacity).”® As an alternative to LiCoQ,, lithium nickel
manganese oxides have been extensively studied to take advantage
of the lower cost and toxicity of nickel and manganese compared to
cobalt and to overcome the above-mentioned disadvantages.""'*
Nevertheless, it also has shown some drawbacks, such as the
difficulty in preparation by a conventional solid-state method and
low electronic conductivity.">"*

Structural stability and improved electronic conductivity in
lithium nickel manganese oxides have been observed by the
partial replacement of manganese and nickel by cobalt.">'®
Among the various investigated LiNi,Mn,Co; . ,O, series,
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LiNi; ;3Mn; 3Co;,30, has been shown to be one of the most
promising alternative cathode materials in terms of operating
voltage, hiigh specific capacity, cyclic stability, and structural
stability.'”"*°> However, the poor electronic conductivity of
LiNi; ;3Co0;,3Mn, 30, resulted in a low electrochemical perfor-
mance and limited its practical applications. To improve the
electronic conductivity and thereby its performance, many at-
tempts such as the addition of dopants or modification of the
surface of LiNi, ;3Mn, ;3Co, 30, by coating with various materials
like AL,O;, AIPO,, LiAlO,, carbon, etc., have been directed.”® >
Many research works confirmed that dispersion of the active
material in a highly conductive matrix, especially nanostructured
carbon materials, would improve the electronic conductivity and
thereby enhance the discharge capacities as well as cyclability at
high current densities.”®”**

Owing to its high electronic conductivity, large surface area,
and excellent structural stability, graphene has emerged as a
conductive medium for the development of highly efficient LIB
electrodes.”*~*° Also, graphene is known to show large reversible
capacities due to increased basal spacing.”® The uses of graphene
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to form composite materials with LiFePO, have also been report-
ed to improve the surface conductivity, capacity, rate capability,
and cydlic stability of electrode materials.>"** Recently, we have
been successful in demonstrating enhanced lithium-ion storage
properties in nitrogen-doped graphene sheets compared to pris-
tine graphene sheets synthesized by chemical vapor deposition
techniques.>> We have also shown enhanced fuel-cell perfor-
mance with graphene-supported platinum and Pt;M (M = Co
and Cr) alloy nanoparticles.>* In the present work, the use of
graphene as a conductive additive to enhance the discharge
capacity and rate capability of LiNi;,3Co;,3Mn; /30, electrode
material is demonstrated.

2. EXPERIMENTAL SECTION

2.1. Preparation of Pure Graphene. High-quality graphene
powder was prepared from graphite powder (Aldrich) in a two-step
process, consisting of oxidation and/or exfoliation of graphite to graphite
oxide (GO,) by Hummer’s method and chemical reduction of GO, to
graphene according to our previous publication.’® The composition
(wt %) of graphene was determined to be as follows: C, 99.3; O, <0.5;
H, <3.8; N, <0.5.

2.2. Preparation of LiNi;;3C0,,3Mn;,30, and the LiNi;/;
Co,/3Mn;,30,—Graphene Composite. The materials were pre-
pared according to the inverse microemulsion method described
in ref 23. The conditions were modified to prepare single-phase
LiNi; 3Co;/3Mn; 30, with good crystallinity. The microemulsion
system used in this study consisted of lithium dodecylsulfate (LDS) as
a surfactant, n-butanol as a cosurfactant, cyclohexane as an oil phase, and
a Li—Ni—Co—Mn precursor solution as a dispersed aqueous phase. In a
typical procedure, 102.4 mL of cyclohexane, 0.45 g of LDS, and 12.4 mL
of n-butanol were mixed together and stirred well. A small portion of n-
butanol (approximately 0.3 mL) was added until it turned transparent.
Thereafter, stoichiometric amounts of aqueous transition-metal nitrate
solutions [S mL each of 1 M Ni(NO3),, 1 M Co(NOs),, and 1 M
Mn(NOs),] and 8.7 mL of 2 M LiNO; were added simultaneously at a
flow rate of 0.5 mL/min and stirred for 6 h. The resulting suspension was
stirred for 10 h and evaporated to form a gelatinous material. It was then
calcined at 773 K for 4 h and ground into a fine powder. Finally, the
material was calcined again at 1173 K for 8 h. For preparation of the
LiNi, 3Co;,3Mn; ;30,—graphene composite, an ultrasonicated suspen-
sion of graphene powder (100 mg) in ethanol (10 mL) was added to the
mixture to give a LiNi; ;3Co;/3Mn; 30, —graphene weight ratio of 90:10
and ball-milled under an argon atmosphere for 40 min. The milling
experiments were performed in a Fritsch PS planetary ball mill at a speed
0f 300 rpm using a tungsten carbide vial and tungsten carbide balls. A ball-
to-mixture weight ratio was 30:1. Thereafter, the material was dried
overnight at 393 K.

2.3. Characterization Techniques. X-ray diffraction (XRD) and
scanning electron microscopy (SEM) were used for phase identification
and for determination of the particle size, respectively. XRD measure-
ments were performed on a Rigaku D/Max Ultima II X-ray diffracto-
meter using a Cu Ko source operated at a scan rate of 0.1°/min over the
20 range of 15—70°. SEM images were obtained using a JEOL JSM-
6480LYV system operated with an accelerating voltage of 20 kV. A high-
resolution transmission electron microscope (JEOL 2010) was used to
determine the lattice spacing of the materials. Micro-Raman scattering
experiments were performed on a ISA Jobin-Yvon Inc. model T64000
FT-Raman at room temperature in a quasi-backscattering geometry
with parallel polarization incident light. The excitation source used
was an argon-ion laser operating at 514.532 nm, and measurements
were performed at a laser incident power of 0.3 mW. Extreme care was
taken to avoid sample damage or laser-induced heating. An inductively
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Figure 1. Powder XRD patterns of (a) LiNi;;3Co;/3Mn; 30, and
(b) LiNi, ;3Co;,3Mn; 30, —graphene.

coupled plasma mass spectroscopy (ICP-MS) method was used to
determine the ion content in the metal oxide.

Electrochemical measurements were performed in a two-electrode
coin cell (CR-2032) assembled with LiNi,;,3Co;,3Mn;/30,/LiNi, /5-
Coy/3Mn; /30, —graphene as the cathode and lithium metal foil as
counter and reference electrodes using a multichannel ARBIN BT
2010 battery-testing unit. The electrodes were prepared by coating the
slurry of a mixture composed of 85 wt % active material, 8 wt % acetylene
black, and 7 wt % polyvinylidene fluoride onto cleaned and polished
aluminum foil. Subsequently, the electrodes were dried at 80 °C under
vacuum for 24 h and pressed under 20 MPa of pressure. The weight of
active material in the electrode was 8 mg/ cm?. The cells were assembled
in an argon-filled glovebox (O,, H,O < 1 ppm). The electrolyte was 1 M
LiPF¢ in a mixture of 1:1 (v/v) ethylene carbonate and dimethyl
carbonate. A polypropylene film (Cellgard 2300) was used as the
separator. Cyclic voltammograms (CVs) were recorded in the voltage
range 2.5—4.4 V at a scanning rate of 0.05 mV/s. Galvanostatic
charge—discharge tests were performed at C rates of 0.05, 1, and S in
the voltage range 2.5—4.4 V. The potential values mentioned in the text
are with respect to Li/Li".

3. RESULTS AND DISCUSSION

The inverse microemulsion method is a suitable method to
generate metal colloids and/or clusters on the nanoscale with
greater uniformity and controllable composition.*® Micellar solu-
tions are transparent, isotropic, thermodynamically stable water-
in-oil microemulsions with nanosized water droplets that are
dispersed in a continuous oil phase and stabilized by surfactant
molecules at the water/oil interface. The greater degree of mixing
achieved through microemulsion methods eliminates the need for
long-range diffusion of ions, making only a local rearrangement
necessary for product formation. Mixing of the microemulsions
and evaporation at 343 K resulted in the formation of a gel
consisting of metal nitrates in narrow regions, which were
surrounded by surfactant molecules. During subsequent heat
treatment of the gel at high temperatures, the formation of
LiNi, 3Coy 3Mn, 30, particles results.

Powder XRD patterns of LiNi; 3Co;,3Mn; 30, and LiNi; /3
Coy,/3Mn; /30, —graphene are shown in Figure 1. All diffraction
peaks are sharp and well-defined, suggesting that the prepared
compounds are well-crystallized. Both materials are indexed to
the hexagonal a-NaFeO, crystal structure with a space group
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Figure 2. Raman spectra at S14 nm for LiNi;;3Coy/3Mn;,30, and LiNi;;3Co;/3Mn;,30,—graphene: (a) pristine LiNi;/;3Co;,3Mn;,30,;
(b) a LiNi; /3Co; /3Mn, ;30,—graphene composite in the range 300—3000 cm ™ '; and (c—e) spectra in the region of LiNi; ;5Co;,3Mn; 305, graphene

D and G bands and a graphene 2D band, respectively.

of R3m. The calculated lattice constants (a and c) for both LiNi, /3
Coy/3Mn; /30, (a =2.851 A and ¢ = 14.219 A) and LiNji, 5Co 5
Mn, /30,—graphene (a =2.857 A and c = 14.227 A) are similar and
are in good agreement with the literature values."”'*** The clear
splitting of hexagonal doublets (0 0 6)/(0 1 2) and (1 0 8)/
(1 1 0) near 38° and 65° observed for both of these samples
indicates the highly ordered layer structure of LiNi;/;Coy/s-
Mn, ;30,." The integrated intensity ratio of the (0 0 6):(1 0 2)
lines in the XRD patterns is determined to be 1.33 and 1.37
for LiNi;/;3Co;/3Mn; 30, and the LiNi;/3Co;/3Mn;,30,—
graphene composite, respectively. This is indicative of a highly
ordered hexagonal lattice with lithium ions at the 3a site,
transition-metal ions (Ni, Co, and Mn) at the 3b site, and oxygen
ions at the 6¢ site.'"” From the XRD pattern of LiNi,/3Coy /3-
Mn; 30, —graphene, the additional peaks around 26° and 47°
are attributed to the (0 0 2) and (1 0 0)/(1 0 1) planes of the
hexagonal graphite structure.*®** The high-resolution transmis-
sion electron microscopy images of LiNi; ;3Co;,3Mn; 30, and
LiNi; 3Co;,3Mn; 30, —graphene shown in the inset in Figure 1
reveal well-defined lattice fringes with a separation of 4.721 A,
which corresponds to the (0 0 3) plane.

First-order Raman spectra recorded for the materials are shown
in Figure 2. The deconvoluted spectra of LiNi;/3Co;,3Mn;,30,
(Figure 2a) and the LiNi, /3Co;,3Mn;/30,—graphene composite
(Figure 2c) clearly show two bands at 500 and 580 cm™ . These
two bands are assigned to E; and A;; Raman-active modes for the
transition metal—oxygen arrangements in the layered lithium metal
oxide with rhombohedral R3m symmetry.>”* The absence of the
characteristic cubic spinel band at 630 cm™' indicates that the
prepared materials are single-phase layered materials.*” Thus, the
Raman spectral data underpinned the XRD results. The Raman

2968

spectrum recorded for the LiNi; 3Co; 3Mn; ;30,—graphene com-
posite in the range 300—3000 cm ™' is shown in Figure 2b. The
Raman peaks corresponding to both the LiNi,; 3Co; ,3Mn; 30, and
graphene are observed. The bands corresponding to the graphene
are deconvoluted and shown in Figure 2d,e. The intense peaks
observed at ~1352 and ~1590 cm ™' correspond to the D and G
bands of graphene, resgectively. The D band arises because of the
disorder induced in sp“-bonded carbon, whereas the G band arises
from the in-plane vibration of sp” carbon atoms of graphene. A 2D
band, which is the characteristic band of graphene, is usually used to
determine the number of layers of graphene in the sample. This
band originated from a two-phonon double-resonance Raman
process associated with the band structure of graphene. A 2D
band observed at 2695 + 5 cm ™ (Figure 2e) in different regions
indicates that the composite has 2—3 layers of graphene.”” The
metal ion content in LiNi; ;3Co;/3Mn, 30, measured by ICP-MS
experiment is Li:Ni:Co:Mn = 1.031:0.334:0.327:0.337. The ob-
served values are in good agreement with the starting material
composition within error limits.

The surface morphologies of graphene, LiNi;/3Co;/3Mn;/30,,
and LiNi; ;3Co;/3Mn; 30, —graphene active materials studied
by SEM and transmission electron microscopy (TEM) are
shown in Figure 3. Micron-size corrugated and transparent
graphene sheets can be seen from SEM and TEM (Figure 3a,
al,a2). Agglomerated polyhedral-shaped particles with sizes of
220—280 nm are observed from the low- and high-magnification
SEM images of LiNi;/;3Co;/3Mn,;,30, (Figure 3bbl). The
low-magnification SEM image of the LiNi;/3Co;,3Mn;,30,—
graphene composite shows the polyhedral-shaped particles
wrapped between the graphene sheets as well as particles embedded
in the graphene sheets (Figure 3c,c1). The high-magnification

dx.doi.org/10.1021/am200421h |ACS Appl. Mater. Interfaces 2011, 3, 2966-2972
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Figure 3. Low-magnification SEM (left), high-magnification SEM (middle), and TEM (right) images of graphene (a, al, and a2), LiNi;/3Co3-
Mn, /30, (b, bl, and b2), and LiNi, ;3Co,,3Mn, 30, —graphene (c, c1, and c2).

image presented in the inset in Figure 3cl depicts the 200—
250-nm-sized particles covered with a transparent graph-
ene sheet. The average particle sizes obtained from the TEM
images are 80—120 and 70—110 nm for LiNi; ;3Co;/,3Mn; 30,
(Figure 3b2) and LiNi, ;3Co; sMn, ;30,—graphene (Figure 3c2),
respectively.

To gain more insight into the oxidation state of transition
metals in the layered LiNi;,3Co;,3Mn; /30, materials, X-ray
photoelectron spectroscopy (XPS) measurements were per-
formed, and the corresponding spectra are presented in
Figure 4. The peaks at binding energies of 854, 780, and
642 eV are attributed to Ni**, Co’*, and Mn*" respectively, in
LiNij ;3Co;/3Mn; 30,."7% The observed C 1s peak at 285 eV
in the §ra§)hene-based composite mainly represents graphitic
carbon.”®* The observed XPS peaks of the LiNi; ;3Co sMn; /30,—
graphene composite are identical with those of LiNi, ,3Co; ;3Mn, ;30,,
which indicates that the ball-milling process does not affect the
oxidation states of nickel, cobalt, and manganese. In the case of
pristine LiNi; 3Co;,3Mn;,30,, a small feature is observed at a
binding energy of 288.7 £ 0.2 eV. It is attributed to the presence of
—0O—C—0O— functional groups. A negligible amount of amor-
phous carbon with these functional groups originates from the
reactants used in the preparation of LiNi,/;3Co;,3Mn,,30,. It is
likely that pyrolysis of metal precursors/organic molecules adsorbed
on LiNi,; 3Co; ;3Mn; 30, particles during the synthesis causes the
formation of a negligible amount of carbon.

CVs recorded for the LiNi; 3Co;,3Mn; ,30,—graphene com-
posite in the voltage range 2.5—4.4 V at a scanning rate of
0.0S mV/s are shown in Figure S. The CVs show well-defined
redox peaks, with an anodic peak centered at 3.85 V and the corre-
sponding cathodic peak at 3.65 V. These peaks correspond to the
Ni**/Ni*" redox couple."” The absence of a reduction peak at
32 V indicates that there is no reduction of Mn**/Mn*". It is
accepted in the literature that nickel and cobalt with oxidation states
2+ and 3+, respectively, are known to be electrochemically active
and undergo redox transitions during charge—discharge cycles,
whereas manganese with oxidation state 4+ is not active, and this is
believed to increase the stability of the metal oxide lattice.'®"”
Except for the first cycle, all of the curves in the subsequent cycles
follow the same path. This indicates the good (de-)intercalation of
lithium ions in the prepared LiNi;/;;Co;/3Mn;,30,—graphene
electrode material. The higher current observed for the LiNi, /-
Coy/3Mn, /30, —graphene composite compared to pristine LiNi, /-
Co;,3Mn, /30, indicates an improvement in the electrochem-
ical properties by graphene addition (Figure S1, Supporting
Information).

To study the rate capability of the fabricated electrodes, the
cells were charged and discharged at various current rates. Galva-
nostatic charge—discharge curves of LiNi;,3Co;,3Mn;,30, and
the LiNi;/3Co;/3Mn; 30, —graphene composite at C rates of
0.05, 1, and S in the voltage range between 2.5 and 4.4 V are
shown in Figure 6. Though there is a decrease in the discharge
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Figure 4. XPS spectra of Ni 2p, Co 2p, Mn 2p, and C 1s for LiNi,; ;3Co;/3Mn; 30, (S1) and the LiNi,;3Co;/3Mn; ;30,—graphene composite (S2).
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Figure 5. CV of the LiNi; ;;Co;,3Mn; 30, —graphene composite in the
voltage range between 2.5 and 4.4 V; scan rate —0.05S mV/s.

capacity of both samples upon increasing current rates, the
LiNi; ;3Co;,3Mn; /30, electrode clearly shows more a prominent
decrease in the discharge capacity. The charge—discharge capac-
ities observed with the electrodes are depicted in Table S1
(Supporting Information). The initial charge—discharge capacities
observed for LiNi; ;3Co0;,3Mn; 30, at C rates of 0.05, 1, and S are
184/174, 171/162, and 149/138 mAh/g, respectively. However,
the discharge capacity falls to 173, 157, and 128 mAh/g (at current
rates 0f 0.05, 1, and S, respectively) after the fifth charge—discharge

2970

cycle. In the case of the LiNi; 3Co;,/3Mn;,30,—graphene com-
posite electrode, the initial charge—discharge capacities at Crates
of 0.05, 1, and 5 are 188/185, 178/172, and 161/153 mAh/g,
respectively, and the discharge capacity is retained after five
cycles. It is worth pointing out that the LiNi, ;3Co;,3Mn; ,30,—
graphene composite exhibited high discharge capacities at
0.05, 1, and S current rates and also less irreversible capacity
losses when compared to LiNi; ;3Mn;/3Co;,30,. The discharge
capacity observed with the LiNi;/3Co;/3Mn;,30,—graphene
composite as the cathode is higher than that observed with
LiFePO,—graphene as the cathode.*"*

The extended cyclic stability measurements of LiNi,; ;3Co; /3-
Mn, /30, and the LiNi;/3Co;,3Mn; 30, —graphene composite
electrodes conducted at different current rates are shown in Figure 7.
Initially, charge—discharge measurements on both of the samples
were conducted at a C rate of 0.05, increased to a Crate of 5 stepwise,
and finally returned back to 0.05. The LiNji;/3Co;/3Mn;/30,—
graphene composite showed a very stable capacity even at high
current rates, whereas LiNi; ,3Co;,3Mn, 30, showed a drastic
fall in the specific capacity when cycled at higher C rates of 1 and
S. The capacity fading observed for LiNi, 3Co;,3Mn; 30, at
high current rates was ascribed to the polarization effect.
Returning to the low current rate (C rate of 0.05), the nominal
capacity of the LiNi,; ;3Co;,3Mn; /30, —graphene composite is
retained with 99.1%. In contrast, LiNi,; ;3Co,,3Mn; /30, exhib-
ited poor capacity retention (only 89.7%). The high rate
capability of the composite is due to the increase in the elec-
tronic conductivity, which reduces the cell polarization and
prevents the evolution of oxygen from the cathodes at the end
of charge.

dx.doi.org/10.1021/am200421h |ACS Appl. Mater. Interfaces 2011, 3, 2966-2972
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Figure 6. Charge—discharge curves of (a) LiNi;;;Co;/3Mn; /30, and
(b) LiNi, ;3Co,,3Mn; 30, —graphene at C rates of 0.05, 1, and S in the
voltage range between 2.5 and 4.4 V.

To understand the beneficial effect of graphene on the
electrochemical performance of LiNi; ;3Co;,3Mn; 30,, alternat-
ing-current (AC) impedance measurements are carried out after
five charge—discharge cycles at 0.05 and the corresponding
Nyquist plots are shown in Figure 8. A dramatic decrease in
the area of the semicircle, which reflects the charge-transfer
resistance, is observed for the LiNi,; ;3Co;,3Mn;,30,—graphene
composite electrode compared to LiNi;;3Co;,3Mn; 30,. The
impedance plots show a high-frequency intercept at the Z,, axis
and a broad depressed semicircle. The high-frequency intercept
is due to the ohmic resistance (Rypm). The depressed semicircle
in the high- and low-frequency regions is related to the formation
of a surface layer on the active material and the intercalation/
deintercalation of lithium ions into/from the electrodes. An
equivalent circuit used to fit the spectra is shown in the inset.
The parameters Rgg; and CPE1 correspond to the surface layer
resistance and capacitance, whereas Rct and CPE2 correspond
to the lithium intercalation/deintercalation process and inter-
facial capacitance, respectively. Rcr is calculated as 181 and 32 Q
for the pristine and graphene-based composite electrodes, re-
spectively. The enhanced electronic/ionic conductivity observed
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Figure 8. AC impedance spectra of LiNi;/;3Co;/3Mn;,30, and
LiNi; ;3Coy/3Mn; 30, —graphene in the frequency range from
100 kHz to 0.01 Hz. The inset figure shows the equivalent circuit for
the EIS measurement.

for the LiNi; 3Co;,3Mn;,30,—graphene composite entails an
increased discharge capacity and a high rate capability, facilitating
the transfer of lithium ions across the active material/electrolyte
interface, as well as the transfer of electrons from the current
collector to the active material. In addition, the factors that may
have contributed to the superior electrochemical performance of
the LiNi; /3Co;/3Mn; 30, —graphene composite electrode are
improvement in the structural stability, a decrease in the disorder
of metal ions in the lattice, suppression of the dissolution of
transition-metal ions and phase transitions, removal of HF from
the electrolyte solution, and a reduced amount of heat produc-
tion during charge—discharge processes. The results demon-
strate that the LiNi;/3Co;,3Mn;,30,—graphene composite is
suitable for application in advanced rechargeable lithium-ion
batteries.

4. CONCLUSIONS

LiNi; 5Co;,3Mn; 30, prepared by the microemulsion route
was used to make a composite with graphene by ball milling
Layer-structured LiNi;3Co0;/,3Mn;,30, with good hexagonal
ordering was evident from XRD and Raman studies. According
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to the electrochemical studies, the composite delivered the
highest discharge capacity at different C rates when compared
to LiNi; 3Co;,3Mn;/30,. In addition, the composite showed a
better capacity retention upon extended cycling at all of the C
rates examined. The improved rate capability and cycling per-
formance of the LiNi; 3Co;,3Mn,,30,—graphene composite
was attributed to an increase in the grain connectivity and high
electronic conductivity.

B ASSOCIATED CONTENT

© Ssupporting Information. CVs of LiNi; ;3Co0;,3Mn; 50,
and LiNi; ;3Co;/3Mn; 30, —graphene and a table detailing the
charge—discharge capacities observed with the fabricated elec-
trodes. This material is available free of charge via the Internet

at http://pubs.acs.org.
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