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Abstract Graphene-Li,MnSiO, composite cathodes for lithium ion batteries were successfully synthesized by hydrothermal
assisted sol-gel method. XRD (X-ray diffraction), SEM (scanning electron microscope) and EIS (electrochemical impedance
spectroscopy) were used to characterize the component, structure and morphology of the obtained composite materials. Elec-
trochemical performance of the as-prepared materials was tested when composited with different amount of graphene oxide
(2%, 4%, 6%, 8%, 10% and without graphene oxide). The experiment results indicated that composite materials belong to the
orthorhombic Pmn2, space group and the addition of graphene oxide did not change the structure of the materials. Gra-
phene and Li,MnSiO4 material were homogeneously composited with each other and it could be clearly observed the rela-
tively transparent and thin layer graphene in the edges of the materials. The micro-scale particle of all the samples was ag-
glomeration of nano-crystallites. When composited with appropriate amount of the graphene oxide, the particles became
loose and some micropore structure was formed. The conductive network graphene could greatly promote the liquid electro-
lyte to pass through particles, facilitate the electron transport and restrain particles agglomeration. The sample with 6% gra-
phene oxide yielded the best electrochemical performance in all the samples (the carbon content is 8.25%). Without calculat-
ing the carbon mass, this material delivered an initial discharging capacity of 166 mAh/g, and retained 101 mAh/g after 20
cycles at 1.5~4.8 V with a current density of 10 mA/g. Besides, compared with the pristine, the graphene-Li,MnSiO4 com-
posite materials delivered an excellent rate performance. The improvement of specific capacity and rate performance was due
to that the interconnected network structure of graphene oxide acted a key role in stabilizing the structure of composite mate-
rials and inhibiting structural damage in the charge-discharge process. Moreover, the surface charge transfer resistance of the
Li,MnSiO, was significantly decreased when composited with graphene oxide. It means that the enhancement of electronic
conduction ability is one of the main reasons that contribute to improvement of the electrochemical performance of
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composite materials. Thus, the graphene is considered to be of significance in improving material electronic conductivity and
enhancing the reversible lithium intercalation/deintercalation capacity of Li,MnSiO, cathode materials.
Keywords lithium ion batteries; cathode material; Li,MnSiO,; graphene; composite
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Figure 1 AFM images of graphene oxide (a) and graphene (b)
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Figure 2 SEM images of Li,MnSiO,4 composited with different amount
of graphene oxide
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Figure 3 TEM images of the pristine (a) and the Li,MnSiO, composited
with 6% amount of graphene oxide (b)

2.1.3 Li,MnSiO, 5 & 24 8 487
K 42 LMo BRI A

Ja B 45 M TAL
FEdh MR R G

Acta Chim. Sinica 2014, 72, 583—589

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SAEFEM T XRD B, BTG H, AFAREAET
FRIAE AT S 06 T 30 0 0 W 0 oA, 08 L A7 2R B (1 AT
mﬂ, FWIRE S ISE S A, 5 A E AT A

PR T(010), (011), (111), (210)F1(002) 51, J& T
Exaa&”, B Pmn2, 7. B, NP EHE 20=
18° % 27°MbAELE Li,SiOs T 5T, kA, 15 20=35°/% 41°

4853 74 MnO Fl Mn,SiO, 2% B AT . HE W41, B&
TN 6%IIFE S AE 20=27°, 35°, 41° Kb (2% R IEAT 1 ik (1)
594k, ZAHAT I I P B 59, I U I A A AR
4 Ji, LipMnSiOy A4 kL #a T + 4 /. — 2L 0f 5% 2%
o 128N A ) 7 ¥ (R R R P 28 HE L T X R L
A AL SIE MR AT, B DO 5T T R eI
Li,MnSiO, Z5F {1 5500, XRD MR 45 F %W, Li,MnSiO,
MRHE 700 C R Al AR it b, DRk, 4 7] RE vk
DA AE R, ARSI Rl FE & 700 C. —IA
H, LiMnSiO, 20 AH 1A ml L R e, 6 A i 72
Li,MnSiO, " BE4 KA R o0 fif, Mt S 808 A i A=
Ei[zml]:

Li,MnSiO, — 1/2Li,SiO,+ 1/2Mn,SiO,
Li,MnSiO, — Li,Si0;+MnO

# MnO & Mn_SiO
ﬂ h A " nzll 410%)|
l A l * Li,SiO, 8%
h “ ﬁ 6%

4%

T

Intensity

. " & 2%

ﬂ ” Pristing

T v T ¥ T v T Ll T

10 20 30 40 50 60 70
26/(°)

B4 AFHIEAA S5 E S LiMnSiO, 1 XRD K
Figure 4 X-ray diffraction patterns of Li,MnSiO4 composited with
different amount of graphene oxide
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Figure 6 Differential capacity (dQ/dV) versus voltage curves of
Li,MnSiO, composited with different amount of graphene oxide
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