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Facile synthesis of cerium oxide nanostructures for 

rechargeable lithium battery electrode materials 

Huan Pang* a, b, c and Changyun Chen,*b 

A facile method is developed to synthesize cerium oxides with plate and brick morphologies 

by the thermal decomposition of nanostructured oxalate precursors. The electrochemical test 

of the Li-ion battery reveals that the as-synthesized CeO2 nanostructures affect their 

electrochemical properties. Especially, the specific capacity of brick-like CeO2 

nanostructured electrode is above 460 mAh g-1, and good stability up to 100 charge–

discharge cycles.  

Introduction 

The conspicuous physical–chemical properties of 
nanostructures, as we all know, are sensitively correlated to 
their surface morphologies. It is very important to control the 
synthesis of nanomaterials to provide different shapes for 
morphology–property investigations. 1–5 Over the past two 
decades, the development of many chemical control syntheses 
of micro/nanostructured materials has been expanded from 
monodispersed particles to nanowires, nanorods, cables, tubes, 
and polygons. 6–12 

Rechargeable lithium ion batteries are the state-of-the-art 
power sources for portable electronic devices such as wireless 
phones, laptop computers and camcorders due to their high 
energy density and long cycle life. They have also been 
considered as the technology of choice for the development of 
hybrid electric and electric vehicles (HEVs and EVs). 13–15 The 
voltage, capacity, rate capability and cycle life depend on 
reversible extractions and insertions of lithium ions in the 
electrode materials during charge and discharge cycles. In the 
past years, large numbers of efforts have been spent on 
nanostructured materials to develop such clean energy storage 
devices by improving the performance of supercapacitors and 
lithium-ion batteries. 16–22  

As one of the most attractive rare earth oxides, cerium oxides 
(CeO2) is an important rare earth compound which offers 
manifold interesting properties including oxygen storage 
capacity, high thermal stability, optical properties, electrical 
conductivity and diffusivity. 23-35 Ceria is expected to show 
applications as electrode materials in lithium ion battery due to 
the direct and fast transformation of Ce (III) and Ce (IV). 
Oxalates are not only obtained easily and low cost, but also 
have good structure stability and relatively low decomposition 
temperature in air. To the best of our knowledge, CeO2 are 
often obtained by the calcination of the oxalate precursor at 
high temperature in the conventional approach. 36-39 Due to 
cerium oxalate salts could precipitate rapidly at room 
temperature, it may be difficult to control the morphology of 
the cerium oxalate precursor, even that of CeO2 

correspondingly. There are few reports on the fabrication of 

satisfied structured CeO2 via cerium oxalate precursor in a mild 
synthesis route. 40 

In previous work, we have successfully synthesized some 
nanomaterials from nanostructured oxalate precursors, such as: 
mesoporous Ni0.3Co2.7O4 hierarchical structures, 12 porous ZnO-
NiO nanostructures, 41 and porous NiMn2O4 nanostructures. 42 
Herein, we have successfully used nanostructured ceria oxalates 
as the precursors to generate nanostructured CeO2 under a mild 
condition. More importantly, these CeO2 nanostructures were 
successfully applied as lithium ion battery electrode materials. 
Interestingly, the electrodes containing brick-like particles 
exhibit an electrochemical capacity of ~460 mA h g-1, and good 
stability up to 100 charge–discharge cycles. 

Experimental section 

Synthesis procedures 

For precursors, in a typical synthesis, firstly, 0.10 g H2C2O4, 

0.10 g Na2C2O4, 20.0 mL glycerin and 20.0 mL H2O were 

mixed up and stirred for an hour, and then 0.16 g cerous nitrate 

were added into the solution. After being stirred, for 11 hours, 

we can obtain white precipitation (the plate-like precursor). The 

other brick-like precursor can be easily obtained by using the 

same amount of glycol instead of glycerin; for CeO2 

nanostructures. Two precursors were calcined in the air at 450 
oC for 1.0 h, and the heating-up rate was 1 °C per min for the 

calcination. Then the straw yellow powders can be obtained. 

Characterizations 

The phase of these obtained samples were characterized by X-

ray diffraction (XRD) on a Shimadzu XRD-6000 powder X-ray 

diffractometer with Cu Kα radiation (λ=1.5418 Å). The 

morphologies of the samples were taken by a Hitachi S-4800 

field-emission scanning electron microscope (FE-SEM) at an 

acceleration voltage of 10.0 KV. Transmission electron 

microscopy (TEM) and high resolution TEM (HRTEM) images 

were captured on a JEOL JEM-2100 microscope at an 

acceleration voltage of 200 kV. Nitrogen adsorption–desorption 
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measurements were performed on a Gemini VII 2390 Analyzer 

at 77 K. Thermogravimetric analysis (TGA) was carried out in 

air up to 800 oC using a NETZSCH STA 409 PC instrument 

with a heating rate of 5 oC min-1. 

Preparation of lithium ion battery electrodes 

The active materials were fabricated by mixing CeO2 

nanopowders, acetylene black, and PVDF at a weight ratio of 

80:15:5, respectively, using N-methylpyrrolidone (NMP) as a 

solvent. The resulting slurries were cast onto copper current 

collectors, and then dried at 120 oC under vacuum for 12 h. The 

electrode foils were pressed at a pressure of 8.27×106 Pa, and 

then cut into disks 13 mm in diameter. CR2016 coin-type cells 

were assembled in an argon-filled glove box (M-braun MB20G) 

by stacking a microporous polypropylene separator (Celgard 

2400) containing a liquid electrolyte of LiClO4 (1.0 M) in 

ethylene carbonate (EC)/dimethyl carbonate (DMC) (1:1, v/v) 

between the anode and the lithium metal foil. 

The batteries were tested on Land CT2001A. The cyclic 

voltammogram (CV) were performed on an electrochemical 

station-CHI 660d. Electrochemical impedance spectroscopy 

(EIS) measurements of all the samples were conducted at open 

circuit voltage in the frequency range of 100 kHz to 0.01 Hz 

with AC voltage amplitude of 5 mV using PARSTAT2273. 

Results and discussion 

 

Figure 1 TG curves of two precursors. 

The CeO2 nanostructures were obtained by a precipitation method 
without any surfactant followed by a calcination treatment in air. 
Firstly, 0.1 g H2C2O4, 0.1 g Na2C2O4, 20 mL glycerin and 20 mL 
H2O were mixed up and stirred for an hour, and then 0.16 g cerous 
nitrate were added into the solution. After being stirred for 11 hours, 
we can obtain white precipitation (the plate-like precursor). The 
other brick-like precursor can be easily obtained by using the same 
amount of glycol instead of glycerin. TG curves of precursors are 
shown in Figure 1, from which it is seen that the precursors have two 
weight loss steps and end at 400 ◦C. The precursors were calcined in 
the air at 450 oC for 1 h, and the straw yellow powders can be 
obtained.  

The Powder X-ray diffraction (XRD) patterns (Figure 2) of all 
samples have identical peaks, and all the peaks of two precursors in 
Figure 2a, b can be indexed to the same phase. In Figure 2c, d, all 
peaks can be perfectly indexed to that of CeO2 (Joint Committee on 
Powder Diffraction Standards (JCPDS) card No. 42-1467). No 

impurities, such as precursor compounds, can be detected, indicating 
the complete formation of pure cerium oxides. More importantly, we 
also can find that the peaks of CeO2 are wide, which means the size 
of these CeO2 particles is in nanoscale. The morphology of the 
precursor is shown in Figure 2e, f. Clearly, the plate-like 
morphology is seen in Figure 2e, and the particle size is about 8 µm. 
Moreover, the brick-like morphology is seen in Figure 2f, and the 
particle size is about 2 µm. 

 
Figure 2 a-d) Powder X-ray diffraction (XRD) patterns of all 

samples; e-f) SEM images of the precursors. 

Figure 3 a) An SEM image of the plate-like CeO2 particles; b, c) 
TEM images; in inset of b the corresponding selected area electron 
diffraction (SAED); d) The high resolution TEM (HRTEM) image 
of plate-like CeO2 particles. 

We have successfully synthesized two kinds of CeO2 
nanostructures after the calcination of the precursors in the air. Field-
emission scanning electron microscopy (FESEM) and transmission 
electron microscopy (TEM) images provide insight into the 
morphology of the CeO2 nanostructures. Figure 3 shows the general 
morphology of CeO2 plate-like was synthesized in this work. The 
uniform plates are with the length of about 8 µm and thickness of 
about 1.5 µm (in inset of Figure 3a). From Figure 3b, TEM images 
shows the same size as that of FESEM image in Figure 3a, the inset 
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of which is the corresponding selected area electron diffraction 
(SAED), and we can see the CeO2 plate-like is made up of a plenty 
of CeO2 nanocrystals. A number of CeO2 particles accumulate the 
plate-like structure. From Figure 3c there are few gaps or porous 
structures on plate-like structure. What’ more, from Figure 3d, the 
crystallize CeO2 nanocrystal is evidenced from the high resolution 
TEM (HRTEM) image of CeO2 plate-like particles.  

 

Figure 4 a) An SEM image of the brick-like CeO2 particles; b-c) 
TEM images; in inset of b the corresponding selected area electron 
diffraction (SAED); d) An HRTEM image of brick-like CeO2 

particles. 

 

Figure 5 Brunauer–Emmett–Teller measurements of CeO2 
nanostructures; and corresponding Barrett–Joyner–Halenda pore size 
distribution curve in inset of it. 

From the images of Figure 4, we can see that the uniform brick 
structures with length of about 2 µm. The SAED pattern (top inset in 
Figure 4b) of fringe individual brick structure indicates the 
polycrystalline character of the CeO2 particles. Unlike CeO2 plate-
like particles (Figure 3c), there are several nanopores on the brick-
like structure CeO2 particles. Moreover, a HRTEM image of the 
brick-like structure CeO2 particles reveals the crystalline nature of 
nanoparticle in inset of Figure 4d.  

To gain further insight of the porous information and size 
distribution of as-prepared samples, BET measurements were 
performed (Figure 5). The brick-like structure CeO2 particles show a 

distinct hysteresis in the larger range ca. 0.55–0.75 P/P0 in Figure 5, 
indicating the presence of mesopores possibly formed by porous 
stacking of component nanoparticles. 43, 44 The BET surface area of 
the brick-like structure CeO2 particles (66.7 m2 g−1) makes an 
efficient contact of the porous structures with the electrolyte. But 
that of the plate-like structure CeO2 particles is not. The 
corresponding Barrett–Joyner–Halenda (BJH) pore size distribution 
curve in inset of Figure 5 shows that the pore size of brick-like 
structure CeO2 particles is uniform, within the range of the 
mesopores (3~5 nm), while that of plate-like structure CeO2 particles 
does not have. These porous structures of brick-like structure CeO2 
particles do not only offer enough surface areas, but provide 
electrolyte accesses. The morphology of brick might offer a stable 
structure for Li ion intercalated/extracted into/out, which might 
improve the electron transfers and cycle life of the electrode. 45–49 

 
Figure 6 CV curves of electrodes for 1st, 2nd and 3rd cycles at a 

scan rate of 0.1 mV s-1, a) plate-like CeO2 particles, b) brick-

like CeO2 particles. 

 
Cyclic voltammetry (CV) measurements were conducted to 

evaluate the Li storage performance of the CeO2 nanostructures 
in Figure 6. The CV curves were tested at a scan rate of 0.1 mV 
s-1 in the potential window of 0.02–2.75 V versus Li. As shown 
in Figure 6, two reduction peaks located at 0.6 and 1.2 V are 
detected in the first cathodic scan, which can be assigned to the 
initial reduction of CeO2 to Ce (CeO2 + 4Li+ + 4e- = Ce + 2Li2O) 
and the formation of amorphous Li2O and solid electrolyte 
interphase (SEI).50-53The oxidation peak is observed at 2.58 V 
in the anodic scan, corresponding to the CeO2 formation and 
Li2O decomposition (Ce + 2Li2O = CeO2 + 4Li+ + 4e-, the 
theoretical specific capacity of CeO2 is 623 mAhg-1). The 
reduction and oxidation peaks respectively shift for the 
subsequent cycles due to the drastic lithium driven, structural or 
textural modifications.53, 54 In the cathodic polarization process 
of the first cycle, the redox peak of the CeO2 nanostructured 
electrodes appears at different voltages. However, during the 
second and third cycles, the redox peak of the CeO2 
nanostructured electrodes appears nearly at the same voltages 
albeit with low peak intensity respectively. Therefore, it also 
suggests the lithium insertion and deinsertion processes and the 
formation of amorphous Li2O and SEI. 55
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Figure 7 The discharge–charge curves (1-100 cycles) of electrodes fabricated using CeO2 nanostructures at a current density of 
200 mA g-1 in the voltage range of 0.1-2.5 V, a) The plate-like CeO2 particles; b) The brick-like CeO2 particles; c) Comparison of 
plate-like CeO2 electrode and brick-like CeO2 electrode for 100 cycles at 200 mA g-1; d) Coulombic efficiency of 100 cycles at 200 
mA g-1, and e) Rate capability, 10 cycles were tested for each current density of the CeO2 nanostructured electrodes.  
 

The plate-like and brick-like CeO2 particles were employed 

as lithium-ion battery anode materials. Figure 6a shows the 

initial discharge–charge curves of electrodes fabricated using 

CeO2 nanostructures at a current density of 200 mA g-1 in the 

voltage range of 0.1-2.5 V. The brick-like CeO2 particles 

electrode displayed a satisfying initial discharge capacity above 

1375 mAh g-1, while that of the plate-like CeO2 particles  

electrode is 1100 mAh g-1. The abnormally high capacity in the 

first discharge (far exceed the theoretical value of 623 mA h g-1 

based on the reversible reaction) should be largely caused by 

the decomposition of the non-aqueous electrolyte and the 

formation of solid electrolyte interface (SEI) layer on the 

electroactive materials. The SEI layer would also partly protect 

the electrodes and result in relatively stable cycling 
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performance. 56, 57 The capacity of the brick-like CeO2 particles 

electrode remains >33 % of its initial specific capacity after the 

subsequent 100 discharge/charge cycles, which is significantly 

higher than that of the plate-like electrode. It shows a 

remarkable decrease of the irreversible capacity loss, as shown 

in Figure 7a, b, in which the discharge/charge curves of these 

cycles overlap. 100 cycles were tested at 200 mA g-1 and the 

results from these cycles are shown in Figure 7c. It was found 

that the capacity of the CeO2 particles electrodes fade 

immediately and then that of brick-like electrode gradually 

decreased to ~460 mAh g-1 and that of plate-like electrode is 

~290 mAh g-1. Despite the large irreversible loss in the first 

cycling, the discharge capacity is well retained during the 

following cycling, and the coulombic efficiency is increased to 

above 91% in Figure 7d, suggesting good capacity retention of 

two CeO2 particles electrodes. To obtain further evidence of the 

high power performance of the electrodes, the rate capability 

was also investigated. Figure 7e shows the representative rate 

capability at various rates ranging from 150 mA g-1 to 400 mA 

g-1. The good rate capability of the CeO2 brick electrode is 

explicitly demonstrated in Figure 7e. It can be seen that the 

discharge capacity of CeO2 brick electrode reaches to about 637 

mAh g-1 after the first 10 cycles at a low rate of 150 mA g-1, 

and then it slightly reduces to 500, and 385 mA h g-1 at rates of 

300 mA g-1, and 400 mA g-1. When the current rate is returned 

to the initial value of 200 mA g-1 after 40 cycles, the electrode 

recovers 522 mAh g-1. 

    

Figure 8 The electrochemical impedance spectra (EIS) of the 

electrodes of CeO2 particles at room temperature, a) 0~3500 

ohm, b) 0~1000 ohm, and c) The equivalent circuit for the 

electrochemical impedance spectrum. It consists of the 

electrolyte (Rs), surface film (Rf) and charge transfer (Rct) 

resistances, constant phase elements (CPE1 and CPE2), along 

with the Warburg impedance (W). 

Figure 8a, b shows the electrochemical impedance spectra (EIS) of 
the electrodes of CeO2 particles at room temperature. In general, the 
impedance curves present two partially overlapped semicircles in the 
high- and medium-frequency regions and an inclined line in the low-
frequency region. An equivalent circuit is used to fit the impedance 
curve is given in Figure 8c, which is similar to the circuit employed 
for the electrode of the lithium ion battery. 58 The semicircle can be 
assigned to the combination of the electrode/electrolyte interface 
film resistance (Rf) and the charge transfer impedance (Rct), while 
the linear portion is designated to Warburg impedance (W), which is 
attributed to the diffusion of lithium ions into the bulk of the 
electrode materials. According to a previous report, 59, 60 the high-
frequency semicircle shown in the figure is attributed to SEI film 
and/or contact resistance, the semicircle in the medium-frequency 
region is due to the charge-transfer impedance on the 
electrode/electrolyte interface and the inclined line corresponds to 
the lithium-diffusion process within the electrodes. It can be seen 
that the diameter of the semicircle in the medium-frequency region 
for the brick-like CeO2 particles electrode electrode is much smaller 
than that of the plate-like CeO2 particles electrode, indicating a lower 
charge-transfer resistance. The charge-transfer resistance Rct was 
calculated to be 660 Ω (plate-like CeO2 particles electrode) and 
(brick-like CeO2 particles electrode) 418 Ω, respectively. It clearly 
demonstrates the reduced charge-transfer resistance of the brick-like 
CeO2 particles electrode compared with that of using plate-like CeO2 

particles electrode. 

 

Figure 9 a) Brunauer–Emmett–Teller measurements of two mixed 
products (CeO2-acetylene black-PVDF) after 100 cycles; and b) 
Corresponding Barrett–Joyner–Halenda pore size distribution curve. 

Such a result could be ascribed to the larger surface areas 

accompanied by smaller particles, which facilitates the insertion 

of lithium ions and the access of electrolytes. 61 This enhanced 

kinetics is due to the fact that the BET surface area of the brick-

like particle (66.7 m2 g-1) is much larger than that of the plate-

like particle (8.6 m2 g-1), making the efficient contact of the 

brick-like particle with the electrolyte. Even after 100 cycles, 

the BET surface area of the CeO2 brick particle-acetylene 

black-PVDF (57.2 m2 g-1) is much larger than that of the CeO2 

plate particle-acetylene black-PVDF (6.6 m2 g-1). And the pore 

size of mixed brick particle is ~3.2 nm, which maintains the 
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efficient contact of the brick-like particle with the electrolyte 

(Figure 9). This specific surface/interface decreases the 

polarization of the electrode and thus increases the charge-

discharge capacity.  

Conclusions 

In summary, the plate-like and brick-like CeO2 particles have 
been successfully prepared via a simple precursor approach. 
This method can be extended to using other kinds of salt 
precursors to prepare a series of nanostructured metal oxides by 
controlled thermal decomposition of the oxalate precursors. 
Especially, the electrochemical results showed that the 
electrodes containing brick-like particles exhibited an 
electrochemical capacity of ~460 mA h g-1, and good stability 
up to 100 charge–discharge cycles. It is a good example to 
prove that physical and chemical properties of 
nano/microstructured materials are related to their structures, 
and the precise control of morphology of nanomaterials will 
allow us to control the performance. Exploring the 
electrochemical characteristics of novel nano/micromaterials 
may direct a new generation of Li ion battery materials. 
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