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Copper-doped lithium manganese spinel LiCuxMn2-xO4 (0  x  0.10) as lithium ion cathode material 

were synthesized by a fameless combustion synthesis at 500 °C for 3 h, two-stage calcination at 

600 °C for 3 h. The phase composition was determined by X-ray diffraction (XRD), which indicated 

that all samples exhibited a single spinel structure except that LiCu0.08Mn1.92O4 had a little impurity of 

Mn3O4. Micro-morphology of the materials were characterized by scanning electron microscopy 

(SEM), suggesting particle size of samples was nearly uniform when copper-doped amount x ranged 

from 0 to 0.06, the particle of LiCu0.08Mn1.92O4 and LiCu0.10Mn1.90O4 more seriously agglomerated 

together than that of other samples. The cycle performance tests indicated that the sample 

LiCu0.06Mn1.94O4 had the highest initial discharge specific capacity of 128.1 mA h
.
g

-1
 and the 150

th
 

capacity retention was 70.1% at 0.2 C rate. Cyclic voltammetry and electrochemical impedance 

spectroscopy of the sample LiCu0.06Mn1.94O4 illustrated that appropriate copper-doped modification 

can improve electrochemical reversibility as well as suppress electrochemical impedance. 

 

 

Keywords: Lithium ion cathode material; LiCuxMn2-xO4; Copper-doped; Spinel LiMn2O4; a fameless 

combustion synthesis 

 

 

1. INTRODUCTION 

With the rapid demand growth of mobile portable devices and hybrid electric vehicles, lithium-

ion batteries have been widely used as the most promising energy sources. Among the various 

materials, the spinel lithium manganese oxide not only has high specific energy, high voltage, stable 

discharge and pollution-free advantages, but also increases the speed of Li
+
 ion insertion and 
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deinsertion during charging-discharging [1,2]. However, the capacity fade which have been attributed 

to Jahn-Teller distortion and Mn
3+

 dissolution has seriously suppressed its development. Doping is one 

of the effective ways to solve this problem, common elements include Co, Ni, Mg, Zn, Al [3-7]. The 

stability of the spinel structure has been improved by doping due to the reduced content of Mn
3+

. 

The copper-doped spinel materials LiCuxMn2-xO4 were studied only by a few research groups
 
in 

lithium ion batteries [8,9]. In addition, the preparation method is an important factor that affects the 

electrochemical performance of cathode materials, copper-doped methods mainly include solid-state 

reaction [10], sol-gel method [11,12], but these methods are hard to get single phase LiMn2O4 at low 

temperature in a short time. All these studies have shown that  LiCuxMn2-xO4 has a higher electronic 

conductivity, longer electrochemical cycle stability and better lithium ionic diffusivity than pristine 

LiMn2O4 [10-12]. This work adopts liquid-phase combustion synthesis method for the preparation of 

LiMn2O4 and copper-doped products [13]. This method uses flammable and oxidative salts as raw 

materials. Finally, obtain very fluffy products at low temperature in a short time. In our previous 

works, Al
3+

 and F
-
 have been successfully prepared doped LiMn2O4 [14,15], whose electrochemical 

performance have been effectively improved and single phase LiMn2O4 has been got.  

2. EXPERIMENT  

2.1 Preparation of materials 

A series of LiCuxMn2-xO4 (0 ≤ x ≤ 0.10) products were prepared by the liquid-phase 

combustion synthesis method. LiNO3 (AR, Aladdin ), Mn(OAc)24H2O (AR, Aladdin) and 

Cu(CH3COO)2 H2O (AR, Tianjin Kemiou) were weighted into 300 mL crucibles according to a 

stoichiometric ratio of 1:(2-x):x (Li:Mn:Cu). Then joined the nitric acid and distilled water to make the 

the nitric acid concentration to 9 mol/L, and removed into an oven at 100 °C for several minutes to 

form the homogeneous solution. Next removed the homogeneous solution into a muffle furnace 

keeping temperature 500 °C for 3 h, cooled off to room temperature and grounded, then two-stage 

calcination at 600 °C for 3 h. Lastly, the target black powdery products obtained. 

 

2.2 Characterization of the samples  

The phase composition were identified by X-ray diffraction (XRD, D/max-TTRIII, Japan) with 

Cu-Kα radiation in a step of 0.02 ° over the range 10 °  2θ  70 ° at an operation current of 30 mA 

and voltage of 40 kV , a scan speed of 4 °/min. Lattice parameters were acquired by means of Jade 5.0 

software. The micro-morphology of the materials were analyzed by scanning electron microscopy 

(SEM, QUANTA 200, America FEI).  

 

2.3 Electrochemical properties 

The ectrodes were made by mixing active material, polyvinylidene fluoride (PVDF) and carbon 

black with a mass ratio of 8:1:1 in N-methyl-2-pyrrolidone (NMP) solvent in a ball-mill for 1.5 hours, 
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then the slurry was poured onto a clean aluminium foil by doctor-blade technology, drying in an oven 

at 80 °C for 4 h，cut into some disks with 16 mm diameter in the vacuum drying oven at 120 °C for 8 

h for standby. The electrochemical properties were performed using CR2025 coin-type cells assembled 

in a glove box (MBraun, Germany) filled with high purity argon gas. Lithium metal foil, 1 M LiPF6 in 

EC/DMC (1:1 in volume) and Celgard 2320-type membrane were used as anode, electrolyte and 

separator, respectively. Electrochemical galvanostatical charge-discharge tests were carried out 

between 3.20-4.35 V (versus Li / Li
+
) at 0.2 C by the Land electric test system CT2001A (Wuhan 

Jinnuo Electronic Co., Ltd). The cyclic voltammogram (CV) was performed on an Electrochemical 

Workstation (ZAHNER-elektrik GmbH & Co. KG, Kronach, Germany) from 3.6 to 4.5 V at a scan 

rate of 0.05 mV s
-1

. All these tests were completed at room temperature. 

 

 

3. RESULTS AND DISCUSSION   

3.1 Structure and morphology of LiCuxMn2-xO4 
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Figure 1. XRD patterns of LiCuxMn2-xO4 (0  x  0.10)  

 

   

   
Figure 2. SEM images of LiCuxMn2-xO4 (a:x=0, b:x=0.02, c:x=0.04, d:x=0.06, e:x=0.08, f:x=0.10) 
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As shown in Fig. 1, the XRD patters of all LiCuxMn2-xO4 (0  x  0.10) samples correspond 

with the Fd3 m space group (PDF 35-0782) except that LiCu0.08Mn1.92O4 had a little impurity of 

Mn3O4. In a ideal cubic spinel LiMn2O4, Mn
3+

 and Mn
4+

 ions averagely occupy the octahedral 16d 

sites, Li
+
 ions and O

2−
 ions are located at the tetrahedral 8a sites and 32e sites [16]. That (2 2 0) peak 

around 2=30.7 ° don't exist indicating that copper ion don't replace tetrahedral 8a sites of spinel 

LiMn2O4, is likely to enter octahedral 16d sites to partially substitute the Mn
3+

 [17,18]. Furthermore, 

the intensity ratio of (3 1 1)/(4 0 0) peaks of product LiCuxMn2-xO4 (0  x  0.10) are 0.917, 0.867, 

0.936, 0.986, 0.829, 0.839, respectively, suggesting certain copper-doped materials improve stability 

of unit cell and present better electrochemical performances than prime [19].  

Fig. 2 displays the SEM images of the LiCuxMn2-xO4 (0  x  0.10) by a fameless combustion 

synthesis. Particle size is nearly uniform of about 200 nm, interface between particles becomes clear 

and porosity is larger when copper-doped amount ranges from 0 to 0.06, which indicates copper
 
ion 

increasing the surface area of the electrochemical reaction. However, the sample LiCu0.08Mn1.92O4 and 

LiCu0.10Mn1.90O4 seriously agglomerated together, even appear to harden, which may suffer large 

resistance for Li
+
 migration during charge-discharge course. 

 

3.2 Galvanostatic cycling 

0 20 40 60 80 100 120 140
3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

(a)

  

 

 

V
o

lt
a

g
e/

V

Specific Capacity/mAh·g-1

a  LiMn2O4

b  LiCu0.02Mn1.98O4

c  LiCu0.04Mn1.96O4

d  LiCu0.06Mn1.94O4

e  LiCu0.08Mn1.92O4

f  LiCu0.10Mn1.90O4

a
b

cd
e

f

d

a

b

e
c

f

 

0 30 60 90 120 150
0

30

60

90

120

(b)

f
e

d

c

b

c
a

p
a

c
it

y
/m

A
h

·g
-1

cycle number/n

 

 

a  LiMn2O4

b  LiCu0.02Mn1.98O4

c  LiCu0.04Mn1.96O4

d  LiCu0.06Mn1.94O4

e  LiCu0.08Mn1.92O4

f  LiCu0.10Mn1.90O4

a

 
 

Figure 3. (a) First galvanostatic charge-discharge curves, (b) The discharge capacity vs. cycle number 

of the LiCuxMn2-xO4 (0  x  0.10) at 0.2 C. 

 

The initial charge-discharge curves of the LiCuxMn2-xO4 (0  x  0.10) at 0.2 C rate in the 

voltage range of 3.20-4.35 V (vs. Li / Li
+
). are shown in Fig 3(a). All products exhibit two evident 

potential plateaus at 3.90-4.26 V in accordance with Li/Li
+
 extraction/insertion during charge-

discharge cyclic curves. Fig 3(b) displays cycling performances of the LiCuxMn2-xO4 (0  x  0.10), 

the LiCu0.06Mn1.94O4 shows the highest initial discharge specific capacity of 128.1 mA h
.
g

-1
 as well as 

remains 89.9 mA h
 
g

-1
, much higher than other samples after 150 cycles. It is highly possible that 

copper ion partially substitute the Mn
3+

 at octahedral 16d sites leading to enhance the electrical 

conductivity [10,20]. The capacity retentions of the sample LiCuxMn2-xO4 (0  x  0.10) are 65.8%, 

64.4％, 73.5％, 70.1％, 65.2％, 69.2％ shown in Table 1, suggesting that electrochemical cycle 
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performance of spinel LiMn2O4 has been enhanced through appropriate copper-doped modification, 

which is due to the structure stability exhibited in Fig. 1. 

 

Table 1. Discharge specific capacity and capacity retention of the LiCuxMn2-xO4 ( 0  x  0.10) 

 

Sample 

Discharge specific capacity 

(mA h
.
g

-1
) 

Capacity retention 

(%) 
First cycle 150th cycle 

LiMn2O4 119.3 78.5 65.8 

LiCu0.02Mn1.98O4 114.8 73.9 64.4 

LiCu0.04Mn1.96O4 107.6 79.1 73.5 

LiCu0.06Mn1.94O4 128.1 89.9 70.1 

LiCu0.08Mn1.92O4 110.8 72.3 65.2 

LiCu0.10Mn1.90O4 85.8 60.2 69.2 

 

3.3 Cyclic voltammogram and electrochemical impedance  
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Figure 4. (a) the first CV curves of LiCuxMn2-xO4 (0  x  0.10) measured at a scan rate of 0.05 mV s 
-

1
, (b) the 10th cycle CV curves of samples 

 

Fig. 4(a) depicts the first cyclic voltammograms (CV) of the sample LiCuxMn2-xO4 (0  x  

0.10) by a fameless combustion synthesis in the voltage range of 3.6-4.5 V at a scan rate of 0.05 mV s 
-

1
. Obviously, two pairs of redox peaks are observed around at 4.08/3.90 V and 4.20/4.06 V, indicating 

Li/Li
+
 extraction/insertion can be finished through a two-step process in consistent with two evident 

potential plateaus of the initial charge-discharge curve of the LiCuxMn2-xO4 (0  x  0.10) in Fig 3(a) 

[21]. CV curves of the 10
th

 cycle of LiCuxMn2-xO4 (0  x  0.10) measured at a scan rate of 0.05 mV s 
-1

 shown in Fig 4(b). From the two profiles, we see the sample LiCu0.06Mn1.94O4 has not only the 

highest peak current and peak potential but also the maximum peak area, which implies its lowest 

electrode polarization and highest Li
+
 diffusion rate in the solid phase as well as a remarkable 

reversible electrochemical activity.  
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Figure 5. Niquist plots of LiCuxMn2-xO4 (0  x  0.10) and Equivalent circuit of EIS. 

 

The impedance spectra and equivalent circuit diagram of the sample LiCuxMn2-xO4 (0  x  

0.10) was shown in Fig. 5. Rs , Rct and CPE represent solution resistance, the charge-transfer 

resistance and the double layer capacitance, Cint reflects the Li
+
 intercalation capacitance, the low- 

frequency lines are the Li
+ 

diffusion resistance in the solid phase of spinel structure, namely Warburg 

impedance.  

 

Table 2. The characteristic values of electrochemical parameters of EIS. 

 

Sample LiMn2O4 LiCu0.02Mn1.98O4 LiCu0.04Mn1.96O4 LiCu0.06Mn1.94O4 LiCu0.08Mn1.92O4 LiCu0.10Mn1.90O4 

Rs (Ω) 4.61 8.69 10.20 3.26 7.34 3.45 

Rct (Ω) 213.1 389.7 265.2 163.2 250.7 268.0 

 

Table 2 lists the Rs and Rct of the sample LiCuxMn2-xO4 (0  x  0.10), the LiCu0.06 Mn1.94O4 

delivers the lowest value of 3.26 Ω, 163.2 Ω than the pure LiMn2O4 and other copper-doped samples, 

suggesting that the LiCu0.06Mn1.94O4 lowering dissolution than that of LiMn2O4  and other samples. The 

result suggests proper copper-doped products enhance the Li
+
 intercalation/de intercalation procedure 

during charge-discharge process of lithium ion battery [22], corresponding to the SEM in Fig. 2.  

 

 

4. CONCLUSION 

In summary, the LiCuxMn2-xO4 (0  x  0.10) were successfully synthesized by a fameless 

combustion synthesis calcined at 500 °C for 3 h, two-stage calcination at 600 °C for 3 h. The 

crystalline of the samples got improved except LiCu0.08Mn1.92O4. The particle size of the LiCuxMn2-

xO4 whose copper-doped amount x ranged from 0.02 to 0.06 was close to that of the undoped spinel 

LiMn2O4, while the samples LiCu0.08Mn1.92O4 and LiCu0.10Mn1.90O4 became larger. Among the 

synthesized materials, the LiCu0.06Mn1.94O4 had the highest initial discharge specific capacity of 128.1 

mA h
 
g

-1
 and the 150

th
 discharge capacity of 89.9 mA h

 
g

-1
, capacity retention was 70.1% at 0.2 C rate. 

The initial discharge specific capacity of the pristine LiMn2O4 was 119.3 mA h
 
g

-1
 and remained 78.5 
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mA h
 
g

-1 
after 150 cycles, capacity retention was 65.8% at 0.2 C rate. The charge transfer resistance of 

the LiCu0.06Mn1.94O4 electrode was the lowest, suggesting that the sample LiCu0.06Mn1.94O4 can 

effectively promote electrode kinetic activity. 
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