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LiNixMn2-xO4 (x=0, 0.1, 0.16) were synthesized at 800 °C by a solid-state reaction from LiNO3, 

Ni(CH3COO)2 and β-MnO2. The XRD pattern confirmed the spinel structure of LiNixMn2-xO4 samples 

without any impurities. As the Ni content increased, the shape of the LiNixMn2-xO4 samples trans-

formed from nanorods at x = 0 to truncated octahedrons at x = 0.1, 0.16, indicating the great effect of 

the doping on crystal growth. Among the three samples, LiNi0.1Mn1.9O4 exhibits the best electrochem-

ical performance, with 90% of capacity retention at a rate of 1 C, 90 % for 2 C and 92 % for 5 C after 

1000 cycles at 25 °C. Both XRD and CV results after 1000 cycles at a rate of 5 C revealed that Ni-

doping could effectively preserve the structure of LiMn2O4 during the charge/discharge process. Even 

at 55 °C, 80% of the discharge capacity was maintained at a rate of 5 C after 300 cycles.    
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1. INTRODUCTION 

LiMn2O4 spinel as one of the most promising cathode materials attracts extensive attention, due 

to its low cost, environmental friendliness and good safety [1]. However, the LiMn2O4-based cathode 

for lithium ion batteries suffers severe capacity loss especially at elevated temperature, which might be 

related with Mn dissolution in acidic electrolytes [2], Jahn-Teller distortion of Mn
3+

 at deeply 

discharge state [3], and oxygen deficiency [4]. In order to address the issues, using the other transi-

tional metal (e.g. Ni, Fe, Co, Al) to replace Mn have been explored for the cathodes of lithium ion 

batteries [5-8]. Among these materials, LiNixMn2-xO4 shows the best cycling stability, triggering the 

intensive studies in this field [9, 10]. This improvement probably comes from the strong chemical bond 

of Mn-O-Ni that stabilizes the octahedral spinel sites, prevents the dissolution of Mn
3+

 ions into the 

electrolyte, and restrains the Jahn-Teller distortion [11]. Since a large amount of Ni doping could 

http://www.electrochemsci.org/
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render a significant decrease of the capacity at 4 V [12], most studies about LiNixMn2-xO4 were 

confined in the case of x≤0.2 for stable crystal structure and good cyclic performance [13-16]. So far, 

the performance of LiNixMn2-xO4 at room temperature has been well documented, but that at elevated 

temperature is studied to a less extent [17,18], particularly at a high-rate charge/discharge. It was 

reported that Li1.06Ni0.01Mn1.93O4 displayed a capacity retention value of 90.4% at a rate of 1 C after 

100 cycles at 55 °C [17]. Li1.05Ni0.05Mn1.9O4 kept 85% of the capacity at a rate of 1 C after 100 cycles 

at 55 °C [18]. The lower current density and the less cycling number in these reports cannot 

completely reflect the performance of LiNixMn2-xO4 as a cathode at elevated temperature. 

The electrochemical property of LiMn2O4-based spinel highly depends on its synthetic routes, 

such as the Pechini process [19], sol-gel [20], emulsion method [21], the citric method [22], etc. 

However, most of these methods involve complicate treatment processes or expensive reagent, which 

is time consuming and high cost for commercial applications. In this work, LiNixMn2-xO4 (x=0, 0.1, 

0.16) spinels were synthesized at 800 °C from LiNO3, Ni(CH3COO)2 and β-MnO2. XRD patterns of 

LiNixMn2-xO4 samples can be indexed to a spinel structure. SEM images show that the morphologies of 

LiNixMn2-xO4 are nanorods as x=0 and truncated octahedrons as x=0.1, 0.16. Among these samples, 

LiNi0.1Mn1.9O4 exhibits enhanced rate capability and high rate cycling performances both at room 

temperature and 55 °C. The structure stability was confirmed by XRD and CV measurements after 

long-term cycling. 

 

 

 

2. EXPERIMENTAL 

The synthetic route of LiNixMn2-xO4 (x=0, 0.1, 0.16) was as follows: lithium nitrate, nickel 

acetate and β-MnO2 nanowires with a molar ratio of 1.02: x: (2-x) were dispersed in 100 mL of 

deionized water. After a homogeneous mixture was produced, water was gradually evaporated at 100 

°C under constantly stirring. The obtained powder was then annealed at 800 °C for 12 h and cooled to 

room temperature naturally. β-MnO2 nanowires were hydrothermally prepared at 150 °C for 12 h 

according to the literature [23].   

X-ray diffraction was carried out by an advanced X-ray diffractometer of Bruker D8 based on 

Ni-filtered Cu Kα-radiation (λ=1.5418 Å). XRD data were obtained at 2θ of 10°~70°. The 

morphologies of the samples were observed by a field emission scanning electron microscope 

(FESEM, JEOL JSM-6700F).  

The composite electrodes for electrochemical studies were prepared with active material, 

conductive carbon black and poly(vinylidene fluoride) (PVDF) in the ratio of 80:10:10 (in wt%). N-

methyl-2-pyrrolidone (NMP) was used as the solvent. The slurry was coated on an aluminum foil, 

dried at 120 °C for 12 h and finally rolled. The typical cathode loading was 3~4 mg/cm
2
 and the active 

material was around 2~4 mg. The coin cells of type CR2032 were assembled in an argon-filled glove 

box with lithium metal foil as the counter and the reference electrode. A 1 M solution of LiPF6 in 

ethylene carbonate (EC), diethyl carbonate (DEC), dimethyl carbonate (DMC) (1:1:1, by volume) was 

used as the electrolyte with a Celgard 2400 microporous polypropylene membrane as the separator. 

Cyclic voltammetry experiments were carried out between 3.4~4.4 V at a scan rate of 0.1 mV s
-1

 using 
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a LK2005A Electrochemical Workstation. Galvanostatic charge-discharge tests were performed using 

a LAND CT2001A system. The charge-discharge cycles were studied at different current rates (1 C = 

150 mA/g) between 3.4~4.4 V at 25 °C and 55 °C. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Structure and morphology characterization 
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Figure 1. X-ray diffraction patterns of LiNixMn2-xO4 (x=0, 0.1, 0.16) samples 

 

Fig. 1 shows the XRD patterns of LiNixMn2-xO4 (x=0, 0.1, 0.16) prepared by high-temperature 

synthesis. All the peaks in these XRD patterns could be assigned to a spinel structure. No impurities 

like nickel oxides and MnOx, are observed in the product. The calculated lattice constant of LiNixMn2-

xO4 (x=0, 0.1, 0.16) is 8.229(5) Å, 8.221(6) Å and 8.214(0) Å, respectively. It is noted that the lattice 

constant slightly decreases with the increasing of the Ni content, which can be explained by the ionic 

size effect [24]. This lattice contraction also indicates the successful substitution of Ni for Mn in the 

product.  

Fig. 2 shows the SEM images of β-MnO2 nanowires and LiNixMn2-xO4 (x=0, 0.1, 0.16) 

prepared by high-temperature synthesis. The β-MnO2 nanowires as the precursor in the reaction are in 

the diameter of 50-80 nm and tens of micrometers in length (Fig. 2a). After reacted at high 

temperature, the as-obtained LiNixMn2-xO4 (x=0, 0.1, 0.16) has significant changes in morphology. In 

the case of x = 0, LiMn2O4 displays a rod-like shape with the diameter of ~ 200 nm and length up to 

several micrometers, as shown in Fig. 2b. Compared with that of MnO2 nanowires, the length of the 

LiMn2O4 nanorods is significantly shortened, which can be explained by the high-temperature induced 

shape contraction. The shapes of LiNixMn2-xO4 (x= 0.1, 0.16) particles are truncated octahedron, totally 
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different from the LiMn2O4 nanorods. This result indicates the great effect of doping on the shape of 

the product, which is also reported in the doping of other elements into LiMn2O4 [25]. 

 

 
 

Figure 2. FESEM images of (a) β-MnO2 precursor, (b) LiMn2O4, (c) LiNi0.1Mn1.9O4, (d) 

LiNi0.16Mn1.84O4 samples 

 

3.2 Cyclic voltammetry studies 
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Figure 3. Cyclic voltammetry (CV) profiles of Li/LiNixMn2-xO4 (x=0, 0.1, 0.16) cells at a scan rate of 

0.1 mV s
-1 

 

Fig. 3 presents the cyclic voltammogram profiles of Li/LiNixMn2-xO4 (x=0, 0.1, 0.16) between 

3.4 and 4.4 V at a scan rate of 0.1 mV s
−1

. For Li/LiMn2O4, the CV curve shows two well-resolved 
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peaks around 4.19 V/4.06 V (oxidation peaks) and 4.04 V/3.91 V (reduction peaks), corresponding to 

the redox couple of Mn
3+

/Mn
4+

 [26]. When the Ni ions are introduced into LiMn2O4, the peak areas 

gradually decrease with the increasing of the Ni content in the product. This result implies that only the 

Mn species makes the contribution to the charge-discharge capacities from 3.4 to 4.4 V. Meanwhile, 

the reduction peaks shift toward higher potential than that of pure LiMn2O4, indicating that the 

extraction of lithium ions becomes more and more difficult. The difference between the oxidation peak 

and the reduction one is reduced as the increase of Ni content in the product, indicating the decreased 

polarization of the electrodes.    

 

3.3 Galvanostatic cycling studies 

 
 

Figure 4. (a) Initial charge-discharge curves of Li/LiNixMn2-xO4 (x=0, 0.1, 0.16) cells in the voltage 

range of 3.4~4.4 V at 1 C rate;(b) Discharge capacity vs. cycle number of Li/LiNixMn2-xO4 

(x=0, 0.1, 0.16) cells at 1 C rate at 25 °C;(c) Discharge capacity vs. cycle number of 

Li/LiMn2O4 and Li/LiNi0.1Mn1.9O4 cells at 5 C rate at 55 °C;(d) Rate performance of the 

discharge capacity of Li/LiNixMn2-xO4 (x=0, 0.1, 0.16) cells at varied discharge rate from 0.5 to 

5 C. 
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Fig. 4a shows the initial charge-discharge profiles of Li/LiNixMn2-xO4 (x=0, 0.1, 0.16) cells at 1 

C rate between 3.4 and 4.4 V. The three electrodes exhibit two well-known plateau behaviors, 

corresponding to Li
+
 extraction/insertion at different sites in the spinel framework [27, 28]. The charge 

voltage plateau of the Li/LiNixMn2-xO4 electrodes (x=0, 0.1, 0.16) is elevated gradually with increasing 

Ni-content, which is consistent with the cyclic voltammery result as shown in Fig. 3. The initial 

discharge capacity was about 118, 97, 82 mAh/g for the LiNixMn2-xO4 samples as x=0, 0.1, 0.16, 

respectively. The gradual decrease of reversible capacity for the first cycle was owing to the increasing 

Ni substitution for Mn.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Long-term cycling performance of Li/LiNi0.1Mn1.9O4 cells in the voltage range of 3.4~4.4 V 

cycled at 2 C and 5 C rates (Inset is the discharge profiles of Li/LiNi0.1Mn1.9O4 cell along long-

term charge-discharge processes at 5 C rate) 

 

To evaluate the cycling stability, the discharge capacity of Li/LiNixMn2-xO4 electrodes (x=0, 

0.1, 0.16) at a rate of 1 C up to 1000 cycles at 25 °C are shown in Fig. 4b. The capacity retention of 

LiNixMn2-xO4 samples at 25 °C are 56%, 90% and 90% for x=0, 0.1 and 0.16, respectively. The cycling 

performances of Li/LiMn2O4 and Li/LiNi0.1Mn1.9O4 cells at 55 °C up to 300 cycles at a rate of 5C are 

shown in Fig. 4c. It shows that the capacity retention increases from 34% for pristine LiMn2O4 to 80% 

for the Ni-doping sample. That means the capacity loss per cycle for Li/ LiNi0.1Mn1.9O4 cell is only 

0.01% at 25 °C and 0.067% at 55 °C. So, it is concluded that cycling stability of LiMn2O4 spinel is 

significantly improved by Ni-doping.   

Fig. 4d shows the rate capability of LiNixMn2-xO4 samples (x=0, 0.1, 0.16) in the range of 

3.4~4.4 V (5 cycles were carried out at each rate). The rate capability is expressed as the capacity at a 
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given discharge rate relative to that obtained at the rate of 0.5 C (75 mA/g). As x=0.1 and 0.16, the 

specific capacity retention at 5 C (750 mA/g) is 85% and 84% compared to that at 0.5 C, whereas only 

76% retention is obtained when x=0. Therefore, we conclude that Ni doping can significantly improve 

the rate capability of LiMn2O4 spinel.    

Fig. 5 shows the long-term cycling performance of LiNi0.1Mn1.9O4 at the rate of 2 C and 5 C 

rate (the discharge profiles of Li/ LiNi0.1Mn1.9O4 cell at 5 C rate is given in the inset of Fig. 5). At a 

rate of 2 C, Li/LiNi0.1Mn1.9O4 cell shows a discharge capacity of 96 mAh/g and a capacity retention of 

90% after 1000 cycles. At a rate of 5 C, Li/LiNi0.1Mn1.9O4 displays a discharge capacity of 91 mAh/g 

and a capacity retention of 92% after 1000 cycles. Compared with the previous works in Table 1, our 

work displays a fair capacity at room temperature and at elevated temperature.  

 

Table 1. Comparison of the capacity of this work and previous results at different charge rates 

 
Sample Capacity 

of 1st or 

2nd cycle 

(m Ah/g) 

Current 

density 

Potential 

window 

(V) 

Cycle 

number 

Capacity 

retention 

(%) 

Temperature 

(°C) 

Reference 

LiNi0.04Mn1.96O4 84 0.5C 3.2-4.35 100 95 RT [15] 

LiNi0.05Mn1.95O4 105 0.5C 3.1-4.4 100 90 25 [18] 

LiNi0.1Mn1.9O4 95 5C 3.5-4.4 — — RT [16] 

Li1.05Ni0.05Mn1.9O4 105 140mA/g 3.0-4.3 100 85 55 [13] 

LiNi0.1Mn1.9O4 92.4 0.2mA/cm
2
 3.5-4.3 50 61.4 25 [5] 

LiNi0.1Mn1.9O4 80.3 0.2mA/cm
2
 3.5-4.3 50 61.4 50 [5] 

Li1.06Ni0.01Mn1.93O4 105.1 1C 3.2-4.4 100 96.4 25 [12] 

Li1.06Ni0.01Mn1.93O4 105.7 1C 3.2-4.4 100 90.4 55 [12] 

LiNi0.1Mn1.9O4  97 1C 3.4-4.4 1000 90 25 This work 

LiNi0.1Mn1.9O4  96.5 5C 3.4-4.4 300 80 55 This work 

LiNi0.1Mn1.9O4  91 5C 3.4-4.4 1000 92 25 This work 

 

3.4 Structure stability studies 
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Figure 6 a) X-ray diffraction patterns of LiNi0.1Mn1.9O4 composite electrodes after 2 and 1000 cycles 

at 5 C rate b) Cyclic voltammetry curves of Li/LiNi0.1Mn1.9O4 cell after 2 and 1000 cycles at 5 

C rate  

 

X-ray diffraction is applied to investigate the structure of LiNi0.1Mn1.9O4 after 2 and 1000 

cycles. As given in Fig. 6a, it is found that no peak emerges or disappears after 1000 cycles compared 

to the second cycle, which indicates that the structure of LiNi0.1Mn1.9O4 is almost unchanged after 

1000 charge-discharge tests. The cyclic voltammetry test of Li/LiNi0.1Mn1.9O4 cells after 1000 cycles 

is also carried out. As shown in Fig. 6b, the peak potentials keep almost unchanged and the peak 

currents only reduce slightly even after long-term cycle tests. Hence, both XRD and CV data confirm 

very well with the high rate charge-discharge performances and reveal that the structure of LiMn2O4 is 

stabilized by Ni-doping leading to improved electrochemical performances.    

 

 

 

4. CONCLUSIONS 

In conclusion, LiNixMn2-xO4 (x=0, 0.1, 0.16) were prepared by a solid state reaction starting 

from LiNO3, Ni(CH3COO)2 and β-MnO2 nanowires. Among these samples, LiNi0.1Mn1.9O4 spinel 

exhibits enhanced electrochemical performances, with 90% capacity retention after 1000 cycles at 1 C 

rate at 25 °C, and 80% after 300 cycles at 5 C rate at 55 °C. Capacity retention values of 90% for 2 C 

rate and 92% for 5 C rate after 1000 cycles are obtained. The excellent cycling performance of 

LiNi0.1Mn1.9O4 sample at high rate can be attributed to the structure stability which has been confirmed 

by both XRD and CV research after high rate long-term cycling. 
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