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A Li-rich Li[Li0.2Ni0.2Mn0.6]O2 cathode material coated with polyaniline (PANI) was prepared by a 

chemical in situ polymerization method. PANI is evenly coated on the surface of particles of the Li-

rich material Li[Li0.2Ni0.2Mn0.6]O2 to form a good electrical conductive layer. The samples were 

characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS). When the PANI coating 

content was 6%, the Li-rich material exhibited a regular morphology and optimal electrochemical 

properties. The initial specific discharge capacity of the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2/PANI 

was 262.0 mAh g
-1

 at 0.1 C, and that after 50 cycles was 243.7 mAh g
-1

, representing a capacity 

retention of 93% after 50 cycles. 
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1. INTRODUCTION 

Lithium ion batteries (LIBs) are expected to be utilized for portable electronic devices and 

electric vehicles due to their long cycle life and high energy density [1-5]. Research on cathode 

materials with high performance is the focus and key problem of the development of LIBs. The 

applications of conventional cathode materials, such as layered LiCoO2 and LiMn1/3Ni1/3Co1/3O2, 

spinel LiMn2O4 and olivine LiFePO4, are limited due to their own setbacks. Recently, lithium-rich 

layered Mn-based cathode materials xLi2MnO3·(1-x)LiMO2 (M = Ni, Co, or Mn) become a potential 

alternative cathode material for high-capacity LIBs [6,7], as they exhibit capacities as high as 250 mAh 

g
-1

 [8-10]. 
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Nonetheless, the application of Li-rich materials has been seriously restricted by their 

disadvantages including initial large irreversible capacities, poor rate performance, and electrolyte 

decomposition under high voltage. Many researchers have employed various methods, for instance, 

surface coating, ion doping, and particle nanocrystallization, to improve the electrochemical 

performance of the Li-rich cathode material and ensure battery safety under high voltage [11-15]. 

Surface coating is an important means that utilizes materials such as transition metal oxides, ion 

conductors, fluoride and conductive agents [16-18]. The coating of a carbon-based material, for 

example polypyrrole (PPy), polyaniline (PANI), or C itself, on the surface of a Li-rich material is also 

important, as it not only reduces the side reaction between the main material and electrolytic liquid via 

its intrinsic inertia but also enhances the electronic conductivity of the Li-rich material through the 

coating layer, thus improving the reversibility of the material insertion/extraction and reducing the 

dissolution of electrode materials in the electrolyte [19-21]. Lee’s group reported the successful 

synthesis of Li(Mn1/3Ni1/3Fe1/3)O2-polyaniline nanocomposites by a mixed hydroxide and 

polymerization route and demonstrated that they exhibit outstanding rate performance [22]. Wu et al. 

prepared Li1.2Mn0.54Co0.13Ni0.13O2 by the Pechini method and coated it with conducting PPy to improve 

the electrochemical performances [23]. Shi et al. studied the influence of carbon coating on the 

electrochemical properties of Li1.048Mn0.381Ni0.286Co0.286O2 [24].  

In this paper, chemical in situ polymerization was applied to coat PANI evenly on the surface 

of particles of the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 to form a good electrical conductive layer and 

thereby improve the material conductivity and electrochemical cycle performance. 

 

 

2. EXPERIMENTAL 

2.1. Preparation of Li[Li0.2Ni0.2Mn0.6]O2/PANI 

A proper amount of (NH4)2S2O8 was dissolved in HCl (0.1 mol/L) and then transferred to a 

long neck funnel. Different contents of aniline (0%, 2%, 4%, 6%, and 8%) and the Li-rich material Li 

[Li0.2Ni0.2Mn0.6] O2 (prepared using a synthesis method reported earlier [25]) were added into a 0.1 

mol/L HCl solution and mixed evenly, and then N2 was pumped in for half an hour to remove the 

residual air the flask. Then the (NH4)2S2O8 solution was instilled into the aniline mixture at a 

controlled speed of 6 drops/min, followed by a 3 h ice bath reaction and 24 h standing. The solution 

was then fully washed with acetone to remove the residual hydrochloric acid and then dried for 24 h 

under vacuum at 60 °C to obtain the target product. All the chemicals used in the experiment, such as 

(NH4)2S2O8, HCl, MnSO4·4H2O, NiSO4·H2O, NH3·H2O, Na2CO3, LiOH·H2O, and aniline, were 

analytical grade reagents and used without further purification. 

 

2.2. Characterization 

The crystalline phase was characterized by powder X-ray diffraction (XRD, Bruker AXS D8 

Advance) with Cu Kα radiation (λ = 0.15418 nm). The morphology of the products was measured by 

scanning electron microscopy (SEM, Hitachi S-3400N) with energy dispersive spectroscopy (EDS).  
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2.3. Electrochemical measurements 

The electrochemical measurements of the Li-rich materials Li[Li0.2Ni0.2Mn0.6]O2/PANI were 

obtained using a coin cell (CR2032). The working electrode was synthesized by dispersing 80 wt% 

active material, 10 wt % acetylene black and 10 wt % polyvinylidene fluoride (PVDF) binder in N-

methylpyrrolidone solvent. The liquid electrolyte was 1 mol/L LiPF6 and carbonate (EC)/dimethyl 

carbonate (DMC) (1:1, by volume), a lithium metal foil was used as the negative electrode, and 

Celgard polymer was used as a separator. A CHI660A electrochemical workstation (CHI, USA) was 

used for the cyclic voltammetry tests and the AC impedance experiments. The scanning rate was 0.1 

mV s
−1

, and the scanning voltage range was 2.0-4.8 V. The galvanostatic charge-discharge tests were 

performed on a Land cell test system (Land CT20001A, Wuhan, China) in the voltage range of 2.0-4.6 

V. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Structure and morphological characterization 

Figure 1 shows XRD patterns of the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 with different PANI-

covering contents (0%, 2%, 4%, 6%, 8%), showing that a weak but orderly superlattice peak (LiMn6) 

appeared when 2θ was in the range of 22-25°.  
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Figure 1. XRD patterns of Li[Li0.2Ni0.2Mn0.6]O2/PANI (x = 0%, 2%, 4%, 6%, 8%) 

 

This structure was the characteristic peak of Li2MnO3, and the position and intensity of the 

other diffraction peaks of the composite corresponded to the diffraction spectrum of an α-NaFeO2 

layered structure, which indicates that the Li[Li0.2Ni0.2Mn0.6]O2/ PANI composite can be attributed to 

the hexagonal crystal and R-3m space group [26]. It can be observed that the XRD patterns of the 
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samples coated with polyaniline (PANI) and those not coated maintain basically the same position and 

intensity of the crystal diffraction peak, and no carbon-related impurity phase was found, which proves 

that the α-NaFeO2 layered crystal structure did not change after PANI was coated on the Li-rich 

material Li[Li0.2Ni0.2Mn0.6]O2. 

 

   
 

  
 

Figure 2. SEM images of Li[Li0.2Ni0.2Mn0.6]O2 with different contents of PANI(a = 0%; b = 2%; c = 

4%; d = 6%; e = 8%) 
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Figure 3. EDS and element mapping of Li[Li0.2Ni0.2Mn0.6]O2/PANI 

 

Figure 2 shows SEM images of Li-rich Li[Li0.2Ni0.2Mn0.6]O2/PANI composites with different 

PANI coating contents (a = 0%; b = 2%; c = 4%; d = 6%; e = 8%). The SEM images indicate that the 

particle surface of the pure Li-rich Li[Li0.2Ni0.2Mn0.6]O2 material was relatively smooth but became 

rough after being coated with PANI. When the PANI covering amount increased to 8%, the coating 

layer became loose and the material particles began to aggregate, which may have resulted from the 

aniline initially aggregating on the outer surface of the particles and the newly generated PANI 

growing on the coating layer when the material was added. The PANI formed a cross-linked 

networked structure, which led to the particle aggregation and the resulting loose surface. 

Figure 3 shows the EDS and element mapping of the Li-rich Li[Li0.2Ni0.2Mn0.6]O2/PANI 

composites. Peaks of C, N, Ni, Mn and O can be clearly observed in the energy spectrum graph of the 

Li[Li0.2Ni0.2Mn0.6]O2/PANI composites. Through the further surface scanning of the elements, it was 

found that the C, N, Ni, Mn and O elements were distributed evenly on the particle surface, which 

confirms, to a certain extent, that the PANI was evenly coated on the surface of the 

Li[Li0.2Ni0.2Mn0.6]O2 particles. 

 

3.2. Electrochemical performance 

Figure 4 shows the initial charge-discharge curves of Li[Li0.2Ni0.2Mn0.6]O2/PANI composites 

prepared with different PANI covering contents. A clear voltage plateau appeared when the voltage 

increased to 4.5 V, which corresponds to the irreversible extraction of Li2O from the layered Li2MnO3 

O Mn 
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component during the charging process. When the PANI coating content was 0%, 2%, 4%, 6%, and 

8%, respectively, the material’s initial specific discharge capacity was 268.2, 263.9, 259.2, 262.0, and 

253.7 mAh g
-1

, and the initial charge-discharge efficiency was 74.1%, 74.9%, 73.2%, 75.8%, and 

73.1%. This indicates that the initial specific discharge content of the coated material was reduced 

compared with that of the Li-rich material without coating. The reason may be that PANI layer 

separates the active material from the electrolyte. It is understandable that the discharge capacity of the 

coated material is slightly lower than the uncoated material because PANI is electronically conductive 

but insulating to the Li
+
 ions. The presence of PANI does not facilitate the Li

+
 ion transport at the 

surface of the solid solution [23].When the coating content increased to 8%, the material’s charge-

discharge efficiency decreased, which may be a consequence of the large amount of PANI cladding 

that hindered the infiltration of the electrolyte into the Li-rich material. 
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Figure 4. Initial charge-discharge curves of Li[Li0.2Ni0.2Mn0.6]O2/PANI(x = 0%, 2%, 4%, 6%, and 8%) 

 

Figure 5 shows the cycle performance of the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 coated with 

different contents of PANI (0%, 2%, 4%, 6%, and 8%) at 0.1 C. The initial specific discharge 

capacities of the Li[Li0.2Ni0.2Mn0.6]O2 coated with proportions of PANI of 0%, 2%, 4%, 6%, and 8% 

were 268.2, 262.9, 259.2, 262.0, and 253.7 mAh g
-1

, and after 50 cycles, the specific discharge 

capacities were, respectively, 217.0, 217.3, 228.2, 243.7, and 224.0 mAh g
-1

, for capacity retentions of 

80.9%, 82.7%, 88.0%, 93.0%, and 88.3%. Therefore the Li-rich material prepared with 6% PANI 

coating, possessed higher discharge capacity, and its capacity retention indicates the best cycling 

stability of the samples. The conducting polymer coating on the surface of Li-rich material plays an 

important role in improving the electrochemical performance. The reason for the electrochemical 

performance enhancement was that the PANI coating on the Li-rich material separated the electrode 

material from the electrolyte, which reduced the corrosion of the Li-rich material into the electrolyte, 

inhibited the dissolution of the electrode material, and reduced the transfer impedance (Rct) of the Li
+
 

interface charges between the solid and liquid phases during the lithium insertion/extraction to improve 

the stability of the layer structure in the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 [27]. In addition, the 
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electronic conductivity of Li[Li0.2Ni0.2Mn0.6]O2 increased after surface modification with PANI. It has 

been reported that the introduction of conductive polymer could improve the conductivity of the 

material and improve the cycling stability and rate properties [28-30]. 
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Figure 5. Cycle performance of Li[Li0.2Ni0.2Mn0.6]O2 with different contents of PANI at 0.1 C  

 

Figure 6 is the cycle performance graphs for the pure sample and those with coating contents of 

6% PANI at different rates (0.1 C, 0.2 C, 0.5 C, and 1.0 C). The initial specific discharge capacity of 

the Li-rich material not coated with PANI was 268.2 mAh g
-1

, which decreased to only 221 mAh g
-1

 

after 50 cycles, and the initial specific discharge capacity of that coated with PANI was 262.0 mAh g
-1

, 

which was lower than that of the uncoated samples. However, the specific discharge capacity of the 

coated samples after 50 cycles was 239.9 mAh g
-1

, which was higher than that of the uncoated 

samples. Moreover, when the PANI-coated Li-rich material was charged and discharged under high 

rates of 0.2 C, 0.5 C, and 1.0 C, its specific discharge capacity was higher than those of the uncoated 

samples. The improved rate property can be attributed to the PANI coating layer and the high 

conductivity of the polymer on the material surface [28,31]. During the charge-discharge process, the 

PANI coating layer can protect the material from harmful side reactions with the electrolyte, inhibit the 

dissolution of the electrode material, and thereby improve the rate performance of the Li-rich material 

Li[Li0.2Ni0.2Mn0.6]O2 [32]. The Li[Li0.2Ni0.2Mn0.6]O2/PANI composites demonstrated not only better 

cycling stability but also higher rate performance, resulting from the PANI conductive coating layer. 

Thus the Li[Li0.2Ni0.2Mn0.6]O2/PANI composites exhibit superior electrochemical properties in 

comparison to Li(Mn1/3Ni1/3Fe1/3)O2/PANI [22], Li1.2Mn0.54Co0.13Ni0.13O2/PPy [23], 

Li[Li0.1Ni0.45Mn0.45]O2/graphene [6] (Table 1). 

 



Int. J. Electrochem. Sci., Vol. 12, 2017 

  

4763 

0 10 20 30 40 50

0

50

100

150

200

250

300

 0% PANI

 6% PANI

S
p

e
c
if
ic

 c
a

p
a

c
it
y
(m

A
h

/g
)

Cycle number

0.1C

0.2C

0.5C

1.0C

0.1C

 
Figure 6. Discharge rate capabilities of Li[Li0.2Ni0.2Mn0.6]O2 with different PANI coating contents: (a) 

0% PANI and (b) 6% PANI. 

 

Table 1. Electrochemical performance of various Li-rich layered oxides material /carbon materials for 

LIBs. 

 

Materials 
Current 

density 

Cycle 

number 

Specific 

capacity 
Reference 

   (mAh g
−1

)  

Li1.2Ni0.2Mn0.6O2/ PEDOT:PSS 1C 100 146.9 [28] 

Li(Mn1/3Ni1/3Fe1/3)O2/PANI 0.5C 40 155 [22] 

Li1.2Mn0.54Co0.13Ni0.13O2/PPy 12.5mA/g 30 220 [23] 

Li[Li0.1Ni0.45Mn0.45]O2/graphene 0.1C 50 210 [6] 

Li[Li0.2Ni0.2Mn0.6]O2/PANI 0.1C 50 239.9 This work 

 

Figure 7 is the third CV curve of the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 coated with different 

PANI proportions (0%, 2%, 4%, 6%, 8%). Through the comparison of the cyclic voltammetry curves 

before and after the PANI coating, it can be found that three anodic peaks and two cathodic peaks were 

included in the CV curve, which indicates that the structure and Ni
2+

/Ni
4+

 phase transformation of the 

Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 before and after the PANI coating were kept stable during the 

insertion/extraction, and the electrochemical reaction system of lithium insertion/extraction did not 

change after the PANI coating. A reduction peak of Mn
4+

→Mn
3+

 appeared at approximately 3.35 V, 

while a corresponding weak anodic peak appeared at 3.5 V. The potential difference when coated with 

PANI is Δφ = 0.15 V, smaller than the 0.2 V for that not coated, and the peak current becomes small, 
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indicating that the activation of the Mn
4+

 in the material is inhibited after the PANI coating, which 

reduces the dissolution of the Li-rich manganese base Li2MnO3 in the electrolyte to maintain the 

stability of the layer structure in the subsequent electrochemical lithium insertion/extraction process 

[33,34]. 
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Figure 7. Cyclic voltammetry curves of Li[Li0.2Ni0.2Mn0.6]O2 coated with different contents of PANI 

(x = 0%, 2%, 4%, 6%, 8%)  
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Figure 8. Nyquist plots of Li[Li0.2Ni0.2Mn0.6]O2 with different PANI coating contents 

 

To further explore the influence of the PANI coating on the Li
+
 diffusion rate in the Li-rich 

material, electrochemical impedance spectroscopy (EIS) needs to be used for research on the 

electrochemical mechanism. The experiment investigated the influence of the different PANI coating 

contents (0%, 2%, 4%, 6%, and 8%) on the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2 EIS. Figure 8 shows 



Int. J. Electrochem. Sci., Vol. 12, 2017 

  

4765 

the EIS of the different PANI coating contents (0%, 2%, 4%, 6%, and 8%), and the fitting results were 

as shown in Table 2. 

 

Table 2. Fitting results of the impedance parameters of Li[Li0.2Ni0.2Mn0.6]O2 with different PANI 

coating contents 

 

Coating content Re(Ω) CPE(sf+dl)(Ω) Rct(Ω) 

0 

2% 

4% 

6% 

8% 

6.342 

5.768 

5.214 

5.782 

6.579 

22.28 

18.17 

16.52 

13.89 

16.58 

114.6 

89.97 

61.48 

52.35 

89.97 

 

According to Table 2, after the Li[Li0.2Ni0.2Mn0.6]O2 material was coated with different 

contents of PANI, the charge transfer impedances Rct were 114.60, 89.97, 61.48, 49.15, and 89.97 Ω. 

After coating with PANI, the electrochemical transfer impedances of the Li-rich material were all 

smaller than 114.6 Ω for the uncoated material. The material’s charge transfer impedance reached the 

minimum when the PANI coating content was 6% and increased at 8%, indicating that the charge 

transfer impedance of the Li
+
 at the interface was clearly reduced after being coated with a proper 

amount of PANI, consistent with the improvement of the material’s electrochemical cycle 

performance. The reason could be that PANI is a conductive polymer that can improve the material’s 

electronic conductivity. Additionally, as an inert material, it can inhibit the direct contact between the 

electrode material and electrolyte, thus reducing the occurrence of side reactions between the Li-rich 

material and electrolyte and improving the Li
+
 diffusion rate and the material’s electrochemical 

properties. 

 

 

 

4. CONCLUSION 

Chemical in situ polymerization was used to prepare a Li-rich Li[Li0.2Ni0.2Mn0.6]O2/PANI 

composite. Upon coating with PANI, the Li-rich layer structure did not change, and the Li-rich 

particles still maintained their grain morphology. However, an excessive coating content could cause 

material agglomeration. The experiment explored the influence of the PANI coating content on the 

crystal structure and electrochemical properties of the Li-rich material. When the coating content was 

6%, the Li-rich material maintained a regular morphology and optimal electrochemical properties. 

When the Li-rich material Li[Li0.2Ni0.2Mn0.6]O2/PANI was at 0.1 C, the initial specific discharge 

capacity and that after 50 cycles were 262.0 and 243.7 mAh g
-1

, respectively, representing a capacity 

retention of 93% after 50 cycles, which was higher than that of the uncoated cathode materials. 
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