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This paper focuses on the preparation of hollow mixed metal oxide materials by means of mixed metal 

atom doping. In this paper, the hollow core-shell structure Zn-Co-MOFs material was prepared by 

hydrothermal method, calcined into Zn-Co-C material, and its conductivity and electrochemical 

performance were improved on the basis of retaining hollow core-shell channel structure. Hollow core-

shell structure to avoid direct contact with the electrode materials and electrolyte, reduce the 

electrolyte decomposition, a loop to form porous channel structure, shorten the lithium ion diffusion 

path and improve the lithium storage capacity, core-shell structure ACTS as a skeleton structure, 

effectively relieve internal stress changes, the structure of the electrode material volume change and 

destruction, reduce capacity attenuation. The Zn-Co-C composite has a discharge specific capacity of 

1749mAh g-1 in the first coil and a maximum coulomb efficiency of 99.8%. At 200 mA g-1 current 

density, the reversible capacity is up to 704mAh g-1 at 200 cycles, and the multiplier and impedance 

are also excellent. 

 

 

Keywords: MOFs, Mixed metal oxide, LIBs, electrode materials 

1. INTRODUCTION  

As an efficient and stable energy storage device, lithium ion battery (LIBs) has become an 

important part of today's society and is widely used in production and life. Research on the 

performance of LIBs has also received extensive attention from researchers. As the electrode material 

that plays a decisive role in battery performance, we focus on the research object. Metal organic 

framework (MOFs) is a kind of coordination polymer that has attracted extensive attention in recent 

years [1-2]. With MOFs as the forebody, porous metal oxides and porous carbon materials with 

controllable structure can be obtained. As an electrode material, it can significantly improve the 
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electrochemical performance of batteries. MOFs has become the material of choice for our new 

electrode materials. In contemporary society, with the depletion of non-renewable energy reserves and 

the destruction of the ecological environment, the development of green new energy is increasingly 

valued by us. As one of the important equipment for energy storage, LIBs is widely used in our 

production and life [3-5]. The electrochemical properties of LIBs are mainly determined by the 

electrode materials, and nanostructured materials with high theoretical capacity are proposed as the 

electrode materials, so as to present excellent electrochemical properties [6-9]. As a new kind of 

electrochemical functional materials, MOFs have many unique advantages, such as very large specific 

surface (the largest specific surface is close to the maximum calculated by solid theory), regular and 

rigid channel structure, channel size adjustable, structure designability, etc. MOFs materials have been 

paid more and more attention by researchers both at home and abroad. Its structure is generally 

composed of organic ligand and metal ions self-assembled at the appropriate solvent temperature into a 

three-dimensional ordered networklike crystal. In order to give MOFs more functions and 

characteristics, a lot of efforts have been made to construct composite materials of metals and their 

compounds with MOFs, such as metal elements, metal oxides, etc [10-12]. Recently, metal 

nanoparticle @MOFs composite material has shown unique advantages in many new catalysis, so it 

has gradually become a star material [13-14]. For example, encapsulating metal nanoparticles in MOFs 

can effectively prevent agglomeration and improve their thermal stability [15-16]. Mixed transition 

metal oxides can provide more kinds of active substances and abundant redox reactions than single 

transition metal oxides. By virtue of its internal space structure, the hollow structure composite 

material can effectively alleviate the volume change and structure damage of the electrode material 

during the charge-discharge cycle. Based on the above studies, a special hollow polyhedron core-shell 

channel structure was constructed in this paper. Under hydrothermal reaction, phase transformation of 

MOFs material occurred to obtain hollow Zn-Co-MOFs material. Under calcination condition, organic 

ligand bonding metal center of mixed MOFs precursor material was directly transformed into hollow 

porous core-shell structure Zn-Co-C composite material. As a cathode material for lithium ion 

batteries, excellent electrochemical properties can be obtained. 

 

2. EXPERIMENTAL  

2.1 Preparation of ZIF-8 

The preparation steps of the precursor ZIF-8 are as follows :(1) weigh 0.7344g of zinc 

hexahydrate, dissolve it in 50ml of methanol, stir it thoroughly, and get solution A. (2) 0.8106g of 2-

methylimidazole and 0.6715g of sodium formate were weighed, dissolved in 50ml of methanol, and 

stirred thoroughly to obtain solution B. (3) pour solution B into solution A and stir thoroughly at room 

temperature for 24 hours. After washing with methanol, ZIF-8 was obtained by vacuum drying. 

 

2.2 Preparation of Zn-Co-MOFs and Zn-Co-C 

The preparation steps of Zn-Co-MOFs and Zn-Co-C are as follows :(1) weigh zif-8 of 0.08g 

and dissolve it in 10ml of methanol to obtain solution C. (2) 0.2417g of cobalt hexahydrate and 0.895g 



Int. J. Electrochem. Sci., Vol. 15, 2020 

  

9545 

of 2-methylimidazole were weighed and dissolved in 6ml of methanol, respectively, to obtain solutions 

D and E. (3) add solution D and E to solution C, stir them thoroughly, pour them into the reaction 

kettle and put them into the oven. The temperature is set to 120℃ and the reaction time is set to 4h. (4) 

remove the reactor, cool it naturally to room temperature, wash it with ethanol, dry it, and finally get 

Zn-Co-MOFs. The prepared Zn-Co-MOFs material was put into muffle furnace and calcined at 350℃ 

for 2h to obtain Zn-Co-C. According to the weight of the weighed drugs, the molar ratio of Zn-Co-C is 

1 :1 :10. The preparation flow chart is shown in figure 1. 

 

 
 

Figure 1. Schematic diagram 

 

2.3 Materials characterization 

Material characterization tests were performed by X-ray diffraction (XRD) and scanning 

electron microscopy (SEM).  

 

2.4 Electrochemical measurements 

An electrode sheet was prepared, and the prepared electrode material, Super-P carbon black 

(conductive additive) and polyvinylidene fluoride (PVDF) were uniformly stirred with N-

methylpyrrolidone (solvent) in a ratio of 8:1:1 to prepare a suspension. Next, the suspension was 

evenly dispersed on a circular copper piece, and a button battery (CR2302) was assembled in an argon-

filled glove box. Finally, the electrochemical performance was tested. 

 

 

 

3. RESULTS AND DISCUSSION 

As can be clearly seen from figure 2(a-b), the diameter of Zn-Co-MOFs material is about 2-

3μm. Zn-Co-MOFs materials are uniformly dispersed and closely packed. The surface is smooth and 

has clear channels. It is because of this multi-channel structure that Zn-Co-MOFs material can absorb 
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more lithium as electrode material and has better electrochemical performance. In figure 2(c-d), it can 

be clearly seen that Zn-Co-C material is evenly distributed, and the advantages of multi-channel 

surface of Zn-Co-MOFs material are retained. The structure of the hollow core shell is clearly seen by 

TEM (e-f). 
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Figure 2. SEM images of (a-b) Zn-Co-MOFs, (c-d) Zn-Co-C; TEM images of (e) Zn-Co-MOFs, (f) 

Zn-Co-C 

 

 

Figure 3 shows the XRD patterns of Zn-Co-MOFs and Zn-Co-C samples. The diffraction peaks 

of Zn-MOFs, Co-MOFs and Zn-Co-MOFs are basically the same. Since they have similar lattice 

constants and crystal structures, the Co-MOFs shell can be ensured to grow evenly on the Zn-MOFs 

surface. The three diffraction peaks are strong and sharp, indicating good crystallinity. The diffraction 

peaks of Zn-Co-C are similar to those obtained by X-ray diffraction of Zn and Co. Therefore, Zn-Co-C 

materials have been successfully synthesized. 
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Figure 3. XRD patterns of (a) Zn-Co-MOFs, (b) Zn-Co-C 

 

 

In order to study the electrochemical behavior of electrode materials during charge and 

discharge, a new battery with Zn-Co-C electrode was tested. 

Figure 4 is the CV curve of the new battery with Zn-Co-C material as the electrode. In the 

figure, it can be clearly seen that during the first cycle of discharge, there are two obvious reduction 

peaks at 0.27v and 0.51v, and a small reduction peak at 1.25v. The larger reduction peak at 0.27v 

corresponds to the reduction of Zn2+ to Zn in the discharge process, while the smaller reduction peak at 

0.51v and the very small reduction peak at 1.25v correspond to the multi-step reduction of cobalt ions 

to Cobalt in the discharge process. Meanwhile, the reduction of Zn2+ to Zn is accompanied by the 

formation of solid electrolyte interface membrane (SEI membrane), and the process is irreversible [17-

19]. During the first charging cycle, there was an obvious oxidation peak at 1.6v and a very small one 

at 0.7v. The oxidation peak of 0.7V corresponds to the oxidation of Zn to Zn2+, and the oxidation peak 

of 1.6V corresponds to the generation process of cobalt ions [20]. Due to the formation of the SEI film, 

the battery capacity is irreversibly reduced, and at the same time, the interface resistance between the 

electrode and the electrolyte is increased, which affects the battery's charge and discharge 

performance. But the formation of SEI film has another advantage, it can prevent the organic 

electrolyte from further reaction with the material, improve the cycle efficiency and reversible capacity 

of the battery[21-23] .Compared with the first cycle, the range of oxidation peak and reduction peak in 

the second cycle is significantly smaller than that in the first cycle, and the reduction peak shifts to the 

right to some extent. The integral area is also significantly smaller than the first circle. In the second 

cycle of discharge, there is a relatively obvious reduction peak at 0.7v, corresponding to the reduction 

of Zn2+ to Zn, accompanied by the reduction of Co2+ to Co, while the reduction peak of cobalt ions in 

other valence states to cobalt is not detectable. Reduction in the number of oxidation and reduction 

peaks Co ions form, the main reason is that can form a variety of valence state of cobalt element, but 

on the first lap after discharge reduction of cobalt, charging with electrolyte of Co ion valence mostly 

Co2+, so after the first lap circle of charging and second charge and discharge process, the other Co ion 

valence state of redox peaks can be found out. It can be clearly seen from the figure that the redox 

process in the third circle is similar to that in the second circle. Both oxidation peak and reduction peak 
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are close to those in the second circle, and the integral area does not decrease significantly. The closer 

the peak position of the oxidation peak and the reduction peak, the sharper the shape, the less obvious 

the polarization phenomenon during the charging and discharging of the lithium ion battery, and the 

better the electrochemical performance of the battery [24]. 
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Figure 4. cyclic voltammetry curve of Zn-Co-C 

 

 

 
Figure 5. charging and discharging curves of Zn-Co-C 

 

 

Figure 5 shows the charge-discharge curve of Zn-Co-C. As can be clearly seen from the figure, 

for the lithium ion battery assembled by Zn-Co-C material, its first discharge specific capacity is 

1749mAh g-1, and the first charge specific capacity is 858mAh g-1, and the corresponding first 

coulomb efficiency is 49.03%. In the next charging and discharging cycle, the specific capacity rapidly 
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attenuates. In the thirtieth cycle, the discharge specific capacity is about 630mAh g-1, and the charging 

specific capacity is about 525mAh g-1, but its coulomb efficiency rapidly increases to 83.26%. During 

the first discharge, the voltage drops rapidly to the voltage platform of about 0.7, and then slowly 

drops to the cut-off voltage of 0.01v. This curve is basically consistent with the results obtained in the 

cyclic voltammetry test. At this point, the corresponding reduction process of Zn2+ to Zn is 

accompanied by the formation of SEI membrane. Because of the SEI membrane, the specific capacity 

of the 30th charge and discharge decreased obviously, and the voltage of the subsequent discharge 

platform increased obviously. These results are consistent with those obtained by cyclic voltammetry. 

In order to test the specific capacity attenuation and coulomb efficiency of Zn-Co-C lithium ion 

battery after multiple cycles, Zn-Co-C lithium ion battery was charged and discharged for 200 cycles 

at the current density of 200mA g-1 between 3.00v and 0.01v. The result is shown in figure 6. The 

discharge specific capacity of the Zn-Co-C lithium ion battery reached 1749mAh g-1 in the first lap, 

but dropped rapidly in 1-15 laps. The discharge specific capacity in the 15th lap was only 754mAh g-1. 

After the 15th lap, it tends to be stable and the descent is relatively slow. It reaches the lowest point in 

the 99th lap, which is only 493mAh g-1. However, it starts to recover slowly compared with the 

capacity in the 100th lap and rises to 704mAh g-1 in the 200th lap. The specific discharge capacity of 

Zn-Co-C lithium ion battery decreased rapidly in the first 15 laps, partly because the SEI film greatly 

reduced the capacity of lithium ion battery during the first several charging and discharging processes, 

and the process was irreversible. Another part of the reason for that, in the process of charging and 

discharging lithium ion between the electrode materials embedded in and out, part of the lithium ion 

after embedding, due to the structure and the cause of the electrode materials and electrolyte contact 

area, failed to emerge, resulting in a decrease of the number of lithium ion in the electrolyte of slow, 

results in the decrease of lithium ion battery capacity of slow, this part of the reason is caused on lap 

15-100 battery capacity of the main causes of slow decline. But in 100, after the battery discharge 

specific capacity of the slow rebound, the main reason is that the structure of the electrode material 

nested Li2O tends to be stable, and electrode materials and electrolyte contact more fully, in the 

process of lithium ion out, not only can emerge in all types of lithium ion, also can have a part in 1-100 

lap embedded lithium ions can also emerge from the electrode material, causing an increase in the 

number of lithium ion in the electrolyte, lithium ion battery discharge specific capacity slowly lift [25-

27]. Zn-Co-C assembly materials of lithium ion battery in the first lap of coulomb efficiency is only 

49.03%, but in 1-15 laps rapidly increases, the 15th lap coulomb efficiency has reached 95.41%, and 

starting from 35 laps, Zn-Co-C material construction of the coulomb efficiency lithium ion batteries 

are not less than 98%, and the highest when the coulomb efficiency reached 99.8%, 50% - 70% of the 

coulomb efficiency compared to other materials, Zn-Co-C material assembly of reversible 

performance of lithium ion battery was better than other batteries, and the performance is very 

good.Table.1 Comparison of cycle performance of Zn-Co-C materials with other Zn-Co-C materials 

with different morphologies. 
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Table 1. Comparison of cycle performance of Zn-Co-C with other bimetal oxides 

 

Typical examples Current density Capacity Ref. 

Zn-Co-C 200mA/g 704mAh/g after 200 cycles This work 

Zn-Co-C 2000mA/g 486mAh/g after 40 cycles This work 

ZnCo2O4  2000mA/g 399mAh/g after 20 cycles [28] 

ZnCo2O4 nanoparticles 450mA/g 378.1mAh/g after 70 cycles [29] 

ZnCo2O4 microspheres 1000mA/g 432mAh/g after 40 cycles [30] 

 

 

 
 

Figure 6. cyclic performance curves of Zn-Co-C 

 

 

The lithium ion battery electrode voltage at 0.01 V to 3.00 V, current density were 0.2 C, 0.4 C 

and 0.8 C and 1.2 C, 1.6 C and 2.0 C finally returned to 0.2 C, the result is shown in figure 7, Zn-Co-C 

lithium ion battery charging and discharging rate, excellent performance under the current density of 

1.2 C, the capacity in a 486mAh g-1, under the high current density of 2 C, capacity remains in 

240mAh g-1 when current density back to 2 C, Zn-Co-C discharge specific capacity to recover to 

1749mAh g-1, It indicates that the composite material has good cyclic stability. The excellent 

multiplier performance is attributed to the hollow core shell structure providing more active sites, 

increasing the contact area between the electrode and the electrolyte, and improving the 

electrochemical activity of the composite. The cavity structure provides buffer space for the change of 

electrode material volume to ensure the structure stability. 
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Figure 7. cyclic performance curves of Zn-Co-C 

 

 

Figure 8 shows the ac impedance test results of Zn-Co-C lithium ion battery. The AC 

impedance curve of the battery is mainly composed of two parts: the half arc in the high frequency 

area and the oblique line in the low frequency area.  
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Figure 8. AC impedance sectroscopy of Zn-Co-C 

 

The semicircle in the high frequency region corresponds to the charge transfer between the SEI 

film and the active material interface, while the semicircle diameter, the charge transfer resistance of 

the reaction sample, and the oblique line in the low frequency region indicate the diffusion of lithium 

ion in the electrode material. The smaller the slope, the weaker the diffusion capacity, and the ideal 

state is when the slope of the oblique line is 1[31]. The figure shows the lower impedance and higher 

charge transfer efficiency of Zn-Co-C lithium ion batteries. This is mainly because the porous hollow 
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structure can effectively shorten the diffusion path of lithium ions and reduce the diffusion resistance 

of lithium ions. In addition, the two metal oxides combine to enhance the ability of charge transfer. 

The composite structure with porous channels can enlarge the pores and increase the specific surface 

area of electrochemical activity. When the electrode surface reaches the ideal aperture distribution, the 

diffusion resistance of lithium ions decreases and the linear slope in the low-frequency area is larger. 

 

 

4. CONCLUSIONS 

The Zn-Co-C composite prepared in this paper has a core-shell particle composite structure 

with particle size of 2-3 μm. The Zn-Co-C composite has a discharge specific capacity of 1749mAh g-1 

in the first coil and a maximum coulomb efficiency of 99.8%. At 200mA g-1 current density, the 

reversible capacity is up to 704mAh g-1, 2C high current density, and the discharge specific capacity is 

maintained at 240mAh g-1 when the cycle is in 200 cycles. The porous channel structure is formed in 

the circulation to shorten the diffusion path of lithium ions and improve the embedded release speed 

and storage capacity of lithium ions. Core-shell structure as the skeleton structure, effectively relieve 

internal stress changes, the structure of the electrode material volume change and destruction and so on. 

The electrode material also contributes a wealth of zinc and cobalt ions, and more redox reactions will 

occur during charge and discharge, and more charge discharge processes will occur, improving the 

diffusion performance of lithium ions in the active material, thereby significantly improving the 

material Electrochemical performance [32]. When Zn-Co-C is used as the electrode of lithium ion 

battery, it presents excellent characteristics and is an excellent material used as the electrode of lithium 

ion battery. Its stable cycling performance guarantees the battery life, is a new type of green energy, 

can become a high specific volume and excellent cycling performance of electrode materials. 
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