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Abstract: The effect of etching environment (opened or closed) on the synthesis and electrochemical 
properties of V2C MXene was studied. V2C MXene samples were synthesized by selectively etching 
of V2AlC at 90 ℃ in two different environments: opened environment (OE) in oil bath pans under 
atmosphere pressure and closed environment (CE) in hydrothermal reaction kettles under higher 
pressures. In OE, only NaF (sodium fluoride) + HCl (hydrochloric acid) etching solution can be used 
to synthesize highly pure V2C MXene. However, in CE, both LiF (lithium fluoride) + HCl and 
NaF+HCl etchant can be used to prepare V2C MXene. Moreover, the V2C MXene samples made in 
CE had higher purity and better-layered structure than those made in OE. Although the purity of V2C 
obtained by LiF+HCl is lower than that of V2C obtained using NaF+HCl, it shows better 
electrochemical performance as anodes of lithium-ion batteries (LIBs). Therefore, etching in CE is a 
better method for preparing highly pure V2C MXene, which provides a reference for expanding the 
synthesis methods of V2C with better electrochemical properties. 

Keywords: V2C MXene; etching environment; oil bath pan; hydrothermal reaction kettle; lithium-ion 
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1  Introduction 

MXenes is a family of novel two-dimensional materials 
that was successfully synthesized in 2011 [1]. MXene 
was prepared by exfoliating the A-group element from 
the MAX phase [1–6] with a formula of Mn+1AXn, 
where M is an early transition metal, A is an III or IV 
A-group element, and X is C and/or N. Because 
MXenes were made in an aqueous solution of F－, the 
surfaces of MXenes are always terminated with F, O, 
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and OH [7–9]. Ti3C2 is the first extensively studied 
MXene [1] and widely applied in energy storage 
[10–17]. Besides Ti3C2 MXene, V2C is another MXene 
that attracts the attention of many researchers, which 
has better performance as an anode of lithium-ion  
batteries (LIBs) than many other MXenes based on 
theoretical calculation [18]. V2C MXene is an ideal 
electrode material for LIBs with the theoretical 
capacity of 940 mAh·g–1, which is much higher than 
that of MXenes (Ti3C2 and Nb2C) or commercial 
graphite (372 mAh·g–1), though it is widely used in 
energy storage and other fields [19–23].     

Although V2C MXene has good performance in 
many areas, highly pure V2C is difficult to be made. 
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The conventional method to obtain V2C is to etching 
V2AlC by HF solution at room temperature [24,25]. 
However, the V2C made by HF-etching method contained 
a lot of impurities. Recently, it was reported that pure V2C 
MXene can be prepared by the etching of NaF+HCl 
solution at 90 ℃ [9,26,27]. Additionally, among NaF, 
LiF, and KF (potassium fluoride), only NaF can be 
used with HCl as an etching solution to prepare V2C 
MXene [28]. The mixture of LiF+HCl could not be 
effective for V2C MXene exfoliation in an opened 
environment (OE) due to the LiF has the lowest solubility 
in water and the largest hydrated cation radius in the 
four common fluoride salts (NaF, LiF, KF, and NH4F 
(ammonium fluoride)), which make it difficult to 
successfully prepare V2C MXene. However, interlayer 
distance plays an important role in affecting the lithium 
storage performance, among the four fluoride salt 
hydrates, the largest [Li(H2O)x]

+ can enlarge the interlayer 
spacing, which can accelerate ion diffusion on the 
MXene layers. Hence, LiF is a promising etching 
solution for the preparation of high-performance V2C 
MXene-based LIBs [29].  

In the previous studies to synthesize V2C MXene 
[9,24–26,28], the effects of etching solution, temperature, 
time, and precursor phase activity were thoroughly studied. 
However, another important factor, the environment in 
which the etching was processed, was not considered. 
Most reported etching processes were carried out in oil 
bath pans, which is an OE. The pressure of oil bath 
pans is the same as the atmospheric pressure and cannot 
be controlled, and the H2O/HF/HCl in etching solution 
was released off during the etching process at the 
temperature of 90 ℃, which, in turn, changed the 
concentration of etching solution. Our group has 
reported that Ti3C2 MXene could be synthesized by the 
hydrothermal process [30]. In the hydrothermal 
process, the etching process was carried in sealed 
kettles, which is a closed environment (CE). In the CE, 
the pressure is higher than the atmospheric pressure. 
As shown in Ref. [31], at 150–250 ℃, the pressure in 
the hydrothermal reaction kettle was 1–5 MPa. Moreover, 
the chemical ions (H+/Li+/Na+/F–/Cl–) for etching 
cannot be lost in the CE.  

Thus, the environments to process the etching, 
opened or closed, must play an important role in the 
synthesis of MXenes. It is especially important for V2C 
MXene because it needs a higher temperature (90 ℃) 
and longer time (3–7 d) to synthesize V2C [9,25,26,28,32]. 

In this paper, the etching processes to synthesize V2C 
MXene were carried in oil bath pans (OE) or hydro-
thermal reaction kettles (CE), respectively, and other 
factors were the same, including temperature, time, 
and etching solution. The effects of the two etching 
environments on the purity and microstructure of as- 
synthesized V2C MXene were investigated. In addition, 
the electrochemical performance of as-synthesized 
V2C samples as LIB anodes were studied. By this 
study, the effects of etching environment on the purity, 
microstructure, and performance as LIB anodes of V2C 
MXenes were clarified.  

2  Experimental 

2. 1  Preparation of V2C 

V2C MXene was obtained by etching Al from V2AlC 
powders. V2AlC was prepared from the mixture of V 
powers (V, 99.6 wt%, 300 mesh, Xingrongyuan Company, 
Beijing, China), Al powers (Al, 99.6 wt%, 200 mesh, 
Xingrongyuan Company, Beijing, China), and graphite 
powders (C, 99.0 wt%, 200 mesh, Jingchunshenghua 
Company, Shanghai, China) in a molar ratio of 2:1.2:1. 
All powders were mixed by a mixer for 12 h. The 
mixture was heated at 1500 ℃ for 4 h under flowing 
argon atmosphere in a tube furnace. The obtained 
sample was crushed and sieved through a 500-mesh 
sieve to yield V2AlC powders. Then 1.5 g NaF (≥  
98 wt%, Sinopharm Chemical Reagent Company, Beijing, 
China) or LiF (≥ 98.5 wt%, Guangfu Fine Chemical 
Research Institute, Tianjin, China) was mixed with 30 mL 
hydrochloric acid (HCl, 6 mol/L, Shuangshuang Chemical 
Company, Yantai, China) and 30 mL deionized water 
to obtain etching solutions. Thereafter, 1.5 g V2AlC 
powders were immersed in the etching solutions in 
teflon bottles (100 mL) or teflon-lined stainless-steel 
autoclaves (100 mL). The teflon bottles were kept in an 
oil bath with magnetic stirring at 90 ℃ for 5 d. This is 
an etching process in OE. The stainless-steel 
autoclaves were sealed and kept in an oven at 90 ℃ 
for 5 d. The autoclaves were shaken three times every 
day. This is an etching process in CE. After the end of 
the etching process, the sediment was washed several 
times with deionized water until the pH value of the 
supernatant was ~6, and then washed three times with 
the absolute ethanol. Finally, the obtained powders 
were dried in a vacuum for 12 h at 60 ℃. 
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As-prepared samples were analyzed by X-ray di-
ffraction (XRD, Rigaku, Smart-lab, Tokyo, Japan) with 
a scanning rate of 15 (°)·min−1 using Cu Kα radiation, λ = 
1.5406 Å. The microstructure of samples was characte-
rized by a field emission scanning electron microscope 
(SEM, Merlin Compact, Carl Zeiss, Jena, Germany). The 
specific surface area and pore distribution were tested 
using an automated gas adsorption analyzer (ASAP 2020, 
Micromeritics Instrument Co., Ltd., Norcross, USA). 

2. 2  Electrochemical tests 

As-prepared V2C powders were mixed with Super P 
carbon black and polyvinylidene fluoride (PVDF) 
binder in a N-methyl-2-pyrrolidone (NMP) solution in 
a weight ratio of 8:1:1 and the resulting slurry was 
coated on a copper foil to prepare a working electrode. 
Thereafter, the copper foil coated with the slurry was 
vacuum drying at 110 ℃ for 12 h. 

The CR2032-type button batteries were assembled 
in a glove box filled with Ar gas (purity: H2O < 1 ppm, 
O2 < 1 ppm). The lithium metal sheets were used as the 
counter electrode. The electrolyte was 1 M LiPF6 in a 
mixture of ethylene carbonate (EC)/dimethyl carbonate 
(DMC)/ethylmethyl carbonate (EMC) in a volume 
ratio of 1:1:1. A polypropylene film (Celgard 2400) 
was as a separator to separate the lithium foil from the 
active material. 

In this paper, the coin cells were tested on an electro-
chemical test system (CT-3008W, Shenzhen Xinwei 
Energy Technology Co., Ltd., Shenzhen, China) with a 
current density ranging from 50 to 1000 mA·g−1 with a 
voltage range from 0.01 to 3.0 V.  

3  Results and discussion 

3. 1  Phase and microstructure analysis of V2C MXene 

The V2C MXene was prepared by selectively etching 
Al layers from the V2AlC MAX phase at 90 ℃ for 5 d 
in oil bath pans and hydrothermal reaction kettles, 
respectively. The schematic illustration of two different 
processes along with effects on MXene sheets is 
presented in Fig. 1. The well-etched V2C MXene was 
obtained via hydrothermal approaches due to high 
pressure and aqueous environment, which can accelerate 
the etching process of the V2AlC MAX phase.  

Figure 2 shows the XRD patterns of the as-prepared 
V2C samples, which were obtained under different  

 
 

Fig. 1  Schematic illustration of the different methods 
used for V2C MXene exfoliation. 

 

process conditions. After the etching of V2AlC with 
different conditions, the characteristic diffraction peak 
with 2θ about 8° can be assigned to the (002) plane of 
V2C MXene [23]. Table 1 lists the 2θ (°) of the (002) 
peak of formed V2C, c-lattice parameter (c-LP) of the 
V2C calculated from the 2θ and the intensity ratio of 
V2AlC’s (002) peak to V2C’s (002) peak: IMAX/IMXene 
(%). The lower value of IMAX/IMXene means higher 
purity of V2C MXene. Figure 2(a) exhibits the XRD 
patterns of the as-obtained samples synthesized in two 
environments (OE and CE). The etching conditions are 
all etched at 90 ℃ for 5 d. As shown by the top 2 
patterns in Fig. 2(a), in OE, LiF+HCl etching cannot 
exfoliate V2AlC to synthesize V2C; only NaF+HCl 
etching can be used to obtain highly pure V2C MXene. 
This result agrees well with Ref. [28] on V2C’s MXene 
synthesized by NaF+HCl etchant. However, as shown in 
the bottom 2 patterns in Fig. 2(a), in CE, both LiF+HCl 
and NaF+HCl can be used to synthesize V2C MXene, 
though the V2C MXene made by LiF+HCl etching was 
less pure. The corresponding SEM images of etched 
samples under various conditions are shown in Figs. 3 
and 4. The samples were synthesized in different 
environments (OE and CE) and etching agents at 
90 ℃ for 5 d, as shown in Fig. 3. The SEM images of 
samples etched at different temperatures in CE are 
shown in Fig. 4. From the Figs. 3 and 4, only the 
sample etched by LiF+HCl in OE (Fig. 3(b)) kept the 
dense particle structure of V2AlC. All other samples have 
the typical multi-layer structure of MXene. Among 
them, V2C (Fig. 3(d)) prepared by LiF+HCl in CE 
shows a large number of uniformly distributed gaps 
(removed Al layers). The distributed gaps of V2C (Fig. 
3(c)) etched by NaF+HCl in CE are not uniform, but 
there are some deep cracks. In OE, V2C (Fig. 3(a))  
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Fig. 2  XRD patterns of V2C prepared under different process conditions: (a) Etching at 90 ℃ for 5 d with NaF+HCl or 
LiF+HCl in OE or CE; (b) etching in CE with LiF+HCl for different days (5 and 7 d) at different temperatures (60, 90, 100 ℃). 

 

 
 

Fig. 3  SEM images of V2C obtained by different etching methods. Two kinds of fluoride salts etching at 90 ℃ for 5 d: (a) OE, 
NaF+HCl; (b) OE, LiF+HCl; (c) CE, NaF+HCl; (d) CE, LiF+HCl. 
 

 
 

Fig. 4  SEM images of V2C prepared by etching LiF+HCl at different temperatures and different time in CE: (a) at 60 ℃ for  
5 d; (b) at 90 ℃ for 5 d; (c) at 100 ℃ for 5 d; (d) at 90 ℃ for 7 d. 
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Table 1  2θ of the (002) peak of formed V2C by different etching conditions and the intensity ratio that IMAX/IMXene of 
V2C’s (002) peak to V2AlC’s (002) peak  

Etching conditions 2θ (°) of (002) Peak Lattice parameter, c (nm) IMAX /IMXene (%) 

OE, NaF+HCl, 90 ℃, 5 d (sample I) 8.78 2.013 23.45 

OE, LiF+HCl, 90 ℃, 5 d — — — 

CE, NaF+HCl, 90 ℃, 5 d (sample II) 8.12 2.176 0 

CE, LiF+HCl, 60 ℃, 5 d 7.43 2.378 108.32 

CE, LiF+HCl, 90 ℃, 5 d (sample III) 7.45 2.371 37.36 

CE, LiF+HCl, 100 ℃, 5 d 7.36 2.400 10.74 

CE, LiF+HCl, 90 ℃, 7 d (sample IV) 7.41 2.384 9.82 

  
prepared by NaF+HCl demonstrated fewer gaps and 
relatively compact layers. Thus, the SEM images 
confirm the conclusion in Fig. 2(a). The CE can 
improve the synthesis of V2C MXene. LiF+HCl 
etching agent can be used to exfoliate V2C MXene in 
CE though it cannot be used in OE, which can be 
attributed to the higher pressure in CE, improving the 
exfoliating ability of the etching solution. Heating in 
CE increases the pressure of the container according to 
the thermal expansion law. Moreover, the evaporation 
of H2O and HCl as well as the generation of hydrogen 
during the reaction [26] also increases the pressure in 
CE. The pressure is estimated to be 1.5–2 times that of 
the standard atmospheric press of OE. On one hand, 
under the conditions of high temperatures and high 
pressures, the solubility of fluorine salt increases, so the 
etching capability increases [28]. Especially, LiF, which is 
almost insoluble in water before. On the other hand, 
water as a solvent and pressure transfer medium, its 
thermal diffusion coefficient increases under high tem-
peratures and pressures, the temperature and distribution 
of reaction materials in the reactor become more 
uniform and stable, and the etching agent also has higher 
reaction activity under a high reaction temperature. 
These results lead to the improvement of etching 
capability. More, the etching ions (H+, F–, and Cl–) 
cannot be lost in CE, and thus exfoliating ability is 
always kept at a high level. In addition, Table 1 
demonstrates that the V2C prepared by LiF has a 
smaller (002) peak, which means that the V2C prepared 
by LiF has a larger interlayer distance according to the 
Bragg equation, which can be attributed to the larger 
dry ionic radius of Na+ compared to that of Li+ [28]. 
According to the kosmotropic behavior, in the aqueous 
solution, the smaller Li+ has a stronger charge and 
enables stronger coupling with H2O, which results in a 
hydrated radius of Li+ larger than that of Na+. In the 
etching process, the larger hydrated Li+ radius leads to 

larger layer spacing in V2C [33], which results in faster 
ion transportation on the V2C MXene surface.  

To further understand the etching process of LiF+ 
HCl in CE, we studied this process at different tem-
peratures for different time. The XRD patterns of 
etched samples are shown in Fig. 2(b). When the etching 
time was 5 d, as the temperature (60, 90, and 100 ℃) 
increased, the characteristic peak of V2AlC gradually 
decreased as shown in the top 3 patterns. It can also be 
seen from the IMAX /IMXene in Table 1 that the purity of 
V2C gradually increases with increasing temperature. 
When the temperature was kept at 90 ℃ and time was 
changed from 5 to 7 d, the peak of the starting material 
V2AlC was significantly weaker (bottom pattern), and 
the IMAX /IMXene value is only 9.82% in Table 1. From 
the SEM images in Fig. 4, it can be seen that, in all the 
four conditions of LiF+HCl etching in CE, V2AlC had 
been thoroughly exfoliated and there were many uniformly 
distributed gaps. There is no obvious difference in the 
appearance of the four samples. Therefore, for LiF+ 
HCl etching at CE, V2C MXene with higher purity can 
be obtained at 90 ℃ for 7 d or at 100 ℃ for 5 d.  

From the XRD results and SEM results, it can be 
concluded that CE can increase the exfoliation ability 
of etching solution to synthesize V2C MXene. V2C 
MXene etched by NaF+HCl in CE has higher purity 
than that in OE. Moreover, LiF+HCl can be used to 
synthesize highly pure V2C in CE, but it cannot be 
used to synthesize V2C MXene in OE. The as-obtained 
V2C MXene electrode materials with high purity are 
beneficial to reduce the self-discharge, which will 
promote the electrochemical performance of V2C 
MXene electrode materials in energy storage devices.   

3. 2  Specific surface area and pore size analysis of V2C 
MXene 

Four representative samples were selected from as- 
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synthesized V2C MXene samples for the next test. As 
marked in Table 1, the samples obtained by NaF+HCl 
etching at 90 ℃ for 5 d in OE were labeled as sample I, 
and those in CE were labeled as sample II. The samples 
obtained by LiF+HCl etching at 90 ℃ in CE for 5 and 
7 d were named as sample III and IV, respectively. 

For V2C MXenes to be used as anodes in LIBs, a 
high specific surface area of the as-synthesized V2C 
MXene is desirable. The specific surface area, pore- 
volume, and pore structure of the four samples were 
characterized by N2 adsorption/desorption measurements. 
The N2 sorption isotherms of samples I, II, III, and IV 
are shown in Fig. 5, which demonstrate a typical 
type-IV behavior with a distinct hysteresis loop of type 
H3 [34]. These indicate the formation of slit-like pores 
in the four V2C samples’ mesoporous structure. The 
specific surface areas (SSAs) of the four V2C samples 
in Fig. 5 were 5.7 (sample I), 13.1 (sample II), 6.8 
(sample III), and 13.8 (sample IV) m2·g–1, respectively, 
by the Brunauer–Emmett–Teller (BET) method. The SSA 
of sample II is higher than that of the sample I, and it 
can be confirmed that CE does increase the SSA of 
V2C MXene and improves the etching effect compared 
with OE. The SSA of sample IV is bigger than that of 
 

the sample III, it can be verified that longer time in-
creases the SSA for samples etched by LiF+HCl in CE. 
The pore volumes of the four V2C samples were 0.0385 
(I), 0.0621 (II), 0.0464 (III), and 0.0629 (IV) m3·g–1, 
respectively. High SSA and pore volume will improve 
the energy storage performance [29]. The pore size 
distributions of V2C MXene were calculated by the 
Barrett–Joyner–Halenda (BJH) model and as shown in 
the insets of Fig. 5. For the pore size distributions, 
samples I–IV are concentrated at 50, 13, 25, and 25 nm, 
respectively. The range of pore size distribution 
indicates excess mesoscale pores in V2C MXene [35,36]. 

The specific surface area of the four V2C samples is 
basically consistent with the IMAX/IMXene representing 
the etching effect, except for the small gap of 13.8 m2·g–1 
for Fig. 5(b) and 13.1 m2·g–1 for Fig. 5(d). Therefore, it 
can be concluded that V2C MXene synthesized in CE 
had higher SSA than that synthesized in OE. In CE, 
longer etching time can increase the SSA of as-    
synthesized V2C MXene. 

3.3  Electrochemical analysis of V2C MXene 

The electrochemical performance was tested in a two- 
electrode cell with lithium foil as the counter and the  

 
 

Fig. 5  N2 sorption isotherms and pore size distributions of V2C MXene prepared under different process conditions: (a) OE, 
NaF+HCl, 90 ℃, 5 d; (b) CE, NaF+HCl, 90 ℃, 5 d; (c) CE, LiF+HCl, 90 ℃, 5 d; (d) CE, LiF+HCl, 90 ℃, 7 d.  
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reference electrode. The charge and discharge curves of 
four V2C MXene samples (samples I, II, III, and IV) are 
shown in Fig. 6. In Figs. 6(a)–6(d), at a current density 
of 50 mA·g–1, the first discharge capacities of four V2C 
MXene samples are 669.59, 443.16, 584.46, and 
477.71 mAh·g–1, respectively, and the first charge ca-
pacities are 192.82, 304.8, 367.75, and 271.85 mAh·g–1, 
respectively. The first charge and discharge Coulombic 
efficiencies of four V2C MXene samples are 31.6%, 
68.8%, 62.9%, and 56.9%, respectively. The low 
efficiency in the first cycle was mainly attributed to the 
solid electrolyte interphase (SEI) film on the electrode 
surface as well as the irreversible reaction of Li with 
the surface functional groups (F, OH, and O) and/or 
water molecules confined between V2C layers [19,37]. 

Among these samples, samples II, III, and IV demon-
strated similar initial coulombic efficiency. However, 
the sample I exhibited much lower first coulombic 
efficiency than other samples, and the reason could be 
attributed to the narrow layer channels in sample I 
hindered the rapid ion transfer, which can be confirmed 
by N2 sorption isotherms and pore size distribution 
analysis (Fig. 5). Although the first V2C sample (Fig. 
6(a)) exhibited the highest specific capacity at the first 
cycle, the capacity was still unsatisfactory.  

To further investigate the potential of V2C MXene 
for LIB applications, the cycling properties and rate 
performance were assessed by galvanostatic charge/ 
discharge. Figure 7(a) shows the discharge specific 
capacity of the electrodes at different current densities 

 

 
 

Fig. 6  Charging and discharging curves of V2C MXene prepared under different process conditions: (a) OE, NaF+HCl, 90 ℃, 
5 d; (b) CE, NaF+HCl, 90 ℃, 5 d; (c) CE, LiF+HCl, 90 ℃, 5 d; (d) CE, LiF+HCl, 90 ℃, 7 d. 

 

 
 

Fig. 7  (a) Discharge specific capacity at different cycle densities and (b) cycling performance of four V2C MXene samples 
prepared at different current densities. 
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(50, 100, 400, 800, 1000 mA·g–1). The capacitance of 
all four samples was reduced as the current density 
increased from 50 to 1000 mA·g–1. Although sample 
IV exhibited lower specific capacity at low current 
density (< 200 mA·g–1) compared with sample II, 
higher specific capacity as the current density increases 
to 1000 mA·g–1. The samples I, II, III, and IV 
exhibited specific capacity retention of 3.08%, 14.70%, 
17.18%, and 31.42%, respectively. On the whole, 
sample IV demonstrated good rate performance, which 
should be attributed to its high purity, big SSA, and 
large interlayer distance.  

Figure 7(b) exhibits the cycling performance of the 
four electrodes at different current densities for 160 
cycles. In the first 10 cycles at a current density of 
50 mA·g–1, the capacities of all electrodes were unstable 
may be due to the formation of the SEI film [14]. At 
the low current density, the V2C electrode delivered a 
relatively high specific capacity; however, with the 
increase of the current density, the specific capacity 
drastically decreased. In the latter 100 cycles, the cell 
maintained a stable capacity, the efficiency remained at 
almost 100%, and the discharge capacity after 100 
cycles were 3.33, 41.38, 53.06, and 60.08 mAh·g–1 at 
1000 mA·g–1, respectively. The sample IV delivered 
superior cycling stability with the increase of the current 
density and cycle number, which can be attributed to 
the better-multilayered morphology of sample IV.   

According to the theoretical calculation results, the 
storage capacity of Li-ion strongly depends on the 
surface functional groups [38,39]. The bare V2C 
monolayer has a low diffusion barrier and high lithium 
storage capacity for Li atom. The surface passivated F 
or OH atoms on the surface tend to block Li diffusion 
and reduce the storage capacity of lithium [38]. The 
O-terminated V2C MXene has the highest capacity. 
Lithium diffusion barriers (LDBs) also have high 
lithium mobility. In addition, the extra Li layers can be 
adsorbed on the lithium oxidized MXenes, thereby 
further increasing the capacity [18,38]. The change in 
the position of F, O, and H ions is due to the Coulomb 
interaction between F(O,H) and Li-ions [38]. In order 
to obtain the highest lithium capacities, it is 
recommended to use MXene-based electrode materials, 
which have the characteristics of free-standing, 
O-terminated, or bare MXene with a large surface area. 

4  Conclusions 

In summary, V2C MXene samples were synthesized in 

an opened or closed environment by NaF/LiF+HCl 
etching. In OE, only NaF+HCl can be used as an 
etching solution to synthesize highly pure V2C MXene. 
However, in CE, both NaF+HCl and LiF+HCl etchant 
can be used to prepare highly pure V2C MXene. Compared 
with OE, etching in CE can obtain V2C MXene with 
higher purity and better-multilayered morphology. The 
obtained V2C MXene under four representative 
conditions were selected for electrochemical testing. 
Compared to the NaF+HCl etching of V2C anodes, the 
V2C anodes obtained by LiF+HCl etching delivered 
superior electrochemical performance, which is mainly 
attributed to its larger layer spacing. In addition, by 
comparing the two etching environments, this study 
summarizes that etching in CE is a better method for 
preparing highly pure V2C MXene, which provides a 
new approach for the MXene preparation, which may be 
valid for other MXene materials.  
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