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摘  要：采用共沉淀方法并结合热处理技术制备了 CoNiO2/Ti3C2Tx复合材料。使用扫描电子显微镜、X 射线衍射、X 射线光

电子能谱、氮气吸脱附测试、循环伏安法、恒流充放电法和电化学阻抗测试对所制备样品进行表征。结果表明：CoNiO2/Ti3C2Tx

质量比为 30:1 的复合材料具有最佳的电化学性能，在 1 A/g 的电流密度下具有 389 F/g 的比电容，约为 Ti3C2Tx比电容的 6 倍；

当电流密度为 20 A/g 时，其比电容为 309 F/g；在电流密度为 10 A/g 时，经过 1 500 次充放电循环后，电容保持率为 82%。 
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Preparation and Electrochemical Performance of CoNiO2/Ti3C2Tx Composites 
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(School of Materials Science and Engineering, Chang'an University, Xi'an 710061, China) 

 
Abstract: CoNiO2/Ti3C2Tx composite was prepared by a facile co-precipitation method and subsequent heat treatment. The 
as-prepared samples were characterized by scanning electron microscopy, X-ray diffraction, X-ray photoelectron spectroscopy, 
nitrogen adsorption–desorption measurement, cyclic voltammetry, galvanostatic charge–discharge and electrochemical impedance 
spectroscopy. The results demonstrate that CoNiO2/Ti3C2Tx composite with a CoNiO2:Ti3C2Tx mass ratio of 30:1 exhibits the 
optimum electrochemical performance. The specific capacitance of CoNiO2/Ti3C2Tx composite is 389 F/g at a current density of 1 A/g, 
which is approximately 6 times greater than that of Ti3C2Tx. CoNiO2/Ti3C2Tx composite has the specific capacitance of 309 F/g when 
the current density increases to 20 A/g, and shows a cycle stability with 82% capacitance retention after 1 500 charge–discharge 
cycles at a current density of 10 A/g. 
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1  Introduction 
With ever-increasing demands in electric energy 

storage for electric vehicles and modern consumer 
electronics, supercapacitors have attracted tremendous 
attentions owing to their high power density, rapid 
charge/discharge process, high efficiency, good security, 
wide range of working temperature and long cycle 
life[1–6]. In general, the electrochemical performance of 
supercapacitors is greatly influenced by the electrode 
materials. Therefore, extensive research efforts have been 
making for developing electrode materials with excellent 
electrochemical properties[7].  

In recent years, a new family of two-dimensional 
early transition metal carbides and nitrides materials 
called MXenes has been extensively investigated as 
electrode materials because they possess metallic 
conductivity, hydrophilicity and low ions diffusion 
barrier[8‒11]. However, the instinct low specific capacity 
and re-stacking structure of MXenes limit their further 
development and practical applications[12‒13]. In view of 
these issues, many studies have focused on adding 
second phase into MXenes to synthesize composite 
materials, aiming to improve storage performance and 
suppress the re-stacking[14‒16]. For instance, Levitt et 
al [14 ]. prepared Ti3C2Tx MXene/carbon nanofiber  
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composite electrodes, which displayed an areal 
capacitance of 205 mF/cm2 at scan rate of 50 mV/s. Zhu 
et al[15]. prepared expanded MXene by using MgO 
nanoparticles as hard templates, and the obtained 
composite material displayed a relatively high capacitance 
of 180 F/g at current density of 1 A/g. Xia et al[16]. 
synthesized BiOCl/Ti3C2Tx composites, which showed a 
remarkably volumetric specific capacitance of 396.5 F/cm3 
at current density of 1 A/g. Although these strategies have 
improved the capacity of MXenes, the specific 
capacitance of MXene-based composites are still not high 
enough for high-performance supercapacitors. Therefore, 
the new MXene-based composites with high capacitive 
storage performance need to be further explored. 

Due to the high theoretical capacity and good 
conductivity, binary transition metal oxides as electrode 
materials for supercapacitors have attracted broad 
attentions[17‒19]. Currently, as an important member of the 
binary transition metal oxides, CoNiO2 with a special 
rock salt structure has been focused because of its unique 
electrochemical properties, economical production 
process and abundant resources[20‒21]. For example, Wang 
et al[20]. fabricated flower-like NiCoO2 spheres via 
solvothermal process and heat treatment, which delivered 
a large specific capacitance of 854.9 F/g at 1 A/g. Fan et 
al[21]. prepared mesoporous CoNiO2 hexagonal 
nanoparticles by a hydrothermal microwave carbon bath 
method, exhibiting a high capacitance of 801 F/g at 
0.5 A/g. In order to promote the electrochemical 
properties of MXenes electrode materials, introducing 
CoNiO2 into MXenes and thereby preparation of 
CoNiO2/Ti3C2Tx composites are expected to be an 
effective strategy. 

In this work, we prepared the CoNiO2/Ti3C2Tx 
composites using a facile co-precipitation method 
followed by calcination process. Due to the combination 
of outstanding conductivity of Ti3C2Tx and excellent 
specific capacitance of CoNiO2, CoNiO2/Ti3C2Tx 
composites exhibit the superior electrochemical 
performance. In addition, it is found that the content of 
CoNiO2 has a great influence on the electrochemical 
performance of CoNiO2/Ti3C2Tx composites. The specific 
capacitance can be reached up to 389 F/g at current 
density of 1 A/g for the 2-CoNiO2/Ti3C2Tx composite 
with a CoNiO2/Ti3C2Tx mass ratio of 30:1, which is about 
six times that of the Ti3C2Tx. Moreover, the 
2-CoNiO2/Ti3C2Tx composite shows an excellent rate 
capability with specific capacitance of 309 F/g when the 
current density increases up to 20 A/g. This work presents 
a facile method for preparing MXene-based electrode 
materials with outstanding electrochemical performance 
for supercapacitors. 

2  Experimental 
2.1  Preparation of CoNiO2/Ti3C2Tx composites 

The Ti3C2Tx MXene was prepared by etching the 
Ti3AlC2 powder with hydrofluoric acid, which was 

described in our previous work[11]. The CoNiO2/Ti3C2Tx 
composites were prepared using a co-precipitation 
method followed by calcination process. Firstly, 10 mg 
Ti3C2Tx MXene was dispersed in 20 mL deionized water 
with vigorous stirring and ultrasonic treatment for 30 min 
and a well-mixed suspension was obtained. Afterwards, 
1 mmol Co(NO3)2·6H2O and 1 mmol Ni(CH3COO)2·6H2O 
were dissolved into the above mixed suspension with 
vigorous stirring for 30 min. Then, 1 mol/L NH3·H2O was 
added slowly into the mixed suspension until pH=10. The 
obtained products were collected by filtrating, rinsed with 
deionized water for several times and dried at 180 ℃ for 
2 h in a vacuum oven. Finally, the dried products were 
calcined at 300 ℃ for 2 h in nitrogen. The obtained 
composite with a CoNiO2/Ti3C2Tx mass ratio of about 
15:1 was denoted as 1-CoNiO2/Ti3C2Tx sample. 

To investigate the influence of CoNiO2 content on 
the electrochemical performance of CoNiO2/Ti3C2Tx 
composite, the CoNiO2/Ti3C2Tx composites with the mass 
ratio of 30:1, 45:1 and 60:1 were prepared by changing 
the amount of CoNiO2 and fixing the amount of Ti3C2Tx 
at 10 mg, which were termed as 2-CoNiO2/Ti3C2Tx, 
3-CoNiO2/Ti3C2Tx and 4-CoNiO2/Ti3C2Tx samples, 
respectively.  
2.2  Materials characterizations 

The crystalline structure of as-prepared composites 
was examined using an X-ray diffractometer (XRD, 
Bruker D8 Davinci) with Cu Kα radiation. Field-emission 
scanning electron microscopy (SEM, Hitachi S-4800) 
was utilized to observe the morphology of as-prepared 
CoNiO2/Ti3C2Tx composites at an accelerating voltage of 
200 kV. The X-ray photoelectron spectroscopy (XPS) of 
composite was measured by a VG ESCALab 250 equipped 
with an Al Kα X-ray source. The nitrogen adsorption/ 
desorption measurements were conducted on a 
QuadraSorb Station 4 at 77 K. 
2.3  Electrochemical measurements 

Electrochemical measurements were performed on a 
CHI 660E electrochemical workstation (CH Instruments, 
Shanghai, China) using three-electrode system. Platinum 
foil, aqueous saturated calomel electrode (SCE) and 
6 mol/L KOH solution were used as the counter 
electrode, reference electrode and electrolyte, 
respectively. Electrochemical impedance spectroscopy 
(EIS) was conducted at open circuit potential with 
sinusoidal signal of 5 mV between 10 mHz to 100 kHz.  

Working electrode was prepared through coating the 
slurry composed by the CoNiO2/Ti3C2Tx composite, 
acetylene black and polytetrafluoroethylene (PTFE) with 
a mass ratio of 8:1:1 on nickel foam (1 cm×1 cm), 
followed by vacuum drying at 60 ℃ overnight. Based on 
the galvanostatic charge-discharge (GCD) curve, the 
specific capacitance was calculated using Eq. (1): 

s
I tC

m V





 (1) 

where Cs (F/g) represented the specific capacitance; I (A) 
was the discharge current; Δt (s) was the discharge time; 
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m (g) was the mass of active material, and ΔV (V) was 
the voltage range. 

3  Results and discussion 
The preparation process of CoNiO2/Ti3C2Tx 

composite is schematically illustrated in Fig. 1(a). 
Initially, Ti3C2Tx MXene was prepared by etching Al 
atom layers from Ti3AlC2 using HF as an etching reagent. 
When the Al atom layers are eliminated, surfaces of Ti3C2 
layers are terminated with functional groups, such as ‒O, 
‒F or ‒OH[22]. During the co-precipitation process, these 
hydrophilic functional groups on the surface of Ti3C2Tx 
MXene can coordinate with Ni2+ and Co2+ ions, 
contributing to the nucleation of Ni-Co precursors. After 
the subsequent calcination, the Ni‒Co precursors are 
transformed into CoNiO2. Fig. 1(b) shows the SEM 
image of the as-prepared Ti3C2Tx MXene using the 
etching method, which displays the typical accordion-like 
morphology. The SEM image of the 2-CoNiO2/Ti3C2Tx 
composite is shown in Fig. 1(c). It can be observed that 
CoNiO2 nanoparticles are coated uniformly on the 
surface of Ti3C2Tx MXene.  

 

 
(a) Schematic illustration 

 
(b) Ti3C2Tx 

 
(c) 2-CoNiO2/Ti3C2Tx composite 

Fig. 1  Schematic illustration of synthesis of CoNiO2/Ti3C2Tx 
composites and SEM images of samples  

To characterize the crystalline structure of 
as-prepared composites, the XRD patterns of Ti3C2Tx 
MXene and CoNiO2/Ti3C2Tx composites with various 
weight ratios are measured and shown in Fig. 2. 
Obviously, the diffraction pattern of Ti3C2Tx MXene 
exhibits the characteristic diffraction peaks of (002), 
(004), (006), (008), and (110) at 2=8.84°, 18.23°, 
28.03°, 34.32° and 60.56°, respectively, implying a high 
purity of Ti3C2Tx MXene.[12] For the CoNiO2/Ti3C2Tx 
composites, the diffraction peaks at 2=36.66°, 42.73° 
and 61.94° correspond to the (111), (200) and (220) 
planes of CoNiO2 (JCPDS 10-0188). Besides the 
diffraction peaks of CoNiO2, the (002) diffraction peak of 
Ti3C2Tx can also be observed, indicating that 
CoNiO2/Ti3C2Tx composites are successfully prepared. 
Furthermore, the position of (002) Ti3C2Tx diffraction 
peak shifts toward to lower 2 angle of 5.88°, meaning 
the expansion of the interlayer spacing of Ti3C2Tx, which 
may result from the intercalation of Co, Ni atoms or 
CoNiO2 nanoparticles. In addition, there is no obvious 
change in the diffraction patterns of CoNiO2/Ti3C2Tx 
composites with the increase of CoNiO2 content, 
revealing the high purity of samples. 

 

 
 

Fig. 2  XRD patterns of CoNiO2/Ti3C2Tx composites and 
Ti3C2Tx 

 
The XPS survey spectrum of the 2-CoNiO2/Ti3C2Tx 

composite is shown in Fig. 3(a). It shows the signals of 
Co, Ni, O, Ti, C and F elements, further demonstrating 
the successful preparation of the CoNiO2/Ti3C2Tx 
composite. It should be noted that the signal of F element 
comes from the F termination of Ti3C2 surfaces. Fig. 3(b) 
displays the high resolution spectrum of Ni 2p. The main 
peaks at ~854.2 eV and ~871.7 eV are assigned to the Ni 
2p3/2 and Ni 2p1/2, respectively. The shoulder peaks 
located at about 860.3 eV and 878.6 eV are corresponding 
satellite peaks of Ni2+ (denoted as sat.).[23] Fig. 3(c) 
presents the high resolution spectrum of Co 2p, which 
can be deconvoluted into four peaks. The main peaks 
located at ~779.6 eV and ~795.4 eV are ascribed to the 
Co 2p3/2 and Co 2p1/2, respectively. The shoulder peaks at 
~785.2 eV and ~802.2 eV are satellite peaks of Co2+.[20] 
The Ti 2p spectrum shown in Fig. 3(d) can be 
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deconvolved into two peaks at 458.1 eV and 463.7 eV, 
which can be assigned to the Ti 2p3/2 and Ti 2p1/2, 
respectively.[12] As for the O 1s spectrum shown in Fig. 
3(e), the peaks at 528.9, 529.7 eV and 531.1 eV 
correspond to Ni—O, Ti—O, and Co—O bonds, 
respectively[24‒26]. The high resolution spectrum of C 1s is 
shown in Fig. 3(f). There are four peaks at approximately 
281.9, 284.5, 285.2 eV and 288.3 eV can be observed, 
which is assigned to the C—Ti, C—C, C—O and C=O 
bonds, respectively[12]. These XPS results further indicate 
that the CoNiO2/Ti3C2Tx composite is prepared 
successfully. 

The nitrogen adsorption/desorption isotherms of 
Ti3C2Tx and 2-CoNiO2/Ti3C2Tx composite are shown in 
Fig. 4(a). Both samples exhibit the type IV curves with a 
H3 hysteresis loop, implying the presence of mesoporous 
structure[27], which is further confirmed by the pore size 
distribution illustrated in Fig. 4(b). Using the 
Brunauer-Emmett-Teller method, the specific surface 
area of 2-CoNiO2/Ti3C2Tx composite is calculated to be 
41.7 m2/g, which is larger than that of Ti3C2Tx 
(22.3 m2/g). This may be attributed to the presence of 
CoNiO2 nanoparticles and the expansion of the interlayer 
spacing. 

 

 
(a) Survey spectrum (b) Ni 2p (c) Co 2p 

 
(d) Ti 2p (e) O 1s (f) C 1s 

Sat. is satellite peaks. 
Fig. 3  XPS spectra of the 2-CoNiO2/Ti3C2Tx composite 

 

 
 

(a) N2 adsorption/desorption isotherms 
 

 

(b) Pore size distributions 
 

Fig. 4  BET tests of 2-CoNiO2/Ti3C2Tx composite and Ti3C2Tx 
 

From the Fig. 4(b), it can also be observed that the 
pore sizes of Ti3C2Tx and 2-CoNiO2/Ti3C2Tx composite 

are in the same range of 2–30 nm. However, the 
2-CoNiO2/Ti3C2Tx composite possesses the larger 
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mesopore volume compared to the Ti3C2Tx MXene. It is 
well known that large surface area and mesoporosity 
can offer more active sites for electrochemical 
reactions, and also favor the diffusion of electrolyte 
ions, thus leading to the enhanced electrochemical 
properties[28]. Therefore, it is reasonable to expect that 
the CoNiO2/Ti3C2Tx composites have the superior 
electrochemical performance in comparison to Ti3C2Tx 
MXene. 

Fig. 5(a) shows the cyclic voltammetry (CV) curves 

of CoNiO2/Ti3C2Tx composites and Ti3C2Tx at a scan rate 
of 20 mV/s. All the samples show the obvious redox 
peaks, which are caused by the Faradaic redox 
reactions[29‒30]. The pseudocapacitance of Ti3C2Tx 
electrode may be ascribed to the redox reaction involving 
oxygen-containing functional groups and Ti atoms[31‒32]. 
For the CoNiO2/Ti3C2Tx composites, the capacitance 
mainly results from the faradaic reactions of CoNiO2 
occurring in the alkaline electrolyte, which can be 
described by Eq. (2)– Eq. (4) [33].  

 

(a) CV curves at a scan rate of 20 mV/s (b) GCD curves at a current density of 1 A/g 

 
(c) Specific capacitance (d) Capacitance retention 

(e) Electrochemical impedance spectra (f) Long-term cycling stability test 
 

SCE means saturated calomel electrode. 
Fig. 5  Electrochemical tests for CoNiO2/Ti3C2Tx composites and Ti3C2Tx 

 
CoNiO2 + 2OH‒  CoOOH + NiOOH + 2e‒ (2) 
CoOOH + OH-  CoO2 + H2O + e‒ (3) 
NiOOH + OH-  NiO2 + H2O + e‒ (4) 

From the CV curves, it can be obviously observed 
that the enclosed areas of the CoNiO2/Ti3C2Tx composites 
are much larger than that of Ti3C2Tx, suggesting that the 
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CoNiO2/Ti3C2Tx composites possess the higher specific 
capacitance compared to the Ti3C2Tx. This is mainly due 
to the contribution of CoNiO2 which can increase the 
surface area and thereby offer more active sites for 
Faradaic reaction. Moreover, it is found that the CV 
curve of 2-CoNiO2/Ti3C2Tx composite has the largest 
enclosed area, suggesting that 2-CoNiO2/Ti3C2Tx 
composite possesses the highest specific capacitance 
among all the samples. Fig. 5(b) shows the GCD curves 
of CoNiO2/Ti3C2Tx composites and Ti3C2Tx at a current 
density of 1 A/g. The obvious plateaus in all GCD curves 
verify the battery-like behavior in CoNiO2/Ti3C2Tx 
composites[32, 34], which is in accordance with CV results. 
The CoNiO2/Ti3C2Tx composites exhibit the far longer 
discharge time than that of Ti3C2Tx, further confirm the 
higher specific capacitance of CoNiO2/Ti3C2Tx in 
comparison to Ti3C2Tx. Furthermore, the longest 
discharge time of 2-CoNiO2/Ti3C2Tx implies the highest 
specific capacitance, which agrees well with the CV 
results.  

According to GCD curves, the specific capacitances 
of CoNiO2/Ti3C2Tx composites and Ti3C2Tx electrodes at 
different discharge current densities are calculated and 
given in Fig. 5(c). The Ti3C2Tx, 1-CoNiO2/Ti3C2Tx, 
2-CoNiO2/Ti3C2Tx, 3-CoNiO2/Ti3C2Tx and 
4-CoNiO2/Ti3C2Tx show the specific capacitance of 61, 
309, 389, 345 F/g and 328 F/g at the current density of 
1 A/g, respectively. Obviously, the CoNiO2/Ti3C2Tx 
composites exhibit the larger specific capacitance in 
comparison to the Ti3C2Tx. Among the composites, the 
2-CoNiO2/Ti3C2Tx exhibits the largest specific 
capacitance of 389 F/g. Moreover, 2-CoNiO2/Ti3C2Tx 
shows a good rate capability with a specific capacitance 
of 309 F/g even at the high current density of 20 A/g. Fig. 
5(d) shows the capacitance retention as a function of 
discharge current density for CoNiO2/Ti3C2Tx composites 
and Ti3C2Tx. The 2-CoNiO2/Ti3C2Tx demonstrates a high 
rate capability with 80% capacitance retention at the high 
current density of 20 A/g. 

To further understand the fundamental 
electrochemical behavior of as-prepared samples, their 
electrochemical impedance spectroscopies (EIS) are 
measured. Fig. 5(e) shows the Nyquist plots of 
CoNiO2/Ti3C2Tx composites and Ti3C2Tx MXene. The 
slope of the line at low frequency corresponds to the 
Warburg impedance value (RW), which is related to the 
electrolyte ion diffusion within electrode[35]. It can be 
observed that the 2-CoNiO2/Ti3C2Tx composite shows a 
more vertical line than other composites, implying a 
lower RW. These results suggest that the 
2-CoNiO2/Ti3C2Tx composite has the low ion diffusion 
impedance, indicating that the electrolyte ions are easily 
diffused in the 2-CoNiO2/Ti3C2Tx composite. 
Nevertheless, the Ti3C2Tx shows the lowest RW in 
comparison to the CoNiO2/Ti3C2Tx composites. At high 
frequency region, the intercept at the real axis represents 
the series resistance (Rs), which corresponds to the 
intrinsic impedance of the electrode material[24, 35‒36]. As 

depicted in the inset of Fig. 5(e), the Rs of the Ti3C2Tx, 
1-CoNiO2/Ti3C2Tx, 2-CoNiO2/Ti3C2Tx, 3-CoNiO2/Ti3C2Tx 
and 4-CoNiO2/Ti3C2Tx is 0.477, 0.438, 0.433, 0.435 Ω 
and 0.436 Ω, respectively. Clearly, the CoNiO2/Ti3C2Tx 
composites exhibit the lower Rs than that of Ti3C2Tx. 
Among the composites, the 2-CoNiO2/Ti3C2Tx has the 
lowest Rs, also revealing its excellent electrochemical 
properties.  

Long cycle stability is a key parameter for 
evaluating electrode materials in high performance 
supercapacitors. Therefore, 1 500 charge‒discharge 
cycles at a high current density of 10 A/g is carried out 
for 2-CoNiO2/Ti3C2Tx composite and Ti3C2Tx. The results 
demonstrate that the 2-CoNiO2/Ti3C2Tx has the good 
cycle stability with 82% capacitance retention, as shown 
in Fig. 5(f). Nevertheless, the Ti3C2Tx shows the better 
cycle stability compared to the 2-CoNiO2/Ti3C2Tx. The 
decay of capacitance for 2-CoNiO2/Ti3C2Tx may come 
from the detachment of CoNiO2 nanoparticles from the 
Ti3C2Tx. The detached CoNiO2 nanoparticles form the 
dead zones, which can affect the electron and ion 
transmission rates, thereby reducing charge accumulation 
and redox reactions. Fig. 6 shows the SEM image of the 
2-CoNiO2/Ti3C2Tx composite electrode after 1 500 cycles. 
It can be seen that the ordered accordion like structure 
disappears and CoNiO2 nanoparticles are partially 
detached from the Ti3C2Tx.  

 

 
 

Fig. 6  SEM image of 2-CoNiO2/Ti3C2Tx composite electrode 
after 1 500 cycles 

 

Because 2-CoNiO2/Ti3C2Tx displays the best 
capability, rate capability and cycle stability among the 
CoNiO2/Ti3C2Tx composites, its electrochemical 
properties are further investigated. The CV analyses at 
different scan rates in the range of 5–200 mV/s and GCD 
analyses at various current densities in the range of 
1–20 A/g are conducted and corresponding results are 
displayed in Fig. 7. It is clearly found that the integrated 
area becomes larger as the scan rate increases, which was 
shown in Fig. 7(a). All of the CV curves show the 
obvious redox peaks, implying the typical battery-type 
characteristics of the 2-CoNiO2/Ti3C2Tx

[37–38]. The 
position of the redox peaks shifts slightly to converse 
direction with increase of the scan rate, possibly resulting 
from the polarization effect. The similar shape of CV 
curves at different scan rates indicates the excellent 
electrochemical reversibility of the 2-CoNiO2/Ti3C2Tx

[39–40]. 
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The obvious plateaus in all GCD curves shown in Fig. 
7(b) further verify the battery-like behavior for 
2-CoNiO2/Ti3C2Tx

[36]. Meanwhile, the nearly symmetric 
GCD curves at various current densities imply the high 
rate charge‒discharge performance[41]. which is in 
accordance with the CV results. 

 

 
 

(a) CV at different scan rates 
 

 
 

(b) GCD at differnet current densities 
 

Fig. 7  CV and GCD for 2-CoNiO2/Ti3C2Tx composite 
 

Clearly, the specific capacitance of the 
2-CoNiO2/Ti3C2Tx is higher than those of the CoNiO2 and 
Ti3C2Tx based electrode materials reported in literature, 
such as NiCoO2 (328.5 F/g at 0.62 A/g) [42], CNT/Ti3C2Tx 
(384 F/g at 10 mV/s) [31], and TiO2/Ti3C2Tx (143 F/g at 
5  mV/s) [43]. The enhanced electrochemical properties of 
CoNiO2/Ti3C2Tx composites can be understood from the 
following aspects. First, intercalation of Co and Ni atoms 
or CoNiO2 nanoparticles into interlayers of Ti3C2Tx 
MXene can increase the interlayer spacing, enabling the 
high capacitance. Second, the attachment of CoNiO2 
nanoparticles on the surface of Ti3C2Tx provides more 
active sites for Faradaic redox reaction, further increasing 
the capacitance. Third, broadened interlayer spacing is 
beneficial for fast diffusion of electrolyte ions. Fourth, 
the self-stacking of Ti3C2Tx MXene may be efficiently 
prevented through incorporation of CoNiO2, thereby the 
electrochemical active sites can be maintained. Due to the 
enhanced electrochemical performance, CoNiO2/Ti3C2Tx 
composites could be applied in supercapacitors. In 
addition, our work presents a facile method to prepare 
MXene-based electrode materials with excellent 
electrochemical performance. 

4  Conclusions 
The CoNiO2/Ti3C2Tx composites are successfully 

prepared by a facile co-precipitation method followed by 
heat treatment. The CoNiO2/Ti3C2Tx composites exhibit 
the superior electrochemical performance. The content of 
CoNiO2 has a great influence on the electrochemical 
properties of CoNiO2/Ti3C2Tx composite. The 
2-CoNiO2/Ti3C2Tx composite with a CoNiO2/Ti3C2Tx 
mass ratio of 30:1 shows a high specific capacitance of 
389 F/g at current density of 1 A/g, an excellent retention 
rate with a specific capacitance of 309 F/g at the current 
density of 20 A/g, and a good cycle stability with 82% 
retention even at a high current density of 10 A/g after 
1 500 charge‒discharge cycles. 
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