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Abstract

Well-dispersed and few-layered molybdenum disulfide (MoS,) has been considered as a suitable electrode
material for pseudocapacitive capacitive deionization (CDI) due to its lamellar structure, flexible interlayer
intercalation, and high theoretical capacity. However, the serious aggregation, low electrical conductivity and poor
hydrophilicity of MoS, have limited its desalination application. To address these issues, few-layered MXene is
used as a conductive and hydrophilic skeleton to support MoS, nanosheets. In this study, a hierarchical MoS,
/MXene heterostructure is fabricated for highly efficient CDI of saline water. The designed heterostructure
effectively inhibits the agglomeration of MoS, and MXene nanosheets, exposes more active electrochemical sites,
and improves the wettability, thereby enhancing ion/charge transport. The MoS,/MXene heterostructure
electrode exhibits low electrical resistance (3.2 Q), along with a high specific capacitance of 171.8 F-g" at 2 A-g".
Furthermore, the MoS,/MXene-based CDI electrode demonstrates an excellent desalination capacity of
55.8 mg-g” and a fast desalination rate of 13 mg-g™-min”. This study paves the way for novel applications in the CDI
field.
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INTRODUCTION

In recent years, the indiscriminate discharge of industrial wastewater, the misuse of various chemical
fertilizers and pesticides, and other harmful substances to the environment have led to an increasing
pollution of water sources, resulting in a scarcity of freshwater resources. Exploring highly efficient
seawater/brackish desalination techniques is a crucial strategy to address the freshwater shortage. However,
traditional desalination techniques, such as pressure-driven desalination, thermal-driven desalination and
electric-driven desalination, are hindered by the challenges including high cost, excessive energy
consumption, and issues related to secondary pollution. These limitations make them unsuitable for
practical applications" . Capacitive deionization (CDI), as a novel and emerging desalination technique, is
characterized by easy operation, cost-effectiveness, minimal energy consumption, and eco-friendly features,
making it highly promising for seawater desalination and heavy metal removal™.

The CDI process is typically categorized into two main stages: adsorption and desorption'. During the
adsorption stage, a positive voltage is applied to CDI. Cations and anions in saltwater move towards
negative and positive electrodes, respectively, due to the applied electrostatic field. These results in the ions
being adsorbed onto the surface or pores of electrode materials. In the desorption stage, the ions adsorbed
on electrode materials are released back into water when the charge is removed or reversed”. The key CDI
components are the electrode materials, which can be categorized into double-layer capacitance materials
(e.g., graphene, carbon nanotubes, and carbon aerogels)™*"" and faradic electrode materials (e.g., transition
metal oxides/sulfides and magnesium titanate)"***. The double-layer capacitance materials primarily rely

5,8-11

on ion storage to remove salts from water, leading to insufficient desalination capacity, non-selective
adsorption of anions and cations, and anode corrosion"?. In addition, co-ion repulsion effects and side
reactions in these materials result in relatively low charge utilization efficiency. To address these limitations,
novel faradic electrode materials, such as transition metal oxides, sulfides, carbides, redox-active polymers,
and Prussian blue, have been prepared to improve the inherent desalination performances'’*,

MXene is a novel family of 2D materials composed of transition-metal layers interleaved with carbide/
nitride ones'. It is commonly prepared by selectively removing the “A” layer from the MAX phase through
etching. In the general formula of M,,,AX, (n =1, 2, 3), “M” shows a transition metal. “A” represents Al or
Si, while “X” signifies C, N, or C and N. In M, X, T

n - x>

“T.” represents hydroxyl-, oxygen-, or fluorine-
terminated groups on the surface. MXene possesses excellent conductivity attributed to its metallic nature.
Additionally, it exhibits high specific surface area and good hydrophilicity thanks to the termination of
-OH, -O and -F groups"". Furthermore, MXene showcases adjustable lamellar structure, which can offer
sufficient space for anchoring electrochemically active nanoparticles on the surface and interlayer***".
These characteristics make it an excellent candidate for CDI electrode materials. However, similar to other
2D materials, MXene nanosheets have the agglomeration and restack problem as a result of van der Waals
interactions, leading to a reduction in interlayer spacing, limiting ion transport, and hindering sufficient
contact between the nanosheets and electrolyte. As a result, the actual performances of MXene in CDI are
far lower than its theoretical capability.

Molybdenum disulfide (MoS,) is a typical 2D layered material composed of two hexagonal nanosheets (S
atoms) and one intermediate hexagonal sheet (Mo atoms). The weak van der Waals force between
neighboring layers of MoS, can enhance ion adsorption and transport. MoS,-based electrodes have shown
1. However, the serious structural

12,32-37

excellent CDI performance in capturing sodium ions from salt water!
aggregation, inferior electrical conductivity, and poor hydrophilicity of MoS, greatly limit its desalination
performance.
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In this work, few-layered MXene is utilized as a robust, conductive and hydrophilic skeleton to support
MoS, nanosheets for the fabrication of hierarchical MoS,/MXene heterostructures. The designed MoS,/
MZXene heterostructures can prevent the aggregation of both MXene and MoS, nanosheets and provide a
rich exposure of active sites, expanded MXene interlayer spacing, and suitable wettability, enabling fast ion
diffusion. As a result, the optimized MoS,/MXene device for CDI exhibits an excellent desalination capacity
of 55.8 mg-g" at a voltage of 1.2 V. Therefore, high conductivity and hydrophilicity MXene-supported
nanosized MoS, shows great promise as a low-cost electrode material in the field of CDI.

EXPERIMENTAL SECTION

Preparation of MXene nanosheets

MZXene nanosheets are prepared by selectively eliminating the Al layer from Ti,AlIC, in an HF aqueous
solution, following the method reported in our prior work"*. The specific procedures can be found in the
Supplementary Materials.

Synthesis of MoS,/MXene heterostructures

The hierarchical MoS,/MXene heterostructures are synthesized using a straightforward solvothermal
reaction method. First of all, MXene nanosheets are gradually dispersed into deionized water using
ultrasonic dispersion under Ar atmosphere. Then, 0.22 g of (NH,);Mo,0,,-4H,O is added into the MXene
nanosheet dispersion via 0.5 h ultrasonic dispersion for in situ anchoring Mo ions. Afterward, 0.76 g of
thiourea is incorporated into the above dispersion and homogeneously mixed by 0.5 h magnetic stirring
under an Ar atmosphere. The dispersion obtained is transferred into a 50 mL Teflon stainless-steel
autoclave and reacted at 200 °C for 12 h. The hierarchical MoS,/MXene heterostructure is achieved through
centrifugation, followed by multiple washes and vacuum drying. The resulting hierarchical MoS,/MXene
heterostructures with MoS, and MXene weight ratios of 1:1, 1:2, and 1:4 are labeled as MoS,/MXene-1, MoS,
/MXene-2, and MoS,/MXene-4, respectively. For comparison, pure MoS, nanosheets are prepared under
the same conditions but without MXene nanosheets.

Characterization
The detailed characterizations are described in the Supplementary Materials.

Electrochemical measurements and desalination measurements
The details of electrochemical measurements and desalination measurements are described in the
Supplementary Materials.

RESULTS AND DISCUSSIONS

Preparation, morphologies, and structures of MoS,/MXene heterostructures

As shown in Figure 1, Ti,C,T, MXene is produced by selectively etching the Al layer in Ti,AIC, using HF as
the etchant. The surface of MXene nanosheets is rich in -F, -OH, and/or -O groups, which can enhance the
hydrophilicity performance and provide abundant growth sites for MoS, nanosheets. Thus, 2D MXene and
MoS, nanosheets can form a mutually reinforcing structure to prevent aggregation of the nanosheets.
MZXene nanosheets act as a robust, hydrophilic and conductive substrate, while MoS, ones act as pillars
between MXene nanosheets, effectively preventing MXene self-accumulation and providing a pathway for
rapid ion transport. Therefore, the obtained hierarchical MoS,/MXene heterostructure shows great promise
as a promising CDI electrode material.

The synthesized MXene nanosheets exhibit an accordion-like structure [Supplementary Figure 1A] after
selective etching the Al layer in Ti,AlC, with HF solution, confirming the successful preparation of multi-
layered MXene nanosheets. Pure MoS, consists of large-sized nanosheets that are randomly stacked and
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Figure 1. Schematic for the preparation of hierarchical MoS,/MXene heterostructure. MoS,: Molybdenum disulfide.

aggregated into a typical flower-like nanostructure [Supplementary Figure 1B]. However, the hierarchical
MoS,/MXene heterostructures with varying amounts of MoS, loading exhibit different morphologies
[Figure 2]. Following a one-step hydrothermal reaction of MXene nanosheets in Mo salt solution, small
MoS, nanosheets are uniformly inserted into the interlayers of 2D conductive MXene nanosheets, forming
mutually supported architectures. The MoS, nanosheets play a certain role in supporting MXene nanosheets
and preventing their restacking. Meanwhile, the anchoring sites provided by MXene nanosheets also restrict
the self-stacking of the MoS, nanosheets. Thus, mutually supported architectures formed by MXene
nanosheets and MoS, nanosheets can offer abundant active sites for ion adsorption. With an increased
dosage of Mo salt, more MoS, nanosheets form on the surface and interlayer of MXene nanosheets.
Notably, when the weight ratio is moderate, MoS, nanosheets are uniformly grown on MXene substrate
[Figure 2C and D]. However, a further increase in the amount of Mo salt leads to the aggregation of MoS§,
nanosheets on MXene substrate, as limited growth space hiders their growth [Figure 2E and F]. Thus, an
appropriate amount of MXene can effectively inhibit the aggregation of MoS, and MXene nanosheets while
providing an open structure that enhances desalination performance.

Furthermore, energy-dispersive X-ray spectroscopy (EDX) mapping of the hierarchical MoS,/MXene
heterostructure [Figure 2G-L] confirms the presence and uniform distribution of Ti, C, Mo, S, and O
elements. The MoS, nanosheets are uniformly distributed on the surface and interlayer of MXene
nanosheets. A transmission electron microscopy (TEM) image clearly shows the typical layered structures
of the heterostructure [Supplementary Figure 2A]. Additionally, a high-resolution TEM (HRTEM) image
[Supplementary Figure 2B] provides a detailed view of the layered structure of MXene with 0.28 nm
interlayer spacing, corresponding to its (101) plane, and MoS, with 0.68 nm interlayer spacing,
corresponding to its (002) plane. This result indicates that MoS, nanosheets have been successfully
anchored onto MXene substrate, thereby creating nanoheterogenous interfaces within the heterostructure.

Figure 3 illustrates the X-ray diffraction (XRD) patterns of Ti,AlC,, MXene, MoS, and MoS,/MXene. In the
XRD pattern of Ti,AlC,, the peaks at 9.5°, 19.1°, 34.0°, 39.0°, 41.8°, and 60.8° correspond to (002), (004),
(101), (104), (105), and (110) planes of Ti,AlC,, respectively. However, the peak at 39.0° disappears after HF
etching, indicating the formation of Ti,C,T,. Importantly, the diffraction peaks shift from 9.5° and 19.1° to
8.9° and 18.2°, respectively. According to the Bragg equation, the interlayer space of MXene nanosheets
[(002) plane] increases from 18.6 to 19.7 A compared with Ti,AlC, [Figure 3B]. The expanded interlayer
space of MXene can provide large space for anchoring MoS, nanosheets. As shown in Figure 3A, the MoS,/
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Figure 2. SEM images of (A and B) MoS,/MXene-1, (C and D) MoS,/MXene-2, (E and F) MoS,/MXene-4 with low and high
magnifications, and EDX mapping of MoS,/MXene-2. SEM: Scanning electron microscope; MoS,: molybdenum disulfide; EDX: energy-
dispersive X-ray spectroscopy.
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Figure 3. XRD patterns of Ti;AIC,, MXene nanosheets, MoS, nanosheets, and hierarchical MoS,/MXene heterostructures. XRD: X-ray
diffraction; MoS,: molybdenum disulfide.
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MZXene heterostructures exhibit diffraction peaks corresponding to the (002), (004), (006), (008) and (110)
planes of MXene, and prominent peaks at 14°, 33.8°, and 59.3°, which correspond to (002), (100), and (110)
planes of MoS, nanosheets, respectively. Thus, the hierarchical MoS,/MXene heterostructures show
characterization diffraction peaks of both MXene and MoS, nanosheets. Furthermore, XRD patterns reveal
a distinct diffraction peak at 25.4°, attributing to the (101) plane of TiO,, indicating that a portion of MXene
has undergone oxidation to form TiO, during the hydrothermal process. After the intercalation of MoS,
nanosheets, the (002) plane diffraction peak of MXene further shifts, resulting in an increase in layer
spacing from 18.6 A to 24.6-24.7 A compared to Ti,AlC,. The enlarged interlayer spacing is attributed to the
exfoliation effect of MoS, nanosheets. The larger layer spacing can provide a larger ion channel, which can
facilitate the rapid ion diffusion and improve the ion adsorption rate in the desalination process.

In Figure 4A, the survey scan reveals the existence of C, O, Mo, S, and Ti elements in MoS,/MXene. The C
spectrum [Figure 4B] shows four main peaks at 288.7, 286.2, 284.5, and 283.2 eV, which are ascribed to
-C=0, C-0, C-C, and C-Ti-O bonds, respectively. These bonds are associated with Ti,C, and incidental
carbon. The Ti spectrum [Figure 4C] exhibits typical peaks at 465.0, 463.0, 461.3, 459.1, 456.7, and 455.2 eV,
corresponding to the Ti-O [Ti(III) 2p,,], Ti**, Ti-C 2p,,,, Ti-O [Ti(III) 2p,,], Ti(II) 2p,,, and Ti-C 2p,,,
respectively. The Mo spectrum [Figure 4D] displays distinctive peaks at 231.5 and 228.4 eV, corresponding
to Mo 3d,, and Mo 3d,,, orbitals, indicating the Mo (IV) state in MoS,/MXene. Besides, two characteristic
peaks of Mo 3d at 232.7 and 229.5 eV correspond to Mo-C orbitals, indicating the chemical bonds between
MoS, and MXene. Furthermore, the peak of C-S/Ti-S centered at 169.1 eV also indicates the existence of
chemical bonds between MoS, and MXene [Figure 4E]. In Figure 4F, the O spectrum can be deconvoluted
into distinct peaks at 529.7, 530.3, 531.3, and 533.1 eV, corresponding to Ti-O, C-Ti-O,, C-Ti-(OH),
bonds, and H,O. Additionally, the weight content of O elements is 24.93% in MoS,/MXene-2
[Supplementary Table 1]. These abundant oxygenic groups contribute to the superior surface wettability of
MoS,/MXene-2.

Electrochemical performances of MoS,/MXene heterostructures

Figure 5A displays cyclic voltammetry (CV) curves of MXene and MoS,/MXene at a scan rate of 20 mV-s™
in the potential range of -0.8 to 0.4 V. The CV curve of MXene shows no distinct redox peak and has a
distorted rectangular shape, indicating the contribution of electrical double-layer capacitance in MXene
electrode. However, the CV curves of MoS,/MXene with different MoS, nanosheet loadings exhibit minor
redox peaks between -0.3 and -0.1 V, indicating the pseudocapacitance behavior of MoS, nanosheets. The
region enclosed by these curves within the potential range represents the relative specific capacitance. As
shown in Figure 5A, the areas under the CV curves of MoS,/MXene are larger than that of MXene. Among
them, MoS,/MXene-2 has the largest area, suggesting the highest specific capacitance. The superior
electrochemical performance of MoS,/MXene-2 can be attributed to the enhanced hydrophilicity and
conductivity and offered by MXene, along with the optimized amount of MoS, nanosheets. The CV curves
of MXene and MoS,/MXene heterostructures at different scan rates are shown in Figure 5B-E. All these
curves present rectangular mirror images, indicating excellent electrochemical behavior at diverse scan
rates. Moreover, a noticeable increase in current density was observed with higher scan rates. Analysis of the
CV curves indicates that MoS,/MXene-2 also has the best specific capacitances among the tested materials
at the respective scan rates [Figure 5F]. The improved specific capacitance can be ascribed to multiple
factors. Firstly, the interconnected framework formed by the combination of MoS, and MXene nanosheets
promotes charge transfer in the hierarchical MoS,/MXene heterostructure. Additionally, the in situ
anchoring effect of MXene provides growth sites for MoS, nanosheets, effectively inhibiting the self-
aggregation of MoS, and MXene nanosheets, while also offering more exposed redox sites.
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The galvanostatic charge-discharge (GCD) curves at a current density of 2 A-g" are shown in Figure 6A.
The specific capacitances of MXene, MoS,/MXene-1, MoS,/MXene-2, and MoS,/MXene-4 electrodes
calculated from these curves are 37.8, 50.3, 171.8, and 124.7 F-g", respectively. The trend in the GCD
performances agrees with the findings from the CV curves. Figure 6B-E exhibits GCD curves at varying
current densities, and Figure 6F summarizes the specific capacitances calculated from these GCD curves.
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Figure 6. (A) Charge/discharge curves of MXene and hierarchical MoS,/MXene heterostructure electrodes at a current density of
2 Ag’; Charge/discharge curves of (B) MXene, (C) MoS,/MXene-1, (D) MoS,/MXene-2, (E) MoS,/MXene-4 at various current
densities; (F) the specific capacitances calculated from charge/discharge curves. MoS,: Molybdenum disulfide.

Clearly, the MoS,/MXene-2 electrode shows the best electrochemical performance. For comparison, a pure
MoS, electrode was also examined as a reference measuring by CV and GCD curves [Supplementary Figure
3]. The CV curves of MoS, indicate the presence of pseudocapacitance in MoS,. The specific capacitance of
MoS,, determined from the CV curves, rises with increasing scan rates. Similarly, the specific capacitance of
MoS,, derived from the GCD curves [Supplementary Figure 3C], increases with increasing current densities.
Nevertheless, regardless of the calculation method used, the electrochemical performance of MoS, is inferior
to that of MXene and MoS,/MXene heterostructure electrodes.

Electrochemical impedance spectroscopy (EIS) was further explored to analyze the conductive performance
and electron/ion transport behaviors at the electrodes/electrolyte interface. As seen in [Supplementary
Figure 4], all Nyquist plots exhibit subtle arcs in high-frequency regions and linear trends in low-frequency
regions. In low-frequency regions, a steeper line indicates faster ion diffusion within the electrode. The
high-frequency arc is associated with electronic resistance, while the subtle arc likely results from charge
transfer resistance. MoS,/MXene-2 electrode shows the lowest surface resistance (3.2 Q), while the MXene,
MoS,/MXene-1, MoS,/MXene-2 and MoS,/MXene-4 ones exhibit resistance values of 9.4, 4.9, and 4.7 Q,
respectively. The charge transfer resistance (R,) of MoS,/MXene-2 electrode shows 4.4 Q by fitting the
equivalent circuit, while MXene, MoS,/MXene-1, and MoS,/MXene-4 exhibit resistance values of 10.3, 5.9,
and 5.5 Q, respectively. This demonstrates that the incorporation of MoS, nanosheets into the MXene can
reduce both the surface resistance and charge transfer resistance. The presence of MoS, nanosheets acts as
pillars, effectively inhibiting the aggregation of MXene and expanding its interlayer distance. Therefore,
MoS,/MXene heterostructure electrodes show lower resistance compared to pure MXene electrodes.

CDI performances of MoS,/MXene heterostructures

Surface wettability is essential for the penetration of electrolytes into electrode materials, thus influencing
CDI performance. As seen in [Supplementary Figure 5], MXene nanosheets exhibit hydrophilic (water
contact angle = 26.5°) as a result of the abundance of oxygenic groups and fluorine groups from their
surface. On the other hand, MoS, nanosheets are hydrophobic, with a water contact angle of 112.1°. The
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introduction of hydrophilic MXene significantly reduces the water contact angle of the hierarchical MoS,/
MZXene heterostructure. The improved surface wettability can enhance the utilization of the active sites and
further increase the desalination capacity and desalination rate.

To assess the desalination performances, desalination experiments were conducted in batch mode using
different voltages/concentrations in NaCl solution. Prior to evaluating the desalination performance, the
changes in NaCl solution conductivity at varied concentrations were initially studied. A conductivity meter
was used to test the conductivity of NaCl solutions with specified concentrations. Subsequently, the
relationship between the concentration of NaCl solution and their conductivity at room temperature was
established [Supplementary Figure 6]. As shown in Figure 7A-E and Supplementary Figure 7, the
desalination capacities increase significantly with the applied voltage. Moreover, higher desalination
capacities are generated at higher conductivities of the NaCl solution. Several factors contribute to the
enhanced desalination performance. Primarily, the high voltage can not only facilitate the ion transport and
diffusion into the inner layers of MXene and MoS, nanosheets but also increase the active sites for ion
adsorption. The high conductivity of NaCl solution means not only high NaCl concentration but also more
ions and a large concentration gradient. Thus, all these factors facilitate the enhancement of desalination
capacity. As shown in Figure 7E, the desalination capacities of hierarchical MoS,/MXene heterostructure
devices are much higher than those of MXene devices and MoS, devices [Supplementary Figure 7B], and the
MoS,/MXene-2 device exhibits the highest desalination capacity (up to 55.8 mg-g* at a voltage of 1.2 V and
an initial conductivity of 1,000 pS-cm™). These results suggest that the MoS,/MXene-2 device exhibits the
optimal candidate for CDI.

Figure 7F shows the CDI behavior of hierarchical MoS,/MXene heterostructure anode and cathode. In the
CDI desalination process, Na' ions are intercalated into the MXene and MoS, nanosheet interlay, while CI
ions are intercalated into the active carbon. As mentioned in the previous analysis discussion, MoS,/
MZXene-2 exhibits an optimized hierarchical structure characterized by even distribution of MoS,
nanosheets on MXene, along with increased exposed active edges. The highly hydrophilic MXene serves as a
conductive substrate, which can reduce the ion diffusion paths. Besides, the pillar effect of MoS, can greatly
inhibit the restacking of MXene and enlarge its interlayer distance. Furthermore, the in situ anchoring effect
of MXene guides the growth of MoS, nanosheets, effectively preventing their restacking. For MoS,/MXene-
4, only a few MoS, nanosheets are dispersed on the surface and between the layers of MXene, resulting in a
reduced number of active sites for desalination. Thus, the desalination capacity of MoS,/MXene-4 devices is
49.1 mg-g" at 1.2 V. In the case of MoS,/MXene-1, excess MoS, nanosheets result in self-aggregation,
reducing the MoS, edges. So, the desalination capacity of MoS,/MXene-4 devices is 44.2 mg-g" at 1.2 V.
Therefore, MoS,/MXene-2 shows the best desalination performance due to the uniform distribution of
MoS, nanosheets and conductive and hydrophilic MXene substrate.

The Kim-Yoon-Ragone method is employed for further study of the kinetical performance of MXene and
hierarchical MoS,/MXene heterostructure devices for CDI systems. As seen in Figure 8, the average
desalination rate rises with the voltage escalation at the same initial conductivity, and the average
desalination rate also climbs with the initial conductivity at the same voltage. Besides, the desalination rates
of the hierarchical MoS,/MXene heterostructure devices are much higher than those of the MXene device.
The maximum desalination rate of MoS,/MXene-2 devices reaches 15.2 mg-g*-min™ at 1 V, while the
desalination rates of MXene, MoS,/MXene-1, and MoS,/MXene-4 devices are 6.1, 12.3, and
12.5 mg-g"-min”, respectively. These findings further demonstrate that hierarchical MoS,/MXene
heterostructures can improve the kinetical performance for CDI process. Besides, the cycling performance
of MoS,/MXene-2 heterostructure devices is shown in Supplementary Figure 8. After 30 cycles, the
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Figure 7. The desalination capacity and time curves of (A) MXene, (B) MoS,/MXene-1, (C) MoS,/MXene-2, (D) MoS,/MXene-4
devices in NaCl solution; (E) The desalination capacities and (F) the CDI working process of MXene and hierarchical MoS,/MXene
heterostructure devices. MoS,: Molybdenum disulfide.
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desalination capacity decreases to 27.5 mg-g*, and the retention rate is 79.4%. Additionally, the desalination
performances of hierarchical MoS,/MXene heterostructures are compared with MXene or MoS,-based
composite CDI devices reported previously [Supplementary Table 2]. The desalination performances of
hierarchical MoS,/MXene heterostructures in this work outperform those of other MXene or MoS,-based
composite devices.
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CONCLUSIONS

Ti,C,T, MXene nanosheets were utilized as a conductive and wettable skeleton for fabricating hierarchical
MoS,/MXene heterostructures. In the hierarchical MoS,/MXene heterostructures, the pillar-supported MoS,
nanosheets play a critical role in preventing restacking of MXene and enlarging the interlayer spacing of
MZXene to enhance ion storage capacity. Additionally, the in situ anchoring effect of MXene effectively
prevents restacking of MoS, nanosheets and increases MoS, active edges. The hierarchical MoS,/MXene
heterostructure with well-distributed and active edge-rich MoS, nanosheets demonstrates a high specific
capacitance of 171.8 F-g" at 2 A-g”. Moreover, the optimized MoS,/MXene heterostructure device for CDI
exhibits an excellent desalination capacity of 55.8 mg-g”. Therefore, the high conductive MXene-supported
nanosized MoS, shows great potential as low-cost electrode materials in the field of CDI.
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