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A B S T R A C T

An amorphous nickel boride/niobium carbide MXene (NixB/Nb2CTx) composite was designed and synthesized 
via a combined HF-assisted etching and in-situ chemical reduction strategy. The uniform anchoring of 0D NixB 
nanoparticles within the multilayered Nb2CTx nanosheets led to the formation of a robust composite with 
favorable interfacial interactions, abundant active sites, and improved charge transport pathways. The composite 
was directly coated on carbon cloth, which served as a flexible and conductive substrate to ensure efficient 
electron collection and mechanical stability of the electrode, while not contributing to electrochemical capaci
tance. Detailed structural and electrochemical analyses indicate that the integration of NixB with Nb2CTx in
fluences the electronic environment, improves redox activity, and promotes ion diffusion, thereby contributing to 
enhanced charge storage kinetics. Among the as-prepared samples, the optimized NixB/Nb2CTx-50 electrode 
delivers a specific capacitance of 606.7 F g− 1 at 1 A g− 1, demonstrating a moderate rate capability with a 
capacitance retention of 43.2% from 1 to 20 A g− 1. Furthermore, an asymmetric supercapacitor assembled with 
NixB/Nb2CTx-50 and reduced graphene oxide (rGO) electrodes achieved a remarkable energy density of 46.7 Wh 
kg− 1 at a power density of 825 W kg− 1. This work provides new insights into the interfacial engineering of 
amorphous transition metal boride-MXene hybrids toward next-generation high energy density supercapacitor 
applications.

1. Introduction

The overutilization and exploitation of human energy sources, 
especially fossil fuels, have led to a rise in global warming issues. 
Finding an alternative, clean, and sustainable energy source, such as 
renewable energy, is an efficient way to address the escalating energy 
crisis. At the same time, these kinds of energy sources are intermittent 
and are converted into electrical energy for utilization and transmission 
purposes [1–3]. Therefore, it is essential to develop a clean energy 
storage and conversion device to overcome the energy scarcity problem. 
Recently, electrochemical energy storage (EES), such as supercapacitors 
(SCs), has been proven as a sustainable energy storage system that 

provides solutions to energy shortages with its high energy and power 
densities [4,5]. Moreover, the SCs exhibit fast charge-discharge cycling 
but can operate only for a shorter period because of the rapid non- 
faradaic process [6,7]. The practical application of SCs is limited due 
to their lower energy density compared to batteries. To improve the 
energy density of SCs, the development of battery-type SCs that combine 
the advantages of both faradaic and EDLC behavior have been devel
oped. For this purpose, new electrode materials with a large contactable 
specific surface area and high conductivity, as well as the use of high 
operating voltage window electrolytes are key factors in developing 
high performance battery-type SCs [8]. Recently, two-dimensional (2D) 
metal carbides such as MXenes have attracted significant attention for 
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their usage as efficient EES electrodes in terms of their remarkable 
properties, including intrinsic high metallic conductivity, hydrophilic- 
fast ion diffusion capability and favorable pseudo-capacitive nature 
[9,10]. Among the MXene family, niobium-based MXenes have not yet 
been widely investigated for SCs due to their more complex synthesis 
process compared to other MXenes. This M2X-type Nb2CTx MXene ex
hibits higher areal and gravimetric capacitance than the traditional 
Ti3C2 MXene [11]. The higher oxidation states of Nb2CTx provide more 
redox-active Nb sites on the layer surface for the intercalation/dein
tercalation of ions, thereby enhancing the faradaic contribution and 
resulting in higher specific capacitance during long-term charging/dis
charging [12]. On the other hand, the Nb2CTx MXene exhibits high 
electrical conductivity, which accelerates charge adsorption and 
desorption, and thereby amplifies the ion diffusion rate. Additionally, its 
heightened electrochemical behavior fosters swift and reversible fara
daic redox reactions at the electrode surface, thereby enabling charge 
storage in SCs. However, the pristine Nb2CTx MXene exhibits layer 
restacking and spontaneous aggregation phenomena, which can be 
initiated by van der Waals interactions between layers [13,14]. This 
phenomenon leads to the blockage of ion transport channels and reduces 
the surface interaction between the Nb active sites and electrolyte ions, 
which inhibits the long-time energy storage process by diminishing the 
structural stability [13]. This could be effectively countered by the 
introduction of another nanostructure (0D/1D/2D) to form multidi
mensional heterointerfaces/composites [15,16]. Multi-dimensional 
structures provide high surface area and enhance structural and elec
tronic properties by incorporating individual component features, which 
may result in higher capacitance and improved mechanical stability. 
Compared to 1D and 2D structures, the combination of 2D MXene with 
0D nanoparticles avoids self-accumulation of layers and helps to 
improve the intercalation/deintercalation of ions, thereby improving 
charge/discharge. Not only does the 0D, 2D layer structure significantly 
shorten the ion diffusion and charge-transfer paths, but it also provides 
buffer space for volume changes during charging and discharging. On 
this basis, Shen et al. [17] reported the combination of self-assembled 
Co3O4/Nb2CTx and achieved a specific capacitance of up to 1061 F 
g− 1 at the current density of 2 A g− 1. This emphasizes the benefits of 
multi-dimensional structures, which help enhance the electrochemical 
performance of both materials.

According to recent studies, transition metal borides (TMBs) are 
considered a well-known SC electrode material due to their unique 
electronic and metallic bonding properties. Among their remarkable 
properties, the metallic conductivity, high d-electron densities, and 
active unsaturated sites are the most promising features for their 
enhanced electrochemical performance [18]. Especially, nickel- 
containing metalloids such as nickel borides (NiB, NixB, Ni2B and 
Ni3B) show high theoretical capacity, making them highly suitable for 
SC fabrication [19,20]. In addition, the presence of electron-deficient 
boron (B) and nickel (Ni) offers a unique advantage in the fabrication 
of electrodes, which helps to affect the electron distribution around the 
whole system, thereby promoting the transport of OH− ions during the 
electrochemical storage process [15]. This remarkable storage mecha
nism results from their amorphous nature, which features a disordered 
atomic arrangement and exhibits unsaturated active sites that help to 
improve the redox reaction during the charge/discharge process. How
ever, it should be highlighted that pure NixB particles are relatively 
unstable and easily aggregated during the long-time cycles, which re
sults in a reduction in capacitance and cyclic stability [21,22]. There
fore, the construction of different-dimensional structures was 
introduced to overcome this disadvantage of pristine NixB. In particular, 
the presence of a close contact structure combination (0D/2D) can tailor 
their physical/chemical features and facilitate ion/electron transport at 
the electrode interface, resulting in enhanced energy storage capability 
and remarkable cycle stability across various electrolyte media. Ac
cording to previous reports [23], the combination of 2D MXene with 0D 
metal boride can help mitigate the individual drawbacks of each 

material, such as restacking and aggregation. This hybrid configuration 
enables complementary advantages, including improved energy storage 
performance and enhanced structural stability of the overall system 
through favorable interfacial interactions.

Inspired by these considerations, a composite comprising exfoliated 
2D Nb2CTx with well-decorated NixB nanoparticles was developed by HF 
etching and in-situ chemical reduction. The effects of the etching con
ditions and the incorporation of NixB on the structural features and 
electrochemical activity of Nb2CTx MXene were systematically evalu
ated. Characterization results indicate favorable interactions between 
Nb2CTx and NixB, suggesting strong interfacial coupling between the 
two phases, which contributes to the enhanced electrochemical 
response. The electrochemical performance of the NixB/Nb2CTx com
posite, including its specific capacitance was assessed using cyclic vol
tammetry, galvanostatic charge-discharge, and electrochemical 
impedance spectroscopy. In addition, the concentrations of Nb2CTx 
MXene in the NixB/Nb2CTx composite were systematically varied to 
elucidate its influence on charge-storage behavior and to optimize the 
material for SC fabrication. Guided by these optimization studies, an 
asymmetric SC device was constructed using NixB/Nb2CTx and rGO 
electrodes (NixB/Nb2CTx//rGO), demonstrating high energy density and 
power density performance.

2. Experimental section

Comprehensive details regarding the chemicals and reagents used, 
characterization techniques, and electrochemical testing procedures are 
provided in the Supporting Information (section S2.1-S2.3).

2.1. Preparation of amorphous nickel boride (NixB)

Amorphous NixB was synthesized via a chemical reduction method 
[15,23]. Initially, 0.742 g of NiCl2 was dissolved in 25 mL of deionized 
(DI) water under continuous stirring for 10 min to obtain solution A. In a 
separate beaker, 0.189 g of NaBH4 and 0.04 g of NaOH were dissolved in 
10 mL of DI water to form solution B. Afterwards, solution A was placed 
in an ice-bath maintained at 0 ◦C and purged with N2 gas for 15 min to 
create an inert atmosphere. Subsequently, solution B was slowly added 
dropwise to solution A using a syringe. The addition of NaBH4 initiated 
vigorous gas evolution, and a black precipitate formed, confirming the 
reduction. The reaction was maintained for 30 min under continuous 
stirring in an ice-bath and N2 flow. The resulting precipitate was 
collected by centrifugation, washed repeatedly with DI water and 
ethanol, and then dried overnight in a vacuum oven at 50 ◦C. The dried 
amorphous NixB powder was stored in a sealed vial for subsequent use.

2.2. Preparation of Nb2CTx MXene from Nb2AlC MAX phase

The synthesis of Nb2CTx MXene was carried out following our pre
viously reported method [45]. Briefly, the 2D Nb2CTx MXene was syn
thesized through a selective HF etching process. In a typical procedure, 
50 mL of HF solution was carefully poured into a 100 mL PTFE 
container, and 0.5 g of Nb2AlC powder was slowly introduced into the 
acid under stirring. The etching reaction was carried out at 60 ◦C for 120 
h while maintaining a stirring rate of 600 rpm. After etching, the sus
pension was repeatedly washed with DI water via centrifugation until 
the pH of the supernatant reached approximately 6-7. Finally, the 
resulting MXene was freeze-dried and stored in an airtight container. An 
overall schematic illustration of the synthesis process of amorphous 
NixB, Nb2CTx MXene and NixB/Nb2CTx composites is depicted in 
Scheme 1.

2.3. Preparation of amorphous NixB/Nb2CTx composites

To prepare the NixB/Nb2CTx composite, 50 mg of Nb2CTx powder 
was first dispersed in 25 mL of DI water and ultrasonicated for 30 min to 
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achieve a uniform suspension. The in-situ deposition of amorphous NixB 
onto the MXene surface was then performed following the same 
reduction process described in Section 2.1. The composite formation 
involved the simultaneous reduction of Ni2+ ions and incorporation of 
boron species onto the Nb2CTx sheets, resulting in a uniform NixB 
coating. The obtained materials were labelled as NixB/Nb2CTx-50, dried 
under vacuum at 50 ◦C overnight, and stored in airtight containers. For 
comparative purposes, the initial amount of Nb2CTx was varied (25, 50, 
and 150 mg), and the corresponding products were denoted as NixB/ 
Nb2CTx-25, NixB/Nb2CTx-50, and NixB/Nb2CTx-150, respectively.

3. Results and discussion

The preparation of multilayers of Nb2CTx from the MAX phase 
(Nb2AlC) and the decoration of NixB on Nb2CTx were carried out 
through multiple steps of the synthesis process, as illustrated in Scheme 
1. Initially, the multilayer Nb2CTx MXene was synthesized through the 
Al etching process using HF as a fluoride-based etchant. The MAX phase 
is treated with HF, and exfoliation occurs via an in-situ reaction. During 
this process, F− ions are intercalated into the dense surface of the 
Nb2AlC, facilitating the conversion to multi-layered Nb2CTx MXene. 
After several washes with water, the removal of the upper solution 
produces pure multilayer Nb2CTx MXene. After etching and washing, the 
surface of Nb2CTx is modified with functional groups such as –F and 
–O. Due to the presence of these functional groups, the Nb2CTx MXene 
surface becomes negatively charged, leading to electrostatic repulsion 
between the layers. Following the surface charge modification, the in- 
situ growth of NixB was carried out by introducing Ni2+ ions into an 
aqueous solution of Nb2CTx. Subsequently, NaBH4 was slowly added to 
the solution under continuous N2 gas purging. During the in-situ reac
tion, the positively charged Ni2+ ions react with NaBH4, leading to the 
integration of NixB onto the surface of Nb2CTx MXene through the cre
ation of a strong electrostatic interaction between both components.

Before the electrochemical testing, the preliminary physicochemical 
properties of the prepared Nb2CTx MXene and NixB/Nb2CTx composite 
were assessed using various characterization techniques, such as thin 
film XRD, FE-SEM, EDAX, and XPS. Fig. 1 shows the XRD patterns of 
Nb2CTx MXene (Fig. 1(a)), NixB (Fig. 1(b)), and the NixB/Nb2CTx com
posites (Figs. 1(c-e)). In agreement with previous reports, the XRD 
pattern of Nb2AlC shows major peaks at angles of 12.7◦, 25.7◦, 33.3◦, 
33.9◦, 38.7◦, 42.7◦, 52.1◦, 57.8◦, 59.5◦, corresponding to the planes 
(002), (004), (100), (101), (103), (104), (106), (107), and (110), 

respectively [24,45]. After exfoliation with HF (Fig. 1(a)), the peak 
shifts from 12.7◦ to a lower angle of 6.96◦, indicating the successful 
etching out of Al from the Nb2AlC by –F and –O functional groups 
[25]. Additionally, the expansion of the lattice parameter indicates 
enhanced interlayer spacing in Nb2CTx MXene compared to the previ
ously reported Nb2AlC [24]. Notably, the peaks at 33.4◦ and 59.5◦

corresponding to the (100) and (110) planes of the MAX phase are still 
observed in the exfoliated Nb2CTx, indicating partial retention of the in- 
plane ordering after HF treatment, which is commonly reported in 
multilayer MXene systems [45]. Furthermore, a peak at 21.5◦ is 
observed in the Nb2CTx pattern, which is attributed to niobium oxide 
(NbxOy). This oxide phase likely forms during the HF etching process 
due to partial surface oxidation of Nb upon exposure to moisture and 
oxygen, a phenomenon commonly observed in Nb-based MXene systems 
during acid treatment and subsequent handling. The XRD analysis 

Scheme 1. Schematic representation of the synthesis of amorphous NixB, Nb2CTx MXene, and NixB/Nb2CTx composites.

Fig. 1. Thin film-XRD patterns of (a) Nb2CTx MXene, (b) NixB, (c) NixB/ 
Nb2CTx-25, (d) NixB/Nb2CTx-50, and (e) NixB/Nb2CTx-150 composites. The 
XRD pattern of NixB (b) is adapted from our previous work [23].
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clearly shows that the etching with HF introduces F− ions between the 
layers, helping to expose Nb and additional groups, which results in 
enhanced interlayer spacing. However, the presence of a small and 
negligible peak at 41.0◦ suggests the existence of a small amount of 
unreacted Al in the Nb2AlC phase. Compared to reported MAX phases, 
the intensity of the main peak is much reduced and weakened, indi
cating that the prepared Nb2CTx MXene is in the form of multilayers and 
confirming the successful formation of MXene from the stacked MAX 
phase. Moreover, the increased d-spacing value also indicates an in
crease in the surface area and active sites on the layered structure. The 
larger interlayer spacing of Nb2CTx facilitates faster ion adsorption and 
intercalation, improving ion diffusion and charge transport at the 
electrode-electrolyte interface, thereby resulting in enhanced electro
chemical performance. The XRD patterns for the NixB/Nb2CTx com
posites are shown in Fig. 1(c-e), providing evidence of the presence of 
both materials in the composite. The XRD pattern of NixB/Nb2CTx shows 
both sharper (6.96◦) and broader (45.6◦) peaks, indicating the presence 
of polycrystalline Nb2CTx and amorphous NixB in the final composite. 
The broad and diffuse peak observed for NixB at ~45.6◦ is characteristic 
of a short-range disordered atomic arrangement with no long-range 
crystalline order, confirming the amorphous nature of the synthesized 
NixB (Fig. 1(b)). The absence of any sharp crystalline diffraction peaks 
further supports this conclusion, consistent with our previously reported 
data [15,23] and other amorphous NixB materials synthesized via 
chemical reduction methods [19,21]. There is a broad peak at ⁓22.37◦

(Fig. 1(a-e)), which is associated with the microscope glass slide sub
strate used in the thin film XRD analysis. The position and intensity of 
the peaks depend on the relative ratio of NixB and Nb2CTx in the com
posite, as well as the chemical interactions between the two materials. 
Furthermore, the variation in intensity and the shift in peak positions 
indicate the complete decoration of NixB on the multilayer surface of 
Nb2CTx. The complete decoration of NixB on Nb2CTx also increased the 
interlayer spacing of the MXene layers by diminishing the Al peak, 
further confirming the successful intercalation of NixB onto MXene. 
Overall, the XRD results confirm that the effective etching of Al using HF 
is a feasible approach for producing multilayer Nb2CTx, and the intro
duction of NixB helps prevent the restacking of MXene by enhancing the 
interlayer spacing. These XRD results are also consistent with the 
morphological findings (Fig. 2).

The morphological variation of Nb2CTx MXene from Nb2AlC and the 
decoration of NixB on Nb2CTx were further analyzed by FE-SEM. Fig. S1 
depicts the dense, ceramic-like compact structure of the parent Nb2AlC 
MAX phase. The exfoliated Nb2CTx MXene, obtained through HF 
etching, exhibits a multi-layered, accordion-like structure, as shown in 
Fig. 2(a-c). The 2D multilayered structure of Nb2CTx MXene confirms 

the successful etching of Al through the intercalation of F− ions on the 
dense surface of Nb2AlC. Fig. 2(a) shows that the Nb2CTx MXene surface 
is thinner and uniformly stacked in a layer-by-layer architecture, similar 
to that of Ti-MXenes. The presence of a uniformly stacked layer structure 
confirms the occurrence of interlayer expansion and enhanced active 
sites compared to the MAX phase, which is also consistent with the XRD 
findings. This increased interlayer spacing in Nb2CTx MXene facilitates 
charge transport through rapid intercalation or diffusion, thus 
enhancing electrochemical energy storage performance. Subsequently, 
the decoration of NixB particles on the layers of Nb2CTx MXene was 
further confirmed by Fig. 2(d-f). Fig. 2(d) shows that the NixB nano
particles are uniformly decorated on each layer of Nb2CTx. From the 
high-magnification FE-SEM images (Fig. 2(e,f)), a large number of NixB 
nanoparticles can be observed on both the surface and edges of the 
Nb2CTx layers, indicating close contact between the two components. 
The FE-SEM images indicate that the chemically etched Nb2CTx MXene 
layers are synergistically interconnected with NixB particles, which 
helps to hinder restacking and create a conductive path for improved 
electrode kinetics during charge/discharge process. Additionally, the 
FE-SEM mapping image in Fig. 3(a-g) further confirms the presence of 
elements such as niobium (Nb), carbon (C), oxygen (O), and fluorine (F) 
in the etched Nb2CTx MXene. This also confirms that the Al layer is 
almost removed, and the MAX phase is successfully etched by HF. 
Furthermore, the mapping images in Fig. 3(e, f) confirm the presence of 
nickel (Ni) and boron (B), along with the MXene components, indicating 
the formation of a 0D/2D composite by a simple in-situ reduction pro
cess. Although HR-TEM characterization was not available in the pre
sent study, the combined FE-SEM, XRD, XPS, and electrochemical 
analyses consistently indicate close interfacial contact and synergistic 
interactions between NixB nanoparticles and Nb2CTx nanosheets.

XPS analysis confirmed the successful formation of Nb2CTx and 
NixB/Nb2CTx. The survey spectra of Nb2CTx revealed the presence of Nb, 
C, O, F, and Al (Fig. S2(a’)). In contrast, the XPS survey spectrum of the 
NixB/Nb2CTx composite additionally revealed Ni and B signals (Fig. S2 
(b’)), confirming the successful formation of NixB on the Nb2CTx sheets. 
The Nb 3d region was deconvoluted into four components. The low- 
binding-energy peaks at 203.8 and 206.5 eV correspond to the Nb 
3d5/2 and Nb 3d3/2 of Nb–C, respectively. Peaks at 206.8 and 209.6 eV 
are attributed to surface-oxidized NbxOy residues. The calculated spin- 
orbit splitting values (ΔE = 3d3/2 – 3d5/2 are 2.7 and 2.8 eV for Nb–C 
and Nb–O, respectively (Fig. 4(a)) [26]. The NixB/Nb2CTx composite 
exhibited similar binding-energy positions for Nb–C and Nb–O (Fig. 4
(d)). These results are consistent with those reported by Halim et al. 
regarding the binding-energy positions and surface niobium oxides [27]. 
The C 1s region was fitted into four components at 281.9, 284.5, 286.1, 

Fig. 2. FE-SEM images of (a-c) Nb2CTx MXene, and (d-f) low-high magnification images of NixB/Nb2CTx-50 composites.
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and 288.4 eV, corresponding to Nb–C, C–C, C–O, and C––O, respec
tively (Fig. 4(b)) [28]. The NixB/Nb2CTx composite showed similar 
features, with an additional contribution from carboxylate groups 
introduced during surface carboxylation in the NixB synthesis process 
(Fig. 4(e)). The O 1s spectra of both samples were deconvoluted into 
three components assigned to Nb–O, surface-bound O/OH groups, and 
adsorbed H2O (Fig. 4 (c), (f)). Al 2p peaks were observed at 75.5 eV (2p3/ 

2) and 75.9 eV (2p1/2), originating from aluminum oxides formed during 
the MAX-phase etching process (Fig. S2(b,c)). The detected Al 2p peak, 
corresponding to Al2O3, is observed with relatively low intensity 
compared to the dominant Nb 3d and C 1s signals, indicating only trace 
amounts of residual aluminum remaining after HF etching. Such resi
dues are commonly observed in etching-derived MXene systems and are 
generally electrochemically inactive in alkaline electrolyte, as Al2O3 is a 
stable oxide that does not undergo significant redox reactions within the 
operating potential window. Therefore, the contribution of residual Al 
species to the overall charge storage mechanism is considered negli
gible. The F 1s peak at 685.7 eV corresponds to Nb–O–F species, with 
almost similar positions observed for both pristine Nb2CTx and NixB/ 
Nb2CTx (Fig. S2(d,e)), indicating the presence of surface –F termina
tions originating from the HF etching process. These –F groups are 
commonly observed in MXenes and are generally considered electro
chemically less active. The high intensity of the F 1s peak suggests a 
significant concentration of –F terminal groups on the MXene surface, 

which can partially reduce surface conductivity and limit ion-accessible 
active sites. However, the –F terminations do not block ion intercala
tion channels between the MXene layers, as evidenced by the b-value 
analysis confirming a mixed diffusion-controlled and capacitive charge 
storage mechanism. Furthermore, the incorporation of amorphous NixB 
provides additional electrochemically active interfaces that compensate 
for the reduced accessibility caused by –F terminations, facilitating fast 
charge transfer and electrolyte ion adsorption through interfacial redox 
reactions. In the composite, the Ni 2p region showed two spin-orbit 
doublets. The low-binding-energy peaks at 851.9 eV (2p3/2) and 
869.1 eV (2p1/2) correspond to metallic Ni bonded with boron (Ni–B), 
while the higher-binding-energy peaks at 855.5 eV (2p3/2) and 873.4 eV 
(2p1/2) are attributed to Ni2+ species (Fig. 4(g)). The calculated ΔE 
values of 17.2 and 17.9 eV match those expected for Ni–B and Ni2+, 
respectively [29]. The B 1s spectrum exhibits two peaks at 187.6 and 
191.4 eV, assigned to Ni–B and boron oxide (B–O), respectively (Fig. 4
(h)). The presence of B–O is due to the rapid surface oxidation of metal 
borides upon air exposure, consistent with the observations of Gouget 
et al. [30]. Notably, the B binding energy in NixB (187.6 eV) is shifted by 
+0.5 eV relative to elemental boron (187.1 eV), suggesting partial 
electron donation from boron to nickel. Overall, the formation of a NixB/ 
Nb2CTx composite is expected to enhance electrical conductivity and 
provide active Ni redox sites, offering promise for high-performance 
supercapacitor applications. The detailed elemental assignment, 

Fig. 3. FE-SEM image and corresponding elemental mapping of the NixB/Nb2CTx composite: (a) FE-SEM image, and elemental maps of (b) Nb, (c) C, (d) O, (e) Ni, (f) 
B, and (g) F.

Fig. 4. (a-c) Nb2CTx region deconvoluted (a) Nb 3d, (b) C 1s, (c) O 1s and (d-h) NixB/Nb2CTx region deconvoluted (d) Nb 3d, (e) C 1s, (f) O 1s, (g) Ni 2p, and (h) B 1s.
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binding energy, FWHM, and area values are presented in Table S1.
The electrochemical behavior of Nb2CTx MXene, NixB and NixB/ 

Nb2CTx composites was evaluated using CV, GCD, and EIS measure
ments. The experiments were designed to evaluate the charge storage 
capability of the Nb2CTx electrode and to investigate the influence of 
varying Nb2CTx content on the electrochemical performance and sta
bility of the NixB/Nb2CTx composite. Carbon cloth (CC) was used as the 
conductive substrate for all electrode preparations. The electrochemical 
contribution of bare CC was confirmed to be negligible, as the CV 
recorded at 10 mV s− 1 shows a maximum current density of approxi
mately 0.001 A g− 1, which is orders of magnitude lower than that of the 
composite electrodes (Fig. S3). Fig. 5(a) represents the CV curves for 
Nb2CTx/CC, NixB/CC, NixB/Nb2CTx-25/CC, NixB/Nb2CTx-50/CC, and 
NixB/Nb2CTx-150/CC electrodes. The CV experiment was performed at 
an applied scan rate of 10 mV s− 1 in an electrolyte medium of 3 M KOH, 
with an operating voltage window of 0 to 0.55 V. The CV curve for pure 
Nb2CTx MXene in Fig. 5(a) shows the absence of distinct redox peaks but 
exhibits a broad anodic and cathodic counterpart, indicating the electric 
double layer behavior of Nb2CTx MXene, which originates from the 
intercalation/de-intercalation process. The integral area for Nb2CTx 
MXene is lower compared to the other NixB and NixB/Nb2CTx electrodes. 
This could be attributable to the larger interlayer spacing of the NixB 
modified Nb2CTx, which allows faster adsorption and intercalation of 
ions, thereby enhancing charge transport and improving electro
chemical behavior. The NixB/CC electrode showed a well-defined quasi- 
reversible peak, and its integral area is higher than that of Nb2CTx 
MXene, indicating that the charge storage is mainly due to the redox 
reaction. This originates from their smaller particle size and amorphous 
phase of NixB, which provides more active sites for better accessibility of 
ions during the redox reaction. Based on the activity of both pristine 
Nb2CTx and NixB, different ratios of NixB/Nb2CTx-25/CC, NixB/Nb2CTx- 
50/CC, and NixB/Nb2CTx-150/CC electrodes were tested. From the CV 
curves, it is clearly seen that all electrodes show similar quasi-reversible 

redox behavior with a slight shift in peak positions, indicating charac
teristics typical of battery-type materials. Additionally, the integral area 
of all electrodes is higher than that of Nb2CTx/CC and NixB/CC, indi
cating a significant influence on charge-storage capacitance due to the 
variation in Nb2CTx content in NixB/Nb2CTx. This could be related to the 
increased Nb2CTx layers, which provide more active sites for the inte
gration of NixB on the surface and edges. However, the electrochemical 
performance of NixB/Nb2CTx-150/CC is lower than that of NixB/ 
Nb2CTx-25/CC and NixB/Nb2CTx-50/CC, indicating the occurrence of 
re-stacking phenomena due to the increase in Nb2CTx, which blocks the 
active sites in the layers and reduces electrochemical performance to
ward charge storage. Similar to NixB/Nb2CTx-150/CC, the NixB/ 
Nb2CTx-25/CC shows a lower integral area and less capacitive behavior 
than NixB/Nb2CTx-50/CC, indicating less decoration of NixB on the 
multilayers of Nb2CTx. These CV results conclude that the optimum 
condition for enhancing the electrochemical performance of NixB/ 
Nb2CTx is achieved with the introduction of Nb2CTx-50. The charge 
storage mechanism of the NixB/Nb2CTx is attributed to reversible redox 
transitions of Nb and Ni species in alkaline electrolyte, consistent with 
previously reported –F terminated MXene and Ni-based pseudocapa
citive systems [13,15,17]. Overall, the superior capacitive storage 
behavior of NixB/Nb2CTx-50/CC originates from its well-integrated 
composite structure, abundant accessible active sites, and enlarged 
specific surface area, which synergistically facilitate the redox process 
and enhance charge storage performance.

To further investigate the enhanced charge storage behavior of NixB/ 
Nb2CTx, CV analysis was performed with different scan rates, ranging 
from 3, 5, 7, 10, 15, 20, 30, and 50 mV s− 1, under the same operating 
conditions. The corresponding CV curves for NixB/CC, NixB/Nb2CTx-25/ 
CC, and NixB/Nb2CTx-150/CC are shown in Fig. S4. It can be clearly seen 
that the peak current increases with the scan rate for NixB/CC, repre
senting a quasi-reversible nature due to the involvement of the faradaic 
process. Similarly, the NixB/Nb2CTx-25/CC and NixB/Nb2CTx-150/CC 

Fig. 5. (a) CV curves for all electrodes plotted at a scan rate of 10 mV s− 1 (b) GCD curves for all electrodes recorded at a current density of 1 A g− 1, (c) GCD curves for 
the NixB/Nb2CTx-50 electrode recorded at different current densities (1–20 A g− 1), (d) Current density vs. Specific capacitance, (e) CV curves for the NixB/Nb2CTx-50 
electrode at different scan rates (3–50 mV s− 1), (f) Corresponding linear plot of logarithm of peak current vs. logarithm of scan rate.
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electrodes also exhibit a pair of quasi-reversible peaks in the CV curves, 
indicating low charge transfer resistance and fast faradaic response at 
the electrode/electrolyte interface. These CV results also confirm that 
the introduction of NixB onto the Nb2CTx layers significantly enhances 
the electrochemical storage process. This improvement is due to the easy 
accessibility of ions through the particulate architecture of NixB, which 
effectively inhibits the restacking of Nb2CTx and promotes the rapid 
intercalation and deintercalation of ions during the charge storage 
process. Based on this, the electrochemical energy storage capability of 
Nb2CTx after the introduction of NixB was estimated by GCD analysis. 
The GCD test was performed for NixB/CC, NixB/Nb2CTx-25/CC, NixB/ 
Nb2CTx-50/CC, and NixB/Nb2CTx-150/CC by applying various current 
densities (1, 2, 3, 4, 5, 10, 15, and 20 A g− 1) under an operating potential 
window of 0 to 0.45 V. The GCD potential window was intentionally 
narrowed to 0–0.45 V compared to the CV window of 0–0.55 V to avoid 
interference from the onset of water oxidation observed at higher po
tentials and to ensure stable and reproducible charge-discharge 
behavior. Fig. 5(b, c) and Fig. S5 show that all the electrodes exhibit 
almost linear and symmetrical rectangular charge-discharge curves, 
indicating the occurrence of a reversible redox process at the electrode- 
electrolyte interface. The specific capacitance of NixB/Nb2CTx-25/CC, 
NixB/Nb2CTx-50/CC, and NixB/Nb2CTx-150/CC at 1 A g− 1 were deter
mined to be 526.0 F g− 1, 606.7 F g− 1, and 399 F g− 1, respectively. 
Similar to the NixB/Nb2CTx electrodes, the NixB/CC exhibited a similar 
symmetrical curve and had a specific capacitance value of 453.4 F g− 1 at 
1 A g− 1. When the current density reached 20 A g− 1, all electrodes 
showed a lower specific capacitance compared to the lower current 
densities. At 20 A g− 1, NixB/CC exhibited a specific capacitance of 97.1 
F g− 1, which is lower than other electrodes, such as NixB/Nb2CTx-25/CC 
(115.54 F g− 1), NixB/Nb2CTx-50/CC (262.2 F g− 1), and NixB/Nb2CTx- 
150/CC (88.88 F g− 1). The corresponding plots of current density versus 
specific capacitance for all electrodes are presented in Fig. 5(d). The 
plots show a decrease in specific capacitance with an increase in current 
density, indicating the inability of the electrodes to participate in the 
redox reaction due to the blocking of active sites, which hinders the 
migration of ions through the electrolyte. Specifically, the electro
chemical capacitive performance of the NixB electrode decreased when 
the Nb2CTx amount increased from 25 to 150 mg. This reduction in 
capacitance is likely the result of the excessive amount of Nb2CTx in the 
composite, which may block the active sites due to restacking or ag
gregation phenomena, thereby hindering overall electrochemical per
formance. In contrast, the NixB/Nb2CTx-50/CC shows higher specific 
capacitance than the other electrodes, mainly due to its wider interlayer 
spacing, which provides abundant active sites with an increased surface 
area compared to pristine Nb2CTx. This structure can accommodate a 
larger number of ions during the charge/discharge process without 
exhibiting structural deformity. Particularly, the improved capacitive 
behavior of the optimized NixB/Nb2CTx-50/CC suggests that the inter
calation and adsorption of NixB on each Nb2CTx layer induces a con
duction path by creating more transport channels for the rapid 
diffusion/migration of ions, thereby facilitating the redox process dur
ing charge storage.

To understand the energy storage mechanism of NixB/Nb2CTx-50/ 
CC, the CV analysis was performed at different scan rates (3, 5, 7, 10, 15, 
20, 30, and 50 mV s− 1) within the same potential window. The CV 
curves in Fig. 5(e) show that the peak current increases with an increase 
in scan rates from lower to higher. As the scan rate increases, both the 
anodic and cathodic peaks shift in the positive and negative directions, 
respectively. This shift is attributed to the polarization of electrode 
material, which increases the intrinsic resistance and slows the charge 
transfer kinetics during the charge-discharge process. Although redox 
peaks are observed at all scan rates, indicating good reversibility of the 
electrode, these peaks are likely related to the intercalation/de- 
intercalation process. Further, the variation in anodic and cathodic 
peak currents and the electrode's kinetic mechanism were explored 
using the power law eqs. (1) and (2). 

i = aνb (1) 

log i = b log v + log a (2) 

where the parameters a and b are variables. It is well known that the 
total observed peak current is the sum of diffusion and surface- 
controlled processes. From the linear plot between log i and log v 
(Fig. 5(f)), the slope value is obtained as b = 0.677 for the anodic peak 
and b = 0.654 for the cathodic peak of NixB/Nb2CTx-50/CC. The ob
tained b-values indicate that the charge-storage kinetics are governed by 
a combination of surface-controlled (capacitive) and diffusion- 
controlled processes, suggesting that both surface redox reactions and 
ion intercalation contribute to the overall electrochemical behavior. 
These results indicate a mixed charge-storage mechanism rather than a 
purely capacitive or diffusion-controlled process. To clarify the charge 
storage mechanism of the NixB/Nb2CTx-50/CC, Dunn's method was 
applied using eq. (3), 

I = k1ν+ k2ν1/2 (3) 

Based on previous studies [23], the constant terms k1 and k2 values 
were determined. The obtained values were substituted into eq. (3) to 
calculate the percentage contribution of the electrode charge-transfer 
kinetics. The CV curves for the percentage contribution (Fig. 6(a-e)) 
and their bar plot are shown in Fig. 6(f), which reveals that the storage 
mechanism of the NixB/Nb2CTx-50/CC consists of 87.4% capacitive 
contribution and 12.6% diffusion-controlled process at a scan rate of 1 
mV s− 1. At 5 mV s− 1, the capacitive contribution increases to 93.9%, 
indicating that rapid electron transport at higher scan rates limits the 
contribution of the diffusion-controlled process. The proportion of 
charge storage for NixB/Nb2CTx-50/CC shows a slight contribution from 
the diffusion-controlled charge storage mechanism at low scan rates, but 
the capacitive-controlled charge storage mechanism increases consis
tently from lower to higher scan rates. These results are consistent with 
the power-law analysis, which indicates that both capacitive and 
diffusion-controlled processes contribute to charge storage. Dunn's 
analysis further quantifies the relative contribution of each process at 
different scan rates.

Overall, the CV and GCD results show that the NixB/Nb2CTx elec
trode exhibits significantly improved charge storage properties 
compared to the pristine materials. In general, the electrochemical 
performance of the NixB/Nb2CTx composite mainly originates from its 
multidimensional structure, which combines the properties of the indi
vidual materials. The multilayer architecture of Nb2CTx exhibits good 
intrinsic activity and enhances electrical conductivity. Furthermore, the 
combination with NixB increases the interlayer spacing, prevents 
restacking, and thereby improves charge transport, facilitating the rapid 
intercalation and de-intercalation of ions during the cyclic charging 
process. More importantly, the 0D/2D composite architecture preserves 
the beneficial structural features of both components, resulting in 
enhanced energy storage and improved cycling stability through syn
ergistic interactions.

The Nyquist plots of NixB/CC, NixB/Nb2CTx-25/CC, NixB/Nb2CTx- 
50/CC, and NixB/Nb2CTx-150/CC composite electrodes obtained from 
EIS are shown in Fig. S6(a), with magnified individual panels provided 
in Fig. S6(c-f) for clear discrimination against impedance values. To 
extract quantitative resistance values, the experimental data were fitted 
using the Randles equivalent circuit model: Rs(Q1(RctW)Q2) (Fig. S6). In 
the Nyquist plot, the intercept of the high-frequency arc region on the 
real axis corresponds to the series resistance (Rs) [31]. The Rs values for 
the NixB/CC, NixB/Nb2CTx-25/CC, NixB/Nb2CTx-50/CC, and NixB/ 
Nb2CTx-150/CC electrodes were determined to be 0.99, 2.68, 2.00, and 
2.08 Ω, respectively. The diameter of the semicircle in the medium- 
frequency region is associated with the charge transfer resistance 
(Rct). The inverse of Rct is related to the rate of charge transfer processes, 
following the relationship: 1

Rct
∝e− Eb/KTwhere Eb is the activation energy, k 
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is the Boltzmann constant, and T is the temperature [32,33]. Among the 
tested electrodes, NixB/CC and NixB/Nb2CTx-50/CC exhibited lower Rct 
values of 1.17 Ω and 2.18 Ω, respectively, compared to NixB/Nb2CTx- 
25/CC and NixB/Nb2CTx-150/CC. This suggests that the NixB/Nb2CTx- 
50/CC composite possesses relatively lower activation energy for charge 
transfer. Although the Rct of NixB/CC is slightly lower than that of NixB/ 
Nb2CTx-50/CC, the Warburg (diffusion) resistance is lower in the latter, 
indicating improved ion diffusion. From the EIS result, it is evident that 
the variation in Rct is not determined solely by the amount of MXene, but 
rather by the overall microstructure, dispersion of NiₓB and interfacial 
contact between NixB and Nb2CTx. At the optimal loading (NixB/ 
Nb2CTx-50), close interfacial contact between NixB and Nb2CTx facili
tates efficient electron transport, resulting in the lowest Rct (2.18 Ω). In 
contrast, at lower loading (25%), insufficient coverage of NiₓB leads to 
less effective interfacial contact and higher resistance (17.71 Ω). When 
the MXene content is further increased to 150%, excessive Nb2CTx leads 
to restacking and aggregation of MXene layers, which blocks ion diffu
sion pathways and reduces effective contact between electroactive 
components. This structural restacking increases both ionic and charge 
transfer resistance, resulting in a higher Rct value. Therefore, the 
observed trend is not anomalous but rather reflects the balance between 
interfacial formation and MXene restacking effects. Overall, the elec
trochemical impedance is strongly dependent on morphology and 
interfacial engineering rather than composition alone.

The fitted EIS parameters for all electrodes are summarized in 
Table S2. Furthermore, the enhanced electronic transport characteristics 
during the charge-discharge process for the NixB/Nb2CTx-50/CC elec
trode are supported by its low diffusion resistance (σ), as shown in the Z' 
vs. ω plot (Fig. S6(b)). The diffusion resistance σ was calculated using Eq. 
(4) [34]. 

Zw = σω− 1/2 − jσω− 1/2 (4) 

Where σω− 1/2 is the real impedance (Z'), jσω− 1/2 is the imaginary 
impedance (Z") and Zw represents the Warburg or diffusion resistance. 

The σ value was determined from the slope of the linear fit of the plot in 
Fig. S6(a). The calculated σ values are 119.26 Ω s-1/2 (NixB/CC), 33.72 
Ω s-1/2 (NixB/Nb2CTx-25/CC), 10.73 Ω s-1/2 (NixB/Nb2CTx-50/CC), and 
167.30 Ω s-1/2 (NixB/Nb2CTx-150/CC). The NixB/Nb2CTx 50/CC elec
trode shows the lowest diffusion resistance among all samples. The 
hydroxyl ion diffusion coefficient (DOH-) was further calculated based on 
eq. (5) [33]. 

DOH− =
1
2

(
RT

AF2n2Cσw

)

2 (5) 

where R is the gas constant (J mol− 1 K− 1), T is the temperature (K), A is 
the electrode area (cm2), F is the Faraday constant (C mol− 1), n is the 
number of electrons transferred (assumed to be 1 for the nickel boride 
redox couple), σw is the warburg coefficient, and C is the molar con
centration of hydroxyl ions (mol cm− 3). The calculated DOH- values are 
as follows: 2.77 × 10− 13 cm2 s− 1 (NixB/CC), 3.46 × 10− 12 cm2 s− 1 (NixB/ 
Nb2CTx-25/CC), 3.42 × 10− 11 cm2 s− 1 (NixB/Nb2CTx-50/CC), and 1.41 
× 10− 13 cm2 s− 1 (NixB/Nb2CTx-150/CC). The significantly higher DOH- 
value for NixB/Nb2CTx-50/CC suggests that it effectively utilizes the 
MXene layers to facilitate ion accessibility within the 2D layered struc
ture. In conclusion, the impedance and diffusion analyses (σ and DOH-) 
align well with the CV and charge-discharge performance results, 
further confirming the superior electrochemical properties of the NixB/ 
Nb2CTx-50/CC electrode. Fig. S7 presents the Bode impedance plots of 
all electrodes (NixB/CC, NixB/Nb2CTx-25/CC, NixB/Nb2CTx-50/CC, and 
NixB/Nb2CTx-150/CC). As shown in Fig. S7(a), the impedance ampli
tude of most modified electrodes is nearly independent in the high- 
frequency region; however, it becomes frequency-dependent below 
2.5 Hz. Among all samples, NixB/Nb2CTx-50/CC exhibits the lowest 
impedance. The phase profile of pristine NixB shows a single peak at 3.4 
Hz, whereas the MXene-containing electrodes display two distinct phase 
peaks (Fig. S7(b)). In particular, NixB/Nb2CTₓ-50/CC exhibits peaks at 
0.73 and 3.5 Hz. These results are consistent with the lowest diffusion 
resistance and the highest OH− diffusion coefficient obtained from the 
calculations.

Fig. 6. (a-e) Shaded CV curves for diffusive and capacitive contributions recorded at 1 to 5 mV s− 1 and (f) percentage contribution of diffusive and capacitive 
contributions as a function of scan rates.
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The long-term cycling stabilities of NixB/Nb2CTx-50/CC and NixB/ 
CC electrodes were evaluated over 10,000 charge-discharge cycles in a 
three-electrode configuration (Fig. S8(a)). The composite electrode re
tains 60.8% of its initial capacitance after 10,000 cycles, demonstrating 
significantly improved durability compared to pure NixB, which retains 
only 13.5% under the same conditions. The rapid capacity fading of pure 
NixB is attributed to nanoparticle agglomeration during prolonged 
cycling, which progressively reduces the accessible electroactive surface 
area. For the composite, the moderate capacity fading is mainly asso
ciated with the presence of –F surface terminations on Nb2CTx, which 
partially block electroactive sites and hinder ion transport, along with 
gradual surface oxidation of the MXene layers during extended cycling 
in alkaline electrolyte. Nevertheless, post-cycling SEM analysis confirms 
that the NixB/Nb2CTx-50 composite largely retains its morphology and 
interfacial connectivity after 10,000 cycles (Fig. S9), indicating that the 
composite architecture effectively suppresses NixB agglomeration and 
mitigates structural degradation. The retained layered structure and 
distributed NixB nanoparticles after prolonged cycling in 3 M KOH 
suggest that no severe oxidative structural collapse of the Nb2CTx phase 
occurred, which is further supported by the consistently high Coulombic 
efficiency of 95.4% maintained throughout 10,000 cycles. These results 
demonstrate that the composite maintains reasonable cyclic stability 
even under demanding conditions where MXene surface oxidation and 
substrate degradation are anticipated. The observed stability is consis
tent with previously reported studies on MXene-based composite elec
trodes [35–38].

4. Performance of the NixB/Nb2CTx-50//rGO device

To further evaluate the performance of the optimized NixB/Nb2CTx- 
50 electrode, an asymmetric supercapacitor (ASC) device was assembled 
by coupling NixB/Nb2CTx-50 as the positive electrode with reduced 
graphene oxide (rGO) as the negative electrode (NixB/Nb2CTx-50// 
rGO). The mass loading of each electrode was determined using the 
charge balance equation (Eq. S1). Based on this calculation, the mass 

ratio of NixB/Nb2CTx-50 to rGO was set at 1:1.56 (1.3 mg: 2.02 mg), 
giving a total active mass of 3.32 mg. The CVs recorded for the NixB/ 
Nb2CTx-50//rGO device at various scan rates from 5 to 100 mV s− 1 are 
shown in Fig. 7(a). Broad oxidation and reduction waves are seen, and 
these can be attributed to the inter-conversions between the Nb oxida
tion states in the MXene phase and the Ni oxidation states in the NixB 
[15,17]. These waves shift to less favorable oxidation and reduction 
potentials on increasing the scan rate, and this is consistent with the 
surface-confined redox reactions of the Nb and Ni. The CVs depicted in 
Fig. 7(b) show that the NixB/Nb2CTx-50//rGO can be cycled to a rela
tively high potential of 1.65 V without any loss in activity or alteration 
to the general shape of the CVs, indicating very good stability. The 
corresponding GCD curves are presented in Fig. 7(c), while similar data 
recorded at different current densities are provided in Fig. 7(d). Excel
lent stability is evident with very good symmetry in the GCD curves. This 
suggests very similar charging and discharging periods with higher 
upper potentials of 0.9, 1.1, 1.3, 1.5, and 1.65 V. However, at an upper 
potential of 1.7 V, instability is seen, and this appears to be connected to 
the onset of the oxygen evolution reaction (OER). Likewise, excellent 
reversibility is evident at current densities ranging from 1 to 20 A g− 1. In 
Fig. 7(e), specific capacitance is presented as a function of the current 
density and shows a clear decrease with increasing current density 
values. For example, at a current density of 1 A g− 1, the specific 
capacitance is 123.6 F g− 1 (204.1C g− 1), but decays to 2.4 F g− 1 (4C g− 1) 
at the higher current density of 20 A g− 1.

The long-term cyclic stability of the assembled NixB/Nb2CTx/CC// 
rGO/CC ASC was further evaluated over 10,000 charge-discharge cycles 
(Fig. S8(b)). The device exhibits a rapid capacity fading within the first 
200 cycles, dropping to 15.3% of its initial capacitance, after which the 
device enters a relatively stable regime with a final capacity retention of 
8.07% at 10,000 cycles. It should be noted that the capacity fading 
observed in the full asymmetric device is not solely reflective of the 
active material's intrinsic electrochemical stability, as confirmed by the 
three-electrode measurements, but rather a combined result of me
chanical degradation of both CC substrates, increased interfacial 

Fig. 7. (a) CVs recorded at scan rates from 5 to 100 mV s− 1 between 0 and 1.65 V, (b) CV at different potentials from 0.90 to 1.65 V, GCD curves recorded at (c) 
various upper potentials ranging from 0.90 to 1.70 V, (d) GCD at different current densities for the NixB/Nb2CTx-50//rGO device, (e) Current density vs. Specific 
capacitance. (f) Energy density as a function of power density for NixB/Nb2CTx//rGO.
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resistance at the separator, and the cumulative stress of operating two 
electrodes simultaneously under prolonged alkaline conditions. The 
fiber loosening and progressive delamination of the active material from 
the CC current collector under repeated ion insertion and extraction 
further contribute to the observed fading. Importantly, despite the ca
pacity fading, the device maintains a consistently high Coulombic effi
ciency of 95.4% throughout the entire 10,000 cycles, confirming that 
the faradaic charge transfer process remains highly reversible and that 
the capacity loss originates from mechanical and interfacial degradation 
of the CC rather than irreversible electrochemical side reactions. The 
impedance data recorded for the NixB/Nb2CTx//rGO device are shown 
in a Nyquist plot in Fig. S10. A semicircle is evident at the higher fre
quencies, while a diffusion tail becomes dominant at lower frequencies, 
reflecting the formation of a double-layer and ion diffusion kinetics at 
the lower frequencies. The charge-transfer resistance was deduced as 
1.22 Ω. Overall, the plot indicates favorable electrochemical kinetics 
and strong capacitive behavior for the NixB/Nb2CTx//rGO. The rela
tionship between energy and power densities is summarized in Fig. 7(f), 
in the form of a Ragone plot. A high energy density (ED), reaching a 
value of 46.7 Wh kg− 1, is seen at a power density (PD) of 825 W kg− 1. 
However, the ED is reduced as the PD is increased, with an ED of 0.91 
Wh kg− 1 at a PD of 16,500 W kg− 1. The obtained electrochemical per
formance is comparable to recently reported Nb-based MXenes and 
metal borides-based supercapacitors, including Ta-Nb2CTx//AC (ED 
47.5 Wh kg− 1 at 500 W kg− 1) [39], Ce-Nb2CTx (ED 45 Wh kg− 1 at 275 W 
kg− 1) [40], Ti2NbC2Tx (ED 34.0 Wh kg− 1 at 331.1 W kg− 1) [41], 
DyMn2O5/Dy2O3/MXene (ED 46.25 Wh kg− 1 at 705 W kg− 1) [42], 
Ti3C2Tx/Ni-MOF (ED 19.4 Wh kg− 1 at 331.8 W kg− 1) [43], YSe2/MoSe2/ 
NixB//AC (ED 39.5 Wh kg− 1 at 800 W kg− 1) [15], NiCo2O4@Nb2CTx// 
AC (ED 45.4 Wh kg− 1 at 163 W kg− 1) [25], and V-(Ni,Co)Se2@Nb2CTx// 
AC (ED 45.6 Wh kg− 1 at 168.4 W kg− 1) [44], respectively.

5. Conclusion

In this work, a NixB/Nb2CTx composite was fabricated using a 
combination of HF-assisted etching and in-situ chemical reduction. The 
resulting 0D/2D architecture promotes effective interfacial contact be
tween NixB and Nb2CTₓ, which facilitates electron transport, supports 
ion diffusion, and improves redox activity. As a result of these combined 
effects, the optimized NixB/Nb2CTx-50 electrode exhibits a high specific 
capacitance of 606.7 F g− 1 at 1 A g− 1, demonstrating moderate rate 
capability with a capacitance retention of 43.2% from 1 to 20 A g− 1. 
When assembled into an ASC device as NixB/Nb2CTx//rGO, the device 
delivered a high energy density of 46.7 Wh kg− 1 at a power density of 
825 W kg− 1, demonstrating its potential for high-performance energy 
storage. The electrode was supported by CC, which served as a flexible, 
conductive, and good current collector, ensuring efficient charge 
transport and mechanical integrity without contributing to electro
chemical activity. However, prolonged stability testing may lead to 
degradation of the CC substrate, which can affect electrode durability 
and performance. Overall, this study highlights the crucial role of 
interfacial and structural engineering in designing amorphous transition 
metal boride-MXene hybrids for next-generation high energy density 
supercapacitors.
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