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V205-WO3(Mo03)/TiO catalysts have been widely used for NOx removal owing to their excellent catalytic
performance; however, they suffer from a narrow operating temperature range, reduced N3 selectivity at a high
temperature, and deteriorated activity due to SO, poisoning. In this study, a phase-controlled 1T/2H-MoS; was
prepared by a one-step hydrothermal method and used as a Mo precursor to develop V-Mo/Ti catalysts with
improved selective catalytic reduction (SCR) performance. Raman analysis confirmed that the heterogeneous

MoS; contains a partially formed 1T phase, which facilitated the generation of active sites in the catalyst. The
heterogeneous 1T/2H-MoS; also produced a considerable amount of surface oxygen species on the V-Mo/Ti
catalyst, which increased the V**/(V**+V°") ratio. The resulting catalyst maintained a NOx conversion of over
96% from 250°C to 400°C and demonstrated excellent N3 selectivity and resistance to SO, poisoning.

1. Introduction

Nitrogen oxides (NOx), such as NO and NO,, are the oxidation
products of nitrogen in fuels during combustion. They are emitted by
thermal power plants, industrial boilers, incinerators, steel mills, ships,
etc. [1,2,3] As the major source of acid rain, NOx can cause severe air
pollution, including generating secondary pollutants (ozone and per-
oxyacetyl nitrate) via photochemical reactions that are toxic and
harmful to human health [4,5]. Environmental regulations have set
more stringent emission standards for various industrial facilities,
including ships and cement kilns. Consequently, post-treatment of ni-
trogen oxides is an important research topic and highly desirable for the
protection and preservation of the environment [6,7,8,9].

The NHs-selective catalytic reduction (NH3-SCR) system is one of the
most promising technologies to convert NOy into harmless products [10,
11]. SCR catalysts are composed of various transition metal oxides.
Among them, Vo05-WO3(Mo0O3)/TiO5 catalysts are widely used for NOx
removal owing to their excellent catalytic activity and Ny selectivity [12,
13]. However, vanadium-based catalysts have a narrow operating
temperature range between 300-350°C, and their Ny selectivity de-
creases at relatively high temperatures [14,15]. The stationary source
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SCR system in the power plants, steel mills, and industrial boilers may
encounter exhaust gas with lower temperatures than the optimal oper-
ating temperature of the catalyst during start-up, shutdown, and
low-load operation. Furthermore, for the system in power plant, the
dust-containing exhaust gas passes through an electrostatic precipitator
(ESP) before additional heat is supplied to activate the V-based catalysts.
Therefore, it is essential to achieve high NOx conversion efficiency and
excellent N, selectivity over a wide temperature range from 250 to
400°C. Another critical challenge in NH3-SCR technology is that the
presence of SO; in the exhaust gas can form toxic vanadium species and
deactivate the catalyst [16,17,18].

Molybdenum disulfide (MoS;) has been extensively investigated
owing to its two-dimensional layered structure and high catalytic ac-
tivity [19,20]. MoS; exists as a thermodynamically stable 2H (hexago-
nal) phase and possesses semiconductor properties, but its active sites
exist only at the edges, and the basic plane is chemically inactive [21]. In
contrast, metallic 1T (trigonal) phase MoS, demonstrates enhanced
catalytic activity owing to abundant active sites on its surface and high
electrical conductivity [20,22,23].

In this study, to improve the SCR catalytic performance of vanadium-
based catalysts, heterogeneous 1T/2H-MoS; was synthesized via an in-
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situ one-step hydrothermal process in the presence of a moderate
amount of propionic acid [24]. Subsequently, the VMo/Ti catalysts were
prepared using an impregnation method for the NH3-SCR reaction, and
the catalytic activity of the synthesized catalysts was evaluated for
NH3-SCR, and their SO, resistance was measured under harsh conditions
involving 300 ppm SO, and a gas hourly space velocity (GHSV) of 120,
000 h™!. The heterogeneous 1T/2H-MoS; demonstrated excellent Ny
selectivity by forming a considerable amount of surface oxygen species
on the V-Mo/Ti catalyst. The higher V**/(V**4+V>") ratio enhanced the
NOx conversion in a wide temperature range of 250-400°C. Addition-
ally, the Mo®"/(Mo®*+ Mo®") ratio was increased due to the addition of
MoS,, which effectively prevented the catalyst from SO, poisoning.

2. Experimental
2.1. Synthesis of heterogeneous 1T/2H-MoS;

Heterogeneous 1T/2H-MoS; was prepared using a one-step hydro-
thermal method [22,25,26,27]. In a typical procedure, sodium molyb-
date dehydrate (NapMoO4-2H50) (99.5% Sigma Aldrich) and thiourea
(CS(NHz2)2) (99% Sigma Aldrich) in a specified ratio were dissolved in a
mixed solvent (48 mL of deionized water and 24 mL of propionic acid).
The mixture was stirred vigorously for 30 min and subsequently trans-
ferred into a 100 mL Teflon-lined steel autoclave, followed by heat
treatment in a drying oven at 180°C for 4 h. The autoclave was rapidly
cooled to room temperature. The 1T/2H-MoS, powder was collected via
vacuum-assisted filtration, washed three times with distilled water by
centrifugation, and dried overnight in an air oven.

2.2. Catalyst preparation

In this study, vanadium-based catalysts were synthesized using a wet
impregnation method. Titanium dioxide powder (>97%, NANO Co.,
Ltd.) was used as a support for all the catalysts [28,29]. Ammonium
metavanadate (NH4VO3) (99% Sigma Aldrich) was dissolved in 50 mL of
ethanol (EtOH) solution, and an appropriate amount of diluted citric
acid was added to adjust the pH [30,31]. Different Mo precursors, i.e.,
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ammonium molybdate tetrahydrate ((NH4)gMo07024-4H20) (99%, Dae-
jung Chemicals), the synthesized 1T/2H-MoS,, and 2H-MoS; (crystal,
99%, Sigma Aldrich), were individually stirred in 100 mL of EtOH for 1 h
to form three separate dispersions. Then, 4.65 g of TiO was dispersed in
EtOH (100 mL) and mixed with the above dispersion. The mixture was
evaporated in an oil bath at 70°C. The obtained powder was subse-
quently calcined in air at 500°C for 4 h. The catalysts synthesized using
different Mo precursors were denoted as VMo/Ti, VMoS»(H)/Ti, and
VMoS,(T)/Ti.

2.3. Measurement of catalytic performance

The SCR performance of the catalysts was evaluated in a fixed-bed
reactor containing a quartz tube reactor with an inner diameter of 8
mm. The evolution gas mixture consisted of 300 ppm NHs, 300 ppm
NOyx, 5 vol% O, and N; balance gas. For each test, 0.5 mL of catalyst was
charged, and the temperature was increased from 150 to 400°C in 50°C
increments with a GHSV of 120,000 h™1. All the reaction gases were
injected into the reactor using a mass flow controller (MKS Co.), mixed,
and passed through the catalysts in the reactor. The SO,-poisoning test
was conducted at 200°C for 6 h using the same gas conditions as
mentioned above with an additional 300 ppm of SO, The SCR perfor-
mance of the NOx conversion and Ny selectivity were calculated using
the following equations.

[NOJ;, — [NOJ,,, — [NO,]

NO, conversion(%) = N O:]M; ot 100% ¢}
N [NO], — [NOJ._, +[NH,], — [NH,],, +[NO,],, —2[N,0]
N l t (7 = mn out m out out out
psetectivity (%) INO, —[NO,, + [NH.], — [NH .,
x 100%
2)

2.4. Characterization of the catalysts

Field-emission scanning electron microscopy (FE-SEM, Hitachi,
SU800) was used to characterize the morphology of MoS, at 20 kV

Fig. 1. SEM images of (a,b) 1T/2H-MoS, and (c,d) bulk 2H-MoS,.
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Fig. 2. (a) XRD patterns and (b) Raman spectra of 1T/2H-MoS; and 2H-MoS,.
Table 1 3. Results and discussion

BET characterization results of VMo/Ti, VMoS,(H)/Ti, and VMoS(T)/Ti
catalysts.

Sample Specific surface area Pore volume Average pore size
(m’g™) (em®g ™ (nm)
VMo/Ti 77 0.32 16.3
VMoS,(H)/ 72 0.31 17.2
Ti
VMoS,(T)/ 77 0.32 16.9

Ti

acceleration voltage. X-ray diffraction (XRD, Bruker, D8 Advanced) was
performed with a Cu Ka radiation source (A = 0.15406 nm) over the 260
range of 10-80° (per 0.02°) at a scan speed of 4°/min. Raman spectra
were obtained to confirm the MoS, phase states using a confocal Raman
spectrometer (WITec, Alpha 300R) with a laser wavelength of 532 nm at
0.2 mW. The pore characteristics of each sample were determined using
Ny adsorption-desorption equipment (Micrometrics, ASAP 2020). The
specific surface area was measured using the Brunauer-Emmett-Teller
(BET) equation, and the pore size and diameter were obtained using
the Barrett-Joyner-Halenda (BJH) method. Approximately 0.2-0.3 g of
the samples were pretreated in a vacuum at 150°C for 4 h to remove
adsorbed water and impurities. X-ray photoelectron spectroscopy (XPS,
Thermo Fisher Scientific, NexsaG2 Surface Analysis System) was per-
formed using an Al Ka radiation source (A = 0.154 06 nm) to obtain the
valence state of each element. FTIR spectroscopy (FT-IR, Bruker, Vertex
80v) was performed to analyze the functional groups on the surface after
poisoning with various catalysts to confirm the effect of MoS; on SO-
resistance enhancement.

3.1. Morphological and structural analysis of 1T/2H-MoSz and 2H-MoS2

To confirm that the heterogeneous 1T/2H-MoS; was successfully
synthesized, its morphology was examined using SEM. The images in
Fig. 1 (a and b) show that the 1T/2H-MoS; synthesized via the one-step
hydrothermal method contains flower-like nanoparticles. Although
some agglomeration is observed, the particle size of 1T/2H-MoS; is
smaller than that of bulk 2H-MoS,. This can be attributed to the insuf-
ficient crystal growth of MoS; within a relatively short synthesis time
owing to the formation of 1T phase-MoS; in the initial reaction [27]. In
contrast, Fig. 1(c and d) show the SEM images of bulk-MoS,, revealing a
relatively large irregular overlapped plate-like structure.

SEM images cannot prove that the directly manufactured MoS; is a
heterogeneous mixture of 1T and 2H phases; therefore, additional
characterizations were performed using XRD and Raman spectroscopy
[27,32]. The XRD patterns of 1T/2H-MoS, and bulk MoS, (Fig. 2a)
reveal the characteristic peaks of 2H-MoS; in both cases. The broad XRD
peak with a low intensity in 1T/2H-MoS; suggests its sufficiently small
crystalline size [33,24,34]. The Raman spectra of 1T/2H-MoS, and
2H-MoS;, (Fig. 2b) show the main characteristic peaks of 2H-MoS at Eag
(376 cm™ 1) and Agg (401 cm™ D) modes, consistent with the XRD results
[25,35]. In addition, the Raman spectrum of 1T/2H-MoS; exhibits E;¢
(285cm ™) and J 3 (336cm ™) modes of 1T phase, demonstrating that the
heterogeneous 1T/2H-MoS; with a partial 1T phase along with the 2H
phase was successfully synthesized through the reduction-first hypoth-
esis theory using propionic acid [25,36].
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Fig. 3. (a) XRD patterns and (b) Raman spectra of VMo/Ti, VMoS,(H)/Ti, and VMoS,(T)/Ti catalysts.
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Table 2

XREF results of VMo/Ti, VMoS,(H)/Ti, and VMoS»(T)/Ti catalysts
Catalysts V505 (%) MoOs3 (%) TiO2 (%) SO3 (%)
VMo/Ti 1.88 5.96 87.49 0.34
VMoS,(H)/Ti 1.86 4.67 87.19 3.50
VMoS,(T)/Ti 1.87 4.48 88.85 2.37

3.2. Textural properties and structural characterization of catalysts

The BET surface areas, pore volumes, and average pore sizes of the
VMo/Ti, VMoS2(H)/Ti, and VMoS,(T)/Ti catalysts are listed in Table 1.
Their specific surface area values are similar (77 m?g~}, 72 m?g~?, and
77 ng’l for VMo/Ti, VMoSy(H)/Ti, and VMoSz(T)/Ti, respectively).
The majority of the catalyst composition consists of TiO5 support, thus,
no discernible differences in specific surface area values were observed
based on variations in the Mo precursor. The pore volume and average
pore size values are all approximately the same for all catalysts. These
results suggest that the BET surface area and porosity are not the key
factors for the different catalytic activities [37].

The XRD patterns of the VMo/Ti, VMoSy(H)/Ti, and VMoSy(T)/Ti
catalysts calcined at 500°C for 4 h are shown in Fig. 3a. All the char-
acteristic diffraction peaks are related to tetragonal anatase TiO, and no
other metal oxide peaks are observed [38]. The absence of V and Mo
peaks in all the catalysts suggests the presence of highly dispersed
amorphous metal oxides on the TiOy support [39], which confirms the
successful synthesis of all the catalysts. Fig. 3b presents the Raman
spectra of the catalysts. The Eg, B1g, Ajg, and E; modes are assigned to
the bands at 145-149, 343, 515, and 638 cm !, respectively, corre-
sponding to the characteristic bands of anatase TiOy [40,41]. To confirm
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the structure of VOy, we reduced the TiO5 content in the three catalysts
and conducted additional Raman analysis, as illustrated in Fig. S1.

3.3. SCR catalytic activity test

Elemental compositions of the VMo/Ti, VMoS,(H)/Ti, and
VMoS,(T)/Ti catalysts were determined using XRF, and the results are
listed in Table 2. The catalyst contents were similar to the theoretically
calculated values. Fig. 4 compares the NOx conversion and Ny selectivity
of the catalysts synthesized using different Mo precursors, namely 1T/
2H-MoS,, 2H-MoS,, and ammonium molybdate tetrahydrate. In the
operating temperature range of 150-400°C with an interval of 50°C, all
the catalysts, i.e., VMo/Ti, VMoS,(H)/Ti, and VMoS,(T)/Ti, show high
NOx conversion of 90.7, 96.3, and 99.7% at 350°C. Among them, the
VMoS,(T)/Ti catalyst demonstrates the highest NOx conversion (96.5%)
at 250°C. The NOy conversion efficiencies using VMo,/Ti and VMoS,(H)/
Ti catalysts are similar; however, the VMo/Ti catalyst has high efficiency
at low temperatures, and VMoSz(H)/Ti catalyst shows relatively high
efficiency at high temperatures. Fig. 4b displays the N selectivity over
the same temperature range. All catalysts maintain 100% selectivity up
to 300°C, but the selectivity of VMo/Ti significantly decreases after
350°C. In contrast, VMoSy(H)/Ti and VMoSy(T)/Ti catalysts maintain
their Ny selectivity up to 86.4 and 89.1%, respectively, even when the
reaction temperature rises above 350°C.

The NH3-SCR deactivation by SO, was evaluated for VMo/TiO, after
the introduction of MoS, as the Mo precursor. Fig. 5 shows the NOx
conversion efficiencies using VMo/Ti, VMoS2(H)/Ti, and VMoS2(T)/Ti
catalysts when 300 ppm SO is introduced at 200°C. The NOx conver-
sion of the VMoSy(T)/Ti catalyst is 79% before and after the SO, in-
jection. The VMo/Ti and VMoS,/Ti(H) catalysts show NOx conversion
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Fig. 4. (a) NOx conversion and (b) N, selectivity of catalysts as a function of reaction temperature. (Reaction conditions: 300 ppm NO, 300 ppm NHj3, 5 vol% O,, Ny
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Table 3
The valence states of V, Mo, and O in the catalysts according to XPS results.
Catalysts VH VTV Mo®*/(Mo®*+Mo°™) Osurface /Ototal
VMo/Ti 46.7 26.4 50.3
VMoS,(H)/Ti 33.1 32.7 64.8
VMoSy(T)/Ti 56.3 34.7 62.5
V 2p

VMo/Ti

Intensity (a.u.)

VMoS,(T)/Ti

520 519 518 517 516 515 514 513 512
Binding Energy (eV)

Fig. 6. XPS spectra of VMo/Ti, VMoS,(H)/Ti, and VMoS.(T)/Ti at the V 2p
core level.
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Fig. 7. XPS spectra of VMo/Ti, VMoS,(H)/Ti, and VMoS,(T)/Ti at the Mo 3d
core level.
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Intensity (a.u.)
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Fig. 8. XPS spectra of VMo/Ti, VMoS,(H)/Ti, and VMoS,(T)/Ti at the O 1s
core level.

efficiencies of 60 and 53%, respectively, which is a 5 and 2% reduction
from their initial efficiencies. Therefore, the VMoSy(T)/Ti catalyst
incorporated with 1T/2H-MoS; exhibits the best SCR catalytic perfor-
mance and SO»-resistance. However, when the initial efficiency is not
considered, the catalyst using MoS; as the Mo precursor demonstrates
enhanced SOy-resistance regardless of the phase state. Further, XPS and
FT-IR spectroscopy were used to analyze the synthesized catalysts and
the oxidation degree introduced by 1T/2H-MoS,. Particularly, the
enhancement in SO,-resistance was investigated by FT-IR by analyzing
the materials generated on the catalyst surface after the SO5-poisoning
test. To further demonstrate the SO5 resistance effect, SO,-poisoning
tests were performed on the three catalysts by introducing SO2 under
more harsh conditions at a lower temperature of 175°C (Fig. S2).

3.4. Surface chemical states of catalysts

The chemical states of various elements in the catalysts, such as V,
Mo, and O, are important for determining the NH3-SCR catalytic effi-
ciency and SO»-resistance enhancement as they affect the redox prop-
erties [42]. The surface states and atomic concentrations of all the
catalysts were obtained via XPS and summarized in Table 3, and the XPS
spectra at V 2p, Mo 3d, and O 1s core levels are displayed in Fig. 6-8.
The V 2p peaks are deconvoluted to two valence states, i.e., V*
(515.7-516.2 eV) and \'aa (516.4-517.0 eV) [43,44]. Table 3 summa-
rizes the valence state ratios of different elements; in the case of vana-
dium, the V**/(V*"+V>") values are 46.7%, 33.1%, and 56.3 % for
VMo/Ti, VMoSy(H)/Ti, and VMoSy(T)/Ti, respectively. As shown in
Fig. 4, the catalytic efficiency decreases in the order of VMoS,(T)/Ti>
VMo/Ti> VMoS5(H)/Ti below 300°C, which is in accordance with the
order of V4 /(V*+V°1). It is well-known that the oxidation state V4" of
the vanadium species is favorable for NOx conversion [45]. The non-
stoichiometric V#* can enhance the NH3-SCR catalytic performance
because it has more electrons than the stable V°* state [46,471].

Fig. 7 shows the Mo 3d spectra of all the catalysts. The Mo 3d peak is
deconvoluted into two species, Mo®" (231.7 and 234.9 eV) and Mo®*
(232.65 and 235.85 eV). The Mo®*/(Mo®T+Mo®") ratio on the surface is
summarized in Table 3. As a catalytic promoter, molybdenum can resist
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SO, poisoning, and the higher the Mo®" ratio, the better the resistance to
poisoning [28,48]. As shown in Fig. 4, VMoSy(T)/Ti and VMoSy(H)/Ti
catalysts exhibit better SO, resistance than the VMo/Ti catalyst, which
shows a rapid reduction in NOx conversion rate owing to SO2-poisoning.
The ratios of Mo®* to the total Mo for VMoS,(T)/Ti and VMoS,(H)/Ti
catalysts are 34.7 and 32.7%, respectively, significantly higher than that
of VMo/Ti (26.4%). The results imply that Mo®* on the catalyst surface
is advantageous for SOq-resistance [29,49]. Therefore, regardless of the
phase state, the Mo®"/(Mo®*+Mo®") ratio in the catalysts increases
with the addition of MoSs, and the VMoSy(T)/Ti and VMoSo(H)/Ti
catalysts exhibit excellent SO resistance. Particularly, the VMoSo(T)/Ti
catalyst incorporated with 1T/2H-MoS; displays a high NHs-SCR ac-
tivity due to its high V**/(V**4+V>") ratio. Additionally, the more Mo®*
in this catalyst corresponds to its better SO,-resistance.

Fig. 8 shows the O 1s spectra of the VMo/Ti, VMoS,(H)/Ti, and
VMoS3(T)/Ti catalysts. The O 1s peaks can be fitted into lattice oxygen
(Oy) and surface-adsorbed oxygen (Op) [50]. Their binding energies
were measured at 529.4-530.4 eV for lattice oxygen and 530.1-532.0
eV for surface adsorbed oxygen [51]. The Og ratio was calculated using
Osurface/Ototal, and a higher amount of Og in the catalysts can promote
oxygen diffusion and increase oxygen mobility [52,53]. Similar to the
observation in Fig. 7, the catalysts prepared using MoS, precursor
demonstrate high surface adsorbed oxygen ratios. Specifically,
VMoSy(H)/Ti, VMoS,(T)/Ti, and VMo/Ti catalysts exhibit oxygen ratios
of 64.8, 62.5, and 50.3% respectively (Table 3). According to the results
in Fig. 6 and Table 3, the VMoS,(H)/Ti catalyst with the smallest V**
/(V** 4+ V51 ratio shows a similar NOy conversion to that of the VMo,/Ti
catalyst because it has the highest Ogyface/Ototal ratio. The result sug-
gests that a high surface adsorbed oxygen ratio enhances the redox ca-
pacity of the NH3-SCR reaction [54,55].

3.5. Formation of sulfate species on the catalysts

To identify the factors responsible for improving the SOs-resistance,
FT-IR spectra of the catalyst incorporated with 1T/2H-MoS; before and
after the SO,-resistance test were obtained, and the functional groups on
the surface were studied. As shown in Fig. 9 a and b, the bands at 1224
and 1043 cm™! are assigned to bidentate SOz2 and the symmetric
stretching vibrations of sulfonates (SO3), respectively [56,57]. These
bands appear only in the MoS;-incorporated catalysts and are referred to
as S-related bands formed by the S in MoS,. However, after SOz-po-
isoning, new bands appear at 1625, 1445, 1419, 1384, 1132, 1120,
1067, and 1035 cm™'. The band of 1625 cm™! is assigned to the O-H
bending mode, which corresponds to the physically absorbed water. The
1445-1430 cm™ bands can arise from the ammonium ions formed
during the NH3-SCR reaction. The band at 1419 cm ™ is assigned to the
NHj adsorbed on the Brgnsted acid site, indicating that the NHJ species
are generated after SO, poisoning owing to the deposition of ammonium
sulfates such as (NH4)2SO4 and NH4HSO4 [58,59]. This peak appears
only in the SO5-poisoned VMo/Ti catalyst, implying that the decrease in
NOx conversion is due to the formation of ammonium sulfates on the
surface. The band at 1384 cm™! indicates the presence of surface sulfate
species with covalently bonded S=O configurations. This signifies the
formation of triply bridged sulfate on the surface [60]. The band at 1132
cm™ involves the contributions of —OH stretching vibration. The band at
approximately 1120 cm™! is due to the formation of (NH4)2SO4 by
surface sulfate and ammonia species adsorption [58,61]. The bands at
approximately 1110 cm ™' are related to the S-O symmetric and asym-
metric stretching modes of SO%’ [62]. The VMo/Ti catalyst shows a
stronger SO, band than the other catalysts, confirming its vulnerability
to SO, poisoning. Therefore, its NOx conversion performance tends to
degrade during the SOq-resistance test. The improved SO, resistance in
the other two catalysts with added MoS; can be confirmed by the minor
intensity change in the peak owing to the S of MoS,.
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Fig. 9. (a) FT-IR spectra of fresh VMo/Ti, VMoS»(H)/Ti, and VMoS,(T)/Ti
catalysts. (b) FT-IR spectra of VMo/Ti, VMoS»(H)/Ti, and VMoS,(T)/Ti cata-
lysts after the SO,-resistance test.

4. Conclusion

In this study, the effects of using 1T/2H-MoSy as a precursor to
prepare vanadium-based catalysts on temperature sensitivity and SOz-
resistance were tested. Ammonium molybdate tetrahydrate was
replaced with 2H-MoS; and heterogeneous 1T/2H-MoS; as molybde-
num precursors for the VMo/TiO catalysts. The NOx conversion effi-
ciency of the vanadium-based catalyst was affected by the valence state
ratios of V**/(V*+V5") and Ogyface/Ororal. The SO, resistance was
improved when MoS; was incorporated regardless of the phase state
because of the increased amount of Mo®" in the catalysts. In addition,
the surface functional groups in the SO»-poisoned and fresh catalysts
were evaluated by FT-IR. The VMo/Ti was vulnerable to SOy poisoning
because the surface acid site was degraded. Ultimately, a catalyst with
high SCR activity over a wide temperature range (250 to 400°C) and SOz
resistance was synthesized by utilizing the heterogeneous 1T/2H-MoS;
precursor.
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