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Transition-metal doping offers a promising route to enhance the microwave absorption performance of layered
materials. In this work, Ni-doped MoS, nanostructures with varying concentrations (0—4 at%) were synthesized via
a hydrothermal method to systematically investigate the effect of Ni incorporation on structural, magnetic, and
electromagnetic properties. XRD analysis confirmed that Ni doping preserved the hexagonal MoS, phase while
inducing lattice contraction and reduced crystallite size. SEM observations revealed increasingly compact
agglomerated nanosheet-flower morphologies with higher Ni content, indicative of enhanced nucleation and crystal
growth. VSM measurements demonstrated that Ni doping significantly improved magnetic properties, with the
4 at% sample exhibiting the highest saturation magnetization (1.101 emu/g) and lowest coercivity (830 Oe),
characteristic of soft ferromagnetism. Microwave absorption tests in the X-band (8—12 GHz) showed that Ni doping
markedly increased reflection loss and broadened the effective bandwidth. Optimal performance was achieved at
4% Ni, with a maximum reflection loss of —27.91 dB ( = approximately 99.84% absorbance) at 10.60 GHz and an
effective bandwidth of 0.64 GHz. These findings highlight Ni doping as an effective strategy to tailor the
electromagnetic response of MoS,, offering strong potential for stealth technology and electromagnetic interference

(EMI) shielding applications.
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Introduction

The continuous growth of modern communication
technologies has led to increased human exposure to
electromagnetic  radiation, especially within the
microwave spectrum [1]. This situation not only raises
potential health concerns but also drives the demand for
stealth materials in defense systems, where effective
attenuation of radar signals is crucial [2], [3].
Consequently, microwave absorbing materials (MAMs)
have attracted significant research interest due to their
ability to reduce reflected and transmitted electromagnetic
waves, thereby enhancing electromagnetic compatibility
and stealth performance [4], [5], [6].

High-performance microwave absorbing materials
(MAMs) are expected to combine strong dielectric and
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magnetic losses with high reflection loss (RL), wide
bandwidth, and low density [7], [8], [9]. Among various
candidates, molybdenum disulfide (MoS;) has attracted
attention due to its layered structure, tunable bandgap, and
promising dielectric loss capability [10], [11], [12].
However, pristine MoS, is intrinsically diamagnetic,
which limits its microwave absorption efficiency [13],
[14], [15]. To overcome this limitation, strategies that
introduce magnetic functionality into MoS, are required
[14].

Doping with transition metals has emerged as a
reliable route to tune the electronic and magnetic
properties of layered compounds [16], [17], [18]. In
particular, nickel incorporation has been reported to
induce ferromagnetism in MoS,, thereby improving
saturation magnetization and stabilizing magnetic
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ordering at room temperature. Previous studies also noted
that Ni doping enhances microwave absorption, though
systematic evaluations linking doping concentration with
structural evolution, magnetic enhancement, and
absorption efficiency remain scarce [19]. Nevertheless,
systematic investigations that correlate Ni doping levels
with structural evolution, magnetic enhancement, and
microwave absorption efficiency remain limited.

In this study, Ni-doped MoS, nanostructures with
controlled doping levels (0—4 at%) were synthesized using
a hydrothermal route to clarify the relationship between Ni
incorporation, crystal structure, morphology, magnetic
behavior, and microwave absorption. Comprehensive
characterization through X-ray diffraction (XRD),
scanning electron microscopy with energy-dispersive X-
ray spectroscopy (SEM-EDS), vibrating sample
magnetometry (VSM), and vector network analysis
(VNA) was conducted to determine the optimal Ni
concentration that balances dielectric and magnetic losses.
This work not only advances the understanding of
transition metal-doped MoS, but also highlights its
potential as a high-performance microwave absorber for
stealth technology and next-generation communication
devices.

I. Experimental

Synthesis of Samples

Ni-doped MoS, nanostructures with varying Ni
concentrations (0, 2, 3, and 4 at%) were synthesized via a
hydrothermal method [20]. Analytical-grade sodium
molybdate  dihydrate  (Na,MoO,-2H,0), thiourea
(NH,CSNH;), and nickel (II) nitrate hexahydrate
(Ni(NO3),-6H,0) were employed as precursors without
further purification. The stoichiometric amounts of each
precursor were calculated according to the targeted doping
levels and precisely weighed using a digital microbalance,
as summarized in Table 1.

Each precursor was dissolved in 30 mL of deionized
water under continuous magnetic stirring for 1 h to ensure
complete homogenization. The resulting solution was
transferred into a Teflon-lined stainless-steel autoclave
and subjected to hydrothermal treatment at 200°C for
24 h. After cooling to room temperature, the precipitates
were collected, centrifuged, and washed sequentially with
ethanol and deionized water (two cycles each) to remove
residual ions and unreacted species. The washed powders
were dried on a hot plate at 60°C for 12 h to obtain the
final Ni-doped MoS, samples.

Characterization
The phase composition and crystallinity of the

diffraction (XRD, Panalytical Malvern) with Cu-Ka
radiation (A = 1.5406 A). Morphological features and
elemental composition were analyzed by scanning
electron microscopy coupled with energy-dispersive X-
ray spectroscopy (SEM-EDS, FEI Quanta 650 with
Oxford EDS detector). Magnetic properties were
measured at room temperature using a vibrating sample
magnetometer (VSM, Oxford type 1.2H), recording
magnetization (M—H) hysteresis loops.

Microwave absorption measurements were carried
out using an Anritsu MS46322A vector network analyzer
in the X-band frequency range (8—12 GHz). The Ni-doped
MoS, powders obtained from hydrothermal synthesis
were directly pressed into rectangular pellets with a
thickness of 1.5 mm and measured in a WR-90 rectangular
waveguide fixture. A metal-backed configuration was
employed, and 1-port calibration was performed using the
short-open-load method. Reflection loss (RL) was
calculated from the measured scattering parameters using
the input impedance model according to the following
equation:

Zin_Zo|
Zin+Zol’

RL(dB) = 201log

(1)

where Z;, is the input impedance of the absorber backed
by a metal plate, and Z, is the impedance of free space.
Measurements were conducted in a metal-backed
configuration to ensure negligible transmission.
Therefore, the reported percentages represent absorption
efficiency calculated from reflection loss values. This
detailed description ensures reproducibility of the results.

II. Result and Discussion

Crystal Structure and Phase

The XRD patterns of Ni-doped MoS, with varying
concentrations (0, 2, 3, and 4 at%) are presented in Figure
1. All samples exhibited broad and low-intensity
diffraction peaks, indicative of low crystallinity. The
diffraction profiles matched well with the standard JCPDS
card No. 37-1492, corresponding to molybdenite (2H-
MoS,) with a hexagonal phase. Importantly, the Ni-doped
samples (2—4 at%) displayed diffraction peaks similar to
those of pristine MoS,, suggesting that Ni addition does
not alter the overall crystal structure. This behavior is
consistent with previous reports, where Ni doping below
10 at% does not introduce additional diffraction peaks,
although the precise incorporation mechanism
(substitutional vs. interstitial) cannot be conclusively
determined [21], [22], [23].

synthesized samples were examined using X-ray
Table 1.
Calculated precursor amounts for the synthesis of Ni-doped MoS, nanostructures at different Ni concentrations
(04 at%).
Ni-doped Na;Mo004.2H,0 (gram) NH,CSNHj; (gram) Ni(NO3),.6H,O (gram)
0 at% 0.7257 1.1421 0.0000
2 at% 0.7257 1.1421 0.0174
3 at% 0.7257 1.1421 0.0262
4 at% 0.7257 1.1421 0.0349
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Fig.1. XRD patterns of Ni-doped MoS, samples (0—
4 at%), showing diffraction peaks of the 2H phase with
systematic shifts toward higher angles as Ni content
increases.

Intensity (a.u.)

To further validate the crystallinity and lattice
distortion induced by Ni addition, the (110) diffraction
peak of the synthesized samples was analyzed in detail.
Parameters, including the full width at half maximum
(FWHM), interplanar spacing (d110), and crystallite size,
were extracted to quantify structural changes. The
refinement results are summarized in Table 2. A
systematic shift of the (110) peak toward higher
diffraction angles was observed with increasing Ni
content, consistent with structural modification associated
with Ni doping. Concurrently, the d-spacing decreased,
and the FWHM broadened, indicating enhanced lattice
strain and reduced crystallite size. These findings
corroborate the XRD observations and suggest that Ni
doping introduces subtle structural distortions without
altering the overall hexagonal phase of MoS,, thereby
providing additional defect sites and polarization centers
that are beneficial for microwave absorption.

As summarized in Table 2, the (110) diffraction peak
progressively shifted toward higher angles with increasing
Ni content, reflecting lattice contraction induced by Ni
incorporation. This trend is consistent with earlier reports,
where Ni doping was shown to cause systematic peak
shifts due to substitutional diffusion [22]. The
corresponding interplanar spacing (d110) decreased as the
doping level increased, which may be related to lattice
distortion effects. Notably, the smaller atomic radius of Ni
(149 A) compared to Mo (1.90A) [24] provides a
possible explanation for the observed contraction,
although the precise substitution mechanism cannot be

conclusively established from XRD alone. In parallel, the
full width at half maximum (FWHM) broadened with
higher Ni concentrations, indicating enhanced lattice
strain and reduced crystallite size. Peak broadening and
size reduction suggest that Ni doping introduces lattice
defects and strain, providing polarization centers that
enhance microwave absorption.

Overall, the XRD analysis highlights that Ni doping
induces peak shifts, lattice strain, and reduced crystallite
size, suggesting the presence of structural distortions and
defect sites within the MoS, lattice. These
crystallographic modifications are expected to influence
particle assembly and surface architecture. To verify this
correlation, the morphology of the synthesized samples
was subsequently examined using SEM, providing
complementary insights into how Ni addition governs
nucleation, agglomeration, and the formation of
hierarchical nanosheet-flower structures.

Morphology and Elemental

The morphology of Ni-doped MoS, was examined
using SEM, as shown in Figure 2 for samples with 0, 2, 3,
and 4 at% Ni. At low magnification (Figures 2a—d), all
samples exhibited agglomerated particles formed by the
stacking of secondary structures. With increasing Ni
content, the agglomerates became progressively smaller,
denser, and more compact, accompanied by an increase in
the number of agglomeration sites. This trend suggests
that Ni incorporation promotes nucleation and accelerates
crystal growth within the MoS, matrix [25], [26]. At
higher magnification (Figures 2e-h), the secondary
structures of all samples revealed a characteristic
nanosheet-flower morphology, in which ultrathin
nanosheets are radially assembled into spherical
aggregates [21], [27]. Such hierarchical architectures are
known to enhance microwave absorption by increasing
multiple scattering pathways and providing abundant
defect sites for dipolar polarization [28].

The SEM analysis revealed that Ni doping promotes
the formation of hierarchical nanosheet-flower structures
and increases particle agglomeration. To confirm that
these morphological changes are directly associated with
Ni incorporation, elemental composition was examined
using energy-dispersive X-ray spectroscopy (EDS). As
shown in Figure 3, the pristine MoS, sample contains only
Mo and S elements, consistent with its stoichiometric
composition, whereas the Ni-doped samples (2—4 at%)
exhibit additional Ni signals alongside Mo and S.
Together with the absence of detectable secondary XRD
peaks, these results suggest that Ni is incorporated into the
MoS, framework.

Table 2.

Structural refinement parameters of Ni-doped MoS; samples (0—4 at%), showing peak shifts, reduced interplanar
spacing, broadened FWHM, and smaller crystallite sizes while retaining the hexagonal 2H-MoS, phase.

Parameters Ni-doped

0 at% 2 at% 3 at% 4 at%
Structure Hexagonal Hexagonal Hexagonal Hexagonal
Space group P63/mmc P63/mmc P63/mmc P63/mmc
20(110) 57.201 57.265 57.432 57.502
daio (A) 1.609 1.608 1.603 1.601
FWHM(i 10 1.913 1.977 1.980 1.997
Crystallite size(10) (A) 47.311 45.762 45.754 45.365
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However, the precise lattice position of Ni
(substitutional vs. interstitial) cannot be conclusively
determined from XRD and EDS alone. Alternative
possibilities, including surface-associated Ni species or
undetected secondary phases, may also contribute.
Quantitative results of elemental distribution, expressed in
both weight and atomic percentages, are summarized in
Table 3, reflecting controlled doping levels and
compositional accuracy.

As presented in Table 3, the atomic ratio of Mo to S
in the pristine MoS, sample was 1:1.84, which closely
approaches the ideal stoichiometric ratio of 1:2, thereby
confirming the successful formation of MoS, in the
synthesized product. In the Ni-doped samples, the atomic
percentage of Ni increased proportionally with the
precursor concentration, reflecting precise control over the
doping process. Notably, the 3 at% Ni-doped sample
exhibited a Ni atomic composition consistent with the
intended precursor ratios, validating both the accuracy of
the synthesis procedure and the reproducibility of the

doping strategy. While these results confirm the presence
and controlled addition of Ni, the exact lattice
incorporation (substitutional vs. interstitial) cannot be
conclusively determined from EDS alone [21].

The EDS analysis confirmed the presence of Ni in the
MoS, samples with controlled doping concentrations and
high sample purity. Together with the absence of
detectable secondary XRD peaks, these results suggest Ni
incorporation into the MoS, framework, although the
precise lattice position (substitutional vs. interstitial)
cannot be conclusively determined from EDS alone.
Having established the structural and compositional
accuracy of the synthesized products, it is essential to
investigate how Ni doping influences their magnetic
behavior. Therefore, the magnetic properties of Ni-doped
MoS, were examined wusing vibrating sample
magnetometry (VSM), providing insights into the role of
Ni doping in modulating magnetization and

defect-induced magnetic responses.

Fig. 2. SEM images of Ni-doped MoS, samples (0—4 at%). Low-magnification views (a—d) show progressively

smaller and more compact particles with increasing Ni content, while high-magnification views (e—h) reveal
hierarchical flower-like nanosheet assemblies.

Fig. 3. EDS spectra of Ni-doped MoS, samples (0—4 at%).

Table 3.
Quantitative EDS analysis of Ni-doped MoS, samples (0—4 at%).
Ni-doped

Element 0 at% 2 at% 3 at% 4 at%

wt% at% wt% at% wt% at% wt% at%
Mo 61.92 35.21 57.79 31.48 62.2 36.02 56.93 31.35
S 38.08 64.79 41.81 68.15 | 35.87 62.15 39.95 65.83
Ni 0 0 0.41 0.37 1.93 1.83 3.13 2.82
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Magnetic Properties

To evaluate the magnetic behavior of Ni-doped MoS,,
vibrating sample magnetometry (VSM) was employed to
record the hysteresis loops of the samples at room
temperature. The hysteresis curves of MoS, with varying
Ni concentrations (0, 2, 3, and 4 at%) are presented in
Figure 4, providing direct evidence of the influence of Ni
incorporation on the magnetic response of the material.

As shown in Figure 4, all samples exhibit clear
hysteresis loops, confirming their ferromagnetic behavior
at room temperature. This observation is consistent with
the findings of Martinez et al. (2018), who reported that
hydrothermally synthesized MoS, displays weak
ferromagnetism, while Ni-doped MoS, demonstrates
enhanced ferromagnetic characteristics [29]. The origin of
this ferromagnetism is primarily attributed to structural
defects generated during hydrothermal synthesis, such as
zigzag edges and sulfur vacancies, which act as localized
magnetic centers [30]. The corresponding magnetic
parameters, including  saturation = magnetization,
remanence, and coercivity, are summarized in Table 4,
providing quantitative evidence of the influence of Ni
incorporation on the magnetic response of MoS,.

For magnetic absorbing materials (MAMs), critical
parameters include high saturation magnetization (Mj),
substantial remanence (M;), and low coercivity (Hc). As
summarized in Table 4, M, progressively increases with
Ni incorporation, peaking at 4 at%. Meanwhile, M; rises
to 3 at% before dropping sharply at higher doping, and Hc
varies with concentration, reaching its minimum at 4 at%.
Collectively, these findings indicate that the 4 at% Ni-
doped MoS, sample exhibits a magnetic profile that may
be favorable for absorber applications, though static VSM
parameters alone do not directly quantify microwave
losses. The enhancement in M; near 3 at% Ni is consistent

with prior reports, which linked this behavior to orbital
coupling between Ni 3d and S 2p states [31], [32]. Unlike
earlier reports that observed a decline in M; beyond 3 at%,
our results reveal a steady increase up to 4 at%, confirming
the effectiveness of Ni addition in tuning the magnetic
response [21].

Table 4.
Magnetic parameters of Ni-doped MoS, samples
(0—4 at%). Saturation magnetization (M), remanence
(M,), and coercivity (Hc) increase with Ni content,
reflecting the influence of Ni incorporation and defect-
related magnetic centers on the overall response.

Ni- Ms Mr
doped (emu/gram) (emu/gram) He (Oe)
0 at% 1.054 0.104 1080
2 at% 1.056 0.115 925
3 at% 1.100 0.120 1150
4 at% 1.101 0.022 830

L@
a

M {ermufgram)

T T T T
-10000 -5000 L] 5000 10000

(c)

Having established the magnetic properties of Ni-
doped MoS,, it is crucial to evaluate their electromagnetic
performance, particularly in terms of microwave
absorption. Vibrating sample magnetometry (VSM)
results provide useful context for correlating magnetic
parameters with absorption behavior, but direct
verification requires vector network analyzer (VNA)
measurements of frequency-dependent electromagnetic
parameters. Therefore, the reflection loss and
electromagnetic response of the samples were investigated
using a VNA to assess their potential as promising
microwave absorbing materials.

Microwave Absorption Properties

Reflection loss (RL) analysis was conducted to
evaluate the microwave absorption capability of Ni-doped

10+ (b)

M (ermufgram)

T T T
-10000 -5000 0 5000 10000

(d)

M (emufgram)

T T T T
-10000 -5000 0 5000 10000
H (Oe)

M (emu/gram)

T T T T
-10000 -5000 0 5000 10000
H (Ce)

Fig. 4. Room-temperature hysteresis loops of Ni-doped MoS, samples with varying Ni concentrations (0—4 at%).
Progressive changes in magnetization with increasing Ni content highlight the influence of Ni incorporation on the
magnetic response.
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MoS,. Figure 5 and Table 5 present the RL values of
MoS, powders with different Ni concentrations (0, 2, 3,
and 4 at%) measured at a thickness of 1.5 mm within the
frequency range of 8—12 GHz. These results provide direct
insight into the influence of Ni incorporation on the
electromagnetic response of MoS,, highlighting the role
of doping concentration in modulating absorption
performance.

0 at% Ni
2 at% Ni
3 at% Ni
4 at% Ni

-20 4 I 4

Reflection loss (dB)

-25 S

30 4——a———a ]——7
8.0 8.5 9.0 95 10.0 10.5 11.0 115 120

Frequency (GHz)
Fig. 1. Reflection loss (RL) curves of Ni-doped MoS,
samples (0—4 at%) measured at 1.5 mm thickness in the 8-
12 GHz range. The variation in RL with Ni concentration
illustrates the role of Ni incorporation in enhancing
microwave absorption.

Figure 5 illustrates that Ni incorporation exerts a
pronounced effect on the microwave absorption behavior
of MoS,. Relative to the pristine sample, Ni-doped
specimens display superior attenuation, reflected in higher
maximum reflection loss (RL) values and broader
effective bandwidths. With increasing Ni concentration,
RL progressively improves, and more frequency points
exceed the —10 dB criterion. The best performance is
observed at 4 at% Ni, achieving a maximum RL of
—27.91 dB (=99.84% absorption efficiency) at 10.60 GHz,
together with an effective bandwidth of 0.64 GHz
spanning 10.30-10.94 GHz.

The microwave absorption behavior is closely
correlated with the magnetic properties of the samples.
The most favorable magnetic parameters for magnetic
absorbing materials (MAMSs) were obtained at 4 at% Ni
doping, which exhibited the highest saturation
magnetization (M; = 1.101 emu/g) and the lowest
coercivity (He = 830 Oe). These magnetic characteristics
directly contribute to the enhanced microwave absorption,

as reflected by the highest RL value and the broadest
effective bandwidth observed at this doping level. This
correlation confirms that the improvement in magnetic
properties plays a decisive role in modulating the
microwave absorption performance of Ni-doped MoS,.

Taken together, the structural, morphological,
compositional, and magnetic analyses consistently
demonstrate that Ni doping effectively tailors the
properties of MoS, for microwave absorption
applications. XRD results confirmed lattice distortions
and reduced crystallite size upon Ni incorporation, while
SEM revealed hierarchical nanosheet-flower
morphologies that promote multiple scattering of incident
microwaves. EDS verified the successful incorporation of
Ni without impurities, ensuring compositional accuracy.
VSM analysis established the enhancement of magnetic
parameters, particularly at 4 at% doping, which directly
translated into  superior microwave  absorption
performance as validated by VNA measurements.

Overall, this study highlights the synergistic effect of
Ni doping on both magnetic and -electromagnetic
properties of MoS,. The optimized sample at 4 at% Ni
doping exhibited the best balance of high saturation
magnetization, low coercivity, and strong microwave
attenuation, achieving nearly complete absorption
efficiency at specific frequencies. These findings not only
confirm the potential of Ni-doped MoS, as a promising
candidate for magnetic absorbing materials but also
provide a comprehensive understanding of the structure—
property—performance relationship, offering valuable
guidance for the design of next-generation microwave
absorbers.

To  benchmark the microwave absorption
performance obtained in this study, recent reports on
MoS,-based absorbers are summarized in Table 6. Several
studies have demonstrated that interface engineering and
compositional modification can significantly enhance
absorption properties, achieving RL values below —50 dB
with wide effective bandwidths. In comparison, the Ni-
doped MoS, synthesized here achieved a maximum RL of
—27.91 dB at 10.60 GHz with an effective bandwidth of
0.64 GHz, confirming competitive performance while
maintaining a simple and reproducible hydrothermal
synthesis route.

This comparison highlights both the effectiveness of
Ni doping and the opportunities for further improvement
through multi-interface design strategies.

Compared to recent MoS,-based composites that
achieved RL values below —50 dB, the Ni-doped MoS,

Table 5.

Reflection loss (RL) data of Ni-doped MoS, samples (0—4 at%) measured at 1.5 mm thickness in the 8—12 GHz
range. The values reveal the effect of Ni incorporation on microwave absorption, with enhanced attenuation
observed at higher doping levels.

Ni- RLmax Freq. Bandwidth Freq. range Absorption
doped (dB) (GHz) (GHz) (GHz) efficiency (%)
0 at% -21.17 10.40 0.16 10.32 —10.48 99.24
2 at% -22.08 10.42 0.2 10.32 — 10.52 99.38
3 at% -11.78 8.26 0.1 8.20 —8.30 93.36

-24.91 10.40 0.48 10.24 — 10.72 99.68
4 at% -10.23 8.22 0.04 8.20 — 8.24 90.52
-27.91 10.60 0.64 10.30 — 10.94 99.84
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Table 6.
Comparison of microwave absorption performance (RL values and bandwidth) of MoS,-based
absorbers reported in recent literature and the present work.
. thickness | RLmax | Freq. Bandwidth Freq. range Absorption
Materials (mm) (dB) | (GHz) | (GHz) (GHz) efficiency (%) | R°F
Ni-doped MoS> 1.5 -27.91 10.60 0.64 10.30 — 10.94 99.84 le;g;i
MoS,/BN 4 -32.21 - 8.68 9.32 - 18.00 - [33]
MoSy/ p"llfhersulf" 045 | 9532 | 21.28 7.61 - - [34]
MoS,/carbon 1.5 -41.60 8.96 4.32 - - [35]
Fe-doped MoS, 1.61 -60.60 - 5.1 - - [36]
V-doped MoS; 1.78 -32.24 4.40 99.9 [37]
Morphology-tuned
MoS, -21.77 9.6 - - - [38]
nanostructures
synthesized in this work demonstrates competitive effective bandwidth of 0.64 GHz.
absorption performance while maintaining a simple Overall, the results highlight the synergistic role of Ni
hydrothermal route, confirming its promise as a doping in tailoring both magnetic and electromagnetic
reproducible microwave absorber. properties of MoS,. The optimized 4 at% Ni-doped MoS,

sample exhibited the best balance of structural integrity,

. magnetic enhancement, and microwave attenuation,
Conclusions confirming its promise as a magnetic absorbing material.
These findings provide valuable insights into the

In this study, Ni-doped MoS, was successfully  structure—property—performance relationship of doped

synthesized and comprehensively characterized to assess transition metal dichalcogenides, offering a solid
its potential as a microwave-absorbing material. Structural foundation for the rational design of next-generation
analysis confirmed lattice distortions and a reduction in microwave absorbers.

crystallite size upon Ni incorporation, while SEM
revealed hierarchical nanosheet-flower morphologies that R.N. Akhadi — Undergraduate student, Department of

promote multiple scattering of incident microwaves. EDS Physics, University of Indonesia;
verified the successful incorporation of Ni without B. Kurniawan — Dr., Associate Professor, Department of
impurities, ensuring compositional accuracy. VSM Physics, University of Indonesia;
analysis demonstrated enhanced magnetic properties, S.A. Saptari — Dr., Associate Professor, Physics

particularly at 4% Ni doping, which exhibited the highest Department, Faculty of Science and Technology, UIN
saturation magnetization and the lowest coercivity. VNA Syarif Hidayatullah Jakarta.
measurements further validated the superior microwave
absorption performance of the 4 at% Ni-doped sample,
achieving a maximum reflection loss of —27.91 dB
(99.84% absorption efficiency) at 10.60 GHz with an
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P.H. Axani', b. Kypniasan', C.A. Canrapi?

KepyBaHHS eJIeKTPOMATHITHUM BiAryKoM MoS: mujisgsxom
JeryBaHHs Ni 1Jifl NepCNeKTUBHUX NMOTJIMHAYIB MIKPOXBHJIbOBOIO
BHUIIPOMiHIOBAHHA

1 Kagheopa ¢izuxu, Yuisepcumem Inoonesii, /lenok, 3axiona Hea, [noonesis;
2 Kagpeopa gizuxu, @axynomem nayku i mexrnonozii, [epocasnuii icnamcoruil ynicepcumem imeni Hlapigha Xioasmynnu 6
JDicaxapmi, ITieoennuti Taneepane, banmen, Inoonesis, sitti.ahmiatri@uinjkt.ac.id

JleryBaHHS mepexiTHUMH MeTajJaMH € MEPCIEKTHBHUM IiAXOAOM IO MOKPAIIEHHS 3[aTHOCTI LIapyBaTHX
MaTepiayliB IOTIMHATH MIKPOXBHJIHOBE BHIIPOMIHIOBaHHSA. Y i poOoTi HAaHOCTPYKTYpH MoS:, ierosani Ni 3
pizHolo KoHmeHTpauielo (0—4 ar.%), OyJo CHHTE30BaHO TiJPOTEPMANbHUM METOJIOM MO CHCTEMAaTHYHOTO
JOCHI/DKEHHST BIUIMBY BBeleHHS Ni Ha CTPYKTYpHI, MarHiTHI Ta €JIeKTPOMArHiTHI BIACTHBOCTI. X-IPOMEHEBUI
crpykrypHuii ananiz (XRD) minreepaus, mo seryBanHs Ni 30epirae rekcaroHainbHy (a3zy MoS., BomHO9ac
COPUYMHIIOYM CTUCKAHHS KPHUCTANIYHOI IpaTKH Ta 3MEHIIEHHS po3Mipy KpucraniTie. CEM-mocmimkeHHs
MoKasayy, o 31 30inpmeHHsAM BMicTy Ni (opMyroTbCcs Nenaii LIUIBHII arlioMepoBaHi CTPYKTYypH THITY
«HAHOJIMCTOK - KBITKa», IO CBIAYUTH MPO IHTEHCH(QIKAIiI0 MPOIECIB 3apOAKOYTBOPEHHS Ta POCTY KPHCTAIB.
BuwmiproBanHs MeTonoM BiOpamiiiHOi MaraiToMeTpii (VSM) mpomeMoHCTpyBaii, 1o JieryBaHHS Ni CYTTEBO
MOKpally€e MarHiTHI BIacTUBOCTI. 3pa3ok i3 BMicToM Ni 4 ar.% XapakTepu3yBaBcs HalO1IBIIOI HAMarHi4eHiCTIO
nacuuenHs (1,101 emo/r) Ta HaliMeHIow0 KoepuUTHBHOK criioo (830 E), 110 € XxapakTepHUM 1Sl MATHITOM IKOT
(epomarniTHOT MOBeMiHKH. JIOCHIIKEHHSI MOTIIMHAHHS MIiKPOXBHJILOBOTO BHUIIPOMIHIOBaHHS B X-Jiama3oHi (8—
12 T'Tu) nokasanu, mo yeryBanHs Ni CyTTEBO 30ijbllIye BTPAaTH Ha BiJOUTTS Ta PO3LIMPIOE ePEKTUBHY CMYTY
nornuHaHHS. ONTHMAaNbHI XapaKTePUCTUKH OTPUMAHO 3a BMicTy 4 ar.% Ni: MakcuManbHi BTpaTu Ha BigOUTTS
cranoBwn —27,91 nb (o Biamorimae mornmuHaHHIO NpubIM3HO 99,84 %) Ha yactoti 10,60 I'Tn, a edekTuBHA
mpuHa cmyru — 0,64 TTu. Otpumani pe3ynbTaTé cBig4aTh Opo Te, 1o JeryBaHHs Ni € eeKTHBHUM CIIOCOO0M
KepyBaHHs EJIIeKTPOMATrHITHUM BiATYKOM MoS: Ta JEMOHCTPYIOTh 3HAUHHH IOTEHLIaJl IbOTO MaTrepiamy Uit
3aCTOCYBaHHSI B TEXHOJIOTISAX paliosoKariifHol ManonomiTHOCTI (stealth) i s ekpaHyBaHHS eIEKTPOMAarHiTHUX
3aBan (EMI).

Koro4oBi ci1oBa: mormmMHaHHS MiKpOXBHJIBOBOTO BHIIPOMiHIOBaHHS; M0S:, ieroBanuii Ni; rinpoTepmanbHuUi
CHHTE3; MarHiTHI BIACTUBOCTI; BTPATH HA BiAOUTTS.
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