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RF MAGNETRON SPUTTERED WS, THIN FILMS
ON TI AND TI/CNWS SUBSTRATES: STRUCTURAL
CHARACTERIZATION AND HER PERFORMANCE

Abstract

Hydrogen evolution reaction (HER) electrocatalysts based on earth-abundant materials are promising
alternatives to noble metal catalysts. In this work, WS, thin films were deposited on titanium substrates by RF
magnetron sputtering with deposition times ranging from 30 to 120 min to investigate the influence of film thickness
on structural and electrochemical properties. In addition, Ti/CNWs/WS, composite electrodes were fabricated by
combining vertically aligned carbon nanowalls (CNWs) with a WS, catalytic layer. Raman spectroscopy confirmed
the successful formation of multilayer WS, films. Electrochemical measurements revealed that HER performance
strongly depends on the WS, deposition time. Among the investigated samples, the Ti/WS, electrode prepared
with a deposition time of 90 min exhibited the highest catalytic activity, delivering an overpotential of 294 mV
at 10 mA cm™ and the lowest charge transfer resistance (R = 15.9 Ohm) within the Ti/WS, series. Following
electrochemical activation, the overpotential further decreased to 144 mV. Electrochemical impedance spectroscopy
(EIS) showed that the incorporation of CNWs significantly enhanced charge-transfer kinetics, reducing the R  to 3.7
Ohm. However, despite the improved electron transport, the T/CNWs/WS, electrode did not outperform Ti/WS in
HER activity, indicating that catalytic performance depends not only on charge-transfer properties but also on the
density and accessibility of active sites. These findings highlight the importance of optimizing WS, film thickness
and electrode architecture for efficient hydrogen production.

Keywords: hydrogen evolution reaction, tungsten disulfide, RF magnetron sputtering, carbon nanowalls,
electrocatalysis, electrochemical impedance spectroscopy.
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Introduction

The increasing global energy demand and worsening environmental conditions require the
development of sustainable and environmentally friendly energy sources. Conventional fossil fuels
are major contributors to greenhouse gas emissions and climate change. Therefore, significant
attention is being focused on low-carbon energy technologies, where hydrogen is considered one of
the most promising and clean energy carriers [1-3].

Hydrogen is considered a highly promising energy carrier because of its high energy efficiency,
environmental compatibility, and availability from diverse feedstocks. In electrochemical
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energy systems, its utilization produces water as the main reaction product, minimizing harmful
environmental impact. Water electrolysis is one of the most attractive approaches for sustainable
hydrogen generation [4—6]. The efficiency of this technology is mainly governed by the HER, which
strongly depends on the electrocatalytic performance of the electrode materials.

Precious metal-based materials, particularly platinum catalysts, are currently considered the
benchmark electrocatalysts for the HER due to their excellent catalytic activity and low overpotential.
However, the large-scale application of these materials is restricted by their high cost, limited
availability, and poor economic feasibility for industrial use. Therefore, significant research efforts
are focused on the development of low-cost and earth-abundant alternatives capable of providing
high catalytic performance, long-term stability, and efficient hydrogen production [7, 8]. Layered
transition metal dichalcogenides (TMDs) [9], such as MoS, and WS, are widely investigated as
promising electrocatalysts for the HER in acidic media [10—13]. Their layered structure and tunable
electronic properties enable the formation of numerous catalytically active sites, making these
materials attractive for efficient hydrogen production. In these materials, the HER mainly occurs at
the edge regions containing sulfur or metal atoms. In addition to crystalline TMDs, amorphous forms
have also attracted considerable interest because their disordered structure can provide enhanced
electrocatalytic activity and improved reaction performance.

Enhancement of the catalytic activity of WS, toward the HER is generally achieved through two
main approaches: increasing the number of catalytically active sites and improving charge transfer
within the material. To maximize the density of active sites, various structural engineering strategies
have been employed to fabricate nanostructures with a highly developed surface area and abundant
exposed edge regions. In particular, loosely stacked WS, nanosheets [14, 15], nanoflakes [16, 17],
and WS, /WO, heterostructures [18-20] have been synthesized in different studies, providing a high
density of active sites and improved electrolyte accessibility to the catalyst surface. Another important
strategy involves enhancing the electrical conductivity of WS , since its semiconducting nature limits
electron transport during HER. Various approaches, including doping and the formation of composite
structures, have been explored to overcome this limitation. For example, nitrogen doping has been
shown to improve the intrinsic conductivity of WS, [21, 22], while integration with conductive
graphene networks significantly accelerates charge transfer kinetics [23, 24]. In addition, flower-
like WS, nanostructures [25, 26] demonstrated enhanced electrocatalytic performance and high
stability in acidic media due to their defect-rich structure and large accessible surface area. Several
studies [27-29] have also reported the deposition of WS, coatings by RF magnetron sputtering,
which enables control of film morphology through adjustment of deposition parameters and allows
observation of the transition from two-dimensional to three-dimensional structures. However,
the influence of the thickness of RF-sputtered WS, films on the electrochemical properties of the
electrodes remains insufficiently investigated.

Among carbon-based materials, carbon nanowalls (CNWs) have attracted considerable interest
as promising conductive frameworks for electrochemical and electrocatalytic applications. CNWs
consist of vertically aligned, interconnected graphitic nanosheets, forming an open and accessible
architecture with a high density of exposed edges and defect sites. These structural features provide
favorable conditions for electrolyte diffusion and increase the accessibility of surface sites, while the
graphitic framework facilitates efficient electronic transport. Owing to their distinctive morphology
and electrical properties, CNWs have been explored in a variety of energy-related and electrochemical
applications, including supercapacitors, batteries, sensors, fuel cells, and electrocatalytic
systems [30-33]. In HER electrocatalysis, CNWs can serve as conductive supports for transition
metal based catalytic materials, providing an interconnected pathway for electron transport and a high
surface area platform for catalyst deposition. Such a carbon framework can enhance the utilization
of the active catalytic phase and facilitate electrolyte access to the electrode surface. In the present
study, CNWs were employed as a conductive scaffold for WS, to improve interfacial charge transfer,
increase the accessible surface area, and promote effective contact between the electrolyte and the
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catalytic layer. The resulting Ti/CNWs/WS, architecture was investigated as a potential electrode
configuration for enhancing the electrochemical performance toward the HER.

Therefore, the present work focuses on investigating the effect of WS, deposition time by RF
magnetron sputtering on the structural and electrochemical properties of Ti/WS, and Ti/CNWs/WS,
electrodes. RF magnetron sputtering offers several advantages, including low cost, ease of operation,
high deposition rate, and scalability. Since deposition parameters strongly affect the morphology,
conductivity, and catalytic activity of the coatings, their optimization is essential for the development
of efficient electrodes for the HER.

Materials and methods

WS, thin films were deposited onto titanium foil substrates (Ti, 99.9% purity, 50 um thickness)
by RF magnetron sputtering using a HEX-L system (Korvus Technology), following a previously
reported procedure [34]. Prior to RF magnetron sputtering, the titanium foils were cleaned by
sequential ultrasonic treatment in acetone and isopropanol for 10 min each. This procedure was
used to eliminate organic contaminants and residual impurities from the substrate surface. Following
cleaning, the foils were rinsed thoroughly with distilled water, dried, and subsequently introduced into
the sputtering chamber. A high-purity WS, target (99.9%, Kurt J. Lesker Company) was employed
as the sputtering source. The deposition was carried out in an argon atmosphere with a gas flow rate
of 30 sccm and a working pressure of 8.5 mTorr. The RF power was maintained at 65 W. During
deposition, the substrates were heated to 250 °C and continuously rotated at 10 rpm to ensure uniform
film growth. The film thickness was controlled by varying the deposition time from 30 to 120 min
with a 30 min interval. Under these conditions, the deposition rate was approximately 0.24 A s™'.

Ti/CNWs/WS, electrodes were fabricated through a two-step process. First, vertically aligned
CNWs were synthesized on titanium foil by capacitively coupled plasma-enhanced chemical
vapor deposition (CCP-PECVD) according to the procedure described in our previous work
[35]. Subsequently, WS, films were deposited onto the CNW coated substrates by RF magnetron
sputtering under the same deposition conditions. As a result, a series of Ti/WS, and T/CNWs/WS,
electrodes with different WS, thicknesses was obtained to investigate the effect of deposition time on
the structural and electrocatalytic properties of the electrodes.

The surface morphology of the samples was characterized using a scanning electron microscope
(SEM, JSM-IT210, JEOL, Japan). The structural and vibrational properties of the synthesized
materials were examined by Raman spectroscopy using a Solver Spectrum NT-MDT system equipped
with a 473 nm excitation laser.

Electrochemical characterization was performed at room temperature using a Metrohm
potentiostat in a conventional three-electrode configuration. An Ag/AgCl electrode containing 3 M
KCl served as the reference electrode, while a platinum mesh was used as the counter electrode. The
prepared Ti/WS, and Ti/CNWs/WS, samples were employed as working electrodes. All measured
potentials were converted to the reversible hydrogen electrode (RHE) scale according to the Nernst
equation. The electrocatalytic performance toward the HER was evaluated by cyclic voltammetry
(CV) and linear sweep voltammetry (LSV) in 0.5 M H_ SO, (pH = 0.71). Measurements were carried
out over a potential range from 0.2 to -0.36 V versus RHE at a scan rate of 10 mV s™'. The geometric
surface area of each working electrode was 1 cm?. Electrochemical activation was performed by CV
in the potential range from 0.20 to -0.36 V at a scan rate of 50 mV s™! for 50 cycles. EIS measurements
were conducted at -0.23 V versus RHE over a frequency range from 100 kHz to 0.1 Hz using an AC
perturbation amplitude of 10 mV. The R  was determined by fitting the experimental Nyquist plots.

Results and discussion

SEM images of the TI/CNWs and Ti/CNWs/WS, electrodes after 90 min of WS, deposition are
shown in Figure la,b, respectively. The Ti/CNWs electrode exhibits a dense network of vertically
oriented and interconnected carbon nanowalls, resulting in a rough and highly textured surface. The
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open structure of the CNW network provides a large accessible surface area and serves as an effective
scaffold for the subsequent deposition of the WS, catalytic layer. After 90 min of WS, deposition,
the surface morphology of the Ti/CNWs/WS, electrode changes noticeably. The surface appears
more textured and relatively uniformly covered, while the characteristic vertically oriented CNW
framework remains distinguishable. These morphological features suggest the successful formation
and deposition of a WS, layer over the CNW network.

500 nm' |

Figure 1 — SEM surface images of (a) Ti/CNWs
and (b) TI/CNWs/WS, electrodes with a WS, deposition time of 90 min

Figure 2a,b presents the Raman spectra of Ti/WS, electrodes deposited for different sputtering
times (30-120 min) and Ti/CNWs/WS, electrode. For all Ti/WS, samples, characteristic Raman peaks
located at approximately 351.4 cm™ and 417.1 cm™! were observed, corresponding to the El2g and A,
vibrational modes, respectively [36, 37]. The E! ,; mode is associated with the in-plane vibrations of
W and S atoms, whereas the A, mode originates from the out-of-plane vibrations of sulfur atoms
perpendicular to the WS, layers. The frequency difference between these two modes is 65.7 cm
', which is characteristic of multilayer WS, structures and is in good agreement with previously
reported values for WS, thin films [38].

In addition to the characteristic WS, modes, weak Raman bands were detected at approximately
520.1 cm™ and 560.4 cm™. These peaks may be attributed to tungsten oxide species (WO, ) formed
due to partial surface oxidation of WS, upon exposure to air, or to second-order Raman scattering
processes [39,40]. The relatively low intensity of these bands indicates that WS, remains the dominant
phase in the deposited films. No additional impurity related peaks were observed, confirming the
successful formation of WS, films on titanium substrates by magnetron sputtering and indicating the
high phase purity of the deposited coatings.
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Figure 2 — Raman spectra of Ti/WS, and TI/CNWs/WS electrodes:
(a) effect of WS, deposition time on the structure of Ti/WS, films;

(b) comparison of Ti/WS,, T/CNWs, and Ti/CNWs/WS electrodes
with a WS deposition time of 90 min
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A noticeable modification of the Raman spectrum was observed for the Ti/CNWs/WS, electrode
(Figure 2b). The characteristic WS, modes were shifted to 333.8 cm™ and 452.3 cm™ compared to
those of the Ti/WS, samples. Such shifts may be attributed to interfacial interactions between WS,
and CNWs, which can affect the local crystal structure and vibrational properties of the material. The
substantial shift of the high-frequency mode toward higher wavenumbers suggests possible changes
in the local bonding environment of sulfur atoms, as well as charge redistribution at the CNWs/WS,
interface.

The Raman spectra of the Ti/CNWs and Ti/CNWs/WS, electrodes exhibit characteristic bands
associated with graphitized carbon materials. The D band, located at approximately 1364.7 cm™, is
attributed to structural defects, vacancies, crystallite boundaries, and edge sites within the carbon
lattice. The G band at 1585.4 cm™ corresponds to the vibrational mode of sp?-hybridized carbon
atoms and indicates the formation of a graphitic structure [41, 42]. The D' band observed at around
1621.4 cm! is also related to defects in the sp? carbon network and reflects the presence of structural
disorder. The 2D band at 2728.1 cm™! represents the second-order overtone of the D band and is
a characteristic feature of graphene-like carbon structures. In addition, the D+G band located at
approximately 2963.1 cm™ originates from two-phonon scattering processes and is commonly
observed in defective graphitized carbon materials. The [ /I ; ratio increased from 1.09 for Ti/CNWs
to 1.37 after the deposition of WS.. This increase indicates a higher degree of structural disorder and
a greater contribution of defect-related sites in the carbon framework. The observed change in the
Raman response suggests that the formation of the WS, layer affects the local structural environment
of the CNWs.

The electrocatalytic activity of the fabricated electrodes toward the HER was investigated by CV
and LSV. The obtained results are presented in Figure 3a,b.

Analysis of the CV curves (Figure 3a) reveals that all Ti/WS, electrodes exhibit significantly
higher cathodic current densities compared to the bare Ti substrate, unambiguously confirming
the catalytic contribution of the deposited WS, layer to the HER process. The observed systematic
increase in cathodic current density with increasing deposition time from 30 to 90 min indicates
a progressive enhancement in the concentration of electrochemically active sites responsible for
proton adsorption and reduction. The Ti/WS, (90 min) electrode demonstrates the highest cathodic
current density among the entire series of investigated samples, reflecting the most favorable HER
kinetics and superior catalytic activity.
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Figure 3 — Electrochemical characterization of Ti/WS,
electrodes prepared with different WS, deposition times (30-120 min):
(a) CV and (b) LSV curves

However, a further increase in deposition time to 120 min results in a decrease in cathodic
current density, which may be attributed to the formation of an excessively thick catalytic film that
impedes interfacial charge transfer and restricts the accessibility of catalytically active edge sites of
WS, to the reactants.
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The LSV results (Figure 3b) are consistent with the CV data and further corroborate the
electrocatalytic performance of the Ti/WS, (90 min) electrode. The overpotential required to achieve
a current density of 10 mA-cm? for this electrode was determined to be 294 mV, representing the
lowest value among all investigated Ti/WS, samples and confirming its enhanced HER activity. The
improved electrocatalytic performance of the Ti/WS, (90 min) electrode can be rationalized by the
optimal catalytic film thickness, which provides the maximum number of accessible active sites
while simultaneously maintaining efficient electron transport within the catalyst layer and Ti. Taken
together, the electrochemical measurements demonstrate that the HER catalytic activity of Ti/WS,
electrodes is governed by the WS, deposition time, with 90 min representing the optimal deposition
duration within the scope of the present study.

The charge transfer kinetics at the electrode/electrolyte interface were investigated by EIS at an
applied potential of -0.23 V. The Nyquist plots are presented in Figure 4. The EIS spectra were fitted
using an R ~(R_||CPE) equivalent circuit.
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Figure 4 — Nyquist plots of Ti and Ti/WS, electrodes prepared with different WS,
deposition times (30-120 min), recorded in 0.5 M H, SO, at -0.23 V vs. RHE,
the solid lines represent the fitted curves

The obtained R values decrease monotonically with increasing deposition time from 30 to
90 min (78.2-15.9 Ohm), followed by a slight increase to 18.9 Ohm for the 120 min sample. The
bare Ti substrate yielded an R | value of 21.2 Ohm. The markedly elevated R , observed for the Ti/
WS, (30 min) electrode is indicative of incomplete surface coverage and an insufficient density of
active catalytic sites at the early stage of deposition. The progressive decrease in R  with increasing
deposition time up to 90 min reflects the formation of a continuous, highly conductive WS, layer
with an enhanced density of active sites. The moderate increase in R  for the 120 min sample relative
to the optimal 90 min electrode may be attributed to excessive film thickness, which restricts electron
transport through the catalyst layer and reduces the accessibility of the active edge sites of WS,

The minimum R  value of 15.9 Ohm recorded for the Ti/WS, (90 min) electrode is consistent
with its superior performance in CV and LSV measurements, confirming that a deposition time of 90
min represents the optimal condition, providing the most favorable balance among film thickness,
electrical conductivity, and active site density.

Based on the optimal WS, deposition time of 90 min established for the Ti/WS, series, the same
deposition duration was employed for the fabrication of the T/CNWs/WS, composite electrode. The
introduction of an intermediate CNWs layer between the Ti substrate and the WS, catalytic layer was
intended to increase the effective surface area and provide a conductive network facilitating charge
transport.

The electrocatalytic performance of the Ti/CNWs/WS, electrode was evaluated in comparison
with the optimized Ti/WS, electrode and the bare Ti substrate using CV and LSV before and after
electrochemical activation. The corresponding results are presented in Figure 5a,b.
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Figure 5 — Electrochemical characterization of Ti, Ti/WS , and Ti/CNWs/WS, electrodes:
(a) CV and (b) LSV curves

The CV curves (Figure 5a) reveal that the Ti/WS, electrode exhibits the highest cathodic
current density among all investigated samples, whereas the T/CNWs/WS electrode shows a less
pronounced cathodic response. This observation suggests that direct deposition of WS, onto the Ti
substrate results in a higher density of electrochemically accessible active sites compared to the
CNWs based architecture.

The LSV curves recorded before and after electrochemical activation (Figure 5b) demonstrate a
significant improvement in HER performance for all electrodes following the activation procedure.
For the Ti/WS, electrode, the overpotential required to achieve a current density of 10 mA cm™
decreases from 314 to 144 mV after activation, representing the best performance among the
investigated samples. The enhanced activity is attributed to electrochemical surface restructuring
of WS, removal of surface contaminants, and increased accessibility of catalytically active sites.
In contrast, the bare Ti substrate exhibits negligible HER activity both before and after activation,
confirming that the observed catalytic performance originates from the WS layer.

To further evaluate the HER kinetics, Tafel plots were derived from the LSV polarization curves
recorded after electrochemical activation (Figure 6a). The Tafel slopes of Ti, Ti/WS,, and Ti/CNWs/
WS, were 207.6, 59.4, and 125.7 mV/dec, respectively. Among the investigated electrodes, Ti/WS,
exhibited the lowest Tafel slope, indicating the most favorable HER kinetics. Although Ti/CNWs/
WS, showed significantly lower charge transfer resistance, its higher Tafel slope suggests slower
reaction kinetics. This indicates that HER performance depends not only on charge transfer efficiency
but also on the number and accessibility of catalytically active sites. The high Tafel slope of the bare
Ti substrate confirms its poor intrinsic HER activity.

The charge transfer kinetics of Ti, Ti/WS,, and Ti/CNWs/WS, electrodes were further
investigated by EIS, and the corresponding Nyquist plots are presented in Figure 6b. The R | values
were determined to be 21.2 Ohm for bare Ti, 15.8 Ohm for Ti/WS , and 3.7 Ohm for T/CNWs/WS,.

The lowest R value obtained for Ti/CNWs/WS, indicates substantially enhanced interfacial
charge transfer kinetics. Compared with Ti/WS, and bare Ti, the R | decreases by factors of 4.3 and
5.7, respectively. This improvement can be attributed to the highly conductive CNWs network, which
provides efficient electron transport pathways between the Ti substrate and the WS, catalytic layer.

Despite exhibiting the lowest R  value, the TI/CNWs/WS, electrode does not outperform Ti/WS,
in terms of cathodic current density and HER overpotential. This result indicates that HER activity is
governed not only by charge transfer kinetics but also by the density and accessibility of catalytically
active sites. The presence of the CNWs interlayer may influence the morphology and distribution
of the deposited WS, thereby reducing the number of exposed edge sites known to be responsible
for HER activity. Furthermore, the three-dimensional CNWs architecture may introduce additional
proton diffusion limitations within the catalytic layer. Consequently, although the CNWs interlayer
significantly improves electron transport, these factors limit the overall electrocatalytic performance
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of the Ti/CNWs/WS, electrode. Further optimization of CNWs morphology and WS, deposition
conditions may enable more effective utilization of the advantages offered by this hybrid electrode
architecture.
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Figure 6 — (a) Tafel slope of Ti, Ti/WS,, and T/CNWs/WS electrodes;
(b) Nyquist plots of Ti, Ti/WS,, and Ti/CNWs/WS electrodes
recorded in 0.5 M H,SO, at -0.23 V vs. RHE, the solid lines represent the fitted curves
Conclusion

WS, thin-film electrocatalysts were successfully fabricated on titanium substrates by RF
magnetron sputtering with deposition times ranging from 30 to 120 min. Raman spectroscopy
confirmed the formation of multilayer WS, coatings with characteristic E', and A vibrational
modes. The electrocatalytic performance toward the HER was found to be strongly dependent on the
deposition time. Among the investigated samples, the Ti/WS, electrode prepared with a deposition
time of 90 min exhibited the best HER performance, characterized by the highest cathodic current
density, the lowest overpotential of 294 mV at 10 mA cm?, and the minimum R of 15.9 Ohm within
the Ti/WS, series. Electrochemical activation further improved the catalytic activity, reducing the
overpotential to 144 mV.

The incorporation of a carbon nanowall interlayer resulted in a significant decrease in R  to 3.7
Ohm, demonstrating the beneficial role of CNWs in facilitating electron transport. Nevertheless, the
Ti/CNWs/WS, electrode showed lower HER activity than the optimized Ti/WS, electrode, indicating
that enhanced electrical conductivity alone is insufficient to maximize catalytic performance. The
results suggest that the density and accessibility of catalytically active WS, edge sites play a dominant
role in determining HER activity.

Overall, the study demonstrates that RF magnetron sputtering is an effective method for the
fabrication of WS, based HER electrocatalysts and highlights the importance of optimizing film
thickness and electrode architecture. These findings provide useful guidelines for the development
of efficient, low-cost, and scalable WS, based electrodes for sustainable hydrogen production.
Future work will involve systematic optimization of the CNWs height to determine its effect on the
electrochemical and electrocatalytic performance of TI/CNWs/WS electrodes.

Information on funding. This research has been funded by the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. BR28712419).
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Ti )KOHE Ti/KHK TOCEMJIEPIHIE RF MATHETPOHIbI IHAIIIBIPATY
APKBUIbI AJIBIHFAH WS, 5KYKA KABBIKIIIAJIAPBI:
KYPBUIBIM/JBIK CUITATTAMA KYOHE CBP OHIMAIJIIT'T

Angarna

JKep KpIpTHICBIHIA MOJI TapajfaH MaTepuaiapra Heri3aeireH cyreri oeminy peakuusacsiabiH (CBP) anekrpo-
KaTaJn3aTopJiapbl achll METAJUI KaTaJln3aropiapblHa IEepCHeKTuBTI Oanama caHanmaabl. by sywmbicTa KaObIKIIa
KaJIBIHJIBIFBIHBIH  KYPBUIBIMJIBIK JKOHE SJICKTPOXUMHUSIIBIK KAacHETTepre acepiH 3eprrey MakcarbiHaa WS: xkyka
kaObIKmanapsl RF MaraeTponp! mamsipary oiciMeH Tutal tecemaepine 30—120 MUHYT apalbIFbIHIAFB! 9PTYPITL
MIAITBIPATy YaKBITTapBIHAA TYHABIPEUIIEL. COHBIMEH KaTap, TiriHeH OarbITTadFaH KOMIPTEKTI HaHOKaOBIpFaIapabl
(KHK) WS: karanutukainsik KabarsiMeH 0ipiktipy apkbuisl Ti/KHK/W S2 KOMIIO3HTTIK 3JIEKTPpOaTApPhI JailbIH T4 1B,
PamaH CHEKTPOCKONMSCHIHBIH HOTHXKeNepi KomkadarTel WS: KaOBIKIIANApbIHBIH COTTI TY3UITGHIH pacTajpbl.
OnextpoxumMusuiblK omeyiaep CBP enimainirinig WS: TyHIBIPY yaKbITBIHA THIFBI3 OaliIaHBICTBI €KEHIH KOPCETTI.
3eprrenren yaritepaid iminae 90 MUHYT TYHIBIPY yakbIThIMEH AalbiHpanran Ti/WS: a1eKTpoasl eH >KOFapbl
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KaTaJIUTHKAJIBIK OesceHaAuTiK kepcerTi: 10 MA cM 2 TOK THIFBI3IABIFBIHIA aCKbIH KepHey 294 MB-ThI Kypassl, ai
3apsi TackiMasiay keaeprici Ti/WS: cepusiceinaarsl eH ToMeH Monre (Ret = 15,9 Om) keTTi. DIeKTPpOXUMHUSIIBIK
AKTUBTCHAIPYICH KeHiH ackplH KepHey 144 MB-ka nmeitin TeMeHmemi. DIEKTPOXUMISUIBIK WMIICIaHCTHIK
cnexrpockorms (DVIC) KHK enrisy 3apsin TackiManiay KHHETHKACHIH alTapibIKTail skakcapThin, Ret moHiH 3,7
Owm-ra meiiiH TOMEHAETKEHIH KopceTTi. Analifa 31eKTPOH TaChIMAJIBIHEIH jKakcapybiHa KapamacTas, Ti/KHK/WS.
anextponbl CBP Oencenminiri Ooiibiama Ti/W Sz 351eKTpoabIHaH jKOFaphl HOTIIKE KOpCeTeai. byl KaTaaTuTHKaIbIK
OHIMJIUTIKTIH TEK 3apsiJi TachiMajjay KacHeTTepiHe FaHa eMeC, COHBIMEH Karap OeJICEHl OpTaJbIKTapblH
TBIFBI3JIBIFBI MCH KOJDKCTIMIUIITIHE 1€ TOYeNJli CKeHIH KepceTeli. AJIBIHFAH HOTIIKENEp THIMII CYTEeri OHIIpy
yriH WS: KaOBIKIIACHIHBIH KAJBIHIBIFBl MEH JJICKTPOI apXUTEKTypachlH OHTAMIAHABIPYIBIH MAaHBI3IBLIBIFBIH
alKBIHAANIbL.

Tyiiin ce3nep: cyreri OeiiHy peakiuscel, Boabhpam aucyabhuai, RF MarHeTpoOH/IbI MIAIIBIPATY, KOMIPTEKTI
HaHOKaObIpFaiap, 3JCKTPOKATAIIH3, SICKTPOXUMHUSUIIBIK HMITCAAHCThI CIIEKTPOCKOTIHS.
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TOHKHUE IVIEHKHU WS , HAHECEHHBIE HA ITOJUVIO’KKHW Ti U Ti/YHC
METOAOM RF MATHETPOHHOI'O PACIHIBIVIEHUSA: CTPYKTYPHAS
XAPAKTEPU3ALUA U DOPPEKTUBHOCTDb PEAKIIMU BBIAEJEHUS BOJOPOJA

AHHOTALUSA

DNeKTpoKaTaIN3aToOphsl Peakiy BelAeneHus Bomoponaa (PBB) Ha ocHoBe pacmpocTpaHEHHBIX B IPHPOIC
MaTEPHAJIOB SBIIAIOTCS TMEPCIIEKTUBHONW albTEPHATHBOW KaTajau3aTopaM M3 OJaropoAHbIX METaIOB. B maHHOM
pabore ToHkMe MeHKH WS ObLIM HaHECEHb! HA TUTAHOBBIE TIOUIOKKH MeTOIoM RF MarHeTpoHHOro paciblieHus
pu BpeMeHax ocakaeHus oT 30 1o 120 MuH. ¢ 1eIbio UCCIIeA0BAaHMS BIMSHUS TONIIUHBI IVIEHKU Ha CTPYKTYPHBIE
H DJIEKTPOXMMHYECKHE CBOHCTBA. KpoMme Toro, ObLIM M3roTOBIEHB! KOMITO3UTHBIE 31ekTpoabl Ti/YHC/WS, mytem
COYETaHHUs BEPTUKATBLHO OPHEHTHPOBAHHBIX yriiepoaHbix HanocTeHoK (YHC) ¢ karamutnaeckum cinoem WS, Pa-
MaHOBCKasl CIEKTPOCKONHS MOATBEPAMIA YCIIEINHOE (JOPMUPOBAHUE MHOTOCIONHBIX MIIEHOK WS . DieKkTpoxu-
MHYECKHE M3MEPEHHUS TOKa3ald, 4T0 3pdekTuBHOCTE PBB CyIecTBEHHO 3aBUCUT OT BPEMEHH OCa)aAcHHsT WS, .
Cpenu nccnesopansbix 00pasuos snexrpon Ti/WS,, npurotopsienHblii npu BpeMeHn ocaxaenus 90 MuH., 1mpo-
JIEMOHCTPUPOBA HAHOOIBIIYIO KATATUTUUYECKYI0 aKTHBHOCTD: TIEPEHANPSHKEHHE MPHU IIOTHOCTH ToKa 10 MA cm™
coctaBmiio 294 MB, a conpoTHBIIEHHE MEPEHOCY 3aps/ia okasanoch HauMeHbiuM B cepur Ti/WS (R = 15,9 Om).
ITocne >nekTpoXUMHUECKON aKTUBAIMK NEPEHANPSKEHUE JOMOIHUTENBHO CHU3UIOCH 10 144 MB. Dnexkrpoxumu-
yeckas umnenancHas crekrpockonus (DMC) mokazana, uto BBegeHne Y HC 3HAYUTENBHO YITydIIaeT KHHETHKY
nepenoca 3apsna, cumwkas R 10 3,7 Om. Onnako, HECMOTPs Ha yJTyqIIEHHBIN 2JIEKTPOHHBIA TPAHCTIOPT, SIEKTPO
Ti/YHC/WS, ue npepsowen Ti/WS, no akrusHoctd B PBB, uT0 CBUIETENLCTBYET O TOM, YTO KaTaJUTHYECKas
(G PEKTUBHOCTD OIpPEAEIIETCS HE TOJBKO CBOMCTBAMH IIEpEeHOCA 3apsiia, HO M IUIOTHOCTHIO M JIOCTYIMHOCTBIO
aKTHBHBIX IIEHTPOB. lloyueHHble pe3yabTaThl NOAIEPKUBAIOT BAXKHOCTH ONTHMHU3ALMH TOJIIMHEI TIeHKH WS, 1
ApXHUTEKTYPBI 3JEKTpoa I 2P (HEeKTHBHOrO MPON3BOICTBA BOAOPO/IA.

KioueBble ci10Ba: peakiyst BbIJICICHUS BOIOPOa, MUCYIb(u Boabdppama, RF MarueTpoHHOe pacibuieHue,
YIJIEPOHBIE HAHOCTEHKH, 3JIEKTPOKATAIIN3, SJIEKTPOXUMHUIECKAS UMIIEIaHCHAs CIIEKTPOCKOITHSL.
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