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This study comprehensively investigates and compares the effects of Cold Atmospheric Plasma (CAP) treatment as a potential
alternative to thermal annealing on the structural and morphological properties of two distinct thin films: nickel (Ni) and iron oxide
(FexO,), both electrochemically deposited on ITO substrates. Characterization via X-ray diffraction (XRD) and atomic force
microscopy (AFM) revealed that the material's nature dictates its response to post-processing. For nickel, short-duration CAP exposure
(2.5-5 min) optimally enhanced crystallinity and surface smoothness by reducing grain size and roughness, while longer exposures led
to oxidation and increased roughness. Conversely, for iron oxide, even brief CAP treatment initiated a transformation from
monocrystalline to polycrystalline structure, forming a mixture of phases (FesOas, y-Fe:0s). The smoothest iron oxide surface was
achieved after 5-10 minutes of CAP, with excessive exposure (15 min) causing surface damage. Thermal annealing proved superior
for nickel at 200°C, yielding the smallest grains and smoothest surface. However, it was inadequate for optimal iron oxide
crystallization. This work demonstrates that CAP as a fast, energy-efficient alternative to conventional annealing. The optimal
parameters are highly dependent on the material-specific and crucial for tailoring functional coatings in catalysis and sensing.
Keywords: Cold Plasma; DBD; Plasma annealing; Nickel coating; Iron oxide; Hematite; Magnetite
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1 INTRODUCTION

Non-thermal plasma is one of the technologies that has wide applications in industry and medicine, such as
oxidation [1], affection on living tissue [2], and synthesis nanoparticles [3]. Furthermore, the high energy of plasma is
capable of annealing materials through surface treatment. Annealing is a critical process used to enhance the properties
of various materials through controlled heating and cooling [4, 5]. Annealing can lead to a reduction in grain size, improve
crystallinity, hardness, and electrical conductivity [6]. Many annealing techniques have been improved. The thermal
annealing technique is a common method [7] involves heating a material to a specific temperature, maintaining that
temperature for a set duration, and then cooling it [8]. Another method that can be used for annealing is treating with
plasma [9,10]. The physical and chemical properties of materials may be modified by exposure to cold plasma. This
improve wettability in polymers, raising surface energy and altered chemical compositions [11]. Plasma exposure affects
recrystallization behavior by slowing down recrystallization, thus preserving mechanical strength, enhancing activation
of metal surfaces, and altering surface morphology [12]. There are many types of plasma production systems that are used
in annealing material, such as hollow cathode discharge, RF plasma annealing[13], atmospheric pressure plasma jet [ 14].
One of these systems is the dielectric barrier discharge [15], (DBD plasma) can be used in surface annealing [16, 17];
DBD plasma systems typically consist of two electrodes, with at least one covered by a dielectric material. This setup
prevents the formation of a continuous arc and allows for the generation of microdischarges. The dielectric barrier causes
the formation of numerous microdischarges, which are small, transient plasma channels that occur between the electrodes.
These microdischarges are responsible for the generation of reactive species [18]. These species are effective in breaking
down pollutants and sterilizing surfaces [19]. The electrical model of DBD plasma includes components like stray
inductance and air-gap capacitance, which create voltage and current oscillations. These oscillations are damped by
plasma resistance, ensuring a stable and streamer-free plasma discharge. It can operate at atmospheric pressure without
the need of vacuumed system [20] and the low-temperature nature of DBD plasma prevents thermal damage to heat-
sensitive materials [21]. The mechanisms underlying DBD plasma annealing involve interactions between reactive plasma
species (e.g., ions, radicals, and UV photons) and the material surface. These interactions of reactive species lead to new
functional groups (e.g., -COH, —COOH) on the surface, enhancing chemical activity and wettability [22].Plasma
treatment can increase surface roughness, improving mechanical interlocking and adhesion properties [23].

In this work, we compared the conventional technique of annealing based on heating with annealing by DBD plasma
for iron oxide and nickel thin films prepared by electrochemical deposition, and studied their structural characteristics
using X-ray diffraction (XRD) to investigate the crystallinity and phase changes and atomic force microscopy (AFM) to
measure the changes in surface roughness.

Cite as: A. Jumaa, D K. Harfesh, A.N. Yasoob, H.H. Murbat, East Eur. J. Phys. 2, 219 (2026), https://doi.org/10.26565/2312-4334-2026-2-23
© A. Jumaa, D K. Harfesh, A.N. Yasoob, H.H. Murbat, 2026; CC BY 4.0 license


https://doi.org/10.26565/2312-4334-2026-2-23
https://periodicals.karazin.ua/eejp/index
https://portal.issn.org/resource/ISSN/2312-4334
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0148-5500
https://orcid.org/0009-0008-4601-9686
https://orcid.org/0000-0003-0950-7804

220
EEJP. 2 (2026) Aya Jumaa, et al.

2. MATERIALS AND METHODS

A nickel electrolyte solution was prepared by dissolving 1.5 M of Nickel (II) sulfate hexahydrate NiSO4 (H 20)s,
0.3 M of Nickel (IT) chloride (NiCl») and 0.7 M of boric acid (H3;BO3) are added to 25 ml of de-ionized water. The solution
was heated 75°C whiles being stirred with a magnetic stirrer until it had completely dissolved. The pH of the resulting
solution was measured and found to be 4.5.

To prepare iron aqueous electrolytes, 0.5 M ferrous chloride (FeCl2) and 0.4 M boric acid (H3BO3) was made by
dissolving in 100 ml of deionized water at 25°C.The solution was stirred on a magnetic stirrer until all components were
fully dissolved, and the final pH was adjusted to 3.

A simple solution-based method, electrochemical deposition depends on oxidation-reduction reactions within an
electrochemical cell. This cell consists of two electrodes, cathode as the working electrode and the anode as counter
electrode. The chemical reaction occurring at the electrode surface depends on potential difference across these two
electrodes that is controls by the transformation of electrons that drives the chemical reactions at the electrode surfaces.

The cell operated by DC power supply, and the voltage and current flowing between the electrodes control the
chemical processes.

For deposition of nickel, the anode is made of pure nickel (99.9%), and in the case of deposition of iron, the anode
is made of stainless steel. The cathode is a substrate made of indium tin oxide(ITO) on which the electrolyte is deposited.
The nickel electrolyte, prepared in a laboratory and maintained at 75°C, is placed on the heater to keep its temperature at
75°C for deposition on the cathode. Both electrodes are immersed in the electrolyte-filled flask, with a small distance
between them of less than 1 cm. The chemical interaction that achieved efficient deposition began at a voltage (4.5 V)
and current (0.5 A) for 10 seconds of the deposition process.

During iron oxide deposition, the stainless-steel electrode is reached to the positive terminal of power supply and
make it anode, and the (ITO) substrate reached to negative terminal of power supply serving as a cathode. Both electrodes
are immersed in the electrolyte solution at room temperature. The chemical interaction that achieved efficient deposition
began at a voltage (10 V) and current (0.5 A) for 5 seconds, the electrolyte deposited homogenously.

The prepared thin films of nickel and iron were exposed to a cold plasma discharge device, which included a high-
voltage power supply (AC) and two electrodes made of stainless steel. the magnitude of applied voltage about (15 kV) A
glass dielectric medium was used to protect the electrical contact between the electrodes and was positioned between
them to maintain plasma discharge stability and safety. The prepared films were exposed to the plasma for (2.5, 5, 10
and 15) minutes.

The prepared thin films have been treated by the conventional method of annealing using heat in a furnace at 200°C
and 400°C for two hours, and compared with the results of annealing by DBD. The samples were prepared and processed
to examine improvements in their structural and crystalline properties using “XRD, and AFM” for all samples, control,
after exposure to cold plasma, and annealed samples by high temperature annealing.

RESULTS AND DISCUSSION
X-ray Diffraction Results
The XRD patterns of the prepared nickel and iron oxide synthesized via electrochemical deposition were measured
using X-ray diffraction instrument from the Netherlands by Philips Company (PW1730).

X-ray diffraction of nickel
Fig. 1 represents the XRD pattern of electrochemically deposited nickel before annealing or exposing to cold plasma
(control)The figure clarifies peaks belong to nickel oxide (Ni,O3) at 26 = 30.392° correspond to (002) plane, 44.542° and
52.553° belong to (FCC) nickel element (Ni) correspond to (111) and (200) miller indices respectively according to The
other two peaks of refer to hexagonal structure of Ni (OH), at 20 = 19.581° and 33.408° the orientations are:(001) and (100)

respectively. These results have been matched with JCPDS files no. (00-014-0481), (00-003-1043) and (00-003-0177) [24].
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Figure 1. XRD diffraction of nickel prepared by electro chemical deposition before annealing by heating or exposing to plasma.
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Furthermore, we used the Scherrer equation [25] to determine the crystalline size of nickel by analysis of the peak
broadening by using Eq. 1:

_ k2
_ﬁcose (1)

It was found the average crystalline size is about 11 nm. Fig (2) represented the XRD pattern for samples after
exposed to cold plasma, from Fig. (2a) we noted that after exposed the sample to cold plasma for 2.5 min, an increased
in the intensity of the nickel peaks at angles 44.5° and 52°, indicating an increase in its crystallinity.
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Figure 2. XRD of nickel after exposing to plasma for: (a): 2.5 min, (b): 5 min, (¢):10 min, (d): 15 min

This was accompanied by the growth of other peaks, suggesting the emergence of other phases as well as nickel
oxides. Additionally, a decrease in the background was observed, indicating good crystallization of the material. The
reactive species generated in DBD plasma can be broadly categorized into reactive nitrogen species (RNS) like nitric
oxide and nitrogen dioxide [26] and reactive oxygen species (ROS) such as singlet oxygen, atomic oxygen, ozone, and
ion The plasma oxidation by ROS may be the main cause of formation of nickel oxide. These ROS rapidly react with
nickel surfaces, causing oxidation and formation of nickel oxide layer, also plasma containing a high fraction of
dissociated oxygen can form nickel oxide films in seconds, indicating the strong oxidative power of plasma-generated
ROS. High dissociation of oxygen in plasma increases the availability of ROS, accelerating the oxidation processes [27].

Furthermore, enhancing the interaction between nickel and its support, leading to improved crystallinity and stability
by promoting the formation of nanoparticles with a flat morphology [28]. And lead to formation new phases of nickel
oxide in different orientation at 20: (18.55°,30.24°,44.59°, 52.230° and 66.192°) corresponding to hkl ((003), (002), (111),
(200) and (110)) respectively.

Upon increasing the plasma exposure time starting from 5 minutes, the sample exhibited an increase in the intensity
of the Ni (111) peak but less than at (2.5 min), particularly upon reaching 10 minutes of exposure. This was an increase
in the intensity of nickel oxide peaks, caused by plasma-induced surface oxidation and the formation of new functional
groups. The increased intensity of the nickel oxide peaks indicates enhanced surface oxidation at longer exposure times,
resulting from the generation of free radicals and a gradual transformation from metallic nickel to nickel oxides (such as
NiO or Ni(OH)2). These oxides are chemically active materials widely used in catalysis, batteries, and sensors, as the
process introduced new functional groups suitable for catalytic applications[29, 30]. As observed in Fig. (2d), the sample
after 15 minutes of exposure became nearly identical and closely matching the control sample, despite the variations
observed at intermediate exposure times (2.5-10 minutes). This suggests surface saturation and reaching to an equilibrium
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state, where some oxides decompose, crystal rearrangement occurs, and the crystalline structure returns to one closely
resembling pristine nickel. It is noteworthy that this finding aligns with our previous study [15], where chemical changes
in the liquid phase were observed to reach saturation after 15 minutes. Prolonged plasma exposure introduces energetic
ions and reactive species that can etch the film surface, create defects, and break down crystalline domains, leading to
increased amorphization and reduced crystallinity, so short plasma exposures may initially enhance crystallinity by
promoting surface mobility and ordering, but exceeding a critical exposure time reverses this effect, transforming the film
into an amorphous state [31].

Fig. (3) represented annealed samples for (200, 400)°C. According to JCPDS files these peaks refer to Ni, NiO»,
Ni203.This result was compared with nickel film synthesized by the same method. The other peaks that appeared but
didn’t distinguish as one of the nickel compounds may refer to the rest of precursors or impurities.

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
i T T rTrrrrr T T T r T T T T T T T T T ]
800 690 400 c ]

460 [ .
230 | .
1200 o
900 f
600 |
300 4 300

(111) Ni

c')
S
:

(002) Ni,O,

Intensity
(200) Ni

720 |
1007 480 |
0 T T T T T T T T 1 240

0 10 20 30 40 50 60 70 80 90 o
2 0 degree 928

690 |

a) 460 |

230 F
1520

1140 |
760 |
380

Intensity

nickel 200 C°|

1200

1000 +

800 -

Z

g 1140

4 760

g 380

S
400

690_

200+ 460
230
0 T T T T T T T T y 0'|.|.||||.||.|.|.|.|.|.|.|.|.|'

o 2 %0 40 %0 e 70 80 90 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
2 0 degree

(200) Ni

600 -

Intensity

(220) Ni

20 degree
b) ©)

Figure 3. XRD of nickel after heating for: (a) 200°C, (b) 400°C, (c) all treatments (control, (2.5, 5, 10, 15) min, (200, 400)°C

The annealing process is important for enhancing the crystalline structure and functional properties of thin films. It
was observed that annealing significantly improves the structure specially at 200°C. This enhancement was evidenced by
an increase in crystallite size and the intensity of the Ni (111) diffraction peak. However, when the temperature was raised
to 400°C, the crystallinity decreased, as indicated by a reduction in peak intensity. However, conventional thermal
annealing typically requires prolonged heating (=2 hours at 200 °C followed by gradual cooling that may take up to
24 hours), which consumes significant time and energy. In this context, cold plasma has emerged as a relatively fast, low-
temperature alternative capable of inducing atomic rearrangement and surface modification within just a few minutes. It
is anticipated that this work will contribute to the development of a time- and energy-efficient annealing strategy while
preserving the quality of the crystalline structure. Ni as a predominant phase with fine structure. Heating to 400 °C also
led to crystalline Ni at nearly the same diffraction angles with less intensity.

Atomic Force Microscopy (AFM) Analysis of Nickel
The surface modification characteristics including morphology and roughness have been tested by atomic force
microscopy (Mountains SPIP® Expert8.2.10392). (Fig. 4) illustrates the topographical graphs of nickel thin film
(a) control, that subsequently subjected to either to cold plasma treatment for various exposure times (b): 2.5 min, (c):
5 min, (d):10 min, (e): 15 min), and to thermal annealing ((f) 200 °C, (g) 400°C). The surface analysis as summarized in
Table (1) evaluated in terms of mean grain size, surface roughness, root mean square, and threshold.
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Figure 4. AFM of nickel thin film for: (a) control (b): 2.5 min, (c): 5 min, (d):10 min, (e): 15 min (f) 200°C, (g) 400°C
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Figure 4. AFM of nickel thin film for: (a) control (b): 2.5 min, (c): 5 min, (d):10 min, (e): 15 min (f) 200°C, (g) 400°C

(continued)

(We show that from Fig. (4) the change in grain size, RMS, and roughness between control (Fig. 4a), which has a
large grain size (= 262 nm) with high roughness and RMS (Ra = 71.6 nm, RMS = 87.2 nm) as listed in Table (1). These
values are consistent with a surface that has large grains and pronounced topographical features. Accordingly, the

threshold value is also high (= 244 nm), reflecting a broad distribution of surface elevations.

Table 1. Summarized the AFM analysis of nickel samples

Samples mean diameter Surface Roughness | Root Mean Square Threshold
P (nm) (nm) (nm) (nm)
control 262.4 71.60 87.16 243.8
2.5 min 52.77 12.26 14.40 50.12
5 min 17.96 4.572 3.666 17.09
10 min 323.6 41.65 57.42 312.7
15 min 228.2 47.02 57.17 218.7
200 °C 4.014 0.7064 0.8828 3.594
400 °C 96.05 39.84 34.09 82.39
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After exposure to cold plasma we show that the short intervals (2.5, 5 min) gave better results, the grain size
decreases (down to =18 nm at 5 min), and reduction in roughness (Ra~4.6 nm, RMS~3.7 nm), this is due to the interaction
between the components of cold plasma (ions, free radicals ROS and RNS, UV photons) with surface, these species in
plasma DBD environment that provides high-energy ions bombard the surface increasing their mobility. This enhanced
mobility allows atoms to migrate and fill in surface valleys, leading to a smoother surface by enhancing fusion process.
For nickel, the plasma can modify the oxidation states and surface chemistry, potentially leading to a more stable surface
layer. This chemical modification can also enhance the adhesion of subsequent layers, contributing to a smoother overall
surface [32]. Through these interactions, aggregates with weak bonding removed, and activation of nucleation new
sites.This leads to the formation of finer grains and smoother surfaces. The Threshold values decrease correspondingly
(=17-50 nm) as the range of height variations narrows. However, at longer exposure time (10, 15 min) grain size increases
again (up to ~324 nm at 10 min), and roughness rises (Ra~41-47 nm) and extends to control sample at (15 min) because
the continuity of exposure of (CAP), led to the formation of nickel oxide (NiO) on the surface when treated with oxygen
plasma. This oxide layer has a smaller domain size compared to the metallic nickel, contributing to the roughness[33]. as
well as observed, that in XRD examination as shown in Fig. 2d. As a result of annealing that shown in (Fig. 4f) & (Fig.
4g), at 200°C gave smallest grain size and (=4 nm) with extremely low roughness (Ra~0.71 nm, RMS~=0.88 nm) and a
very low Threshold (=3.6 nm), which led to smooth surface. At an annealing temperature 400°C, grain size and roughness
decrease, though they do not achieved at 200°C. At this temperature, bulk diffusion is activated, leading to grain growth
and stronger grain boundary definition.

X-ray diffraction of iron oxide
X-ray diffraction was used to study the electrochemical deposition of (FeCl2) solution on an ITO substrate. The
XRD patterns prior to heating and plasma exposure are presented in Fig. 5. A single intense peak is observed at 26 =
44.34°, which corresponds to the (400) orientation of magnetite (Fe3Os4) according to JCPDs file no.: (1317-61-9), This
indicates that the method successfully synthesized monocrystalline iron oxide.
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Figure 5. The patterns of XRD analysis of iron oxide before heating and exposure to plasma

According to XRD analysis (Fig. 6), the structural properties of iron oxide films were found to be strongly by
exposure to DBD. By providing energy that facilities atomic rearrangement into more order configurations, the plasma
drives a transformation from a monocrystalline to a poly-crystalline phases[34], and formation a mixture phases Fe304,
v-Fe203, and B-Fe203 in different orientation. The impact of plasma treatment duration was examining at 2.5, 5, 10, and
15 min. The shortest exposure (2.5 min) produced the highest intensity, while longer exposure time clearly reduced it,
indicating lower crystallinity. furthermore, the 15 min treatment caused a phase transformation toward a different
orientation.

Probably longer treatment times can increase the energy available for phase transitions, leading to the appearance
of new XRD peaks corresponding to different iron oxide phases and the presence of reactive oxygen species that can
interact with iron oxide films, leading to phase transformations. For instance, the presence of reactive oxygen species can
promote the conversion of maghemite (y-Fe:Os) to other iron oxide phases such as hematite (0-Fe:0s). Also Higher
oxygen concentrations can lead to the formation of phases with higher oxidation states, such as &-Fe,Os, while lower
concentrations favor the formation of magnetite[35,36]. In comparison XRD patterns of iron oxide that annealed by heat,
it can be observed in (Fig.7) that there are other peaks are formed which don’t exist in the XRD patterns of prepared iron
oxide by electrochemical deposition (Fig.5), with reduced intensity than that of the samples that treated with plasma. So,
the heating to 200°C or 400°C is not adequate for crystallization process or phase stability. taking into account that iron
oxide is typically poly crystalline structure and unstable by nature, this causes its properties to change[37,38] In contrast,
exposure to plasma led to crystallization, with two phases remaining dominant.
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Atomic Force Microscopy (AFM) Analysis of Iron Oxide
The AFM test of prepared iron oxide by electrochemical deposition represented by Fig. (8). the control sample (9 a)
showed all values are large of (mean average diameter (=509 nm), roughness, root mean square (Ra~133 nm,
RMS = 159 nm), and threshold value is (=244 nm), this indicates that very irregular surface and large sized grains as
listed in Table (2).
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Figure 8. AFM of Iron oxide thin film for: (a) control (b): 2.5 min, (¢): 5 min, (d):10 min, (e): 15 min (f) 200°C, (g) 400°C
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(continued)

After exposure to cold plasma, we show that at exposure times (2.5, 5, 10 min) gave better results, as shown in Fig.
(8 b, ¢, and d), the grain size decreases and a reduction in roughness and root mean square, as listed in Table (2). This is
due to the interaction between the components of cold plasma (ions, free radicals ROS and RNS, UV photons) with
surface, plasma etches large grains and rough protrusions at the atomic level, resulting in significant and fast smoothing
at a few minutes. When plasma processing time was increased to 15 minutes, as shown in Fig. (8 ¢), instead of continuing
to smooth the surface, the plasma begins to create damage, such as microscopic porous pits or the random redeposition
of removed material, which increases the roughness again, this mean arrived at over-treatment or excessive processing.
This highlights the importance of precise control over the processing time.

Table 2. Summarized the AFM analysis of iron oxide samples

Samples Mean diameter (nm) Surface Roughness (nm) Root Mean Square (nm) Threshold(nm)
control 509.2 133.5 159.2 492.8

2.5 min 56.42 21.59 26.20 5091

5 min 37.62 6.254 8.329 35.13

10 min 23.83 4.763 5.969 21.75

15 min 72.39 22.55 28.65 63.43

200 °C 292.9 81.82 103.2 241.8
400 °C 86.67 17.15 22.27 82.62
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As a result of annealing that shown in (Fig. 8f) & (Fig.8g), at 200°C the grains remain large (~293 nm) and the
surface is rough. The thermal energy is insufficient for true atomic diffusion. It closely resembles the control sample. At
400°C a significant improvement compared to the 200°C sample. The average diameter decreased to ~87 nm, and the
surface smoothness improved. The high temperature facilitates recrystallization, where small grains either merge or
reorganize into larger, more regular grains, which enhances the overall properties, though not as effectively as the optimal
treatment (5 minutes).

CONCLUSIONS

From the above results, the DBD plasma can be an alternative way for annealing for a short time, a few minutes for
CAP, in contrast, several hours for annealing. Nickel and iron oxide that deposited by electrochemical deposition, the
reactive species in plasma enhanced the interaction and lead to better crystallinity and stability by creating nanoparticles
with a flat morphology. So, the plasma achieved the same effect in increasing crystallinity and formation new phases for
few minutes comparing with treatment by heat at 200°C and 400°C which needed many hours (according to X-ray
diffraction). Also, another conclusion from the results is that the best time was 2.5 minutes, Prolonged plasma exposure
introduces energetic ions and reactive species that can etch the film surface create defects, and break down crystalline
domains, leading to increased amorphization and reduced crystallinity. AFM results of nickel clarified that the high
energy species in plasma DBD bombard the surface and allowed to fill in valleys leading to smoother surface in the time
from (2.5 to 10 min), while surface roughness in iron oxide the early stage of plasma exposure increased it leading to
etching and the formation of microstructures that increase surface roughness where the presence of atomic hydrogen
enhances the reduction of iron oxides, leading to surface modifications, the process reversed with increasing the time, So
the AFM results confirmed that the effect of plasma treatment has been changed with time of exposure. And behaved
different manner in nickel and iron oxide.
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HOPIBHAJIBHUM BILJIMB XOJIOIHOI IIJIASMU TA TEPMIYHOI'O BIAIAJIY HA CTPYKTYPHI TA
MOP®OJIOTTYHI BJIACTHBOCTI IIOKPUTTIB 3 HIKEJIIO TA OKCHUY 3AJII3A
As [Ixxymaa, Jlyxa K. Xapgem, A.H. flcyo, Xamig X. Mypoat
bBazoadcvruii ynisepcumem, Koneooic nayk ons acinok, kageopa pizuku, baeoao, Ipax

VY 1poMy mOCITiKeHH] BCEOIYHO JOCTIIKYETHCS Ta MOPIBHIOETHCS BIUIMB 00pOOKU X0JoaHOI0 atMoc(epHoro mia3Moro (XATII) sx
MOTEHIIMHOT aJbTepHATHBU TEPMIYHOMY Billlally Ha CTPYKTYPHi Ta MOP(OJIOTivyHiI BIACTHBOCTI JBOX Pi3HMX TOHKUX ILTIBOK: HIKEIIO
(Ni) Ta okcuny 3aniza (FecO,), 00naBi enekrpoxiMiuHO HaHeceHi Ha miakiIanaku ITO. XapakrepucTrKa 3a JOIOMOTI0I0 PEHTI€HIBCEKOT
mudpakiii (XRD) ta aromuo-cmimoBoi Mikpockomii (ACM) mokasama, o0 OpHpoda Marepiady BH3HA4Yae HOTO pPEakiiio Ha
noctoOpobKy. s Hikento kopoTkouacHa 06podka CAP (2,5-5 XB) onTUMaIbHO MOKpPAIlyBaia KPUCTANIYHICTh Ta TIIAAKICTh TOBEPXHi
3a paxyHOK 3MEHIIEHHS PO3Mipy 3€peH Ta MIOPCTKOCTI, TOAI SIK TpUBalimia oOpoOKa MPU3BOIWIA IO OKUCICHHSA Ta 30UIbIICHHS
mopceTkocTi. | HaBmakw, A7 OKCHAY 3ai3a HaBiTh KOPOTKOYacHa oOpoOka CAP imimiroBana mepexix BiA MOHOKPHCTAJIYHOI 70
TIOTIKPUCTANIYHOI CTPYKTYpH, yTBOpIotoun cymim ¢a3 (FesOs, y-Fe20s). Haitrnamma nmoBepxHs okcumy 3aii3a Oyia JOCSTHYTA MiCIsL
5-10 xBumue CAP, a nagmipHa 06poOka (15 XB) cripHuMHSIIA MOMIKONKEHHS MMoBepXHi. TepMiuHMil BiAman BUSBHUBCS KPAIUM IS
nikemo npu 200°C, naroun HaiapiOHilm 3epHa Ta HaWrtaamy moBepxHio. OJHAK IHOro OyJI0 HEJOCTATHBO IUISl ONTHUMAIIBHOT
KpHucTatizaiii okcuay 3aiiza. [ls pobora nemoHcTpye, mo CAP € mBuaKo Ta eHeproe()eKTHBHOK albTEPHATHBOI TPAAUIIHHOMY
Bianany. OnTuManbHi MapaMeTpy CHIIBHO 3alexarh BiJ creludikd Marepialy Ta MarOTh BHpIIIAIbHE 3HAYEHHS VIS CTBOPCHHS
(YHKIIIOHAIBHHUX TIOKPUTTIB y KaTalli3i Ta CEHCOPHII.

KurouoBi cinoBa: xonoona nnasma; DBD; nnazmosuii 6ionan; nikenege NOKpUmmsi;, OKCUO 3a1i3d; cemMamum, MazHemum





