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RESEARCH STATUS AND APPLICATION 
OF THE HIGH-ENTROPY AND TRADITIONAL 
ALLOYS FABRICATED VIA THE LASER CLADDING

The objective of this paper is presenting a review of high-entropy alloys and tradi-
tional alloys fabricated by laser cladding. In this paper, recent developments of dif-
ferent material system are summarized, and the developments in laser cladding for 
functional coatings with high wear resistance, good corrosion and oxidation resist-
ances, and better medical biocompatibility are reviewed. By summarizing the analy-
sis of microstructure, mechanical properties, corrosion resistance of high-entropy 
alloys and traditional alloys’ coating fabricated by laser cladding, it stated that la-
ser cladding treatment can improve corrosion resistance, homogenize grain size, and 
increase microhardness and other properties. Laser cladding is considered as the 
potential method to ameliorate mechanical properties, improve microstructure and 
repair broken parts. Therefore, laser cladding has the successful applications in 
automobile and aerospace productions, and shipbuilding due to those advantages.

Keywords: high-entropy alloys, traditional alloys, laser cladding, microstructure, 
mechanical properties, application.

1. Introduction

High-entropy alloy (HEA), as an emerging material, is developed in one 
of the most promising choice as surface modification material. The HEA 
coatings have good advantages such as superior corrosion resistance, 
excellent thermal stability, high hardness, and better wear performance 
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[1–4]. Other metals such as magnesium alloys, Ni-based alloys, and 
titanium alloys can be also applied in a surface modification. Titanium 
and its alloys possess high specific strength, excellent corrosion and 
oxidation resistances, and good biocompatibility [5]. Magnesium alloys 
have good castability, machinability, high strength-to-weight ratio, and 
some advantages in price due to the abundant reserves on the earth and 
in the sea [6]. The aerospace and ship industries are equipped with Ni-
based alloys due to those good advantages. Nowadays, relevant researches 
are needed in alloy processing and surface treatment techniques, and 
various surface-modification techniques have been adopted to improve 
the mechanical properties of alloys, such as chemical conversation, 
physical vapour deposition, diffusion treatment, corrosion resistance, 
and broken-parts’ repairing [7].

In recent decades, laser alloying, laser re-melting, laser cladding, 
laser shot peening and so on have gone through rapid developments 
owing to the high energy density [8–12]. Especially, laser cladding owns 
many potential advantages, such us low dilution and limited heat effects 
on base metal, integral metallurgical bond, minimal warpage and 
distortion of clad components, reduced cracking susceptibility, suitability 
for full automation and possibility of developing coatings with non-
equilibrium microstructures and superior physical properties [13]. Laser 
cladding synthesizing HEA coatings is a potential method in manu fac-
turing industry. Compared to the traditional methods like magnetron 
sputtering, electrospark process, plasma arc cladding and casting method, 
laser cladding shows greater advantages: (i) larger thickness coating, 
(ii) reduced density, (iii) lower cost, (iv) optimized structure [14]. The 
laser cladding considered as a repair method has enough potential to 
improve the performance of remanufactured parts. Therefore, compared 
with traditional repair methods, laser cladding has big potential deve-
lopment in broken-parts’ repairing [15]. The process of laser cladding 
can be carried out in three ways: pre-placed powder, wire feeding and 
powder injection, which is talked about in details in the following.

At present, laser cladding has developed into a promising method to 
improve some properties or repair complex geometric components. This 
paper reviews the research of HEAs and traditional alloys coating manu-
factured by laser cladding, including analysis and comparisons of micro-
structure and mechanical properties, and the successful application of 
laser cladding for automobile, aerospace and ship. The current problems 
were put forward, and the prospect to the future development tendency 
is made. By summarized the development status, this paper is expected 
to play a guiding role for related studies about laser cladding.
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2. Laser Cladding 

Laser cladding combining the laser technology, computer aided manu-
facturing (CAM) and the control system together is a rapid prototyping 
technology [16]. Laser cladding is a hard facing process that uses a 
high-powered laser beam to melt the coating material and a thin layer 
of the substrate to form a pore- and crack-free coating (of 2–50 mm 
thick) with low dilution that is per fectly bonded to the substrate [17]. 
The process may be used for im proving hardness and surface-de pen dent 
properties such as wear, cor ro sion, oxidation, and, to some extent, fa-
tigue resistance [17]. The principle of laser cladding with coaxial pow-
der injection was shown in Fig. 1 [10]. Based on the material feed stock, 
laser cladding systems are divided into three categories: (³) laser cladding 
with pre-placed powder, (³³) laser cladding by wire feeding [17], and (³³³) 
laser cladding with powders injection.

2.1. Laser Cladding with Pre­Placed Powder

The powder is preplaced in the surface of substrates and then the laser 
beam based on the established procedures selectively scan powder which 
can be seen from Fig. 2 [18]. Before laser cladding, powder and substra-
tes prefer to being dried for a while in order to get good shape and 
properties.

2.2. Laser Cladding via the Wire Feeding 

Feeding wire from nozzle into the deposition melt pool can be applied in 
laser cladding technology. The schematic diagram of laser cladding by 
wire feeding is shown in Fig. 3 [13]. Some research about the effect of 
wire feeding angle and deposition efficiency on surface quality shows 
that 40° ± 15° in the vertical plane, low values of feeding angle in hori-

Fig. 1. The illustration of laser clad-
ding with coaxial powder injection [10]

Fig. 2.  The schematic diagram of laser 
cladding with pre-placed powder [18]
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zontal plane and high deposition efficiency can produce better surface 
quality [19]. Compared with powder injection, less porosity was found 
in the wire feeding samples [19].

2.3. Laser Cladding with Powder Injection

A defocused laser beam is employed in laser cladding, under the function 
of which, preplaced or synchronous feeding powders as well as a thin 
layer of the substrate will melt and solidify rapidly, forming a metal-
lurgical bond with the substrate [20]. In this process, laser power, laser 
beam size and laser scanning velocity or specimen motion speed all affect 
the quality of laser cladding coating. The schematic diagram of laser 

Fig. 3. The schematic 
diagram of laser clad-
ding by wire feeding 
[13]

Fig. 4. Schematic di-
agram of laser clad-
ding with powder in-
jection [21]
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cladding with powder injection can be observed in Fig. 4 [21]. When we 
apply this technique, the following issues must be noticed [22]: (³) the 
size and order of laser beam should be adjusted properly to ensure good 
quality and low divergence; (³³) the speed of powder feed is important 
factor; (³³³) the base material or substrate should have a proper fixed mode.

2.4. Factors Affecting the Laser Cladding

In order to achieve the desired properties, a good control of the process 
parameters is indispensable. There are numerous factors affecting the 
quality of laser cladding, such as the laser power (P), laser beam size 
(beam diameter D) and laser scanning velocity (V ) [23]. Authors of Ref. 
[24] pointed that the laser parameters are related to the level of dilution 
by the substrate and a minimum amount of dilution can promote a 
partially solid melt pool and maintain a high volume fraction of TiC in 
the clad. As found in Ref. [25], with the scanning velocity increased to 
0.065 m/s, the wear resistance performance began to increase and the 
wear resistance with high scanning velocity or low scanning velocity is 
very poor. However, other authors [26] pointed out that the composite 
coatings fabricated in higher laser scanning velocity exhibited finer 
micro structure, higher microhardness and thinner thickness. The effect 
of laser parameters on different chemical composition and temperature 
is not the same. A series of experiments were carried out in constant 

Table. Materials and corresponding laser cladding systems

Laser cladding systems Alloys Materials

pre-placed powder high-entropy alloy 6FeNiCoSiCrAlTi [27]
TiZrNbWMo [28]
6FeNiCoCrAlTiSi [29]
FeCoCrNiCux [30]
NiCrBSi/WC [31]
FeCrCoNiTiAl [32]

others Co42 + TiN [33]

wire feeding high-entropy alloy —

others Inconel 625 [34] 
Ti–6Al–4V [35]

powder injection high-entropy alloy AlCoCrCuFeNi [36] 
Ni–Cr–Co–Ti–V [37]
FeNiCoAlCu [38]
AlxCoCrFeNi [39]

others WC/W2C [35]
Cr–Ni-based stainless steel [40]
Ti–6Al–4V [41]
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laser power, constant laser scan speed, constant effective energy and 
constant powder deposition density. The microstructure of clad could be 
widely varied by using different laser parameters. Even the same com-
bined laser parameters still produce different microstructures if the 
laser power were different. Therefore, the optimization of process para-
meters is significant for the laser cladding.

3. Materials

After intense development and exploration, laser cladding has become 
potential technology to perfect microstructure and mechanical properties. 
In its early development stage, laser cladding was applied to melt normal 
alloy powders (wire) on substrate and many new alloys especially high-
entropy alloys have been manufactured by laser cladding. Table lists 
some materials that can be processed by laser cladding.

3.1. High­Entropy Alloys

Laser cladding in high-entropy alloys (HEAs) manufacturing industry is 
considered as a new treatment technology. Choosing laser cladding tech-
nology with high energy density, fast heating speed and small thermal 
effect on substrate to produce HEA can obtain excellent properties and 
full dense metallurgically bonded layer as well as less microscopic defects 
[42]. Due to those advantages, manufacturing industry will be more 
inclined to laser cladding processing HEA. In addition, there are lots 
experiments studying different HEA micro structures, mechanical 
properties and the effects on them.

Fig. 5. Macroscopic feature of cross-sectional micro-
structure (a), where the cladding zone (b), the micro-
structure in bottom of the cladding zone (c), and the 
bonding zone along with the heat-affected zone (d) 
are depicted [43]. DR and ID (b, c) denote dendrites 
and interdendrites, respectively
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3.1.1. Microstructure and Mechanical Properties

The HEA cladding layer traditionally consists of cladding zone, bounding 
zone and heat affected zone, which can be seen from Fig. 5 [43]. The 
microstructure of each zone is as follows. (1) Cladding zone is composed 
of equiaxed grains and some columnar grains (Fig. 5, b, c). (2) Bounding 
zone is the transition portion between clad ding zone and heat affected 
zone, which mainly compose by equiaxed grains and nanocrystallites 
(Fig. 5, d). (3) Heat affected zone is close to the bounding zone whose 
microstructure is similar to substrate (Fig. 5, d) [42, 43]. The micro-
hardness of coating is much higher than the substrate, such as 
6FeNiCoSiCrAl–Ti prepared by laser cladding as shown in Fig. 6 [27]. 
That is to say cladding layer effectively enhanced the surface hard ness 
of components to some extent.

Although high-entropy alloy coating can improve surface hardness 
of components, some problems still exist in cladding layer. Some expe-
riments prove that after annealing at proper temperature more secondary 
phase formed in the interdendritic regions leading to increase of micro-
hardness [28]. The structure of high-entropy AlCoCrCuFeNi alloys is 
characterized by the existence of an interdendritic Cu-rich phase [44]. 
Mo replacing Cu element was 
intended to overcome the segregation 
of Cu and to increase microhardness 
and wear resistance [45]. The micro-
structure of CoCrBFeNiSi coating 
shows that (1) black nanosize phase 
was embedded into the grey matrix 

Fig. 6. Microstructure dis-
tribution of a coating [27]

Fig. 7. The microstructure of CoCrBFeNiSi 
coating by laser cladding [46]
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in the upper layer and (2) the co lumnar dendrites were about 10 µm in 
length and strip-shaped inter gra nular precipitates were uniformly dis-
tri bu ted in the bottom layer, which can be observed from Fig. 7 [46]. 
High-temperature wear mecha nism of the amorphous layer and the crys-
tal lized layer were mainly abrasive wear and mainly adhesive wear, 
respec ti vely, which is caused by different microstructure component in 
different layer [47]. Columnar grain also can be observed at the bonding 
zone of the Al2CrFeNiMox coating and equiaxed grains can be found in 
the clad ding zone, which is similar to other high-entropy alloy coatings 
[48]. Meanwhile, the expe riment shows that with the addition of Mo 
ele ment, the diffusion of Mo atoms to the grain surface and grain growth 
are promoted, and the hard ness is decreasing from the surface to 
sub strate [47]. To some extent, the wear resistance of high-entropy 
Al2CrFeNiMox alloy coatings increases greatly [47].

In the work [29], authors found that, after annealing with tempe-
rature less than 750  °C, the 6FeNiCoCrAlTiSi coating has high thermal 
stability and the slightly decreased resistivity, but the microhardness 
almost remains unchanged, after annealing more than 750  °C, the micro-
hardness of the coating slowly decreases with the increasing decom-
position rate of bcc solid solution [29]. The microstructure morpho logy 
is related to the value of G/R (G is a temperature gradient, R is a 
growth rate). While as the value of G/R gradually decreases from the 
so  lid–liquid interface to the centre of the molten pool, the micro struc-

Fig. 8. Potentiodynamic polarization curves for high-entropy 
alloys AlCrFeCoCu (prepared by laser cladding) in 1 mole/l NaCl 
so lu tion [1]
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tural morphology changes from pla nar to columnar grains, which are 
nearly perpendicular to the interface. As for the cladding zones, the 
mic ro  structure consists of cellular dendritic grains because of faster nu-
cleation in the top surface layer of the HEA coatings [48]. Wear   of the 
high-entropy alloy coatings has improved greatly attributing to the 
combination of the hard Fe2Nb-type laves phase and ductile f.c.c. solid 
matrix. It also reveals that with the higher laser power, it raises the 
temperature of the molten pool leading to the serious dilution effect of 
Fe atoms [48]. Some experiments about high-entropy alloy coating with 
laser remelting shows that the hardness and wear resistance of NiCrCoTiV 
HEA coatings prepared by combining with the technologies of laser 
cladding and laser remelting are improved [37]. With Cu element adding 
into high-entropy FeCoCrNi alloy coating, it enhanced the Gibbs free 
energy of the cladding layers and the Cu element is easier to segregate 
in the grain boundaries [30]. The synthesized high-entropy FeNiCoALCu 
alloy coating is composed of f.c.c. and b.c.c. solid solution phases with 
a typical uniform dendrite microstructure [38]. After different annealing 
process, the results show that there is no phase transformation existing 
from room temperature to 780  °C, proving the good thermal stability 
[38]. The Al element has a big effect on properties and microstructure 
of high-entropy coating. As revealed in Ref. [39], the increasing Al 
content in AlxCoCrFeNi results in a transformation from f.c.c. to b.c.c. 
solid-solution crystal structures, and the microhardness is also improved 
by increasing the content of Al element [39]. Many heat treatments re-
lieve residual stress, increase the fracture toughness, and significantly 

Fig. 9. SEM micrographs showing: (a) cross-section of NiCrBSi with 50% angular 
WC; (b) cross-section of Stellite 21 with 50% spherical tungsten carbides; (c) cross-
section of M2 tool steel matrix material with 50% TiC; (d) cross-section of M2 
matrix material with 30% VC; (e) cross-section of M2 matrix with 50%VC; (f) 
cross-section of Inconel 625 with 50 vol.% of chromium carbides [50]
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Fig. 10. Microstructure of laser cladding layer of W particles with different sizes: 
75 µm (a) and 23 µm (b) [51]
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reduce the cracking susceptibility of the coatings [31]. Reductions in 
cracking susceptibility were closely related to the microstructural varia-
tions of the coatings. With adding B and C elements, the microhardness 
has been reduced, but the cracks have been eliminated successfully in 
the coating [32].

3.1.2. Corrosion

The corrosion resistance of laser cladding layer was investigated in Ref. 
[1], where the high-entropy AlCrFeCuCo alloy has exhibited an excellent 
corrosion resistance performance. As shown in Fig. 8, with the scanning 
speed increasing, the corrosion resistance firstly increased and then re-
duced [1]. The corrosion resistance of the FeCoCrNiCux cladding layers 
was deteriorated and the high-temperature oxidation resistance of the 
cladding layers reduced with the increase of the content of Cu element 
[30]. The formation of oxide film may be the main reason for the good 
high-temperature wear performance. The surface oxidation film of laser-
cladded high-entropy FeNiCoALCu alloy coating at 800  °C mainly con-
tains Al2O3, Fe2O3, Fe3O4 and CuO [38].

3.2. Other (Traditional) Alloys

3.2.1. Microstructure 

When laser beam melt alloys into a melt pool on the surface of the sub-
strate, the reinforcement occurring in coating. For example, Ni-based 
composite coatings manufactured by laser cladding with pre-placed B4C 
and NiCrBSi powders was investigated that interface occurs between 
coating and substrate and reinforcements of TiB2 (C1), TiC (C2) and CrB 
(C3) leading to high microhardness [49]. On metal matrix composites 
(MMC) manufacturing, metal matrix powder with adding different 
percent (or shape) of carbide powders was melted by laser cladding on 
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substrate. As Figure 9 shows, the percent, shape and variety of carbide 
affect dissolution in metal matrix, as well as the melting point the mat-
rix [50]. In order to investigate the effect of adding alloys powder size 
on microstructure, two-size W particles were added into powders and 

Fig. 12. Polarisation curves of Inconel 625 laser clad layers and 
304L stainless steel substrate in de-aerated 3.5 wt.% NaCl solution 
at room temperature [34]

Fig. 11. Microhardness profile of the typical single laser clad bead 
of Inconel 625 wire [34]
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then melting on Q235 steel [51]. The W particles of smaller sizes generate 
more WC, which can be observed in Fig. 10 [52]. This research group 
also found that powder with small particle size has refined grain with 
lots dislocation defects [53].

The microstructure of stainless steel coating made by laser cladding 
is mainly composed of dendritic structures growing up under the high 
solidification and cooling rate [40]. The experiments also reveal that 
uneven distribution of heat delivered by the moving laser beam promotes 
the formation of micropores [41]. Compared to the conventional bulk 
forming techniques (such us forging, welding and extruding), laser 
cladding can obtain the dense, homogeneous and ultrafine structures 
with a minimum distortion and dilution [40, 53–55]. 

3.2.2. Mechanical Properties

Mechanical properties of cladding layer can be improved by laser cladding 
melting alloys on substrates. The low temperature phase change alloy 
powders with LTT1, LTT2 and 17-4PH stainless alloy powders were 
adapt to investigate the residual stress and mechanical properties of the 
cladding layer after laser-cladding fusion, and the results found that 
cladding layer with high density has better wear resistance and higher 
microhardness than substrates [52]. For example, the results of the 
Inconel 625 cladded-layer microhardness testing show that the cladder 
layer has higher hardness than the substrate, which can be observed 
from Fig. 11 [34]. Almost all microhardness tests have similar tendency, 
namely, cladding layer has higher hardness than the substrate [40]. The 
value of microhardness is not related to microstructure but also the 
feeding material. A comparative study of Inconel 625 laser cladding by 
wire and powder feedstock demonstrated that the typical powder laser 

Fig. 13. Remanufacturing of cylinder head laser clad-
ding [62]: crack (a), laser cladding (b), the sample after 
laser cladding (c), and the sample after repair (d)

UFM_1_09_05.indd   37 09.05.2020   15:08:08



38 ISSN 1608-1021. Prog. Phys. Met., 2020, Vol. 21, No. 1

Y. Geng, S.V. Konovalov, and X. Chen

track possessed higher hardness (245 HV0.3) compared with the corres-
ponding wire laser track (224 HV0.3) due to finer dendritic micro structure 
and higher number density of interdendritic precipitates [56].

3.2.3. Corrosion

The corrosion resistance is related to the effect of Fe dilution on the 
laser deposited coatings. Authors of Ref. [34] investigated that the 
corrosion performance of the Inconel 625 wire laser coating at 4.5% Fe 
dilution is similar to that of the wrought Inconel 625 alloy, but the 
corrosion performance was decreased when the Fe dilution increased to 
12% [34], as shown in Fig. 12. The facts that the laser cladding can 
provide good corrosion resistance have been reconfirmed in Ref. [40].

4. Applications

The development of innovative, new non-traditional process has prog-
ressed greatly in recent years, yielding broader and broader industry 
applications. Laser cladding owing unique advantages is particularly 
suitable for producing or repairing special parts. The following review 
of laser cladding in the automobile, aerospace, shipping and others.

4.1. Automobile

In the early stage, laser was used in welding and cutting for welding 
repairing, as a traditional remanufacturing method, seriously affect the 
substrate leading to higher residual stresses and the weld seam position 
been susceptible to a secondary crack. However, laser cladding has higher 
forming accuracy, lower substrate thermal effect zone, and outstanding 
mechanical properties [57]. Due to those advantages of laser cladding, 

Fig. 14. (a) Laser cladding Inconel 625 alloy powder onto Inconel 713 turbine blade; 
(b) the built-up layer of clad material; (c) turbine blade whose tip was formed by the 
laser cladding process courtesy of Sifco Turbine Components (Cork) Ltd. [22]
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it is considered as the promising remanufacturing technique of the vo-
lume damage of failure parts, such as cylinder heads, camshafts and 
turbine blades [58–61]. Some institutes employed laser cladding on cy lin-
der head repairing and obtained good performance as shown in Fig. 13 
[62]. Puguang natural gas purification plant (in China) successfully 
applied laser cladding to repair the cylinder joint surface deformation, 
and the repair surface of the bonding layer is not defective [63].

4.2. Aerospace

Aerospace broken components often have complex geometries and high 
strength, which are difficult, costly and time consuming to repair. Du ring 
laser cladding process, molten alloy is feely to spread and freeze over a 
workpiece surface due to suitable hard-facing alloys. The injected powder 
laser cladding technique is used for repairing a broken aerospace turbine 
blade and a tip of high-pressure turbine blade, which can be seen from 
Fig. 14 [22]. Those parts of turbine blade after repaired by laser cladding 
can prolong working time and improve mechanical properties. In the 
turbine industry, laser cladding can produce fine microstructures with 
low dilution, high hardness comparing to traditional methods, hence, it 
is considered as the promising cladding technology [64]. As pointed out 
in Ref. [65], the laser cladding process could be used to repair damaged 
7xxx series aluminium alloy components and a certi fication process 
should be developed in order for repaired components to be re-installed 
with con fi dence in aircraft. High-strength steels (such as AISI 4340 
with wide application in aircraft) can be also repaired through the laser 
cladding [66]. 

4.3. Shipping

The unremitting working conditions and intensive wear of marine diesel 
engine crankshaft main and crankpin journal surfaces, along with 
potential lubrication failures, easily cause ridges, cuts, grooves, tears, 
marks and formation of a built up edge [67]. In-situ crankshaft laser 
cladding is a promising technology with good financial prospects and 
remediation effect for ship-repair enterprises [67]. To increase the li fe-
time of marine propellers made of HBsC1 alloy, the laser cladding with 
automatic wire feeding has been done in Ref. [68], where authors ob-
tained a good clad layer without cracks and with low dilution with the 
optimum processing parameters. 

5. Conclusion

The high-entropy alloy and traditional alloys coating of laser cladding 
have high hardness and good heat resistance, corrosion resistance and 
wear resistance. The research about alloy coating manufactured by laser 
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cladding has also been well studied. However, due to the extremely fast 
heating and cooling rate of the laser cladding, it is bound to cause a 
difference in temperature gradient and thermal expansion coefficient 
between the cladding layer and the base material, which may cause 
various defects in the cladding layer. This paper reviews the research of 
HEA and other alloys coating manufactured by laser cladding, including 
analysis and comparisons of microstructure and mechanical properties, 
and the successful application of laser cladding for automobile, aerospace 
and ship. The current problems were put forward and the prospect to 
the future development tendency is made. By summarizing the deve-
lopment status, this paper is expected to play a guiding role for related 
studies about laser cladding.
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1 Óí³âåðñèòåò Âåíü÷æîó, ²íñòèòóò ëàçåðíîãî é îïòîåëåêòðîííîãî
  ³íòåëåêòóàëüíîãî âèðîáíèöòâà, 
  325024 Âåíü÷æîó, ÊÍÐ
2 Ñàìàðñüêèé íàö³îíàëüíèé äîñë³äíèöüêèé óí³âåðñèòåò 
  ³ìåí³ àêàäåì³êà Ñ.Ï. Êîðîëüîâà, 
  Ìîñêîâñüêå øîñå, 34, 443086 Ñàìàðà, ÐÔ

ÑÒÀÍ ÄÎÑË²ÄÆÅÍÜ ÒÀ ÇÀÑÒÎÑÓÂÀÍÍß 
ÂÈÑÎÊÎÅÍÒÐÎÏ²ÉÍÈÕ ² ÒÐÀÄÈÖ²ÉÍÈÕ ÑÒÎÏ²Â, 
ÂÈÃÎÒÎÂËÅÍÈÕ ÑÏÎÑÎÁÎÌ ËÀÇÅÐÍÎÃÎ ÏËÀÊÓÂÀÍÍß

Ìåòîþ äàíî¿ ñòàòò³ º ïðåäñòàâëåííÿ îãëÿäó ñòîï³â ç âèñîêîþ åíòðîï³ºþ òà òðàäè-
ö³éíèõ ñòîï³â, âèãîòîâëåíèõ ³ç âèêîðèñòàííÿì ìåòîäè ëàçåðíîãî ïëàêóâàííÿ. Ó 
ñòàòò³ êîðîòêî âèêëàäåíî îñòàíí³ ðîçðîáêè ñèñòåì ð³çíèõ ìàòåð³ÿë³â, à òàêîæ 
ðîçãëÿíóòî ðîçðîáêè â îáëàñò³ ëàçåðíîãî ïëàêóâàííÿ äëÿ ôóíêö³îíàëüíèõ ïî-
êðèòò³â ç âèñîêîþ çíîñîñò³éê³ñòþ, õîðîøîþ ñò³éê³ñòþ äî êîðîç³¿, îêèñíåííÿ òà 
êðàùîþ ìåäè÷íîþ á³îñóì³ñí³ñòþ. Ï³äâîäÿ÷è ï³äñóìêè àíàë³çè ì³êðîñòðóêòóðè, 
ìåõàí³÷íèõ âëàñòèâîñòåé, êîðîç³éíî¿ ñò³éêîñòè ñòîï³â ç âèñîêîþ åíòðîï³ºþ òà 
ïîêðèòò³â ³ç òðàäèö³éíèõ ñòîï³â, âèãîòîâëåíèõ çà äîïîìîãîþ ëàçåðíîãî ïëàêó-
âàííÿ, ïîêàçàíî, ùî âîíî ìîæå ïîë³ïøèòè êîðîç³éíó ñò³éê³ñòü, ãîìîãåí³çóâàòè 
ðîçì³ð çåðíà, çá³ëüøèòè ì³êðîòâåðä³ñòü, à òàêîæ ïîë³ïøèòè äåÿê³ ³íø³ âëàñ-
òèâîñò³. Ïðîäåìîíñòðîâàíî, ùî ëàçåðíå ïëàêóâàííÿ º åôåêòèâíîþ ìåòîäîþ 
ïîë³ïøåííÿ ìåõàí³÷íèõ âëàñòèâîñòåé, ì³êðîñòðóêòóðè òà â³äíîâëåííÿ ïîøêîä-
æåíèõ äåòàë³â. Òàêèì ÷èíîì, çàâäÿêè öèì ïåðåâàãàì ëàçåðíå ïëàêóâàííÿ 
óñ ï³øíî çàñòîñîâóºòüñÿ â àâòîìîá³ëüí³é ³ àåðîêîñì³÷í³é ïðîìèñëîâîñòÿõ ³ ñóäíî-
áóäóâàíí³.

Êëþ÷îâ³ ñëîâà: âèñîêîåíòðîï³éí³ ñòîïè, òðàäèö³éí³ ñòîïè, ëàçåðíå ïëàêóâàííÿ, 
ì³êðîñòðóêòóðà, ìåõàí³÷í³ âëàñòèâîñò³, çàñòîñóâàííÿ.
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  èíòåëëåêòóàëüíîãî ïðîèçâîäñòâà, 
  325024 Âýíü÷æîó, ÊÍÐ
2 Ñàìàðñêèé íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò 
  èìåíè àêàäåìèêà Ñ.Ï. Êîðîë¸âà, 
  Ìîñêîâñêîå øîññå, 34, 443086 Ñàìàðà, ÐÔ

ÑÎÑÒÎßÍÈÅ ÈÑÑËÅÄÎÂÀÍÈÉ È ÏÐÈÌÅÍÅÍÈß 
ÂÛÑÎÊÎÝÍÒÐÎÏÈÉÍÛÕ È ÒÐÀÄÈÖÈÎÍÍÛÕ ÑÏËÀÂÎÂ, 
ÈÇÃÎÒÎÂËÅÍÍÛÕ ÏÎÑÐÅÄÑÒÂÎÌ ËÀÇÅÐÍÎÃÎ ÏËÀÊÈÐÎÂÀÍÈß

Öåëüþ äàííîé ñòàòüè ÿâëÿåòñÿ ïðåäñòàâëåíèå îáîçðåíèÿ ñïëàâîâ ñ âûñîêîé ýí-
òðîïèåé è òðàäèöèîííûõ ñïëàâîâ, èçãîòîâëåííûõ ñ èñïîëüçîâàíèåì ìåòîäà ëà-
çåðíîãî ïëàêèðîâàíèÿ. Â ñòàòüå êðàòêî èçëàãàþòñÿ ïîñëåäíèå ðàçðàáîòêè ñèñòåì 
ðàçëè÷íûõ ìàòåðèàëîâ, à òàêæå ðàññìàòðèâàþòñÿ ðàçðàáîòêè â îáëàñòè ëàçåðíî-
ãî ïëàêèðîâàíèÿ äëÿ ôóíêöèîíàëüíûõ ïîêðûòèé ñ âûñîêîé èçíîñîñòîéêîñòüþ, 
õîðîøåé óñòîé÷èâîñòüþ ê êîððîçèè, îêèñëåíèþ è ëó÷øåé ìåäèöèíñêîé áèîñîâ-
ìåñòèìîñòüþ. Ïîäâîäÿ èòîãè àíàëèçà ìèêðîñòðóêòóðû, ìåõàíè÷åñêèõ ñâîéñòâ, 
êîððîçèîííîé ñòîéêîñòè ñïëàâîâ ñ âûñîêîé ýíòðîïèåé è ïîêðûòèé èç òðàäèöè-
îííûõ ñïëàâîâ, èçãîòîâëåííûõ ñ ïîìîùüþ ëàçåðíîãî ïëàêèðîâàíèÿ, ïîêàçàíî, 
÷òî îíî ìîæåò óëó÷øèòü êîððîçèîííóþ ñòîéêîñòü, ãîìîãåíèçèðîâàòü ðàçìåð çåð-
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íà, óâåëè÷èòü ìèêðîòâ¸ðäîñòü, à òàêæå óëó÷øèòü íåêîòîðûå äðóãèå ñâîéñòâà. 

Ïðîäåìîíñòðèðîâàíî, ÷òî ëàçåðíàÿ íàïëàâêà ÿâëÿåòñÿ ýôôåêòèâíûì ìåòîäîì 

óëó÷øåíèÿ ìåõàíè÷åñêèõ ñâîéñòâ, ìèêðîñòðóêòóðû è âîññòàíîâëåíèÿ ïîâðåæ-

ä¸ííûõ äåòàëåé. Òàêèì îáðàçîì, áëàãîäàðÿ ýòèì ïðåèìóùåñòâàì ëàçåðíîå ïëà-

êèðîâàíèå óñïåøíî ïðèìåíÿåòñÿ â àâòîìîáèëüíîé è àýðîêîñìè÷åñêîé ïðîìûø-

ëåííîñòÿõ è êîðàáëåñòðîåíèè.

Êëþ÷åâûå ñëîâà: âûñîêîýíòðîïèéíûå ñïëàâû, òðàäèöèîííûå ñïëàâû, ëàçåðíîå 

ïëàêèðîâàíèå, ìèêðîñòðóêòóðà, ìåõàíè÷åñêèå ñâîéñòâà, ïðèìåíåíèå.
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