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Influence of combined treatment of the surface layer on the impact

resistance of steel
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The results of a study of the influence of cold gas-dynamic spraying followed by laser processing of samples
made of carbon steel 20 and stainless steel 08X18H10T on their dynamic (spall) strength under impact loading
conditions at a strain rate of 10° - s~! are presented. The influence of impact speed on the microstructure of samples
and their spall strength was studied. It was shown that the dynamic (spall) strength of laser-treated samples after
their gas-dynamic spraying changed little in relation to samples without treatment. The microstructure of the tested
samples was studied. It has been established that a large amount of martensite is formed inside the ferritic grains of
carbon steel during impact loading, and intense mechanical twinning develops in the austenitic grains of austenitic
steel upon impact, with the largest number of twins observed in samples without laser treatment. In the spall crack
zone of the treated stainless steel samples, areas of amorphization and melting were found.
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1. Introduction

Currently, in order to achieve high results in creating
materials for products operating in extreme conditions, a
discipline that provides functional surface properties is being
actively developed: the so-called 2D materials. One of
the methods that makes it possible to obtain this kind
of material is the method of cold gas-dynamic spraying
(CGDS) [1,2]. Cold spraying technology is based on the
effect of the formation of a durable metal layer when a
two-phase supersonic flow approaches a normally located
surface [3], at a particle temperature significantly lower than
their melting point. The CGDS method is of exceptional
interest due to the low processing temperature, which
excludes the presence of processes associated with changes
in the chemical or phase composition. This makes it
possible to obtain coatings that are completely consistent
with the original powders. Such coatings have sufficient
thickness, adhesive strength and a given stoichiometric
composition for subsequent heat treatment. The relatively
low temperature of the transfer process prevents degra-
dation of the composition or structure of the original
powder components, as well as of the metal substrate
material.
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Subsequent processing of the sprayed layer using a laser
beam is a kind of laser doping of the surface layer of the
source material, which leads to the targeted formation of
structure [4].

In general, the combined two-stage technology ensures
the creation of intermetallic composite coatings and bulk
additive materials with controlled composition and structure
using cold gas-dynamic spraying of a precursor coating and
subsequent heat and laser treatment.

Laser doping, along with other high-energy methods (for
example, electron beam), is used as a surface treatment of
metals and alloys that are poorly strengthened by traditional
chemical-thermal methods [5].

During laser doping the increase in microhardness and
other operational characteristics of the surface layer of the
material is achieved not only due to structural (as at laser
hardening) and phase transformations in the laser effected
zone, but also due to the creation of a new alloy that differs
from the matrix material in chemical composition [6].

The use of laser processing of a pre-applied precursor
layer makes it possible to obtain modified layer with the
controlled chemical composition on the surface of the
substrate. In turn, the chemical composition regulation is
carried out by changing the thickness of the precursor coa-
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ting and varying the laser processing modes. Measurement
of the temperature of aluminum-based powder particles
during cold gas-dynamic spraying of coatings showed that
the temperature of particles in the gas flow at the stagnation
temperature 500—600°C for aluminum powder does not
exceed 40°C. The layer is formed in two stages: at
the first stage, a precursor coating is applied using the
cold gas-dynamic spraying method, at the second stage, a
doped layer is formed under the influence of laser. The
authors [7-10] studied the composition and properties of a
nickel-alloyed layer on the surface of low-carbon steel. The
results of X-ray diffraction analysis indicate the formation
of a solid solution and an intermetallic compound in the
formed layer of the FCC lattice.

There is a large range of metal materials used for the
manufacture of machine parts that experience extreme
(dynamic, temperature, etc.) external influences, which
requires their resistance to such, in particular, shock loads.

At the same time, it is known that any modification of the
surface of metals and alloys by various high-energy methods
leads (for example, under conditions of plane-wave impact
loading) to change in their dynamic characteristics [11-13]
and impact resistance [14]. This is due to the presence
of weak region of the modified material, namely the
boundary of the strengthened layer (or coating) — substrate.
However, it is unclear how the reinforced layer will behave
under high-intensity impact loads, even if it is located on
the back side of the impact accepted surface.

There is also no information about how the strengthened
layer located on the free surface affects the spallation
strength of the material as a whole. There is no doubt that
the influence of the strengthened layer on the properties
of the material shall be felt. It was noted in [15] that
the behavior of materials with sprayed surface layer turned
out to be more complex than expected. According to the
authors opinion, this is a consequence of the difference in
the properties of the main coating material and its near-
surface layer, since it is known that diffusion processes
change the chemical composition of the near-surface layer.
The fact is that a sample with a surface-hardened layer
can be considered as a kind of composite with a sandwich
structure: a thin strengthened layer — ultra-thin interface —
a thick viscous substrate. The mechanical properties of the
material on both sides of the interface differ significantly;
modulus of elasticity may also vary, although only slightly.
Therefore, some local contact stresses can be created at
the interface, which can change the entire course of the
loading process development. Besides, at the interface,
temperature or load changes can lead to the formation of
micro-/macrocracks and delaminations. In principle, this
can lead to both a change in the dynamic characteristics,
including the spallatrion strength of the material, and to
change in the mechanisms of deformation and fracture. To
measure the tensile strength of interfaces between coatings
(hardened layers) of micron thickness and substrates, in
recent years the method of spallation induced by a high-
speed impact or laser pulse was used [16-19].
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The purpose of this paper was to evaluate changes
in the dynamic (spallation) strength and structure of the
material in disk-shaped samples made of carbon steel 20
and stainless steel 08Cr18N10T. One side of the disk
was processed by a combined method (cold gas-dynamic
spraying and subsequent laser processing), after which
the samples were exposed to a flat impactor at a speed
V =220-350m/s.

2. Materials and research methods

The materials studied were carbon steel 20 and austenitic
stainless steel 18Cr10ONiTi. Powder A10-01 (Al+ Al,Os3)
was applied to one side of each disk with a diameter
of 92mm and thickness of 10mm using the cold gas-
dynamic spraying method by Dimet-403 unit (manufactured
by ,,OTsPN“ LLC, Obninsk). Aluminum oxide in this case
stabilized the deposition process. The sprayed layer was
60—80 um thick. After application, the sprayed surface was
processed in laser complex ,,Fabrika“ (Russia) (Figure 1,a).
Laser power during processing is 200 W, scanning speed
is 100 mm/s, scanning step is 75um, spot diameter is
about 100 um with insignificant defocusing. The processing
algorithm has a staggered nature (for a more uniform
distribution of heating) (Figure 1, b).

After laser processing the corundum melted and went
to the surface; thus, there was no corundum in the
intermetallic layer; the thickness of the intermetallic layer
was 80—100um. The indicated temperature and speed
parameters of the technological process were determined
in paper [15].

Plane-wave impact loading of processed and unprocessed
disks was carried out on experimental pneumatic gun of
57mm caliber with a double-diaphragm shutter. The gun
operates with compressed air and can create pressure up
to 15 MPa. A complete description of the experimental
setup is given in [20]. The use of gas gun makes
it possible to obtain stable and easily monitored impact
speeds Vp in the range of 50 to 500m/s. Maximum
tensile stresses (spallation strength) were determined only
on samples unprocessed with laser or on processed samples
with minimally ground layer (so that the signal could be

Figure 1. &) Laser processing of the sprayed surface and b) type
of processed surface.
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taken from this surface). The interferometer VISAR was
used to record the free surface velocity. A single-mode
and single-frequency neodymium laser Verdi-2 with built-in
frequency doubler was used as a radiation source in the
interferometer. The radiation wavelength was 0.53 ym.

Interference patterns were processed only before the
beginning of the spallation pulse [20-22]. From the obtained
dependences of the free surface speed, the maximum free
surface speed Vi, the minimum free surface speed V, before
the beginning of the spallation pulse and the time of decay
of the free surface speed from V; to V, were determined.
During testing some samples experienced separation of the
spallation plate. Maximum tensile stresses and deformation
rates were determined using the formulas

) 1 oVv;
o, = 0.500Co(Vi — V2), &€= — —,
b 00Co(V1 — V2) 3 ot
where 0, — maximum tensile stress, pg — density, Co —
volumetric speed of sound, V| — maximum free surface
speed, V, — minimum free surface speed before the

spallation pulse, ¢ — deformation rate. In the case where
spallation occurs, o, corresponds to the spallation strength.

Studies of the structure in the optical microscope
Axio-Observer Z1 M were carried out in bright field and
in contrast C-DIC (differential-interference contrast with
circular polarization). Since the measurement of phase
areas on a microsection in accordance with the Cavalieri
principle [23] can be replaced by the measurement of
segments per each phase, the specific phase interface was
determined using linear analysis: Sap = 2ZAB/L, where
L — total length of the measuring line; ZAB — the
number of points of the measuring line intersection with
phase interfaces A and B. The microhardness of steel was
determined using Shimadzu series HMV-G microhardness
tester (using the Vickers method) at a load of 100 g.

3. Experimental results and discussion

3.1. Impact experiments
3.1.1. Steel 20

As a result of impact experiments, the maximum
tensile stresses for steel 20 samples processed by
laser were determined. The range of their changes
was within o0, =1.1-1.5GPa at deformation rates
£=1.05-10*~1-10°s"!. Examples of loading diagrams
for samples with unprocessed surface (impact speed
V =222 and 355m/s) are shown in Figure 2 (curves /
and 3, respectively).

The maximum tensile stresses on the processed samples
with ground surface were in the range 0, = 1.32—1.62 GPa
at deformation rates &=7.2-10*~1.1-103s"!.  The
example of loading diagram for sample with processed
surface (impact speed V =306m/s) is shown in the
Figure (curve 2). Thus, the maximum tensile stresses
(spallation strength) increased by 4—20%.
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Figure 2. Time profiles of free surface speed of steel 20:

curve I —V =222 m/s and 3 — V = 355m/s without surface
laser processing; 2 — V = 306m/s with laser processing and
ground surface.
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Figure 3. Loading diagrams for samples of stainless
steel 18Crl10ONiTi: curve I — with surface without laser pro-
cessing, V = 343 m/s; 2 — laser processed surface, ground layer,
V = 304 m/s.

3.1.2. Stainless steel 18Cr10NiTi

As a result of impact experiments the maximum tensile
stresses for unprocessed samples were determined. The
interval of their changes lay in the region o, = 1.8—2.2 GPa
at deformation rates ¢ = (1.8—2.1) - 10°s~!. An example
of loading diagram for sample with unprocessed surface
(impact speed V = 343 m/s) is shown in Figure 3 (curve 1).

The maximum tensile stresses on the processed surface
with ground layer were in the region o, = 1.95—2.46 GPa
at deformation rates & = (2.1—-2.5) - 10°s~!. The example
of loading diagram for sample with ground surface (impact
speed 304 m/s) — in Figure 2 (curve 2).

Thus, the strength characteristics after coating and laser
processing of this layer changed little (maximum tensile
stresses (spallation strength) increased by 8—15%). Le.,
cold gas-dynamic spraying followed by laser processing of
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50 pm

50 pm

Figure 4. Structure of steel 20 coated without laser processing (V =222m/s): a) x50, b and ¢) x200, d) x500, ¢) %1000,

f) x1000 C_DIC).

the back surface had virtually little effect on the spallation
strength of both carbon and stainless steel.

3.2. Study of microstructure

3.2.1. Steel 20

In the initial state (without laser processing), the structure
of steel 20 after loading at speed V = 222m/s is grains of
ferrite and lamellar pearlite (Figure 4).

Physics of the Solid State, 2024, Vol. 66, No. 2

It can be seen that the cracks run along the pearlite strips
(Figure 4,a and b), located in the direction of preliminary
mechanical processing (rolling or forging). The quantitative
components of steel 20 after impact loading are presented in
Table 1; the pearlite grain size is smaller than of the ferrite,
and it is often located along the boundaries of the ferrite
grain, along which cracks occur.

Pearlite and ferrite, as well as martensite and ferrite are
taken as phases A and B [23].



238

S.A. Atroshenko, D.A. Gerashchenkov, A.V. Kuznetsov, G.G. Savenkov M.S. Smakovakiy

Table 1. Quantitative characteristics of steel 20 structure after laser processing and impact loading

Steel V, m/s Layer, um Dperite, ym Oferrite, 4M Npertite, 4m Slip Spp, m ™! Svr, m ™!
Steel 20 | 222 initial 0 529 81.5 1.02 + 0.03-10° | 0.04-10°
286 polish 0 413 76.6 0.69 + 0.06 - 10° 0.20 - 10°

303 513 48.8 65.5 045 + 0.04-10° | 0.33-10°

351 94.1 49.6 54.1 0.58 + 0.06 - 10° 0.26 - 10°

Note. Layer — size of laser layer, V — loading rate, Dpeiie — pearlite grain size, gpite — ferrite grain size, hperi — interlamellar spacing in pearlite,
Slip — slip strips, Spr — specific surface of pearlite-ferrite interface, Syr — specific surface of martensite-ferrite interface.

350 T T T T T
HYV for steel 20
300] —+— HV 351 layer :
HV 303 layer
250 HV 306 polish .
2 L HV 222 initial p
200 /\‘/\A PN / P =
../ 1
150 3 1
100 l l l l l
0 1 2 3 4 5 6
L, mm
Figure 5. Panorama of changes in the hardness of steel 20

across the target from the free surface to the loaded one after
impact with speeds: curve 1 — V = 222m/s in the initial state,
without laser exposure; 2 — V = 306m/s after laser exposure
and polishing of the laser layer; 3 — V =303m/s after laser
processing; 4 — V = 351 m/s after laser exposure.

A panorama of the change in Vickers hardness across the
target is shown in Figure 5. From the presented panorama
it is clear that at speed V = 222 m/s in the initial state —
without laser exposure, the maximum hardness is observed
at the edges of the sample, and in the middle of the sample
the scatter is quite large: the decrease reaches 20 units, this
is due to the heterogeneity of the structure — the presence
of pearlite and ferrite of different hardness, as well as the
presence of cracks.

The structure of steel 20 after laser processing of the
coating and impact loading at speed of 286 m/s is shown
in Figure 6. The entire laser layer was ground off on both
sides, so it is absent.

After loading, the spallation plate was separated. Spal-
lation cracks (Figure 6,a) run along the boundaries of
ferrite grains and along pearlite plates (Figure 6,c). A large
amount of martensite is present (Figure 6,5 and d). With
loading rate and laser exposure increasing, pearlite and fer-
rite grains were refined, and their scattering also decreased,
ie. they became more equiaxed, and the interlamellar
spacing in pearlite also decreased, ie. it became more
dispersed. Analysis of steel samples for carbon revealed
a layer depleted in carbon and a very thin layer enriched

in carbon inside the spallation zone, which indicates mass
transfer of carbon from the adjacent zone to the fracture
area [24-28]. The amount of pearlite increased, and the
amount of martensite increased significantly. In the zone
of interference of unloading waves, where negative pressure
(tension) operates, the phase transformations are observed,
which are the material reaction to short-term exposure to
negative pressure [29-33].

The panorama of changes in the steel 20 hardness across
the target after laser exposure and the laser layer polishing
after loading at speed of 286 m/s (Figure 5) demonstrates
a relatively uniform hardness distribution throughout the
thickness of the sample and along the edges, only in the
middle of the sample there is a spike in hardness by
30units. The average hardness of this sample turned out
to be higher than when loaded at speed of 222 m/s without
laser exposure. This is due to laser processing, although the
layer was ground off, as well as large amount of martensite
formed (Table 1)

The structure of steel 20 after laser exposure on the
coating and loading at speed of 303m/s is shown in
Figure 7.

After loading, the spallation plate was separated. The
laser layer with an average thickness of 50 um is full with
cracks along the loading direction (Figure 7,a and d). The
inside the target run along the boundaries of ferrite grains
and along pearlite grains (Figure 7, b). The spllation cracks
are shown in Figure 7,c. With loading rate and laser ex-
posure increasing, pearlite dissolved (crushing of its grains)
(Figure 7,e) — the amount of pearlite decreased, but the
amount of martensite increased (Figure 7,f) (Table 1). At
loading rate of 303 m/s the size of the ferrite grain decreased
with the same scattering as at lower speed, the size of the
pearlite grain increased slightly with significant scattering,
and the interlamellar spacing turned out to be the smallest
among all tested samples, i.e. the most dispersed pearlite is
observed at this speed and laser exposure.

The panorama of the steel 20 hardness change across the
target (from the layer to the untreated surface) after laser
exposure and after loading at speed of 303 m/s (Figure 5)
shows the highest hardness in the laser processed layer; at
the other end of the target (through thickness) the hardness
is much lower — by 60 units. On average, at loading rate
of 303 m/s, the hardness turned out to be at the level of the

Physics of the Solid State, 2024, Vol. 66, No. 2
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Figure 6.
d) x1000C_DIC).

sample loaded at speed of 222 m/s without laser loading,
but without strong scattering in the thickness of the sample.
The decrease in hardness compared to the sample loaded
at speed of 286 m/s can be explained by the presence of
cracks in the laser layer, despite the maximum amount of
martensite in this sample.

The structure of steel 20 after laser exposure and loading
at speed of 351 m/s is shown in Figure 8. The separation
of the spallation plate is also observed. The laser layer
(Figure 8,a) with average thickness of 95um looks like
a combination of large molten and crystallized droplets,
and unlike the previous case (Figure 7,a) it turned out
to be without cracks. The spallation fracture is shown
in Figure 8,b. The amount of pearlite increased and of
the martensite decreased (Figure 8,¢ and d) compared to
loading at lower speed (Table 1). The loading rate and
laser exposure increasing led to the ferrite grain refinement
and decrease in its scattering — the structure became
more equiaxed, while the pearlite grain changed little, but
the scattering also decreased. The interlamellar spacing
increased slightly. At this deformation rate the vortex
structures are observed near the laser layer (Figure 8, e¢).
There are also dislocations slip lines (Figure 8, f).

Physics of the Solid State, 2024, Vol. 66, No. 2

Structure of steel 20 after laser exposure and loading at speed of 286m/s: a) x200, b) %500, ¢) x500C_DIC,

Using the SIAMS structure analyzer, the martensite
structure score was determined according to GOST 8233 —
Structure score 10: macroacicular.

The panorama of changes in steel 20 hardness across the
target (from the layer to the unprocessed surface) after laser
exposure after loading at speed of 351 m/s demonstrates
the maximum hardness in the laser layer; at a distance
of 0.5mm it decreases and changes little over the target
thickness. On average, the hardness turned out to be
maximum in this sample, both over thickness and in the
layer, among all tested steel 20 samples. This is due to the
fact that the laser layer has no cracks and is the largest in
thickness, as well as with the maximum loading rate.

3.2.2. Steel 18Cr10NiTi

A large number of twins of different sizes and directions
are observed in the structure of the sample. As it is
known, the mechanism of plastic deformation in the form
of twinning, the implementation of which requires the
application of high shear stresses, is characteristic of FCC
metals under explosive and impact loads [34-37].
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100 pm

50 pum

Figure 7. Structure of steel 20 after laser exposure and loading at speed of 303m/s: a and b) x200, ¢) x25, d and e) x500C_DIC,

f) x1000 C_DIC).

Cracks are located in the direction of preliminary de-
formation and often occur on inclusions of intermetallic
compounds. The cracks and pores have a round, elongated
shape (Figure 9,a). They are located in the direction of
shock wave propagation.

The panorama of hardness changes of all tested samples
is presented in Figure 10. For the initial (without laser
processing) sample loaded at speed of 343 m/s, the hardness
shows a rather large scattering (20 units) over the thickness

of the target L, despite that the average hardness of this
sample was the highest of all tested. This is probably due
to the highest speed of impact on the target (343 m/s),
although without laser processing. The scattering over the
target thickness is associated with the presence of a large
number of cracks and brittle phases.

The structure of steel 18Cr10NiTi after laser processing
of the coating and impact loading at speed of 276 m/s is
shown in Figure 11.

Physics of the Solid State, 2024, Vol. 66, No. 2
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100 pm

50 pm

Figure 8. Structure of steel 20 after laser exposure and loading at speed of 351 m/s: a) x200, b) x25, ¢, d and ¢) x500C_DIC,

f) x1000 C_DIC).

The laser layer has an average thickness of 80um
(Figure 11,a and ¢) in some places has individual cracks,
sometimes at the interface with the base metal (Figu-
re 11,¢). Cracks caused by impact loading are located along
(Figure 11,b) the direction of preliminary deformation and
in the direction of the shock wave propagation. Chains
of intermetallic phases along which cracks pass are visible
(Figure 11,a and ¢). The cracks often have an oval
shape (Figure 11,d), as in the initial state (without laser

7 Physics of the Solid State, 2024, Vol. 66, No. 2

processing), many twins are observed. But their number
decreased, and the average size increased (Table 2) (which
is associated with decrease in impact speed and, as a conse-
quence, decrease in shear stresses). In some places near the
crack a dendritic structure was discovered (Figure 11,5),
which indicates local melting in this area. In the spallation
zone, in the zone of interference of unloading waves, where
negative pressure (tension) operates, phase transformations,
amorphization, and recrystallization are observed, which
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- H pm

Figure 9. Structure of steel 18Cr10NiTi after impact loading at speed of 343 m/s in the initial state — without laser exposure: a) x200,

b) x500C_DIC, ¢) x1000, d) x1000C_DIC).

400 " HV for steel 18Cr10NiTi
—e— HV 343 layer

350 HV_301_layer ]
—o— HV_304 polish

> 300 —e— HV 276 layer TR
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1 50 | | | | |
0 1 2 3 4 5 6
L, mm
Figure 10. Panorama of the change in steel 18Crl1ONiTi

hardness across the target from the free surface to the loaded one:
curve ] — after impact with speed of 343 m/s in the initial state —
without laser exposure; 2 — after laser processing and impact
loading at speed of 276 m/s; 3 — after laser exposure, polishing of
the laser layer and impact loading at speed of 304 m/s; 4 — after
laser exposure and impact loading at speed of 301 m/s.

are the reaction of the material to short-term exposure to
negative pressure[27-36].

Table 2 shows the quantitative characteristics of the
microstructure of the under study measured using an Axio
Vision analyzer [23].

Phases A and B are taken to be twin and austen-
ite. As can be seen from the Table, the number of
twins increases with loading rate increasing, which is
confirmed by photographs of the microstructure (Figure 9,
Figures 11—13), and the more twins are observed, the
higher the strength of the material is [25-26], which is
confirmed by microhardness data (Figure 10).

The panorama of hardness changes (Figure 10) for this
sample (276 m/s) demonstrates the highest hardness in the
laser coating layer; at distance of 0.5mm from the layer,
the hardness decreases significantly, and further over the
thickness of the sample it changes little. This is probably
due to laser exposure, which creates a layer in the form of
crystallized droplets.

The structure of steel 18Cr10NiTi after laser exposure
and impact loading (the laser layer is ground off, so it is
absent) at speed of 304m/s is shown in Figure 12. The

Physics of the Solid State, 2024, Vol. 66, No. 2
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00 pm

| PROR
A

50 um

Figure 11. Structure of steel 18Crl10NiTi after laser exposure and impact loading at speed of 276 m/s: a) x25, b, ¢ and d) x200,

e) x500C_DIC, f) x1000C_DIC).

cracks run from the ground off layer (Figure 12,5 and c).
Individual spallation cracks are observed (Figure 12,a
and d). An area of amorphization was discovered in the
area of the spallation zone.

Around the cracks, areas of melting with dendritic
structure are observed (Figure 12,c¢). Cracks appear
along the boundaries of austenite grains near the laser
processing surface (Figure 12, ¢), where the accumulation of

7*  Physics of the Solid State, 2024, Vol. 66, No. 2

intermetallic compounds is observed. With increase in the
loading rate, increase in the number of twins (Figure 12, e
and f), and decrease in their sizes are observed, as well as
decrease in the size of the austenite grain and its scattering.

From the panorama of changes in hardness (Figure 10)
it is clear that the hardness of this sample, loaded at rate
of 304 m/s with a laser-ground layer, changes slightly along
the thickness of the sample.
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50 um

Figure 12. Structure of steel 18Crl10NiTi after laser exposure and impact loading at speed of 304m/s: a) x25, b) %200, ¢ and

d) x500C_DIC, ¢) x1000, f) x 1000 C_DIC).

The structure of steel 18Cr10NiTi after laser exposure
and impact loading at speed of 301m/s is shown in
Figure 13.

The laser layer with an average thickness of 125um
is shown in Figure 13,a and b. The cracks are located
in the direction of preliminary deformation (Figure 13,a),
a dendritic structure is observed in the area of cracks
(Figure 13, ¢ and d), which indicates local melting; the size

of austenite grains also increased. Areas of amorphization
were discovered (Figure 13,¢ and f). The number of twins
decreased and their size increased, and the size of the
austenite grain and its scattering increased.

The panorama of the change in hardness of this sample
(Figure 10) at a loading rate of 301m/s shows a very
large scattering (almost 35 units) of hardness over the
target thickness. This is due to the presence of large

Physics of the Solid State, 2024, Vol. 66, No. 2
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100 pm 50 um

Figure 13. Structure of steel 18Cr10NiTi after laser exposure and impact loading at speed of 301 m/s: a) x25, b) x100, ¢ and d) x200,
e) x500C_DIC, f) x1000C_DIC).

Table 2. Quantitative characteristics of steel 18Cr10NiTi structure after laser processing and impact loading

Steel V, m/s Layer, um Hew X Liw, ym S, m~!

Steel Cr18Nil0Ti 343 (initial) 0 1.0 x 13.7 0.76 - 10°
276 794 2.9 x 36.5 0.47 - 10°

304 (polish) — 1.5 x 14.2 0.58 - 10°

301 125.7 5.7x31.4 0.55-10°

Note. Layer — laser layer thickness, V — loading rate, Hyw X Ltw — twins size, Spa — specific surface of twin-austenite phases interface.
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Figure 14. Change in hardness of steel 20 and steel 08Cr18N10T
depending on loading rate.

number of cracks and dendritic structure, as well as areas of
amorphization, which have very different hardness, although
the average hardness of this sample was found to be
quite high.

Figure 14 shows a comparison of the change in hardness
of steel 20 and steel 08Cr18N10T depending on the loading
rate.

The general trend is increase in hardness with loading rate
increasing. The decrease in hardness in steel 20 at loading
rate of 303 m/s compared to the sample loaded at rate of
286 m/s can be explained by the presence of cracks in the
laser layer, despite the maximum amount of martensite in
this sample. The drop in hardness in stainless steel at rate
of 291 m/s after the laser layer grinding is probably due to
the presence of cracks from the surface of the ground laser
layer.

4. Conclusion

The following main results were obtained in this study.

1. Cold gas-dynamic spraying of the back surface of the
target followed by laser processing of steel samples, both
carbon and austenitic, leads to slight increase in its dynamic
(spallation) strength; this is due to the martensite presence
in carbon steel and large number of twins in austenitic steel.

2. Coating has little effect on the dynamic strength of
steel 20. The presence of a laser processed layer leads
to increase in the amount of martensite in carbon steel,
and in austenitic steel to increase in the size of twins
and decrease in their number, which leads to increase in
hardness regardless of the impact speed.

3. With increase in the loading rate, an increase in
the hardness of both carbon steel 20 and austenitic

steel 18Cr10NiTi is observed, while the hardness of the
laser layer significantly exceeds the hardness of the base
metal.

4. Areas of amorphization in austenitic steel are located
near the laser layer, which is associated with the effect of
laser processing, and dendritic structure and melting are
observed near spallation cracks.
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