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Abstract

The work is devoted to establishing the effect of laser modification by SiC particles of the surface layers
of 7075 aluminum alloy, on its wear resistance in friction conditions with a rigidly fixed and non-fixed abrasive.
It has been revealed that with increasing linear energy of the laser beam, the thickness of the modified layer in-
creases and the volume content of SiC particles in it increases. X-ray spectral and X-ray phase analysis of the
layers modified with SiC particles confirmed the presence of silicon carbide particles and aluminum carbides in
them. The speed of movement of the laser beam (linear energy of the beam) over the surface affects the structure
and wear resistance of laser-modified layers as well as the heating of the substrate. In particular, with an increase
in heat input from 740 to 1100 J/cm, the concentration of SiC particles increases by 25% in the modified layer,
and the wear resistance during friction tests with a rigidly fixed abrasive by 1,7...2 times. It has been found that
the wear resistance of the modified layer is almost not affected by the direction of friction (along or across the
laser processing tracks), however, the ratio of adjacent tracks overlap significantly affects. Thus, the wear re-
sistance of the modified layer under friction by a rigidly fixed abrasive increases with an increase in the size of
SiC particles and their volume content, an increase in the linear energy of the laser beam and the tracks overlap
ratio. When testing with a non-fixed abrasive, the trends in wear resistance remained, however, the influence of
the factors analyzed above is much weaker.

Key words: aluminum alloy, laser-modified layers, carbide silicon, rigidly fixed abrasive, non-closed
abrasive, wear resistance.

Introduction

About 30% of all metals are melted annually, which are spent on repairing losses caused by corrosion and
wear. [1, 2]. Therefore, it is important to develop and implement modern surface hardening methods [3]. At pre-
sent, aluminum alloys are widely used in industry, it has high specific strength at relatively low cost. However,
their surface characteristics are not sufficient for use in structures that work on wear. Various methods of crea-
tion and application of coatings are used to increase the durability of a surface [1-3]. A promising direction for
the surface hardening of aluminum alloys is the surface modification by a concentrated light beam of energy, [2,
4], which localizes and melts the upper layers of metal with a given thickness, with the possibility of additional
introduction of other material into its [2, 5]. Carbides are of particular interest as a reinforcing phase in such
composite materials SiC [6-15]. Such materials, with a certain composition of the matrix alloy and the particle
reinforcement, have low values of friction coefficient and high rates of wear resistance.

The process of laser modification of the surface of aluminum alloy powders of silicides, oxides, carbides
and other compounds causes significant technological difficulties due to the large difference in their physical
properties, which complicates the uniform distribution of powder grains in the molten metal bath [16]. It is also
necessary to take into account the turbulent molten metal flows, the uneven temperature distribution that causes
the melt viscosity gradient and the rapidity of the melt-crystallization process of the alloy [17]. In view of the
above, the aim of this work was to determine the effect of scanning speed by laser beam of the surface, the coef-
ficient of overlap of the scan tracks and the substrate temperature on the structural changes of the surface layers,
as a consequence, its durability.
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Experimental setup

The alloy surface of 7075 was modified by a continuous diode laser with operating parameters: maximum
power — 2200 Watt; wavelength — 1,06 pum; spot diameter— 3 mm; protective atmosphere — argon; scanning
speed — 1,0...1,5 m/min,

Fig.1 shows a scheme of laser treatment, which includes the creation of coatings by blowing, in a molten
laser beam and inert gas-protected tubes, dispersed powders of SiC carbides with a dispersion of 75 pm and a
hardness of 26 uV. The overlap ratio of the previous track was 25 and 50%.

The float of the surface of both the unheated specimen and the preheated specimen is 100 and 250°C.

Metallographic studies were performed on a scanning electron microscope with a micronutrient prefix
and ZEISS EVO 40X VP with the INCA Energy X-ray microanalysis system.

The phase composition of the surface layers was examined using a diffractometer IPOH-3.0 y Cu-K —
radiation focusing the tube according to the Bragg-Brentano scheme [18].

Abrasive wear by friction with non-attached abrasive particles was performed by quartz sand, which was
constantly fed into the contact area of the rubber disk and the sample by the metering device. Friction mode:
loading P = 44 H, disc rotation speed was 25 m/min. The diameter and thickness of the rubber disk were 50 and
15 mm, respectively. Wearing of the samples by friction with rigidly fixed abrasive was carried out by an abra-
sive disc of electrocorundum of medium-soft hardness SM-2 on a ceramic link 7K15 with a diameter of 150 mm
and a width of 8 mm, a linear friction speed of 100 m/min, loading in the zone of linear contact 15 N. the friction
under the two friction schemes was the same and it was 1800 m. The wear of the laser modified samples was es-
timated by the weight loss of the samples up to 2-10“ r on KERN ABJ 220 4M electronic analytical scales both
from the surface and after grinding to a depth of 0.5 mm and 0.8 mm from it.

Research results

Due to the laser modification by SiC particles, the surface of the alloy 7075 is covered by hemispherical
projections (fig. 1), the dimensions of which depend on the overlapping coefficient of adjacent tracks. As the la-
ser beam passes, molten metal paths are formed on the surface of the alloy after injection of SiC particles and so-
lidification, rollers of crystallized molten coating are formed. Modified surface has less roughness (R, = 20 pm),
and 25% (R, = 30 um) (fig. 1a) because of 50% overlap adjacent tracks (fig. 1b). This is caused by repeated laser
heating of the surface. It aligns the chemical composition and causes the formation of a highly dispersed, non-
porous structure.

Fig. 1. General view the surface of the laser modified SiC carbide layer on the alloy 7075 with a coefficient of
overlap of the laser tracks 25% («) and 50% (b), x25

Microstructural analysis of laser modified layers of alloy 7075 revealed that with increasing the heating
temperature of the substrate to 250 °C, accordingly, reducing the viscosity of the melt, the SiC particles more inten-
sively interact with it, forming secondary phases — aluminum carbides. The thickness of the modified layer in-
creased almost twice, the volume content of SiC particles in the modified layer increased to 26 vol.%, and alumi-
num carbide particles from 2 to 4 vol.% compared with the unheated substrate (fig. 2, fig. 3).
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Fig. 2. The effect of the substrate temperature of the 7075 alloy on the thickness of the laser modified layer:
a — unheated,;
b -100°C;

c—250°C




Problems of Tribology 51
i ]
26 1
24}
2| T SiC
— 1
20F 1
N 18;5 -
OZ;> 5 C
o’ T
4r L
3r AL C_+AI SiC
7. 43 4 1 4
2f =—
0 50 100 150 200 250
t, C

Fig. 3 The influence of the heating temperature of the
substrate (t) alloy 7075 on volume content (C) of parti-
cles SiC and Al,C3+AlLSIC, in laser modified layer.

With a beam of energy 740 J/cm (surface scanning speed — 1.5 m/s), the uniform distribution of SiC par-
ticles in the modified layer was maintained to a depth of 0.85 mm. (fig. 4a), while behind 1100 J/cm (surface
scanning speed — 1 m/s) —to 1,1 mm (fig. 4b).
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Fig. 4. The density of the distribution of particles SiC (psic) by thickness (I) laser modified layers on the alloy 7075, obtained by using
a linear energy of the laser beam 740 J/cm («) and 1100 J/cm (b)

X-ray diffraction analysis of the modified layers revealed (fig. 5), that Al,C; carbides (fig. 5a) are formed
mainly in the laser modified layer at lower heating temperatures of the substrate (100 °C) and lower linear ener-
gy of the laser beam (740 J/cm). Aluminum carbides Al,SiC, (fig. 5b) are formed mainly in the modified layers
without the heating of the substrate and with the driving energy of the laser beam of 1100 J/cm.
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Fig. 5. The radiograph of the obtained laser modified layer: for heating the alloy substrate 7075 100°C and by the laser beam energy
740 J/cm (a), and without heating the substrate with laser beam energy 1100 J/cm (b)

Metallographic and X-ray spectral analyzes identified aluminum carbides Al,C; and Al,SiC, in different
zones of the modified layer in depth from the surface, which differed in morphology and location in it (Fig. 6).
The possibility of forming both types of particles is consistent with the state diagram Al -SiC [19].
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Fig. 6. The zones of the laser modified layer (a), which correspond to the higher (zone I) (b) and lower melt temperature (zone II) (c).

The melt temperature is maximum, carbides Al,SiC, were formed with globular morphology and a small
number of Al,C; carbides with needle-like morphology in zone (7) (fig. 6a, b). As a result, the content of free Si
decreased in the structure of the modified layer of this zone. A small amount of Si (2,44 weight %) (fig. 7a) was
detected by spectral analysis in zone 7 (fig. 6b, spectrum 1) of laser modified layer, however it wasn’t observed
in structure. The needle-shaped carbides of Al,C; were formed, the maximum length of which reached 30 um
and their thickness didn’t exceed 1 pm in the deeper zone (1) (6a, c), where the melt temperature is lower. The
distribution of the Al,C; was not uniform, and spatial orientation — random. A significant amount of Si was de-
tected by spectral analysis (spectrum 1) (fig. 7b). It can be assumed that a small amount of Si in zone | is due to
the fact that a large number of Si is in the Al,SiC, compound, while in zone Il it is in a free state.
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Fig. 7. Spectral analysis of thee laser modified layer in the zone I (puc. 6b) (a) and zone II (fig. 6c) (b)

The speed of movement of the laser beam (the linear energy of the beam) across the surface affects the
structure and durability of the laser-modified layers as well as the heating of the substrate. It has been found that
with increasing the running energy from 740 to 1100 J/cm, the concentration of SiC particles in the modified
layer increases by 25%, and the wear resistance in the tests with rigidly fixed abrasive 1.7 ... 2 times (depending
on the mutual orientation of the laser paths, the direction of friction and track overlap factor) (fig. 8).
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Fig. 8. The wear resistance of the modified layer on the alloy 7075 from the surface (a), at depth ~0,4 mm
(Epeam = 740 J/cm) and ~ 0,8 mm (Eweam = 1100 J/cm) from the outer surface (b) in conditions of rigidly fixed abrasive, depending on
the laser beam energy, track orientation and its overlap track:
1 —along the track;
2 —across.
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With the increase of the laser track overlap coefficient from 25% to 50%, the wear of the SiC layer-
enhanced surface layer at a distance of 0.5 mm from the surface generated by the running energy of 740 J/cm de-
creased by 38% by friction along the tracks and by 32%. transverse direction (fig. 8a). With the linear energy of
the beam 1100 J/cm, the effect of overlap tracks on the sample wear decreased to 33% by friction along the
tracks and to 21% - across. Moreover, irrespective of the driving energy of the laser beam, the wear resistance of
the laser-modified layers at the coefficient overlap of the tracks of 25% of the friction across their orientation is
slightly higher (by 3...6%) than along. The wear of such surfaces increases to 10% with a 50% overlap of laser
tracks.

With non-bonded abrasive wear, the test conditions are more rigid and contribute to much more wear than
the conditions when the abrasive is rigidly fixed. However, even with non-bonded abrasive tests, the tendency to
change wear resistance obtained during hard-bonded abrasive tests remains, but the impact of the analyzed fac-
tors was much weaker (Fig. 9). Depending on the treatment mode, the wear resistance of the laser modified lay-
ers compared to the unmodified surface (AGg,; = 98 mg), grew only by 10...35 %. Also insignificant was the in-
fluence on the wear resistance of the modified linear energy of the laser beam and the overlap coefficient of the
tracks. It has been determined that the wear resistance of the deeper layers of the modified layer (at a depth of ~
1 mm) was also lower (Fig. 9b) compared to the layers closer to the surface (Fig. 3.9a).
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Puc. 9. The wear resistance of the modified layer on the alloy 7075 from the surface («) at depth ~0,4 mm
(Epeam = 740 J/cm) and ~ 0,8 mm (Ebeam = 1100 J/cm) from the outer surface (b) in the conditions
of unattached abrasive, depending on the energy of the laser beam, the orientation of the tracks and the coefficient of their overlap:
1 —along the track;
2 —across.

Analyzing the morphological features of the wear surfaces (Fig. 10), we have found that during the fric-
tion of the rigidly fixed abrasive, all the phases of the modified layer are erased in almost one plane in a single
layer (Fig. 10a). However, the deep traces of abrasion and tearing caused by the grasping of the abrasive wheel
with the surface of the sample have not been recorded. This is due to the fact that the matrix around SiC grains,
micro-reinforced with Al,Cs, Al,SiC,4 dispersed carbides, has a higher hardness and, therefore, less susceptible to
plastic flow as a prerequisite for setting.
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Fig. 10. The topography of the surface the alloy 7075, laser-modified SiC particles after tests of friction rigidly fixed (a) and non-
fixed (b) abrasive

The low wear resistance of laser-modified SiC alloy particles during friction with an unattached abrasive
is due to the fact that the free abrasive, falling into the intervals between the solid SiC particles, easily destroys
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the soft matrix, releasing the solid SiC grains, it is then easily pulled through unattached abrasive (Fig. 10b). It is
obvious that the wear resistance under non-bonded abrasive conditions depends on the distance between SiC par-
ticles, because first of all, the modified surface of the aluminum alloy is destroyed around these particles. [21,
22].

Conclusions

1. It has been found that only the Al,Cs aluminum carbides are formed in the modified layer at the laser
beam energy up to 740 J/cm when the melt temperature doesn’t exceed 1200°C. With an increase in the melt
temperature above 1200°C (using the higher laser beam energy mode or due to the preheating of the substrate),
two types of aluminum carbides are formed in the modified layer structure - Al,C; and Al,SiC,. Al4C; carbides
are located in a deeper zone, closer to the aluminum substrate, while Al,SiC, carbides are concentrated in the
upper zone of the modified layer, where the temperature exceeds 1200 °C.

2. It has been established that laser modification of aluminum alloys with SiC particles increases its abrasion
resistance by 40...95 times during the tests of rigidly fixed abrasive. Moreover, the wear resistance increases in pro-
portion to the volume content of SiC particles in the modified layer. The wear of this layer is due to the abrasion of
SiC particles by abrasive particles. The friction of the non-bonded abrasive will increase the wear resistance of the
modified layer by 10...35% compared to the unmodified surface.
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M. Crynent, X. 3agopoxna, B. I'Bo3geunkmii, I'. BeceaiBcbka, I'. IMoxmypebka, 1O. [I3b00a.
3HOoCOCTIHKICTh aoMiHi€BOTO crutaBy MoaudikoBaHoro SiC HUIIXoM Jia3epHOI 00pOOKH MTOBEPXHI

AHoTalisa

PoGoTa mpucBsueHa BCTAHOBJICHHIO BIUIMBY JiazepHoi Moxaudikamii wactmHkamMu SiC IOBEpXHEBUX MIapiB
anoMiHieBoro ciaBy 7075 Ha HOro 3HOCOCTIHKICT B YMOBaX TEPTS 3 KOPCTKO 3aKpiIUICHUM 1 He(iKCOBaHUM
abpazuBoM. Byso BHsBIIEHO, 110 31 301IbIICHHSIM JIIHIHHOI €Heprii JJa3epHOro MpOMeHs 301IbIITYEThCS TOBIMHA
MOH(DiKOBaHOTO mIapy Ta 30iIbIIyeThcs 00'eMHNI BMicT 4acTHHOK SiC y HbOMY. PeHTreHiBCbKkHil ClieKTpasb-
HUHA Ta peHTreHo]a3oBUi aHaNi3 mapis, MoaudikoBaHuX YacTuHKamu SiC, MiATBEpIWIN HASBHICTH y HHUX Ya-
CTHHOK KapOiqy KpeMHilo Ta kapOiniB amoMiniro. [lIBuakicts pyxy j1a3epHoro npomens (JiiHiiiHa eHepris mpo-
MEHsI) MO TOBEPXHi BIUTMBA€ HA CTPYKTYPY 1 3HOCOCTIHKICTH Jla3epHO-MOAM(IKOBAaHMX IIAPiB, a TAKOX Ha
HATpiBaHHS MiIKIaIKA. 30KpeMa, 31 30UTbIeHHAM TeruioBiiadi Big 740 qo 1100 JIx / cM KOHIICHTpaIlis YacTH-
Hok SiC y MoaudikoBanoMy miapi 30inbinyeTsest Ha 25%, a 3HOCOCTIHKICTD il 4ac BUIIPOOYBaHb Ha TEPTA 3
JKOPCTKO (hikcoBaHMM abpa3uBoM Ha 1,7 ... 2 pa3u. Byio BCTaHOBIIEHO, 110 HA 3HOCOCTIHKICTH MOIU(IKOBAHOTO
miapy Maibke He BIUTMBA€ HampsiM TepTs (B3I0BXK a00 MOMepeK JOpiXOK Jia3epHOi 00pOOKH), OfHAK Ha BiJHO-
LIEHHS CYCIJIHIX JOPI)KOK MEPEKPHUTTS CYTTEBO BIUIMBA€E. TaKMM YMHOM, 3HOCOCTIHKICTh MOTU(IKOBAHOTO MIapy
MIPU TEPTi KOPCTKO 3aKpilUIeHNM a0pa3svMBOM 30UIBIIYEThCS 31 30UIbIIEHHSM po3Mmipy uyactuHOK SiC Ta ix
00’€MHOT0 BMICTY, 30UIBIIEHHIM JIIHIHHOI €Heprii J1a3epHOTO MPOMEHs Ta Koe(illieHTa MEePEeKPUTTS AOPikKOK.
Ilix yac BunpoOyBaHb HEPIKCOBAHUM aOPa3MBOM TEHICHINT IO 3HOCOCTIMKOCTI 3aJIUINAIKCS, OJHAK BIUTUB BH-
mie3rajganux (pakTopiB 3HAYHO CITAOKIIIIE.

KuiouoBi ciioBa: amoMiHieBUil cruiaB, ja3epHO-MOAMGIKOBaHI IMIapH, TBEPAOCIUIABHUN KpPEMHIH,
JKOPCTKO 3aKpiruicHui adpa3uB, He3aKpiIuieHUH aOpa3uB, 3HOCOCTIHKICTh.



