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Introduction. Microhardness and wear resistance of the alumi-
num alloy (AK5M?7) after its surface treatment through electro-
spark doping (ESD) using A (Cu) and P (CutP) electrodes with
different applied energy is considered. The work objective is to
study the relationship of the physicomechanical and strength
properties of the surface of AK5SM?7 alloy obtained after ESD
with copper and copper-phosphorus electrodes.

Materials and Methods. X-ray diffraction and X-ray fluores-
cence analysis methods were used to determine the phase com-
position, coherent-scattering regions (CSR), and the surface
microstrain.

Research Results. 1t is established that with increasing energy,
the values of microhardness and wear resistance increase when
using both electrodes. The sample was modified by P electrode
with the energy of 0.79 J. In this case, the maximum value of
microhardness increased 5.3 times, wear resistance - 1.6 times.
It is found that with ESD, new intermetallic phases of Al2Cu
and Cu3P are formed on the surface of the alloy under study. If
the value of the energy used is maximum (0.79 J), the concen-
tration of the AI2Cu phase increases 5 and 9 times with A and P
electrodes, respectively, and the concentration of the Cu3P
phase increases more than 4 times when using P electrode. The
experimental data obtained suggest size reduction of the CSR
and an increase in the microstrain values for all the Al, Al12Cu,
and Cu3P phases on the surface.

Discussion and Conclusions. An increase in energy with the
ESD involves an increase in the defective factors and a change
in the phase composition of the newly obtained surfaces. This

may explain the increase in wear resistance of the surface.

Keywords: electrospark doping (ESD), coherent-scattering
region (CSR), microstrain, aluminum alloys, wear rate.
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Beéeoenue. CtaThsi TIOCBSIIICHA HCCIICTOBAHUIO MUKPOTBEPIO-
CTH ¥ W3HOCOCTOMKOCTH amfoMHHHEBOTO craBa (AKSM7)
nocyie 00pabOTKH €ro MOBEPXHOCTH 3JIEKTPOUCKPOBBIM JIETH-
poBarueM (DUJI) sanexrpomamu A (Cu) u P (Cu + P) ¢ pasHoii
MIPUJIOKEHHOMN SHEpTHEl.

Llenp pabGoTel — HCCIEOBaHWE B3aUMOCBSI3M  (H3HKO-
MEXaHIMYECKUX U MIPOYHOCTHBIX CBOMCTB MOBEPXHOCTHU CIIIaBa
AK5M7, mnonydennoit mnocie OWJI MemHsIM U MeIHO-
hochopHBIM dIIEKTPOAAMH.

Mamepuaner u memoOsi. VICIONB30BaHBl METOABI PEHTT€HO-
IU(PAKIIMOHHOTO W PEHTI€HO(IYOPECHEHTHOTO aHaIH3a IS
ompenenenns (a3oBOro cocraBa, 00nacTell KOTEPEHTHOTO
paccesaus (OKP) u MukporeopMaiivy moBepXHOCTH.
Pesynomamer uccredosanus. Y CTaHOBICHO, YTO TIPH HCHOJNb-
30BaHUM OOOMX BHIOB JIIEKTPOJOB C YBEIHMYCHHEM SHEPTHU
BO3pacTalOT MHKPOTBEPAOCTh M H3HOCOCTOHKOCTH. OOpasen
ObuT MoHGUIMPOBaH AmekTpoaoM P ¢ sHeprueit 0,79 Ix. B
3TOM CIIydae MaKCHMalbHOE 3HaueHHEe MUKPOTBEPJOCTH YBe-
JUYUIIOCh B 5,3 pasza, nu3HococToiikoctn — B 1,6 pasa. Ycra-
HOBJIEHO, 4TO Tipu DMJI Ha MOBEPXHOCTH HCCIEyEMOrO CIlIa-
Ba 00pa3yrTcs HOBbIe MHTepMeTamimdeckue ¢azel AlL,Cu u
CusP. Ecnii 3HaueHHe MCIONB3yeMOW SHEPTUH MaKCHMAlbHO
(0,79 1), To xoHuenrpamus ¢assr Al,Cu yBenu4auBaercs B 5
1 9 pa3 ¢ snekrpogaMu A u P cOOTBETCTBEHHO, a KOHIIEHTpa-
st pasel CusP yBenmmuuBaercs Gonee yeM B 4 pasza mpu HC-
none30BaHuM  3yekTpona P. IomydeHHble sKcnepHMEHTab-
HBIE JAaHHBIE CBHICTEIBCTBYIOT 00 YMEHBIIEHHH DPa3MepoB
OKP u yBenuueHHH 3HAUCHUH MHUKPOAEGhOpPMAIIUH AJsI BCEX
nmeromuxcs Ha nmosepxaoctr gas Al, Al,Cu u Cu;P.
Obcyaicoenue u 3axmovenus. Y Bennuenne sueprud npu JNJI
IPUBOJNT K TOBBIMICHHIO Ae()EKTHOCTH U U3MEHEHHIO (a30-
BOT'O COCTaBa BHOBb IOJIyYEHHBIX MOBEPXHOCTEH. DTUM MOX-
HO OOBSICHUTH TIOBBIIMICHHE H3HOCOCTOWKOCTH JAHHOU IT0-

BEPXHOCTH.
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Introduction. Various coatings and surface modification methods are used to increase the wear resistance of
workpieces. One of them is electrospark doping (ESD) of conductive materials (authors: B.R. Lazarenko and N.I. Laza-
renko [1-4]).

Al-Si-Cu alloys are widely used in the automobile industry. They are well molded, have all the necessary me-
chanical properties, and are characterized by a low coefficient of thermal expansion and a high ratio of strength and
weight. However, the hardness and wear resistance of aluminum alloys are relatively low. This is the reason for the ur-
gency of the problem of improving these properties through surface hardening [5—10]. The point is that it is required to
create hardened layers with improved mechanical-and-physical properties. In the present paper, the results of ESD by
various electrodes at different energies to harden the surface of AK5SM7 alloy are shown.

Materials and Methods. Samples of AK5SM7aluminum alloy with dimensions of 15%15x4 mm were made for
research. Their surfaces were processed through the ESD method with copper and copper-phosphorus electrodes. The
elemental composition of the alloy and electrodes was determined through X-ray fluorescence analysis on an ARL Per-
form’X 4200 instrument. The results are shown in Table 1.

Table 1
Elemental composition of alloy and electrodes
Al, % Cu, % Si, % P, %
AKS5MT7alloy 88 7 5
P-electrode 92.9 7.1
A-electrode 0.1 99.9

Electrospark doping was carried out on ALIER-31 installation (SCINTI, Moldova), which allows performing
the ESD in a wide energy range.

X-ray phase analysis was performed to determine the phase composition of coatings applied to aluminum alloy
through the ESD technique.

The PANalytical EMPYREAN X-ray diffractometer with CuKa radiation equipped with a nickel filter with an
automatic primary beam divergence slit was used for the survey. The radiograph was decoded using the HighScorePlus
program. We studied:

- quantitative content of phases detected on the surface;
- the average dimension of coherent-scattering regions (CSR);
- values of microdeformations after ESD of samples.

The microhardness of the modified layer was measured on the surface obtained after ESD. The research complex
based on HVS-1000 microhardness meter and a digital video camera were used. The measurements were carried out
according to GOST 9450-76 with the Vickers pyramid indenter (the load was P = 25 g). At least ten measurements
were performed for each sample. The base alloy and the surfaces of its samples after the ESD treatment were subjected
to tribological tests (a lubricant was preliminarily applied on the surfaces of the samples).

Research Results. The results obtained are presented in Table 2 and in Fig. 1-4.

Table 2
Phase concentration of base alloy and surfaces after ESD depending on energy
Phase concentration
Energy, J AK5M7alloy A-electrode P-electrode
Al Al,Cu Si Al Al,Cu Si Al Al,Cu Si Cu;P
0 92 2 4
0.07 97 1 94 3 2 1
0.2 96 1 70 22 5 3
0.39 94 5 1 65 25 5 5
0.79 89 10 1 59 28 5 8
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Table 2 shows phase concentrations found on the surfaces of the base alloy and samples after the ESD at vari-
ous energies.

The base alloy has three phases: Al, Al,Cu and Si. With increasing the ESD energy, an increase in the Al,Cu
concentration is observed when using both electrodes, and a decrease in the Al phase, while the Si phase remains con-
stant for the A- electrode at all energies. In this case, Si concentration increases 2.5 times with the energy rise for the P-
electrode. In the samples treated with the P-electrode, the CusP phase appears. Its concentration increases 8 times with
the pulse energy rise to 0.79 J.
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Fig. 1. Dependence of CSR Al-phase size on energy for A and P electrodes
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Fig. 2. Dependence of Al-phase microstrain value on energy for A and P electrodes

Fig. 1 and 2 show that when using both electrodes, the CSR decreases with the ESD energy rise, and the mi-
crostrain grows. The coherent-scattering regions are practically faultless surface areas. Therefore, an increase in CSR
indicates improvement in the microstructure of the modified layer, and reduction of its defect level. However, it is
known that a change in the structure imperfection of metallic materials causes a change in their mechanical-and-
physical properties [11, 12]. The microstrain value indicates the degree of the crystal lattice distortion, and thus, the
structure imperfection ratio can be defined by its value [13, 14]. Similar CSR dependences and microstrain were ob-
tained for the Al,Cu and Cu;P phases after the ESD of AK5M7 alloy surface with A and P electrodes. It is found that
the patterns of changing the CSR and microstrain are the same as for the Al-based phase. Therefore, the data in Fig. 1, 2
suggest that with increasing energy, the structure of the resulting surface is distorted more heavily.

Fig. 3 shows the measurement results of the surface microhardness after the ESD by the copper and copper-
phosphorus electrodes.
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It is seen that the microhardness increases with the energy rise, and for A-electrode, at the peak value of ener-
gy, nearly 3-fold increase is observed, for P-electrode — 5-fold.

It is known that during the ESD, melting of materials of the anode and the sample surface occurs, and then rap-
id cooling (quenching). As a result, new phases (in our case, Cu;P), dislocations, point defects, high degree of surface
stress, fine-grained structure, etc., can form on the surface. Accordingly, it can be assumed that with increasing energy,
the microhardness grows due to the above-mentioned distortions arisen during the ESD process (see Fig. 3).

Fig. 4 shows the measurement results of the wear rate of AK5M?7 alloy and the sample surfaces after the ESD
with copper and copper-phosphorus electrodes at the energy of 0.79 J.
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Fig. 4. Wear resistance rate of base AKSM?7 alloy and its surface after coating at energy of 0.79 J

Fig. 4 shows that the sample surfaces treated by copper-phosphorus and copper electrodes are worn out much
less than the surface of AKSM7alloy.

Discussion and Conclusions. The results obtained validate the efficiency of the ESD of AK5SM?7 alloy surface
by various electrodes and with different energies. Surfaces obtained by this method wear out less. When using a copper
electrode, the wear is reduced by 1.37 times, when using a copper-phosphorus electrode — by 1.57 times.

Upon reaching the minimum value of wear after the ESD, the surfaces have the maximum values of micro-
hardness and microstrain, as well as the lowest CSR values. At the same time, there is a significant increase in the con-
centration of intermetallic phases formed after the ESD: Al,Cu — from 5 to 9 times with copper and copper-phosphorus
electrodes, respectively; Cu;P — 8 times with a copper-phosphorus electrode. The reason for the increase in wear re-
sistance of surfaces after the ESD can be various distortions and defects formed after melting, as well as the formation
of new intermetallic phases.
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