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Corrosion resistance of the welded junction of
aluminum alloy of the AI-Mg-Si-Cu system
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Abstract. The paper deals with the hybrid action tool for cleaning of cavities and elements of turbine units whose operation is based
on a combination of action of a water-ice flow with mechanical shock influence of the small concentrated masses mounted on elastic
suspensions. Receiving energy from the flow, the masses, performing self-oscillating motion, come into contact with the treated surface
having a layer of strong contamination, and create a multipoint shock-cyclic loading of the surface, which results in active development
of initial defects of the contamination film, due to which the following action of the water-ice stream produces better and more pro-
ductive cleaning. It is shown that the generated local stresses, determined on the basis of Hertz contact problems, reach 15-20 MPa,
do not have a significant effect on the surface of the base, which is a thin curves shell, do not change the state of its surface in the plane
of adhesion, but result in defects in surface film in the form of cracks and delaminations . In this case the film is eliminated by water-
ice flow more dynamically. The use of water-ice jet, formed by the original tubeless device, enables the formation of a wide flow (with
the top angle of w/12... w/6) and the work of its ice particles is spent on grinding the surface film. The jet stream cleans the surface
and removes the products of destruction beyond the impact.

The use of a hybrid tool has increased the productivity of treatment with the wetting angles of the jet flow, different from /2, by more
than 30%, while the consumption of cryogenic liquid (liquid nitrogen) is reduced by 20-25%.

The process modeling is performed, the conditions of the destruction of the adhesive bond of the contaminant film with the surface are
estimated, the conditions of its rational execution are determined.

Keywords: hybrid tool, water-ice flow, surface cleaning, modeling, surface mud films.

Introduction

The Al-Mg-Si system alloys are deformable ther-
mally hardening aluminum alloys, widely used in the air-
craft industry, rocket construction, shipbuilding, rail and
road transport. The main alloying elements in these alloys
are Mg and Si. In order to improve their various properties,
they are alloyed additionally with Cu, Mn, Cr, Zn and Ti.
Properties of thermally hardened aluminum alloys strongly
depend on the cooling rate of the product during quench-
ing, which determines the structure and level of residual
stresses. The reduction of structural strength, the tendency
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to pitting and intergranular corrosion with slow cooling
from the quenching temperature is associated with the for-
mation of large unequiaxial separations, free-separation
zones, and a decrease in the fraction of inclusions of the
strengthening phase.

Interest in alloys of the Al-Mg-Si-(Cu) system is due
to the fact that they have a good complex of strength and
corrosion properties, high technological ductility and weld-
ability [1].

Their strengthening is mainly due to the formation
of magnesium and silicon containing separations during
aging [2—4]. A large number of papers are devoted to the
effect of heat treatment on the properties of Al-Mg-Si-Cu
alloys including corrosion resistance.

For example, there are data [5] that copper is added
into Al-0,3 % Mg—0,5 % Si alloys for additional hardening
in the course of artificial aging at 180 °C in small quantities
(0.5-0.8 %). However, the addition of copper into an alloy
that is long-lasting (4300 hrs) at 90 °C (for example, in car
radiators) is not practical, since both alloys have a similar
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level of tensile strength. It has been experimentally proved
that the effect of the copper additive on the formation of
the B-phase at 90 and 180 °C is different.

Most alloys of the Al-Mg-Si-Cu system have an in-
creased quench sensitivity that affects their mechanical and
corrosion properties, as shown in the paper [6]. The main
factor ensuring the strength of alloys is the density of the
dispersoids, which is determined by the temperature and
the duration of heating during homogenization. When
quenching with a decrease in the cooling rate, the disper-
soids become centers of the nucleation of coarse non-sta-
bilizing Mg—Si-particles, and zones free from the separa-
tions of the strengthening phases appear. This leads to a
decrease in the concentration of Mg and Si in the solid so-
lution and, as a consequence, to a lower level of strength
and hardness of the alloy.

As aresult of studies carried out by the author of the
paper [7], it has been established that crystals of the
f'-phase formed during slow cooling mainly on the disper-
soid, being an anode phase, dissolve in the process of cor-
rosion, resulting in the appearance of structural pitting. By
the potentiodynamic method and the method of electro-
chemical impedance spectroscopy, it has been shown that
the dependence of the corrosion rate on the duration of ex-
posure during isothermal quenching has an extreme char-
acter. Based on the fundamental equations of the theory of
corrosion, crystallization and diffusion mass transfer, a sci-
entifically based mathematical model that makes it possi-
ble to predict the effect of cooling modes on the corrosion
rate of dispersion-hardening alloys has been proposed.

Research of the effect of separations received at the
natural aging (T4), overaging (OA) and strong over-aging
(SOA) of the AI-Mg-Si-Cu system alloy 6111 on the pro-
cesses of returning and recrystallization that proceeded af-
ter cold rolling during the annealing at 325 and 445 °C has
shown that after the annealing, the fraction of recrystalli-
zation and hardening for the state T and OA was 0.3-0.5.
For the state of SOA, almost completely recrystallized
structure and a maximum softening have been obtained,
which is due to the process of returning, the agglomeration
of the particles of emissions, the presence of separation-
free zones and the duration of annealing [8].

It has been noted in the paper [9] that alloys of the
Al-Mg-Si-Cu system are corrosion-resistant, but the sepa-
rations of the second phases [B (Mg2Si) and Q
(All4Si7Mg8Cu2)] can promote the intergranular corro-
sion. Investigations of the kinetics of the intergranular and
pitting corrosion of 6111 alloy in the underaged, aged by
maximum strength and overaged states have shown that the
degree of corrosion damage increases with an increase in
strengthening. The phases along the grain boundaries with
a high copper content behave as cathodes and create micro-
galvanic pairs with the adjacent zones with a lowered Cu
and Si content, which can lead to an intensification of in-
tergranular fracture. At the stage of overaging, the ten-
dency of the alloy to the intergranular corrosion, as well as
the degree of strengthening, decrease.

The effectiveness of the application of low-temper-
ature thermomechanical treatment and multistage aging of
the alloy 1370 of the Al-Mg-Si-Cu system for reducing the
susceptibility to the intergranular corrosion and increasing
of strength properties has been demonstrated in the pa-
per [10]. As a result of deformation by cold rolling or
stretching between strengthening and three-stage aging of
sheets with the thickness of 12-20 mm, the depth of the
intergranular corrosion (IGC) does not exceed 0.1 mm, and
the temporary resistance to rupture reaches the level of
oy =425 — 440 MPa. The application of multistage aging
T78 for the alloy 6056, similar in composition, results in a
decreasing in the strength of up to 365 MPa while elimi-
nating the tendency to the intergranular corrosion and to a
depth of pitting corrosion up to 0.16 mm.

A noticeable increasing in strength characteristics
while retaining relative elongation at a sufficiently high
level of sheets of the AI-Mg-Si system alloy is also
achieved during auto-frettage with e=10-40% degree,
which corresponds to degrees of deformation in different
areas of the part obtained by cold stamping. The heating of
the sheets at the temperature of 190 °C for 30 minutes after
auto-frettage has little influence on the strength character-
istics, slightly increasing the relative elongation, which
may indicate a relaxation of stresses in the parts obtained
by cold stamping. Sheets of the Al-Mg-Si-Cu alloy by their
specific strength and corrosion resistance significantly out-
perform sheets of steel used in the automotive industry
and can be used effectively instead of steel sheets in car
designs [11].

The method for prediction of corrosion losses of de-
formable aluminum alloys for long periods of exposure,
based on the analysis of the kinetics of changes in the pa-
rameters of corrosion attack in the case of naturally accel-
erated tests, is of interest [12]. In the calculations of the
integral coefficient of corrosion attack for structural ele-
ments, the results of the assessment of corrosion damage
detected by non-destructive control methods are used: by
means of visual assessment, laser scanning microscopy,
corrosion resistance analysis of control samples after natu-
rally accelerated or laboratory tests, according to which the
tendency of the alloy to the IGC is established. Conducting
complex investigations of corrosion resistance of materials
in conditions of aggressive influence of the environment
will allow to evaluate the behavior of materials in the most
severe conditions of operation in terms of the influence of
external factors [13].

As it follows from the review of the results of mod-
ern studies concerning the stability of alloys of the AI-Mg-
Si-Cu system, they are all primarily devoted to the base
metal, and there are not enough papers about the resistance
of welds. Therefore, the work, the results of which are pre-
sented below, represents a scientific and practical interest.
The purpose of the work was to study the corrosion re-
sistance of welded junctions of the of aluminum alloy of
the Al-Mg-Si-Cu doping system obtained by a non-melting
electrode in various conditions.
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Materials and test techniques

The object of the research was a welded junction of
aluminum alloy of the Al-Mg-Cu-Si doping system, ob-
tained by a nonfusing arc-welding electrode.

Electrochemical investigations were carried out us-
ing potentiometry and polarization curves methods by Po-
tentiostat PI-50-1.1 and Programmer Pr-8. The polarization
curves were measured on the base metal and a weld using
a clamping cell. Chlorine-silver electrode was chosen as a
reference electrode, platinum — as an auxiliary one.

Before testing for resistance to intercrystalline and
exfoliation corrosion, the specimen were treated in a solu-
tion of 100 g/dm? of sodium hydroxide at the temperature
of (50 + 5) °C during 30 min. Before immersion in the test
solution, the specimen were wiped off with a cotton swab
moistened with ethyl alcohol.

Tests and estimation of resistance against intergra-
nilar corrosion were performed by the standard method in
accordance with GOST 9.021 [14] in solution of a such
composition: 30 g/l sodium chloride and 10 ml/l hydro-
chloric acid with the density 1.19 g/cm?).

Test duration was 24 hours.

Tests and estimation against exfoliation corrosion
were performed in accordance with GOST 9.904 [15] in
the solution in solution of a such composition: 20 g/dm? of
potassium bichromate and 13.4 g/dm? of hydrochloric acid.

The duration of the test was 7 days. The ratio of the
volume of solution to the unit of surface area of the speci-
men was 10 cm’/1 cm?.

Corrosion cracking resistance tests were carried out
under a constant stress of 160 MPa on Signal machine in
accordance with GOST 9.019 [16], with the full immersion
into 3% NacCl solution. Specimens of the base metal and
welded joints of 110x10x1.2 mm in size were used. The
sketch of the testing specimen is shown in Fig. 1. In the
specimens of the welded joint, the weld is arranged in the
middle of the specimen perpendicular to the stretching
stress. Edges of samles were polished with abrasive paper
of different grain size. Preparation of the surface of the
specimen was performed in accordance with GOST 9.913
(Section 3) [17]. The duration of the test was 45 days.

Metallographic studies were conducted according to
the standard techniques.

All the tests were carried out at the temperature of
(20 £ 2) °C and relative humidity of 760 mm Hg.

22 hole @ 8
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Fig. 1. Sketch of the specimen for testing under
constant load conditions

Results and discussion

Chemical composition, mechanical properties
and structure

For the manufacture of welded joints, sheets of alu-
minum alloy with the thickness of 1.2 mm longitudinally
rolled were used. Chemical composition of the alloy is (wt.%):

(0.45-0.9) Mg, (0.5-1.2) Si, ( 0.15-0.35) Mn, (0.1-0.5) Cu,
(0.05-0.1) Ca, 0.25 Cr, 0.2 Zn, 0.15 Ti, 0.5 Fe, other ele-
ments — no more than 0.1.

The development of welding technology and the
choice of optimal mode was not the subject of this work.
We would like to note only that the free arc welding was
carried out with a different polar current of a sinusoidal
wave using the inverter MW2000 of Fronius Company.
Wires of Sv 1217 grade with the diameter of 2.0 mm was
used. Welding process was carried out in a protective gas
argon (in accordance with GOST 10157 [18]). Under these
conditions, a tight weld without defects was formed. After
welding, the tendency of the welds to form hot cracks was
estimated using Holdcraft's samples [19].

The mechanical properties of the base metal and
welded joints are shown in Table. 1.

Table 1. Mechanical properties of the base metal of aluminum alloy Al-Mg-Cu-Si and its welded joints made by hand arc
welding with a nonfusing electrode using filler wires of Sv 1217 grade

Material oB, MPa 60,2, MPa 5, % a, grad Kp=cp/opy A, %
Base metal (longitudinal direction) 250.5 187.7 18.9 180 _ 65.8-85.5
Welded junction 208.7 147.5 5.1 45 0.83-0.86 38.5

angle; A — the relative length of a hot crack

Key: 05— ultimate strength; co2 — yield strength; osw— ultimate strength of the weld; 8 — relative contraction; a — bending
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According to the results of mechanical tests, it has
been established that the specimens of welded joins are
breaking in the HAZ at the distance of 3—5 mm from the
fusion boundary, which is associated with the metal weak-
ening under the influence of technological heating.

Metallographic analysis of the macrostructure of the
welded junctions of aluminium alloy of Al-Mg -Si-Cu sys-
tem in different zones: in the weld, in the zone of its fusion
with the main metal and in the HAZ (Fig. 2), has shown
that the structure of the weld is homogeneous, has a fine-
dendritic structure, without rough defects.

Fig. 2. Macrostructure of the welded joint speci-
men, x13

Studies of metallographic samples (in the untreated
condition) have established the absence of rough defects.
Scattered pores size of which is not more than 0.08 mm
were detected on the face surface of the weld after removal
of technological enhancement. The total length of the chain
of small pores was near 7-8 mm at the weld length near
100 mm, the distance between them was near (11.0—
15.0) mm. This is twice low than the values valid by the
DSTU EN ISO 10042 [20]. Such porosity in the center of
the welds is typical to the welded junctions obtained using
the free arc and is not dangerous, since their sizes do not
exceed the normalized values.

In the near-weld zone, three areas of a varying de-
gree of etching can be observed, which reflect the effect of
the thermal cycle of welding on the metal structure, Fig. 3.

As aresult of influence of thermal cycle of welding,
the decomposition of the supersaturated solid solution, ac-
companied by the separation and coagulation of inclusions
of insoluble phases, as well as the dissolution of the previ-
ously formed strengthening phases, Fig. 3b, occurs. A char-
acteristic feature of these processes is the instability of de-
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cay within a single grain. The boundary areas are thus en-
riched with alloying elements, and the volume is depleted.
Thin eutectic layers are formed along the boundaries of
crystallites. A significant number of the base alloying ele-
ments and impurities cause the formation of a large number
of metastable phases during crystallization, which are ar-
ranged evenly along the intersection of the welds but vary
in size and shape. In the welds, Fig. 3a, the intercrystal lay-
ers are more rough and have clear outlines.

Electrochemical properties

Research of the influence of the thermal cycle of
welding on the electrochemical heterogeneity of the weld
was carried out by the potentiometry method. The potential
corrosion distribution was measured and analyzed on the
specimen surface of the welded junction.

Fig. 4 shows the corrosion potentials of different
zones of welded junction of the of aluminum alloy of the
Al-Mg -Si-Cu doping system. It has been established that
the weld and HAZ potentials have more noble values in
comparison with the base metal: the potential difference
between the base metal and the weld is about 95 mV, be-
tween the base metal and the HAZ is about (16-25) mV.
According to GOST 9.005 (item 4.4.5) [21], the potential
difference in welded structures should not exceed
(30-50) mV. That is, it is thermodynamically likely that at
the contact with a corrosive-aggressive medium, the base
metal will predominantly break down. The potential differ-
ence between the base metal and the HAZ is permissible.
Taking into account the larger area of the base metal in the
construction compared to the weld (the weld area does not
exceed 10% of the area of the base metal), you can expect
a satisfactory resistance of the welded junction against uni-
form corrosion. But it must be keep in mind that the re-
sistance of the weld to local corrosion, and under conditions
of a joint effect of corrosive medium and stresses may vary.

The polarization properties of welded junction of
aluminum alloy of Al-Mg -Si-Cu dopping system in 3 %
NaCl, presented in Fig. 5, have been studied. In the neutral
medium, corrosion of the base metal will occur with diffu-
sion control. From the analysis of the anode polarization
curves it can be seen that the length of the area of the active

e e
Base metal
c

Fig. 3. Microstructure of different zones of the weld of aluminum alloy of the Al-Mg-Cu-Si system, x320
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Fig. 4. Corrosion potentials’ distribution on
the surface of the welded junction of alumi-
num alloy Al-Mg-Cu-Si in 3% NaCl solution

anodic dissolution for the metal weld is about 0.16 V, of
the base metal — is about 0.10 V. Anodic dissolution cur-
rents in the active zone of the base metal are substantially
less than anodic currents dissolution of the weld and are
equal to, for example, at the potential 0.5 V — 0.107 and
14 A/m?, respectively.

The limit diffusion current of oxygen determined
from the cathodic polarization curves is larger on the base
metal in comparison with the weld: 0.2 A/m2 and
0.03 A/m2, respectively. The potential of hydrogen reduc-
tion on the weld is less negative in comparison with the
base metal, —0.98 and —1.3, respectively, indicating that the
process of hydrogen reduction on the weld is facilitated in
the corrosive medium.

Thus, the thermal cycle of welding leads to the for-
mation of electrochemical heterogeneity between the weld
and the base metal, which, depending on the aggressive-
ness of the corrosive medium in the operating conditions,
is likely to create conditions for the predominant breaking
down of the weld and the near-weld zone.

Resistance against various types of corrosion

The IGC resistance tests have shown, Fig. 6, a, that
the depth of destruction of the grain boundaries of the base
metal is from 0.082 to 0.086 mm, and the weld — (0.245—
—0.350) mm. An increasing of the depth of destruction of
the grain boundaries in the welded junction indicates the
weakening of the near-weld zone during welding.

Fig. 7 shows the appearance of the surface of the
base metal and welded junctions after the exfoliation cor-
rosion resistance tests.

According to the results of the conducted research,
it has been found that exfoliations of the base metal, the
diameter of which does not exceed 1 mm, and the size of
the area of such exfoliations is not more than 1.5%, have
been noticed. Exfoliations on the side surfaces were not de-
tected.

weld heat effected zone
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Fig. 5. Polarization curves on the base metal
and the weld of aluminum alloy Al-Mg-Cu-Si
in 3% NaCl solution

On the specimens of welded junctions, attention was
drawn to the weld and the near-weld zone. According to
the results of the examination, it has been established that
changes in the heat-affected zone and on the weld were not
detected. Exfoliations on the working surface and on the
side surfaces of the heat-affected zone were also absent.

According to the results of the visual examination
according to GOST 9.904 [15], exfoliation corrosion re-
sistance of the base metal of aluminium alloy of Al-Mg-Si-Cu
doping system was estimated by 2-3 ball on the
10-point scale, the of welded junction and the heat-affected
zone — by 1 ball.

Thus, the welding process does not worsen the exfo-
liation corrosion resistance of the welded junction com-
pared to the base metal.

The results of the study of the base metal of alumin-
ium alloy of Al-Mg-Si-Cu doping system resistance
against corrosion cracking have shown that no damages oc-
curred within 45 days. Therefore, the research was contin-
ued until the breaking down of the specimens. It has been
found that the time of speccimens’ destruction was from 67
to 88 hours, but the destruction of all the specimens oc-
curred outside the working part (in the plane of the gripping
part). As an example, Fig. 8a shows the appearance of a
specimen of the base metal, which collapsed after 74 hours
of corrosion-mechanical tests. Darkening of the surface of
the specimens and the formation of a large number of pit-
tings were observed. Considering the fact that breaking of
specimens occurred outside the working part, it can been
assumed that the presence of pittings does not aggravate
the mechanical properties of the base metal.

As for the welded junction of aluminium alloy of Al-
Mg-Si-Cu doping system, a significant reduction of the
fracture time compared to the base metal was observed. So,
the destruction time of specimens of welded junctions
ranged from 1 to 49 hours. A large data discrepancy indi-
cates the heterogeneity of the weld, probably due to the
weakening of the near-weld zone under the influence of the
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Fig. 6. The depth of the intergranular corrosion of the base metal of welded junction of aluminum alloy Al-Mg-Cu-Si
(a) and the photo of the base metal (b) and the heat affected zone (c) after IGC resistance test

d

Fig. 7. Appearance of the surfaces of the base metal (a, ¢) of aluminum alloy of Al-Mg -Si-Cu doping system
samples and its welded junctions (b, d) before (a, b) and after (¢, d) accelerated tests for resistance against exfolia-

tion corrosion
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thermal cycle of welding. Fig. 8 shows the appearance of
the weld specimens, which were destroyed after 9 (Fig. 8b)
and 49 hours (Fig. 8¢) exposition in the corrosive environ-
ment. After the tests, a local darkening of the surface of the
specimens was observed, the most intense was along the
weld in the zone located at the distance of about 5—7 mm
from the fusion line of the weld with the base metal. On the
surface of the specimens, pittings were formed. Their den-
sity was also different, but the largest amount of pittings
was situated at the distance of about 5-7 mm from the fu-
sion line (Fig. 80), and in some specimens — on the weld
(Fig. 8c¢). Destruction occurs at the distance of about 5—
7 mm from the fusion line, mainly in the zone of the largest
concentration of pittings (Fig. 8 b, ¢).

c

Fig. 8. Appearance of the sample surface of the base
metal (a) and the weld (b, ¢) after corrosion and me-
chanical tests under a constant stress and immersion
in 3% NaCl

Thus, according to the investigation results of re-
sistance of aluminium alloy Al-Mg -Si-Cu doping
sistance of aluminium alloy Al-Mg -Si-Cu doping system
against local corrosion and corrosion under stress, it has
been found that the destruction of the specimens of welded
junction occurs at the distance near 5—7 mm from the fu-
sion line, where the largest concentration of pittings oc-
cured. In this area, the intercgranular corrosion was ob-
served, Fig. 6. It is appropriate to assume that intergranular
destruction is initiated from the pittings, formed on the sur-
face due to the violation of the integrity of the protective
oxide film. Since the exfoliation corrosion resistance of the
weld is satisfactory, the performance of the welded product
as a whole, under conditions of a joint effect of corrosion-
aggressive medium and mechanical stress, will be deter-
mined by the stability of the heat-affected zone against the
pitting and intergranular corrosion.

Conclusion

The results of metallographic studies have shown
that melting of the metal during welding and its subsequent
crystallization in the cooling process are accompanied by
the separation of secondary phases and the coagulation of
insoluble phases under the influence of the thermal cycle
of welding. A significant number of the base alloying ele-
ments and impurities, which are part of the alloy, form a
great number of metastable phases during the crystalliza-
tion of welds. They are evenly distributed, but vary in size
and shape. Decomposition of the supersaturated solid solu-
tion and the dissolution of the strengthening phases in the
HAZ is occure. Their characteristic feature is the instability
of decay within a single grain. The boundary areas are thus
enriched with alloying elements, and the volume is
depleted. Thin eutectic layers are formed along the bound-
aries of crystallites.

Electrochemical studies have shown that the poten-
tial of the weld and the heat-affected zone is more noble
compared to the base metal. Taking into account a larger
area of the base metal in the construction compared to the
weld (the weld area does not exceed 10 % of the area of the
base metal), a satisfactory continuous corrosion resistance
of the weld can be expected in general.

According to the results of the study of resistance
against local corrosion and corrosion-mechanical research,
it has been found that the destruction of the weld specimens
occurs at the distance of 5-7 mm from the fusion line,
where there is the largest concentration of pittings. It is as-
sumed that intergranulal destruction is initiated from the
pittings, formed on the surface due to the violation of the
integrity of the protective oxide film. The weldability of
the welded product as a whole under conditions of a joint
effect of the corrosion-aggressive medium and mechanical
stress will be determined by its resistance to pitting and in-
tercrystalline corrosion.
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KoposiiiHa TpuBKicTbh 3BapHOIo 3’€IHAHHS aJIOMiHieBOro cmiaBy cucremu Al-Mg-Si-Cu
Jlwamuina Hupkosa, Ceitiiana Ocaguyk, Tersana Jla6yp, FOais bopucenko

Peszrome. Hasedeno pezyriomamu KOMNIEKCHUX O0CHIONCEHb KOPOIUHOL CIMITIKOCI ANIOMIHIE6020 Cnaagy cucmemu ae2ysanhs Al-Mg-
Cu-Si. Memooom memanoepaghii 6cmanoseneno, wjo nio niueoM MepMiyHO20 YUKTY 36aPHOBAHHSA 8i00)8AEMbCS 8UOLIEHHS 6MOPUHHUX
@a3z ma koacynayis nepozuunnux @as. Ocno6Hi ne2yloui eremenmu ymeopioioms 8 npoyeci Kpucmanizayii wieie memacmaobinoui ghasu,
SAKI pO3MAUOBAHI PIBHOMIPHO, ane GIOPI3HAIOMbCA PO3MIpOM | popmoio. B 30ni mepmiunozo ennusy 8i0bysacmucs po3nao nepecuye-
HO20 M8epO020 POUUHY MA POZUUHEHHS SMIYHIOIOUUX (DA3, XapAKMeEPHOIO O3HAKOIO AKUX € HeCMAOLIbHICMb PO3NAOY 8 MEXHCAX 00HO20
3epHa, 30azavents epaHUdHUX OLIAHOK Ne2yiouuMu eremenmami, 30i0nennsa 06 ’emy. Lo cynpoeooicyemovcsa ymeopenHam moHKux ee-
MEeKMUYHUX NPOULAPKIE 830060IC 2panuyb Kpucmanimie. Pesynomamamu enekmpoximishux 00Caiodcenb 6CMAH06IeHO, Wo NOMEeHYIaN
36apHO20 WEA MA 30HU MEPMIYHO20 NIUGY € Oilbl O1A20POOHUMU NOPIGHAHO 3 OCHOBHUM Memanom. 36adcarouu Ha OinbuLy Naouy
OCHOBHO20 Memany 8 KOHCIMPYKYii NOPIGHAHO i3 36apHUM WEOM (NAoWa 36apHo20 wea cmarnosums He dinvute 10% 6i0 niowi ocnog-
HO20 Memay) 6 Yiiomy MONMCHA OYIKY8aAmMuU 3A008LIbHY CIMIUKICMb 36APHO20 3 €OHAHH NPOMU CYYINbHOI KOpO3ii. [ TubuHa MixcKpu-
cmanimuoi koposii 36apro2o 3 ’eonanns cnaagy cucmemu Al-Mg-Cu-Si cmanosumo (0,245-0,350) um, wo 6invue nigic 0ist OCHO8HO20
memany — 6io 0,082 0o 0,086 pum. 36invuenns nubunu PYUHYSaAHHS 2PAHUYb 3EPEH Y 36APHOMY 3 €OHANHI IOMEepIXNCye (hakm po3-
MiyHeHHA OiNAWO06HOT 301U Ni0 Yac 36apl06anHs. 36apl0GaHHs He NO2IPUWLYE CIIUKICIb 38apHUX 3 €OHAHL NPOMU PO3ULAPOBYIOUOI KO-
PO3ii NOPIGHANO 3 OCHOBHUM MEMANOM, AKA oyinena banom 2-3 0ns 0ocHo8HO20 Memany ma 6anom 1 0 36apHo20 wiea ma 30Hu mepmiy-
HO20 8NAUBY.

Cmitixicmb 36apH020 3 €OHAHHA 68 YMOBAX CYMICHO20 GNIUEY NOCMIUHO20 HABAHMAICEHHS MA NOBHO20 3AHYPEHHs. Y KOPO3UBHE cepe-
008UUje BHUNCYEMBCI: HaAC 00 PYUHYBAHHS OCHOBHO20 MEMALy CManHosumy 610 67 00 88 200un, 36aprnoeo 3’ eonanisi — 6i0 1 00 49 co-
oun. OcKinvku cmitikicms npomu po3ulapogyroyoi Koposii 36apHo2o 3 €OHAHHA 3a008iIbHA, MO NPAYe30amHICMb 36APHO20 8UPOLY 6


https://www.viam.ru/public/index.php?year=2011/

72 Mech. Adv. Technol. no. 3(90), 2020

YinoMy 8 YMOBAX CYMICHO20 6NIUBY KOPO3IUHO-A2PECUBHO20 Cepedo8UUA MA MEXAHIYHO20 HANPYICeHHA Oy0e GUIHAUAMUCS CIIUKICTIO
30HU MEPMIUHO20 8NIUBY NPOMU NIMUHE080I MA MINCKPUCMATIMHOI KOPO3ii.

Knrwuogi cnosa: anominiesuii cnnag cucmemu Al-Mg-Si-Cu; 36aprosanns,; cmitikicms npomu Kopo3ii; 10KAIbHA KOPO3is; KOpO3iliHo-
MEXAHIUHT 8UNPOOYBAHHS NPU NOCMITIHOMY HABAHMAICEHHI.

Koppo3uonHasi cTOMKOCTH CBAPHOTO COeIMHEHH AJTIOMHHIEBOrO ciuiaBa cucrembl Al-Mg-Si-Cu
Jroamuna HeipkoBa, Ceetiiana Ocanuyk, Tarbana Jla0yp, FOuus Bopucenko

Pesiome. IIpeocmasnensl pe3ynbmamsl KOMIIEKCHbIX UCCIE006aHUL KOPPOZUOHHOU CIMOUKOCIU AIOMUHUEB020 CNIIABA CUCTEMbL Jle-
euposanus Al-Mg-Cu-Si. Memooom memaniozpaghuu ycmano6ieHo, ymo noo GIUSHUEM MEePMUYECKO20 YUKILA C8APKU NPOUCXOOUN
8bl0eeHIe BMOoPpULHbIX (a3 u Koazynayus Hepacmeopumelx ghas. OcrogHule necupyroujue snemeHmsl 06pasyiom 6 npoyecce Kpucmar-
Iu3ayUY Weos memacmabunvHlie asvl, KOMopvle PAcnoNoNHCeHbl PAGHOMEPHO, HO OMAULAIOMCS pazmMepom u opmoi. B 3one mep-
MUYECKO20 BNUAHUS NPOUCXOOUM PACNAO NePecbilyeHHo20 meepooeo pacmeopa U pacmeopenue YnpouHaowux ¢as, xapaxmephsim
NPUBHAKOM KOMOPBIX ABNAEMCA HeCMAOUIbHOCIb PAcnaod 8 npedenax 00H020 3epHd, 0602aujeHue NOPAHUYHBIX YYACHKOS8 1e2UpyIo-
wuMuy d1emenmamu, 0beonenue 06vema, Ymo conpooHcoaemcs 06pas3o8anuem MOHKUX I6MEKMULECKUX NPOCTIOEK 800Ib SPAHUY KPU-
cmannumos. Pesynbmamamu snekmpoxumuueckux uccie008anuil yCmarnogieHo, 4mo nomeHyuai CapHo20 Wed i 30Hbl MepMUiecKo2o
GIUANHUA A61AemCs DoNee 61a20pOOHbLIMU NO CPAGHEHUIO C OCHOGHBIM Memannom. Hecmomps na 6onvuiyio niowaos 0CHO8HO20 Me-
Manna 6 KOHCMPYKYu O CPAGHEHUIO CO CEAPHBIM UUBOM (N10WA0b C8apHO20 wiea cocmasisem e bonee 10% om niowjaou ocHoeHo2o
Memanna) 8 Yenom MONCHO 0AHCUOAMD YOOBNIeMBOPUMENLHYIO CIOUKOCHb C8APHO20 COCOUHEHUS. 8 YCIIOBUAX PABHOMEPHOU KOPPO3ULL.
T 1ybuna mesxcKpucmaiiumuol Koppo3uu ceapHoeo coeounenus cnaaea cucmemvl Al-Mg-Cu-Si cocmaesnsem (0,245-0,350) mm, umo
bonvue, yem 0 ocnosHozo memanna —om 0,082 0o 0,086 mm. Yeenuuenue enyounst paspywienus epanuy 3epet 8 C6apHOM coeouHe-
Huu noomeepaicoaem Gaxkm pazynpounenusi OKOIOWOBHOU 301l npu ceapke. IIpoyecc ceapku e yxyouiaem cmoukocmy C8APHbIX
COeOUHeHUll NPOMUE pacciausaioujeli KOppo3uu no CPAGHEHUIO ¢ OCHOBHLIM MEMANIOM, KOMOpds oyeHena 6aniom 2-3 0iia OCHOBHO20
memanna u 6aniom 1 01s ceapho2o wiea u 30Hbl mepmuyeckozo enusanus. Cmoukocms c6apHo20 cOeOUHEHUs 8 YCI0BUAX COBMECHIHOL0
6030eliCmeUs. NOCMOAHHOU HAZPY3KU U NOIHO20 NOSPYICEHUSA 8 KOPOZUOHHO-AKMUBHYIO CPedy CHUICAEMCA. 8peMs 00 pa3pyuieHus
0CHOBHO20 Memania cocmaeisem om 67 00 88 uacos, ceaprozo coedunenusi - om 1 00 49 uacos. I[lockonbKy cmoikocms npomus
paccrausaiouyeti Koppo3suu c8apHo20 coeouHeHUs: YO08IemeopumensHas, mo pabomocnocobHOCHb C8aAPHO20 U30els 8 YeI0M 8 YCIo-
BUAX COBMECTHO20 8030€UICNBUA KOPPOIUOHHO-ASPECCUBHOL CPedbl U MeXAHUYeCKOU Haspy3Ku 6y0em onpeodenamspCs yCmouyusocmvio
30HbI MEPMUHECKO20 GIUAHUS NPOMUE NUMMUHL0801 U MEJICKPUCMALIUMHOU KOPPO3ULL.

Kntouesvie cnosa: anomunuesviii cnias cucmemvt Al-Mg-Si-Cu; ceapxa; Koppo3uonnas cmoiikocms, J0KAIbHAS KOPPO3Usl; KOPPO-
3UOHHO-MEXAHUYEeCKUe UCNbIMAHUA NPU NOCIMOSHHOU HaAZPY3Ke.





