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The paper studies the distinctive features of micro-hardness value changes in the zone of industrial
aluminum alloy 1933 and alloy 1380 irradiated by the relativistic electron beam. The surface layer was modified
under the relativistic electron beam injected along with the equal energy parameters. However, we have to claim
that some physical and technological properties of the irradiated alloys layer came with some differences. The
modified layer micro-hardness increased over 30 % in 1933 aluminum alloy and decreased by 10 % in 1380
aluminum alloy. The mechanisms affecting the metal material strengthening transformation after a pulsed
electron beam application are analyzed. Thus, it was established that one of the core impacts to increase the
micro-hardness of 1933 aluminum alloy surface layer was fine MgO impurities being absent in the initial alloy
and caused by the irradiation, whilst the micro-hardness of the irradiated layer of the 1380 aluminum alloy
decreases due to the dissolution during irradiation of the strengthening phases, which were identified in the initial

state.
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Introduction

The rapid growth of the nuclear, aerospace, and
automotive industries creates a great demand for
engineering materials with high-performance properties.
The target aluminum alloys (1933 and 1380 [1,2])
referring to this group of materials are the subject to be
studied in this paper. We can apply these alloys to
produce large forging and stamping as well as heavily
loaded machine parts. These alloys obtain a high
strength-to-weight ratio, although they require advanced
processing techniques to produce semi-finished products.
The application of various heat treatment types makes
you able to manage a wide range of aluminum alloy
performance properties required by their area of use.
Recently was established that of the 1933 aluminum
alloy manifested the superplasticity effect [3, 4].

But we have to admit that the alloys do not come
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along with only pros but as well as contras. These alloys
show poor wear and corrosion resistance. Today we have
a vast many of surface treatment and alloy strengthening
methods to improve their performance properties. One of
such methods is a method of the surface treatment with
the intense pulsed electron beams (IPEB), but this
method is in the process to be developed [5-13]. The
surface treatment with IPEB essence is an energy transfer
from the source (of energy, radiation, heat, or mechanical
shock) onto the irradiated surface to gain improved
properties due to the intense localized affecting. Whilst
IPEB affecting the temperature of the alloy surface layer
is increasing rapidly (achieving the melting point) with
the further rapid cooling transferring the heat to host
metal which remains almost cold. The alloy surface layer
subjected to irradiation comes through the melting
process, redistribution of the alloying element, ablation,
ultrafast melt crystallization, transformations of phase
composition and dislocation structure, dislocation density
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increasing, grain size alteration, and emerging of residual
stress [5-11]. Up to present mechanisms, responsible for
the emerging of a target surface layer microstructure after
IPEB irradiation, requires further investigation. The
understudied issue of the matter is the as-cast chemical
and phase compound influence on the micro-hardness in
the IPEB remelted surface layer. Moreover, the change
of strength characteristics of the surface layer after IPEB
irradiation is ambiguous. The micro-hardness values in
the modified surface layer can remain unchanged,
increase or decrease [6,7]. Such micro-hardness behavior
can be explained in collecting of the point and line
defects at the phase compound transformation after IPEB
irradiation. This paper will focus on studying and
analyses of the micro-hardness values of the modified
surface layers after IPEB irradiation of alloy 1933 and
alloy 1380. The target alloys choice is stipulated by the
availability of the same alloying elements that may
influence the structure state and phase compound.

I. Experimental Procedure

The specimens produced of the serial semi-finished
products subjected to irradiation in TEMP-A accelerator
with energy flux density 10° W/cm? (electron energy
-E. ~ 0,3 MeV, the current -l,~ 2 kA, pulse duration
1i=5-10%, beam diameter D ~3cm) [5, 9,11]. The
specimen irradiation was performed at the base of the
NSC KIPT (the National Science Center ‘Kharkiv
Institute of Physics and Technology’ NAS of Ukraine).

The grain microstructure research was carried out
with the optical microscope MIM-10 and the scanning
electron microscope TESCAN VEGA3 LMH and the
optical.  Keller’s reagent revealed the grain
microstructure on the polished etched surface. X-Ray
structure analysis was carried out by DRON 4-07
diffractometers. To identify the grain microstructure
parameters we applied XRD pattern full-profile analysis

with the application of regular software. The chemical
composition of local micro-volumes of alloys was
determined using a Tescan VEGA 3 LMH raster electron
microscope with a prefix for X-ray energy dispersion
microanalysis of the Bruker XFlash 5010 system. The
micro-hardness tester PMT-3M was applied to confirm
the micro-hardness changes under the Vickers micro-
hardness (HV) with a force application of 50 g.

Il. Results

The paper focused mainly on examining aluminum
alloy 1380 (comparable to alloy AK8) and alloy 1933.
For the purpose of the paper and to conduct the
experiments, we fabricated the specimens of 1.5 mm in
length. Table 1 shows chemical composition of 1933 and
1380 aluminum alloys.Although the alloys come with the
same alloying elements, the core elements for every alloy
considerably varies e.g. Zn and Mg are the ones for alloy
1933 and Cu and Si - for alloy 1380.

The surface layer temperature of the specimens
being irradiated by IPEB achieves the melting point. The
thickness of the remelted layer is on average about 100
microns and is close to the electron path. Moreover, the
IPEB provides localization of the maximum value of the
absorbed energy at a depth of approximately 1/3 of the
electron path in the alloy [5,7,8]. Since the heating rate of
the specimen is higher in the deeper surface layers it
causes the explosion of some remelted material with
further rapid cooling and the corresponding heat transfer
to the host alloy. Such cooling is accompanied by
ultrafast crystallization of the molten material, causing
structural and phase transformation affecting the
properties of the irradiated surface layer of the alloy. Fig.
1 shows the surface layer patterns of alloy 1380 and alloy
1933 after IPEB irradiation with the common
morphological features for both alloys: you can see that
the IPEB activity is accompanied by the emergence of

Table 1
Chemical composition (wt.%) of the 1933 and 1380 aluminum alloys
Mg Cu Zn Si Fe Mn Al
1933 1,9 1,0 6,9 0,1 0,15 0,1 Bal.
1380 0,6 3,9 0,1 0,9 0,5 0,7 Bal.

Fig. 1. Typical views of the irradiated surface layer of 1380 aluminum alloy (a) and 1933 aluminum alloy (b).
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Fig. 2. Typical views of the initial grain microstructure of 1380 aluminum alloy (a) and 1933 aluminum alloy (b)
and the cross-section morphology of 1380 aluminum alloy (c) and 1933 aluminum alloy (d) within the IPEB
irradiated region.

the microcracks in the remelted surface layer. The reason
for surface layer cracking is the thermoelastic stresses at
the rapid crystallization. You can also observe emerged
craters on some parts of the irradiated surface layer
caused by the material emission at the gas release out of
the surface layer.

It is claimed that the solidification of the melted
surface layer at the wide range of temperature and high
pressure caused a directed crystallization of the melt
under non-equilibrium conditions and granted fine
crystallite and amorphous structures [5-11]. Fig. 2 shows
both views of the as-cast grain microstructure of the
predetermined alloys and their cross-section of the region
after IPEB irradiation. The average grain size of the
irradiated alloy 1380 makes 31 microns with some
inhomogeneity. The grains are mostly close to rounded
(Fig. 2, a). The average grain size in alloy 1933 makes 15
microns (Fig. 2, b). As you can see in Fig. 2 (c, d) the
thickness of the molten surface layer for both alloys
makes approximately 100 microns. Thus the remelted
surface depth does not depend on the as-cast grain size of
the target alloys. The grain microstructure analysis
confirms that the IPEB irradiation of alloy 1380 and
alloy 1933 emerges the visible structure transformation
of their surface layers.

Structural-phase transformations of the alloys after
IPEB irradiation shall be the reason for their changing of
the strength properties and first of all the micro-hardness
ones. Fig. 3 shows alloy 1933 micro-hardness value
distribution along the cross-section of the region affected
by IPEB. The micro-hardness of the as-cast alloy makes
105HV0.05, a dashed line in Fig. 3. Fig.3 shows that the
micro-hardness of the modified layer after IPEB
irradiation increases dramatically and makes in average
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Fig. 3. 1933 aluminum alloy micro-hardness value
distribution along the cross-section of the region affected
by IPEB.

137HV0.05. Thus, we have proved that the IPEB
irradiation causes the strengthening of the surface layer
of alloy 1933 increasing the micro-hardness by 30%
compared to the as-cast alloy. The micro-hardness values
outside the remelted surface layer region of the IPEB
affecting are dropping. However, these values remain
higher than the ones of the as-cast alloy. Only the micro-
hardness values at the approximate depth of 200 microns
approach the values of the as-cast alloy.

Fig. 4 shows the micro-hardness distribution along
the cross-section of the aluminum alloy 1380. The as-cast
alloy 1380 micro-hardness makes 113HV0.05 (a dashed
line in Fig. 4), but, as you can see in Fig.4, the micro-
hardness of alloy 1380 after IPEB irradiation is
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Fig. 4.1380 aluminum alloy micro-hardness value
distribution along the cross-section of the region affected
by IPEB.

Decreasing and makes approximately 98HV0.05. Thus,
we have proved that the IPEB irradiation causes the
weakness of the surface layer of alloy 1380 decreasing
the micro-hardness by 10% compared to the initial alloy.
The alloy 1380 micro-hardness values outside the
remelted surface layer region of the IPEB affecting are
increasing. Within the region the micro-hardness values
become a bit higher than the micro-hardness of the initial
alloy. The micro-hardness values at the approximate
depth of 200 microns from the surface layer approach the
values of the initial alloy.

Thus, the experimental results show that the micro-
hardness of the surface layer of alloy 1933 melted by
IPEB increases, while for alloy 1380, the micro-hardness
of the modified surface layer decreases. Differences in
the micro-hardness value behavior of aluminum alloys
1933 and 1380 after IPEB treating along with the same
energy parameters can be stipulated by the forthcoming
emerged particularities of the structural and phase
transformations.

I11. Discussion on Strengthening
Mechanisms

Hardness is the ability of a material to resist that
deformation achieved from the indentation of a harder
solid indenter onto a flat surface of metal under a load.
The definition of hardness will allow us to make
conclusions on the material strength and ductility [14].
To identify micro-hardness we study plastic deformation
of aluminum and its alloys that occurred due to the
dislocation motions. When dislocations meet a challenge
on their way they cannot shear any more as earlier. The
alloy strength properties responsible for the micro-
hardness improvement and reduction are identified by the
whole range of the strengthening mechanisms. Regularly
the yield strength of aluminum alloys is described by the
additive impacts of various strengthening mechanisms
[15-18]:

()

Gy, =0y +0, +GC, +0;+0,,
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where o, - is the yield strength of pure aluminum o, -

yield strength change due to the solid solution impact
o,- Yield strength change due to the grain boundary

strengthening; o,- Yyield strength change due to
dislocation hardening impact; o, - yield strength change

due to dispersion hardening impact.

To recognize properly the nature of the strengthening
processes in the modified by IPEB surface layers we
should perform contribution analysis to the strengthening
mechanisms and consider the gained on the experimental
basis qualitative and quantitative parameters of the grain
microstructure of the melted surface layer of every
predetermined alloy. At the same time, the main task is
to establish the reasons causing alloy 1933 micro-
hardness improving and alloy 1380 micro-hardness
reduction after the equal IPEB affecting.

3.1. Solute Strengthening

Alloying element increase in a solid solution
concentration can gain solute strengthening. This type of
strengthening is fostered by the interaction between
incoherent dislocations with distorted lattice atoms and
the soluble ones causing such distortion [19]. The below
equation evaluates a solute strengthening as follows [19]:

o= kC}, )
]

where C; is the concentration of the j dissolved element

in the aluminum matrix, and n is a constant considering
inhomogeneity of the dissolved element distribution
within the alloy. The n constant can vary in the range
from 0.5 to 0.75 [19], k; is a ratio determined the

dislocation integration with the j alloying element. To
calculate k; we shall apply the characteristics of the

double aluminum alloy (e.g. Al-Cu, Al-Mg).

Referring to the equation we can see the higher
concentration of the dissolved element the better is
strengthening.

X-Ray Spectroscopy (EDS) distinguishes the
inhomogeneous distribution of alloying elements within
as-cast alloy 1933. Thus, we can observe Magnesium
segregation at grain boundaries as a part of a number of
intermetallic phases. Zinc and copper atoms are
distributed in the aluminum-based solid solution more
homogeneously than magnesium. The alloying element
concentration in the modified surface layer is increasing
after IPEB affecting of alloy 1933, but its alloying
element distribution in solid solution is more
homogeneous. The remelted by the IPEB treatment
surface layer of the aluminum-based solid solution of
alloy 1933 already contains Mg (0.4 wt.%), Cu
(0.8 wt.%), and Zn (5.1 wt.%). Thus the aluminum-based
solid solution is already a copper supersaturated one. The
alloying element concentration in the modified surface
layer is increasing after IPEB affecting of alloy 1380 as
well, and the aluminum-based solid solution becomes a
copper supersaturated one too. An increase in the
concentration of alloying elements in the a-solid solution
of alloys should lead to an increase in their strength.
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Thus, the above-mentioned structure transformation for
both alloy 1933 and alloy 1380 should have improved
their micro-hardness [20]. But we should admit it is
rather challenging to identify the strengthening
mechanism impact of the multi-compound aluminum
alloys due to the absence of a well-developed database of
experimental data. The solid solution hardening
mechanism is a core one for the aluminum alloys,
whereas we cannot apply thermal strengthening [19].
However, the present paper contributes to the behavior
research of the strengthening mechanisms applicable to
the predetermined alloys and matters as well.

3.2. Grain Boundary strengthening

Grain boundaries are obstacles to the dislocation
motions. When dislocations achieve the grain
boundaries, they cannot slide in an insurmountable way
any longer due to the different orientation of sliding
systems between the adjacent crystallites. Consequently,
the travel distance that incoherent dislocation can move
before achieving the grain or crystallite boundary
decreases with the grain size decreasing and thus,
improving the hardening. This type of strengthening
mechanism is called a grain-boundary strengthening.
[21]. The Hall-Petch strengthening equation evaluates a
grain-boundary strengthening impact as follows [21, 22]:

c, =kd°®, 3)
where k is the index of the grain boundary hardening of
Hall-Petch constant; d is average grain size.

The structure of the modified surface layer of the
predetermined alloy extremely differs from the host alloy
for its small submicron grain size. The as-cast grain size
of alloy 1933 makes 15 microns, and the one of alloy
1380 makes 32 microns (Fig.2, a,b). After IPEB
irradiation the grain size of the modified layer makes
approximately 1 micron. Thus the travel distance the
incoherent dislocation can move within the grain
boundaries is significantly reduced. Therefore, such type
of a strengthening mechanism makes a certain positive
impact on the micro-hardness improvement of the
predetermined alloys. Moreover, the micro-hardness
increase for the alloy 1380 due to initial bigger grain size
should be even slightly greater than for alloy 1933 based
on the grain-boundary strengthening effect.

3.3. Dislocation Strengthening

The mation resistance of dislocations caused by
stationary dislocations lying in the sliding planes and
elastic interactions with dislocations lying in planes
parallel to the sliding planes is estimated as follows [18]:

o, = MOLGb\f , (4)
where a- is a dimensionless parameter approximately
equal to 0.24 for aluminum alloys and considers the
distribution behavior and the dislocation motion [18]; G
is the shear modulus; b is the Burgers vector; M is the
Taylor factor considering the number of sliding planes.
Rapid cooling of the remelted layer of the
predetermined alloys after IPEB irradiation is
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accompanied by the creating of elastic-plastic stress
fields, which partial relaxation is accompanied by
dislocation volume density and causes deformation
bending e.g. emerging of a new substructure [5-13]. In
compliance with the data of X-Ray structure analysis, the
dislocation density of the surface layer after IPEB
irradiation increases several times. Consequently, the
strength increase of the surface layer of the
predetermined alloys will also occur due to the
dislocation volume density increase and new substructure
formation.

3.4. Dispersion Hardening

This type of strengthening mechanism is caused by
the interaction of incoherent dislocations with
intermetallic phase particles present in alloys. Dispersion
strengthening occurs due to the incoherent dislocation
complication in their approach and attempts to climb
through dispersoids. The way of interaction and the
dispersion strengthening impact depends on the nature of
the dispersoids. There are two ways of the creep behavior
of both the incoherent dislocation and dispersoid
interaction: to climb and to cut. The mechanism of
dislocation & dispersoid interaction depends on their
number, distribution, average size, and boundary
coherence. Climbing way of the creep behavior is the
second to none way for the dislocation and dispersoid
interaction for the alloys subjected to the study of this

paper. Hence, the dispersion hardening impact is
expressed by Orowan’s equation [15, 23]:
0,4MGb, D
(o] =———In—, 5
Orovan RL\/J: b ( )

where M is the Taylor factor; G is the shear modulus; b is
the Burgers vector; L is the effective distance between
particles; v is the Poisson's coefficient; and D is the
average particle diameter.

The effective distance between the particles is
measured as follows [23]:

-3
L= 0,4155[ ng ,
nr

(6)

where F, is the amount of particles per unit volume, r is

the average particle radius.

The predetermined alloys subjected to the study of
the paper improve their strengthening via quenching and
aging, whereas the highest strengthening level is
provided by artificial aging. We applied X-ray Powder
Diffraction (XRD) to determine the phase compound of
both initial alloys and then their surface layer after IPEB
irradiation.

Alloy 1380 may include dispersoids of Mg,Si phase,
Al,CuMg phase, CuAl; phase as well as an insufficient
amount of other phases [2]. Fig. 5 shows XRDs of initial
alloy 1380 (1) and modified surface layer after IPEB
irradiation, with intense diffraction peaks meeting the

aluminum-based solid solution (aal-phase). The XDR of

the as-cast alloy shows the peaks of CuAlz, Mg.Si and
Al,CuMg phases. Whilst the XDR of the surface layer



V.V. Bryukhovetsky, V.V. Lytvynenko, D.E. Myla, V.A. Bychko, Yu.F. Lonin, A.G. Ponomarev, V.T. Uvarov

after IPEB irradiation contains only the peaks of phase

oAl (true for alloy 1380). Particles of CuAl,, MgzSi, and
Al,CuMg phases are dissolved at the recrystallization
process during IPEB irradiation. Some small quantity of
CuAlz MgaSi i AI,CuMg phase particles, as well as a
range of other phases, will be available in the modified
surface layer after IPEB irradiation, however, the
quantity is so insufficient, that we can omit them out of
the research results.

Fig. 6 shows the XRD of initial alloy 1933 specimen
(1) and the modified surface layer after IPEB irradiation,
with intense diffraction peaks of as-cast alloy belong to

(aal-phase), as well as the peaks of MgzZn,, Al,MgsZns
and Al,CuMg phases.
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Fig. 5. XRD of the initial alloy 1380 specimen (1) and
the remelted surface layer after IPEB irradiation (2).
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Fig. 6. XRD of the initial alloy 1933 specimen (1) and its
remelted surface layer after IPEB irradiation (2).

Some peaks are failed to be identified in the XDR
but we can predict that the peaks at 51.5°and 53.4° will
belong to AlsZr phase [24]. The phase particle can be
available in alloy 1933 [1]. Whilst the XDR of the
remelted surface layer after IPEB irradiation contains the

intense diffraction peaks meeting alal phase, (true for
alloy 1933). The XRD does not contain any peaks
meeting MgZn,;, MgsZnsAl,, and Al,CuMg phases,
available in the as-cast alloy. That means if these phases

are available in the remelted surface layer after IPEB
irradiation they will be available in extremely insufficient
amounts. However, the XDR shows some magnesium
oxide peaks, the evidence of the MgO presence in the
modified surface layer after IPEB irradiation.

The particularities of the magnesium oxide impurity
distribution within the grain microstructure of the
remelted surface layer after IPEB irradiation were
investigated via a Scanning Electron Microscope (SEM)
and investigated due to the Energy Dispersive X-Ray
Spectroscopy (EDS). Fig. 7 shows a view of the polished
surface of the remelted surface of alloy 1933. We
selected the impurities of the light shade typical for
magnesium  oxide to determine the chemical
composition. You can see a digit 1 stipulated for MgO
impurities. We found that the MgO of light shade came
with a high concentration of both oxygen and magnesium
exceeding the average alloy concentration more than 10
times (Fig. 7, b) The typical ratio for the oxygen and
magnesium weight allows us to suggest that there is the
localization of the magnesium oxide. Metallographic
analysis has shown that the size of MgO impurities
makes from 50 to 500 nm at an average distance from 1
to 5 microns. You can see their homogeneous
distribution within the polished cut of the specimen.

H (b) Element wt.%
20+ Aluminum |51.03
AN T Magnesium|]9.35
\m 1 Oxygen 27.14
:& ! Copper 0.37
el Zinc 2.11
0l o

4 Zn

- Cu

1 2 3E.keV

Fig. 7. The view of the grain microstructure of the
remelted surface layer of alloy 1933 at the depth of 30
microns from the top of the surface - (a); EDS image of
Al, Zn, Mg, Cu, and O from Point 1 (Fig. 7, a - b.).

Thus both initial alloy 1933 and alloy 1380 are
multiphase ones. The IPEB irradiation of the alloy
surface layer is accompanied by the drastic grain
microstructure altering of the surface layer itself.
Therefore we can observe the formation of the alloy
surface layer with a submicrocrystalline structure with its
core phase is an aluminum-based solid solution. Almost
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all intermetallic phases being present in the as-cast alloys
are dissolved due to the IPEB irradiation. However, in
the remelting of the surface layer of alloy 1933, we will
observe the emerging of magnesium oxide crystalline
impurities, we suggest they, themselves, are the keystone
of the micro-hardness improvement of the remelted layer
of this alloy. At the same time, the surface layer of alloy
1380 after IPEB irradiation due to the complete
dissolution of the secondary phase particles is weakened.

To understand the mechanisms of the MgO impurity
formation in the remelted surface layer we should study
the dynamics and conditions of the IPEB process. The
IPEB activity causes the surface micro blast to occur
which is accompanied by a shock-plastic wave
expanding towards the target and the material emission
towards the beam activities. Irradiation is carried out
inside the accelerator vacuum chamber at a pressure of
10...10° Tor. At this pressure, the oxidation processes
of alloys will occur due to the presence of oxygen in the
residual vacuum medium. The gases out of the residual
vacuum medium of the operational chamber participate
in the mixing of the surface layer whilst it is being in the
molten state. As a result, the surface layer is the media to
be form oxides with the oxygen attractive elements of the
target.

Due to the same conditions and the same range of
IPEB energy affecting the forming of the magnesium
oxides occurring only in alloy 1933 is possibly subjected
to the availability of the magnesium amount in the alloy
ligature. It is known that the initial product at the
beginning of the oxidation of the molten aluminum alloy
containing more than 1 wt. % magnesium is MgO
[25, 26]. The magnesium amount in alloy 1933 exceeds
the weight by two times. Whereas alloy 1380 contains a
significantly lower amount (0.6 wt.%) of magnesium,
which is concentrated in the aluminum-based solid
solution in the only phase of Mg.Si that is subjected to be
dissolved completely. Consequently, the magnesium
oxides are not identified through XRD research methods
studying the remelted surface of alloy 1380. Magnesium
is concentrated basically in intermetallic impurities of
MgZn,, MgsZnsAl; and Al,CuMg and in segregations to
be crushed and instantly oxidized at the irradiation
moment. Dispersed MgO particles formed at the
irradiation get into the surface layer, which quickly
crystallizes.

We found out the general MgO particle impact on
the strengthening of aluminum alloy 1933. We calculate
the particle size and effective distance between the
particles based on metallographic analysis data. The
Orowan ratio describes the magnesium oxide particle
servicing as obstacles for the dislocation motion within
the aluminum matrix as well as their impact on the
strengthening. We found that the strengthening caused by
the MgO availability in the alloy 1933 structure is
approximately 87 MPa.

Thus, all the above strengthening mechanisms e.g.
solid solution hardening, grain-boundary strengthening,
and dislocation strengthening contribute to the
strengthening improvement in a positive way for the
irradiated surface layer. However, it is the dispersion
hardening that plays a key role in the strength changing
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of the modified surface layers of the predetermined
alloys. Due to the dissolution of secondary phase
particles during irradiation, the surface of alloy 1380 is
weakened, which leads to a decrease in its micro-
hardness. Weakening due to the dissolution of the
secondary phases in the surface layer of alloy 1933 is
compensated by the strengthening due to the magnesium
oxide particle forming caused by the irradiation.
Summarizing the total micro-hardness of the surface
layer of alloy 1933, we found it increases due to the
structure and phase transformations at the IPEB
irradiation.

Conclusion

The IPEB irradiation of the predetermined alloys
causes the forming of the surface layer with the
submicrocrystalline structure with the core phase of the
aluminum-based solid solution. Intermetallic phases
being present in the as-cast alloys are not detected by
XRD methods in the surface layer after IPEB irradiation.
However, the crystalline MgO impurities being absent in
the as-cast alloy are formed in the remelted surface layer
of alloy 1933 after IPEB irradiation. But there are no
MgO particles in the remelted surface layer of alloy
1380.

The micro-hardness of the remelted surface layer of
alloy 1933 comes up at the same terms and conditions
whilst the micro-hardness of alloy 1380 comes down.
Differences in the micro-hardness value behavior of
aluminum alloy 1933 and alloy 1380 after IPEB
irradiation along with the same energy parameters can be
stipulated by the available differences of the occurring
structure and phase transformations. Although the
studied alloys come with the same alloying elements, the
keystone of altering the physical and technological
properties is the magnesium amount in the alloy ligature.

Based on the experimentally identified quantitative
and qualitative parameters of the structure, we
recognized the physical nature of the strengthening
alteration of the remelted surface layers after IPEB
irradiation of alloy 1933 and alloy 1380. We show a
variety of strengthening mechanisms participating in the
process and altering the alloy operational properties. The
main role in the alloy strengthening transformation plays
the Orowan dispersion hardening impact describing the
way the crystalline magnesium oxide impurities
contributing to the improved micro-hardness of the
remelted surface layer of alloy 1933.
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Effect of Structural and Phase Changes under Relativistic Electron Pulsed Beam Irradiation...

B.B. bproxosenpkuiit, B.B. Jlutsunenko?, J[.€. Muna?l,
B.A. buuko?, 10.®. Jlonin®, A.T'. ITonomapros®, B.T. YBapos®

BruiuB cTpyKTYpHO-(pa30BUX 3MiH IIPH ONPOMiHEHHI iMITYJIbCHUM MY4YKOM
PEeISATUBICTCHKUX €JIEKTPOHIB HA MIKPOTBEPAICTH AJIOMiHI€EBHX CILUIABIB

Ynemumym enexmpogpizuxu i padiayitinux mexnonoziic HAH Yxpainu, Xapxie, Yxpaina, bvw260170@ukr.net
2Hayionanonuii ynisepcumem « Yepniziecoxa nonimexnixay, Yepnizis, Yxpaina
SHayionanvnuii nayxosuii yenmp «Xapxiecokuti ¢isuxo-mexniunuti incmumymy» HAH Vipainu, Xapxie, Ypaina

BuB4eHO 0COOIMBOCTI 3MiHU 3HAYEHb MIKPOTBEPAOCTI MPOMHUCIOBHX amtoMiHieBuX cruiaBiB 1933 1 1380 B
30HI OOpOOKH IMITyIbCHUM ITy4KOM eJeKTpoHiB. [loBepxHeBuii map cmiaBiB OyB MoAM(DIKOBaHUI Ai€l0 MydKa
CJICKTPOHIB 3 OJHAKOBHMH CHEPreTHYHMMH IapaMeTpamu. IIpote i3MKO-TEXHOJOTIUHI BIACTHUBOCTI
ONPOMIHEHOTO MIapy CIUIABIB Majd Jeski BigMmiHHOCTI. IlokasaHo, mo mis cruaBy 1933 MikpoTBepaicTb
Mo (iKoBaHOTO HIapy 30uTbIIyeThCs OuThII HixK Ha 30 %, a jurs ciraBy 1380 MiKpOTBEpAICTh MEpPEIlIaBIeHOTO
mapy 3MeHmyeTrbess Ha 10 %. I[IpoaHanizoBaHO MEXaHi3MH, sSKi BIUTMBAIOTh HAa 3MiHY MIIIHOCTI METaJCBUX
MaTepiaiiB, 0OpOOICHUX IMITYIbCHUM EIEKTPOHHUM ITy9YKOM. BCTaHOBICHO, IO OJHUM 3 OCHOBHHUX (PaKTOPOM
MiABHUIIEHHS MIKPOTBEPAOCTI MOBEpPXHEBOro Imapy cmiaBy 1933 € yTBOpeHHS B XOIi ONPOMiHEHHS
IOpidHOAMCTIEpcHUX dYacTHHOK MgO, ski Oynm BiACYTHI B TMOYaTKOBOMY CTaHI CiiaBy. Y TOH e dHac
MIKpPOTBEpPAICTh OMPOMIHEHOTO Imapy ciuiaBy 1380 3MeHIIyeThCcS 4epe3 PO3YMHEHHS B MPOLECI OMPOMiHEHHS
3MilHIOYNX (a3, ki OyiaH iteHTH(}IKOBaHI y TOYaTKOBOMY CTaHi.

KurodoBi cioBa: MikpoTBepicTh, ONPOMIHEHHS, CTPYKTYpHO-()a30Bi 3MiHH, aTIOMIHI€BI CIUIaBH.
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