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Abstract. Development of souwonmal Bght-weight materials with neceszary performancs chamcteristics is an important
tazk as they are used m mechanical engineering, aviation and space. It is koown that macroproperties of a material
depend on the stuchral-phase st at micro- and meso- level. Cne of the methods of Tansformation of the materal
stmaciure i imadiation of the sorface with an infenze polzed elecmon beam. The purposs of the paper is the analysis of the
laws governimz formation of a desouction surface smuoure of hypereutectc silomm AK10MIN in the as-cast state and in
the sfae after exponme to 2 pobsed eleciron beam Deformation of silumin samples was camied out using the siam o
faikore method. Eleciron beam oradiation was camied ouf in the hizh-spesd meliing mods of the surface layer of samples
prepared for tensile festing. As a result of the sudies, it has been found that imadiaten leads to formation of moltphase
stmaciure with micre- and nanescale inchsions m the oeated surface lyyer with a thickpess op fo 70 pm. An increass in
smength (in 1 imes) and plastic (in 1.8 tmes) properties of silomm iradiated with an elecion beam has besn rewealed.

INTRODUCTION

Currently, one of the most popular matenials in aivcraft, ship and aofomotive boilding, insooment making and
constuction, are alloys of alomimim with silicon (silumins) [1]. The fact is conditoned upon low specific gravity,
relatvely high specific soength and corrosion resistance, as well as pood Swdity of these alloys [2]. An obvious
drawback of silumins is their high fragility associated with the presence of coarse silicon mchosions and second
phase parficles of the casting origin [1-3]. It is known that macroproperiies of a matenal depend on the stmechiral-
phase siate at the micro- and meso- level [4-8]. One of the promising methods for wansforming the smwchire of
metals and alloys, inclnding silumin is high-spesd heat treatonent based on the wse of concentrated energy fhaxes
{confinwous snd polsed elecmon beams, plasma flows, powerful ion beams, laser beams, ion implantadon, etc) [9-
12]. In & mmber of works [13-22], it has besn shown that irmadistion of silomin with a pulsed elactron beam in the
mealiing mode of the surface layer is accompanied by formaton of a submicro- nanecrystallime mmiliiphase soacure
with hizh mibological properiies.

The purpose of the paper is the analysiz of the laws governing formation of the frachmre surface simucnire of
bypereutectc sihimun AF10MIN in the as-cast state and in the siate afisr exposure to an mtense polsed eleciron
beamn.
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MATERIAL AND METHODS

The object of the investgation was as-cast AETIM?H silumin of the following composition (wi %e): 9.5-10.5 54,
20-2.5 Cn, 0.8-1.2 Mi, 0.9-1.2Mg, =0.6 Fe, =005 Mn, =0.05 Ti, =005 Pb, =0.06 Zn, =0.01 5n, and Al for balance.
The surface of the plates was imadiated with a high-cwrent polsed slecron beam o8 «50LCkw semap [23].
Imradisnon parameters: accelarated alecu'unmerg_'.r 17 ke, pulse duration of the electron beam 150 ps, mumber of
pulses 3, pulss repetifion rate 0.3 5~ eleclmnheammg]' density 25 Ticm®. FProportional flat samples were nsed in
thetesls Tensile EungufﬂmsamhsmcmduEmthEWSTRﬂNHEﬁmﬂaum[mle rate 2 mm/ming
with simultaneous fixation of the deformation fields nsing the VIC-3D optical measuring system [24]. Investigation
of the silumin smochire in the nital state and afier modification was carmied out by scanning (Philips SEM 515) [25]
and transmission diffracdon (JEMM-2100F) [24] elecron microscopy. Anslysis of the elemental composition of
samples was carmied out using SEM/EDAY methods [25].

RESULTS AND DISCUSSION

The material nndar smdy belongs to sibomins with a pre-enfectic composition. Therefore, in the as-cast state, the
alloy will be 3 multiphase material, and will consist of grains of an alominom-tased solid sohifion, sutectc zrains,
inclnsions of silicon and intermetallics of varions compositions [2]. A typical elecron micToscopic meage of the as-
cast AKIOMIN silomin souchmoe is shown m Fig la. Inclusions of wanous shapes amd sizes, which are
imtermetallics, are clearly wisible on the presented image (inclusions are indicated by ammows).

X203 Sopm —

FIGURE 1. The smocrure of AF 108N silumin in the as-cast state (3) and
after pradiation with an infense pulsed eleciron beam (b))

Iradiation of the swrface of sibomin samples with an intense pulsed elecmon beam with the aforemsntoned
parameters leads to high-speed meling of the surface layer and its subsequent rapid solidification. & typical image
of the resnling soucture is shown im Fig. 1b and Fig 2. A feamwre of high-speed hear meament, which is
Lwhmnied@mmduuunufmﬂals and alloys with an intense pulsad electron beam is an nlirahigh heating and
r_m]:mgmte[mtu]t} EJsy [11]. Short lifetimes of the material surface layer in the liquid state impede the melt
homogenization process. As a resulf, the heterogeneity of the dismbubon of alloyving elements in the surface laysr of
silumin is preserved. This explains the formation of the phase conmiyast on eleciTon micToscopic images of the
silumin surface obtzined using scanning elecmon micToscopy methods (Fig. 1b).

The nlrahigh cooling rate of the molien layer leads to the formation of 3 microe- and nsmoscale stuchre of
callular crysmllizadon, a rypical image of which is shown in Fig. 2. The sizes of crystallizadon cells vary within
200400 nm (Fig. Ia). The cells are separated by interlayers of the second phase (Fig. 2b). X-ray micospeciral
analysis shows that the mterlayers are formed mainty by atoms of silicon, copper, iton, and magnesivm. Formaton
of o types of cells has been revealsd using methods of transmission electmon microscopy. Firstly, the cells formed
by an alomimom-based solid soluton (Fiz. 3a, denoted by a). Thess cells contsin particles of predomunantly round-
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shaped silicon with a size of a few nanometers. Secondly, the plate-shaped eutectuc cells (Fig. 3a, denoted by a+).
The ransverse dimensions of silicon and aluminum plates in the eutectic vary within 50-70 nm).
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FIGURE 2. The structure of ARK10MIN silumin after imadiation with an intense pulsad electron beam Images were obtained
using methods of scanning (a) and transmission (b) electron microscopy.

FIGURE 3. The structure of AKT0M2N silumin after imadiation with an intense pulsed electron beam; a - is the bnght field- b -
is the dark field Images obtained using STEM methods.

It is obvious that an essental transfonmation of the surface layer structure of silumin will contribute to 2 change
in plasac and strength properties of the matenzl Indeed. mechanical tensile tests have revealed an Increase in strain
atbreak (in 2 ames) and tensile strain (in 1.8 times) of silumin tradiated with an electron beam.

Investigations of the Tacture surface of silumin samples m as-cast and irradiated states have revealed physical
reasons for a mmitiple increase in mechanical properties of sihunin The analysis of the results presented in Fig. 4
and Fig. 5 shows that uradiztion of sthumin with a pulsed electron beam leads to the formation of a surface layer
with a thickness of (35—40) um, the Facture of which has a2 faceted stucture characteristic of viscous fracture of a
material [27]. Dimensions of the facers vary within (3-4) mucrons (Fig. 5). The facture surface of as-cast silumin
samples has 2 rougher structure (Fig. 4a). Brittle cleavage areas are found along with ducdle fraction facets.
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FIGURE 4. The structurs of the facture surface of AK10M2N silumin in the as-cast stat2 () and after imadiaton with an
intense pulsad electron beam (b). In (0). arrows indicate the medified fayer.
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FIGURE 5. The structure of the fracture surface of AK10M2N silumin iradiated with an intense pulsed electron beam.

CONCLUSION

1. It has been established that irradianon of AKIOM2N silumin with an intense pulsed electron beam allows
forming surface layers with a nmltiphase submicro- nanocrystalline structure.

2. Tensile tests of proportional flat samples of AKIOMIN silumin uradiated with an electron beam have
revealed an increase (relative to the as-cast state) of the soain at the brezk by 2 tmes and the tensile soain in
1.8 ames.

3. It has been shown that the main reason for the increase in strength and plastic properties of silumin revealad
during tensile tests, is the formation of a surface layer as a result of irradiation with 2 pulsed electron beam,
deformed under the ductile fracture mechanism.
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