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Introduction. The work focuses on solving quality problems of castings made of Al-Si-Mg alloy (AK9). The paper draws
attention to the absence of a unified theory of alloy modification and the need to find solutions that ensure good product
quality. The reasons for bad quality due to the weak justification of the choice of the manufacturer of the initial charge
material — ingots are considered. Ingots from two suppliers are compared in terms of the structural-phase state. The paper
shows how it causes defects in castings. The inefficiency of traditional methods of suppressing the formation of brittle
plates of the iron-containing phase in the alloy of the Al-Si-Mg system due to the presence of Mn in the chemical
composition of the alloy is noted. If the specified flaw is inherited from the source material, the generally accepted
approach does not work. The article formulates the recommendations for solving this problem. The introduction of the
proposed approach into production practice can open the way to solving an important applied task — to improve the
wording of tasks for tenders. The relevance of the study is due to the widespread use of alloys of the Al-Si-Mg (AK?9)
system in modern mechanical engineering, including in aerospace structures. The work objective is to study the influence
of the structural-phase state of the source material on the qualitative characteristics of finished castings from the Al-Si-
Mg alloy system.

Materials and Methods. Eight casts were analyzed, in which ingots from two manufacturers were used. Radiography
revealed a correlation between the fracture structure of castings, structure and quality indicators. Scanning electron
microscopy was used to analyze the microstructure and chemical composition of the phases. When setting quality
requirements, the authors proceeded from the existing industry and state standards. The conditions of heat treatment of
samples were taken from the same documents. The spectrograms were visualized as graphs showing the intensity of the
element peak in the Auger spectrum and the energy of the electrons resulting from the Auger effect.

Results. The results of radiography gave grounds to assert that the products provided by supplier No. 1 had significant
advantages in terms of quality. If we focused on the industry standard, the exclusion of the 2nd supplier's ingots from the
process ensured the production of products without casting defects at the level of 73 %. Otherwise, this figure did not
exceed 57 %. The rejection indicators were discontinuities, clusters of flaws, high porosity. After melting 5-8, which
involved the materials of the 2nd manufacturer, the fractures of the samples after rupture were investigated. Locations
with smooth, viscous and mixed relief are highlighted. An increase of up to x500 made it possible to establish insignificant
areas with a viscous relief, which was characteristic of brittle fracture by the cleavage mechanism. The absence of
inclusions and liquations was established. The microstructure of the sections from discontinuous samples was considered.
It turned out that it corresponded to the modified and heat-treated state of the AK9ch alloy without signs of burnout.
Individual dark needle-like phases and single pores were noted. The conditions of dispersed Si precipitations,
Al3SigFesMn and Als7SisFesMn chipping, as well as the separation of the AlssSisFesMns phase in skeletal form were
described. The advantages of the microstructure of ingots samples from manufacturer No. 1 were listed. It corresponded
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to the modified state of the AK9ch alloy. The branches of dendrites and the sizes of silicon inclusions were smaller.
Needle-like phases of Al,SiyFe,Mng were not detected.

Discussion and Conclusion. Light areas in the castings fractures were formed by a brittle fracture mechanism, which is
due to the presence of Al,SiyFe;Mnq phase plates in the alloy structure. If iron-containing phases are inherited from the
source material, then traditional methods of suppressing formation do not lead to the creation of compact equiaxed
polyhedra. To improve the quality of castings, it is recommended to use ingots with a pre-modified structure, without
including phase plates of variable composition AlSiyFe,Mnq. The results obtained can be used, among other things, to
justify the requirements for the material during tenders, which will enable the enterprises of the machine-building industry
to improve the quality of products and reduce the cost of marriage. As a result, this will increase their competitiveness in
the Russian and world markets.

Keywords: brittle plates of the iron-containing phase, Al-Si-Mg system alloy, structure-modified ingots, charge quality
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AHHOTALUA

Besedenue. Pabora Gokycupyercs Ha pelieHHH mpobieM KadecTBa oTAMBOK u3 cruiaBa Al-Si-Mg (AK9). OtmeueHsi
OTCYTCTBHE CAWHOW TEOPHH MOAM(PHIHMPOBAHHS CIUIABOB M HEOOXOAMMOCTh IMOWCKA pELICHHH, 00eCIednBalOInX
XOpoIIee KaueCTBO MpOoAyKIuU. PaccMaTpuBaroTCsi MpUUMHBI Opaka u3-3a c1aboro 060CHOBaHMS BHIOOpa MPOU3BOIUTEINS
HCXOJHOTO IIUXTOBOI0 MaTepuana — qyuiek. YylKku OoT JByX IIOCTABIIUKOB CPAaBHUBAIOTCS C TOUKU 3PEHUS CTPYKTYpPHO-
¢azoBoro cocrosiHus. IlokazaHo, kak OHO o0OycioBiuBaeT jaedeKkThl OomIMBOK. OTMeueHa HeIPPEKTUBHOCTH
TPAMIIMOHHBIX METO/IOB TOIaBJIEHHs 00pa30BaHMs XPYIKUX IUIACTHH JKeJIe30coaeprkainei (hassl B cruiaBe cucteMsr Al-
Si-Mg 3a cyer mpUCYTCTBHS B XHMHYECKOM cocTaBe ciuiaBa Mn. Eciam ykasaHHBIIE HEJOCTATOK HaciemyeTcs
W3 HUCXOJHOTO MarepHuaia, oOIenpUHATHIA noxxon He cpadbaTtbiBaeT. CHOpMYIHPOBAHBI PEKOMEHIALMHU 110 PELICHUIO
9TOM BBISBIICHHO MPpo0OJieMbl. BHeApeHHe PeyI0KEHHOTO TT0IX0/1a B IPOM3BOICTBEHHYIO IPAKTHKY CIOCOOHO OTKPBITH
NyTh K PELICHHIO Ba)KHOW NPHKJIAIHON 337a4d — YJIy4dIIUTh GOPMYIHPOBKH 3aJaHUH JJIS TEHIEPOB. AKTYaJlbHOCTh
HCCIIeIOBaHMsT OO0YyCIIOBJIGHA LIMPOKMM TpUMEHeHHeM ciuiaBoB cucteMbl Al-Si-Mg (AK9) B coBpeMeHHOM
MAIMHOCTPOCHNUHU, B TOM YHCJIC B A3POKOCMHUYCCKHMX KOHCTPYKIUAX. HCHB HaHHOﬁ pa6OTBI — U3YUYUTH BIIUAHUC
CTPYKTYPHO-()a30BOTO COCTOSIHMSI MCXOJHOI'O MaTepHaja Ha KadeCTBEHHbIC XapaKTEPUCTUKU TOTOBBIX OTIHBOK
u3 crutaBa cucremsl Al-Si-Mg.

Mamepuanst u memoodwsr. ITlpoaHann3upoBaHbl BOCEMb IUIABOK, B KOTOPBIX HCIOJBb30BAIMCH YYIIKH JIBYX
npousBouTeNnell. PeHTrenorpadus no3Boiuiia BEISIBUTh KOPPEILSIINIO MEXKy CTPOSHHEM H3JI0Ma OTIMBOK, CTPYKTYPOH
U KauyeCTBEHHBIMH IOKa3aTesisiMM. s aHainM3a MHKpPOCTPYKTYPHl M XMMHUYECKOTO cocTaBa (a3 MCIOIb30BalN
CKaHMPYIOILYIO JICKTPOHHYIO MHKPOCKOIIMIO. YCTaHaBIMBas TPeOOBaHMS K KAueCTBY, MCXOIMIM W3 JACHCTBYIOUIMX
OTpACNEBBIX M TOCYJApCTBEHHBIX CTAaHAApTOB. V3 3THX k€ JOKyMEHTOB OpajM YCIOBUS TEPMHUYECKOW 00pabOTKH
00pasioB. CriekTporpaMMbl BU3YJIM3UPOBAIN B BU/E TPaMKOB, JEMOHCTPUPYIOMINX WHTEHCHBHOCTH IIMKA 3JIEMEHTA

B 0’Ke-CIIEKTPE M YHEPTHIO DJIEKTPOHOB, BO3HUKIIINX B pe3ysbTaTe oxe-dddexra.
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Pezynemamut  uccnedosanus. PezynpraThl peHTreHOrpauu JalOT OCHOBAHUS YTBEPXKAATh, 4YTO HPOJYKIHS,
npepocraBisieMas nocraBmimkoM Ne 1, oOnajgaer 3HAYMMBIMM - [IPEMMYIIECTBAMHM B IUIaHe KadectBa. Ecmm
OPHEHTHPOBATHCS HA OTPACIEBOM CTaHAAPT, UCKIIOUCHHE U3 MPOoliecca YylIeK 2-T0 IOCTaBIIMKa 00eCTIeunBaeT BBITYCK
npoxykuuu 0e3 nuTeiHbIX nedektoB Ha ypoBHE 73 %. B mpoTuBHOM cityyae 3TOT IokasaTeib He mpeBbicHi 57 %.
BpakoBOYHBIMU MHIMKATOPaMU OBUTH HECIUIOLTHOCTH, CKOIUICHUS! PAKOBHH, BBICOKasi MOPUCTOCTh. [locie miaBok 5-8,
KOTOpbIE 3aJICHCTBOBAIM MAaTepHAIBl 2-TO IIPOM3BOJHTENS, HCCICAOBAIUCH H3JIIOMBI 00pa3LOB IOCHE pa3phIBa.
BrieneHsl TOKanWy C TIAAKUM, BS3KHM W CMEIIAHHBIM peibedom. YBemmuerwne 10 X500 MO3BONMIO yCTAaHOBUTH
HE3HAYHUTENIbHBIC YYAaCTKH C BS3KHM penbedoM, YTO XapaKTepHO MJIS XPYNKOrO Pa3pyLICHHs 10 MEXaHH3MY CKOJIa.
Y CcTaHOBIIEHO OTCYTCTBHE BKIFOUCHUH W JMKBaIHUiA. PaccMoTpeHa MEKpOCTPYKTypa HIIH(OB U3 pa3pBIBHEIX 00Pa3IoB.
BBIsCHHIIOCH, YTO OHA COOTBETCTBYET MOAM(HIMPOBAHHOMY U TepMOoOpaboTaHHOMY cocTosHUIO ciiaBa AK94 6e3
NIPU3HAKOB Iepexora. OTMEUeHbl OTJeNbHbIE TEMHBIE WroyibuaThle (a3bl M eAMHUYHBIE TOpbl. ONHCaHBI YCIOBHUS
JIMCTIEPCHBIX BhIAETeHUH Si, BeikpammBanus AlsSijoFesMn u AlssSisFesMn, a Takke Boienenue dassr AlgsSisFesMns
B CKelleTooOpa3Hoil (opme. IlepedncieHpl MperMyIecTBa MUKPOCTPYKTYpBl 00pa3IoB ymiek oT npousBoauTesns Ne 1.
OHa cOOTBETCTBYeT MOAU(MUIMPOBAaHHOMY cocTosiHHIO criaBa AK9u. BeTBM aeHApPHTOB M pasmepbl BKIIIOYEHHH
kpeMHus Menblie. He o0HapyxuBatoTcs uriioodpasusie dassr AlySiyFe,Mng.

Obcyscoenue u 3akniouenue. CBETIbIe yYacTKH B HM3JIOMax OTJIMBOK OOPa30BAIUCH IO XPYIMKOMY MEXaHU3MY
pa3pylIeHHs, YTO CBA3aHO C HAIMYMEM B CTPYKType cIuIaBa mactiH ¢asel AlxSiyFe;Mng. Ecin sxenezoconepikarmue
(ba3pl HacleAyIOTCS M3 MCXOIHOTO MaTepuaia, TO TPaJHLMOHHBIE METOJbI MOIABJICHHS 00pa3oBaHHS HE HPHBOIAT
K CO3JJaHUI0 KOMIIAKTHBIX PABHOOCHBIX MONUAPOB. [1J1s IOBBIICHHSI KAY€CTBA OTIMBOK PEKOMEHJIYETCS UCII0JIb30BATh
YYIIKA C TPEIBapUTEIbHO MOAUGHUIMPOBAHHON CTPYKTYpOHM, 0e3 BKIIOYEHUS IUIACTUH (Da3bl TIEPEeMEHHOr0 COoCTaBa
AlLSiyFe;Mng. I[Tony4eHHbIe pe3yIbTaThl MOXKHO 33/1¢HICTBOBATH B TOM YHCIIE 1JIs1 000CHOBaHUS TpeOOBaHUIA K MaTepHATY
IIPY NPOBEJICHUH TEHJIEPOB, YTO 1ACT BO3MOXKHOCTD MPEIIPHSITUSIM MAIIMHOCTPOUTEILHON OTPACIH YIIyUIUTh KaueCTBO
MPOJXYKLUH U CHU3HUTH 3aTpaThl Ha Opak. B UTOre 3T0 MOBBICUT MX KOHKYPEHTOCIIOCOOHOCTH Ha POCCUIICKOM U MUPOBOM
PBIHKE.

KaroueBble cioBa: Xpymkue IUIACTHHBI Kedezoconepkameil  ¢daspl, cmiaB cuctembl  Al-Si-Mg, dgymku

¢ MOAN(HUIIMPOBAHHON CTPYKTYPOH, Ka9ECTBO MINXTHI

BaaronapHocTu: aBTOpPBHl  BBIpaKAalOT —OJIArOJApHOCTH  PENAKIMOHHOW KOJUIETMHM OJKypHaJla UM PELEH3EHTY

3a mpodecCHOHANbHBIA aHATN3 U PEKOMEHAAINH I KOPPEKTHUPOBKH CTAThU.

Jas uutupoBanus. Mypatos B.C., Kazaxos M.C. Bnusiaue cTpykTypHO-(a30BOTO COCTOSIHUS UCXOJHOTO MaTepuaa

IIUXTHl HA KaYECTBEHHBIE XAPAKTEPUCTHKU OTIMBOK u3 ciuiaBa cucreMmbl Al-Si-Mg. Besonacnocmes mexnozenmvix
u npupoonwix cucmem. 2023;7(3):66—76. https://doi.org/10.23947/2541-9129-2023-7-3-66-76

Introduction. According to GOST 1583-93' alloys of the Al-Si-Mg (AK9) system belong to the first group
(silumins). They are widely used in modern mechanical engineering. In aerospace structures, aluminum alloy castings
account for 3-5 % of the mass [1].

The use of cast blanks in comparison with deformed semi-finished products can reduce the complexity of machining
parts and increase the metal utilization factor several times [2]. In the aerospace industry, this alloy is used to produce
parts that are complex in configuration, operating at medium loads and temperatures from minus 196 to plus 175 °C2
Main characteristics of the alloy:

— good casting properties;

— tightness;

— corrosion resistance;

— weldability;

— low density;

— relatively high modulus of elasticity;

1 GOST 1583-93. Aluminium casting alloys. Specifications. Biblioteka GOSTov. URL: http://vsegost.com/Catalog/18/18745.shtml (accessed:
22.08.2023).

2 OST 92-0920-85. Metally i splavy tsvetnye. Marki, razreshennye k primeneniyu. Tekhnicheskaya literatura. URL:
https://booktech.ru/normativy/ost/ost-92-0920-85-metally-i-splavy-cvetnye-marki-razreshennye-k-primeneniyu.html (accessed: 22.08.2023).
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— low temperature coefficient of linear expansion;

— wear resistance;

— affordable price [3-7].

The properties of silumins depend on the conditions of melting and subsequent processing [8]. An effective method
of improving their structure and properties is modification with multicomponent compositions. This makes it possible to
influence not only silicon, which is part of the eutectic (a+Si), but also primary silicon crystals [9-10]. Let us note the
need to effectively deal with such a disadvantage of Al-Si-Mg alloys as gas absorption. For this purpose, degassing fluxes
and modification at low temperatures are used [11]. Currently, there is no unified theory of modification, so the search
for optimal solutions continues to ensure a high level of product quality, compliance with regulatory and design
documentation [11]. The presented work is intended to partially compensate for the lack of data in this area.

Control plays a leading role in improving the quality of castings. Its tasks are:

— to exclude the ingress of defective castings for machining and assembly;

— to create conditions for critical analysis and improvement of foundry technology.

The complexity of technological processes of foundries is associated with the use of a wide range of materials. The
formation of the quality of castings is determined by many factors. The most critical of them are:

— the quality of the initial molding, charge and auxiliary materials;

— the level of mechanization and automation of the technological process;

— the compliance with the technological process at all stages of production;

— the organization of production and workshop management.

Within the framework of the presented work, the reasons for the growth of waste associated with an insufficiently
justified choice of the manufacturer of the charge material — ingots are analyzed. The recommendations are given to
eliminate this problem. A comparative analysis of the structural and phase state of the source material from two suppliers
was performed. It is shown how defects in castings of the Al-Si-Mg alloy system depend on the structural and phase state
of the initial charge materials.

It should be recognized that traditional methods of suppressing the formation of brittle plates of the iron-containing
phase in the alloy of the Al-Si-Mg system are ineffective due to the mandatory presence of Mn in the chemical
composition of the alloy. We are talking about cases when the specified defect is inherited from the source material. The
recommendations for solving this identified problem are formulated. To improve the quality of castings, it is advisable to
use a charge of ingots with a pre-modified structure. It should not include phase plates of variable composition
AlxSiyFezMng.

The work objective is to study the influence of the structural-phase state of the source material on the qualitative
characteristics of finished castings from the Al-Si-Mg alloy system.

Materials and Methods. According to the results of eight melts, the characteristics of castings made of AK9ch alloy
were analyzed. Ingots from manufacturers No. 1 and No. 2 were used as the starting material. Ingots were melted down
with waste from their own production (substandard castings made of AK9ch alloy). Table 1 provides the percentage of
materials. The manufacturer is selected based on the results of competitive procurement for reasons of economic
feasibility. In any case, the material must comply with GOST 1583-96. The method of manufacture is permanent-mold
casting.

Table 1
Percentage (by weight) of raw materials in the general melting
. Manufacturer | Manufacturer Waste of own
Melting no. .
no. 1 no. 2 production
1 40 0 60
2 35 0 65
3 25 0 75
4 20 0 80
5 20 5 75
6 10 20 70
7 5 20 75
8 0 20 80
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Chemical composition of the samples was determined by the spectral method on MFS-8 device. Mechanical properties
were studied on separately cast samples (GOST 1497-84%) after heat treatment in T6 mode (quenching — 535 £ 5 °C,
cooling in water, aging — 175 = 5 °C). To determine the mechanical properties, a strength testing machine UTS-111.2-
100-22 was used. The microstructure was studied by the cuts from wedge samples, ingots and discontinuous samples
etched in Keller reagent, as well as on the fractures. The Zeiss Stemi2000-C stereoscopic microscope and Carl Zeiss
AxiovertAl metallographic microscope were used. The scanning electron microscopy method was implemented using
the JED-2300 AnalysisStation microscope. The chemical composition of the phases was recorded by electron microprobe
analysis. The macrostructure was evaluated on the fractures of wedge samples, as well as on the templates etched in an
alkaline solution, cut from wedge samples and ingots. The presence of internal defects of castings was determined using
the Ruslan-225 X-ray machine.

Results. Chemical composition of the samples from each melting is presented in Table 2.

Table 2
Results of determination of chemical composition of samples
Melting Content of elements, mass. %
no. Al Si Mg Mn Fe Cu Zn Ti Zr Be

1 871 | 022 | 028 | 044 | <0.1 | <0.2 [ 0.082 | <0.1 | <01
2 935 | 024 | 031 | 044 | 01 | <0.2 [0.097 | 0.03 | <01
3 856 | 023 | 0.28 | 045 | 0.12 | <0.2 | 0.06 | 0.03 | <01
4 Base 928 | 023 | 032 | 044 | 012 | <0.2 | 0.1 0.03 | <01
5 88 | 026 | 03 | 045 | 011 | <0.2 | 0.065 | 0.03 | <01
6 85 | 023 | 028 | 052 | 013 | <0.2 | <0.05| <0.1 | <0,1
7 88 | 026 | 03 | 045 | 011 | <0.2 | 0.055 | 0.03 | <01
8 928 | 023 | 032 | 044 | 012 | <0.2 | <0.1 | <0.1 | <01

Requirements according to GOST 1583-93
Base 8 01102 5l 03 | 03 ¥ <0.15 <0.1

105 | 030 | 05 | © - -

Data from Table 2 prove that chemical composition of the material of castings from all charges corresponds to
GOST 1583-93.
The results of the mechanical properties test are presented in Table 3.
Table 3
Results of mechanical properties tests
Melting
no.

o MPa | 3, %

280
280
270
280
340
290
340
8 290
Requirements according to GOST
>235 >3

N|oO|lo| B~ W N -

~N| OO OO W N O ©

3 GOST 1497-84. Metals. Methods of tension test. Biblioteka GOSTov. URL.: http://vsegost.com/Catalog/46/4616.shtml (accessed: 25.07.2023).



http://vsegost.com/Catalog/46/4616.shtml

Muratov VS, et al. Influence of the Structural-Phase Composition of the Initial Charge Material on the Qualitative Characteristics

From the Table 3 it can be seen that according to the level of mechanical properties, the material of castings from all
charges met the requirements of GOST 1583-93 for the T6 condition. Temporal tear resistance and elongation were
compared.

X-ray radiography showed that for melts 1-4, in which there were no ingots from manufacturer No. 2, the yield of
suitable products corresponding to OST 92-1165-2014 in terms of casting defects was 73 %. For melts 5-8, the yield of
suitable products was 57 %. Rejection signs:

— irregularities in the form of shells;

— clusters of shells;

— porosity beyond the permissible level according to the X-ray standard (X-ray film obtained after X-ray inspection
of the sample with a normalized porosity corresponding to a certain score?).

The study of the fractures of wedge samples showed that the fracture of light gray, matte, with small, light, shiny areas
of various shapes and sizes was characteristic for melts 5-8 (Fig. 1).

Fig. 1. The appearance of the fracture of melts 5-8 (magnification x6.5)

No inclusions or other defects were detected in the microstructure under the surface of the fractures, which would
unambiguously cause bright, shiny areas. Porosity of 2 points according to GOST 1583-93 was observed in the
macrostructure of some melts under the fracture surface. The presence of porosity did not explain the light areas in the
fractures, since porosity was not observed on all wedge samples, but the appearance of all fractures was identical.

Fractures of tensile samples obtained after testing the mechanical properties of melts 5-8 were examined under an
electron microscope. The bright, shiny areas (Fig. 1) corresponded to the dark area in Fig. 2 a. The appearance of the
fracture surface at various magnifications is shown in Fig. 2.

4 OST 92-1165-75. Castings made of aluminum alloys. Technical requirements. Technical literature. URL.: https://booktech.ru/normativy/ost/ost-92-
1165-75-otlivki-iz-alyuminievyh-splavov-tehnicheskie-trebovaniya.html (accessed 21.07.2023).
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d)
Fig. 2. The fracture surface of the tensile sample: a — general view with magnification x50;
b — areas with smooth relief with magnification x150; ¢ — mixed relief with magnification x200;
d — a large smoothed section of the fracture with magnification x200

When magnified to x500, it could be seen that the shiny areas were depressions, more often with a smoothed surface.
There were minor areas with a viscous relief, which was characteristic of brittle fracture by the mechanism of chipping.
The main part of the fracture surface had a viscous relief. The results of micro-X-ray spectral analysis of the fracture
surface at points 11, 12, 13 (Fig. 2) are presented in Table 4. Points 11 and 13 correspond to smoothed areas,

point 12 — viscous.

Chemical analysis of the fracture zone surface

Point no. Content of elements, mass. %
(see Fig. 2) Mg Al Si Fe
11 471 | 82.61 | 11.27 | 141
12 451 | 83.35 | 9.46 2.68
13 513 | 84.72 | 8.11 2.04

Table 4

The spectrograms of the points were identical (Fig. 3). No significant differences in chemical composition were
revealed between the zones with viscous and brittle smoothed relief, which indicated the absence of inclusions and

liquations.
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Fig. 3. Spectrogram of the electron microprobe analysis results of the fracture surface: a — point 11 from Fig. 2; b — point 12 from
Fig. 2. Here the intensity of the peak of the element in the Auger spectrum and the energy of the electrons generated as a result of the
Auger effect are shown

The microstructure studied on the sections made of discontinuous samples (melts 5-8) corresponded to the modified
and heat-treated state of the AK9ch alloy without signs of burnout (Fig. 4 a). Separate dark needle-like phases and single
pores were observed. The main phase components of the microstructure were clearly visible under an electron microscope
(Fig. 4 b).

a) b)
Fig. 4. Appearance of the microstructure: a — light optical microscopy with magnification x200;
b — electron microscopy with magnification x250

The data of electron microscopy and electron microprobe analysis made it possible to determine the main phases:
a (light zones), o+Si (dark zones). In the a+Si phase, dispersed Si precipitations of less than 5 microns in size were
observed (Fig. 5 a). Electron microprobe analysis showed that AlzSiigFesMn and Als;SisFesMn (Fig. 5 b, 5 ¢) were
partially crumbled during grinding and polishing (Fig. 5 c). The separation of AlzsSisFesMn3 phase in a skeletal form was
also observed (Fig. 5 d).

b)
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Fig. 5. Microstructure of melting samples (5-8): a — separation of silicon with magnification x2000; b — phases Alz2SiioFesMn and
Als7SisFesMn with magnification x1000; ¢ — chipping of brittle plates of phases AlszSiioFesMn u and Als7SisFesMn with
magnification x750; d — phase AlssSisFesMns in skeletal form with magnification x500

The microstructure of the ingot samples from manufacturer No. 1 corresponded to the modified state of the
AKO9ch alloy. The branches of the dendrites were significantly smaller than in the sample of the ingot from supplier No. 2.
The sizes of silicon inclusions were up to 4 microns. They were homogeneous and had a globular appearance. The main
phases were a and o+Si (Fig. 6 a). Needle-like phases of Al,SiyFe,Mnq were not found in the structure of ingot samples
from manufacturer No. 1.

©)

Fig. 6. The microstructure of the initial ingot: a — manufacturer No. 1, 70 microns with magnification x500;
b — manufacturer No. 2, 70 microns with magnification x500; ¢ — plate phase in the microstructure of the ingot from manufacturer
No. 2, 20 microns with magnification x1000

The microstructure of the ingot sample from supplier No. 2 corresponded to the unmodified state of the AK9ch alloy.
The branches of dendrites were large. Silicon inclusions were needle-shaped and large. The main phases were o and o+Si
(Fig. 6 b). Phases in the form of dark needle-like inclusions were observed (Fig. 6 c).

The analysis of the results of the study suggests that the structural-phase composition of the alloy determines the
presence of shiny areas in the fracture of samples from melts 5-8. These are areas with smoothed relief — the results of
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brittle destruction. The most probable cause of this phenomenon is the presence of zones with coarse needle-like
precipitation, which are brittle Al,SiyFe,Mnq plates with a pronounced interface. During stretching or other destructive
tests, these precipitations act as concentrators (breaks in the metal). Accordingly, when the crack development front goes
through them, they chip off. Let us explain. Lamellar precipitates are solid and poorly retained in the base metal. In the
process of grinding and polishing the samples, they crumble, leaving cavities with smooth walls. In their place are smooth
areas that shine in the fracture. It can also be assumed that these phases are stable in the melt (do not dissolve in the
matrix). When cooled, they will act as crystallization centers and provoke the formation of defects, since they are sharp
stress concentrators.

Silicon crystallizes in the form of small spherical particles, so it can be stated that the modifier used is effective for
influencing silicon, which is part of the eutectic (a+Si). At the same time, an adjustment of the technological process is
required to influence the needle phases of Al,SiyFe.Mnq. With the introduction of 0.2-0.5 % Mn, as a rule, it is possible
to suppress the formation of brittle plates of Al.SiyFe,Mnq phase. However, in the studied melts (5-8), despite the Mn
content of 0.28-0.32 %, this phase persists, since it is inherited from the source material.

Discussion and Conclusion. Based on the results of the conducted scientific research, three main conclusions can be
drawn.

1. The structural-phase state of the source material is inherited in castings and in the presence of iron-containing
phases in the form of brittle plates can negatively affect the quality characteristics of cast blanks.

2. The light areas in the castings' fractures are areas with smoothed relief. They were formed as a result of brittle
fracture, which is due to the presence of a variable composition of Al SiyFe,Mnq in the structure of brittle phase plates.

3. The presence of Mn alloy in the chemical composition does not always suppress the formation of brittle plates of
the iron-containing phase. If it is inherited from the source material, this traditional approach does not work and compact
equiaxed polyhedra with a weaker negative influence are not formed. To improve the quality of castings, it is
recommended to use ingots with a pre-modified structure in the charge, in which there are no inclusions of plates of the
phase of variable composition AlSiyFe;Mn.
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