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AHortaunis. Mema. Jlany po0OOTy NPHCBAYEHO BCTAHOBJIECHHIO BIUIMBY CKJIagy Ta IIBHAKOCTI OXOJIO[UKEHHS PO3IIaBy Ha
MIKpOTBEepAICTh, (a3oBuil ckimax Ta mapaMeTpH TOHKOI CTPYKTypH BUcokoeHTpomiiuux cmaBiB (BEC) cucremn Mn-Ni-Si-V B
JUTOMY Ta pifKo3arapToBaHoMy craHi. Memoouka. JIuTti 3pa3ky cmaBiB OyiaM OTpHUMaHi i3 3aCTOCYBAaHHSM MIJHOI BHJIMBHHIL
(uBuakicts oxonomkenns ~102 K/c). Taprysamus 3 piakoro crany (3PC) mpoBoamnocs 3a BiIoMO0 MeETOAMKOIO splat-
oxonopkernst. OuiHeHa 33 TOBIMHOKW (GOJNBIU IBUIKICTL OXOJIOPKEHHS po3miaBy cranoBuia ~10% K/c. PenrrenoctpykrypHuii
aHali3 MPOBOIKMBCH i3 BUKOpHCTaHHAM Iippakromerpa JJPOH-2.0. MikpoTBepaicTh BUMiprOBanacs 3a JIOIOMOI0I0 MiKpOTBepioMipa
I[IMT-3. ITia6ip xomnoneHTiB gociimkennx BEC 3milicHIOBaBCS, BUXOASYM 3 MPUUHATUX Y JIITEPAaTypi KPUTEPiiB KOMIOHOBKH Ta
ouinku (aszoBoro ckiany BEC, ocHOBaHMX Ha OOYMCIICHHI €HTpOMii Ta CHTaJbMil 3MilllyBaHHS, KOHLEHTpALill BaJICHTHHX
CJICKTPOHIB @ TAaKOX PI3HHII AaTOMHUX pPajiyciB KOMIIOHEHTIB. Pe3ynsmamu. BcTaHOBIEHO, IO y CTPYKTYpi JMTHUX CIUIaBIB
MIPUCYTTHI HeBIOpsiAKOBaHi TBepi pozunuu tiiry OLK Ta BopsiixoBanuii TBepauii po3unt tuiry B2, B Toit ac, six B 3PC crulaBax
— JWIIe HeBNOpsAKoBaHi TBepAi pozunHu Ty OLIK. Bu3HaueHi mapamMeTpy peIliTKH JO3BOJSIOTH MPHUITYCTHTH, IO (GOopMyBaHHS
TBEpANX PO3YMHIB BifOyBaeThcs Ha OCHOBI Cr sIK eEMEHTY i3 HAaWBHINOIO TEMIIEPaTypolo IUIABJICHHS. YCi JINTI 3pa3Kél CIUIABiB
cucremu Al-Co-Cr-Fe-Mn-Ni-Si-V 1eMOHCTpPYIOTh HassBHICTb YiTKO BHPa)XXEHOI AEHIPUTHOI CTPYKTYPH i3 PI3HUMH KOHQITyparisiMu
Ta 00’eMaMM MDKIEHAPUTHOrO Ipoctopy. [lokazaHO MO3UTHBHUI BIUIMB MIKPOHANpPYKEHb Ta T'yCTHHH AWCIOKAalild Ha pIBEHb
MEXaHIYHUX XapaKTEepPUCTHUK AochimkeHnx ciuiaiB. Beranosieno, mo 3PC cmimaBu cuctemu  Al-Co-Cr-Fe-Mn-Ni-Si-V
XapaKTepU3yIOThCsl OLTBII BHCOKUMH 3HAYCHHSMH MIKPOTBEPIOCTi, HDX JuTi ciuiaBu. Haykoea noeusna. Y nauiit poGoti Oynu
Brepue orpumani i gocmimkeni BEC cuctemu Al-Co-Cr-Fe-Mn-Ni-Si-V y nutomy i pinkoszaraproBanomy ctaHi. IIpakmuuna
snayumicms. BEC  XapakTepusyroTbCs  YHIKQJIbHOIO CTPYKTYpPOIO Ta LIIMM KOMIUIEKCOM BHHATKOBUX EKCIUTyaTalliiHHMX
XapaKTepPUCTUK, TAaKHX KaK TBEPAICTh, 3HOCOCTIHKICTb, CTIMKICTh O OKHUCIICHHS, KOPO3il Ta i0HM3YIOUHX BUIIPOMIHIOBAaHb, BUCOKA
TepMiuHa cTabinpHicTh.. JlocmikeHns Tonkux mwiiBok BEC, oTprMaHuX IUIIXOM TapTyBaHHS 3 PIIKOTO CTaHy, TAaKOX CTaHOBUTH
BEJIMKHUH MPAaKTHIHUH IHTEpecC, OCKITIBKU OJHUM 3 NIEPCIIeKTUBHUX 3acTocyBanb BEC € came TOHKOIITIBKOBI HOKPHTTSI.

Kniouosi cnosa: BBICOKOSHTPOIIHMI CIUIaB, TapTYBaHHS 3 PIZIKOTO CTaHy, (pa30BHil CKIIAM, CTPYKTYpa, MIKPOTBEPIICTh
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Annotauus. IJens. Hacrosmas pabora ImMOCBSIIIEHAa YCTAHOBJICHUIO BIMSHHS COCTaBa M CKOPOCTH OXJAXIEHHS pacIulaBa Ha
MHKPOTBEPJOCTh, ()a30BbIA COCTAB M NMapaMeTPbl TOHKOH CTPYKTYPHI BRICOKOAHTponuiHbIX ciiaBoB (BOC) cucremsr Al-Co-Cr-Fe-
Mn-Ni-Si-V B IUTOM H XKHIKO3aKAJICHHOM COCTOSIHUHM. Memooduka. Jlutbie 00pa3ibl CIUIABOB ObLIH TOJYy4EHBI C UCIOJIb30BaHHEM
MEIHOM M3JIOKHHULEL (CKOpPOCTh oxnaxaenus ~102 K/c). 3akanka u3 sxumkoro cocrosuus (3KC) mposoamnack 1Mo M3BECTHOM
Mmeromuke splat-oxnaxnenus. OueHeHHas Mo ToamuHe (OJBIM CKOPOCTh OXJAXKIEHWs paciuiasa cocrasisna ~10°K/c.
PeHTreHOCTpYKTYpHBIN aHaau3 MPOBOIMICS C HCIoJb3oBaHueM audpaxromerpa JJPOH-2.0. MukporBepiocTs u3Mepsiiach Ha
mukpotsepaomepe I[IMT-3. IToxGop koMIoHEHTOB HccienoBaHHBIX BOC ocymiecTBIsICS, MCXOAS U3 NPHHATHIX B JIMTEpaType
KpPHUTEpPHEB KOMIIOHOBKH M OIEHKH (a3oBoro cocraBa BOC, oCHOBaHHBIX Ha BBIYMCIEHHU SHTPOIMH W JHTAIBIINM CMEIIMBAHMS,
KOHIICHTPAIUH BaJICHTHBIX JJICKTPOHOB a TaK )K€ PA3HUIBI aTOMHBIX PaJiycOB KOMIOHEHTOB. Pe3ynbmanmpl. Y CTaHOBICHO, YTO B
CTPYKTYpE JIUTHIX CIUIAaBOB IIPHUCYTCTBYIOT HEYIOPsAOYCHHBIE TBepAble pacTBopsl THa OLIK u ymopsimoueHHBIH TBepABIi pacTBOP
Ttuna B2, B To Bpems, kak B 3)KC cruiaBax — TOJIBKO HeEyNopsiAoueHHble TBepable pacTBophl Tuma OLIK. OueHeHHble mapaMeTpsl
PELISTKH MO3BOJISIOT HPEINONOKUTh, YTO (POPMHUPOBAHUE TBEPABIX PACTBOPOB MPOMCXOANT Ha Oaze Cr Kak JIEMEHTa C HaMBBICIICH
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Temiiepatypoit miaBnenus. Bee murhie 00Opasiubl crutaBoB cucteMbl Al-Co-Cr-Fe-Mn-Ni-Si-V  1eMOHCTpHPYIOT Hajaudue SIpKo
BBIPQ)KEHHON AEHIPUTHON CTPYKTYPHI C PA3IMYHBIMM KOHQUTYpaIrUsiMH U 00beMaMU MEXISHAPUTHOTO mpocTpaHcTBa. IlokazaHo
MOJIOKUTENBHOE BIMAHIE MUKPOHANPSIKEHUH M INIOTHOCTH AUCIOKALUH Ha yPOBEHh MEXaHHUECKUX XapaKTEPUCTHK UCCIIE0BAHHBIX
craBoB. YcranosieHo, uro 3XKC cmmaBer cucremsl  Al-Cu-Fe-Ni-Si  xapakrepusyrorcst ©ojee BBICOKUMHU 3HAYCHUSIMHU
MHKPOTBEPJOCTH, YeM JIUTHIe CIUIaBbl. Hayunas noeusna. B nannoil paboTte ObUIM BHEpBBIC MOJYyYeHHI W HccienoBaHsl BOC
cucreMbl  Al-Co-Cr-Fe-Mn-Ni-Si-V B 1mUTOM © JKUJIKO3aKJICHHOM cOCTOssHUU. [Ilpakmuueckas 3uauumocms. BIC
XapaKTepHU3yIOTCS YHUKAIBHOW CTPYKTYPOH M LIEJIBIM KOMIIIEKCOM 3aMedaTeNIbHbBIX IKCIUTyaTal[HOHHBIX XapaKTePUCTHK, TAKHX KaKk
TBEPAOCTh, M3HOCOCTOMKOCTh, YCTOHUMBOCTh K OKHCIEHHIO, KOPPO3MH M HOHM3HPYIOIIUM H3ITy4eHHUSIM, BBICOKAs TepMUYECKas
ctabmnpHOCTD. MccnenoBanue Toukux mieHok BOC, nonyuennsix npu nomoutu 3XKC, Takxke npeAcTaBsieT O0IbIION TPaKTHYECKUN
HHTEPEC, MOCKOIbKY OAHHM M3 MEPCHEKTUBHBIX MpuMeHeHui BOC ABIAIOTCS KIMEHHO TOHKOIUIEHOYHBIE MOKPBITHSL.

Kniouegvie ciosa: BBICOKOIHTPOIIMIHBIH CILIAB, 3aKalIKa M3 )KUIKOTO COCTOSHUS, (ha30BbIil COCTAB, CTPYKTYpa, MUKPOTBEPIOCTh
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Abstract. Purpose. This work is dedicated to establish the effects of the composition and the melt cooling rate on microhardness,
phase composition and parameters of the fine structure of high-entropy alloys (HEA) of Al-Co-Cr-Fe-Mn-Ni-Si-V system in the as-
cast and rapid quenched state. Metodology. As-cast alloy samples were obtained using a copper mold (cooling rate ~ 102 K/s).
Quenching from a liquid state was carried out by a known technique of splat-quenching (SQ). Cooling rate estimated by foil
thickness was ~ 10° K/s. The X-ray diffraction analysis was carried out with use of the DRON-2.0 diffractometer. Microhardness
was measured on the PMT-3 microhardnessmeter. Selection of components of the studied HEAs was carried out on the basis of the
criteria adopted in the literature for the HEA composition based on calculation of the entropy and enthalpy of mixing, valence
electron concentrations as well as the difference between the atomic radii of the components. Findings. It was found that the as-cast
alloys show a multiphase BCC+B2 structure, while the SQ alloys - fully disordered BCC crystal structure only. The value of lattice
parameters of the investigated alloys suggests that the solid solutions are form on the base of Cr lattice, in view of its higher melting
temperature. All of the as-cast alloys display a typical cast dendritic structure with various configurations and volumes of the
interdendritic space. The positive influence of microstrains level and dislocation density on the microhardness values of splat-
quenched Al-Co-Cr-Fe-Mn-Ni-Si-V alloys has been established. Improved mechanical characteristics are ensured by the strong
distortion of the crystal lattice due to the differences in atomic radii of the elements. It was found that the splat-quenching HEAs of
Al-Co-Cr-Fe-Mn-Ni-Si-V system are characterized by higher values of microhardness than as-cast alloys. Originality. At present
work were first obtained and studied HEAs of Al-Co-Cr-Fe-Mn-Ni-Si-V system in the as-cast and splat-quenched state. Practical
value. The HEAs possess many attractive properties, such as high hardness, outstanding wear resistance, irradiation resistance,
excellent high-temperature strength, good thermal stability and corrosion resistance. The study of thin films obtained by splat-
quenching from the liquid state is also of great practical interest, since one of the promising applications of HEAs are thin film
coatings.

Keywords: high-entropy alloy, splat-quenching, phase composition, structure, microhardness

Introduction significantly higher configurational entropy of mixing
AS . compared to conventional alloys. The

Traditionally, the development of new metallic alloys mix 2 o . .
has been carried out by selecting one or two basic configurational entropy of mixing during the formation of

elements with subsequent alloying using optimum regular solution alloy can be determined as

concentrations of useful impurities. However in the last ul
time, increasing industrial demands for various structural AS,; = _chi Ing; , (1)
and functional metallic materials have stimulated the =
advent of new technologies and the development of ¢, - atomic fraction of the i-th component, R - universal
multicomponent alloys. Recently a new class of materials gas constant. Increasing of mixing entropy reduces the

known in the literature as multicomponent high-entropy  Gibbs free energy of the alloy and improves the stability
alloys (HEA) was obtained [10]. High-entropy alloys are o the solid solution. For the alloy where 7 is the number

defined as solid solution alloys that contain more than of components maximum mixing entropy is when they
five principal elements (usually from five to thirteen) in are mixed in equal atomic fractions.

equal or near equal atomic percent. The basic principle of
HEAs is the stabilization of solution phase by the
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Usually in HEAs value of AS . is in the range of 12 -

19 J/(mol-K). Due to the high mixing entropy HEAs are
solid solutions typically having simple crystal structures
(FCC or BCC), but to avoid the appearance of brittle
intermetallic compounds, complex microstructures and
amorphous phases in the structure of alloys, some phase
formation criteria are required to be completed.
According to [20, 21], the Q parameter can be used to
estimate the phase composition of HEA.

T;n ASmix
Ta,,.|° @

Q=

where T, is the average melting temperature of alloy,

AH . - the mixing enthalpy

n
T,=>¢(T,);. 3)

i=1

n
AH,, = Z Qg/‘cic_/ ) 4)
i=Li%

where the regular melt-interaction parameter between i-th
and j-th elements Q) =4AH A% and AH A% mixing

enthalpy of binary liquid AB alloy. Alloy components
should not have large atomic-size difference, which is
described by the parameter

n 2
=100 /Zc,.(l—%j :
i=1

n
where 7=ZCirl., 7. - the atomic radius of the i-th
i=1

)

element.

According to [21] the high-entropy alloys for which
0O>1.1 and 8<6.6 can form the solid solutions without
intermetallic compounds and amorphous phases.
However, simple (not ordered) solid solutions form if

-15 kJ/mol < AH,, <5 kJ/mol and 5<4.6.

The other useful parameter is the valence electron
concentration, VEC, which has been proven useful in
determining the phase stability of high- entropy alloys
[4,5]. VEC is defined by:

VEC =Y c(VEC),,
i=1
where (VEC), - valence electron concentration (including

the d-electrons) of the i-th element. As pointed in [5] at
VEC >8.0, sole FCC phase exists in alloy; at 6.87 < VEC
< 8.0, mixed FCC and BCC phases will co-exist and sole
BCC phase exists at VEC < 6.87.

In some studies also proposed structure prediction
method, based on an evaluation of the difference of
electronegativity values and concentrations of valence
electrons for the alloy components. This method is based
on the Hume-Rothery rules, according to which for the
formation of a binary substitutional solid solution the
solvent and solute elements must be characterized by
similar values of electronegativity and valence, as well as
the minimum difference in the atomic sizes. However,
based on the results of [2,9,11], one may say that, in

(6)

general, for HEAs this method cannot reliably predict the
phase composition of the alloys.

It has been reported that HEAs possess many
attractive properties, such as high hardness, outstanding
wear resistance, irradiation resistance, excellent high-
temperature strength, good thermal stability and corrosion
resistance, magnetic and thermoelectric propetries [1, 6-
8,12-14,16-19,22]. Improved mechanical characteristics
are ensured by strong distortion of the crystal lattice due
to the differences in atomic radii of the elements.

In this work effect of the value of mixing entropy and
composition on the microhardness, phase composition
and parameters of the fine structure of HEAs of Al-Co-
Cr-Fe-Mn-Ni-Si-V alloy system is discussed (Mn and Si
are added as minor elements to improve mechanical
properties and corrosion resistance).

Experimental Details

The samples of Al-Co-Cr-Fe-Mn-Ni-Si-V  high-
entropy alloys were taken from the as-cast (cooling rate of
~ 10? K/s) ingots, polished and etched for examining the
microstructure under an optical microscope Neophot-21
and scanning electron microscope (SEM, JSM-6490LV)
with energy dispersive spectrometry (EDS). The
quenching from the molten state (splat-quenching, SQ)
was performed using the well-known technique of melt
spinning, i.e., spreading of melt droplets on the internal
surface of a rapidly rotating copper cylinder. The rate of
cooling as estimated from the thickness of the obtained
foils was ~10% K/s. The XRD studies were carried out
using a DRON-2.0 X-ray diffractometer operating with
Cu Ko radiation. The microhardness was measured on a
PMT-3 microhardness-meter at a load of 200g.

Results and Discussion

Using the data from [4,15], the following quantities
are calculated for the investigated HEAs (Tab.1):

AS ,AH . ,8,Qand VEC.

The phase composition of investigated alloys, crystal
lattice parameters and fine structure parameters (size of
coherently scattering domains and microstrains) (Tab.2)
were determined from the XRD patterns (Fig.1, 2). The
microhardness values of HEAs are also given in Tab. 2.

The analysis of the XRD patterns allowed us to
establish that the investigated HEAs in the as-cast state
have two-phase body-centered cubic (BCC) + B2
(caesium chloride) structure. Indeed, from the analyses of
Tab. 1 it is seen that AHmix has a large negative value
favoring the formation of a compound. The low value of
VEC favours the formation of a BCC phase. These
factors put together leads to the formation of a mixture of
BCC and B2 phases (the ordered version of BCC).
Exception is the AICoCrFe;s7Mng.03NiSio.1V alloy, for
which the value of VEC lies in the range, where a face-
centered cubic (FCC) + BCC mixture is favoured.
But, as pointed in [11], if the value of VEC is close to the
boundary values, predictions of the phase compositions
sometimes not work.

Meanwhile the XRD patterns of SQ alloys do not
have a (100) B2 superlattice reflection and consequently
SQ HEAs contains only disordered BCC phase. In our
opinion the high cooling rate during the formation of thin
SQ film should prevent it from possible separation and
hinder the appearance of structures and phases typical for
equilibrium as-cast states.
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Table 1

Values of AHmix, ASmix, 6, VEC u Q for HEAs of
Al-Co-Cr-Fe-Mn-Ni-Si-V alloy system

AHmix,| ASmix.

Alloy kJ/mol |/mol- k)| ® |VEC| €
AICOCI'F6087MT1003NISI()1V -1704 15.52 5.18 676 1.6
AlCoCrFe; ;Mng o3NiSip, V. |-14.6  |15.18 4.96 16.94 [1.84
AlzCOCTFeog7Mnoo3lel()1V -18.98 1507 578 622 |1.3
AL CoCrFe; $7Mngo3NiSip,V_ |-16.81 |14.97 5.66 16.45 [1.48

Table 2

Phase composition, size of coherently scattering
domains (L), degree of distortion of the crystal lattice
(Aa/a) and microhardness (Hp) of investigated alloys

Phase H,,

Alloy composition L,nm|  Aa/a MPa
As-cast BCC+B2 20+2 |3.2°10° (6800
AICOCTF60_37Mn0_03NiSi0_1V (3:02888 nm) +300
SQ film BCC 342 |3.8:10° (6900
AICOCrFeo_87Mn0,03NiSi()_1V (3202882 nm) +300
As-cast BCC +B2 3042 |2.5°10° [4800
AlCOCTFel_37M1'10_03Nisi0_1v (3:02882 nm) +200
SQ film BCC 2542 |2.8:107 (6200
AICOCrFel_87Mn0,03NiSio_1V (3202879 nm) +300
As-cast BCC +B2 3542 |1.6:107 [6500
AlzCOCI'Feo_87Mn0_03NiSi0_]V (3:02888 nm) +300
SQ film BCC 3342 |1.8:107 [7500
AlzCOCI'FCO_87Mn0_03Nisi0_]V (3:02887 nm) +300
As-cast BCC +B2 3742 1.5:107 [4600
A12C0CrFe1,37Mn0,03NiSi0,]V (3202886 nm) +200
SQ film BCC 33+2 |1.7°107 [5600
AlzCOCI'FC]_87Mn0_03Nisi0_]V (3:02881 nm) +200
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Fig. 1. XRD patterns of as-cast HEAs of Al-Co-Cr-Fe-Mn-

Ni-Si-V alloy system: 0-BCC, #-B2.
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The values of lattice parameters of the investigated
alloys suggests that the solid solutions are form on the
base of Cr lattice (¢ =0.2884 nm), in view of its higher
melting temperature.

High microhardness values of Al-Co-Cr-Fe-Mn-Ni-
Si-V HEAs (Tab.2) can be explained by the presence of
the dissimilar atoms of elements with different size,
electronic structure and thermodynamic properties in the
crystal lattice. This leads to significant distortion (4a/ a)
of the crystal lattice. Consequently the hardness of the
alloys increases. As seen from Tab. 2, microhardness of
the SQ alloys is higher than that of the as-cast alloys.
This result is not unexpected, since the microstructure
and the phase composition of the as-cast alloy after
decomposition is in a more equilibrium multiphase state,
while SQ alloys yields higher level of microstrains and
dislocation density.

Fig. 3,4 are SEM micrographs of the as-cast HEAs of
Al-Co-Cr-Fe-Mn-Ni-Si-V system. All of the alloys
display a typical cast dendritic structure with various
configurations and volumes of the interdendritic space.
The EDS analysis made it possible to reveal the dendritic
segregation in alloys. Tab. 3 shows the chemical
composition of different areas analyzed by EDS.
According to Tab. 3 The bright dendritic area has a
higher amount of Al and Ni than dark interdendritic area,
but the dark section of interconnected microstructure
enriched with Fe, V and Cr elements. In contrast of the
previous research [3] the addition of V not reduce
segregation of Al, Ni, Fe, Cr elements. Obviously
this is influenced by Mn and Si.
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AlCoCrFe, . Mn  NiSi  V
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2110
(20030 (2200 (310)0

%

AlCoCrTe, Mn  NiSi V
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o
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Fig.2. XRD patterns of splat-quenched HEAs of Al-Co-
Cr-Fe-Mn-Ni-Si-V alloy system: ¢-BCC.
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Fig.3. SEM images of as-casted HEAs specimens:
a - AlCoCrFeo.s7Mno.03NiSio.1;
b - AICoCrFey.s7Mno.03NiSio.1V

Conclusions

Based on the study of the Al-Co-Cr-Fe-Mn-Ni-Si-V
HEAs, produced in the as-cast and splat quenched state,
the following conclusions can be drawn:

1. As-cast alloys have multiphase BCC + B2 structure
while SQ alloys exhibit only disordered BCC solid
solution structure.

2. With the increase of cooling rate the level of
microstrains, dislocation density and microhardness of

3. The obtained results confirm the leading role of the
element with higher melting temperature as the basis for
the formation of solid solutions in the studied alloys.

4. The splat-quenched HEAs of Al-Co-Cr-Fe-Mn-Ni-Si-
V system characterized by higher values of microhardness
than as-cast alloys, which is obviously caused by higher
level of microstrains and dislocation density.

o ap
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Fig.4. SEM images of as-casted HEAs specimens:
a - Al>CoCrFeo.s7Mno.03NiSio.1;
b - Al:CoCrFe;.s7Mno.03NiSio.1V

SRS

Al-Co-Cr-Fe-Mn-Ni-Si-V HEAs increases.

Table 3
Chemical composition of as-cast HEAs of Al-Co-Cr-Fe-Mn-Ni-Si-V alloy system
Alloy Elements, at. % . ‘
Al Co Cr Fe Mn Ni Si \
Dendrite 20.13 | 17.25 | 1477 | 14.03 | 0.29 | 19.64 | 1.07 | 12.82
AlCoCrFeo.s7Mno.03NiSio.1V Interdendrite 1030 | 16.14 | 2095 | 17.34 | 0.71 | 14.05 | 2.47 | 18.04
Nominal 16.67 | 16.67 | 16.67 | 1449 | 0.5 16.67 | 1.66 | 16.67
Dendrite 1571 | 14.08 | 1391 | 2623 | 0.42 | 1548 | 1.19 | 1538
AlCoCrFei1.s7Mno.03NiSio.1V Interdendrite  [11.46 1437 | 16.71 | 27.85 | 0.47 | 13.81 | 1.61 | 13.72
Nominal 1428 | 1428 | 14.28 | 26.74 | 0.43 | 1428 | 1.43 | 14.28
Dendrite 30.35 | 16.25 | 11.10 | 11.31 | 0.28 | 18.21 | 1.10 | 11.40
AlLCoCrFeo.87Mno.03NiSio.1V Interdendrite 9.28 10.10 | 21.90 | 18.85 | 0.70 | 8.10 | 1.57 | 29.50
Nominal 28.58 | 1428 | 1428 | 12.44 | 0.43 | 1428 | 1.43 | 14.28
Dendrite 30.03 11.8 11.25 | 21.04 | 0.27 | 1347 | 0.96 | 11.08
AlLCoCrFe1.87Mno.03NiSio.1V Interdendrite 9.97 15.8 1532 | 25.02 | 0.57 | 10.63 | 1.49 | 21.11
Nominal 25 12.5 12.5 23.37 | 0.38 12.5 1.25 12.5

22




CTpoOHTEJbCTBO, MaTepHaioBeleHHne, MaIUHOcTpoeHnne: CrtapoanydoBckue utenus — 2016

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

Bashev V.F. and Kushnerov O.1. Structure and properties of high-entropy CoCrCuFeNiSnx alloys // The
Physics of Metals and Metallography. 2014, vol. 115, no. 7, pp. 692—696.

Dong Y., Lu Y., Jiang L., Wang T. and Li T. Effects of electro-negativity on the stability of topologically
close-packed phase in high entropy alloys // Intermetallics. 2014, vol. 52, pp. 105-109.

Dong Y., Zhou K., Lu Y., Gao X., Wang T. and Li T. Effect of vanadium addition on the microstructure and
properties of AICoCrFeNi high entropy alloy // Materials and Design. 2014, vol. 57, pp. 67-72.

Guo S., Liu C.T. Phase stability in high entropy alloys: Formation of solid-solution phase or amorphous phase
// Progress in Natural Science: Materials International. 2011, vol. 21, no. 6, pp. 433—446.

Guo S., Ng C., Lu J. and Liu C.T. Effect of valence electron concentration on stability of fcc or bce phase in
high entropy alloys // Journal of Applied Physics. 2011, vol. 109, no. 10, pp. 1-5.

He J.Y., Wang H., Huang H.L., Xu X.D., Chen M.W., Wu Y., Liu X.J., Nieh T.G., An K. and Lu Z.P. 4
precipitation-hardened high-entropy alloy with outstanding tensile properties // Acta Materialia. 2016, vol.
102, pp. 187-196.

Koérmann F., Ma D., Belyea D.D., Lucas M.S., Miller C.W., Grabowski B. and Sluiter M.H.F. “Treasure
maps” for magnetic high-entropy-alloys from theory and experiment // Applied Physics Letters. 2015, vol.
107, no. 14, p. 142404.

Lu Z.P., Wang H., Chen M.W., Baker 1., Yeh JJW., Liu C.T. and Nieh T.G. An assessment on the future
development of high-entropy alloys: Summary from a recent workshop // Intermetallics. 2015, vol. 66, pp. 67—
76.

Miracle D., Miller J., Senkov O., Woodward C., Uchic M. and Tiley J. Exploration and Development of High
Entropy Alloys for Structural Applications // Entropy. 2014, vol. 16, no.1, pp. 494-525.

Murty B.S., Yeh J.-W. and Ranganathan S. High-Entropy Alloys. Oxford: Butterworth-Heinemann, 2014, 219
p.
Singh A.K., Kumar N., Dwivedi A. and Subramaniam A. A geometrical parameter for the formation of
disordered solid solutions in multi-component alloys // Intermetallics. 2014, vol. 53, pp. 112—-119.

Shafeie S., Guo S., Hu Q., Fahlquist H., Erhart P. and Palmqvist A. High-entropy alloys as high-temperature
thermoelectric materials // Journal of Applied Physics. 2015, vol. 118, no. 18, p. 184905.

Stepanov N.D., Shaysultanov D.G., Salishchev G. A. and Senkov O.N. Mechanical Behavior and
Microstructure Evolution during Superplastic Deformation of the Fine-Grained AICoCrCuFeNi High Entropy
Alloy // Materials Science Forum. 2016, vol. 838-839, pp. 302-307.

Stepanov N.D., Shaysultanov D.G., Salishchev G.A. and Tikhonovsky M.A. Structure and mechanical
properties of a light-weight AINbTIV high entropy alloy // Materials Letters. 2015, vol. 142, pp. 153-155.
Takeuchi A. and Inoue A. Classification of bulk metallic glasses by atomic size difference, heat of mixing and
period of constituent elements and its application to characterization of the main alloying element // Materials
Transactions. 2005, vol. 46, no. 12, pp. 2817-2829.

Tsai M.-H. and Yeh J.-W. High-Entropy Alloys: A Critical Review // Materials Research Letters. 2014, vol 2,
no. 3, pp. 107-123.

Yeh J.-W. Physical Metallurgy of High-Entropy Alloys // JOM. 2015, vol. 67, no. 10, pp. 2254-2261.

Yu P.F., Zhang L.J., Cheng H., Zhang H., Ma M.Z., Li Y.C., Li G., Liaw P.K. and Liu R.P. The high-entropy
alloys with high hardness and soft magnetic property prepared by mechanical alloying and high-pressure
sintering // Intermetallics. 2016, vol. 70, pp. 82—87.

Zaddach A.J., Niu C., Oni A.A., Fan M., LeBeau J.M., Irving D.L. and Koch C.C. Structure and magnetic
properties of a multi-principal element Ni-Fe—Cr—Co—Zn—Mn alloy // Intermetallics. 2016, vol. 68. P 107-112.
Zhang Y., Yang X. and Liaw P.K. Alloy Design and Properties Optimization of High-Entropy Alloys // JOM.
2012, vol. 64, no. 7. pp. 830-838.

Zhang Y., Zhou Y.J., Lin J.P., Chen G.L. and Liaw P.K. Solid-Solution Phase Formation Rules for Multi-
component Alloys // Advanced Engineering Materials. 2008, vol. 10, no. 6, pp. 534-538.

Zhang Y., Zuo T.T., Tang Z., Gao M.C., Dahmen K.A., Liaw P.K. and Lu Z.P. Microstructures and properties
of high-entropy alloys // Progress in Materials Science. 2014, vol. 61, pp. 1-93.

Cmamus pexomendosana k nyoauxayuu 0-pom mexu. nayxk, B.1. Bonvwakosvim u 0-pom mexn. nayk, J.B. Jlayxuneim (Yepauna)

23



