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Materialstdio #1 ] CASTEP F£/#1d, %F Al0.4Co0.5Vx-
FeNi(x=0.2, 0.4, 0.6, 0.8, A48 V0.2, V0.4, V0.6,
VO.8) R i & & AT 5 — MR 5 . O TR AR
Fl VCA J7 il FE v = A Frig i) “ el s 77 s
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GGA-PBE #iAT4bBE, RHA HIGEMA(SCF) 7kt 471t
B, WA Pulay %R G T A, S ARALAL
JURIR ALK A BFG S92,

RORUETHERORE i S HERRPE, X K-point FT#K T
REHEAT U SMETH (L 2), ATLAE i, K-point N
12x12x12 HAWHE N 1000 eV i, A AL EE TR
Eo ETUEHEE, X bec HIBF Fe 1 fec MR
Ni 1§46 2 8047 75, 23508 0.2758 F10.3513 nm,
5 RARAE 0.267 A1 0.353 nm AHZE 8 /N2 d A I,
T BR o 5 % E O A B o o — M R B S U
KH Pandat B EHAFTHE Al10.4C00.5VxFeNi &
T B 42 AR 2 RS SR L SIU R ok % B AR B 4
HE— 5 RAE A &M EMAE SR S 2R, WRAES
JEER R AR
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(] d b 5 B8 KT bee 1 B FS 8 L, fee A bee [FEZS
BB RN E. B V ICERIRIN, A BOR B
BEREEHFEEK. VIIRSTEH 0.2 % 0.8 B, bee
M B RAR L) 4%, feo @R BURIRZ) 6%. fhik
SRR S RS R R B VA OC, AR R,

K1 Al0.4Co0.5VxFeNi & =i £ & bee M foe 45 FHE 1Y
Fig.1 bcce (a) and fcc (b) structure models of A10.4Co0.5VxFeNi
high entropy alloys
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Table 1 Lattice constant and total ground state energy of Eﬁt}]fﬁ%GﬂXReussjﬁfu?ﬁﬂ VOigtjﬁﬁuEF ¥ {E
Al0.4C00.5VxFeNi(x=0.2,0.4, 0.6, 0.8) high entropy _ 5(C11'C12)C44 (4
alloys K 4C,,+3(C,,-C,,)

Alloy Lattice parameter/nm Total energy/eV G - (C,,-C,+3C,,) s)
bce fcc bce fce v 5

V0.2 0.2658 0.3319 -1814.88 -3632.20 G +G

V0.4 0.2617 0.3264 -1910.14 -3824.14 G=—Y_ "R (6)

V0.6 0.2587 0.3224 -1995.37 -3995.17 2

V0.8 0.2540 0.3159 -2040.79  -4086.46 S EM OB NE/ I PE R R T A b . & B AR W

mANE R P E. BE V LR N,
Al0.4C00.5VxFeNi & & i & )5 4 T i AR BE gL i L
THEBZBILNPIE LI2EhES, KA E R
s B PAVAE R fee A bee 3T 45 .
2.2 NEFEMEESHh
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MR R E. BB K At ve R 2 31
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W Cy T A10.4C00.5VxFeNi i & 4 1517 &
REER), KRIEBHEE R RE Civ Ch X Cu. FME
g T MORE AR e e, KR LT AR Y ) 2 AR
EMHE: C11>0, Ci>0, C1-C12>0, C;+2C1>0, 1]
LB, BEE VIR, &4k a Bk
K. bec WAFFENIFREMEEMS, V ARTENT
0.2~0.6 J1¥FEMEZM: V TREEN 08 B, Cu
<0, A& fec HMAFFE I e #E— LU,
V TR fee 15 EME, BXF bee G541 7
FREML K.
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& B #RVERLE E. JAfa Ly FIBTYIRIE G 5.
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Table 2  Elastic constants C; of Al0.4C00.5VxFeNi high
entropy alloy
C11 C12 C.
Alloy na
bee fee bee fcc bee fce
V0.2 -67.26 270.09 164.67 55.57 108.95 163.78
V0.4 -105.36 238.52 150.03 27.82 82.29 134.56
V0.6 -137.29 21531 13636 6.95 55.09  96.19
V0.8 -179.86 154.21 108.49 -23.99 -3.20 34.93

Fatt /T 173 B Rf A 9 PIEM RE, R A ME P L .
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Fatt S i, it — L U T ViR S =R,
MORLI SRPEAR T T AR, AR e 1 38

#3  Al0.4Co0.5VxFeNiR A EHIEMIEEE. (KIEEB.
S Y14E = GRiANA Ly
Table 3 Elastic modulus E, bulk modulus B, shear modulus G
and Poisson’s ratio v of Al0.4C00.5VxFeNi high
entropy alloys

E B G %
Alloy
becec  fec bcc  fce bcec  fee bee  fee
V0.2 3857 3043 87.3 127.0 252.4 138.2 -0.23 0.101
V0.4 222.0 258.7 649 98.0 119.3 122.0 -0.07 0.060
V0.6 112.6 207.8 45.1 76.4 51.9 99.3 0.08 0.047
V0.8 -769.7103.8 123 354 -32.4 513 10.860.011
1500 Tiquid
—T
‘__“T‘._fccmqmdl—‘—l_._i‘____
B2+fec+liquid
1000F B2+fee
(@]
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Bl 4  A10.4C00.5VxFeNi il & & AH ElHH
Fig.4 Phase diagram calculation of A10.4C00.5VxFeNi alloy
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Kl 4 N Al0.4Co0.5VxFeNi &=/ & 40 K54
R BUrHERI, Z&H&E&KARZHE feo(fee-L1,) M
bee(bee-B2)H I XARA L. A & dtlE L2, WA
AT foc A, BER4ESE R AR MM, HV LR
TEANT 0.6, W R B YIAN fee # & E KT 0.6,
ML B2 4t HEFER R 1000 C, &4 A58
1) fee+B2 AHAZ . iR T, BE V =208 M,
0 % B B2+bce-B2+fce-L1, ¥ ¢ & B2+bcc-B2+
fee+fee-L1,o

K B2 A R H % A10.4C00.5VxFeNi &5
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W, JF4iE XRD(X SFEATHA) . SEMEH 1 &
W) TEM GES 7 RS Akl ig Lt 17
RAE I AIE
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TLE SR, fec(11)FTHIEZILE NP E ., XV
JTLREEN 0~0.6 B, FEH V GEMMN, G&+
fec(I11)¥ AT 24 V TR AN 0.8 I, AT 4
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Fig. 5 XRD patterns of A10.4C00.5VxFeNi high entropy alloys

P 6 N A10.4C00.5VxFeNi F 4 & & 14 Wi 4l
g1, ILLEH, BEE V IURMIEI, RONAH YN
FHZAEL, T35 B il R (R A+ i 1)) 6 A8 g 153 50 3 At
PitH, A&HAE bee Fafk+ee 25 —AH. Al0.4C00.5-
V0.2FeNi Fll A10.4C00.5V0.4FeNi & 4 5c i B Kk
Ko db i) foc AH, BE 5 Pk [ IR AR AE A7 &3 (A AR % bee
#H. EDS W iras R LK 4, ATLLE W, HAMHEE
T V. Fe. Co Jo&, HidnlElE & AlL Ni t&E. Hidh
B Al S EHEE TSN AL SR, ZHR 0] CUER
N TR R 2 R ARt T A S AR . 7R
[t FE A, (Y, Fe, Co)& B R X I A(H T 5R
G IR BN Sk [ IR T B ah, T RUEUIRIY AL ST R
MNIX S8 XS HE 5 7 il d (A1 AH o 7E Fe2Ni2CrMox 1=y
H AP BARE T RUMILE ., @, BT
Ni-Al R &8 8k, NiAl, M& S, Al 7
AlCoVFeNi fE & 1 5 HAl T R IR G R K, XA
& Al AT LA 5] Fe. Co. V Ml Ni Jt R K NiAl 7Y
bee-B2 #H. A10.4C00.5V0.6FeNi & 4 HL A 3L i 414110
FRAE, WO DB fee A, BEJE R AL K,
A REA 50 40 A B P AR 41 215 A10.4C00.5V0.8FeNi A bee
HAEM A4, SEM 4515 XRD 45 RARFF—5. 45
4 SEM. EDS #l XRD 5, fec tHA'E FeV fH, bee
AN E NiAl A .

Kl 7 9 Al0.4C00.5V0.4FeNi 1 Al0.4C00.5-
VO0.6FeNi =y 4 & 4007 5 B O T 30 AT 5 B3l . A
B S RN EE R TR S A AT a6 S AT LA
Al0.4C00.5V0.4FeNi 1 A10.4C00.5V0.6FeNi 4

Bl 6 Al0.4Co0.5VxFeNi 5 mififi & 4 oW 4H 24
Fig.6 Microstructures of Al10.4Co00.5VxFeNi high entropy alloys:

(@) Al0.4C00.5V0.2FeNi, (b) Al0.4C00.5V0.4FeNi,
(¢) A10.4C00.5V0.6FeNi, and (d) A10.4C00.5V0.8FeNi
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Table 4 EDS results for the Al0.4C00.5V0.2FeNi and
Al0.4C00.5V0.4FeNi alloys
Element A10.4C00.5V0.2FeNi Al10.4C00.5V0.4FeNi
fce bee fce bce
Al 7.83 18.27 6.94 13.99
\% 6.84 5.77 14.34 12.20
Fe 36.22 24.27 31.81 26.40
Co 17.60 15.07 16.70 14.97
Ni 31.52 36.61 30.22 32.44
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(200,

L
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Bl 7 Al0.4C00.5V0.4FeNi fil A10.4C00.5V0.6FeNi /& 4%
I LB OW Y 3 S SAED (&1 3

Fig.7 TEM images and SAED patterns of the Al0.4C00.5V0.4-
FeNi (a, b) and Al0.4C00.5V0.6FeNi (c, d) high entropy
alloys
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Fig.8 Tensile stress-strain curves of Al0.4Co00.5VxFeNi high

entropy alloys
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B9  Al0.4C00.5VxFeNi & i £ 4 i 11
Fig.9 Fractured surfaces of the Al10.4Co00.5VxFeNi high entropy
alloys from tension tests: (a) Al0.4C00.5V0.2FeNi,
(b) Al0.4C00.5V0.4FeNi, (c) Al0.4C00.5V0.6FeNi, and
(d) A10.4C00.5V0.8FeNi
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YR, LR R A IR OB -+ 8 1)) 6 A8 g 3 5 4y
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BH 0.2 F-% 0.8 I, JEAZEIELL 85%, 1%ildn 2 A
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Effects of V on Microstructure and Properties of A10.4Co00.5VxFeNi High-Entropy
Alloys: First-Principles Study

Li Yuan, Yang Zhong, Duan Hongbo, Yang Wei, Wu Chao, Li Jianping
(Xi’an Technological University, Xi’an 710021, China)

Abstract: The first density functional theory and virtual crystal approximation (VCA) method were used to establish the crystal structure
model in order to calculate the structural properties, elastic properties and heat of energy of high entropy alloy Al0.4C00.5VxFeNi.
According to the minimum energy principle, the optimal K-point value of Al0.4C00.5VxFeNi high entropy alloy is 12x12x12, and the
cutoff energy is 1000 eV. The results show that fcctbee structure can be formed by Al0.4C00.5VxFeNi alloy, and the mechanical stability
of fcc is obviously better than that of bcc. When V content increases from 0.2 to 0.8, bee lattice constant decreases by 4% and fcc lattice
constant decreases by 6%. The bulk modulus and shear modulus of A10.4Co0.5VxFeNi alloy decrease with the increase in V content. When
the content of element V is 0.8, the Poisson’s ratio of bcc structure increases abnormally, which further indicates that with the increase in
element V content, the plastic deformation capacity of materials decreases and the brittleness of materials increases. The experimental
results show that A10.4Co00.5VxFeNi alloy is composed of fcc and bece, and its microstructure is two-phase. When the content of element V
increases from 0.2 to 0.8, the elongation decreases by ~85%. The experimental result is the same as that calculated by the first principles.
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