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Abstract: Aiming at mechanical properties of high-entropy alloys based on the first-principles, intuitive modeling
and performance computation of high-entropy alloys was achieved by means of CASTEP module in MS software,
including pre-computational modeling methods, crystal stability, as well as prediction of phase structure, param-
eter setting conditions during computation, which was equal to convergence computation method of density func-
tional theory based on first-principles, and analysis of computed mechanical properties. The computation accuracy
was judged by comparing the simulation results with the experimental data. which further verified the feasibility
of calculating mechanical properties of high-entropy alloys by first-principle-based CASTEP module.
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Fig.1 Special quasi-random structure of FCC phase
and HCP phase'™”
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Fig.2 High-entropy alloy model established by VCA method
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Tab.1 Parameter settings required to compute high-entropy alloys by CASTEP module
e #H FoL A - BRIZ bR i Eci/eV K &
AlCrFeNivEH FCC VCA GGA-PBE S 1 000 6X6X6
FeCoCrNiMnl 16 FCC VCA GGA-PRBE R 600 11X11X11
. VCA 8X8X8
NbMoTaWt18] BCC
SQS e 8§ X8 X4
GGA-PBE 4 450
VCA 8§ X 8X8
NbMoTaW VI8 BCC
SQS 8§XE8X2
TiVNbMol2H BCC VCA GGA-PBE OTFG #E5p4a 950 20X 20X 20
NbTiVZri2z] BCC VCA GGA-PBE R 360 20X20X 20
(NbTaW), Mo, 2% BCC VCA GGA-PBE SR 450 8§ X8X8Y
Nbwt26] BCC 8§ X 8X8
CNbyg.s W, 261 BCC 6X6X6
Moo.333 Nbo.555 W335 120 BCC e §X8X8
- VCA GGA-PW91 [ASEIER 800
Nbo.33 Tao.s3 W34 [26) BCC 8§X8X8
Nbo.75 Sez Wi 55126 BCC 8§X8X2
Nby.25 S Wo.75126] BCC 9X9X2
CoCrFeNi\Mn\Ge 2] FCC VCA GGA-PBE R 1 000 0.41/nm
AlCo, CrFeNi(0.25<x<C2)[28] FCC VCA GGA-PBE LR 560 X 8X8
AlCrFeNil29] BCC VCA GGA-PBE R IR 400 S5X5X5
; I 0.41/nm
Al, CoCrCuFeN;iL? BCC VCA GGA-PBE S 550
10X10X10
AlCoCrCu, FeNil31] BCC VCA GGA-PBE (SR 700 0.41/nm
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Tab.2 Lattice constants, elastic constants, elastic moduli and Poisson’s ratios for high-entropy alloys computed by CASTEP

R H ORI R AT
H,=2(G"/B)"" —3
A CASTEP B85 o 4 & 4 B 1 o X 58 46t
KIZ oR RIWTRE A K S S BOE W AT L AL
B B B e A Bm R A 5 4 o TS IR A ) 59 A
B f R E . VRH I RLRAT & & 6 19 1A PEfE .
2 OAmEM A e REA TR A AR . M R
BT 5 f h 5 < 1Y L P B O 2 4 ol 1T

BEHEEFTHEERENANRE

2D

b4 fh s 288 /nm C11/GPa C15/GPa Cu1i/GPa B/GPa G/GPa E/GPa v
NbMoTaW (VCA) 2] 0.320 425 158 86 247 102 270 0.32
NbMoTaW(SQS) 20 0.319 392 158 79 236 92 245 0.33

NbMoTaWV(VCA)20] 0.317 421 144 72 236 94 249 0.33
NbMoTaWV(SQS) 2] 0.317 379 143 65 222 82 200 0.35
NbTiVZriz2) 0.334 143.9 122.8 52 130 28 78 0.40
NbTaWtzs] — 405 157 58 240 79 213 0.35
(NbTaW) .05 Moo 5[ 257 — 410 158 70 242 89 237 0.34
(NbTaW) .85 Mog. 150257 - 429 155 83 246 102 268 0.32
(NbTaW) .75 Mog 25 257 — 425 158 86 247 102 270 0.32
Nbwez6] 0.322 416.7 150.5 32.1 239.2 59.3 164.3 0.39

CNbg s W, [26] 0.450 638.2 153.8 169.8 315.3 195.8 486.7 0.24
Mog.333 Nby.33 W 335 126 0.320 394.8 172.5 76.4 246.6 88.9 238.1 0.34
Nbo.s3 Tag.ss W3, 126] 0.321 306.7 196.4 24.4 233.2 34.1 97.5 0.43
Nbo.75 Ses W 25 126) 0.343 158.3 39.8 11 33.9 28 69.1 0.23
Nb.55 S Wo.75 20 0.332 193.4 53.3 9.1 41 29.6 74.9 0.27
CoCrCuFeNil30] 0.279 45,989 290.9 132.03 209.3 406.37 739.88 0.86
AlCoCrCuFeNil3] 0.279 —67.18 708.3 213.55 449.8 267.73 670.21 1.11
Al, CoCrCuFeNil#0! 0.288 495.85 374.23 93.04 414.8 78.45 221.39 0.43
AlCoCrFeNil3t) 0.281 214.32 600.42 129.74 471.8 196.18 397.49 0.74
AlCoCrCu; FeNil3t! 0.279 —95.37 717.44 243 447.1 329.03 792.79 1.15
AlCoCrCu, FeNil#1) 0.279 —58.24 651.23 297.09 414.8 578.73 1 185.06 1.10
FeCoCrNiMnl43] 0.358 252.1 175.2 169.9 200.8 94.5 245.1 —
AlTiCrZnCul11] 0.286 259.7 552.4 245.1 454.8 —1711 — 0.68
AlFeTiCrZnCul') 0.281 158.5 557.1 174.8 424.2 363.4 848.04 0.77
AlFe; TiCrZnCul"] 0.281 202.3 502.9 215.5 402.8 4073.6 2 795.84 0.71
AlFe; TiCrZnCul*t) 0.281 163.6 494.1 223.1 384.0 1 893.4 2 184.55 0.75
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Fig.3 Computation and experimental microhardness of
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W5 T N JRF X VCA @81 FeCoCrNiMn & i & 4
1R i s B 5 SRR A A R R R R T P A 4 R ) B2 )
T AN 7] 1) 22 456 B 32 oR 5 1k 360 (L 19 50 % bb D 3R
5. KW GGA-RPBE it 545 R i3 i 0l . GGA-
PBE Fl GGA-PWO1 #3508 B 3 T LDA #9115
ZEV S ECN
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Tab.3 Optimized lattice parameters of NbMoTaW and
NbMoTaWV RHEA

b4 2% VCA/nm  SQS/nm I {H/nm FEiS{H/nm

a 0.319 5 0.319 3 0.321 3 0.327 1
NbMoTaW b 0.319 5 0.319 3 0.321 3 0.327 1

c 0.319 5 0.643 2 0.321 3 0.327 1

a 0.316 7 0.316 5 0.318 5 —
NbMoTaWV b 0.316 7 0.316 5 0.318 5 -

c 0.316 7 1.583 0 0.318 5 —

&K 4 FCC Z£+3H) FeCoCrNi #1 FeCoCrNiMn B & £ 1
RIBEHE H MR R ENREE N RN
Tab.4 Comparison of lattice constants of FCC-structured
FeCoCrNi and FeCoCrNiMn alloys with other theoretical

and experimental valuest*!

fa HSHE/am AL /nm
FeCoCrNi  0.356 8 0.3529,0.354 0
0.352 8,0.352 4

0.352 9,0.354 0

K /nm
0.357 5,0.357 4,0.356 7

FeCoCrNiMn 0.357 8 0.359 7,0.359 7,0.359 8

®5 & VCAEE A, FEIHTHE T EFS FeCoCrNiMn & /i
AENRESHERBEHT L
Tab.5 Comparison of lattice parameters of FeCoCrNiMn HEAs
obtained by different computation methods with the experimental

values in VCA model'

GGA/nm LDA/ A%
PW91 RPBE PBE nm f{4/nm
0.351 8 0.354 6 0.351 7 0.345 5 0.360 3
0.351 3 0.359 5 0.351 3 0.341 9 0.361 4

TONG Y 21053 51 D3k 56 01 B 38 F50 300 11 £ BE 5l
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Tab.6 Comparison between experimental and predicted hardness

values of AICrFeNi multi-component alloys( MACs)?

]

[=N

TEE/GPa
£

[S]

MACs I/ MPa  T{E/MPa I XFiR 2/ %

Al 56 Craz.s Feos s Nizg 4 860 5174.0 —6.46

Aly1 Cryo.3Feqs 45 Nips.as 3713 3942.2 —6.17
Al1.76Crag, 41 Feqs 12 Nijg 4 500 4 350.0 3.35
Al; Cry9Fezo Nisg 1 600 1563.5 2.28

Aly5CraoFego Nigs 3 157 3412.5 —8.09
Aly; CraFeso Nigg 5 439 5297.2 2.61

AlssCrzo Fezo Nigs 6 386 6 603.3 —3.40
Al CryoFego Nijg 7 384 7 060.3 4.38
Al;s; Crag Feso Nig 8 427 8 426.1 0.01
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Tab.7 Elastic constant and elastic modulus of Al, CoCrFeNi
(x=1, 2) alloy™**

Pk 58 A\lCOCrFeI}Ii AICOCL’FeI}Ti A»lg(fo(:rFeNi
GREMED /GPa GFAAH)/GPa GIFFE{E) /GPa
Cn - 158.82 1760.78
Ciy — 123.75 138.16
Cu — 72.85 89.72
By — 135.44 151.03
G — 50.724 61.556
E 127.0 135.28 262.58
G/By - 0.374 5 0.407 575
Ci2—Cuy - 50.5 48.44
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