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Table 1  Chemical composition of AlkTiCrMnCu high entropy
alloys (w/%)

Alloy Al Ti Cr Mn Cu

TiCrMnCu - 21.93 23.81  25.16 29.1
Alg2sTiCrMnCu 3 21.27 231 2441  28.23
AlgsTiCrMnCu  5.82 20.65 22.43 23.7 27.41
Alg7sTiCrMnCu  8.48 20.07 21.79  23.03  26.63

AITiCrMnCu 11 19.52 2119 2239 25.9

X S EATHGEAT AR T (Cu #E Ko £k, R
40.0 kV, HL7E 30.0 mA, HIiAERN 2080 4
N 29min) 5 K HV-10001S A% i i3k 47 5 i
FEM; SR CS350 FiAY 2% T AE Sl A W i J65 ol R
JE A N 3.5% NaCl ¥, Pt FAR N HH B LAk, 11
FH R A S A, BRI Y-1.6~0.8 V,
FHEHE RN 1 mVis.

2 RSO

2.1 XRD &#f

BOEUTR ALTICrMnCu (x=0, 0.25, 0.5, 0.75,
LO)m A 4n XRD BREwmE 1 frox. BB A,
ALTICrMnCu =& & MHL R B E & B &
Yy, HfEERE R AR AR . 2 x=0 &, TiCrMnCu /&
W& 4l fcc M ohepl A K:; 2 x=0.25 K,
Alg s TICIMNCuU 1= 4 G 4 1R AH 45 #4) T AH 1R e 4B R WL BH
BN % x=0.5, 0.75 i, 26=36-4098](#) hcpl
(PG B 5, 20=42=-43F0] ) fcc AHIIEN 2% HIE 1k

AR, 24 x=0~0.75 BF, BE Al SERKEIN, 20=43<45°

(B[ fcc A1 hepl AHMUE R LWL ; 4 x=1.0 B, fcc
H hepl AHVE 2%, TE R hep2 AH . BT Al R TR R ECK,
Al TTERIMANZ S5, Al JE K553 foo [ 7R 1 fn A
PTG P2 AR A AR, R TR A hep AH

A 4T R TRT SR [ 5 R FE 5 A 4 ) v 0 R B A
kK, ALER AT R MRS WE PR E S,
BE AHnx XS5 Q HHATT .. JRTF47% 6. IR
W AHmi B8 Q 15 A R pros el

5:\/2:219 (1—ri /(Zinzlciri))2 &)
AH i = zinzl,i,q 4AH /Téxcicj (2)

Zin:lciTmi 'Z;RZinlCi Inc) (3

Q=

mix

A, CAIC, AR I M jIESE: LRI
P42, um; AHI N AB JGE AR & 4%, kd/mol;
T NIGE | G S, K RONAREE. ARSE AT
Je B TR IR A6, 7245 B gk 2 Foi.
R R (L)~ (3) &£ 2 i it 5545 8] AL TiCrMnCu
A A 0 AHumi Q I 3 Fi/R. Zhang %0
e, 2% 0<6.6%, -20 kI/mol<AH.,x<5 kJ/mol,
Q=11 I, =yl G 40T ) BT B0 [ VA A4 .t 3% 3 T I,
ALTICrMnCu = i & 4 20 2 LR % %1, e e
BT B [ VA AR A5 4, 1K 5 B 1 ) XRD 45 RAHVI A

Intensity/a.u.

Intensity/a.u.

36 38 40 42 44 46 48 50
201(9

1 ALTICrMnCu =& 4% XRD i
Fig.1 XRD patterns of AITiCrMnCu high entropy alloys:
(a) 26=20=-90<and (b) 26=35*50°

*2 BREEAPREAR. RTFHERER

Table 2 Mixing enthalpy (AHmix), atomic radius (r) and
melting point (Trm) of different element pairs
Mixing enthalpy, AHpix/k] mol™
Element - Tw/K r/pm
Ti Cr Mn Cu
Al - -30  -10  -19 -1 933 143
Ti -30 - -7 -8 -9 1941 146
Cr -10 -7 - 2 12 2180 124
Mn -19 -8 2 - 4 1519 135
Cu -1 -9 12 4 - 1358 127
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Table 3 Values of 8, AHmix, 2 of Al,TiCrMnCu high entropy alloys

Property x=0 x=0.25 x=0.5 x=0.75 x=1
51% 6.14 617 617 616  6.12

AHmix/kd mol™  -15  -464 -7.11 -9.04 -10.56
Q 1345 467 306 239 201

2.2 ERELR

2 NPT ALTICrMnCu (x=0, 0.25, 0.5,
0.75, LO)EM& &M ERMAS. B Al & 236N,
ALTICrMnCu &5 & 4 feo MR & EIZWI />, hep
IS REIZHEN. 24 x=0 i, A H fec MK
BRI hepl M4 (B 2a) 5 24 x=0.25 i, S
Aleh foc A IR, hepl AHAITE S el SR 38 8 1
R (B 2b) 5 %4 x=0.5, 0.75 i, BT fec HE
wmit— B Eb, hepl MG EMEE MM (K 2¢. 2d) ;
M x=1.0 i, B AT fec A J hepl HE &, &6
A9 hep2 A8, A I 2H 21 b A7 A8 B 2 0 3= AT (I 260 &

2 1 ALTICrMNCu =78 & 4 AN R X 38 1) RE 15 43
e RuEE 4 Fin. 4 x=0 K, AKX Ti. Cr. Mn3
Pt RS ERE, 4T hepl 4i#; B X1 Cu i &
KA T mbr, R Tic Mn & EHEEK, ERE Cu il
fec 4t . 24 x=0.25~0.75 Itf, A X434k Tiv Cr.

Mn 3 Ff 76 3R T B hepl 5K 4H B 1H B X3 R i
Cr LEGER x=0 FHEWEL, Al TEHEHZ,
Mn S EZEAK. 24 x=1.0 K, Al Ti. Cr. Mn 4 ff
JCRIER T hep2 544, [FIB Cu Joz ™ HEARAT(B X35

M EDS Z#rrl &3, ALTICrMnCu @k 4h
Cu L R mATE ™ HE . JLR R A R IE, WEIr
Hystk 2P, % 2 T, Al 5 Ti. Cr. Mn. Cu
TR & )8 /8, AI-Ti -30 kd/mol, Al-Cr 24-10 kd/mol,
Al-Mn }-19 kJ/mol, Al-Cu A-1 ki/mol, ‘BT [HfE
BAFHH . SR, Cu-Cr HIEAHE N 12 ki/mol,
Cu-Mn KR &4~ 4 kd/mol, FE Bk, Kk Cu gk
5 Cr. MnRiFE %, Bl Cr. Mn 2HE/% Cu. HHT
Al JRFERER, Al BRI Z G, 74 ™ 5= 1 %
WA, fmAgE AR T 5 HECRA AN Cu oF
e, S8 Cu iR M. M4h, CuEHEEE LR
24 Re i 2, i3 Cu 7= 2R mAT -
2.3 ERNEE

Al Z &% ALTICrMnCu =4 & & 2 fUhE FEE 1 5
W 3 from. HERW, BEOAl FERIEm,
ALTICrMNnCu 5 & 4 1 i 5 32 3% K . TiCrMnCu
A 4 S EE 6300 MPa, AITiCrMnCu &= & 411
T 5 75 #1) 7500 MPa. iy 7 i#E— 35 4 i K i i 55 4 45
2% &, IRPE IR 2 15 1 ALTICrMnCu =55 & 4 fee

Bl 2 ALTICrMnCu =& 4 1 A 21
Fig.2 Microstructures of AlkTiCrMnCu high entropy alloys: (a) x=0, (b) x=0.25, (c) x=0.5, (d) x=0.75, and (e) x=1
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Table 4 EDS results of different regions for Al,TiCrMnCu high
entropy alloys in Fig.2 (at%o)

X Region Al Ti Cr Mn Cu
A - 39.02 3459 22 4.39
0
B - 9.76 3.16 1449 7259
A 2.64 2896 33.36 3136 3.68
0.25
B 1521 274 041 1044 71.19
A 3.45 34.05 27.34 28.61 6.55
0.5
B 21.1 1.69 1.2 13.54 62.47
A 3.02 3865 2527 27.49 358
0.75
B 17.06 1.71 236 14.04 64.82
A 17.33  40.79 22.19 14.77 4.92
1.0

B 0.89 191 0.64 1.32 95.2

AR hep MR & B (B 4) o S2I&IH fec A AIAREE Ny
3550 MPa, hcp A Chepl AHAH hep2 AHAE 23 ) ) A
A 7710 MPa. KB, ALTICrMnCu & & 4 1 i
(HVaioy) 5 fec AHAT hep AT E B (Viges Vigy) KA
fE (HViteen HViep) 2 : HVaoy®HVice Vicet
HViep Vicpo

—J71f, B Al TR, ALTICrMnCu & &
SR AR foo AHIEWIR/>, 109 R ) hep AHIZ
Wik N, S8 ALTICrMnCu Eii & 4 R hn . 5
— 7T, RIEREFFE A TR, 5] ™ & 1) &%
WAs, JEr AR B SRR, ARk W AR I 2 FELAS A
I sh e iggh, Rk, BE Al & & 1380, ALTiCrMnCu

mE SR .
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Fig.3 Micro-hardness of Al,TiCrMnCu high entropy alloys
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Fig.4 Volume fraction of fcc and hcp phase of ALTiCrMnCu
high entropy alloys
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5 et P L A AR /N, DUV R e R AR . Y x=0 K,
BB BRI, HRRAIRE R K. B Al
SEEE, ALTICrMnCu & 45 & 4 1 H JE ol H fir
Eoorr SCIG IS /N, T E B Tl LS5 BE N gon SEIR/N IS
JE IR, WA YR AL & BRI, ALTiCrMnCu &
105 & 4 0 ol v e B S PR AR . 4 x=0.25 K,
AlgsTICrMnCu = & < 1) H JE i FL Az i K, 4-0.42 Vs
FooE vk R N, N 117 pAlem®,
Alg s TICrMNCuU =5 8 7 4 R 65 el M e B 4F o

Kl 6 A AL TICrMnCu =45 4 75 3.5% NaCl ¥
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Fig.5 Potentiodynamic polarization curves of AL, TiCrMnCu high
entropy alloys in 3.5% NaCl solution
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Table 5 Electrochemical parameters of AlLTiCrMnCu high

entropy alloys

Alloy Ecor/V lcorr/ A €M™
TiCrMnCu -0.59 3.84
Al 25 TiCrMnCu -0.42 1.17
AlgsTiCrMnCu -0.45 2.37
Alo_75TinMnCU -0.49 3.26
AITiCrMnCu -0.5 3.64
3.0F N
SN
25+ . o v v e
o~ - v
1] o/vw/ \ \
S 201 /v v. o
& A \v\v ~e
™ ~ v,
S 15¢F » Ny
% s .
\El.O L g",-"""._ LN -=-TiCrMnCu
o & -e-Alg 25TiCrMnCu
" 05l Alg 5TiCrMnCu
fg -v-Alp.75TiCrMnCu
O.O.I.- AITiCrMnCu

0O 1 2 3 4 5 6 7 8
Zre | 10% Q-cm?

6 ALTICrMnCu =& 4:7E 3.5% NaCl ¥4 H i) s Ak 27 BT
Fig.6 Electrochemical impedance of AlTiCrMnCu high entropy
alloys in 3.5% NacCl solution

AL AE L. AL, ALTICrMnCu &4
A0 F B HE 2 B R AE , 33 R G T R AR 1) F A 4% Hin aok
FEA U, o Ak 2 B3 PR3 (1 2 R I R Ok, & 4
HIT PR P BE RGP Alg s TICIMNCu & 5 & 41 2
B IRE2 R, Ui Aly s TICrMnCu & i & 4 B A &
K H A A FELBE, L ol ik R B 47 o BEE AL S
B, A A0 B AR N, T i e O A
59, X 53HARA I ZETS 45 R — 2.

7 3.5%[) NaCl ¥, St & 4 8 v fF 0 3=
R Cl B . MERHIEr, cl Bmr58ams
BT, 2 Cl B 5 &R LB, e
JEESFE NI G AR, A 5 & B EIE,
FELIS 45 J@ 25 3E NV IR PR CI 57 T oekt 4 ) V5 i
() HL VAR v T 4R 7 5 4 R 3 T BELRS 462 J Y R 1Y LIRS
M4 4 =4 G, ALTICrMnCu &4 AlL Cr
JLE, TE AR it #E o 5 7R S &SR Y B EUE 1
BiAL LN ALO3 Al Cr05, TR E < NEAHE CI B ¥

Bk, A, 4 Al FEIEZE, HY TR Criy
i, XS CroOs BAL T 5, AlLOs il b I 1) 3505% &
MR AR, Gam it T . FHif, Al fE5
Cl B 1 By v b AT e 120, L3 b & A HL s 5 1E Y
TiY'. Cr¥*. Mn®, CU"S&RE 7, BT ZRHr i
JREEL, 72 Al 2R 2 HIEOLN , X8 s A 6 0 JE ik,
AT A AEK i et 4 o

3 & it

1) WORTIRA ALTICrMnCu & i & 4 oW 45 4
b Al & &R I A L. 2 x=0~0.75 Bf, HGOW L
¥t fee AHAD hepl AHZHER, HLFE Al E & 130, hepl
FHIZW N, foc AHZE WK/ 4 x=1.0 I, AU LS
¥4 i1 hep2 AHZH R .

2) BE Al SR, BOLUTH ALTICrMnCu =
105 Er 4 11 S (VORS8O

3) 7E 3.5% NaCl ¥+, ALTICrMnCu =& 4
PITR TPE 2 B v IS BRI s 24 x=0.25 B, Al 25 TiCrMnCu
o A B PR T e e e £
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Study on the Microstructures and Properties of Al,TiCrMnCu High Entropy
Alloys Fabricated by Laser Deposition

Hu Yong, Liu Fei, Wang Dahao, Zhao Longzhi, Tang Yanchuan, Liu Dejia, Shen Mingxue, Zhao Huoping, Jiao Haitao
(1. School of Materials Science and Engineering, East China Jiaotong University, Nanchang 330013, China)

(2. Key Laboratory of Advanced Materials for Vehicles & Laser Additive Manufacturing of Nanchang City,

East China Jiaotong University, Nanchang 330013, China)

Abstract: AlLTiCrMnCu (x=0, 0.25, 0.5, 0.75, 1.0) high entropy alloys were prepared by laser deposition. The XRD SEM and corrosion

electrochemical testing methods were used to investigate the effect of Al content on the microstructure and properties of AL TiCrMnCu

alloys. The results show that with the increase of Al addition, the phases of ALTiCrMnCu alloys change from simple fcc and hcpl

solid-solutions to single hcp2 solid-solution. The microhardness of Al TiCrMnCu alloys increases gradually with the increase of Al

addition. The corrosion resistance of Al,TiCrMnCu alloys in 3.5% NacCl solution increases firstly and then decreases with the increase of

Al addition. The optimum corrosion resistance can be obtained when x=0.25.
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