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Abstract: FeCoNiCu,Mo and FeCoNiCuMo, (x values in molar ratio, x = 0.2, 0.5, 0.8, 1) high-entropy alloy system
were synthesized using a arc melting method. The microstructures and mechanical properties of the alloys were inves-
tigated with X-ray diffraction, scanning electron microscopy (SEM), Vichers hardness testing and universal material
testing machine. The both alloys exhibit quite simple FCC and BCC solid solution phases, the microstructures of the
alloys are mixing phases of BCC and FCC, which exhibit as pre-eutectic and eutectic phases. The mechanical properties
of both alloys are related to the amount of Cu or Mo elements.

Keywords: High-Entropy Alloy; Microstructure; Mechanical Properties

FeCoNiCuMo SiE& €RHLA S 4R

FHRE RSB, K&
Email: luanj2004@yahoo.com.cn

Weks H: 20124 10 A 16 H; BEIEM: 20124 11 A3 H: FHAEWY: 2012411 15 H

B E: KHEBIUEEA S WS )5 5435 FeCoNiCu,Mo 1 FeCoNiCuMo, (x %7~ BE/R L, BUE x = 0.2,
0.5, 0.8, &%, KA X FEATHFI PR 7RME . BREEE ST AR LGN X R A& R 511
AL IRGERY A S IR AT T IR o 45 SR % W] FeCoNiCu,Al Hl FeCoNiCuMo, il & 414 2 25 5 T i {1 B2 FCC
SRR BCC G5 MIMIENA PR, e B U A B R S MR &1, RIS RAIL AR S . A4
715 VERES Cu Bk Mo &8 A —ERI5<Ek.

KA WA MOS0

Tk

L3l 58 PN B heRE PR, D B s R AR BT R

T LS AR S A < I BE TSR TN R B %
8 . =) & 42 (high entropy alloys) &8t & &2 /NI 5H
—Eaett i, B a St e, —RUOR,
A G o 1) [ VA R AR A L L R SRR AR T i
(ELRE B R A, W R B E R, T2
T2 IO R T R [ T A B R ) R L R
JE R R T S AR T e 1), TR I LA e ) R

80

TEEMZNE. HATS 20 me st TE
B B R ] DK B A S H RS M r ], A
T AT A i REN ), Zhang 558 I0A8 Ti ST R
SR T AlCoCrFeNiTi, (x = 0, 0.5, 1, 1.5)&%
RN, R%A Sk 5 3 Bt A0 3T 7 45 44 1) ]
WM, EEAEWRE N ERES R REAE Tis
G A AR L W5 DL S SRR AR TR T] 4y ik

Copyright © 2013 Hanspub



FeCoNiCuMo &l & &M H 5k re

226 GPa. 3.14 GPa fl123.3%, LT WLmEmma4eit
BHR G BB IXFE RSB B R
J1EPERRVA R T Ti BT I A S A RN, o ST 98 K
I, NbTiVTaAl, (x=0, 02, 0.5, LORIIERKE4
BA e B0 327 AR TR R J, I HLAR i )
JE IR BE AN = AR T RE 71, AEAR T B Ik 50% I L~
BEEAWIR . A S e R AL KT & S [ A
RONL, Hod g7 RSFRIE BN R, Bl anfE
NbTiVTaAl, =&t , &K EF RS 2 5B
0.25, X RLTF Algos A&t Hib & &M B A & & i
R E 1330 MPa, K BG4 703 RO RO & 420
&A% W 2 A DTk -

ARSI EL A A A £ T FeCoNiCuMo 15
Wi&4:, Wt T Cu Al Mo & BN & 4o 4
ZAGE M RIAR 1 VR RE R S R4

2. SLWTE

&M Fe. Co. Ni. Cu. Mo(ZEEE#AE 99%LL )
(14 SR B N R, A& n R i B iR R T
BIBCH] . ERSRY T, RIS I I & &4
e, NRUERTIE), BAEGEREEREE 4 K.
FIFWRAE R 792, #1465 H95 x 60 mm R EIFEREE . K
Fl BrukerD8. ADVANCE % X Ht 2R A7 S0 43 ¥ & 41
HIZER), F JEOLISMS610LV R34 v 1 S s b 4T
BENRMALNEE, JEH MHS HY4E G0 4Erd B i
W B, A 200 g, A 15 s, B4
IRLG K I /2 INSTRON J7 RER RHRZGHL -

3. SWERSITL
3.1 X LTSRS

1 A 2 435 NAE Cu £ &= FeCoNiCu,Mo Fl1
AN[E] Mo 7 & FeCoNiCuMo, & 41 X fiT AT it I, A
1 ] LB HATHIEIR D, R Z E oG E&RATE
R 222 A, A Gt [E 42U FR 7 B R AR O 3T 45
PR FRAN 0o 5707 25 A A PR AH AL B x = 0.2 Fl x = 0.5,
TE 31 A I 7, BE Cu 755 I3 s 72 siAH el
FCC M BCC MH-EA S — ) FCC A, HLmTAA
Cu & B R T T BT 0 3777 4576 () [ VA4

XFFAE Mo %5 & FeCoNiCuMo, (x = 0.2, 0.5,
0.8, NEEWKE2)Mx=02, x=05Ffx=0.8 I,

Copyright © 2013 Hanspub

Intensity (a.u.)

26 (degree)

Figure 1. XRD patterns of the as-cast FeCoNiCuxMo high-entropy
alloys
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Figure 2. XRD patterns of the as-cast FeCoNiCuMo, high-entropy
alloys
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Figure 3. SEM backscattered electron images of as-cast
FeCoNiCu,Mo
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Table 1. Chemical compositions of FeCoNiCuMo as-cast alloy (at%6)
# 1. FeCoNiCuMo & &AL B ABMILF R 53 (at%0)

Phase Fe Co Ni Cu Mo
a 20.39 20.66 19.14 0.22 39.58
g 14.44 19.26 25.85 35.45 5.01

atp 18.92 17.85 20.26 38.30 3.67
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Figure 4. SEM backscattered electron images of as-cast
FeCoNiCuMoy
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Figure 5. Microhardness curves of FeCoNiCu,Mo and
FeCoNiCuMoy alloys
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Figure 6. True stressetrue strain curves of the FeCoNiCusMo rod
samples with diameter of 5 mm (x =0.2, 0.5, 0.8, and 1)
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Figure 7. True stresse-true strain curves rod samples with diameter
of 5 mm of FeCoNiCuMo,, and FeCoNiCuMo, s alloys
7. iR T FeCoNiCuMoy,, § FeCoNiCuMo, s & MERM S - B
Ik

4, #hig

1) FeCoNiCu,Mo &4 B A W HAHLE, x=0.2
Mx=05, 7E31° A4 HBAFE, Co SR,
TERAHE FCC Al BCC HI4LEZ B — 1) FCC #H.
FeCoNiCuMo, &4, x = 0.2, 0.5 f10.8 i}, FH FCC
M BCC A, x =10, FOSHIIATHIERR, R
PR B THT Lo 25 46 PR AT 5 06

2) FeCoNiCuMo RA&MEES Cu I EEAE
IEWK K, 2 x = 08K, A4 FeCoNiCuMo,
(RS fe K, 3% 521 HV. FeCoNiCuMo, & £ 4 I
FEREE Mo S RsEnmsg i, x =18, X8&ELHN
478.4 HV.

83



FeCoNiCuMo =& & A2 51t gk

3) BL 4 x 107 [y RIS AR HEAT 50 X R 4F S 56
(ERHT NI

RN 124 BE: FeCoNiCuMo RE 4

) PR 4 Je AR P S T A A — 3%, H x=0.8 I, &4
B BIFRsETERE, 1700 MPa [IPLEIREE, 12.6%
A% T B DA A B K i o T g AL B8 1. FeCoNiCuMo,

&4

A% Mo & I N AR o EE RGN, e AR 5 e

FeCoNiCuMoy, &4 K] 290 MPa %] FeCoNiCuMoy s &
4117 400 MPa, HAREFH N TAEALEE ).

BE @k (References)

(1]

(2]

(3]
[4]

(3]

84

Y. J. Zhou, Y. Zhang, Y. L. Wang, et al. Solid solution alloys of
AlCoCrFeNiTi, with excellent room-temperature mechanical
properties. Applied Physics Letters, 2007, 90(18): Article ID:
181904.

X. F. Wang, Y. Zhang, Y. Qiao, et al. Novel microstructure and
properties of multicomponent CoCrCuFeNiTi, alloys. Intermet-
allics, 2007, 15(3): 357-362.

MR, XU, 2= SR8 2 TR & 6 A1TiFeNiCuCr, S
ZERAN I 2R RR ). R AR, 2007, 43: 1020-1024.

A%, kB, T, BER. 24150 A(TiVCrMnFeCoNi-
Cwioo~ FIFE S RMMALB D). Wl SR RS TR,
2007, 36: 2136-2139.

C.J. Tong, Y. L. Chen, S. K. Chen, et al. Microstructure charac-
terization of AIyCoCrCuFeNi high-entropy alloy system with
multiprincipal elements. Metallurgical and Materials Transac-
tions A, 2005, 36(4): 881-893.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

J. M. Wu, S. J. Lin, J. W. Yeh, et al. Adhesive wear behavior of
Al,CoCrCuFeNi high-entropy alloys as a function of aluminum
content. Wear, 2006, 261(5-6): 513-519.

C. Y. Hsu, J. W. Yeh, S. K. Chen, et al. Wear resistance and high
temperature compression strength of FCC CuCoNiCrAls Fe al-
loy with boron addition. Metallurgical and Materials Transac-
tions A, 2004, 35(5): 1465-1469.

Y. J. Hsu, W. C. Chiang and J. K. Wu. Corrosion behavior of Fe-
CoNiCrCu high-entropy alloys in 3.5% sodium chloride solution.
Materials Chemistry and Physics, 2005, 92: 112-117.

Y. Y. Chen, T. Duval, U. D. Hung, J. W. Yeh and H. C. Shih.
Microstructure and electrochemical properties of high entropy
alloys—A comparison with type-304 stainless steel. Corrosion
Science, 2005, 47(9): 2257-2279.

X. Yang, Y. Zhang and P. K. Liaw. Microstructure and com-
pressive properties of NbTiVTaAl high entropy alloys. Procedia
Engineering, 2012, 36: 292-298.

J. H. Pi, Y. Pan, L. Zhang and H. Zhang. Microstructure and
property of AITiCrFeNiCu high-entropy alloy. Journal of Alloys
and Compounds, 2011, 509(18): 5641-5645.

Y. P. Wang, B. S. Li, M. X. Ren, C. Yang and H. Z. Fu. Micro-
structure and compressive properties of AlCrFeCoNi high en-
tropy alloy. Materials Science and Engineering A, 2008, 491
(1-2): 154-158.

A. V. Kuznetsova, D. G. Shaysultanova, N. D. Stepanova, G. A.
Salishcheva and O. N. Senkov. Tensile properties of an AlICrCu-
NiFeCo high-entropy alloy in as-cast and wrought conditions.
Materials Science and Engineering A, 2012, 533: 107-118.

X. Yang, Y. Zhang. Prediction of high-entropy stabilized solid-
solution in multi-component alloys. Materials Chemistry and
Physics, 2012, 132(2-3): 233-238.

S. Praveen, B. S. Murty and R. S. Kottada. Alloying behavior in
multi-component AICoCrCuFe and NiCoCrCuFe high entropy
alloys. Materials Science and Engineering A, 2012, 534: 83-89.

Copyright © 2013 Hanspub



