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ABSTRACT: The work aims to study the effects of different C contents on microstructure and tensile properties at room tem-
perature by C alloying, so as to significantly improve the mechanical properties of AICrFeCoNi, ; eutectic high entropy alloy at
room temperature. (AlICrFeCoNi, )-x%C (x=0, 1, 2, 3, atomic fraction) eutectic high entropy alloys with different C contents
were prepared by vacuum arc melting followed by drop casting. The changes of microstructure, phase structure and tensile
properties under different C contents were studied by XRD, SEM, EDS, etc. With the addition of C element, the alloy did not
form a new phase, and was still composed of FCC phase and B2 phase, but the microstructures transformed from lamellar to
dendritic features. With the increase of C content, both the yield strength and ultimate tensile strength increased, but the elonga-
tion decreased. The yield strength, ultimate tensile strength and elongation of the (AICrFeCoNi, ;)-3%C (atomic fraction) alloy
reached 791 MPa, 1 332 MPa and 6.1%, respectively. Compared with the AICrFeCoNi,; alloy, the yield strength and tensile
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strength were increased by 99 MPa and 296 MPa, respectively. The strengthening effect is mainly due to the interstitial solution
strengthening and the change of microstructures by addition.

KEY WORDS: eutectic high entropy alloys; phase structure; microstructure; tensile properties

1 2 AlCrFeCoNi, ;
2004 Yeh M C 1% 2% 3%
1 SKIY
[2] _
C AlCrFeCoNiy ;| —x%C x=0
[3-6] 1 2 3
C() C[ C2 C3 Al Cr Fe Co Ni
FCC =99.9% Cr;C, =
99%
CoCrFeMnNi (7 BCC
WTaMoNb ~ WTaMoNbV 5
[8] 17 mmx*x10 mmx80 mm
[9-10] Shimadzu XRD-7000 X
Lu [11] FCC BCC Cu K, 2=0.154 nm
20°~90° 3 ° /min
SiC
AICrFeCoNi,
FCC B2 Nova NanoSEM 450
SEM
944 MPa  25.6% EDS
C SiC
2000”
C 90%
[12] 10%
C C 30V 15s
AlCoCrFeNi 1.5 mm
C [13] 30 mm
C Al-Cr-Fe-Co-Ni 12 mm 2.5 mm
AlFeCoNiC, SHIMADZU AG-100 KN
F€40.4Ni1].3M1’134'8A17.5CI'6CX CrFeCoNiCx C 2
[14-16] 103!
\‘ \/\
AICrFeCoNi, | C 2 HERRKITR
21 WMAELSHEHEN
1 C AICrFeCoNi,

[17-19] XRD FCC



150 2022 8
«-FCC
s (111) T FCC B2
C C

T (110) C Fe40.4Nij 3MnsygAl; sCrg CoCrFeMoNi
5 G v (100) +(200) v(200) o(220p(211 40.41N111.30VIN34 g Al7 5UT6
. Fe4oMnyoCo;Crg [14,20-21)
g 2 C AICrFeCoNi,
£ SEM Co FCC

B2 2a
FCC B2
0.7um  Chen [ 0.2~0.5 pum
1 1 1 1 1 1
20 30 40 50 60 70 80 90
20/(°) C B2
1 AICrFeCoNi,; —x%C x=0 1 2 3 G
XRD
Fig.1 XRD diffraction spectra of as-cast (AICrFeCoNi, ;)-xat.%C C C,
(x=0, 1, 2, 3) eutectic high entropy alloys C
B2 C FCC B2 Cs
2 AlICrFeCoNi,; —x%C x=0 1 2 3 SEM
Fig.2 SEM images of as-cast (AICrFeCoNi, ;)-xat.%C (x=0, 1, 2, 3) eutectic high entropy alloys
C G EDS C; EDS
3 Co FCC Cr Fe Co C Cs
Ni Al B2 Co
Lu ™ Chen 4 G

151 AlCrFeCoNi, | FCC Cr Fe Co B2 Ni



14 8 C AlICrFeCoNiy

151

12.1/at.% |29.2/at.% 11.1/at.% [26.

Cr |205/at%| 9.8/at% ) ) Cr 16/at.% | 7.
Fe |179At%105/at% Vi, \ Fe |192/at%]11.
Co |17:6/at%|12.9/at.%) Co 19/at% [14.
Ni |31.92%(37.6/at% \ Ni  |34.2/at% (40
a Coié b C;E4%
3 C G EDS
Fig.3 EDS analysis results of as-cast Cy and C; eutectic high entropy alloys
Al C Cr FesoMnygCo,9Crag  100Cx
(221 Cr C 3%
C AlCoCrFeNi CrFeCoNi AlCrFeCoNi, ; C
(13.16] (23] C Fe4oMnyoCooCry Fe4oMn,;Co,0Cry
FessMnysCo1oCrip 1004Cr FesoMnypCo20Crag 1004Cs C AlICrFeCoNi,
3%~4%
FessMnysCoioCrig  100xCoe C CrFeCoNi C 2%
4% Liu C;
FesoMn3zqCo;oCryg C C
4% Chen [V Fe4oMnyoCo;oCryg
C 4.4%

|

4 G
Fig.4 Element distribution of C; alloy

12.6% Wani 2%

22 ERFIMMEE .
5 AICrFeCoNiy; —x%C x=0 1 3 C,
1 5a 791 MPa 1 332 MPa
AlCrFeCoNiy; —x%C x=0 1 3 6.1% Co
Co 99 MPa 296 MPa

692 MPa 1 036 MPa C ¢

G



152

2022

Py

True strain

c INTREALAR BN AR 4%

724 762 819 MPa 5b C
5c
1400 C 50 000
< 1400 3 s i-
g G S 40000 - :.
> 1200 - o S :
7] - <
g c, % 1200 G Co 5, 30000 -
21000 F o 8 £ |
g 2 1000 - 2 20 000
£ 800 & < 10000
& 800 5
m B 0
600 L L L L L 1 1 I I | | Lo
S O © & Q O ™ S & © & O O N
R Q-Qb‘ Y Y NN Q'Qb‘ NP QY Q.@'
Engineering strain Engineering strain
a TR F-RiAs ik b BN S-MAR Lk
5 AlCrFeCoNiy; —x%C x=0 1 3

Fig.5 Tensile properties of as-cast (AlCrFeCoNi, ;)-xat.%C (x=0, 1, 3) eutectic high entropy alloy at room temperature

xA1

( AICrFeCoNiz; ) —x%C ( x=0, 1, 3)

B = A
EESHEE

sHESHGeHEREE. RAEEMMKE
Tab.1Yield strength, tensile strength and elongation of

(AICrFeCoNij, q)-xat.% C (x=0, 1, 3) eutectic high
entropy alloy

1

6

AS mix

AH

mix —

n
—RZC,- In(Inc;)

i=1

n
mix
D 4AH e,

i=1i#j

n
Hvec = Zci (ﬂVEc ),~

i=1

Fig.6 Main parameters of (AICrFeCoNi, ;)-xat.%C (x=0, 1, 2, 3) eutectic high entropy alloy

/MPa /MPa /%
Co 692 1036 12.6
C, 730 1102 7.2
Cs 791 1332 6.1
2.3 HESH
el ASnmix
AHmix 0 ASmix
AH iy MVEC X
[4] 1 — 4
-11 13.8
2 " 1136
-3 £
g 1134 g
5 -4+ 2
% —H132 S
< is | o
< —113.0 <
_16 i ASmix .
_17 1 | 1 1 | | 1 12.8
00 05 10 15 20 25 30
C MEFHIEU%
a ASmixiuAI{mix
6 AlCrFeCoNiy; —x%C x=0
6a C ASmix
AI—Imix
[13,26]

6b

MVEC

[27]

HVEC

FCC

BCC

BCC

n Ci
R AH ™
. 22
J (22] MVEC i
X i l
7.74 1.830
172 1.825
770 | 1820
7.68 |- ’
o 7.66 1.815
E 7.64 1.810
7.62 - 1.805
7.60
758 L 1.800
7.56 | 1 1 | | 1 | 1795
00 05 10 15 20 25 3.0
C BREFE %
b pvecFily
2 3

[27]

)
NESENENESE R

ey

2

3)

“

C



14 8 C

AlICrFeCoNiy

153

FCC

6,13
(.13 MvEC X

BCC FCC

K K FCC
Bcc Y
AlCrFeCoNiz‘l C
ASnix X AHnix  Hvec
C

C C
[13,16] C

1 FCC
B2 2 FCC
FCC o3 C

B2
B2 FCC
FCC
FCC B2
4 C

C AlCrFeCoNi,

FCC

AlCrFeCoNi,; -3%C

SE -

[11 YEH J W, CHEN S K, LIN S J, et al. Nanostructured
High-Entropy Alloys with Multiple Principal Elements:
Novel Alloy Design Concepts and Outcomes[J]. Ad-
vanced Engineering Materials, 2004, 6(5): 299-303.

[2] R R , CrFeCoNi

[J1.
, 2019, 39(10): 1130-1134.
CUI Yu, DU Hui, XU Li-ping, et al. Effects of Carbide
Precipitation on Tensile and Corrosion Properties of the
CrFeCoNi High-Entropy Alloy[J]. Special Casting and

[10]

[13]

[14]

Nonferrous Alloys, 2019, 39(10): 1130-1134.
ANIRUDHA K, GURUVIDYATHRI K, VS H, et al.
Thermal Stability of AlCoFeMnNi High-Entropy Al-
loy[J]. Scripta Materialia, 2019, 162: 465-467.
ZHANG Y, ZUO T, TANG Z, et al. Microstructures and
Properties of High-Entropy Alloys[J]. Progress in Mate-
rials Science, 2014, 61: 1-93.
HUANG Y, CHEN L, LUI H, et al. Microstructure,
Hardness, Resistivity and Thermal Stability of Sputtered
Oxide Films of AICoCrCu0.5NiFe High-Entropy Al-
loy[J]. Materials Science and Engineering A, 2007,
457(1/2): 77-83.
YE Qing-feng, FENG Kai, LI Zhu-guo, et al. Micro-
structure and Corrosion Properties of CrMnFeCoNi
High Entropy Alloy Coating[J]. Applied Surface Sci-
ence, 2017, 396: 1420-1426.
OTTO F, DLOUHY A, SOMSEN C, et al. The Influ-
ences of Temperature and Microstructure on the Tensile
Properties of a CoCrFeMnNi High-Entropy Alloy[J].
Acta Materialia, 2013, 61(15): 5743-5755.
SENKOV O N, WILKS G B, MIRACLE D B, et al.
Refractory High-Entropy Alloys[J]. Intermetallics, 2010,
18(9): 1758-1765.
[J]. , 2021, 35(17):
17043-17050.
WANG Wei-tong, CHEN Shu-ying, ZHANG Yong, et al.
Research Progress of Strategies for Improving Strength-
Ductility Combinations and Mechanical Properties of
High Entropy Alloys[J]. Materials Reports, 2021, 35(17):
17043-17050.
[J1. , 2022, 42(3):

265-274.
JIAO Wen-na, LU Yi-ping, CAO Zhi-qiang, et al. Pro-
gress and Prospect of Eutectic High Entropy Alloys[J].
Special Casting and Nonferrous Alloys, 2022, 42(3):
265-274.
LU Y, DONG Y, GUO S, et al. A Promising New Class
of High-Temperature Alloys: Eutectic High-Entropy
Alloys[J]. Scientific Reports, 2014, 4: 6200.

S R S . Co
Fe4oMnj3oNi;oCripAlyg )R

, 2020, 34(17): 17072-17076.

BAI Li, WANG Yu-zhe, LYU Yu-kun, et al. Effect of
Carbon on Microstructures and Mechanical Properties
of Co-Free Fe,oMn3oNijoCrigAlq High-Entropy Alloy[J].
Materials Reports, 2020, 34(17): 17072-17076.
QIN G, XUE W, CHEN R, et al. Grain Refinement and
FCC Phase Formation in AICoCrFeNi High Entropy
Alloys by the Addition of Carbon[J]. Materialia, 2019, 6:
100259.
WANG Zhang-wei, BAKER I, CAI Zhong-hou, et al.
The Effect of Interstitial Carbon on the Mechanical
Properties and Dislocation Substructure Evolution in



154

2022 8

[15]

[16]

[19]

[20]

Feq0.4Nij 3Mn3y3Al; sCrg High Entropy Alloys[J]. Acta
Materialia, 2016, 120: 228-239.

FAN J, ZHANG L, YU P, et al. Improved the Micro-
structure and Mechanical Properties of AlFeCoNi
High-Entropy Alloy by Carbon Addition[J]. Materials
Science and Engineering A, 2018, 728: 30-39.

LIU X W, LIU L, LIU G, et al. The Role of Carbon in
Grain Refinement of Cast CrFeCoNi High-Entropy Al-
loys[J]. Metallurgical and Materials Transactions, 2018,
49(6): 1-10.

JOSEPH J, IMRAN M, HODGSON P, et al. Towards the
Large-Scale Production and Strength Prediction of
Near-Eutectic Al,CoCrFeNi, ; Alloys by Additive Man-
ufacturing[J]. Manufacturing Letters, 2020, 25: 16-20.
DONG Yong, LU Yi-ping, KONG Jiao-run, et al. Mi-
crostructure and Mechanical Properties of Multi-Comp-
onent AlCrFeNiMo, High-Entropy Alloys[J]. Journal of
Alloys and Compounds, 2013, 573: 96-101.

CHEN Xiao-hua, XIE Wei-yang, ZHU lJin, et al. Influ-
ences of Ti Additions on the Microstructure and Tensile
Properties of AlICoCrFeNi,; Eutectic High Entropy Al-
loy[J]. Intermetallics, 2021, 128: 107024.

. CoCrFeMoNiC,

[J]. ,

s H s

2021, 41(6): 913-923.

MA Wen-lin, WANG Fu-bo, ZHANG Ai-jun, et al. Mi-
crostructure, Mechanical and Tribological Properties of
CoCrFeMoNiC, Medium-Entropy Alloys[J]. Tribology,
2021, 41(6): 913-923.

HEN L, WEI R, TANG K, et al. Heavy Carbon Alloyed
FCC-Structured High Entropy Alloy with Excellent

[24]

Combination of Strength and Ductility[J]. Materials
Science and Engineering A, 2018, 716: 150-156.

TAKEUCHI A, INOUE A. Classification of Bulk Metal-
lic Glasses by Atomic Size Difference, Heat of Mixing
and Period of Constituent Elements and Its Application
to Characterization of the Main Alloying Element[J].
Materials Transactions, 2005, 46(12): 2817-2829.

.C Mo FeMnCoCr [D].
: ,2021: 1-55.
YAN Yi. C, Mo Microalloyed FeMnCoCr System

Dual-Phase High Entropy Alloys[D]. Xi'an: Xi'an
Technological University, 2021: 1-55.

LIU X, ZHAO X, CHEN J, et al. Effect of C Addition
on Microstructure and Mechanical Properties of As-Cast
HEAs (FesoMn3;¢Co1Cryg)100.xC:[J]. Materials Chemis-
try and Physics, 2020, 254: 123501.

WANI I S, BHATTACHARIJEE T, SHEIKH S, et al.

Ultrafine-Grained AlCoCrFeNi, ; Eutectic High-Entropy

Alloy[J]. Materials Research Letters, 2016, 4(3):
174-179.
LI Zhe, YOU Jun-hua, GUO Yao-zu, et al. Phase Tran-

sition Mechanism and Mechanical Properties of Al-
CrFe,Ni, High-Entropy Alloys with Changes in the Ap-
plied Carbon Content[J]. Advanced Engineering Mate-
rials, 2020, 22(3): 1901363.

GUO S, NG C, LU J, et al. Effect of Valence Electron
Concentration on Stability of FCC or BCC Phase in
High Entropy Alloys[J]. Journal of Applied Physics,
2011, 109: 103505.



