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Effects of Ni on Microstructure and Properties of CoCrCuFeMn High-Entropy Alloys
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(Department of Prelimary Teaching, Zhengzhou University of Industrial Technology)

Abstract: CoCrCuFeMn and CoCrCuFeMnNi high entropy alloys were prepared by vacuum hot pressing sintering
process, and the microstructure, mechanical properties and corrosion resistance of alloys in 3.5% NaCl solution
were investigated. The results indicate that both alloys are composed of (Cr, Co, Mn, Fe)-rich FCC1 primary
phase, (Cu,Mn)-rich FCC2 secondary phase, and a small amount of (Cr,Fe)-rich ¢ phase. The yield strength,
fracture strength and microhardness of CoCrCuFeMnNi alloy are (1 121414) MPa, (1 936+17) MPa and (400+
5) HV, which are increased by 18.6%, 9.9% and 15.3%, respectively, while the fracture strain is (25.3 +
1.0) % , which is decreased by 9.3% compared with CoCrCuFeMn alloy. The fracture mode of alloys is dominated
by quasi cleavage fracture. In 3.5% NaCl solution, the corrosion potential (E.,, ), corrosion current density
(J o) and average corrosion rate (V) of CoCrCuFeMnNi alloy are —74.1 mV, 5.48 X 10 ° A/cm?, and
0.059 mm/a, respectively, showing desirable corrosion resistance, which is mainly attributed to the fact that the
addition of Ni reduces the content of Cu-rich FCC2 phase in the alloy, and the distribution of elements tends to be
uniform as well as weakening the segregation phenomenon, so the corrosion degree of galvanic cell is reduced,
thus improving the corrosion resistance of the alloy.
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Fig.4 Compressive stress-strain curves of CoCrCuFeMn

and CoCrCuFeMnNi high entropy alloys at room temperature
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Tab.3 Mechanical properties of CoCrCuFeMn and
CoCrCuFeMnNi high entropy alloys at room temperature

PN JE R B/ WiRSREE/ WiV AE/ Tifi iy
H MPa MPa % (HV)
CoCrCuFeMn 945412 1762416  27.9+1.1 34745
CoCrCuFeMnNi  1121+£14  1936+£17  25.3%1.0 40045
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Tab.4 Corresponding electrochemical parameters of CoCrCuFeMn

and CoCrCuFeMnNi high entropy alloys
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CoCrCuFeMn —107 1.11 X103 25.59 1.179
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B Ecwns Jeon Al Ve 239 — 74.1 mV,5.48 X
1077 A/em® f1 0.059 mm/a, HEN & . 140 # 071§
MER LG HE R 19 1%, BARS Ni #) CoCrCuFeMn-
Ni 0 B 4 22 00 O 4 A T S Tl b BB . S S 4 B it
Tl fig 32 B L ol O 2R 2R R L TR S A R A
Gt G, T MEIT R Ni iyl & R m & Cr #
NI P i Ak Rl J22 22 28 o A+ B AR B AS S0 A5 4 Ak )23 &
)[R A R 7 R A P~ ol 7 SRR R R = =
A RBHE VA B CU it — R, 55—
1 Ni B A & 4 s Cu i FCC2 M & R AK, %5
JCR AT R T X5 A A B0 G2 08 55 » TR 45 <6 o D vl Y
i3 b R A N 955 5 DT A0 T A 4 A kR R

3 & ®

(1) CoCrCuFeMn Fil CoCrCuFeMnNi & 43 B
FCC1 F4H . FCC2 R Z A F1 /0 1 o ML . FCCL AHIX
B EEITCR ST K Cr-Co-Mn-Fe, FCC2 A X 1Y 32 % 1
538 Cu-Mn,o # X 1 FZ 450 Cr-Fe, Ni (AR
8T & &AL A B2 B2 FCC2 A & L.

(2) CoCrCuFeMnNi £ 4 1) i R 58 J&2 | Whr 24 58 B
W24 13 A FN AR E CHV) 43 51 A (1 121 + 14) MPa,
(1 936+17) MPa,(25.34+1.0)% F1 400+5, 5 CoCr-
CuFeMn £ 4 HH L, Ji IR 5 J55 | Dy 264 558 J35 0 A 135 49 3] L
HI& 3N T 18.6% .9.9% 1 15.3 % . 11 Wi 24 i A8 { T [
T 9.3% , T HA AR R RE . XA T NI
BRI B 50T TR iR A RO . T R 0 T 2 XY
F2 By S PR

(3)TE 3.5% 1 NaCl B s CoCrCuFeMnNi 4 4
SO N VAN s N - | s o S
—74.1 mV.5.48 X107° A/ecm*#1 0.059 mm/a., %45
& 0B R 292 CoCrCuFeMn & 419 1/19, 3%
IR A e A R ok L X R AR T NI A A A
e Cu g FCC2 A& B AL S u R i la T4,
AT B0 52 0855 A AIG T i Rt S el R L AT R T A
4 W ik P R

s £ X #

[1] YEHJ W, CHEN SK, LIN S]J, et al. Nanostructured high entro-
py alloys with multiple principal elements: Novel alloy design con-

cepts and outcomes[ J]. Advanced Engineering Materials, 2004, 6



Ni X} CoCrCuFeMn &4 5 42 T0OW 2 28114 BE 1) 52 i)

s A

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[16]

(171

[18]

[19]

(5): 299-303.

RANGANATHAN S. Alloyed pleasures: Multimetallic cocktails
[J]. Current Science, 2003, 85(10):1 404-1 406.

B, A, AR SF. LS R G A i BIE g kR R R B
[T, Fefh 5 Bof G4 4 2022, 42(3): 265-274.

KUMARI P, GUPTA A K, MISHRA R K, et al. A comprehen-
sive review: Recent progress on magnetic high entropy alloys and
oxides[ J]. Journal of Magnetism and Magnetic Materials, 2022,
554, 169 142.

WA, S35k, BEM, 5. M RS & e k2 5 s
FRLT). & @24 . 2022, 58(3): 257-271.

LIWD, XIED, LIDY, et al. Mechanical behavior of high-entro-
py alloys[J]. Progress in Materials Science, 2021, 118; 100 777.
ZHANG Y, ZUO T T, TANG Z, et al. Microstructures and prop-
erties of high-entropy alloys[]J]. Progress in Materials Science,
2014, 61, 1-93.

B, WA, BB, & ILREH A SRR R s
R A 4, 2021, 41(1) ; 32-37.

SHIPJ, LIR G, L1Y, et al. Hierarchical crack buffering triples
ductility in eutectic herringbone high-entropy alloys[J]. Science,
2021, 373(6557): 912-918.

LEE C, KIM G, CHOU Y, et al. Temperature dependence of elas-
tic and plastic deformation behavior of a refractory high-entropy al-
loy[J].Science Advances, 2020, 6(37); 4 748.

LEE C P, CHANG CC, CHEN Y Y, et al. Effect of the alumin-
ium content of Al, CrFe; ;s MnNig ; high-entropy alloys on the corro-
sion behaviour in aqueous environments[ J ]. Corrosion Science.,
2008, 50(7): 2 053-2 060.

SHI Y, COLLINS L, FENG R, et al. Homogenization of Al,-
CoCrFeNi high-entropy alloys with improved corrosion resistance
[J]. Corrosion Science, 2018, 133 120-131.

ZHAO R F, REN B, CAI B, et al. Corrosion behavior of Co,Cr-
CuFeMnNi high-entropy alloys prepared by hot pressing sintered in
3.5% NaCl solution[ J]. Results in Physics, 2019, 15;: 102 667.
QIU X W, Corrosion behavior of Al,CrFeCo, CuNiTi high-entropy
alloy coating in alkaline solution and salt solution[]J]. Results in
Physics, 2019, 12.1 737-1 741.

REN B, LIU Z X, LI D M, et al. Corrosion behavior of CuCrFe
NiMn high entropy alloy system in 1M sulfuric acid solution[]].
Materials and Corrosion, 2012, 63(9) :828-834.
TORBATI-SARRAF H, SHABANI M, JABLONSKI P D, et al.
The influence of incorporation of Mn on the pitting corrosion per-
formance of CrFeCoNi high entropy alloy at different temperatures
[J]. Materials & Design, 2019, 184; 108 170.

HSU K M, CHEN S H, LIN C S. Microstructure and corrosion be-
havior of FeCrNiCoMn, (x=1.0, 0.6, 0.3, 0) high entropy alloys
in 0.5 M H,SO,[J]. Corrosion Science, 2021, 190; 109 694.
FAN Q K, CHEN C, FAN C L, et al. Effect of high Fe content on
the microstructure, mechanical and corrosion properties of Al-
CoCrFeNi high-entropy alloy coatings prepared by gas tungsten arc
cladding [ J ]. Surface and Coatings Technology, 2021, 418:
127 242.

YAN X L, GUO H, YANG W, et al. Aly.3Cr,FeCoNi high-entro-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

py alloys with high corrosion resistance and good mechanical prop-
erties[ J]. Journal of Alloys and Compounds, 2021, 860; 158 436.
YANG S H, YU W W, LIU T, et al. Effect of Cr content on cor-
rosion behavior of AlCr, FeNi;Cuy ¢ high entropy alloys[J]. Materi-
als Research Express, 2019(6): 765 017.

OH S M, HONG S 1. Microstructural stability and mechanical
properties of equiatomic CoCrCuFeNi, CrCuFeMnNi, CoCr-
CuFeMn alloys[J]. Materials Chemistry and Physics, 2018, 210
120-125.

OTTO F, YANG Y, BEI H, et al. Relative effects of enthalpy and
entropy on the stability of equiatomic high-entropy alloys[J]. Acta
Materialia, 2013, 61(7). 2 628-2 638.

DERIMOW N, ABBASCHIAN R. Solidification microstructures
and calculated mixing enthalpies in CoCrCu containing alloys[J].
Materials Today Communications, 2018, 15(1): 1-10.

DU, EEW. HRE, % Ti B4 CoCrCuFeMn &4 & 4 4
SULE e FTE 5 i [T ], HLBR LA 4 3R 2020, 56 (10D 110-
116.

QIU X W, LIU C G. Microstructure and properties of Al,CrFeCo-
CuTiNi, high-entropy alloys prepared by laser cladding[J]. Journal
of Alloys and Compounds, 2013, 553: 216-220.

WU C L, ZHANG S, ZHANG C H, et al. Phase evolution and
properties in laser surface alloying of FeCoCrAlCuNi, high-entropy
alloy on copper substrate[ ]J]. Surface and Coatings Technology.
2017, 315. 368-376.

BB e AT BRIEZE, 4. Co, CrCuFeMnNi & i & 4 19 1 L 1k
PERECT ). B R85 1 I A (04 42 2021, 41(9): 1 063-1 068

YANG DN, LIU Y, HAN T Y, et al. High thermal stability and
oxidation behavior of FeCrNiAl-based medium-entropy alloys pre-
pared by powder metallurgy[J]. Journal of Alloys and Compounds,
2022, 918 165 562.

REN B, ZHAO R F, JIANG A Y, et al. Microstructure and oxida-
tion behavior of CoCr, CuFeMnNi high-entropy alloys fabricated by
vacuum hot-pressing sintering[ J]. Micron, 2022, 158; 103 291.
FU Z Q. CHEN W P, XIAO H Q, et al. Fabrication and proper-
ties of nanocrystalline Coy s FeNiCrTig ; high entropy alloy by MA-
SPS technique[ J]. Materials &. Design. 2013, 44. 535-539.
sk—AF XU, R, PSR XT AITiVZro . Boo 8 1 & 4 4
ZURMERE A2 M LT ). R A0 538 T A7 (5 4 2019, 39(7): 781-784.
ZHAO R F, REN B, ZHANG G P, et al. Effect of Co content on
the phase transition and magnetic properties of Co,CrCuFeMnNi
high-entropy alloy powders[J]. Journal of Magnetism and Magnetic
Materials, 2018, 468 14-24.

ZHAO R F, REN B, ZHANG G P, et al. CoCr, CuFeMnNi high-
entropy alloy powders with superior soft magnetic properties[ ] ].
Journal of Magnetism and Magnetic Materials,2019, 491 165 574.
STEPANOV N D, SHAYSULTANOV D G, SALISHCHEV G A, et
al. Effect of V content on microstructure and mechanical properties
of the CoCrFeMnNiV, high entropy alloys[ J]. Journal of Alloys
and Compounds. 2015, 628, 170-185.

CHEN S T, TANG W Y., KUO Y F, et al. Microstructure and
properties of age-hardenable Al, CrFe;; MnNi 5 alloys[J]. Materi-
als Science and Engineering, 2010, A527. 5 818-5 825.

893



Jul. 2023
Vol. 43 No. 7

Wi CrimaE€s Nb-TiAl R E AR RT K MRk

EFH #RW ' E W BRAUER KBFH
QA RXEZFFEREABARAKXFZFIMRIEFR 2 LR I ERFHABAMZE ZRFR)

M OE OCRMESENEIREERIER ST W Cr G 410 i Nb-TiAL & 4 bk R OG 2 W3O89 3 B B2 1 MTS810 J7 g I 40
MEFBEMRTEEMESHARAREIRAMERR, I T HERMEEREMBITNIERER, SREH. WM Cry KT
Tissss Alis Nbs W, Crons 5 421 fAHR /N T o MK B 4 b RS (230£10) pm., S &MEEEEE RN L>p+ L —>p+ L +ay—
BTa—>a>aty—>a,+y+B, , FIRMALLL y Mo, MR E FE &G H SRR BBOM, EEASMIEHATZH . GEEREE
LRI B 2492 600 MPa, i 288 0.44 % , Wi 24 7 2 28 & fir 390G A D 284 5 0 o G ke e 284 1 Y 5 T 2 X

EEIF A TIAL A4 BRI W R Cr; 481575
hESEE TGI32.373 XEARED A
DO1:10.15980/j.1222.2023.07.006

FERR PR A B &
SPECIAL CASTING & NONFERROUS ALLOYS

FF R R 2 (AR S ) AR IRAS (OSID) ; I

Microstructure Evolution and Properties of W and Cr Microalloying High Nb-TiAl Alloy

Gong Zigi', Hu Xiaoli', Sun Wei', Wang Li',Geng Keping', Chen Ziyong®
(1.School of Mechanical Engineering, Tianjin Sino-German University of Applied Technology;
2. School of Material Science and Engineering, Beijing University of Technology)
Abstract: W and Cr microalloying high Nb-TiAl alloy was prepared by vacuum induction suspension melting. The
as-cast microstructure and tensile properties of the alloy at room temperature were investigated by means of opti-
cal microscopy, scanning electron microscopy and MTS810 universal testing machine, and solidification phase
transition path as well as forming mechanism of segregation were analyzed. The results indicate that the W and Cr
can enlarge the g-phase region and decrease the a-phase region of Tisss5 Alis Nby Wy, Crg o5 alloy, where the grain
size is (230210) pm. The solidification path is L>8+L’—>B+L’+a;—>B+ta—>a—>a+y—>a,+7+B;, and mi-
crostructure is dominated by ¥ and a, phase, accompanied with a small amount of residual §(B,) phase, which
are mainly distributed at the grain boundary or internal layer. The tensile strength and elongation of as-cast alloy
at room temperature is 600 MPa and 0.44 % , respectively. The fracture mode is a mixture characteristics of trans-
granular cleavage fracture and intergranular brittle fracture.

Key Words: High Nb-TiAl Alloy.Suspension Melting, W and Cr, Microstructure Evolution
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