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Abstract: The influences of Cr/Ni contents on the microstructure and properties of four kinds of Cr-Ni-based multi-
component eutectic high-entropy alloy systems including Crys_yNi(34:,/C010V 1o(x=7, 6, 5, 4), Cr; ,Nij7. Fe oV io(x=8,
7, 6, 5), Crs.yNigi,CogFegVy(x=5, 4, 3, 1), and Cryz,,Nig;., Co,gFeo(x=0, 1, 2, 3) were systematically investigated. A
series of alloys were prepared via arc melting, and the correlation mechanisms between compositions, microstructures
and properties were analyzed combining with the microstructures, the phase fraction statistics, and the hardness and
tensile tests. The results indicate that all of the four alloy systems exhibit a two-phase microstructure composed of face-
centred cubic (FCC) and body-centred cubic (BCC) phases, and all systems demonstrate classical eutectic solidification
behaviours: with increasing Cr content (the Ni content decreasing), the microstructure firstly evolves from hypoeutectic
primary FCC dendrites+interdendritic (FCC+BCC) eutectics to a complete FCC+BCC lamellar eutectic structure, and
then to hypereutectic primary BCC dendrites+eutectic structure; with increasing Cr content, the volume fraction of the
BCC phase increases linearly while that of the FCC phase decreases linearly; owing to the inherently higher hardness of
the BCC phase, the macroscopic hardness and tensile strength of the alloy monotonically increase with increasing
Cr/Ni ratio. Precise adjustment of the Cr/Ni ratio enables linear control of the phase composition, and then designing
the alloy’s mechanical properties, and providing both theoretical and experimental foundations for optimizing the
composition of eutectic high-entropy alloys and synergistically enhancing strength and ductility.
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Fig. 1 SEM images of the micro-structures of Cr 4.,y Ni (34.,) Co0Vyo (2=7, 6, 5, 4) alloys, and the upper right corner illustrations are high-

power tissue images
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Fig. 2 Duplex phase volume fraction and Rockwell hardness variations of the Cr (4., Ni (34..) Co,0V,o (=7, 6, 5, 4) alloys
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Fig. 3 SEM images of the micro-structures of Cr (43.,) Ni (37.,) Fe;oVy (#=8, 7, 6, 5) alloys, and the upper right corner illustrations are high-

power tissue images
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Fig. 4 Duplex phase volume fraction and Rockwell hardness variations of the Cr 4.,y Ni (37.,) Fe, 0V, (2=8, 7, 6, 5) alloys
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Fig. 5 SEM images of the micro-structures of Cr (,3..) Ni (33.,) CosFesVy (x=5, 4, 3, 1) alloys, and the upper right corner illustrations are high-
power tissue images
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Fig. 9 The tensile stress-strain curves of the two alloy systems
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Tab. 5 Yield strengths, tensile strengths and elongations of
two alloy systems

R % JE GRS /MPa FURIHRE/MPa %%
Cr,;Ni;;Co,oFe 372£33 727 £ 42 172+14
CrygNiy,CojoFe 410+ 19 739 +37 151+ 1.1
CryoNiy CojoFe 450 9 830+ 16 124+02
CryNizCojoFe 501 +20 997 + 14 113+0.8
Cr;oNi,, Coy0V g 446 £ 12 811+23 17.1+1.4
CryoNiggCo Vi 502 + 24 907 £ 19 15115
Cr,NizgCoy Vi 591+ 17 1076 +25 13.4+09
CrpNiggCoy Vi 601 + 45 1050 +28 7.1+0.6
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Fig. 10 Tensile fracture SEM images of two kinds of hypereutectic alloys



F

Vol.75 No.7 2026

sH [y ——
{EE Founory TGRS

BEAEE

b, BIEZECYNIELD IR SR X RS
SARRAIALFRERE . CovaRERRRAERMNRARE
e, BESHEMERE. HILZT, CoFea®
B DRI RIS SRR D HBCCHERIRIES, 4]
EEERIADE MR RKRE, AdHERoTateEs
Fif. XMSBCCEESRFRERAMNERN, B
EEREaEhIRITHRE T B,

3 45ie

AMRAZAFHRIT T UMSEATHESEARR
Cr (46.0) Ni (340.)C0ooVyo (2=7, 6, 5, 4) « Cr(4.)-
Ni (370 FeoVip (2=8, 7, 6, 5) « Cr(4..)Ni (3300)-
CosFeyVy (x=5, 4, 3, 1) FICr (47..)Ni (33..) Co,Fey,

SENEL:

[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]. Advanced Engineering
Materials, 2004, 6 (5) : 299-303.

[2] YehJW, LinSJ, ChinTS, etal Formation of simple crystal
structures in Cu-Co-Ni-Cr-Al-Fe-Ti-V alloys with multiprincipal
metallic elements [J]. Metallurgical and Materials Transactions
A, 2004, 35: 2533-2536.

[3] XhE, BRI, ¥, . Ti, (FesCouNiyCris) 1001508
BEMMEBESHEMES (1], $5&, 2021, 70 (2) : 200-
205.

[4] Wang M, LuY, Zhang G, et al. A novel high-entropy alloy
composite coating with core-shell structures prepared by plasma
cladding [J]. Vacuum, 2021, 184: 109905.

[5]1 FBtEX, BEIE, EB5Esd. 575 (FeyyCryCopsNisTi; ) o AlLS
BaEHFHRERBINTA ). 518, 2024, 73 (2) : 143-
149.

[6] KER, RLIAT. BEEIE, . &EREACryMngFe;,Cos,Nig
SEESHEARMEREAS [7]. &, 2025, 74 (9) : 1163-
1171.

[7] FanL, Yang T, ZhaoY, et al. Ultrahigh strength and ductility
in newly developed materials with coherent nanolamellar
architectures [J]. Nature Communications, 2020, 11 (1) : 6240.

[8] Z=M, 5KiE, 1T, % BLEESIREXICrMnFe;CoyNij i
BESERRMERIRN [J]. #5&, 2023, 72 (2) : 125-
129.

[9] BIE, ®i7G, &%, & LESHESHFERNIHRHE
B [J]. MRS, 2022, 36 (18FU1) . 333-339.

[10] LuY, Dong Y, Guo S, et al. A promising new class of high-
temperature alloys: eutectic high-entropy alloys [J]. Scientific
Reports, 2014, 4 (1) : 6200.

[11] Jin X, Xue Z, Mao Z, et al. Exploring multi-component

(1) AR IYHEFCC+BCCIBAERL, Cragr
KRS, &EHEYAFCCH BIBFIFCC+BCCHERHLNIA
B, BECraEigk, 52 R HMEZTAFCC+BCCIEE
FHERAEE, CrEsf—SIEBRNESFEEEREN
BCCHIAERMHRENREELR .

(2) EMARABRR DB REEINSEEHCr
SEEYIAEX. BCraSEin, BCCHBAIRIRDEL,
BEEEFREEE LT,

(3) Cr-Ni-Co-VIARFPHE R TRk 7o
BEENERREMYE, SHERSESEME
o Cr-Ni-Co-FefARhH SR =

UHEEEEENFMRERL,

eutectic alloys along an univariant eutectic line [J]. Materials
Science and Engineering A, 2023, 877: 145136.

[12] Az, EH, BEK RESRSANGEFRE ST
SBERNIE [J]. YIEFIR, 2015, 64 (5) : 341-350.

[13] Jaderson R D S, Felipe E S, Eshan G, et al. Effect of cooling
rate on AlFe primary and eutectic phase growth evolution in
an Al-2Fe-1Mn alloy [J]. Journal of Alloys and Compounds,
2025, 1010: 177870.

[14] Lozinko A, Zhang Y, Mishin O V, et al. Microstructural
characterization of eutectic and near-eutectic AICoCrFeNi high-
entropy alloys [J]. Journal of Alloys and Compounds, 2020,
822: 153558.

[15] MaY, lJiang B, Li C, et al. The BCC/B2 morphologies in
Al NiCoFeCr high-entropy alloys [J]. Metals, 2017, 7 (2) : 57.

[16] LuY, Dong Y, Guo S, et al. A promising new class of high-
temperature alloys: eutectic high-entropy alloys [J]. Scientific
Reports, 2014, 4 (1) : 6200.

[17] Jin X, BiJ, Zhang L, et al. A new CrFeNi,Al eutectic high
entropy alloy system with excellent mechanical properties [J].
Journal of Alloys and Compounds, 2019, 770: 655-661.

[18] Feng S, Guan S, Liu X, et al. Lightweight Co-free eutectic
high-entropy alloy with high strength and ductility by casting [J].
Materials Research Letters, 2024, 12 (1) : 26-33.

[19] Mao Z, Jin X, Xue Z, et al. Understanding the yield strength
difference in dual-phase eutectic high-entropy alloys [J]. Materials
Science and Engineering A, 2023, 867: 144725.

[20] Feng H, Zhi J W, Peng C, et al. Designing eutectic high
entropy alloys of CoCrFeNiNb, [J]. Journal of Alloys and
Compounds, 2016, 656: 284-289.

[21] 3%JkEE, 2%, BEEA, & AIBEXJCoFeN,V, - SEE M
MALRFNHZMERERIFN [1]. #5i&, 2021, 70 (9) : 1047-
1053.

(%4t . X &M, ldm@foundryworld.com )



