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Effect of Aluminium Addition on the Microstructure and Mechanical
Properties of a CoFeNiyV,sC),, Eutectic High—entropy Alloy
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Abstract: Eutectic high-entropy alloys (EHEAs) have garnered extensive attention in the field of materials science because
of their excellent mechanical properties and superior castability. Among them, C-containing eutectic high-entropy alloys
represent a novel design system developed in recent years. Although they exhibit good plasticity, their low yield strength
remains a bottleneck that restricts their engineering applications. To address the insufficient strength of carbon-containing
eutectic high-entropy alloys, an FCC+M,Cs-type CoFeNiy(V,5C),, eutectic high-entropy alloy was utilized as the matrix. By
adding Al to alter the solidification path, an Aly;CoFeNiy(V,5C)y, hypereutectic high-entropy alloy was designed and
fabricated. The alloy consists of a primary M,C; carbide phase and an FCC solid solution phase. While essentially
unchanged elongation (10.7%=1.1%) is maintained, the yield strength and tensile strength increases by 37% and 21%,
reaching (482 +22) MPa and (918 £27) MPa, respectively. Through classical strengthening models combined with
microstructural characterization (SEM, XRD, EBSD), the strengthening and toughening mechanisms are elucidated: the
strength enhancement primarily originates from the solid solution strengthening effect of Al and the precipitation
strengthening from the primary carbides, which enhances the work hardening rate, delays plastic instability, and achieves a
synergistic improvement in strength and ductility.
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1 44 58S (a, b) AlCOFeNi(VaC)os A 4 HOM A SUE 5 5 (a,) AlxCoFeNiy(VaiChos 7 4 1 AR S 5 H 15
(¢, d) CoFeNiy(V,5C)o, & 4 ML LA LU 5
Fig.1 SEM images of the alloy: (a, b) microstructure morphology of the Al;;CoFeNiy(V,sC),, alloy; (a,) statistical analysis of primary
phase sizes in the Aly;CoFeNiy(V,5C),, alloy; (¢, d) microstructure morphology of the CoFeNiy(V,5C),, alloy

JE SRR S 0 AL () R )2 4140, 2 AR 3G i
WA, XIEH T Y G4 P — I A R
BUNTF Ve 40010 F 98 BRI S i g 210920 % 4%
ROVE &5 WAL YA 0 LB 29 R 10% , R ik At
PR ERRIL FIES . O — 5 1H, #E CoFeNiy(V,sC)oa
Ga& AP IR LR B B Ay E AL, 2
DL LB A TR A e At d s,

2 2 XRD MIAEE /T LLE ), AlysCoFeNiy-
(VasC)oa B3 42 A S & 5 B[R] 19 FCC ARAS 1
A HEUEE T, W AH 5> 51 FCC i 1A AH 1
MC; AR b AE . (B4 — & 0902 FEXT B AL
H43 Br i 2 B, MC 28 B4 [ i A6 0 Fl MLC 5 28 Y 1) flk
e B FCC (iR gity , R As 5 HORTR
AT AT XRD 45 5L 042005 T ks 5 B8R /N MG,

B Ak ) AR 022220 RO AT GE AlgsCoFeNiy(V,sC)oa
B4 FCC ¥ AR AR AT MLC, BB AL A AL A, 1
PV R S, MLC RHATT S 068 ) 5 B8 A, aX E B
T HAR G A& BRSO e, 55—
T , Tfﬂﬁ Al 11 COFeNiz(Vz.sc)oAz é’é‘z\ 1) XRD i ﬁti,jq:
Ferpr, AUCWELF) FCC [ ¥ A BT X R 14 A7 506, I
ARG B A T I, R TR G EAEA
R B0 A= AR fe Ak, i e etk i e AL 3k 40
NCE AR /NT 200 nm)! ) 305 AR G5 F I KRR R
PERE IR 517 05 5 00 B W RRAIC 3 3 A P A% Oy
TR T Aly;CoFeNiy(V,5C)oz &4 ,FCC [
TR H A MLCs 25 B 1 ik A 0 19 0 A% 8805 0 o
are=0.357 4 nm ,ay,  =0.415 0 nm., AR 45 i B 1T
A (D)ZER T LLE B FCC A MCs 2 A UM i

2 XRD [El3 : (a) Al;CoFeNiy(V,5C)or G 42 5(b) CoFeNi(V,5C)py 15 42
Fig.2 XRD patterns: (a) Alp;CoFeNiy(V,5C),2 alloy; (b) CoFeNiy(V,5C),, alloy
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Fig.3 Surface scanning analysis of the Aly;CoFeNiy(V,5C),, alloy: (a) alloy microstructure morphology; (b) Al elemental mapping;
(c) Co elemental mapping; (d) Fe elemental mapping; (e) Ni elemental mapping; () V elemental mapping; (g) C elemental mapping

4 Aly;CoFeNiy(V5C)on & A AT T : (2) & S LLUB L ; (b) EDS £ 4k A
Fig.4 Line sweep analysis of the Al;;CoFeNiy(V,5C),, alloy: (a) alloy microstructure morphology; (b) EDS line scan spectrum

& 5 Aly;CoFeNiyV,5C)oy A 4 0 S A5 Hr
Fig.5 Point scanning analysis of the Aly;CoFeNiy(V,5C),, alloy
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Tab.1 Element contents in the FCC phase and M,C; phase
(atomic fraction/%)

Element FCC phase M.,C; phase
Al 5.96 0
Co 21.44 0.64
Fe 21.70 0.59
Ni 4222 1.09
\Y 7.12 92.85
C 1.57 4.84
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Fig.6 EBSD test results of the Al,;CoFeNiy(V,5C)y, alloy: (a) phase map; (b) inverse pole diagram; (¢) FCC phase pole diagram;
(d) M,C; phase pole diagram
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7 i@ it Pandat 45 A9 #2540 B T F A A5 R :(a) CoFeNiy(V,5C)o, G4 ;(b) Aly,CoFeNiy(V,5C)on G4 ;(¢) Alp;CoFeNiy(V25C)o, &
4 3(d) AlyCoFeNiy,(V,:C)or 7 4
Fig.7 Thermodynamic phase diagram calculation results obtained through Pandat: (a) CoFeNiy(V,:C)y, alloy; (b) Al,,CoFeNiy(V,5C)oa
alloy; (c) Alp;CoFeNiy(V,5C)o, alloy; (d) AlpsCoFeNiy(V,5C),, alloy

8 ALCOFeNi(V,sC)y, & 42 19 J1 57 P BRI 25 < (a) RN 1 — A8 M1 28 ;5 (b) B0 g — 2037 A% iy 48 R ofin T A Ak 4 i 2
Fig.8 Mechanical property curves of the ALLCoFeNi,(V,5C),, alloy: (a) engineering stress-strain curve; (b) true stress-strain curve and
work hardening rate curve
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E 9 H4W MIES . (a, b) CoFeNiy(V,5C)on A4 ;(c, d) Aly;CoFeNiy(V,5C)o, 7 4
Fig.9 Fracture surface morphology: (a, b) CoFeNiy(V,sC)y, alloy; (¢, d) Aly;CoFeNiy(V,5C),, alloy

10 A10_3C0FCNiZ(Vz,5C)o.2 SN ES Ry :(a) Wi 1B 50 ;(b) INRTESET ;(C) Co M4 ;(d) Fe 1 471 4 ;(e) Ni A 9(f) Vv
I 14 5 (g) C i 14
Fig.10 Fracture surface scanning analysis of the Aly;CoFeNi,(V,5C),, alloy: (a) alloy microstructure morphology; (b) Al elemental
mapping; (c) Co elemental mapping; (d) Fe elemental mapping; (e) Ni elemental mapping; (f) V elemental mapping; (g) C elemental
mapping
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