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Abstract: AlCoCrFeNi,; eutectic high-entropy alloys effectively overcome the inherent strength-ductility trade-off
bottleneck of single-phase high-entropy alloys with FCC/BCC structures via the coordinated deformation of soft and hard
phases. To address the key scientific issues of the microstructure evolution and performance regulation of the alloy under
nonequilibrium solidification conditions, this study adopted 35 m drop tube containerless solidification technology to realize
deep undercooling and rapid solidification of the alloy. Spherical samples with particle sizes ranging from 100 to 2 800 pwm
were prepared, and the coupled regulatory mechanism of particle size on the microstructure evolution and mechanical
properties of the alloy was systematically clarified. The results show that all the drop-tube samples maintain a dual-phase
structure of FCC+B2. With decreasing particle size, the evolution path of the alloy microstructure is as follows: radial
gradient structure (2 800~1 500 pm, from primary dendrites+anomalous eutectic on the surface to regular lamellar eutectic
in the center)—dendrite refinement and fragmentation (1 200~520 pm)—complete anomalous eutectic (<520 pm). The
evolution of the microstructure directly leads to the differential response of the mechanical properties: large samples exhibit

a hardness gradient of low center and high periphery, whereas the hardness of small samples (1200~100 wm) increases
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linearly with decreasing particle size (307~324 HV).
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Fig.1 SEM microstructure of the as-cast AlICoCrFeNi,, sample

& 2 AlCoCrFeNi,, # &R 2 1 AL ) 4t 26 41 EDS JC R 43
Fig.2 EDS analysis of the lamellar regular eutectic microstructure in the as-cast AICoCrFeNi,, sample
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Tab.1 EDS point analysis data corresponding to Fig. 2
(atomic fraction/%)

Element Al Co Cr Fe Ni
I 30.1 11.3 10.2 10.4 38.0
I 29.2 11.9 10.8 9.7 38.4
] 11.5 15.2 22.6 18.5 322
v 10.9 15.3 21.8 19.0 33.0

Nominal composition  16.39 1639  16.39 1639 3443
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Fig.3 XRD patterns of the as-cast AlICoCrFeNi,, alloy and drop
tube samples with various particle sizes
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Fig.4 OM images of drop tube samples with particle sizes of 2 800, 2 100, and 1 500 pwm: (a~c) low-magnification OM images of
2 800, 2 100 and 1 500 pwm samples; (a,~a;) higher magnification images corresponding to regions 1~3 in (a), respectively;

(by, ¢,) high-magnification OM images of the areas marked by yellow dashed circles in (b) and (c), respectively, where region I denotes
regular eutectic and region II denotes irregular eutectic

https://www.cnki.net



«656- FOUNDRY TECHNOLOGY

Vol.47 No.06
Jun. 2026

SER (I day) , P B0 TR 2o v DS i1 1 <1 1 it 20 2L
fIE 5 328 U XIS (67 2, B 0 i 4 P R O ) oy B AL
T BRI AG A 7 A o X (] day) , VS 1R R Y
SR AL 0 K (07 B 3, U 45 FLAL ) Jhy iR 5 AR
AL AL, R 2 R RN 3 (bR 1) 5 R0
(b i T2 B (& 4as), 5280 H S i 358 [ 3 5 i 41 40
FRAE, B U G AR 14 — b U 3 17 14 56 % 2H 218
BE L RIAR R R L 2 100 wm (& 4b)E RE 5L AT
PR BH e i 5 400 A R A B IR S5 4 rh X
B 4b) I A 2 5 R #0000 e o 5 Al B0 ) e g
LI A A 2L 2H ZURE FERRAEAT B B (H L
AL DR 5 LU RS A A, YRR — SRR
1 500 pm( &l )it Hhe 2 f X (BT 6 g e ) T AL
/I EHACHE AR R0 2 R 2 R R 3 S 4
THA RUIIL B G E K TR e T 2 8 B R,
(HAFE B2, SR ARFEZE 2 1000 & 600 um B,
ZH ZUR B RRAE S8 A O FE R AR Y S R R A
AL W) A A 0 VIR S5 4, A WL 58 BT o] 5 R AL b
DR, 3X— IR R Bl W RO 800N v 3 R
F) i 2 T B0 [ 41 20 A 3R Ak, 3 T A
PR B A R 2k 52 A ] AR - B AL Ak
HAE R EFHEE,

AT B 5% 36 B 08204 41 58 R % AlCoCrFeNi,,
e it v G 4 B 1 B R M BUR S B
Cao EUY S &I, B B RIZE B LH A A

{72 KA S R D0 s ) OO0 s 9 L LA PR
T [ 2705 R i T OURER B0 AL — R 3 A — S R0 A
i 2R 2 R e R A X S AR SR R IR
B i IO A 1) L 2000 AR FRAE AR AT . X R 4L 2B B 1 T2
B BT V5T VRO A ) L S AN A A A TR
RIZHEBEE RN TRl 538 B3 R T O0H,
TGV VR AR ) A 1) SR, HET 5] &
E ML 0 L5 A MO E 20— A48 | Bl
HIHCRPE T, B — I 5 A SURE R T A N ) A R
IR E A S5

B 5 N E AR 2 800 wm 75 45 #E 5 1Y SEM K]
%, E— A W O 4L 840 5 AR A AR R AE R
Sa TH BT R T RE S AN 2 B0 AR A R (26T k) Rt
ST R L B 3 A 1 Sb kbl IX IR A B
S, o LB PO Sc BIF s A O U I3, B A
BB 5 R O 3 R O 4 4 AR
PEX AL E N XFRE B Sd BT B LI fl 414, vl
J2 P R0 e 5 5 A D) 2 5 Y S AR RREAE . EDS T
Hor a5 B (K 6) o, Kl Sc i 8 X ks 4 Al
Ni JGZE , F2 {0 X 5 % Co.Cr.Fe L&, 454217
AL B3 B, 18 A B i o s (Co, Cr, Fe) ) FCC
AH 0 XU B FCC AH 5 & (Ni, Al B2 AH28 %
A KA R, D Sb 4 B Hon 46 FL K BE Y SEM AR, 1T
MR 22 5 R e 5 25 4

BT RO 45 # W52 5 48 AT, AlCoCrFeNi,,

5 KifE 2 800 pm AlCoCrFeNi,, # & FE it SEM &l . (a, b) Ff i1 4k 5 rho0 KEURAE AL 5 (¢, d) (b)h P IX 5 N X 1y = s R A .
(o) 47 &1 vt 45 FL N BE RS SEM 1A
Fig.5 SEM images of the 2 800 wm AlCoCrFeNi,, drop tube sample: (a, b) low-magnification images of the edge and central regions,
respectively; (¢, d) high-magnification images of regions P and N marked in (b). The inset in (b) shows an SEM image of the inner wall
of the shrinkage cavity at the center

SRl ESpRI ]

https://www.cnki.net



SRl ESpRI ]

(HIER A H06/2026

WBEIE, % . AICoCrFeNi, £ R BB AL R A RERE AL ET 5 N E ML *657 -

6 Kift 2 800 pm AlCoCrFeNi,, %+ it 9 EDS J0 % 1 /3 fii €]
Fig.6 EDS elemental mapping of the 2 800 wm AlCoCrFeNi,, drop tube sample
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I8 7 AlCoCrFeNi,, # & () SEM [l . (a~c) 2 100 wm A 3 2k 1 ¥ X I 0 K8 ; (d~0) 1500 m #F 530 2 5 8 X R
X
Fig.7 SEM images of AICoCrFeNi,, drop tube samples: (a~c) edge, transition, and central regions of the 2 100 wm sample; (d~f) edge,
transition, and central regions of the 1 500 wm sample

8 A[FAHKLfE AlCoCrFeNiy, ¥ 45 FE dh 1Y SEM A :(a) 1 370 wm; (b) 1200 pm; (c) 860 pm; (d) 700 wm; (e) 630 wm; (f) 520 wm;
(g) 350 pwm; (h) 260 pm; (i) 100 pm
Fig.8 SEM images of the spherical AICoCrFeNi,, drop samples with various particle sizes: (a) 1 370 pm; (b) 1 200 pm; (c) 860 pwm;
(d) 700 pm; (e) 630 pwm; (f) 520 pwm; (g) 350 wm; (h) 260 wm; (1) 100 wm
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Tab.2 Elemental compositions of the constituent phases in the AICoCrFeNi,; drop tube samples with various particle sizes

(atomic fraction/%)

Particle size/pm Phase Flement
Al Co Cr Fe Ni

Dendritic FCC phase 12.4 18.1 18.7 19.0 31.8

860 Eutectic FCC phase 13.2 17.6 19.2 18.1 319
Eutectic B2 phase 25.8 13.8 11.6 12.7 36.0

Dendritic FCC phase 12.8 17.9 18.4 19.0 31.9

630 Eutectic FCC phase 12.5 17.2 19.6 18.3 323
Eutectic B2 phase 26.0 13.4 11.7 12.1 36.7

Eutectic FCC phase 12.0 17.9 19.0 18.6 31.6

30 Eutectic B2 phase 26.1 14.1 11.9 12.2 35.7
Eutectic FCC phase 12.0 17.7 18.6 18.8 33.0

100 Eutectic B2 phase 24.6 14.0 11.4 13.9 36.1
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Fig.9 Two-dimensional Vickers hardness distribution maps of drop tube samples with different particle sizes: (a) schematic illustration
of indentation positions; (b) 2 800 wm; (¢) 2 100 wm; (d) 1 500 wm
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Fig.10 Two-dimensional Vickers hardness distribution maps of drop tube samples with various particle sizes: (a) schematic illustration
of the measurement coordinate positions; (b) 1 000 pm; (c¢) 800 wm; (d) 500 pm; (¢) 300 pwm; (f) 100 wm
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Fig.11 Vickers hardness as a function of particle size for the
AlCoCrFeNi,, drop tube samples
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