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Abstract: High-entropy alloys (HEAs), due to their unique alloy-design concepts and excellent comprehensive properties, are
becoming a research hotspot nowadays. However, previous reports were scarcely focused on the dynamic mechanical loading
of the HEAs, that is the applied strain rates often were limited in the quasi-static regime. In this research, CoCrFeNiAl, HEAs
were successfully prepared by vacuum arc melting pure elements in a high-purity argon atmosphere on a water-cooled Cu
hearth. Each ingot was remelted at least five times to ensure its chemical homogeneity. Cylindrical samples with a diameter of
three millimeters were then synthesized by copper-mould suction casting. Quasi-static compressive tests at room temperature
were conducted by using an Instron 5969 testing machine, wherein the test specimens with an aspect ratio of 1 : 1 were cut
from the cylindrical samples along the longitudinal direction by electrical discharge machining. As a comparison, dynamic
compression experiments with various strain rates were carried out at room temperature by the split Hopkinson pressure bar
(SHPB). For characterization, crystal structure, microstructure and deformation characteristics were investigated in detail by a

combination of X-ray diffraction (XRD), scanning-electron microscopy (SEM), and transmission-electron microscopy (TEM)
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analyses. The XRD results reveal that simple solid solution structures, in forms of face-centered cube (FCC) and/or body-
centered cube (BCC), were obtained in the current alloys. All the alloys exhibit positive strain-rate sensitivity and excellent
work-hardening ability. Interestingly, three isolated deformation mechanisms were detected by TEM analysis, that is combined
dislocation slip plus deformation twinning dominats the plastic deformation in the CoCrFeNi alloy (with FCC structure) for
both quasi-static and dynamic loading conditions, however, such phenomenon was only observed in the CoCrFeNiAl, , alloy
(with FCC plus BCC structure) under dynamic loading. As for the CoCrFeNiAl alloy (with BCC structure), single dislocation
slip accounts for the plastic deformation in both quasi-static and dynamic loading conditions. Moreover, the dynamic
constitutive relations of CoCrFeNiAl, HEAs were obtained by the modified John-Cook (J-C) constitutive model.

Keywords: high-entropy alloy; dynamic loading; constitutive relation; deformation mechanism
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T EA AR N AR R AR SRR AL S AT AN AR BT U R AL e O, TR B A A S B A
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FCC+BCC 2] BCC 454y — R &0 & & sh A8 1SRRI 9% . ZEULIERE b, 3F — 25 R4S 0 A8 3 5%t
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(transmission-electron microscopy, TEM) K/ 128 JE J5 & 4 WSO E5 44 o 3 3 7 RE R SR AL 47 2 T o
ARG, AR J 1107 F1 1x107 s, R4 B9 U 5 & R RAT B R AT = R s B R4 L
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MR LSS o 2 T v o AR, SRR AR AT TR S AR TR, i T A2 R S O R R SORE o 4T
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Fig. 1 XRD patterns of CoCrFeNiAl, high-entropy alloys
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b Y B G ok ¥4 (6 1 B 3 T - T T 9 7 T TV V5 A B P 78 A ), 5 4 L o A BR A ) RS A
rniE AR . X AT RESE T AL IMAA & T & SR R WA 1 RoF 22 5, IR AN 503K i iR
GRS (—22 kI/mol) Wi 155 & 7 BEE L R h 45 5 & AR T R R R SR U7 BeAk, ARSI AL #1585
SRR SH S 8 T — 1 4tk .
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Fig. 2 SEM images of CoCrFeNiAl, high-entropy alloys
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Fig. 3 Engineering stress-strain curves of CoCrFeNiAl, high-entropy alloys at various strain rates
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Fig. 4 Strain-rate sensitivity of yield strength at two regions for CoCrFeNiAl, high-entropy alloys
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HURNE ZE, m NI ERALREG TN E IR (T=T,=298 K), T, FiXAFEHE S (Al Al FIl AL B8 553500 K
1858, 1737 #11673K).
% BB MRHE S A N 72 25 5 e A A AR T, N AR g BT 7 AR ) BRI AR ] PN kAN KRR,
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B AR B, L 6(c) H A I X AT S0 BT (selected area electron diffraction, SAED) & g — AIE 5L T 28 8 il 7=
Ao 1B 6(e) 78 I 25 5 1 55 4> 3% TEM (high-resolution TEM, HRTEM ) &, H: 25 5 JELEE 5 5~10 nm.
[ 6(f) M IE 6(e) Hh HELEHE ) Jiz i FEL A5 J6 (inverse fast Fourier transform, IFFT) &, 7] LIBH i 3, 7E28
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Fig. 5 Comparison between dynamic flow stresses and the J-C model of CoCrFeNiAl, high-entropy alloys

I 7 24 CoCrFeNi fmififi & 4 W AEN AE #2242 800 s T Y TEM &, &l 7(a) AT, TESI S IMELT,
R B A7 A8 AH G 2 A0 B T v R B A R M A i o AR, AR R AR, PO AR T BN, 7 S
8 i 32 W BHL 0 8K, 758 5 A0 5 2 18] 1 52 B R B, ly iy ok & 4 10 35 i s AR KON o T DA IET 7(b) il
7(c) TR LA B, SUERSAHLL, G4 WNHE T REARIEZR 5, I H R 8 X 8la 0 Z8 m iy A=, =
25 R B /N T — R R A, A 1~2 nm, WE 7(d) BiR, X ABAERE & 7(e)~ () A8 TIES ., &
SR, TURAE R AR R A RS T (32 B, H e A TS B s AS BB R B 55400 (dynamic Hall-Petch
effect) . WAk, ZEET 7(f) By 2R BT I8 & A /D 1 HESR 2 5 (stacking faults, SF) o BFFERET, —WK
5 2 AR I A o BN S 3 32 B BT BE R, 248 5 28 5 i A2 AR T EE i, B 25 ) 7E 28
R FER, T3 0] B AR T S, BB “ETHL” MPERRT, Ak, iR 0T LA B, e R s 2 )
BT, Aly G &AL G4, i a] LUE 200008 2208 /B R, BA W WA 22 5 8 0
(twinning-induced plasticity, TWIP) R, 3% FEZIEH T Al, A 4 A TR A HELEZ 45 B (stacking fault
energy, SFE) & 20~30 mJ/m* ), & G 7E 8 TE i 72 vh 45 5 A 4 (S0 04 itk 6 TR ) o 57 465 [) B 22
TR MRS S B RO, (255 R BB 8 I, H 75 & 28 19 2B

€] 8 A CoCrFeNiAl,, Filii & A 1EN AR F N 1x107* s 13600 s™ R TEM K, & 8(a) A 1x107*s™!
TRIEZAH, PR LR, 72 FCC X8 A iy %85 B8 B 48 AL 5 L 19 A i, 78 BCC X 3222 DA
B IE 2 B, PR X 40 K SRR T 2R i, 3% 3R W & 4 0 9B PR TR LU A B o % &1 8(b)
93600 s N ARYIIIZAH, AT LG BG e N ER I T O A/ AL L, 204 FCC XSRS 24 /Y iR
AR, B 8(c), T LA HAE FCC A P R B T — WA TE 28 i, HLZR G JEEBE Ol 5~ 10 nm, T 26 0145 R 78

111101-7



B4 % THRER, 4F: CoCrFeNiAl Z Rl & 4 i S Z5 J1 A MERERIA K C 5 5114

i

lggislocation cells

(c) Bright field image

Deformation twins

100 nm

(d) Dark field image (e) High-resolution TEM (f) IFFT

16 CoCrFeNi Hilii {3 & fE N ALH AR 1x10™* s™ i1 TEM 4]
Fig. 6 TEM images of the CoCrFeNi high-entropy alloy at the strain rate of 1x10™*s™
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Fig. 7 TEM images of the CoCrFeNi high-entropy alloy at the strain rate of 2800 s
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Fig. 8 TEM images of the CoCrFeNiAl, , high-entropy alloy at the strain rates of 1x10*s™ and 3 600 s
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(a) Dislocation lines (1x107*s™) (b) High-density dislocations (2 530 s™)
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Fig. 9 TEM images of the CoCrFeNiAl high-entropy alloy at different strain rates™
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Table 1 Comparison of strengthening mechanisms for the three HEAs under two loading conditions
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