[ 7/ B S
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20261102

PR T IR [ R0 Bk e 4 £ BT 18] 3
Si4V5MIl5CI'1()CO3()FC46 Slﬁi%\@%*ﬁé\@}z:—: g\%?fﬂ‘j
FFLIEEIL AN
FUBHE 12, BT 2, R 12, MR 2 KB 12, E A1

(1. KRJFEBETREMTHRFRE, WP KE 030024;
2. RJFSETRZPARIREE S 45 ph i BN SkEe =, L7 KR/ 030024)

B E: XA-RBAUEWEHA, N IRAE Si,VsMnsCrioCosFess 8 & & HARTHet & 528, HRT AR
T E G kG E T AW SHETEAT N, BRE B R vw oA 3L R NI & R R fod B 1) A6
MAMT, MEPEEES 282 m/s AR £ 553 mys, B B @& E g ERgARAS, MERBENERT/AK
ANy REA BB EERARREEN, LEAMEEESNERRAE R EAFTEEERNEHT, BEAHEE
Edlmm¥EE 2mm, forEgaEd 0.075 us £KE 025 ps, EZEE & 1.40 GPa 2% £ 1.83 GPa, FLIFZ [ 4
THOREEEHET, DM X FEATENSZEH (0-CT) L RRFA WwHEREAFRAILAEARRE., £5
Fo B A FAREAN, T Bod S B I8 B ol AT 50 RARA RAERARS, AR A, wEEEEERABRARGE RS A,
Jioe e S it ] £ BR S BG R RG RE AR E.

KB BEA S TR E; BR; FLREE M MEK ; y MR R S at

FESES: 0346.1;0521.2 ORI, A

AR S S 4 B T AR E TRERIE, AN R FEA S BUER AR . B8 BB
J VAR T AHAR S5 2 AR A, R AE S P (B R 4% 5 T R B R e A 031, AR, X
KE DA MEFRS B RR AR R 2 ~ K A2 T 037/ (Face-Centered ~ Cubic, FCC) [/ #HiNH
(Hexagonal Close-Packédy, HCP) . i#t—2P &0 37/ (Body-Centered Cubic, BCC) 254781k 1I4H
AT AP, RIX AR O T B A T R AR, AR 5 R AR A A ML) AR T R v R
75/ RH 8] AR S PR AR S AL Y, AT b & T A ) AR AR AR I RS, 01, AHAR A 2 B AR
A4k g JJUOTRISAAR 73 FUAFAEL), 3B 2l HrAH T RO AH S0 22 000 1 oy 38 AR T v U 14 1) i Ao 120585
RS g A 54 RIS, KL, X T AR S A e S, AR SRR ST, T
—NEUIREG . AL A .

SR, HI N AR ZR %A IRAG B A AR IR I AN e f S AMEE R i ph e il FR00. 16170, i /2
— i R ) v AR R AEN AR N T A, FTAETIOND RUEE N 5 R E i« EN IR AR A A ELAE

Yok H . 2026-05-18; & [EIHA: 2026-06-20

HeTH: ERARBEESHFER SRS AR (12225207 ; EFARBSERES (12102291, 12072220)

TEE T XIBUE (2001—) , Z, WiL#AFE, FENFEHE ST MR E-mail:
liuzhengyuan512@163. com

EIREE: KRBT (1990—) , B, ML, BI#dR, EEMNEMES %R, Enail: zhangtuanwei@tyut. edu. cn



[ /B < O
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

LI 105~106/s HY R NAR R, Rt M RIEI AT 5 Z 24T A EE T RIS V), 5iEfAS s zha
NN, e IO H 2 R RRARIT B, WPRLIE AL T 5 AR FR 200, R K e R [R] RUAE 2AS

AN PIRESPILEVER T, SEIRTRRE AT BE M AR 22 78 4 RSB I AR RR B, TR 1 7K R AR 32

TERE. B, ZFAE T AR A] ReAN A T AL s B R AR B 3 S A s AR 0L 17,

T 5 AT RE 52 BB AS N PRS2, B AL #k SAH AR R R4 2510 R Rk s s A i #2020 2 &4
file #E2, WSS G SIS BT R GRS P AR, DU E)

ST — LR, KKS5EE, TARRATT.

AR, WG e TR 25 N RIBIAS W R T DI R, O TR ZEHSEHAE.
WARIZ A0 ) S IR e pkl, BB ERE TR B FLIRTEAAALE DL A AR 2R
PSR EAL RS . B, CoCrFeNi HFLIAH So7E i 70 H = 7 S A A A% 281,
FegoMnyoCragNizg T LA TEAZL 5 56 52 i SR B ) AR T A1 2 25 5 MR 20); - AlCoCtEeNin il 3= EAR Je 72
TN, HIRTE By N TEAZEY); i 454 CrMnFeCoNi A FLIR 58 A R] - 7R 4H i 45 d [X 5l
WA FEME A AR, XS AR, AR, AR K SRR 2 R O Jm R B AR T K LT
EAGERAE, ATTSZMA B Z R AT N . A KT JZ 25 3h &4k I 7t 2 5 h T AH 5 A
XPRGE AR R, TR X MEAR A A G 18 i AR 2Ry A/ o SR R T (R ORE 28 7 A St 437 %1 v A0 52 T 1) 5%
GRENBA L . M TURSEHEEEME, — DOCHRE nl B T A 5 838 3 2 R i 21
TEBSKRAEXNTHFHSZRNSISHEAE, PLEAZA R IFRE s — D miliiEZ. K5
RE. RECHDEW AT o WA R Hh 82 2 b o 3 A A Zh A 40 4 L G 01131732331, {H 56T
i T R 5 Ok h R T () o] A [R] 5 e AR AR S8 AR G AL, B ATIIER = RGN

BT, ARSCIEHL SisVsMnsCrigCosoFess  (at.Yo) RS imii & S E N A &, FIH— RS
TEREPAR M S, FRGURIE Tt ik B AN kel [ai) & S AH AR 5 2 R AT N I . di I
T2 E (Photon Doppler Velocimetry,” PDY W\ FREUAA e} ot i sk R A (14 B e D 3 5 — P[] it
28, HEHHPRME T 2SS (Scanning  Electron  Microscope, SEM)  H-FHHURATH C(electron
backscattering ~ diffraction, EBSD) R X HHEETHENW ZHH (u-CT) =HEHEMERIETFE, X
ANFEINEGRAT FRIMARAT A JERME R LR AT R b, BEER RS SEE
AR BT T A AR5 UNEIERAU AT, JF D9 AR AR UGS M AR ) P b BT SRAR ER AR A

1 SERMREEE

(C) +FCC = ——1200°C 5h
s

3

3

z

2 g 2 = a

< =

a g 4 @gd
- Y Ty

20 30 40 50 60 70 80 90 100

20(degree)

K1 WIAMONEE R (a) EBSD B (b) AHIE:  (c) XRD &
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Fig. 3 Schematic of the plate-impact experiment and a typical free-surface velocity—time (us-f) profile.
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Fig. 4 Free-surface velocity histories of the specimens: free-surface velocity curves for specimens with (a) different impact

velocities and (b) under different shock pulse durations
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Fig. 5 Variation of spall response parameters with impact velocity (a) and sample thickness (pulse duration) (b).
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characterization of regions near voids in 2 mm samples under different impact velocities.
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Fig. 9 Macroscopic morphologies and local void features of samples with different thicknesses at,animpact velocity of 500
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Effects of Impact Velocity and Pulse Duration on Spallation Behavior and
Void Evolution on a Metastable Si,VsMn;Crii€0;Fe s High-Entropy Alloy

LIU Zhengyuan'2, ZHANG Tuanwei'-?*, ZHAQ Jiawei'-2, DU Shiyu'2, ZHANG Lei!?,
WANG Zhihual2
(1. College of Aeronautics and Astronautics, Taiyuan Uniyersity of Technology, Taiyuan 030024, Shanxi,
China;
2. Shanxi Key Laboratory of Material Strength and’ Structural Impact, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China)

Abstract: Metastable high-entropy alloys.can exhibit coupled phase transformation, strain localization and
damage evolution under shock loading, and their spall responses are governed by both the loading intensity
and the duration of the stress/pulse. To clarify the distinct roles of impact velocity and pulse duration in
spallation behavior and yoid gvolution, plate-impact experiments were conducted on a SigVsMnsCr;oCoszoFeqs
metastable high-entropy, alloy using a single-stage light-gas gun. The free-surface velocity response, spall
parameters, local microstructural evolution and three-dimensional void morphology under different loading
conditions were systematically investigated. The results show that, at a fixed specimen thickness, increasing
the impact veloeity ftom 282 m/s to 553 m/s markedly raises the peak free-surface response and the peak
compressive stress] whereas the spall strength only slightly changes. Meanwhile, internal voids evolve from
dispersed nucleation to localized clustering, accompanied by increased fractions of HCP/BCC phases and a
pronounced rise in high-KAM regions near the voids, suggesting that higher impact velocity promotes local
phase transformation, lattice distortion and concentrated damage development. Micro-X-ray computed
tomography further reveals that increasing impact velocity drives the voids towards larger volumes, stronger
spatial concentration and more complex morphologies. In contrast, under nearly constant impact velocity, as
the specimen thickness increases from 1 mm to 2 mm, the pulse duration is prolonged from 0.075 ps to 0.25
us, and the spall strength correspondingly increases from 1.40 GPa to 1.83 GPa. The spatial distribution of

voids gradually changes from dispersed to centrally concentrated, with an enhanced tendency for
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interconnection, indicating that longer pulse duration demonstrates greater favorability towards damage

accumulation and localized coalescence. By combining free-surface velocity histories, two-dimensional
microstructural characterization and three-dimensional void statistics, it is shown that the impact velocity
mainly controls the instantaneous driving force for the damage during spallation, whereas the pulse duration
primarily governs the time window for the damage accumulation and the extent of localization. Together, these
two factors determine the nucleation sites, growth paths and final failure mode of spall damage in this
metastable high-entropy alloy.

Keywords: high-entropy alloy; plate impact; spallation; void evolution; phase transformation; pulse duration
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