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Research Progress on Serrated Flow Behavior
in High-Entropy Alloys

LIU Bohao, HAO Rong, QIAO Junwei
(College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract . High-entropy alloys (HEAs) exhibit outstanding mechanical properties, thermal stability, and corrosion resist-
ance due to their unique alloy compositions and the uniform distribution of multiple elements. Consequently, these novel ma-
terials have become a research hotspot in the field of materials science in recent years. Serrated flow behavior is a significant
and characteristic phenomenon observed during the plastic deformation of high-entropy alloys, typically manifested as irregu-
lar fluctuations in the stress-strain curve. This behavior reveals the complex dynamic mechanisms within the material and is
closely related to microstructural evolution, such as dynamic strain aging and dislocation movement. Studies have shown that
serrated flow behavior presents different characteristics under various external conditions, significantly impacting the mechan-
ical properties of the materials. In recent years, researchers have extensively investigated the mechanisms behind serrated
flow behavior, its influencing factors, and its effects on the performance of high-entropy alloy materials, uncovering the
essence of phenomena such as dislocation slip and localized strain concentration within these alloys. This article systemati-
cally reviews the latest research progress on serrated flow behavior in high-entropy alloys, focusing on the theoretical founda-
tions, experimental methods, and quantitative analysis of characteristic parameters. The aim is to provide theoretical guid-
ance for further improving the mechanical performance and engineering applications of high-entropy alloys.
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Type A (or B) serration: pinning driven DSA mechanism occurring at high strain rate and low temperature [a]
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Type C serration: de-pinning driven DSA mechanism occurring at low strain rate and high temperature [b]
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Fig. 1 Schematic diagrams illustrating the microscopic processes associated with dynamic strain aging (DSA) mechanisms underlying[ 91, (a)

type A (or B) serration driven by the pinning process occurring at relatively high strain rate and/or low temperature, (b) type C serra-

tion driven by the de-pinning process taking place at relatively low strain rate and/or high temperature
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Fig. 2 Dynamic strain aging ( DSA) mechanism through solute pipe dif-
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2.4 BRAETHPLC MM

FR A SR TSRS EMITTET, RMa e
T AR ISR, TR R, AL 52 AR
L, B Sl R AR 0 SORE A gl Y L
R R A 2 T Y PLC 80 S5 58 & S AP 1E —E 1 IX
B 13 FEER T A TEM IR 005 5
H A FEE ™, & 3a KRS TEM SR bR A5
B 3b T HURA I AR RO RE R A, o T 1
B TR T 2 RAAE . iR RN R] D7 18] AT LA IE
AR, SRR MIALE 2k B A KLU A PR AR . e IE(E
(1 AR AR PR AT HLR M 18] 3¢ U JRR T2 T P
PGSR L5 R BE 70 AT, #7150 R 8 0 5 B 46
MIAEISINE, HBEAE AT S A JE A7 A D 22 5, Uil T
PEAELEETHLABL E T e P Y Bh 54728

[a]

El [nm™]
g K
=08 P P Py pinning point i E]
E arertfA L0 4 Lo
2 A s el | 2 e 00025
g )a"Jf MG S T ) i
g 04 OGRS ]
L 1 AT LR A VAR iy 00025
g 0.0 \ \‘\ 1*;7\\\\%#‘1{:\.\\.\.'-, AN 20,0050
i 1 23 s3b789l0NBIMsI6INBINT B 25 % |
v | nm/s|
g 0
P 3
g .
B 6
8 4
g
= 2
P .

local z coordinate [um]
B3 A A RE R R 10 . (o) B TEM BB bR
CRIRES, (b)RFEI/DHR 15 am BHURLAL LA IR, (c)

HET P TR 3T AR HURL f 5L 8 e
Fig. 3 Example of scanning using dislocation as the probetsoJ : (a) la-
belled dislocations in the original TEM image, (b) coarse-
grained dislocation curvature with a pixel size of 15 nm, (c)
coarse-grained dislocation velocity calculated based on data in

two frames

& 4 i X} 303 i TEM B8 #E 17 2 SE X 0 B,
TR A I R Al R R B A A da JEOR TR
2 T80 A, s e T RS T S ) DX sl A7 A v il 3R X
SRR MBS QR 1w A2 M) TR R T 24 il R
M, XS AR AR XTI, 2 3 S XSl A R e T HL A
Pl 4b JE7R T T HERR 7 1) (o i) 0TS8R AR, $8R T
SRR SIS DX, P de DR R T {07 4 R Y 2 1]
i, SR AL, kR X S R N I B
B 4d JER TP ERUr i B ARk, Bom T R e Lt



1 XIS 5 . @A 4 AR I A T T R ik 65
. T ) _ AT AL A S IR LT
%QS ﬂ. QI]\E I e RSB ET LA, (TR R
E Sz o BRRETHL,
% ek - 20::5 Tsai :T"'f: (37] :fhﬂl, T CoCrFeMnNi 1= 48 & 4 s o i 1
£ 00 - TEARRRRE T A £ FL A B R BE T, MR T X
. B PLCAUNEORNL, WIS PR, T, 4R
& 0.03 FRY R, W R TI0EE o PR A R K R &
400 fis, SEETILR TS TSR T, 5Ot b
0.00 L A s =, R TRES A ST FLA AL, k& PLC &40y e
) LT B sy TR SRR TR ST Lk
EO - s Bl (s, TR LR W@@%Tﬂﬂﬁfﬁ%
§u4 oy SR TG IEI P & 2, I e — I (R T A S (
i :2 — ML R FEE BT CoFeNi Fi1 CoCrFeNi &4,
4w 00 Chen %51 5@ 31 #8558 EDS J0 2 Wi 76 AR [ Ji5i %1 o
60 [d] BT A G O, BT T 4228 P25 ¥ ( chemical short-
g 40 range order, CSRO) A& &, 18 6a /R T 7E[ 112 ] 57 )
22 () HAADF BRI TT &R 53 A, B 6b Wik — 2 414k
0.0 R o R R - TV, Co F Ni 7EJREBIXIR A/ AR 15 0L, @A X (111) i
local  coordinate [1im| FRT B TLEN, K 6c BRT V, Co Fl Ni 7ERE T
B4 JEF 303 WU 1o Bopis b s e o2 E 0, (aytir FUTHIOYREE IS, SRR 52 R FCC 454 —3,
A, @?kd N 15 nm(ZLEAHT 3k R Burgers %EE‘DWJ EVS R i et B ) I S I X (s> 8 vy [T R [E1 P
(=1, 1, 0)); (b) VYR M (x 50) B9 y J7 10725 1% i b, BRI T A0 B R R € (r), FFLHITE
gfﬁa% y(f)f;iafgg:m 13 mms COTRBIIC g G0 o, i 7 V-V, V-Co B V-NG 2R - O
Fig. 4 Spatio-temporal averaging of dislocation curvature and velocity ~ JTEo ZiARRM, V5 Co, Ni il 1y 553l 4B A7 1,

s FERRIRIET , # BTl it SO ETFUAE CoCrFeMnNi £ 4 H 1 AT 8l A O LA 7

(301, (a) distribution of curvature with a

based on 303 images
pixel size of 15 nm (the red arrow represents the direction of the

1, 0));

aged (along y direction) curvature along the pile-up direction

Burgers vector (-1, (b) the distribution of the aver-

(x-axis); (c¢) distribution of velocity with a pixel size of
15 nm; (d) the distribution of the averaged (along y direction)

velocity along the pile-up direction (x-axis)

FIEA G TR V5 DU 1] T 3R e 0 b B Ay 4 T
T, BRI, XMZERITRAS AR IE
BIJSEATAE, ATRE A T 45 B T e M iEds
HAh, Bl 6e 9 FEI SRR T Warren-Cowley % 2
HRFZE, #B2RT V-V, V-Co Ml V-Ni i A ¥ bl %
Monte Carlo 22550 S INTTZ e . T BR T

....@@.... [].@..®®Q... Ej’..‘@@.‘."‘

00 OR®

@Q Fe @ o

03

@ Z)Z)
1+
@zééﬁ
eoeve:

4
@....@.’./

%.@ OHEWO®

| 0D BEHEV@W)
9 4 @@Q@@%‘.@
0, Gl OO \

0O0® |

o (a) TESIRT, SRl OmHs % i i s 7

PREARA R, ST IO 5 A5 5 R R B A BOR T LA (b) TERARIRIET, Jo SO0 B B i v B 7 i

PEN=R

HE B

NG, AR IET REAE I o 4 A B S B A1
) FL A AT BB Ak o A B o

frERETFLAH; (o) TERMIRET, BTdRsha TRIZL,

Toud s 4

Fig. 5 Diagram explaining the ability of solute atoms to anchor a mobile dislocation via in-situ pinning at different temperatures in the CoCrFeMnNi

alloy (371

. (a) at room temperature, insufficient local dislocation-core diffusion rate does not allow the atoms to pin the dislocation by occup-

ying low-energy positions around the dislocation; (b) at medium temperatures, sufficient local dislocation-core diffusion rate allows the at-

oms to pin the dislocation by occupying low-energy positions around the dislocation; (¢) at too high temperatures, the atoms vibrate too

much to lock a dislocation by occupying low-energy positions around the dislocation
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