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Fig.1 Aberration-corrected HRTEM images and EDS mappings
of CrMnFeCoNi (al) and CrPdFeCoNi (a2) alloys; line
profiles of atomic fraction of individual elements taken
from the respective EDS element mappings in Fig.1al (bl)
and Fig.la2 (b2) (each line profile represents the
distribution of an element in a (111) plane projected along
the [110] beam direction); plots of pair correlation
function S(r) of individual elements against concentration
wavelength r in CrMnFeCoNi (c1) and CrPdFeCoNi (c2)

alloys (c denotes the average atomic fraction of the
corresponding element)*®!
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Fig.2 Large disparity in chemical affinities (al, bl), high (a2) and low (b2) exclusivity in chemical compositions, and strong (a3) and
weak (b3) SRO and clustering in CoCuFeNiPd (al-a3) and CoCuFeNiTi (b1-b3) HEAs?"
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Fig.3 The annealing temperature affected short-range order in high entropy alloys: (a) WC parameter for every pair at various annealing
temperatures (first shell only)®: (b) time-temperature-CSRO degree (TTC) diagram for the quinary model HEAFY
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Short-range order in high entropy alloys: (a-c) STEM-HAADF images for the [011]pc. crystal axis with differently adjusted
contrast to reveal the existence of chemical short-range ordering in the O-2 HEA (TiZrHfNb)esO,, and the corresponding
STEM-ABF image that reveals the ordered oxygen complexes (OOCs) (red squares represent the Zr/Ti-rich regions and yellow
squares indicate the Hf/Nb-rich regions; the inset in Fig.4c is an enlarged view of the OOCs, with the white arrows indicating the
positions of the oxygen atom columns); (d) atom probe tomography three-dimensional reconstruction from the analysis of a
specimen from the O-2 HEA; (e) O composition profile as a function of the distance to the interface for a selection of particles (left
axis) and evolution of the composition of the main constituents relative to their respective matrix composition (right axis) (the inset
shows a close-up of one such OOC, along with the {011} atomic plane imaged within the reconstruction. N; is the number of the ith
atom, while C; and Ci mawix are the concentrations of the ith atom in the OOCs and in the matrix, respectively)*?: (f) atomic
resolution HAADF image, corresponding EDS maps of all constituent elements and a representative line profile of atomic fraction
taken from the EDS maps of CrCoNi-3w!
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Fig.7 Planar dislocation slip influenced by chemical short-range order in CrCoNi alloy for water-quenched (a) and aged at 1000 C (b)**!
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Fig.8 Interaction of dislocation with local chemical fluctuation in high entropy alloys*: (a) the wavy slip traces are left by dislocation

motions; (b) the slip traces of dislocations 3 and 4 coincide; (c) the slip trace of dislocation 4 deviates from that of dislocation 3;

(d) enlarged image of the deviated slip traces; (e1-e5) the schematic illustrates that the pinning assisted by cross-slips enhances the

dislocations multiplication and makes the planar slips and dislocation multiplication incidents spatially distribute in HFNbTiZr bcc
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Fig.9 Tensile stress-strain curves for the NC samples at 1 K (a) and 300 K (b); (c) the ultimate strengths for the NC samples at 1 and 300 K

under different models (TB-twin boundary; ISF-intrinsic stacking fault)®”



- 1516 « WA & EMELE TR ¥ 52 3

3.3 EHBETFREMEREMEXZA ERMZ EXAE SRS Y. BEMARSER

o 2 () 2 2R )5 A3 PR S AR P S R A A =X FRAL T 2R R B i, Chen ZEU7E[112] 4 fil
HEFREMBEE AR X $4&i% (EDS). ftgidiEiE N, FIHZES BT EMEAR, EEMTER T H0L T
WHFRMEARULEHEN BT ERHAR (STEM) VCoNi & AR P4, W 10 fis. 1£
hE IR 7% (HAADF) (45 & R7E 5 T R B 10a f 7 (1368 X FLF- TS AERE o n] LA 21 2 B 41 1)

(111) 311)
o g .

‘ L P
(000) (220)

- Dark-field image
— Inverse FFT image '
-~ -
=
2 2
[}
[a]
>
=
=
s 1
o
o
=
o
0 /1 i -
0 05 10 15

CSRO Size/nm

50 .
S
S 40
g
I
(&)
‘€ 30
2
<
20F
Position/nm
Before ﬁg 0.4 N,s'a-—zwsmwma.w;:_,_._ﬂ
Og (+) avoid g
BE | o
O % 0.0 (-) prefer VNi
A Sl b & -0. 2
r* After £ 0.00
3‘% -0.03
s 5 -0.06
(<L)
S o \
W -0.09 \\_\_\M-
" " 5 ©-0.12
r/nm Swap Steps/*10°

10 103277 VCONIE & AL 2 B A P
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Progress in the Local Chemical Short-Range Order of Multi-Principal Alloys

Ding Jiaqi, Zuo Jiadong, Wang Yagiang, Zhang Jinyu, Wu Kai, Liu Gang, Sun Jun
(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Multi-principal alloys have exhibited broad structural applications due to their unique microstructure and excellent
comprehensive properties, and also been the research focus of structural metallic materials in recent years. As a new type of complex
concentrated alloys, there are essential differences between multi-principal alloys and traditional alloys in atomic structure, in which the
local chemical short-range order (CSRO) is one special atomic microstructure. The interactions between CSRO and moving dislocations
can make a significant influence on the deformation behavior and mechanical properties of multi-principal alloys. Therefore, this paper
mainly summarized the progress in the local chemical order in multi-principal alloys, including the formation factors, characterization
methods, and effects on deformation behavior and mechanical properties. Moreover, the existing problems and shortcomings in the directly
quantitative characterization, quantitative manipulation, theoretical model development and the influence on service performance of
chemical short-range order in current research were analyzed and prospected.
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