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Fig. 1. Lattice distortion and local atomic strain in multi-principal element alloys: (a) Schematic of lattice distortion, where the loc-
al affine transformation matrix J; describes the transition from the initial to the current atomic configuration; (b) atomic strain
distribution in the TiZrNb alloy at 0 K, the left panel displays the Von Mises strain for each atom, while the right panel shows the

volumetric strain.
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Fig. 2. Three-dimensional atomic distribution models and atomic strain distributions in different alloy systems: (a) Three-dimen-
sional atomic distribution models of TaWNbMo, TiZrNb, and CoFeNiTi; (b) distribution of Von Mises strain and volumetric strain

for the three alloy systems.
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Fig. 3. Distribution of von Mises strain and volumetric strain for different elements in the TaWNbMo, TiZrNb, and CoFeNiTi
alloy systems. The strain distributions for different elements (Ta, W, Nb, Mo, Ti, Zr, Nb, Co, Fe, Ni, Ti) in each alloy are shown.

The upper part of the figure shows the distribution of von Mises strain, while the lower part shows the distribution of volumetric

strain. The different colored curves represent different elements, reflecting the strain characteristics of each element in the alloy.
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Fig. 4. Chemical short-range order information and atomic strain distribution characteristics of TiZrNb alloy at 800 K: (a) Three-di-

mensional atomic distribution model of the chemical short-range ordered configuration; (b) Warren-Cowley parameters for different

atomic pairs, showing the degree of short-range order between atomic pairs in the alloy; (c) distribution of von Mises strain, show-

ing the strain distributions under CS0 and RSS short-range order configurations; (d) frequency distribution of volumetric strain,

illustrating the volumetric strain characteristics between different atomic pairs.
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Fig. 5. Frequency distribution of von Mises strain and volumetric strain of TiZrNb alloy at various temperatures, ranging from 0 K

to 1200 K: (a) Distribution of von Mises strain; (b) distribution of volumetric strain.

WEAR, DTS G 4 RS AA Ty 2 PE R TE Z TR
T &R, MG 2F R PR R R, A
& W AR 230/ BT X — & Bt — 2 R AIE TR R
T ARSI AR R AR () T IR T M. X g I
PR AR R P S5 2 B oo A e e
PRt T ISR, TR AR RA LR T 2R
REMIA M RHEHE T B ZKYE.

S, SR X TG 4 R R AR (14 52 1.
AT AT TiZeNb 4478 0, 300, 600, 900
11200 K FAYJEFRAE, 455K 5 Fis. 76 0 K
B, b oK ST IO A RN AR FRUR; A 1) 43 A 4 P AR AR
) 0 AR (B DX (), HLW AR 3 A B R 78, 2R BRAE AR
T A A A 1 R RN AR RN, Bl A R T
VK FE T I AR FIARRUN AR 43 A 2R A B, LI
{8 ) B 2 1 1 AR (RS 3. 3] 1200 K I, A8 S04
(AU (B B1) T e e I A, LN 78 43T Y B I 4
K. X—BfEHEN, BEMT S B ENRT S
SRR RAR. IFH, RO A R R R S
JEF B R R . AR I 5 R, RfE IR T
1R, 1K ST IO A IR RRURE AR 1) 43 A AR A5 B i e
I, X 5 AF B A XTI B, B B A
PR G E R AR K, X—45 R 5 e n)
R —EK.

5 FH R 2 AR B A 7 AS TR RRE T (R 6 %)
ESEIRAE, RIS e, . G5 TN, HEEIRE TR,

S 17 K S B g AR R R AR A R T A 144,
X5 S5 I 11 A IR AR 5 R 1 AR R A
WA ) ELORT T, - ZE i 1oy A8 R A BRI AR 7
1200 K B ) {8 B 2 & AR T~ I 8UE. =M%
AT PUHPE T ER A& T S IR, X 53505
TRl A ELAE AR AR SR B, SEATHE R T A 1
WA AR R Ry A . B R A T, 40 K ZE
IO 7AE B AR A i HAR RN AR Y K, 2 W K ZE i 1
75 Xt L E AR AL T AURR. I Ah, S D T AR AR i
FIRSETHETE A, XN M A 470 = iR T Abds
FEEIKRG 0. 3% — 45 IR T e R & 4 1
RETJ7 I EEAEH, JUILAE SRS, SA% AR
A58 ] BEXT A 4 R AR PR P R P A TR S

4 % W

ARSI 7 T S5 4R TaWNbMo, TiZrNb
H1 CoFeNiTi 2 EICH & MBI L, 456 57T 3
FI2FARAU, IR FH I, K S 3 1o 245 A AR AR 1 Sy
HIRLF, RGHFEIR T 6 4 R B Je B s
WS, [, WA TR 2R (e
BT LR DL B R X T R AR (A 52 . JE A5
FI5HT, fHH LR 458,

1) 75K ZERT I AS AR FR N AR BE A SR AE
M AR AL, BE— B U0UE T HAE Ny s A Ak T
FLIUERAPEFI ] SEPE. s AR TR B RS, AH R 1)

086102-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % R Acta Phys. Sin. Vol. 74, No. 8 (2025)

086102

R ZE 37 IO AR R BRI AR O, L7 FY) A
L)

2) BT AR 2 SBOR MR A I
E DN S E S i ST e S ) A S TTANS Sy
T2 AR R AR SR, (EARTE R R, T
AR 25 5 0K FE M AR AR RN 2 2, U
LA $0 IO A B A2 AR W A Y AR, A B
AR RN S

3) SR THEML A BUAH L, (oo i
LR BT AT B T AR A AR B AL i R E . b
FERRA P AMUUGE T & @1 RERES e, it
— 2D RGTIE TP D IO A R A i R A R
PEFIHERA 1.

4) B TR BT, 2 o0 a A A A e AR
LA R AR R K. X R W BEAE 4% 5
S PERE DT HLEAT BRI, il R A RS
o, BT IR I R

ARBIFEER T Z2 Eoua SRR 217 1R
BETRT RS SR, FERIRAE G S v AR
J7 L, RERE AR DT RN IR i ER S5

=

S 30k

[1] George E P, Raabe D, Ritchie R O 2019 Nat. Rev. Mater. 4
515
[2] George E P, Curtin W A, Tasan C C 2020 Acta Mater. 188
435
[3] Miracle D B 2017 J. Met. 69 2130
[4] Pickering E J, Jones N G 2016 Int. Mater. Rev. 61 183
[5] Ma E, Ding J 2025 J. Mater. Sci. Technol. 220 233
[6] Yeh J W, Chen S K, Lin S J, Gan J Y, Chin T S, Shun T T,
Tsau C H, Chang S Y 2004 Adv. Eng. Mater. 6 299
[7] Li Z M, Pradeep K G, Deng F, Paabe D, Tasan C C 2016
Nature 534 227
[8] Maresca F, Curtin W A 2020 Acta Mater. 182 235
[9] Gludovatz B, Hohenwarter A, Catoor D, Chang E H, George
E P, Ritchie P O 2014 Science 345 1153
[10] ShiY Z, Yang B, Liaw P K 2017 Metals 7 18
[11] Chen P Y, Lee C, Wang S Y, Seifi M, Lewandowski J J,
Dahmen K A, Jia H L, Xie X, Chen B L, Yeh J W, Tsai C
W, Yuan T, Liaw P K 2018 Sci. China-Technol. Sci. 61 168
[12] Kozelj P, Vrtnik S, Jelen A, Jazbec S, Jaglicic Z, Maiti S,
Feuerbacher M, Steurer W, Dolinsek J 2014 Phys. Rev. Lett.
113 107001
[13] Su Z X, Ding J, Song M, Jiang L, Shi Tan, Li Z M, Wang S,
Gao F, Ma E Lu C Y 2023 Acta Mater. 245 118662
[14] Zhang Z, Su Z, Zhang B, Yu Q, Ding J, Shi T, Lu C, Ritchie
R O, Ma E 2023 Proc. Natl. Acad. Sci. 120 €2218673120
[15] Zhang Y, Zuo T, Tang T, Gao M, Dahmen K, Liaw K, Lu Z
2014 Prog. Mater. Sci. 61 1
[16] Kozak P, Sologubenko A, Steurer W 2015 Z Kristallogr Cryst

(18]
(19]

[20]
[21]
[22]
23]
[24]
[25]

[26]

[27]
28]
[20]
[30]

(31]
(32]

(33]

(34]
(35]

(36]
(37]

(38]
[39]

(40]

[41]
[42]
[43)

[44]

(45]

086102-8

Mater 230 55

Zhang B, Zhang Z, Xun K, Asta M, Ding J, Ma E 2024 Proc.
Natl. Acad. Sci. 121 €2314248121

Miracle D B, Senkov O N 2017 Acta Mater. 122 448

Fan Z, Wang H, Wu Y, Liu X J, Lu Z P 2017 Mater. Res.
Lett. 5 187

Yeh J W, Chang S Y, Hong Y D, Chen S K, Lin S J 2007
Mater. Chem. Phys. 103 41

Tong C J, Chen Y L, Chen S K, Yeh J W, Shun T T, Tsau C
H, Lin S J, Chang S'Y 2005 Metall. Mater. Trans. A 36 881
Tsai C W, Tsai M H, Yeh J W, Yang C C 2010 J. Alloys
Compd. 490 160

Yeh J W, Chen S K, Gan J Y, Lin S J, Chin T S, Shun T T,
Tsau C H, Chang S'Y 2004 Metall. Mater. Trans. A 35 2533
Yang Y, He Q F 2021 Acta Metall. Sin. 57 385 (in Chinese)
%53, e 2021 £JE %M 57 385]

Zou Y, Maiti S, Steurer W, Spolenak R 2014 Acta Mater. 65
85

Santodonato L J, Zhang Y, Feygenson M, Parish C M, Gao
M C, Weber R J, Neuefeind J C, Tang Z, Liaw P K 2015
Nat. Commun. 6 5964

Toda-Caraballo I, Wr obel J S, Dudarev S L, Nguyen-Manh
D, Rivera-Diaz-del-Castillo P E 2015 Acta Mater. 97 156
Tian L Y, Hu Q M, Yang R, Zhao J, Johansson B, Vitos L
2015 J. Phys. Condens. Mat. 27 315702

Chen B, Li S Z, Ding J, Ding X D, Sun J, Ma E 2023 Secr.
Mater. 222 115048

Tandoc C, Hu Y J, Qi L, Liaw P K 2023 npj Comput. Mater.
9 53

Plimpton S 1995 J. Comput. Phys. 117 1

Yin S, Zuo Y X, Abu-Odeh A, Zhang H, Li X G, Ding J, Ong
S P, Asta M, Ritchie R 2021 Nat. Commun. 12 4873

Chen B, Li S Z, Ding J, Ding X D, Sun J, Ma E 2020 Proc.
Natl. Acad. Sci. 117 16199

Stukowski A 2010 Model. Simul. Mater. Sc. 18 015012

Wang J H, Li J, Yip S, Phillpot S, Wolf D 1995 Phys. Rev. B
52 12627

Li J 2003 Model. Simul. Mater. Sci. Eng. 11 173

Wang L, Ding J, Chen S S, Jin K, Zhang Q H, Cui J X,
Wang B P, Chen B, Li TY, Ren Y, Zheng S J, Ming K S, Lu
W J, Hou J H, Sha G, Liang J, Wang L, Xue Y F, Ma E
2023 Nat. Mater. 22 950

Zhang M, Zhang B Z, Ding J, Ma E 2025 Scripta Mater. 259
116559

Ding J, Yu Q, Asta M, O. Ritchie R 2018 Proc. Natl. Acad.
Sei. 115 8919

Zhang F X, Zhao S J, Jin K, Xue H, Velisa G, Bei H, Huang
R, Ko J Y P, Pagan D C, Neuefeind J C, Weber W J, Zhang
Y W 2017 Phys. Rev. Lett. 118 205501

Zhang R P, Zhao S T, Ding J, Chong Y, Jia T, Ophus C,
Asta M, O. Ritchie R, Minor M A. 2020 Nature 581 283

Xun K H, Zhang B Z, Wang Q, Zhang Z, Ding J, Ma E 2023
J. Mater. Sci. Technol. 135 221

Chen B, Li S Z, Ding J, Ding X D, Sun J, Ma E 2024 Acta
Mater. 272 119910

He Q F, Wang J G, Chen H A, Ding Z Y, Zhou Z Q, Xiong L
H, Luan J H, Pelletier J M, Qiao J C, Wang Q, Fan L L,
Zeng Q S, Liu C T, Pao C W, Srolovitz D J, Yang Y 2022
Nature 602 251

Tan Y Y, Chen Z J, Su M Y, Ding G, Jiang M Q, Xie Z C,
Gong Y, Wu T, Wu Z H, Wang H Y, Dai L H 2022 J. Mater.
Sci. Technol. 104 236


https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1038/s41578-019-0121-4
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1016/j.actamat.2019.12.015
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1007/s11837-017-2527-z
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1080/09506608.2016.1180020
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1016/j.jmst.2024.09.008
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1002/adem.200300567
https://doi.org/10.1038/nature17981
https://doi.org/10.1038/nature17981
https://doi.org/10.1038/nature17981
https://doi.org/10.1038/nature17981
https://doi.org/10.1038/nature17981
https://doi.org/10.1038/nature17981
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1016/j.actamat.2019.10.015
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.1126/science.1254581
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.3390/met7010018
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1007/s11431-017-9137-4
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1103/PhysRevLett.113.107001
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1016/j.actamat.2022.118662
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1073/pnas.2218673120
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1016/j.pmatsci.2013.10.001
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1515/zkri-2014-1739
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1073/pnas.2314248121
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1016/j.actamat.2016.08.081
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1080/21663831.2016.1244116
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1016/j.matchemphys.2007.01.003
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1007/s11661-005-0283-0
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1016/j.jallcom.2009.10.088
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.1007/s11661-006-0234-4
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.11900/0412.1961.2020.00359
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1016/j.actamat.2013.11.049
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1038/ncomms6964
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1016/j.actamat.2015.07.010
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1088/0953-8984/27/31/315702
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1016/j.scriptamat.2022.115048
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1038/s41524-023-00993-x
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1006/jcph.1995.1039
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1038/s41467-021-25134-0
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1073/pnas.1919136117
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1088/0965-0393/18/1/015012
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1103/PhysRevB.52.12627
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1088/0965-0393/11/2/305
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1038/s41563-023-01517-0
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1016/j.scriptamat.2025.116559
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1073/pnas.1808660115
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1103/PhysRevLett.118.205501
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1038/s41586-020-2275-z
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.jmst.2022.06.047
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1016/j.actamat.2024.119910
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1038/s41586-021-04309-1
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
https://doi.org/10.1016/j.jmst.2021.07.019
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 086102

SPECIAL TOPIC—Order tuning in disordered alloys

Computational simulation of atomic strain in body-centered
cubic multi-principal element alloys”
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Abstract

Multi-principal element alloys (MPEAs), also known as high-entropy alloys (HEAs), are novel materials
that have received significant attention due to their exceptional mechanical properties, thermal stability, and
resistance to wear and corrosion. These alloys are typically composed of multiple principal elements in near-
equal atomic proportions, forming solid solution phases such as face-centered cubic (FCC) or body-centered
cubic (BCC) structures. Despite the promising applications, a more in-depth understanding of the atomic-level
behavior, particularly, lattice distortion and atomic strain, is essential to better design and optimize these
materials in extreme environments. This study focuses on systematically investigating the atomic-scale lattice
distortion characteristics and their influence on atomic strain in three representative BCC-based MPEAs:
TaWNbMo, TiZrNb, and CoFeNiTi. We utilize molecular dynamics (MD) simulations to explore the local
atomic strain distributions in these alloys at various temperatures. Von Mises strain and volumetric strain are
employed as key descriptors to quantify the atomic strain, providing a clear representation of how lattice
distortion on an atomic scale influences the overall strain behavior. The study specifically addresses the effects
of atomic radius differences, chemical short-range ordering, and temperature on the strain characteristics of the
alloys. The results obtained indicate that an increase in lattice distortion corresponds to a broader distribution
of von Mises strain and volumetric strain, with strain values significantly amplified. More precisely, alloys with
larger atomic radius differences exhibit greater volumetric strain, reflecting the influence of atomic size disparity
on strain distribution. Furthermore, the formation of chemical short-range order (CSRO) significantly mitigates
lattice distortion and atomic strain. This finding highlights the importance of short-range atomic ordering in
enhancing the stability of the alloy structures, thus potentially improving their mechanical properties.
Temperature effects are also investigated, revealing that elevated temperature induces more intense atomic
vibration, which in turn increases the atomic strain. The findings underscore the complex interplay between
atomic-scale phenomena and macroscopic mechanical properties, offering new insights into the microscopic
mechanical behavior of high-entropy alloys. This study contributes to a better understanding of the underlying
mechanisms driving atomic strain and lattice distortion in MPEAs. The results provide valuable theoretical
insights that can guide the design of high-performance alloys tailored for high-temperature and extreme
environments. By addressing the key factors influencing atomic strain, such as atomic radius, chemical ordering,
and temperature, this work lays the foundation for future research aimed at enhancing the mechanical

performance of MPEASs in various industrial applications.
Keywords: multi-principal element alloys, lattice distortion, atomic strain, molecular dynamics simulations
PACS: 61.66.Dk, 05.70.Fh, 05.70.—a, 87.10.Tf DOI: 10.7498 /aps.74.20250128
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