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Abstract of Thesis

High/medium entropy alloys (H/MEAs), a new class of alloys, have attracted extensive attention because of their
outstanding properties, such as high strength, high tensile ductility and good corrosion. In particular, their excellent radiation
resistance makes them possible to be applied to the materials used in nuclear plant. However, the mechanism of the excellent
radiation resistance of H/MEAs have not been fully understood. In order to fundamentally understand the properties of H/MEAs
and facilitate the development of high-performance H/MEAs, in this work, we have used a variety of atomic simulation methods,
including density function theory (DFT), molecular dynamic (MD) and Monte Carlo (MC) to systematically study the surface
radiation resistance and internal defects evolution of CoNiCrFeMn HEA. We have also further studied the chemical ordering
effect on the radiation resistance of CoNiCrFeMn HEA, as well as the chemical domain structure in CrCoNi MEA and its effect
on vacancy and interstitial diffusion behavior.

Surface radiation results show that compared to pure Ni, CoNiCrFeMn HEA has less defects during a single primary knock-
on atom (PKA) process, and the average depth of defects distribution is shallower. For the consecutive radiation bombardments,
CoNiCrFeMn HEA also exhibits much higher surface radiation resistance. Even under extreme irradiation flux, the number of
defects in CoNiCrFeMn HEA is much less and stable and suggesting good surface radiation resistance, while in the pure Ni, the
formation of dislocation will lead to a boost of defects. As for the internal radiation results, compared to pure Ni, less defects
and dislocations are produced in the CoNiCrFeMn HEA, and interstitial cluster have much smaller mean free path (MFP) and
exhibit a 3-D motion during migration. The 3-D motion of interstitial cluster in HEA will increase the opportunity of
recombination of interstitial and vacancy, which may explain the mechanism of good radiation resistance in HEAs.

We further studied the chemical ordering of CoNiCrFeMn HEA and its effect on radiation resistance. The hybrid MD — MC
annealing simulation results show that a Cr-rich region will form in CoNiCrFeMn HEA at a lower temperature of 600 K; whereas,
annealing at a higher temperature of 1100 K will form a chemical short-range order (CSRO). MD radiation damage simulation
shows that the Cr-rich region accelerates the aggregation and evolution of defects, facilitating more dislocation formation. On
the other hand, the CSRO effectively delays the growth of defect number and tends to reduce the dislocation density and defect
diffusion, suggesting enhanced radiation resistance. The CSRO structure will be destroyed by radiation damage, thus the
enhanced radiation resistance will disappear in due time. Therefore, we propose a CSRO radiation damage — diffusion healing
competition model, which can help us to better understand and design radiation resistance of HEAs with CSRO.

Finally, chemical domain structure and its effect on defect (interstitial and vacancy) diffusion are studied in CrCoNi MEA.
A machine learning neural network potential (NNP) based on the DFT training dataset is used to accurately describe interatomic
interactions in CrCoNi MEA. After annealing below 800 K, long-range chemical domain structures will form in CrCoNi MEA.
Defect diffusion MD simulation results show that the formation of chemical domain structures could reduce mean squared
displacement (MSD) of defect diffusion process, which leads to the sluggish diffusion of the defects. Investigating the correlation
between defect diffusion region and the distribution of chemical domain structures, chemical domain structures could limit

defect diffusion region and lead to inhomogeneous diffusion, which is the origin of the sluggish diffusion.




BT
RMXEAOKROEES KO Y F

xK 44 ( Li Yangen )
) K 7
. % iz B 5 % I
iy | B E % iz ® Kk &
AXEERAE | G - bR
BBEOHERNOES

Li Yangen R DI LFm LA - F = b o B —E@N MM RABREHEICENLTWD 2 & 2 5 Fim i 2 v T
B LERBREZZ LD DO TH D,

FIREE . ERE. MIEME., SRR CoBENfEEA T AET Y hrE—A4 H/MEN) X, ZhETO
G4 L i U TR I EN TWA Z e h, KT 7 7 > MIERT MBS LTRSS Tn5, L
L. H/MEADT BB EN R OB X, ZhE THOEM I TR,

ARFIETIE, FNARIFANCEAT 27201 E T, HEN SRR OFD) . 2 FE 15 OMD), £ T ik
MC) 72 E Dk 2 IR 3 X 2 L— 3 U FEAZ AW T, CoNiCrFeMn HEAD K i D it MU HREME & PRI O 58
CoNiCrFeMn HEAOD iU B G MAC KT TLFRRF DB F, CrCoNi MEADALEE R A A U AEIE DY 22 FL0E 1 [BUR 7 Dk
BORENC RIT B2 52 L-, BARBYITIE, CoNiCrFeMn HEAIZHINGIZH~T, BRHEEO REAERD D72 <
RBGAERLT D FEER S BNEW oD, BmOWRAM R EEEZ RS2 L2 oM L,

S BT, CoNiCrFeMn HEANA 3~ 5L FERL T & Z N ST RGTHEIC 5 2 2B A 520 Liz, MC/MDNA 7
Uy R7 == I ab—3 3 o Of 8, CoNiCrFeMn HEAFIZ, 600KORIE T =— /L TldCr Y v F RN TE R S
LD D% L, 1100KD @i 7 = — /L TIIb R FLERRERRF (CSRO) MR EN D Z L ZH LT LTz, S 61T, MD
VIalb—TaAlih, CrV v FEBTIIRMOESE & RGO ENMEET S5 —F T, CSROVFER I NTIZGE
IR MaELDBEINAEL 725 Z & T, SALHEE & RGBS U, mREHEEES M B2 2 E 2B 500 LT,

BefIZ, CrCoNi MEADALZEAIRR A IS & K bh (1T e OVZE4L) IR~ D B % B 50 UTe, R 7o bl
Za—INFy NU—=TRT ¥ ¥ /L (NNP) & VT, CrCoNi MEAD JFERIAH A 1A % IEME 250k L. 800KLL F T
ZOMEAR T =— T 5 L, RIREHEFRRFEEN BRSNS Z L 2R Lo, 61T, 0 TEINIHEIC X 5 KEGHE
BURAT 21TV ALFRFHEE O TR R ML B 0O 45 5 287 (MSD) 28 S, KRMpdiiia < 352 L 25
T Uiz, RGIERAEIR & L2k oA s O 72 AR B 2 R~ 7oA R (L2 BF S 2 . RIGIEEEI A HIR L, A3
—EWAESIEFE T LT, FHNRIEHEENELS L, RWIRHBGELZ -6 LT 2 EER L,

SFSFESAIHICHEELZES M E . Li YangenKIZIHLFRSLONFIC OV TR ZITHOEEE - FlEaB L O N
KW EIT o7, RXONFILZOHOERICHEET 2+ FRAEEE L TWDL Z EnbiEtE (L%) OFiHm
XELTIEDOHZH D EFRD B,




