2 3x B 00 M)
Volume 3x Number 00

TERERERFR

The Chinese Journal of Nonferrous Metals

DOI: 10.11817/1.ysxb.1004.0609.2021-42013

FeCoNiCrMn 25 HE %

—,:F%IJ;‘:P’ ? ZI&’ 7’%"&7"&’

(B TR 1h e SRR

3

TR HI R 5T R

XPLd, KKk, BiEF)

2B, Bl 063210)

W O mEE SN2 B IORIE, AT R I 2 A AR R B RIAE R, DR R e S e

EEGEEMULEL, X R & & 2 MR AL R BT BENESE K. W TOA B M b AR ELE R 5 <

RSN, I S -ATEHLEI-YERE 7 X B, ARSI A B b SN2 I A G

FP 9% JE BT FL e i & B o AR SO0 FeCoNiCrMn 2 i & s 2 TR AL BT FEBUIRIEAT T 4538, B85 T

Ji < LR LR AR TEAILAR D060 v & b AR AL IO WETE AT 1 R 2

X927 MG 4 FeCoNiCrMn; “BIEHLE]; it

SCEHRES: 1004-0609(2019)-11-2627-10

FESES: TG139

YHERFRRERS: A

Cantor' 1 Yeh® i tH—F 7 (1) & 424k JE 7 5
WP R T mllia 4. H2 EnrReE K
JHE#E Hume-Rothery #UIUE AL L5 S AHE
2, HTRAAEEMREHE, Siaeas P
&7 BV [ VA AR 458, 4 FCC. BCC Hl HCP 4544
BAS, 5 B AT NIE ATEZ%) FeCoNiCrMn £ 5
W6 &7 T REM . B R BB S &
S B3 DA KON T2 AR A i w] oK 1 RO AR A2
R ALERTE RS FAR A AR TEAL G ST N B S s &
S e EAFER R TR R ZE R R Al
A A A T ) AR AR T, R AR G
TR R T VR R[]V i A S0 A REARL 7 ) AR v A9
G HfREs); [, BERE KA
R XU ARAS S 280 (TRIP) 2GR0, X 544
4t TRIP &2 AR: ZFMESHG &Lt

P 5 R R A 2 8] A 1) A2 AR B AR 42
MaaP R E S AN, RBREHIEIA
S A B R AR IR A T KR R R v
[Z. BT RAIY G w6 e e B 1 4 e AN
s KRR DA R BRI BE AT ks
KAHRHS, ma SR LB katEg b &F
BB o XA U] S & e AL T
PUHIFE— R EA DO T4 a6, AMTIER
X R G 4 T R SR BB AR TEAL I BEA T IR
g, #E—PINRER G AR, R
AREAAT A RIS R TR AL =38 2 TR I 2R o [T
AN FeCoNiCrMn Z i & < s AL MAZ T AL
IR R IAT T g, X EEa &4 Em
WHFLTT AT TR

HEHEWHE: ERARPHFAIEET LT (51974134); bR E KL 00 H (21281008Z); T Jb44 w45 F R R # 3 AR & £ B (ZD2016019)
WIEEE: 24, B, ML, Bif: 13315519630; E-mail: leijic@ncst.edu.cn

202x 4 00 A
Nooooooo 202x



2

h A G5 2 2021 407 A

1 SlEE SRR ELH

1.1 EiREk

e G4 4 rh VR TR AL R AR K AN IR T3 44b
M REEAE SRR T, BN SR R R T 5 b
[ ey S G Y = e Y 8 e e SV S i iV
Y, BARGALEE i), REAMERE. Hi2
HI T & B P 4T iR 2 S B W R VA
SR, BARGHBA B B SR,
It A IRIT N 53\ A VA s A0t e i & < e
Mok AR, Jeong AN AL DA F
FeCoNiCrMn ', Jfilid il &% AW SN
FeCoNiCrMn I Al sFeCoNiCrMn ] i fIi 58 % »
RILE P I [ SR AR I AR 2. SR sl
Ding 2 A" R ¥ M Pd % Mn hn A F
FeCoNiCrMn 4, 218 & R AR B iy
Wl As, MEERAENIZEE), RmE &R,
SEANRHIE TAE 43 Ml i) € A1 N A2
FeCoNiCrMn HH &I 1 FFEMEL R, %k
O e A 4 LA SR A A TS I S 1 R
STHIERA R, B5EETIURNFELLLET
Z 1A= A AN TR B A F A 2

1.2 H&EEIL

A RLARAL T AR A e MR G D)k RE .
R RSB i SR AR o B0, BEAS R i
2y, femaerEae. R SRR T LA

% i Hall-Petch A\ KR

o :O'0+k/\/§ (D

y

Hor, d NERIRSE, b ZRMRE S Otto 25 AN
it = AN A SRR SF ) FeCoNiCrMn =95 5 4 [
FEH (B D, 1€ 873K LLF, HEARX (D
PR b RMERRA K. HRMEIRZRIS £
(B 2B s, 7T R FE R k{55 %] 538 MPa
um™? . B TAEF @ E FeCoNiCrMn & &4
HIIN B JeE, RN, KRR B
TCEAGE ST ME, SR NEsh. R
C Ju# LA, FeCoNiCrMn =il & &1 k {H 2 = 2
935.25MPa pum™?, & 4R BT ARG
EOGE, I A B R (M R T LA B4
AN L e A 4

(a) 71y Gramsiee | (D)7
s 44 pm 00 +
b3 50 pr 1
- 4001 4 \\ & 155 pm —_ A0 -
ﬂﬁ_’ \ L ﬂf 4
= 300 \ S ~ = 300+
=" 200 \i T e
100 S ¢ 8 100
04— —_— 0 - r
7T 293 473 673 873 1073 00 01 02 03 04 0
T (K) d™? (umi™?)
1200 10
(e)™ 717 (d) 7
10004 o
1 084 %
- 00 N 1
B o \\1 T 064 \ .
2 =] < .
5 i L
400 —_ . 04 - i g *\
i \. 0.2 \I:
01— — T T
77293 4T3 673 BT3 1073 T2 4T3 673 831073
T(K) T{K)

1 FeCoNiCrMn 545 /1 *F 4 -5 S ATl b RS B 5%
Fi (@FOABRBLT (o), () AMRMEHIHTEE (0,),
()R 3 (o).
Fig.1 Temperature and grain size on mechanical properties
of FeCoNiCrMn alloy: (a) and (b) yield stress (o,), (c) ultimate

tensile strength (o) and (d) elongation to fracture (gp)!').
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Fig.2 TEM images of the Al;3;FeCoNiCrMn HEA
annealed at various temperatures for 1 h: (a) and (b) images
at 500 and 600 °C, respectively, the insets show the

corresponding SAED patterns; (c) and (d) images at 700 and

800 °C, respectively. (e), (f) and (g) the corresponding
SAED patterns take from A, B and C grains marked by

arrows in Fig. 2d"™.
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B3 FeCoNiCrMn f#i &< TEM Aokt # fzh 35t
2 M TFHEEHERE, (b)) szaiiiE#aar i
B/l
Fig.3 Dynamic process of FeCoNiCrMn HEA dislocation
slip under TEM: (a) image represent the dynamic process of
the planar slip of undissociated type dislocations, (b) A
bright-field TEM image showing the blocking of partial

dislocations by the localized band of planar slip®®*.
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Fig. 4 Microstructure and texture evolution diagram of
FeCoNiCrMn HEA after cold rolling: (a) IPF map of a
twinned matrix, (b) PFs and ODF sections of a twinned
matrix, (c) parent-twin relationship established by TSL-OIM
software, (d) IPF map of a shear band developed in a
twinned matrix, and (e) PFs and ODF sections of shear band

orientations'>.
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Fig. 5 Schematic illustration of sequential
multistage strain hardening assisted by grain

size-dependent multi-type twinning**!.
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Fig. 6 Intersection of thin HCP plates and obstacle effect
of stacking faults on dislocation motion: (a) TEM image
showing the blocking of dislocations by the 3D stacking
fault network.(b) Partial dislocations being hindered by an
immobile stacking fault, which eventually reversed the
dislocation glide direction. (c) STEM image of a conjunction
of four HCP lamellae and one twin. (d) Higher magnification
HAADF image corresponding to the region marked by the

box in (c)*!.
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Fig.7 Schematic illustration of the sample annealed of
FeCoNiCrMn HEA at intermediate-temperature: (a) before
deformation, (b) during deformation, and (c) after

deformation™?.
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Fig. 8 Interaction between nanoparticles and FeCoNiCrMn
high entropy alloy heterostructure: (a) schematic drawing of
strain partitioning showing larger strain difference in both
clastic and plastic deformation, (b) a typical tensile

engineering stress-strain curve and TEM BF image of the
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sample with pre-straining of ~3%, (c) and (d) TEM BF
images of the sample deformed to a tensile strain 0f~4%, (e)
schematic drawing illustrating three mechanisms to enhance

back stress in the sample!*’).
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Research progress of deformation mechanism of FeMnCoCrNi

high entropy alloy system

NIU Li-chong, LI Jie, ZHAO Si-jie, WU Kai-di, ZHANG Bo, FENG Yun-li

(School of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, China;)

Abstract: The multi-principal component characteristics of high entropy alloy make it show the synergistic effect of a
variety of deformation mechanisms in the deformation process, and then exhibit excellent properties. Compared with
traditional alloys, it is more possible to regulate various deformation mechanisms in high entropy alloys. It is found
that the microstructure and its evolution will directly affect the deformation mechanism in the alloy. Through the
design idea of "microstructure-deformation mechanisms-properties”, introducing multi-deformation mechanism into
high entropy alloy and regulating its activation sequence has become the focus of high entropy alloy research in the
future. In this paper, FeCoNiCrMn alloy system is taken as an illustrative example for the current discussion and
summary research status of several deformation mechanisms in alloys. Finally, the future research on deformation
mechanism in high-entropy alloys is prospected.

Key words: high-entropy alloy; FeCoNiCrMn; deformation mechanisms; microstructure
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