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Abstract: Face-centered cubic (FCC) alloys have been extensively used in aerospace, energy, and other engineering fields
owing to their excellent plasticity and toughness. However, in practical applications, these alloys typically encounter an
intrinsic strength-ductility trade-off. The introduction of the B2 phase has recently emerged as a promising approach to
address this challenge. This paper reviews the research progress on B2 phase-strengthened FCC alloys, focusing on the
compositional characteristics, crystal structure, nucleation mechanisms, and effects of the B2 phase on mechanical
properties and corrosion behavior. On this basis, this paper emphasizes the differences in the role of B2 phase morphology
and scale in strengthening mechanisms and analyses its impact on corrosion resistance and control strategies. Finally, the
key issues in current research are summarized, and perspectives on the future development of synergistic optimization of
strength, plasticity, and corrosion resistance in B2 phase-modulated FCC alloys are offered.
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Fig.1 Crystal structure and phase diagram of the B2 phase: (a) HR-TEM micrograph of the B2 phase; (b) schematic diagram of the unit

cell of the ordered structure; (c) equilibrium phase diagrams calculated using the PanHEA database
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TR Z v B2 A5 AR 2 ) (9 B 56 &R IR ME— £
FELRIUR SR, PIFHZ I iR 2R S8 T %
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Pl 2 NiAl %Y B2 #H#) EDS 73 7 &5 .02
Fig.2 EDS results of the NiAl-type B2 phase!™
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[ 3 B2 Al 5 F M 1) 1 LT 56 & « (2) K-S;5(b) N-W;(c) Pitsch®
Fig.3 Orientation relationships between the B2 phase and the matrix: (a) K-S; (b) N-W; (c¢) Pitsch®
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W, il — L P, A A AL i T RE R AR
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o7 g 233 g BROVR Sk PR BT EOE I 1 e R T
Vo I I AR S B AR AR BT A PROH AT RS A A
B2 AHUT i SR Y IR AL, A RS L e AR
TS R ORI 22 3018 ORI B K] 5 fir7s , 7EFCC
= 1 A 4 & FeMnAIC F . [CRH4 1) 75 45 i 1B k4l

(& 4 B8 AR Hod R S bk B2 A I B BB S AL - () Uk L - IR B 7 B AR 4548 5 (b) (a) ) e A5 R IR Y
Fig.4 Formation and morphological evolution of the coarse band-like B2 phase in the austenite phase: (a) secondary electron image
showing the two-phase structure; (b) high-magnification image of (a)®"
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5 PGS ER CIRIE B IY 2300 B2 # < (a) 75 HU A7 §F (electron backscatter diffraction, EBSD)AH &l , A £ 18 3 KA B
(6=15°);(b) i 5], FD AR 8B 3% J7 [ 5 (c) B2 A0 TEM W37 1% K %) 1 SADPEY
Fig.5 Polygonal B2 phase formed in recrystallized austenite: (a) EBSD phase map, where black lines represent the high-angle grain
boundary (6= 15°); (b) EBSD inverse pole figure map, where FD denotes the forging direction; (c) TEM bright-field image and
corresponding selected area electron diffraction pattern (SADP) of the B2 phase!®!
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SxOLHE R 2 A ST B A Y SR AR S A DT AR
T DX 3P iR NI T 3R B AR US4 SR i 43 AR £k
WEEREALT B2 MME L, A S 9OREIR
B2 HAE k—f Ak L 1Ak 5 JBE A%, DT A Ak —Rfk
k4 -B2 #1752 A A EE AL (] 7S, 33k FhEs AR A
B9 K LR B2 AH I IE AL B8 4l il . o 25
FE B2 AHsRALZE Fy SR 4 T 00 i BB . S AT 3
FlORST BRI B2 AL, 1 %% B2 40 K 9% B2 AHBES
A RFEWAT B RARCR, A SEAE R
PERE

Zr b, WRAHEE R B K B2 HHIE 2 & 4

[l 6 BRI ok P 30 A8 T 4 /8 Uiy 4l B A% 1 B2 AH UKL« (a) TEM B4 37 s B2 WE28 & S8 4 P P i 437 338 161 B 7 FCC
AR (28R B2 HH(Z1£R) 5 (b) W BT W1/ I 4 I8 WA B2 AH (2148 ) LA KA T B U148 I8 4 Z 8] 1) B2 A1 (3 £8%)1> 17
Fig.6 B2 phase particles nucleated via deformation bands/shear bands within austenite grains: (a) TEM dark-field image showing B2
precipitation along twin boundaries; the inset diffraction pattern indicates FCC twins (white lines) and the B2 phase (red lines); (b) B2
phase formed along shear/deformation bands (red lines) and B2 phase located between these bands (blue lines)!" !
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B 7 BLECAAR it R 3B ki Ak 0 il DT A% (0 40K BIR B2 AH < (a) 1B KA IR (1 EBSD AH 1AL ;5 (b) iR kA& HE 19 SEM 1%(B2 #H LA
W) 32 0K 217 75 )
Fig.7 Nanoneedle-like B2 phase nucleated via intragranular k-carbides: (a) EBSD phase map of the annealed sample; (b) SEM image

of the annealed sample (B2 phase appears as bright particles)!

LA RIS HI A PERE0 5 14 25 A2 T 4 1) B2 A3 3
SEUALAE M T ST 5 2 B A T
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PR FA BRI . DRI, W6 R A4 1 B2

A5 AL AR A2 2 f AN TR AR B AR A BT B
Hxt FCC & 4 172 PR RE RIS M AL

18]
31 HIKB2EFMZAK B21H
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W, N5 A s B 5 I 137 , 7 4 HDI sk, i 3%
PETHE G 0 S s 2R 5 1 FE FesAl,Vo(J5 43
B,%) A4 HDI I %6 i i 5 B 9 53 ik 26 6 1o
55%, 4nl&l 8a 1 b s, fE R B2 AH 5 B4R A kb
DAL ZE S I i i A A ME AR, EE R fE R AL 5k T
SR HEDR 2 A2, SE o uE ] AR B2 AH Y 5k

8 AFJEZS B2 Al /FCC He A S b (1 37 5% e B . (a) Ik B2 5 FCC AR JL i kb 7 55 HE LAY TEM WH371% 5 (b) & 1k FHPIK
B2 FUI A2 G M2 A I 46 4 P TP i SADP LESE T HEBR R B RO AETE 5 (¢, d) 23 BITERLAE A 2% T%I , 76 B R AR B fk th 230
T B2 AH 5T Ak W 5% B 1 07 4t i AR 30
Fig.8 Dislocation accumulation at B2/FCC interfaces with different morphologies: (a) TEM bright-field image of dislocation pile-ups
at the interface between band-like B2 and the FCC matrix; (b) interlaced stacking fault networks terminating at the band-like B2
interface, with stacking faults confirmed by the inset SADP; (c, d) dislocation pile-ups observed at the interface of polygonal B2
particles within the austenite matrix under strains of 2% and 7%, respectively®"*!
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KR MZOIRA
32 BN B2 HENFMKER B2 4
3.2.1 B2 HXF R AR

RELSY AR T FCC &l N I A/ B2 AR B0RE 18 7 2%
PUMASTT B YA RE 2R A0, BT FCC 3k 5 B2
FHZ ] AR ASFH 25 b, T S0 M AR TR 0 0, 4 22
il S R X DL 2 o s B A, R EE B T
(Orowan)%g it A1 il 2 BH 5 £l 133674354550 1t 1 41 [
10a st FEiZ LG, 3 AR B 8 e 7E FCC ARk
WA, LTSS R A N HE S B0 R

€ 9 B2 AHAE#E FCC AR 1 9K 22 B A% < (a) 77 K BB J5 , 78 B2 AH B WA 2] T 25 4 5 (b) 298 K R AE JE #F & #E B2 AH B
HEAR S HE R 2R AR
Fig.9 B2 phase-promoted nucleation of nanotwins in the FCC matrix: (a) twins observed in the vicinity of the B2 phase after
77 K deformation; (b) the 298 K tensile deformed sample also shows nanolamellar twins close to the B2 phase™

[ 10 Orowan L& ML : (a) 17 45 U133 A1 Orowan ZE 33 L /R 2 5 (b) 17 55 78 B2 /5 FC AR A 1 4k 25l 110
Fig.10 Orowan bypassing mechanism: (a) schematic illustration of dislocation shearing and Orowan bypassing mechanisms;
(b) dislocation bowing at the B2 phase/austenite interface!'!
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Fig.11 Enhanced Orowan strengthening due to high interfacial mismatch between the B2 phase and FCC matrix: (a) bright-field TEM
image showing B2 phase morphology in FCC and the K-S orientation relationship between FCC and B2 phase from inset; (b) HR-TEM
image showing the interface structure between FCC matrix and B2 phase with misfit of 3.19%; (c) engineering stress-strain curves
indicating that the sample containing dual B2 nanoprecipitates exhibits higher strength compared to the fully recrystallized sample
without nanoprecipitates>”)
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B Ao
Fig.12 Dislocation shearing of the B2 phase under specific conditions: (a) low-angle annular dark-field scanning transmission electron
microscopy image showing B2 phase sheared by dislocations at 10% strain; (b) superimposed SAED pattern of the B2 phase and
austenitic matrix along the [101], zone axis; (c) high-angle annular dark-field scanning transmission electron microscopy image of the
interface between the austenite matrix and the B2 phase!®”
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Fig.13 Micro-galvanic corrosion of the B2 phase: (a) the relative composition of elements with different valence states in the passive
films formed on Cu0 and Cu0.4 alloys; (b) the 2d surface topography, VCPD maps in the area of the fine sheet layer, and line profiles
of VCPD maps of Ni,; and Ni,, alloys; (c) schematic illustration of the corrosion mechanism of AlCrFeNi;Cu, high-entropy alloys in
3.5 wt.% NaCl solution!®*!
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Fig.14 Effect of B2 phase morphology control on the phase interface Volta potential in FeMnAICNi-based low-density steels:
(a~c) lath B2 phase; (d~f) fine lath B2 phase; (g~i) dispersed B2 particles, showing the corresponding surface height and Volta
potential distribution!™

K15 &4 7E 3.5%NaCl W i il 22« (a) ) I LA S G 45 (0) 8 R A a7
Fig.15 Schematic diagram of corrosion process of alloys in 3.5 wt.% NaCl solution: (a) thermomechanically treated high-entropy
alloys; (b) as-cast high-entropy alloys'™
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