R = 4 # 2 R

Fas5E Hi1oy Vol.45 No.10
2026 4 10 A MATERIALS CHINA Oct. 2026
SR X, eI, XIEH, % TIAl &4 b B2 ASIEHLRIBT SR )], T IEAREE, 2026, 45(10) ;. 1047-1058.

LIU S, ZHANG T B, LIU Y J, et al. Research Progress on Deformation Mechanisms of the B2 Phase in TiAl Alloys[ J].
(10) . 1047-1058.

Materials China, 2026, 45

TiAl & ™ B2 HHZ F2 L &l 1 33 3

) bR, R EH, R OR', RAL,

(1. PEAE Tl K2 e R & EE S8, P P64 710072)

(2. FXBVE ARG &0l A A T AR5 p Rt st Be, BEVE XS 721300)
@.ﬂﬁﬂ&ﬁ%%ﬁﬁﬁﬂﬁmﬁm%%i,ﬂﬁlm%ﬂ

i

M

B OE: TALA ST R RE B LR IR R A A bR, B, B2 M AR AT MR A A
Wk REAR K 28 R EE B AP T, A B2 AT B B U2 SR VAT, 7 TiAl & & TP AL S A o T RE 15 2 R 8 1k 2 [ /9
I, ABIEAF K BT BEAR HAS TR AR SR 8 TR A . 4508 THL AR G T TiAl &4 B2 MR HLH AT se b Jg, R4
BT B2 MR SRR SR R, B AT 1 A B B SR I R BESER M, B2 AAE—E AMF T H &S
<I111>, <110>F1<001>3F ZF A B T, IR0, R WUIBMEADIE 2 3 EE | RO RS . R M A0 (I @, A7) LA

MIABMAAZERML, o, WX ARG EER, W TEFEXEE RIEREE MW, ﬁﬂl WA AW TRS A%
BT B2 MHIBVER A RORNS . 5, RRR#E— L4878 TiAl &4 B2 AARTEALGI R BFoE 5 m #4177 B3,

KHEIF . TIAL A4, B2 A, AHHLE, (iEENRE, AR

FESES: TG146.23 XERARINED . A XEHS: 1674-3962(2026)10-1047-12

Research Progress on Deformation Mechanisms

of the B2 Phase in TiAl Alloys

LIU Shen', ZHANG Tiebang', LIU Yujing®, SONG Lin',

LIANG Yongfeng’, LIN Junpin’
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
Ltd., Baoji 721300, China)
(3. State Key Laboratory for Advanced Metals and Materials, University of Science and Technology Beijing,
Beijing 100083, China)

(2. Yuhua Advanced Materials Research Institute, Baoji Xigong Titanium Alloy Products Co.,

Abstract . TiAl alloys are regarded as a new generation of high-temperature structural materials with great application po-
tential due to their excellent high-temperature performance. In particular, the deformation behavior of the B2 phase plays a
crucial role in the service performance of the alloys. Although the B2 phase is often classified as a room-temperature brittle
phase, and its presence often leads to a conflict between hot workability and room-temperature plasticity, recent studies have
provided new perspectives for understanding its deformation mechanism. This paper reviews recent research progress on the
deformation mechanisms of the B2 phase in TiAl alloys, systematically elucidating the crystallographic characteristics and
slip system types, with a focus on the key factors constraining its plastic deformation. Studies have indicated that, under cer-

tain conditions, the B2 phase has the potential to activate

various dislocation slip systems, including <111>, <110>,
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stress state, internal precipitates (such as the @, phase) ,
and the surrounding microstructure. Furthermore, by com-
paring different alloy systems, the influence of ordering de-
gree on slip system selection is discussed, and effective
strategies for activating the plasticity of the B2 phase
through interface engineering and alloy design are summa-
rized. Finally, the paper provides an outlook on future re-

search directions for further revealing the deformation mech-
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anisms of the B2 phase in TiAl alloys.
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Fig. 1 Slip geometry of the B8 phase in TiAl alloys: (a) unit cell

schematic of the high-temperature 8 phase, (b) unit cell
schematic of the ordered B,/B2 phase; (c¢) potential slip sys-

tems of the bee structure!?”)
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Fig. 2 Experimental evidence related to the elastic deformation and

brittleness of the B2 phase: (a) evolution of lattice strains in
the v, a,, and B2 phases of a TNM alloy during in-situ syn-
chrotron radiation tensile testing at room temperature[al] ; (b)
TEM image of an almost defect-free B2 phase surrounded by la-
mellar colonies in a Ti-45A1-5Nb-2Mo alloy after room-temper-
ature tensile deformation' ! ; SEM images of a TNM alloy after

[24

uniaxial tensile fracture testing Ty (e) erack propagation in

the microstructure consisting of lamellar colonies and 7y grains;
(d) crack propagation in the region with continuous B2 phase

distribution along the lamellar colony boundaries
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Fig. 3 Deformation behavior of the B2 phase in TNM alloy during in-situ TEM tensile test); (a) slip of a<111> superdislocations within a B2

grain, (b) dislocation pile-up and crack formation within a B2 grain(D1, D2, and D3 indicate the positions of the same dislocation D at dif-

ferent time intervals; PP denotes the dislocation pinning point; PU denotes the dislocation pile-up; and F denotes the fixed reference point)
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Fig. 4 Formation of dislocations inside B2 grains induced by vy twins in a high-Nb TiAl alloy during high-cycle fatigue“ﬂ . (a, b) TEM images,

(c¢) schematic of atomic arrangement changes between the B2 phase and the adjacent y phase
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Fig. 5 Representative TEM images of dislocations in the B2 phase of a Ti-42A1-6V-1Cr alloy deformed at different temperatures[zg] . (a, b)

room temperature ( the dislocations at room temperature are of the <110> type, it is noted that the dislocation type at 700 °C is the

same as that at room temperature) ; (¢, d) 800 °C (the dislocations are of the <111>, <110>, and <100> types)
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6 Ti-45A1-8Nb-2Cr-0. 2B & G I AL TR AL S 1) A B2 AHIYAH
R4 IX B KAM BP0, (al, a2) 750 °C/200 MPa, (bl,
b2) 800 C/125 MPa, (cl, ¢2) 850 C/75 MPa, (dl, d2)
850 C/125 MPa

Fig.6 KAM maps of the corresponding partitions of the y and B2 phases in
the creep-deformed Ti-45A1-8Nb-2Cr-0. 2B  alloy specimensm] :

(al, a2) 750 °C/200 MPa, (bl, b2) 800 C/125 MPa, (cl, c2)
850 °C/75 MPa, (dl, d2) 850 °C/125 MPa
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Fig. 7 TEM images of the indentation deformation zone of Ti-44. 5Al-

6. 25Nb-0. 8Mo-0. 1B alloy at 600 C D71, (a) curved disloca-
tions pinned by , precipitates, (b) dark-field image of the

B, +w, composite phase
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Fig. 8 TEM images of sliding dislocations in the B2 phase and histograms of pinning point spacing during in-situ deformation of a TNM al-

loyBS] . (a) bright-field TEM image of <111> dislocations and a histogram of pinning point spacing, (b) bright-field TEM image of

<100> dislocations and a histogram of pinning point spacing
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Fig. 9  Microstructural analysis of a Ti-43A1-6Nb-1Mo-1Cr-0. 2B, C alloy after creep at 800 “C /300 MPa for 114. 4 ht*), (a) KAM map corre-

sponding to the y phase, (b) KAM map corresponding to the B2 phase, (c¢) SEM image of creep cavities
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Fig. 10 Hierarchical heterogeneous lamellar structure and deformation behavior of the AlQ. 7CoCrFeNi high-entropy alloy“” : (a) SEM image of

the lamellar structure, (b) EBSD phase constitution analysis corresponding to Fig. 10a, (c¢) TEM image of dislocations in the B2 phase

during deformation, (d) weighted burgers vector (WBV) map of the B2 phase after deformation
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properties of TAN-xFe alloys

4.5 B2 HHEFESTEITANBERITLLS T

B—B2 AP b W) B2 AHASJE AT A 1) B 2 K]
£, m=il B HATIT bee 451, Ti, Al J2 Nb, Mo, Cr 4§
B RaSE TCFAE AR I LB AL 5 A2 A R i
PN S A IR S B A R, PR A RO TR B R R
ARG AE W B R MBI BYE MR RE T, MILZ T,
RSB B A T B2 AHEAT A A9 7 83 B o5 7
ik, ALAE VIS A e A BRI 2B R 51 o 2 I 18
FHBE L (antiphase boundary, APB), MM & 04512809
REH AT, LR <> B E 10 I8 30 APB REFIA 7
JER U, Y B2 MR, <111> R AE S A
M, B2 AHEE 7R 5 SR BN R 3 Rl sz BRI A% B R
EURAT g5 TS AR i ey 19 20l 5 AR ) 25
FIEE, <111>1BBREL T, B2 HEES S S5MMEDM,
P, ARG R T B2 A4S SRR AR Y 68 ) 1 22
S, AMURHRTIRBEFN T PIRES, & 547 APB fig,
JCE 0L AT AT B PIARSE 20

BT ERUGH, R TIAL G4 P B2 A5 HAL B2 1L

|SRSA
AR R

BT, A BT i — 20 B A T R O A 25 Skt
R REBRAE, £ LR T ARG SKET B2 HHK
ARV e EEARS TR 2 X AT B, B2 A
AT T B R TR ELA 8 3 AR . LA NiAL ]
HERAEE <001 >R E, M<110>Fl<111>H 5
P T A A v R P8 S A i ) A R S A e A A0
W XRS5 EATE B2 AR <1 >0 4
BE T R B APB B UIA G, MIEHEZ T,
FeAl, YAg. YCu. DyCu, CoTi VA R4y a4 4 vh iy
B2 FHTEZE IR B EI A SR R < 111 >R 45 8 < 001> 5 < 111>
PRI AE, VLT AT 7 B 52 4% 140 o o AT B AR
<UI>W R R SR 1)

TiAl 4T B2 RN K EE MFBRE, —F
T, JEE TR AT R R B2 A 2 S R B 1 B B
71, B, Ti-42A1-6V-1Cr A &£ 2 A 700 °C T FZW
FLH < 110> 48 THAE 800 °C 25T )5 ) [al if B < 111>
<110>F1<100>07 4%, ULAHHGHIE AU FEANA P B2 ikl rh
(A S B —J T, A e R R A P



1056 T BRI J %545 %
x1 AEEEEZREP B BUEATNBEEARAEHTRELE
Table 1 Dislocation activation temperature and Burgers vector type of the B2 phase in different alloy systems
Alloy system Deformation temperature/°C Burgers vector References
NiAl ‘ . <001> (48]
Above brittle-to-ductile transition temperature <001>, <110>, <111> [49, 50]
FeAl 25 <111> [51]
YAg, YCu, DyCu, CoTi 25 <001>, <111> [48, 52-56]
Al0. 7CoCrFeNi 25 <111> [43]
Al sNbTag ¢ Ti; 5V, o 7r 600 <111> [57]
Ti-22A1-23Nb-1Zr-1Mo 25 <111> [58]
Ti-22A1-25Nb 25 <111> [59]
Ti-42A1-6V-1Cr 25éoz)00 <001>, :Hgi <111> [29]
Ti-44A1-2Mo 25 <001>, <111> [23]
Ti-44. 5A1-6. 25Nb-0. 8Mo-0. 1B 25, 600 <111> [37]
Ti-43. 5A1-4Nb-1Mo-0. 1B 25 <001>, <111> [30, 33, 38]
Ti-46A1-7Nb-0. 4W-0. 6Cr-0. 1B 25 <110> [34]
Ti-43A1-8Nb-0. 2W-0. 2B 800 <111> [60]
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Fig. 12 Slip modes in the B2 phase of a Ti-22A1-25Nb alloy!®!; (a) single slip, (b) double slip, (¢) triple slip, (d~f) cross slip
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