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Precipitation Behavior of O-Phase in Ti,AINb Alloy
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Abstract: Ti,AINb alloys can operate for extended periods at temperatures between 650 and 750 C, offering high specific
strength, excellent room-temperature fracture toughness, and good creep resistance. These properties make Ti,AINb alloys
one of the most promising lightweight metallic materials for high-temperature applications. The alloy sheets, with a final
thickness of 1 mm, were produced via a clad rolling process, employing a nominal composition of Ti-22A1-24Nb-0.5Mo
(at.%) as the rolling material. After the rolled sheets were subjected to solution aging treatment, a significant amount of
O-phase precipitated. As the aging temperature increases, the O-phase lamellae grow coarser, and the amount of
precipitated O-phase initially increases but then decreases. At 930 C, the volume fraction of the precipitated O-phase
reaches its maximum value of 52%. Under this heat treatment regime, the nucleation mechanisms for O-phase precipitation
include both interfacial instability nucleation and induced nucleation. However, near grain boundaries, the O-phase tends to
nucleate and precipitate predominantly through induced nucleation, with fewer O-phase particles forming through interfacial
instability nucleation. Following solution treatment at 1 000 ‘C and aging at 815 ‘C, as well as solution treatment at 920 ‘C
and aging at 800 C, the resulting microstructures are bimodal. The solution aging process after rolling has little effect on
the precipitation of O-phase variants.
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Tab.1 Chemical composition of Ti,AINb
(mass fraction/%)

Element Ti Al Nb Mo
Content Bal. 9.32 40.77 0.88
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Fig.1 Microstructure of the plate after rolling at 1 100 ‘C: (a) low magnification; (b) high magnification

2 TLAIND & 4 4L HR THiR 2 # iy DSC T4k
Fig.2 DSC curves of Ti,AINb alloy rolled plates during the
warming process
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B3 [ A AR B2 AHAEAS [R) R i 2P IR 30 min 5 AR A1 2Y . (a, €) 900 °C; (b, f) 930 C; (¢, g) 950 C; (d, h) 960 C
Fig.3 Microstructures of the solid solution matrix B2 phase after aging and holding at different temperatures for 30 min: (a, e) 900 C,
(b, £) 930 C, (¢, g) 950 C, (d, h) 960 'C
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Fig.4 The volume fraction of the O-phase that precipitated after
the B2 single-phase solid solution held at different temperatures
for 30 min
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Fig.5 Microstructures of the solid solution matrix B2 phase after holding at 900 C for different durations: (a, ¢) 5 min; (b, d) 30 min
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Fig.6 Schematic illustration of the nucleation and growth of the a-phase when the Ti alloy was cooled from a (3-phase field:

(a) sympathetic nucleation; (b) interface instability nucleation’
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Fig.7 EBSD analysis of the solid solution matrix B2 phase after holding at 930 “C for 30 min: (a) IPF map of the O phase; (b) IPF map
of the B2 phase; (c) polar plots of the partially precipitated O phase variant and the B2 phase
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HERD UL IR A (A O AH R R R 43 B50RT DA
FH 25 4k B A

HR 4 fi AR X R, BCC 4549 1) AR B AT 6 445

8 223 ML FS WAL - (ac) 1 000 “C/2 /WQ + 815 “C/12 WEC ;(d~f) 920 “C/2 h/WQ + 800 °C/24 h/FC
Fig.8 Microstructures after heat treatment: (a~c) 1 000 ‘C/2 h/WQ + 815 C/12 h/FC; (d~f) 920 ‘C/2 h/WQ + 800 C/24 h/FC
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Fig.9 EBSD analysis of the Ti,AINbD alloy treated with a solid solution at 1 000 C followed by aging at 815 ‘C: (a) {110} and <I11>
polar plots of the B2 phase; (b) {001} and <110> polar plots of the O phase; (c) <100> polar plot of the O phase
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10 TiLAIND &4 7E 920 CE %5 800 CH %Ak 21 EBSD 4347 : (a) B2 A1 {110} Al <111> #% &1 ;(b) O AH ¥ {001} Fl <110>
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Fig.10 EBSD analysis of the Ti,AIND alloy treated with a solid solution at 920 ‘C followed by aging at 800 ‘C: (a) {110} and <111>
polar plots of the B2 phase; (b) {001} and <110> polar plots of the O phase; (c) <100> polar plot of the O phase

11 TR, AINb & 4: 4% 1 000 CRIES 815 CHysiab BS ) O AHAHAE . (a) #H1&l X PF &l ;(b) IPF & PF [
Fig.11 O-phase phase transformation of the Ti,AIND alloy after solid solution treatment at 1 000 ‘C and aging at 815 “C: (a) phase map
and PF map; (b) IPF and PF maps
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51 12 TiL,AINb £ 4 7F 920 C % 5 800 CHI AL )5 /9 O AHAHAZE . (a) AH &l & PF &l ;(b) IPF X PF [
Fig.12 O-phase phase transformation of the Ti,AIND alloy after solid solution treatment at 920 “C and aging at 800 C: (a) phase map
and PF map; (b) IPF and PF maps
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