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Table 1 Chemical and gas analysis of studied alloy
Mole fraction/% Mass fractoin/10~
Al Nb Mo (0] N H
Nominal 22 24 0.5 - - -
Actual 215 239 051 520 62 17
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Fig. 1 Microstructures of Ti-22A1-24Nb-
0.5Mo: (a) As-rolled; (b) Furnace-cooled;
(c) Air-cooled; (d) Oil-quenched; (e) Water-

quenched
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Table 2 Parameters of phases in Ti-22A1-24Nb-0.5Mo alloy
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FRIRIFFE 45 AR — 201

M 3(@)F(b) ) A B XEXATHBE ] LAE H
WA RGP I B AR, TR T A TP IF B2 A
BOEHLERT %t T, AINb F44H 0 MR
AFDOS ] 5 , 1 BCC A1) B )5 A 4 1R R 43 DA B ke
PRRIEAARRORGR, [ HAE 3 5 22 s oL
B2 MW K O A, M B2 A Al & 5%
I Nb & & T, 7 AL 25 i (1 B A ) T BCC

Volume Mean Mean Volume Volume

Heat treatment fraction of diameter of @y, number of @,,  fraction of O, fraction of

a2, Po,/% Dpy/um S 0/% B2, ¢p./%
Without heat treatment 0.88 0.6372 77 NA NA
(980 C, 2 h, FC)+(780 C, 24 h, AC) 5.7 1.2070 178 61.3 33.01
(980 °C, 2 h, AC)+(780 ‘C, 24 h, AC) 53 0.9705 222 37.4 57.3
(980 C, 2 h, 0Q)+(780 ‘C, 24 h, AC) 4.7 1.0274 153 34.4 60.9
(980 'C, 2 h, WQ)+(780 C, 24 h, AC) 4.0 1.1565 99 33.6 62.4

Note: FC—Furnace cooling; AC—Air cooling; OQ—Oil quenched; WQ—Water quenched; NA—Not available.
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Fig. 2 Alloy microstructures of four kinds of cooling rate after solution treatment and aging treatment (FC: Furnace cooling AC:
Air cooling; OQ: Oil quenched; WQ: Water quenched): (a) (980 C, 2 h, FC)+(780 C, 24 h, AC); (b) (980 C, 2 h, AC)+(780 C,

24 h, AC); (¢) (980 “C, 2 h, OQ)*+(780 °C, 24 h, AC); (d) (980 °C, 2 h, WQ)+(780 C, 24 h, AC)
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Fig. 3 Selected are diffraction patterns and bright field TEM microstructure: (a) (980 ‘C, 2 h, furnace cooling)+(780 ‘C, 24 h, air

cooling); (b) (980 ‘C, 2 h, oil quenched)+(780 ‘C, 24 h, air cooling)
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Table 3 Room temperature tensile properties of Ti,AIND alloy
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SN EASE R AR SR RS RIAR T 45 AE AR AL,
JIT LA A HIV R 365012 4 i P55 R 9 42 (1 22 1 B T LA
A& .

Material Heat treatment Yield strength/MPa  Tensile strength/MPa  Elongation rate/%
Ti-22A1-24Nb-0.5Mo HI 827 972 17.5
Ti-22A1-24Nb-0.5Mo H2 1078 1174 143
Ti-22A1-24Nb-0.5Mo H3 1135 1229 145
Ti-22A1-24Nb-0.5Mo H4 1128 1221 133

Ti-22A1-25Nb!'% H5 975 1116 10.5
Ti-22A1-25Nb!"") H6 1080 1150 6
Ti-22A1-27Nb!"8 H7 1290 1415 3.5
Ti-22A1-20Nb-7Tal'® HS 1200 1320 9.8
Ti-21A1-29Nb!*%) H9 803 868 1.6

H1: (980 C, 2h, FC)+(780 C, 24 h, AC); H2: (980 'C, 2 h, AC)+(780 'C, 24 h, AC); H3: (980 ‘C, 2 h, OQ)+(780 C, 24 h, AC); H4:
(980 'C, 2 h, WC)+(780 C, 24 h, AC); H5: (940 ‘C, 1 h, WQ)+(800 C, 12 h, AC); H6: (960 C, 1.5 h, OQ)+(780 ‘C, 12 h, AC); HT:
1050 °C rolled, (825 C, 1 h, air cooling); H8: In three phases deformation, in O+B2 solution-treatment and aging; H9: Cooling from

1005 C to 855 C by 10 "C/min heat preservation for 8 h, then, cooling to 650 ‘C by 1 ‘C/min and cooling to room temperature.
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Table 4 650 °C tensile properties of Ti,AINb alloy

Material Heat Treatment Yield Strength/MPa  Tensile Strength/MPa  Elongation rate /%
Ti-22A1-24Nb-0.5Mo HI 605 685 27.3
Ti-22AI1-24Nb-0.5Mo H2 800 940 21
Ti-22AI1-24Nb-0.5Mo H3 830 955 21.5
Ti-22AI1-24Nb-0.5Mo H4 848 978 21.5

Ti-22A1-25Nb!'% H5 830 906 15

Ti-22A1-27Nb!"® H7 - 1120 5
Ti-22A1-20Nb-7Tal'® HS 970 1090 14

Ti-21A1-29Nb!"” H9 537 657 52

HI: (980 C, 2 h, FC)+(780 °C, 24 h, AC); H2: (980 ‘C, 2 h, AC)+(780 °C, 24 h, AC); H3: (980 C, 2 h, OQ)+(780 °C, 24 h, AC); H4:
(980 ‘C, 2 h, WC)+(780 ‘C, 24 h, AC); H5: (940 °C, 1 h, WQ)+(800 ‘C, 12 h, AC); H6: (960 ‘C, 1.5 h, OQ)+(780 ‘C, 12 h, AC); HT:

1050 °C rolled, (825 C, 1 h, air cooling); H8: In three phases deformation, in O+B2 solution-treatment and aging; H9: Cooling from

1005 C to 855 C by 10 "C/min heat preservation for 8 h, then, cooling to 650 ‘C by 1 ‘C/min and cooling to room temperature.
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Effect of cooling rate on microstructure and
tensile properties of Ti-22A1-24Nb-0.5Mo alloy

ZHAO Hong-ze"? LU Bin', YANG Rui'

(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
2. School of Materials Science and Engineering, University of Science and Technology of China,

Shenyang 110016, China)

Abstract: The effect of cooling rate on the microstructure and tensile properties of Ti-22A1-24Nb-0.5Mo (mole
fraction, %) alloy was studied. Cooling from 980 C to room temperature was arranged by four kinds of rate, including
furnace cooling, air cooling, oil quenched and water quenched, and then followed by the same aging treatment. The
results show that the multiphase structure consists of dispersively distributed a, (equiaxed and acicular) phase, fine O
phase and B2/f phase matrix by air cooling, oil quenching and water quenching. The volume fraction of a, phase reduces
and the volume fraction of BCC phase increases with increasing the cooling rate. The disorder f phase is formed at
furnace cooling, the order B2 phase is obtained at oil quenched. The strength at 650 °C increases with the cooling rate
increasing, which is similar to that at room temperature.

Key words: Ti,AIND alloy; cooling rate; microstructure; tensile property
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