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Influence of Heat Treatment Process on Microstructure and Mechanical
Properties of Ti-1300G Alloy
Wang Jialu, Zhang Siyuan, Xin Shewei, Li Qian, Li Silan, Mao Chengliang
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The microstructure and mechanical properties of the high strength-toughness Ti-1300G alloy subjected to
different heat treatments were studied. The results show that the as-forged microstructure of Ti-1300G alloy is a
bimodal structure, containing only a phase and f phase. After heat treatment, the microstructure consists of a+f phase,
and a large number of lamellar and equiaxed o phases. With increasing solution temperature, the strength of the alloy
exhibits little variation, and the plasticity gradually decreases. With the extension of solution time, the strength
gradually increases, the plasticity gradually decreases, and the internal o phase gradually tends to be fine lamellar and
equiaxed. Increasing the aging temperature leads to the coarsening of secondary a phase, and the strength decreases,
while the plasticity gradually increases. With the extension of aging time, the strength first increases and then
decreases, and the plasticity gradually increases. After heat treatment at 750 °C/1 h/FC+490 °C/6 h/AC+400 °C/4 h/AC,
the tensile strength of Ti-1300G alloy exceeds 1300 MPa, the elongation after fracture reaches 12.2%, and the impact
energy reaches 26.40 J. The strength, plasticity and toughness of the alloy achieve a good match.
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Fig.1 Microstructure of Ti-1300G alloy billet as forged
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Fig.2 XRD pattern of Ti-1300G alloy billet as forged
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Table 1 Heat treatment processes of Ti-1300G alloy
No. Heat treatment Changed parameter | No. Heat treatment Changed parameter
1¥ 720 °C/1 h/AC+550 °C/6 h/AC 11* 750 °C/1 h/AC+580 °C/6 h/AC
4 ) P Aging temperature
2 750 °C/1 h/AC+550 °C/6 h/AC Solution temperature | 12 750 °C/1 h/AC+610 °C/6 h/AC
3* 780 °C/1 h/AC+550 °C/6 h/AC 13* 750 °C/1 h/AC+550 °C/4 h/AC
4 P Aging time
4 750 °C/3 h/AC+550 °C/6 h/AC 14 750 °C/1 h/AC+550 °C/8 h/AC
. Solution time 4
5 750 °C/5 h/AC+550 °C/6 h/AC 15 750 °C/1.5 h/AC—450 °C/FC
4 4 Converter cooling
6 750 °C/1 h/FC+550 °C/6 h/AC 16 750 °C/1.5 h/AC—480 °C/FC
7* 750 °C/1 h/FAC+550 °C/6 h/AC Cooling mode 17* 750 °C/1 h/FC+490 °C/6 h/AC Single-stage aging
8" 750 °C/1 hYWQ+550 °C/6 h/AC
4 . 750 °C/1 h/FC+490 °C/6 h/AC
9 750 °C/1 h/AC+490 °C/6 h/AC 18 Two-stage aging
Aging temperature +400 °C/4 h/AC
10* 750 °C/1 h/AC+520 °C/6 h/AC

3 AFEBEERET Ti-1300G & 400 2 A 4
Fig.3 Microstructures of Ti-1300G alloy at different solution temperatures: (a) 1 process (720 °C);
(b) 2% process (750 °C); (c) 3" process (780 °C)
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5 ANIEE T Ti-1300G & 4 10 2 2 21
Fig.5 Microstructures of Ti-1300G alloy at different solution time: (a) 2" process (1 h);
(b) 4" process (3 h); (¢) 5" process (5 h)

. 30
1400F R, Rw: —w—A 2 CrR. @R —=—4a 1
1225 1249 1000 22211236 1 L T 1305963 1268 -
1200 1190 i ) 12951140 3 12087993425
1200 —11301097 i
g 1000 - yp 1 . 5 100 420
Y 4 0 115 1640 1
S 8s00f = | e 2 soop | 1l H15 ‘::z
2 ) < > 1
< gt 110 X o0t ™~ Lo
& o SEE - 10
400 1 400 F 1
< 5 _ :J
200+ | 200 ]
0 0 0 . S 5 0
3 : FC AC FAC wQ
Solution time/h Cooling method
6 ANFEIEEEE T Ti-1300G A 4 10 2= i b Ad i fe B 7 AFEREEAE A RT Ti-1300G & 4 1= B e
Fig.6 Room temperature tensile properties of Ti-1300G alloy at Fig.7 Room temperature tensile properties of Ti-1300G alloy
different solution time under different solution cooling methods
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Fig.8 Microstructures of Ti-1300G alloy under different solution cooling methods: (a) 6" process (FC); (b) 2* process (AC);
(c) 7" process (FAC); (d) 8" process (WQ)
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Fig.9 Microstructures of Ti-1300G alloy at different aging temperatures: (a) 9% process (490 °C); (b) 10" process (520 °C);
(c) 2" process (550 °C); (d) 11% process (580 °C); (e) 127 process (610 °C)
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Bl 12 R RO R Ti-1300G 542 1 24141
Fig.12 Microstructures of Ti-1300G alloy at different aging time: (a) 13” process (4 h); (b) 2" process (6 h); (¢) 14" process (8 h)
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Table 2 Mechanical properties of Ti-1300G alloy at different

converter cooling temperatures

No. Rn/MPa Rpo.2/MPa Al% Zl% K/
15" 1306 1193 7.8 24.0 15.15

16" 1127 1044 10.0 39.7 15.55

Bl 13 REE A ENEE T Ti-1300G & 41 B 41
Fig.13 Microstructures of Ti-1300G alloy at different converter cooling temperatures: (a) 15" process (450 °C); (b) 16" process (480 °C)
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Table 3 Mechanical properties of Ti-1300G alloy under different

aging treatments

No.  Rus/MPa  Ryoo/MPa  A/% Z/% KVy/)
17* 1121 1072 14.0 52.5 31.85

18* 1361 1327 12.2 41.5 26.40
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Fig.14 Microstructures of Ti-1300G alloy after single-stage aging and two-stage aging: (a) 17" process; (b) 18" process
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Fig.15 Tensile fracture morphologies of Ti-1300G alloy under different heat treatments:
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