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Effect of Heat Treatment on Microstructure Evolution and

Properties of Ti650 Alloy Plate
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Abstract: The effects of different heat treatment processes on the microstructure evolution and properties of Ti650 alloy
plate were studied. The results show that Ti650 alloy plate is sensitive to the change of solution temperature. The
primary o phase dissolution occurs with the increase of solution temperature, and the secondary o phase is smaller in size
and staggered, which increases the resistance of dislocation movement, increases the strength and decreases the plasticity
of the plate. Increasing aging temperature, secondary a phase changes from fine needle like to long or short layered,
arranged in staggered bundles with different orientations, resulting in a significant increase in the plasticity and an
appropriate decrease in strength. Under the condition of aging temperature of 700 °C and aging time of 2.5~6 hours, the
effect of aging time on the microstructure and properties of the plate is relatively small. The nucleation, precipitation and
growth of secondary o phase are affected by different solution cooling rates. Reducing cooling rate, the secondary «
phase grows from dispersed fine needle to short rod, and the strengthening effect of fine grains weakens, resulting in the
decrease of room temperature strength, and the increase of plasticity.
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Fig.1 Microstructure of Ti650 alloy plate as rolled
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Table 1 Heat treatments of Ti650 alloy plate

No. Heat treatment

HT1 980 °C/2 h/AC+660 °C/2.5 h/AC
HT2 990 °C/2 h/AC+660 °C/2.5 h/AC
HT3 1000 °C/2 h/AC+660 °C/2.5 h/AC
HT4 990 °C/2 h/AC+700 °C/2.5 h/AC
HT5 990 °C/2 h/AC+800 °C/2.5 h/AC
HT6 990 °C/2 h/AC+700 °C/4 hIAC
HT7 990 °C/2 h/AC+700 °C/6 h/AC
HT8 990 °C/2 h/FC+-700 °C/2.5 h/AC
HT9 990 °C/2 h/WQ++700 °C/2.5 h/AC
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Fig.2 Microstructures of Ti650 alloy plate treated at different solution temperatures: (a) HT1; (b) HT2; (c) HT3
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Table 2 Room temperature mechanical properties of Ti650 alloy

plate treated at different solution temperatures

Heat treatment ~ Rn/MPa Rpo.o/MPa A% Z/%
HT1 1094 986 6.5 11
HT2 1100 970 55 11
HT3 1103 974 55 10

2.2 BISURENTALETS MM REHI SN
Ti650 & &Rt B f 2H 2R %) [ 8 I B O UR, 25

FEEG &= M s g A PERE I UC LM, 75 B IELE
990 °CH RIMHLA LM A LLH] (WA o HEELH
15%~20%) BONEH, WOkBEFEEIRE A 990 CHHTE
SYERERF T, 7E 660 °CRI AU E T, Ti650 A&t R M
RSB, AT SRR B, AT TR GRS A S
T B 3 AN [ B 450 P52 T Ti650 45 AR A 1) St i 4 41
ME 3 W LLEH, BRI o HHA B AR TR
i B AR IR NAEE IR o FIAIERAY B AH . R 2R
FE, WIE o AHEE R CHERR KA, ]AE o HHH
sk (B 3a) KM AKRF IR (B 3c) , AR
B ER, ACHHEP AR SR . & 3b HEUIRES
AT 3a 5 3¢ 2 AR A .

3 AEINCEEE T Tie50 & SR i) A4
Fig.3 Microstructures of Ti650 alloy plate treated at different aging temperatures: (a) HT2; (b) HT4; (c) HT5
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Table 3 Room temperature mechanical properties of Ti650 alloy

plate treated at different aging temperatures

Heat treatment ~ Rn/MPa Rpo./MPa Al% /%
HT2 1100 970 55 11
HT4 1078 951 11.0 19
HT5 1040 920 125 24
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Fig.4 Microstructures of Ti650 alloy plate treated at different aging time: (a) HT2; (b) HT6; (c) HT7
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Table 4 Mechanical properties at room temperature and high temperature of Ti650 alloy plate treated at different aging time

Heat treatment Temperature/°C Rm/MPa Rpo.2/MPa A% Z/%
RT 1078 951 11.0 19
HT4
650 662 490 26.5 71
RT 1077 955 12.0 20
HT6
650 651 478 235 70
RT 1080 958 12.0 23
HT7
650 654 489 29.5 73
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Fig.5 Tensile fracture morphologies and microstructures of Ti650 alloy plate at different solution cooling rates: (a, d) HT8; (b, €) HT4; (c, f) HT9
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Fig.6 SEM images of Ti650 alloy plate treated at different solution cooling rates: (a) HT8; (b) HT4; (c) HT9
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Table 5 Mechanical properties at room temperature and high
temperature of Ti650 alloy plate treated at different

solution cooling rate

Heat  Temperature/

Rmw/MPa Rpoo/MPa A/% Z/% Creep/%

treatment °C
RT 973 887 135 27 —
HT8
650 572 431 180 34 0.271
RT 1078 951 110 19 —
HT4
650 662 490 265 71 0.213
RT 1224 1112 75 14 —
HT9
650 682 437 345 90 0.440
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