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Influence of heat-treatment process on structure and
performance of TC4 alloy sheet

DANG Peng, GAO Wei-na, FU Wen-jie, LI Hui, LU Li-giang

(Western Titanium Technologies Co., Ltd., Xi’an 710201, China)

Abstract: The influences of heat treatments, such as annealing temperature, holding time, annealing way and cooling
rates on the microstructure and room temperature mechanical properties of TC4 titanium alloy sheet were studied. The
results show that the tensile strength and yield strength of the alloy sheet decrease at first and then increase with the
annealing temperature rising from 720 ‘C to 820 ‘C under the condition of monolithic annealing, but the elongation has
an opposite change. And the strength and elongation get a well match at temperature of 780—800 ‘C. When the holding
time changes from 30 min to 120 min, the tensile strength has a little change. While the yield strength decreases
significantly before 60 min, and then it is up to a fixed value. The grain sizes of primary a and transformed f increase
with the annealing temperature and annealing time rising. And the amount of transformed S increases at the same time.
The predominant comprehensive mechanical properties of TC4 alloy can be obtained at annealing temperature of 780 C
and annealing time of 7 h with vacuum stack annealing and furnace cooling treatment.
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Table 1 Chemical compositions of TC4 alloy sheet

Mass fraction/%

Furnace No.
Ti Al A\ Fe

1 Bal. 6.18 4.2 0.038
GB/T3620.1 Bal. 5.5-6.75 3.6-4.5 0.3

Mass fraction/%

Furnace No.
C N H O
1 0.02 0.014 0.001 0.15
GB/T3620.1 0.08 0.05 0.015 0.2

7 Ti AR JSE IR Jet A 58 ) 2 AR JE T 1) 3t i e
T 1) A v A rv SRR, ) e P
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Table 2 Room-temperature mechanical properties of TC4
alloy sheet annealed at various temperatures

O'b/ 0'0_2/ o/

Temperature/ (G02/av)/

C Direction MPa MPa % %
720 C 1020 980 10 96
720 L 1030 910 8 88.3
750 C 995 925 12 93
750 L 1040 900 10 86.5
780 C 975 860 12 88.2
780 L 1000 815 12 81.5
800 C 980 885 13 90.3
800 L 995 810 14 81.4
820 C 1020 925 13 90.7
820 L 1050 880 10 83.8
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C: Cross; L: Longation.

ANTAIIR KR TCA Wb 2= il 24 PR RE AL
PanpE 1 R, B 1 TRLE, B KR T
(5, AROME BT o B R e Rt B S IS /S S5 3R
s, AR RSN B AR B K T by sk B T BRI
J5 o B AE 780~800 °C 2 [ 1Y) Jee ik i 5 AN 47 5k FEE T
PR/ ME . A AR 2R B JGIRLEE TR T ey S B S 3
KGN, 7F 800 CIN G KAB - 1B K IR
1t 720~780 “CZ [BI , ey s B A i e s s BE A 2 T

1100 50

mm-E::::::::ifﬁ

140
] X
% 900+ \/ é
= 130 5
z g
2 800t 2
) o
®"—0pc A~ 0pc *—0c {20
*—o,L Y " Op *TOL
700+ .
‘/:% lio
600 */. . . . .
720 740 760 780 800 820
Temperature/C

Bl1 AR R TC4 ik il - e
Fig. 1 Room-temperature mechanical properties of TC4 alloy

sheet annealed at various temperatures
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Fig. 2 Room-temperature mechanical properties of TC4 alloy

sheet annealed at 800 °C for various holding times
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Fig. 3 Microstructure of TC4 alloy sheet after cold rolling
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Table 3 Room-temperature mechanical properties of TC4 alloy sheet at different cooling rates

Furnace Time/min Cooling Direction o/ MPa 00,/MPa 0/% (002/0)/%
Resistance 40 AC C 980 885 13 90.3
Resistance 40 AC L 995 810 14 81.4

Vacuum 420 FC C 975 950 12 97.4

Vacuum 420 FC L 990 890 11 89.9
Resistance 420 FC C 995 970 10 97.4
Resistance 420 FC L 955 895 9 93.7
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Fig. 4 Microstructures of TC4 alloy sheets annealed at various temperatures: (a) 720 “C; (b) 780 “C; (¢) 800 C; (d) 820 'C
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Fig. 5 Microstructures of TC4 alloy sheets annealed at 800 “C for various holding times: (a) 30 min; (b) 40 min;(c) 60 min; (d) 120

min
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Fig. 6 Microstructure of TC4 alloy sheet after vacuum heat
treatment at 780 “C for 7 h
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Fig. 7 Microstructure of TC4 alloy sheet annealed at 780 C
for7h
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