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Effects of Hot Tandem Rolling Processes on Microstructure and Mechanical
Properties of TC16 Titanium Alloy Bars
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Abstract: Martensitic TC16 titanium alloy is widely utilized in aerospace fasteners owing to its excellent
strength-ductility balance, hardenability, and cold heading formability. To address the prominent challenges of TC16
titanium alloy bars, including complex forming processes, high costs, poor microstructural homogeneity, and
insufficient batch stability, this study designed multiple hot tandem rolling processes and systematically investigated
the evolution of microstructure and mechanical properties of TC16 bars in hot-rolled (R), annealed (M), and
solution-aged (STA) states. The results reveal that the hot tandem rolling process of TC16 titanium alloy is sensitive to
temperature. Variations in deformation degree and temperature distribution across different regions of the rolled bars
lead to heterogeneous microstructural evolution, which cannot be eliminated by subsequent heat treatment. With
increasing rolling passes, the content of primary a phase decreases, the microstructure is refined, and regional
microstructural heterogeneity is effectively reduced. The M state bar prepared by Process IV exhibits a homogeneous
microstructure and excellent comprehensive mechanical properties. After solution-aging treatment, its average
micro-Vickers hardness reaches 360 HV; the ultimate tensile strength, yield strength, and elongation are 1163 MPa,
1072 MPa, and 16.3%, respectively. Finally, bars for fasteners meeting relevant standards were fabricated via the hot
tandem rolling-annealing-solution aging process.
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Table 1 Chemical composition of TC16 titanium alloy ingot
Al Mo A% Fe Si Ti
3.41 4.90 4.50 0.182 0.017 Bal.
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Table 2 Hot tandem rolling process parameters of TC16 titanium alloy bars

Process Rough rolling Intermediate heating method Multi-pass tandem rolling Cooling condition
880 °C On-line induction heating  #55mm — ¢30mm — ¢15mm — ¢9 mm . .
I . Forced-air cooling
@100 mm — ¢55 mm 800 °C linear speed =4.5 m/s
880 °C Furnace heating ¢55mm— $30mm — @15 mm— @9 mm . .
11 . Forced-air cooling
@100 mm — ¢55 mm 800 °C linear speed =4.5 m/s
880 °C On-line induction heating  ¢55mm — ¢30mm — @15 mm —» ¢9 mm . .
111 . Forced-air cooling
@100 mm — @55 mm 780 °C linear speed =4.5 m/s
840 °C Furnace heating ¢55mm— $30mm— ¢15mm— ¢9 mm . .
v Forced-air cooling

¢100 mm — @55 mm 760 °C

linear speed = 4.5 m/s
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Fig.1 Microstructures of R state TC16 titanium alloy bars at different regions: (a, d, g) edge; (b, e, h) 1/2R; (c, f, i) center
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Fig.2 Microstructures of TC16 titanium alloy bars (R state) at different rolling passes: (a—c) after rough rolling; (d—f) after the first pass;

(g—1) after the second pass; (j—1) after the third pass
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Fig.3 Microstructures of M state TC16 titanium alloy bars at different regions: (a, d, g, j) edge; (b, e, h, k) 1/2R; (c, f, i, 1) center
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Fig.4 Mechanical properties of M state TC16 titanium alloy
bars: (a) micro-Vickers hardness; (b) engineering stress-

strain curves
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Table 3 Hardness and tensile properties of M state TC16

titanium alloy bars

Process HV Rn/MPa Rp0.2/MPa Al% Z1%
I 289 898 872 20.5 61
11 282 876 851 22.5 64
111 305 1008 934 20.5 59
v 299 937 881 22.0 59
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Fig.5 Microstructures of STA state TC16 titanium alloy bar at different regions: (a) edge; (b) 1/2R; (c) center



L7 v
16 Titanium Industry Progress 43 %

380
a
i —*— Process IV l—

375
370F

365

HV

Foa
300+

350
345

ol
00 04 08 12 1.6 20 24 28

Distance from center/mm

1400
r ® Process IV m
1200

aaaaaaaaaaaa
-

1000
800
GO0

100

Engineering stress/MPa

200

1 6 8 100 12 14 16
Engineering strain/%

Kl 6 STA & TCl6 th& WM #7124 1k Re
Fig.6 Mechanical properties of STA state TC16 titanium alloy
bar: (a) micro-Vickers hardness; (b) engineering stress-

strain curve

F 4 STA 75 TC16 $k& M HIRE B AL 1T 42
Table 4 Hardness and tensile properties of STA state TC16

titanium alloy bar
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