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Research and prospect on mechanism of tissue evolution and property
control of TC4 titanium alloy during hot rolling process
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Abstract: Taking TC4 titanium alloy as the research object. Firstly, based on the characteristics of rolled parts, TC4 titanium alloy prod-
ucts were categorized into sheet/strip/foil materials and pipe/rod materials, and common processing techniques for these products were
summarized. The effects of behaviors such as grain refinement, texture evolution and phase component redistribution on the microstructure
of TC4 titanium alloy were comprehensive reviewed. By summarizing the effect of different hot rolling temperatures and deformation a-
mounts on the microstructure of TC4 titanium alloy, the relevant parameters that exhibit good performance and microstructure compatibility
were evaluated. Regarding the defects observed during the hot rolling of TC4 titanium alloy sheets, such as uneven deformation, cracking
and instability in plastic flow, the mechanisms behind the formation of these defects were elucidated. Considering the significant role of
numerical simulations in the thermal process forming of titanium alloys, the characteristics of numerical simulations for TC4 titanium alloy
at different scales were analyzed. The development directions of hot rolling process and technology for TC4 titanium alloy were concluded.
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Fig. 1 Schematic diagrams of unidirectional rolling (a) and

cross rolling (b)
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Fig. 2 IPF diagrams of TC4 titanium alloy sheets
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(¢) Mechanical properties at room temperature
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Fig. 4  Microstructure and mechanical properties of synchronous and asynchronous rolled specimens of TC4 titanium alloy
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(d) Mechanical properties of specimens with different roll speed ratios
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Fig. 6 Microstructure of TC4 sheets under three rolling methods
(b) Multi-sheet direct TIG welding stack rolling
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('¢) Multi-sheet stack rolling of clad steel sheets
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Fig. 7 Schematic diagram of two-roller rolling and piercing (a), hot rolling photo of TC4 seamless tube (b) and longitudinal (¢) and

transverse (d) metallographic structrue of different positions of tube wall[2]
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Fig. 8 Finite element model of screw rolling (a), macrostructure of rolled bar (b) and EBSD microstructure (c) (23]
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Fig. 9 Evolution of recrystallized grains in grain boundary maps with different strains'
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Fig. 13 Microstructure on RD-TD surface and dynamic true stress-true strain curves of TC4 titanium alloy at different temperatures*
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Fig. 14 TEM morphologies of TC4 titanium alloy after hot rolling with different deformation amounts and tensile properties
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(d) Tensile properties
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Fig. 15 EBSD plots of TC4 titanium alloy with different strain rates and rheological stress-strain curves
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Fig. 16  Microstructure of TC4 titanium alloy with different cooling rates
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Tab.1 Mechanical properties of TC4 titanium alloy at
different cooling rates

(¢) 1°C -s7"

Cooling Tensile Reduction
Yield strength/ Elongation/
rate/ strength/ of area/
MPa %

(c-sh MPa %
0.1 790 861 13.56 15.34
0.5 811 890 12. 88 12.48

1 864 934 11. 56 13.47
5 898 974 10. 14 12.35
10 905 972 10. 24 11.58
15 910 981 9.58 10. 19
20 945 1048 10. 11 9.26
30 951 1050 9.37 10. 36
50 960 1097 9.25 9.14
80 960 1076 8.65 9.10
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TCA B3 4 0 F P A B0 W Ll A 2, T

(d) 5C-s" (e) 10C-s"  (f) 80°C -s™"
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Fig. 17 Hot rolling defects of titanium alloy
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(b) Surface cracking
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(a) Surface morphology of hot-rolled oxygen-rich layer of TC4 and TCI titanium alloys
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Fig. 18  Surface morphology and thickness of hot-rolled oxygen-rich layer of TC4 and TC1 titanium alloys

(¢) TCl kA &ML ZEE
[58]

(b) Thickness of hot-rolled oxygen-rich layer of TC4 titanium alloy

(¢) Thickness of hot-rolled oxygen-rich layer of TC1 titanium alloy
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Fig. 19 Microstructure of deformation destabilization zones of TC4 titanium at different temperatures and strain rates
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Fig. 24 Microstructure of TC4 titanium at different strain rates (a) and comparison of experimental and simulated rheological
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