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Orthogonal design and strengthening mechanism of Ti-75 alloy
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Abstract: The mechanical properties, lattice constant and elastic modulus of alloys were measured by using orthogonal

experiment. The effects of Al, Mo, Zr elements and interactions of Al-Mo, Al-Zr and Mo-Zr on microstructure and

mechanical properties of alloys were also studied. At last, equation between alloy constituent and mechanical properties

was set up.
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Table 1 Chemical compositions of alloys (mass fraction, %)
Alloy No. Al Mo Zr Ti
0 - - - Bal.
1 2.98 - - Bal.
2 - 3.10 - Bal.
3 - - 3.01 Bal.
4 2.95 3.08 - Bal.
5 2.99 - 2.78 Bal.
6 - 3.00 2.89 Bal.
7 2.98 3.10 2.97 Bal.
8 1.98 2.12 2.08 Bal.
9 3.05 2.10 2.03 Bal.
8 9
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Table 2  Orthogonal design and mechanical properties of alloy
Experiment Al Mo Zr  AlMo AlZr MoZr  AlMoZr Mechanical property
No. &) X)) (X)) @X) (X (X)) (NXed5) R oMPa RooMPa A% ZI%  Wi(Jem™)
1 1 -1 -1 -1 -1 -1 -1 635.5 592.5 19.0 51.0 9.6
2 -1 1 -1 -1 -1 -1 -1 630.0 561.0 24.0 69.0 17.5
3 -1 -1 1 -1 -1 -1 -1 467.5 387.5 322 66.5 16.4
4 1 1 -1 1 -1 -1 -1 738.9 671.3 18.7 68.2 15.5
5 1 -1 1 -1 1 -1 -1 667.5 610.0 18.5 52.0 10.3
6 -1 1 1 -1 -1 1 -1 702.5 617.5 21.5 68.5 17.5
7 1 1 1 -1 -1 -1 1 845.0 807.5 17.5 65.5 10.9

3 8 9
Table 3 Calculated and testing results of mechanical properties for No.8 and No.9 alloys
Alloy Calculated result Testing result
No. Ruw/MPa  Rpo2/MPa  A/% ZI% Wi/(J-cm™2) Rw/MPa  Rpo2/MPa  A/% ZI% Wi(J-cm™2)
8 719.4 658.97 20.6 64.9 148.57 727.4 670.9 18.5 66 140

9 750.86 727.34 18.1 62.6 129.57 755 718.3 18 61 137.7
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1 Al Mo Zr
Fig.1 Effects of elements Al, Mo and Zr on microstructure of alloys: (a) Ti-3Zr; (b) Ti-3Mo; (¢) Ti-3Al; (d) Ti-3Al-3Zr; (e) Ti-
3Mo-3Zr; (f) Ti-3Al-3Mo
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Table 4 Effects of elements Al, Mo and Zr on crystal constants of alloys

Alloy No. Nomir}gl Crystal constant Difference between alloy and pure Ti
composition alA c/A cla alA c/A cla
0 Ti 29518 4.690 7 1.589 1 - - -
1 Ti-3Al 29423 4.692 0 1.594 8 -9.5%<1073 1.6><1073 5.7>1073
2 Ti-3Mo 2.956 0 4.6855 1.5851 42>1073 -4.0<1073 -4.2><1073
3 Ti-3Zr 2.9578 4.6952 1.587 4 6.0>=<1073 4.5>=107 -1.7%<1073
4 Ti-3Al-3Mo 29419 4.656 1 1.5827 —9.9%<1073 —3.46x<1072 —6.4><1073
5 Ti-3Al-3Zr 29433 47525 1.6147 -8.5%<107 6.18><1072 —4.55>102
6 Ti-3Mo-3Zr 2.964 0 45751 1.5136 122102 —1.156x<10"! —2.46>=1072
7 Ti-3Al-3Mo-3Zr 2.9450 4.6717 1.586 3 —6.8<1072 —1.90><1072 -2.8%<1073
5 Al
Table 5 Elastic modulus of pure Ti and Ti alloys Ti
Alloy No. Nominal composition  Elastic modulus/MPa (D~(5)
0 Ti 110.81 [4] Al
1 Ti-3Al 114.30 30
2 Ti-3Mo 112.73 3% Al 6.5%~7%
3 Ti-3Zr 112.62 o
4 Ti-3Al-3Mo 115.11 Ti-75(Ti-Al-Mo-Zr ) Al
5 Ti-3Al1-3Zr 115.20 39 Mo Mo B
6 Ti-3Mo-3Zr 113.85 o-Ti Al
7 Ti-3A1-3Mo-3Zr 116.28 Mo
? o-Ti
Mo a
Al-Mo Al-Zr Mo-Zr Ti-Al-Mo-Zr
) (DH~(5) Al
. e Al Zr Ti
o
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