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A Novel Multi-stage Deep Thermal Reduction Technology for Titanium and Its Alloys
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Northeastern University, Shenyang 110819, China)

Abstract: The concept of ‘multi-stage deep thermal reduction’ was proposed, the technology of magnesium/aluminum

thermal self-propagating high-temperature synthesis( SHS) multi-stage deep reduction to prepare titanium and its alloys.

The high purity reduced titanium powder with purity of 99. 69% , Ti-6Al-4V powder with oxygen content less than 0. 15%

and TiAl alloy ingot of 20 kg scale (the atomic ratio of Ti/Al was 1:1) with oxygen content 0. 09% were successfully

prepared with this technology. The achievements have been successfully transformed and applied in Shandong Fushan

Group. The 200 t/a reduced titanium powder industrial demonstration line was successfully put into operation on

December, 2019. This technology solves the problem that traditional metallothermic reduction can not completely

reduce TiO, to directly prepare titanium and its alloys, which can reduce the production cost of titanium by about

30% , and lay an industrial foundation for low-cost clean preparation and application of titanium materials.
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Fig. 1 SEM photographs of titanium-aluminum-vanadium alloy

prepared by different processes: (a)one-step strengthening

reduction; (b)multi-stage reduction
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Fig. 2 SEM photographs of high ferrotitanium alloy prepared
by different processes: (a)one-step strengthening

reduction; (b)multi-stage reduction
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Fig. 3 Photo of TiAl alloy ingot prepared by multi-stage

reduction and cold crucible refining: (a)macro-

photograph; (b)SEM photograph
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Fig. 4 Compressive strain-stress curves of TiAl alloy prepared

by multi-stage reduction and cold crucible refining
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Table 1 Mechanical properties of TiAl alloy prepared by

multi-stage reduction and cold crucible refining

at different temperatures

Test Young’s Yield Fracture Fracture
temperature  modulus strength strength strain

/C /GPa /MPa /MPa /%

900 941.6 834. 1 946. 0 30.0

1 000 732.8 576. 1 663.5 34.0

1 100 641.0 398. 1 447.17 34.7

1 200 393.9 226.3 247.5 35.1
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Fig. 5 XRD patterns of reduction products after leaching

at different ratios
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Fig. 6 Curves of impurity composition in reduction products

(after leaching) change with the reducing agent ratio
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Fig.7 SEM images of reduction products after leaching at different
ratios: (a, b)0.75:1; (c,d)1:1; (e, f)1.5:1
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Table 2 Energy spectrum analysis results of deep reduction

products ( after leaching) in different region in fig. 7

Region Ti 0 Mg Ca
A 92. 69 6.79 0.39 0.12
B 92.90 6.61 0.45 0.04
C 94. 34 5.11 0.41 0.14
D 94. 82 4.80 0.34 0.04
E 95.26 4.08 0. 60 0.05
F 95.92 3.97 0.08 0.03
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Fig. 8 XRD patterns of deep reduction products at different

calcium ratios after pickling
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Fig. 9 SEM images of deep reduction products at different
calcium ratios after pickling: (a)8:6; (b)8:7;
(c)8:8; (d)8:9; (e)8:10
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Table 3  Chemical composition of deep reduction products

at different calcium ratios after pickling

Calcium

ratio

Al v Mg Ca (0] N

8:6 86.054 5.85 3.90 1.20 0.02 2.97 0.0063

8:7 88.324 6.36 4.17 0.07 - 1.07 0.006 3
8:8 89.563 6.04 3.89 0.01 - 0.49 0.006 6
8:9 88.624 6.26 3.91 0.48 0.06 0.66 0.0063

8:10 88.844 6.57 3.96 0.01 - 0.61 0.006 4
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