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Preparation of low-cost titanium alloys using Fe instead of V.
Calculation of phase volume fraction

WANG Liang, YAN Hui, CHEN Yun, LUO Liangshun, SU Yanging, GUO Jingjie

( National Key Laboratory for Precision Hot Forming of Metals ( Harbin Institute of Technology) , Harbin 150001, China)

Abstract; Titanium alloy is employed in aerospace, aviation, navigation, and other fields because of its excellent
comprehensive properties, such as high specific strength, strong heat resistance, excellent corrosion resistance, and
good low temperature performance. However the high cost of titanium alloy seriously restricts its large-scale
application. Based on Ti-6Al-4V alloy which has the best comprehensive properties, several Ti-Al-V-Fe alloys with
different contents of V and Fe were designed under the guideline of using cheap alloy elements instead of expensive
alloy elements. With the help of the stability factor K,, the stability of B phase and the effect of B stabilizing
elements were analyzed. The calculation models for critical cell coefficients of B stabilizing elements of quenched
alloys and annealed alloys were established by theoretical derivation. On this basis, the calculation methods for
volume fraction of o phase and 8 phase were established, and the theoretical calculation of the volume fraction of «
phase and B phase in Ti-Al-V-Fe alloy was realized. Taking Ti-6Al-3V-1Fe alloy as an example, the theoretical
volume fraction of « phase and B8 phase in the alloy was calculated. Then, Ti-6Al-3V-1Fe alloy ingots were
prepared by vacuum non-consumable arc melting furnace. Samples were taken and heat treated. Finally, the
volume fraction of @ phase and B phase in the alloy was determined by X-ray diffraction. It was found that the
measured results were in good agreement with the theoretical calculation results, indicating that the established
model is feasible to predict the volume fraction of o phase and B phase.
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Tab.1 Nominal compositions of Ti-Al-V-Fe alloys

75 G4 V: Fe mBa%%
Ti Al V Fe
1 Ti-6Al-3V-1Fe 3:1 balance 6 3 1
2 Ti-6Al-2V-1Fe 2:1 balance 6 2 1
3 Ti-6Al-3V-2Fe 3:2 balance 6 3 2
4 Ti-6Al-2V-2Fe 1:1 balance 6 2 2
5 Ti-6Al4V balance 6 4 0
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Tab.2 W), ), C!, and C) of commonly used B-phase

stabilizing elements

LF wy v G Ci,
Mo 11.00 5.82 2.14 7.59
v 14.90 14.15 0.39 2.53
Fe 5.00 4.32 3.58 10.57
Nb 28.40 16.99 0.00 1.94
Mn 6.50 5.72 2.45 7.74
Cr 6.50 6.03 2.29 7.29
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Tab.3  K; value, a and B phase volume fractions of alloys

n,

%Xloo% =

oS4 K, Ry/% VB/% V/% VE/% Vi/%
Ti-6Al3V-1Fe 0.40 0.480 7.22  92.78 21.34 78.66
Ti-6Al-2V-1Fe 0.33 0.473  5.93  94.07 15.01 84.99
Ti-6Al3V2Fe 0.60 0.504 11.39  88.61 28.83 71.17
Ti-6Al2V2Fe 0.53 0.496  9.96  90.04 25.19 74.81

Ti-6Al4V ~ 0.27 0.466 4.66 95.34 11.84 88.16
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Fig. 1 X-ray diffraction patterns of Ti-Al-V-Fe alloys
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Tab.4 B phase volume fractions of alloys Yo
MEE  BIRE WEME EIRE
BE
v v w "

Ti-6Al-3V-1Fe
Ti-6Al-2V-1Fe
Ti-6Al-3V-2Fe
Ti-6Al-2V-2Fe
Ti-6Al4V

19.4 +2.1 21.3
13.5+0.5 15.0
24.7+2.5 28.8
21.4+1.3 25.2
12.6 1.6 11.8

6.9+1.9 7.2
6.2+1.2 5.9
11.8+0.7 11.4
10.9+1.2 10.0
5.2+0.6 4.7
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