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Effect of Er on microstructure and properties of Ti-16A1-27Nb alloy

SUN Yan-ran, DUAN Hui-ping, KANG Ning

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Rare earth element Er was added into Ti-16Al-27Nb alloy to improve the mechanical properties of the alloy.
The effects of Er on the microstructure and properties of Ti-16Al-27Nb alloy were investigated. The results show that the
grain size of the alloy can be refined by the trace addition of Er, but the main phase constituent of the alloy cannot be
changed, i.e., the alloy basically consists of B,, & and O phases. When the content of Er additive is very low, Er will
solute in the alloy while the content of Er additive is about 0.6% (mole fraction), fine Er-riched particles with
face-centered cubic structure will precipitate homogeneously in the matrix. With the increase of the content of Er additive,
the Er-riched phase will grow up obviously and segregate along the grain boundaries, which deteriorates the mechanical
properties of the alloy. Based on the experimental results, conclusion can be drawn that solid solution strengthening and
dispersion strengthening are the main mechanisms for Er element to improve the mechanical properties of the alloy. The
alloy with 0.6% Er (mole fraction) shows excellent plastic deformation ability.
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Fig.1 Compressive stress—strain curves of Ti-16Al-27Nb
alloy with different mole fractions of Er: (a) 0% Er; (b) 0.3%
Er; (c) 0.6% Er; (d) 1.2% Er; (e) 1.6% Er; (f) 2.0% Er
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Table 1 Effect of Er content (mole fraction) on mechanical

properties of Ti-16A1-27Nb alloy

x(Er)/% om/MPa o/MPa &%
0 800 1150 36
0.3 900 1700 45
0.6 950 - >75
1.2 1 050 1 600 42
1.6 1150 1 450 28
2.0 1100 1 500 34
°o— O
"— B,
. )

1.2% Er
0.6% Er
o

20 30 40 50 60 70 80
26/(°)
B2 AF Er & B (BRI B0 Ti-16A1-27Nb 7<) XRD i
Fig.2 XRD patterns of Ti-16Al-27Nb alloy with different Er

contents (mole fraction)
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Fig.3 Optical microstructures of Ti-16Al-27Nb-xEr: (a) 0%Er;
(b) 0.6% Er; (c) 1.2% Er
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Table 2 Effect of Er content (mole fraction) grain size of
Ti-Al-Nb alloy
x(En)/% 0 0.3 0.6 1.2 2.0
Grain size/um 800 330 150 130 80
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Fig.4 Effect of Er content (mole fraction) on microstructure
of Ti-16A1-27Nb alloy: (a) 0% Er; (b) 0.6% Er; (¢) 1.2% Er
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El5 Ti-16A1-27Nb-0.6Er 5 <x[¥] TEM 15 S 3% DX LR S
Fig.5 TEM image of Ti-l16Al-27Nb-0.6Er (a) and SAD
patterns of dark strip along [001] (b) and grey strip along
[001] (¢)
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Table 3 Chemical compositions of phases in alloy

Phase x(TY/%  x(AD/% x(Nb)/%  x(Er)/%
Dark strip 56.1 8.4 35.2 0.3
Grey strip 58.1 20.7 20.9 0.3
Precipitate 5.7 8.5 10.1 75.8

B 6 5 Er MV S I s 05 5 TSR 3 A 11T 1]
1 23 P 5

Fig.6 Er-rich phase SAD patterns along different axis (a)
and HTEM image along [111] direction (b)
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