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Effects of Nd element addition on microstructure refinement of
Ti-6Al-4V-2Cr alloy
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Abstract: Titanium alloy Ti-6Al-4V-2Cr-1Nd is made by the cold isostatic pressing and vacuum sintering, then the
solution and aging heat treatment was carried on the prepared of titanium alloy, the effect of Nd elements on the
microstructure refinement and the refinement mechanism were researched and analyzed through the experiment and
theory calculation of minimum mismatch degree. The results show that the main precipitation phase Nd,Oz; can
effectively promote the grain refinement after adding rare earth element 1% Nd (mass fraction). The two-dimensional
mismatch degree calculation results proved that the precipitated phase Nd,Os is the effective nucleating agents that can
promote the heterogeneous nucleation and increase the nucleation rate, thus promote the grain refinement. Through the
high resolution observation of thin area in the sample, another precipitated phase Nd,Ti,O4; is found, which is flocculent,
dispersed and very small. Because of the low degree of interface mismatch, Nd,Ti,O; can also be used as the core of
heterogeneous nucleation and promote nucleation, which means it can also play a role in grain refinement.
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Table 1 The raw material powders
Raw . .
powders w(0)/%  Granularity/um Production method
Ti 0.20 =40 HDH
Al 0.02 25 Atomization Nd
\Y 0.035 35 Reduction Nd
Cr 0.15 35 Reduction 1 020 1 300 Nd
Nd 0.10 75 Hydride reduction
Nd,O3
Ti-6Al-4V-2Cr-1Nd Nd20;
Nd
Nd [15]
Nd [16]
Y 24 h AFy = (015, +0,5;)/3 1)
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1 Ti-6Al-4V-2Cr  Ti-6Al-4V-2Cr-1Nd
Fig.1 Metallographic structure of Ti-6Al-4V-2Cr alloy
(a) and Ti-6Al-4V-2Cr-1Nd alloy (b)

AFg o1 02
S1
Sz
Nd Nd,Os
St S
0151+0,S; AFg
2.2
2 Ti-6Al-4V-2Cr-1Nd XRD
«Ti  p-Ti Nd
Nd,Os Nd,Ti,O1
Nd
Nd
Nd,Os Nd,Ti4O11
2.3

BRAMFITTH
P

*— o-Ti

¢ — B-Ti
+—Nd

v — Nd,0,

e — Nd,Ti, 0,

* &

15 30 45 60 75 90
20/(°)
2 Ti-6Al-4V-2Cr-1Nd XDR

Fig.2 XRD pattern of Ti-6Al-4V-2Cr-1Nd alloy
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Fig.3 The atoms matching schematic diagram of (111) Nd,O5
(grey)//(001) a-Ti (white)
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Table 2 The calculation of mismatch degree Nd
by Nd,0O3 and matrix
[ow], [uv], Aoma, Grawa, 61C) Sy 24 HRTEM
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Fig.5 The high resolution phase (a) and diffraction pattern (b) of Ti-6Al-4V-2Cr-1Nd alloy
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Fig.6 The high resolution phase and inverse
Fourier transformation of area (1) in Fig.5(a)
(a) The high resolution phase;

(b) The diffraction spots of a-Ti;

(c) The atomic arrangement structure of o-Ti
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Fig.7 The high resolution phase and inverse
Fourier transformation of area (2) in Fig.5
(a) The high resolution phase of the area (2);
(b) The diffraction spots of Nd,Ti;O1;
(c) The atomic arrangement structure
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