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ABSTRACT Carbon additions greater than 0.17% produce carbide precipitation in the microstructure
of Ti–5.6Al–4.8Sn–2Zr–1Mo–0.35Si–0.7Nd titanium alloy. During recrystallization in the α+β phase field,
carbon localizes in the primary α(αp) phase, resulting in that carbide particles preferentially form from the
β grains of bimodal microstructure and its volume fraction is determined by that of the αp. Precipitates
of carbide during β annealing are distributed on the prior β grain boundaries or within the grain, and an
obvious β grain refinement was observed due to the grain–boundary pinning effect of carbide. The ratio
of pinned β grain size (D) to carbide particle size (d) was found to be proportional to f−1/3, the volume
fraction of carbide. The α′ or α plate sizes increased because of the carbon addition. Carbon solubility in
the phases concerned is closely related to the variation of mechanical properties.
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Table 1 Contents of interstitial elements (mass

fraction, %) and α + β/–transus (βt) tem-

perature of the experimental alloys

Interstitial content
Alloy

C O N βt/I

Base 0.01 0.07 0.01 1020

A–1 0.06 0.07 0.01 1045

A–2 0.09 0.10 0.02 1095

A–3 0.17 0.10 0.02 1125

A–4 0.23 0.10 0.02 1145

A–5 0.32 0.10 0.03 1175

A–6 0.43 0.10 0.02 1145
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Fig.1 As–forged microstructure of the base alloy

showing equiaxed α and intergrannular β

phases
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Fig.2 SEM micrographs showing the formation of

carbide as a function of αp volume percent-

age in the A–5 alloy: (a) 70% αp (1010 I/1

h/WQ); (b) 10% (1165 I/1 h/WQ); (c) 0%

(1190 I/1 h/WQ)
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Table 2 Compositions of the carbide in the A–6 al-

loys (mass fraction, %)

Al Sn Zr Mo Si Ti

As–cast alloy 0.78 3.98 3.29 0.21 0.14 91.60

As–forged alloy

1160 I/1 h/WQ 1.07 4.12 2.14 0.51 0.11 92.05
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Fig.3 Variation of the volume percentage of carbide

with that of the primary α of alloys contain-

ing different carbon contents in the water–

quenched condition
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Fig.4 Lamellar grain size as a function of carbon

content in the Ti–60 alloys
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Fig.5 SEM images of the A–3 (a), A–4 (b), A–5 (c), and A–6 (d) alloys after heat treatment at βt+15

I for 1 h followed by water quenching showing grain refinement due to carbide grain–boundary–

pinning effect
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Fig.6 Relationship between carbide particle size nor-

malized limiting β grain size and volume frac-

tion of carbide. Experimental data are also

shown for comparison
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Fig.7 Effect of carbon additions on the α′ or α plate

width in Ti–60 alloys
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Fig.8 Variation of lattice parameters (a and c) of the

α phase with increasing carbon content in the

Ti–60 alloys after heat treated at βt+15 I for

1h by water quenching
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Fig.9 Dependence of tensile properties on carbon

content for lamellar and bimodal (11% and 7%

αp) microstructures
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Fig.10 Dependence of creep strain on carbon content

for lamellar and bimodal (11% and 7% αp) mi-

crostructures
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