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Improvement of Microstructure and Creep Properties of
Ti-6Al-4V alloy by Plasma Carburization
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Abstract In order to improve the wear resistance of Ti-6Al-4V alloy, plasma carburization treatment was newly
carried out without consumption of its good specific strength and fatigue life over the temperature. Effect of the
plasma carburization was analyzed and compared with the non-treated alloy by microstructural observation,
structure characterization and mechanical test. The plasma treated alloy formed a carburized layer of about
150 um in depth from the surface, where a fine and hard particles of TiC and V,C, were homogeneously dis-
persed through the layer. The steady-static creep behaviors of Ti-6Al-4V alloy, using the constant stress creep
tester, were investigated over the temperature range of 510~550°C(0.42~0.44Tm) and the stress range of
200~275 MPa. Stress exponent(n) was decreased from 9.32 of non-treatment specimen to 8.95 of carburized,
however, the activation energy(Q) increased from 238 to 250 kJ/mol with the same condition as indicated above.
From the above results, it can be concluded that the static creep deformation for Ti-6Al-4V alloy was controlled by
the dislocation climb over the ranges of the experimental conditions.
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Fig. 1. Dimension of tensile creep specimen.

Table 1. Chemical composition of Ti-6Al-4V specimen
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Fig. 2. Microstructure of (a)non-carburized and (b)carburized Ti-6A1-4V alloys.
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Table 2. Surface Hardness of Ti-6Al-4V alloy

Classification Surface Hardness(Hv)
Non-carburized 402
Carburized 1,600
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Fig. 3. XRD patterns of (a)non-carburized and (b)carburized Ti-6A1-4V alloys.
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Fig. 4. Hardness variation of carburized Ti-6Al-4V
specimen.
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Table 3. Experimental creep data
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200 2.40x10° - 2.11x10° -
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275 5.34x10° 105 4.39x10° 136
200 6.05x10° - 5.55x10° -
55 225 1.94x10° 195 1.69x10°° 252.4
250 5.38x10° 91.1 4.53x10° 117.7
275 11.81x10° 57.2 9.78x10° 74
200 8.29x10° 152.6 7.58x106 197.6
535 225 2.61x10° 80 2.35x10° 103.6
250 7.22x10° 335 6.19x10° 435
275 15.35x10° 21.8 12.70x10° 27.7
200 1.53x10° 718 1.44x10-5 93
225 4.66x10° 27 4.32x10° 349
550 250 12.82x10° 15.2 11.13x10° 19.6
275 26.23x10° 11.2 22.20x10° 14.5
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Fig. 5. Applied stress dependence of steady-state creep( € ) at various temperature.
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Fig. 6. Relationship between steady state creep rate( € ) and reciprocal temperature.
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Fig. 7. SEM microstructure of creep-tested specimens.
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