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Improvement of Surface Properties of Ti-6Al-4V Alloy by
Low Pressure Carburizing

J. H. Kim, J.D. Park and S. W. Kim
Div. of Plasma Technology R&D, KITECH, ChonAn 330-825, Korea

Abstract For improvement of the wear performance of Ti alloy, vacuum-carburizing technique was tried for the
first time using propane atmosphere. During the low pressure carburizing carbide was formed at the surface and
carbon transfer was occurred from the carbide to the matrix. It was found that: (i) surface hardness increased with
the reduction of operating pressure and time; (i) optimum hardness distribution could be obtained with the proper
choice of temperature and carbon flux control; and, (iii) case depth was largely influenced not by time but by tem-
perature. The two steps process was recommended for obtaining thick case depth and high surface hardness of
Ti alloy. For the low oxygen partial pressure, it was necessary to introduce additional CO gas to the atmosphere.

Grain boundary oxidation and non-uniformity could be prevented.
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|: control panel,
4: Cooling fan,

2: Graphite heater,
5: Gas mass flow controller,
7: N,(diffusion), &: Propane (carburizing gas), 9: Mechanical Pump

3: Work place,
6: N, (cooling).

Fig. 1. Schematic diagram of carburizing furnace.
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Fig. 2. Experimental procedures.
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Fig. 3. Hardness distribution in the carburized Ti-6Al-
4V with different operating pressure and gases.
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Fig. 4. Hardness distribution in the carburized layer
deposited on the Ti with furnace pressure, time and
temperature.
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Fig. 5. Evolution of carburized layer (Ti-6A1-4V, 900°C,
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Fig. 6. X-ray diffraction patterns of the carburized (a) Ti
and (b) Ti-6Al-4V surface deposited at 900°C with a
pressure of 670 Pa.
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Fig. 7. The evolution of TiC layer thickness with the
carburized time and pressure.
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Fig. 8. The various steps of carburizing process.
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Fig. 9. WDS line mapping for carbon analysis in the
carburized Ti-6Al-4V.
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Fig. 11. The dependence of surface hardness with the
operating pressure.
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