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Surface Modification and Heat Treatment of
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Abstract  Single pulse of 2.0 to 3.5 kJ from 150 4F capacitor was applied to the c¢p Ti rod for its surface
modification and heat treatment. Under the conditions of using 2.0 and 2.5 k] of input energy, no phase
transformation has been ocourred. However, the hardness and tensile strength decreased and the elongation
increased after a discharge due to a slight grain growth. By using more than 3.0 kJ of input energy, the electro
discharge made a phase transformation and the hardness at the edge of the cross section increased
significantly. The Ti rod before a discharge was lightly oxidized and was primarily in the form of TiO,.
However, the surface of the Ti rod has been instantaneously modified by a discharge into the main form of
TiN from TiO,. Therefore, the electro discharge can modify its surface chemistry in times as short as 200 gsec
by manipulating the input energy, capacitance, and discharging environment.
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Fig. 1. Schematic diagram of electro discharge system.
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Fig. 2. Typical discharge curve measured current and voltage
on oscilloscope (150 uF, 3.5 kJ).
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Fig. 3. Typical power curve versus discharge time (150 uF,
3.5k)).
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Table 1. Peak voltage, peak current, discharge time and AH during a discharge under various conditions.

Discharge ambient

Input Energy (kJ) Peak voltage (kV) Peak current (kA) Heat generated (J) Discharge time (sec)

2.0 1.8

2.5 2.4
N,

3.0 2.6

35 3.2

19.2 1383 158.8
24.4 2248 158.8
29.2 3307 159.2
352 4695 159.2
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Fig. 4. Cross section micrographs of the Ti rods (a) before discharge, (b) discharged at 2.0 kJ, (¢) discharged at 2.5kJ, (d)

discharged at 3.0 kJ, and (e) discharged at 3.5 kJ.
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Fig. 5. Micro-hardness inside and outside of the cross section

of the Ti rods before and after discharge at various input
energies.
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Fig. 6. Tensile strengths of the Ti rods before and after
discharge at various input energies.
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Fig. 7. Percentages of elongation of the Ti rods before and
after discharge at various input energies.
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Fig. 8. Cross section view of the Ti rod discharged at 3.5 kJ (a) SEM micrograph and elemental mapping micrographs of (b)Ti,

(¢) N, and (d) O.
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Fig. 9. XPS Ti narrow scan spectra of the Ti rods before and
after discharge at 3.5 kJ of input energy.
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