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1.Introduction

The microwave discharge can be carried out in an atmospheric pressure by using stub

electrodes attached on both H-planes of the rectangular waveguide. It is possible to apply the

present discharge to the synthesis of C60, because of its high possibility to heat up the mate-

rials. It is worth while to investigate the practical way for heating of carbon rod by the present

discharge. In this paper, the heating and loss processes of the carbon rod due to the micro-

wave discharge apparatus will be considered.

2.Experimental apparatus and method

The tungsten pipes with outer diameter of 6 mm and inner diameter of 4 mm are fixed

by 10 mm apart from each other. They are used as the stub electrodes as shown in Fig.l. The

microwave of 2.45 GHz has been launched by the magnetron oscillator with the repetition

frequency of 60 Hz. The nominal value of the averaged microwave power is 800 W at the

maximum. The carbon rod of 2 or 3 mm in diameter is inserted into the center othe gap

through the stub hole. When a tip of the rod is placed within 2 mm from the top of another

stub and the plunger placed at the end of the waveguide is suitably set, the intense discharge



occurs between them at the pressure from 200 to 760 Torr of argon or helium gas. The carbon

rod is soon heated up to 3000 K.

3.Experimental results and discussion

It is found that more than 90 % of the microwave power has been absorbed by the dis-

charge plasma, under the most suitable condition for heating. This is confirmed by the

detection of the microwave power behind the stub electrodes.

However, in order to make the synthesis of C60 effectively, it is considered that the

temperature of carbon rod should be higher than 4000 K. The heating of carbon rod obtained

in the experiment has still been insufficient.

According to the rough estimation of the power losses from the carbon rod, the elec-

tronic cooling is dominant over the other loss process such as radiation, heat conduction and

heat convection, if the temperature of the carbon rod is higher than 3500 K. However, the ra-

diation loss becomes larger than the electronic cooling for the temperature lower than 3500 K.

As for the heat convection, it depends on the filling gas pressure and becomes large as the

pressure increases. In contrast to the other loss processes, electronic cooling is controllable by

biasing the carbon rod agaist the plasma potential, since thermionic electron emission from the

carbon rod is a function of the difference between the plasma potential and the carbon rod

potential.

Thus, the effect of the bias voltage for the carbon rod against the earth potential is

examined experimentally in detail Here, the carbon rod is regarded as an electrostatic probe.

Figure 2 shows the floating potential measured by the carbon rod. It is found that the

plamsma has the negative potential against the earth potential. Figure 3 shows the relation

between a bias potential V b and the probe current which flows into ( positive values ) or out

( negative values ) the plasma through the carbon rod. Figure 4 shows the light intensity

emitted from red-hot carbon rod v.s. V b .

The light intensity is considered to reflect the temperature of the carbon rod. As shown



in Fig.3, it is found that the light intensity depends on V b and increases as V b is negative

against the floating potential. This means that the electronic cooling is not large, compared to

other losses.

4. Consideration

The DC arc discharge is usually used to synthesize C60 in helium gas at the middle

pressure. In this case, the carbon rods are used as the electrodes. As well known, only the

anode is heated enough high temperature for the carbon to evaporate, while the cathode is

remained at low temperature. The difference of the temperature of both electrodes is consid-

ered to be caused by the serious electronic cooling at the cathode, because tremendous amount

of electrons are emitted from the cathode in the arc discharge.

By the way, microwave discharge has several advantages, compared with DC arc dis-

charge, from the view points of the simple equipment, safety and versatility of the discharge

mode. In the present work, the microwave discharge is applied to heat up the carbon rod to

high temperature. However, the carbon temperature is still insufficient to vaporize the carbon.

The positive biasing of the carbon rod against the plasma potential is effective to suppress the

emission of thermionic electrons. According to the experimental data, the light intensity

emitted from the red-hot carbon increases as the carbon rod is negatively biased. This is con-

sidered the heating due to the ion bombardment on the carbon rod.

The experimental data obtained here suggest that the main loss process from the heated

carbon is not the electronic cooling but the heat conduction or heat convection losses. There-

fore, the temperature of carbon rod is supposed around 3000 K at the maximum.

In conclusion, to heat up the carbon rod to higher temperature such as 4000 K, the

more microwave power should be supplied to the plasma. The possible way to do so is the

increase of the repetition frequency of the microwave pulse.
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Fig.l The schematic diagram of the experimental apparatus.
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Fig.2 The change of floating potential. He, 700 Ton, averaged microwave power is around

800 W.
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Fig.3 Bias potential V b versus probe current. He, 700 Ton, 800 W.
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Fig.4 Light intensity emitted from carbon rod versus bias potential V

He, 700 TorT, 800 W.


