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In this paper is presented the possibility of vaporization and ionization of the metal threads (in particular lead) during 
interactions with a microwave field (2.45 GHz frequency) from a cylindrical waveguide having 011TM  propagation mode. 
The experiment is realized in vacuum conditions at 7 × 10-5 milibar pressure. In vacuum a teflon piece is heated and is 
created a plasma through decomposition of the teflon. Lead thread is vaporized and ionized of plasma teflon. 
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1. Introduction 
 
In this paper is presented possibility of use of the lead 

threads as propellant for the feed an experimental 
microwave thrusters. In present are used for microwave 
thruster gaseous propellants such, He [1], Xe, Kr. When 
compared gaseous propellants with metals (Pb, Bi) as 
propellants we notice that metal have more advantages 
than gaseous propellants. These advantages such as:  low 
ionization energy, low price, and small volume them make 
it well suited for the use as propellant in electric 
propulsion.  

The researches realized in air at normal pressure and 
room temperature, showed that if a lead thread is inserted 
in high electromagnetic energy region of the microwave 
field from a cylindrical waveguide having propagation 
mode 011TM  [2] or 012TM [3], the lead thread is 
vaporized and ionized. The goal of this work is to 
investigate the possibility of vaporization and ionization of 
the lead threads with a microwave field (2.45 GHz 
frequency) in vacuum conditions, using a cylindrical 
waveguide with the propagation mode 011TM . The lead 
threads used as propellant in this experiment have 0.5 mm 
diameter. Several experiments were realized in air at 
normal pressure and vacuum conditions at 7 × 10-5 milibar 
pressure. These experiments showed that the energy 
consumed for vaporization and ionization process of the 
lead threads in air and vacuum conditions   is not same.  In 
vacuum conditions it is necessary to use higher microwave 
power, but the main problem is that the lead quantity can 
not be controlled. The reason the use a little microwave 
power for the vaporization and ionization process of the 
lead threads in air can be explained through the ionization 
of the air molecules of lead thread. Because experimental 
researches showed that the air can not ionized by the 
microwave field from the cylindrical waveguide if we 
have not a metal thread, we can conclude that electric 
charge on the metal surface thread creates a very high 
electric field witch ionizes the air molecules. Then the 
metal thread is vaporized by air ions and ionized by the 

microwave field from the waveguide. To prove this 
concept we realized an experiment in vacuum conditions 
witch creates ions in the waveguide through 
decomposition of teflon. Then the lead thread is vaporized 
and ionized in the microwave field from the cylindrical 
waveguide. The teflon in our experiment was selected 
because when is it heated in vacuum condition it 
decomposes in gas [4]. The gas from teflon can be very 
easily ionized of the microwave field from the cylindrical 
waveguide. It is known that the teflon is used for the feed 
of pulsed plasma thruster (PPT) [5, 6]. In the PPT, a bar of 
solid propellant such as teflon is pushed by a spring in 
between a cathode and an anode and ablated, there after 
ionized in a plasma arc (about 20 kA for a few 
microseconds). The ionized material is accelerated 
subsequently by the Lorentz force in the exhaust. PPTs 
have a very low thrust efficiency but high exhaust velocity 
(a few tens of km/s) and have been successfully flown. 
The goal of the use of the Teflon in our experiment is to 
create plasma from teflon necessary for the vaporization 
and ionization process of the lead threads. The result of the 
experiments was to obtain same quantity of vaporized and 
ionized lead for same energy used in air. 

 
2. Experimental 
 
A series of tests were done to determine the 

vaporization and ionization process characteristics of the 
lead threads in the microwave field from the cylindrical 
waveguide having 011TM propagation mode .The mean 
power of the microwave field from waveguide can be 
changed through modification of the pulses duration [2]. 
Testing was performed in a cylindrical vacuum chamber 
having the inner diameter 0.4 m and length 0.5 m. An 
operating pressure of 7 × 10-5 milibar was maintained 
while testing of the vaporization and ionization process of 
the lead thread. In Fig. 1 is shown the electrical scheme 
used for vaporization and ionization of the lead thread 
from the cylindrical waveguide. The diameter of the 
cylindrical waveguide is 10 cm and length 13 cm. As 
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microwave source in our experiment is used a magnetron 
type 2M235 K having 800 W microwave power. The 
magnetron antenna is inserted inside of the waveguide. 
The power supply generates voltage pulses with 50 Hz 
frequency. The effect of changing the voltage pulse 
duration for feeding the magnetron anode is the 
modification of the mean microwave power of inside of 

the waveguide. An ampermeter connected between the line 
voltage and the power supply of the magnetron recording 
the current consumed by experiment. The copper pipe 
from inside of the cylindrical waveguide is used for the 
feed of the experimental microwave thruster using lead 
thread as propellant.  

 

 
Fig. 1. 

 
The use of a copper pipe has two mains advantages. 

First, the use the copper pipe at carry of the lead thread in 
high electromagnetic energy region is that the metal pipe 
transfer the electric charge of the lead thread. The electric 
charge is generated on the surface of the metal pipe due to 
the microwave field from cylindrical waveguide. Thus can 
be used any length of lead thread in the vaporization and 
ionization process. Secondly, when copper pipe is heat 
decomposes in gas the teflon piece. The mechanical part 

and the bipolar stepper motor push the lead thread in high 
electromagnetic energy region. This region is situated at 
6.5 cm from magnetron antenna. The system stepper motor 
and mechanical part can be pushed in high electromagnetic 
energy region of the cylindrical waveguide of 
approximately 2 cm lead thread. When is used push button 
the stepper motor is move a step and the lead thread is 
pushed 0.3 mm.  

 

 
 

                                           
 

Fig. 2. 1-bipolar stepper motor, 2- mechanical part, 3 - lead thread, 4 – teflon  tube, 5- cylindrical waveguide,  
6-magnetron antenna, 7-copper pipe, 8- ceramic support, 9- teflon pieces. 



G. Mogildea, M. Mogildea 
 
1828 

 
In Fig. 2 we can see a picture of the system 

experimental microwave thruster witch use lead threads 
and teflon as propellant. In this experiment is used as 
propellant 5 % teflon and 95 % lead.  The vaporization and 
ionization process of the propellants starting at the power 
total (anode power + power filament from magnetron)   
700 W. After 3 -5 seconds the total power is reduced at 
180 W. The teflon piece (Fig. 2) is heated of the end of the 
copper pipe located in high electromagnetic energy region 
of the cylindrical waveguide. 

 It is know that the Teflon in solid phase not absorbed 
the microwave field. The loss factor of the teflon at Co25  
temperature and 2.45 GHz frequency is 4" 101.3 −⋅=ε [7]. 
According to H. Leidecker, when a piece of teflon (PTFE) 
is heated in vacuum conditions is decomposes into 42 FC  

(97%) and 63FC  (3%) [4]. The gases resulting from 
decomposition of the teflon are easy ionized of the 
microwave field from cylindrical waveguide. Thus, in high 
electromagnetic energy region is creating a plasma sphere 
having around 6 mm diameter. In this plasma is inserted 
the lead thread. 

 So, in high electromagnetic energy region are created 
teflon ions then the teflon ions vaporize the lead thread.  
The lead vapors are ionized by the microwave field.  
Because the waveguide is connected to the ground, the 
ions (lead and teflon) are attracted at the walls of the 

cylindrical waveguide. The teflon tube is used as electrical 
isolator between the copper pipe and waveguide walls. 
The cylindrical waveguide is realized from copper. During 
vaporization and ionization of the propellants (lead + 
teflon) the ceramic support is heated and maintained a 
constant temperature of the Teflon. Thus the gas flow 
generated through depolymerization of the teflon will be 
constant. It was found experimentally when ceramic 
support is failing the vaporization and ionization process 
of the propellants can not be controlled. 

The rate of depolymerization of the heated Teflon, in 
vacuum is described by the Arrhenius equation. (1) 
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w is the rate of decomposition; 
B is the collision number, 119 sec103 −×=B ; 
E= is the activation energy of the reaction, E=347.8 
kj/moll; 
R is the gas constant, 113145.8 −− ⋅⋅= molKJR ; 
T is absolute temperature (K) 
ρ is the density of teflon 
 

 

 
 

Fig. 3. Experimental Microwave Thruster in vacuum conditions. 
 
 

In Fig. 3 is showed the experiment realized in vacuum 
conditions at 7 × 10-5 milibar pressure of the experimental 
microwave thruster using lead and teflon as propellant. For 
180 W power total (anode power + power filament from 
magnetron) were vaporized and ionized 1.2 mg/s lead. 

3. Discussion 
 
All components used in this experiment are 

commercially type with lower efficiency. Power supply 
used for feed of the magnetron has 60 - 70 % efficiency. 
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The efficiency of the magnetron is around 73%. We can 
say that the power microwave generated of magnetron is 
around 50 % from electrical power. By changing 
commercial power supply of the magnetron from our 
experiment with a switching power supply the total 
electrical power can be reduced. A better specific impulse 
of the propellant is possible if a grid system at the 
waveguide exit is used.  

 
4. Conclusions 
 
Experiments realized in vacuum condition at                   

7 × 10-5 milibar pressure, led to the conclusion that the 
lead threads can be vaporized and ionized in combination 
with teflon.  
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