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Pollution of natural environment is of various kinds and origins. Usually 
pollution is caused by an intense industrial enterprise without considering the 
influence of the implemented and intensified production processes on the 
environment. It is often the case that very dangerous contaminations occur as a 
result of not maintaining mandatory security procedures or are the consequence 
if an extreme lack of understanding of the possible outcomes of the undertaken 
action, or are even a conscious devastation of the technical infrastructure and its 
surroundings. An extreme example could be irresponsible actions in the areas 
abandoned by the Russian army, where a lot of oil wastes were introduced into 
the ground.  

It is almost inevitable in case of some technological processes to „produce” 
dangerous wastes, e.g. extracting oil is connected with the use of small ceramic 
balls, consisting of Al2O3 ceramics, and introduced to the deposit during the 
extraction process. In consequence the material is highly contaminated with 
substances occurring in the oil deposits. Numerous other processes could be 
enumerated here, which lead to the contamination (with various organic 
substances) of the soil or the previously obtained ceramic materials.  

For the purpose of the following article the microwave installation will 
be described, which is used to efficiently eliminate organic contaminations 
from dielectric materials, such as ceramic materials, soil, etc. After being 
purified, these materials may be used again, being no longer a threat for people 
or the environment, and, what is also important, fully preserving their utilitarian 
qualities. 

The installation designed and implemented by the ATON-HT company, which purifies 
ceramics and soil from organic contaminants, was called HR. It allows to efficiently eliminate 
(combust) all contaminations, which might be oxidized. The nature of the process is based on 
transporting the purified material in the interior of a slowly rotating tumbling barrel, with 
microwave energy being introduced into it, together with the required amount of air or 
oxygen. It is illustrated at the scheme of the installation in picture 1.  
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ELIMINATING OIL CONTAMINATIONS FROM MINERAL MATERIA LS AND 
CERAMICS, DECREPITATING MATERIALS IN HIGH TEMPERATURE 

What was described was a unique technology 
of eliminating contaminations from mineral 
materials and ceramics by decrepitating in a 

controlled atmosphere. The process of heating 
is conducted with the use of concentrated 

microwave field.  



 
Picture 1. Scheme of the HR microwave reactor construction.  
 

The contaminated material is introduced into the interior of a slowly rotating 
ceramic tumbler located within a metal casing with microwave radiators fixed 
to its walls. Powerful microwave generators are connected to these radiators. 
Ceramics, which the rotating tumbling barrel consists of, does not absorb 
microwaves, due to which the microwave energy is transmitted directly to the 
material being purified, heating it to a very high temperature (usually from 
800ºC to 1100ºC). In such a high temperature and with sufficient amount of 
oxygen being provided, the organic contaminations undergo a quick oxidizing 
process (combustion). The pace and the efficiency of the oxidizing process 
depend on the amount of oxygen, temperature and the type of contaminations. 
The conducted research indicate that in case of oil contaminants the process of 
contaminants combustion is very quick after heating the material till about 
800ºC, of course if sufficient amount of oxygen is introduced into the interior 
of the chamber (of the rotating tumbler). In the photograph below there is a 
sample of ceramic material contaminated with oil substances, and a sample of 
such a material after decrepitation in the HR reactor.  

 

 
 
 
 
 
The material obtained as a result of the process is purely white, and the 

conducted laboratory tests fully confirmed complete oxidation of all organic 
contaminations. The results of the studies on the composition of the material 
before and after the microwave thermal processing are presented in the table 
below.  

Rotating ceramic 
tumbler  

Microwave 
radiator 

Microwave 
generator 

Output for the 
decrepitated material 

Microwave generators with 
radiators 

Input pipe for the material 

Contaminated material – before 
decrepitation in the HR reactor 

Purified material after 
processing in the HR reactor 
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Detected 
components 

Research 
results 
[%] 

Water 14 
Organic 
substances 

6-8 

Ceramic 
(Al 2O3 + 
other 
oxides) 

78 

  
 
Composition after decrepitation in the HR reactor 

SiO2 0,08 
Al 2O3 98,9 
Fe2O3 0,03 
CaO 0,02 
MgO 0,04 
Cr2O3 0,01 
MnO 0,01 
K2O 0,05 
P2O5 <0,01 
SO3 <0,01 
Na2O 0,82 
TiO2 <0,01 
ZrO2 0,02 
Organic 
substances 

Vestigial  

Decrepitation loss: 0,32% 
 
Table 1.  

 
The results of this research fully confirm almost complete elimination 

(combustion) of organic components, together with evaporation of water from 
the investigated material. The obtained ceramic material is a valuable raw 
material sought in the ceramic industry.  

In order to make the process of heating the material being purified by 
microwaves independent of the kind of material (its ability to absorb 
microwaves), elements made from special ceramics are located inside the 
ceramic tumbler. They are highly absorbent as far as microwave radiation is 
concerned. Such elements are quickly heated by microwaves and later, by 
means of contact, they heat the material being purified. The ATON-HT 
company implemented practical technological solutions by using ceramic 
moulders in the form of small shelves, which the material pours by while the 
tumbling barrel is rotating. It is a technical solution which has important 
practical advantages: it allows to heat inside the tumbler almost any kind of 
material, independent of its ability to absorb microwaves. It also ensures a 
better “oxygenation” of the material while it is being poured from shelf to shelf 
inside the tumbler.  

Composition of the 
contaminated 

ceramic material 

Composition of 
the material after 
the decrepitation 

process in the 
HR reactor 
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If, in consequence of the organic contaminants combustion in the HR reactor,  
there is a risk of emitting pollutants in output gases leaving the reactor, then the 
MOS reactor must be used additionally, which was described in details in the 
instruction [1] prepared by the ATON-HT company, or any other conventional 
system “picking up” hazardous substances from output gases.  

Nevertheless, the results of the laboratory research and technical trials 
indicate that during the elimination of organic contaminations not containing 
chloride or fluoride, with accurate choice of technological parameters of the 
process (the temperature inside of the reactor and the amount of the air being 
introduced), the output gases do not contain any components in the 
concentrations exceeding the legally approved limits.  

In picture 2 the construction of the HR reactor is presented, which allows to 
purify from 200 to 500 kg of ceramic material during one hour. The efficiency 
of such a reactor, which is achieved in practice, is highly dependant on the 
amount of water in the material and on the heat value (heat of combustion) of 
the material purified from organic contaminants.  

 
 
 

The most important advantages of the described HR reactor:   

- It is possible to heat (decrepitate) actually any kind of dielectric materials up to very high 
temperatures, even to 1200ºC - 1400ºC. 

- It is possible to control the temperature inside the reactor precisely (stabilize the 
temperature).  

- It takes a very short time to start the installation (the temperature of 1000ºC may be achieved 
in about 20 minutes). 

- The decrepitating process may be conducted in a controlled atmosphere, e.g. in a reactor 
filled with air (during the combustion of contaminations) or neutral gases (during the thermal 
processing without oxidizing). 

Picture 2. HR reactor construction 
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The construction of the HR reactor should be adjusted to the individual needs 
by an individually chosen construction of the input system, the ceramic 
tumbling barrel filling, the time of decrepitation, the composition of gases 
introduced to the processing chamber, etc.  
 

Some of the technical parameters of the HR 200 reactor include: 
·  Efficiency: 200 – 500kg/h. 
·  Power source: 3 x 400V, 35 kW.  
·  The temperature of material inside the reactor: 800ºC - 1100ºC. 
·  Decrepitation time: from 2 minutes to 20 minutes (regulated by the 

ceramic tumbling barrel’s rotating speed).  
·  Power of microwave generators: adjusted between 12 kW to 36 kW 

(CW).  
·  Frequency: 2,45 GHz +/- 25 MHz. 

 
 
 
[1] MICROWAVES HELPT TO COMBUST CONTAMINANTS IN GASES. 
Internal study prepared by the ATON-HT Ltd. company in Wroc
aw, 6 Na 
Grobli Street.  


