
 

 

Cleaning with ultrasounds 

What are ultrasounds? 

 

Ultrasounds are vibrations of a 
material medium which are similar to 
sound waves, but with frequencies 
which are too high to be audible to the 
human ear. The frequency limit of 
human hearing ranges from around 
10 Khz to approximately 18 Khz. The 
audible frequency limit decreases with 
the increase in age. More particularly 
SONICA® ultrasonic cleaning units 
operate at a frequency of as many as 
45 Khz, i.e. at a frequency much 
higher than the audible one. All the 
SONICA® units consist of an 
ultrasounds generator and one or 
more piezoelectric transducers 
(according to the model) which are 
attached to the outside base of the tank in stainless steel containing the 
washing liquid. The electronic generator produces a continuous signal at a 
frequency of 45 Khz, and pilots the piezoelectric transducers which transform 
the electrical signal into a mechanical vibration. This vibrational energy is 
transmitted to the liquid in the tank at the frequency of 45,000 oscillations per 
second. These pressure and vacuum oscillations create an enormous quantity 
of microbubbles in the liquid which, by imploding in extremely rapid 
succession, create enormous impact energies between the detergent liquid 
and the surface to be cleaned. This is known as "cavitation" and provides an 
efficient and safe cleaning method in less time.  

The principles of ultrasonic cleaning 

Ultrasonic cavitation 
 

ultrasonic n whereby the principle of is the phenomeno Ultrasonic cavitation
can be understood. In a liquid medium the ultrasonic waves,  cleaning

generated by an apposite electronic ultrasounds generator and a special 
transducer suitably mounted under the bottom of a stainless steel tank, 
produce compression and vacuum waves at a very high speed, the speed 
depending on the working frequency of the ultrasounds generator. They 
normally work at a frequency between 28 and 50 kHz. The pressure and 

ultrasonic vacuum waves in the liquid cause the phenomenon known as “
”. cavitation 
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Surface tension, viscosity and vapour pressure 
 

In order to gain a better understanding of the phenomenon, we have to refer 
to some basic concepts such as “surface tension”, “viscosity” and “vapour 
pressure or tension”. Liquids are in fact characterised by the fact that the 
particles have much greater potential for movement than in solids, albeit 
subject to much higher forces of attraction than those in gases. More 
particularly water is a molecular liquid, evaporates at all temperatures but 
boils at a well-defined one, i.e. at the “boiling point” which for distilled water is 
100 degrees centigrade, at which the vapour pressure reaches the value of 1 
atmosphere.  

 

The formation of cavities and the implosion phenomenon 
 

 
Fig. 1 

What happens when we subject a certain quantity of water at room 
field? During the vacuum phase (see Fig.  ultrasonictemperature to an intense 

1 phase A) numerous bubbles of gas are formed in the liquid and which 
enlarge for the duration of the acoustic vacuum phase (negative pressure). 
This formation of microscopic bubbles of gas is the start of cavitation (i.e. the 
formation of gaseous cavities in the liquid).  
During the second phase of ultrasonic compression (see Fig. 1 phase B), the 
enormous pressure exerted on the newly expanded bubble compresses the 
same, hugely increasing the temperature of the gas contained in it (see Fig. 1 
phase C) until the bubble collapses on itself, imploding with a consequent vast 
release of impact energy (see Fig. 1 phase D). The impact energy caused by 
implosion of the gas bubble hits the surface of the object to be cleaned, 
interacting both physically and chemically. In physical terms a “micro 
brushing” effect is achieved at very high frequency (around 50,000 times per 
second for a machine operating at 50 kHz) with, in chemical terms, the 
cleansing effect of the chemical substance present in the detergent of the 
ultrasonic bath.  
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Choosing the type of detergent and the working temperature 
 

As we will see, consideration also of the chemical and physical aspect of the type 
of detergent used in an ultrasonic cleaner is of fundamental importance, and 
account has to be taken of many parameters when choosing an ultrasonic cleaner 
and detergent. The first is the type of substance to be removed from the soiled 
object and consequently the choice of the type of chemical substance which can 
attack the contaminant. Clearly the chemical substance (detergent), used in order 
to cavitate efficiently, must be an aqueous solution, possibly with high vapour 
pressure and low surface tension, and must be used at a working temperature of 
around 50–60°C. The temperature of the aqueous solution in an ultrasonic 
cleaning bath is very important, as the cavitation intensity varies as the 
temperature varies. It also increases as the temperature increases up to around 
70°C and then decreases and stops completely at the temperature of boiling of the 
liquid. Another important parameter to be considered is the vapour pressure of the 
detergent solution used. Vapour tension or pressure refers to the following 
concept: if we consider a liquid in a closed and temperature-controlled recipient, 
the surface molecules which have sufficient energy change to the vapour state 
and occupy the available space above the liquid. Occasionally some vapour 
molecules return to the liquid state until, when the state of equilibrium of the 
system is reached, at a constant temperature, the speed of evaporation equals 
that of condensation. The pressure exerted by the vapour molecules, in these 
conditions, is defined as vapour tension. Its value does not depend on the quantity 
of liquid present but only on the temperature. Therefore, if a liquid is heated, the 
vapour tension increases with the temperature and when the vapour tension 
equals the external pressure the phenomenon of boiling takes place. Each liquid 
therefore has its own vapour pressure and a different boiling point. Ethyl alcohol 
for example will have a much higher vapour pressure than that of water at the 
same temperature: it boils at 78°C and at the boiling point will have a vapour 
pressure of 1 atm, while water boils at 100°C with a vapour pressure of 1 atm. 
Normal boiling point defines the temperature at which the vapour tension of the 
liquid equals the pressure of 1 atm. A proper understanding of the concept of 
vapour pressure is important in that it plays a major role in the cavitation process. 
The energy required for forming a cavitation bubble is proportional both to the 
vapour pressure of the liquid and the surface tension value. Cavitation is difficult 
when the vapour pressure of the liquid is low (cold water). Contrarily the cavitation 
bubbles implode with greater energy, although the power applied has to be 
increased considerably in order to reach the minimum cavitation threshold. 
Therefore the result is generally a smaller formation of bubbles and a smaller 
number of implosions. For example an increase in the temperature of the liquid 
raises the vapour pressure of the same, making vapour cavitation easier. 
Therefore a high vapour pressure lowers the minimum cavitation threshold, 
creating many more bubbles which collapse, imploding with a lower energy in that 
the difference between internal and external pressure is smaller. The viscosity of 
the liquid should also be taken into consideration. High viscosity values prevent 
cavitation, while low viscosity values allow diffusion of the ultrasonic waves and 
therefore the formation of cavitation bubbles. Similarly liquids with high and low 
surface tension values behave in the same way as those with high or low viscosity 
value as described above.  
  



 

 

Sweep system: technology and benefits 

Other important parameters for achieving good levels of cavitation in a liquid 
are the frequency of the ultrasounds generator, the power, the use of the 
SWEEP SYSTEM generator and finally the type of transducer used. The 
frequency of the ultrasounds generator is important in that it determines the 
size of the gas bubble in the liquid subjected to ultrasonification. The higher 
the frequency of the generator, the smaller the size of the cavitation bubble 
generated; contrarily the lower the frequency, the greater the size of the 
bubble. Clearly a larger bubble will require greater energy to implode and 
consequently will also have greater impact energy, while a smaller bubble will 
need less energy to implode and consequently has lower impact energy. What 
is then the benefit of using ultrasonic cleaning systems with high frequencies? 
High frequencies allow many more bubbles to be generated in the unit of time, 
enabling better cavitation distribution per surface unit. For example, in a 40 
kHz system, the distance between the nodes and antinodes (or loops) of the 
acoustic wave is practically double that generated by 20 kHz systems. 
Therefore 40 kHz systems generate in the unit of time many more bubbles, 
above all smaller in size, allowing even very small points to be reached per 
surface unit. To give a practical example, we can compare fine cavitation at 
high frequency to very fine-grained sandpaper, while low frequency cavitation 
can be compared to very coarse-grained sandpaper. The purpose of the 
sandpaper is that of abrading, however very different results can be obtained 
according to whether a fine-grained or coarse-grained type is used. The type 
of generator used can be piezoelectric or magnetostrictive. Piezoelectric 
transducers are normally used in that they can be designed with much higher 
frequencies compared to the magnetostrictive type. High-power 
magnetostrictive transducers do not exceed 22 kHz. Finally the use of a 
SWEEP SYSTEM generator allows a further improvement in distribution of 
ultrasonic cavitation. The frequency of the generator is modulated around a 
central frequency with 1 kHz increases or decreases. For example a 
transducer piloted at 40 kHz will oscillate at a frequency between 39 and 41 
kHz. This frequency variation prevents formation in the liquid of the so-called 
“stationary waves” which can generate acoustic interference when two (or 
more) wave trains intersect in a given region of the space. The SWEEP 
SYSTEM therefore reduces cleaning times, prevents damage to delicate 
parts, considerably increases the distribution of ultrasonic cavitation and 
facilitates its process in liquids which cavitate with difficulty. The SWEEP 
SYSTEM is normally used in industrial and highly professional cleaning 
systems, however nowadays some producers are starting to supply it on small 
ultrasonic cleaning units too.  

  



 

 

The following accessories are available for the SONICA  

Ultrasonic cleaners on request:  

 Stainless steel lid. Use the steel lid to close the ultrasounds tank. 
 Plastic lid. Use the lid to close the ultrasounds tank. The plastic lid can 

be used as an alternative to the steel one. The steel and plastic lids are 
useful when starting the cycle of heating the cleaning liquid. In fact in 
order to reach the cleaning temperature set rapidly and efficiently, the 
tank has to be covered with one of the two lids. Take great care with 
the condensation produced through the heating steam inside the lid 
since, during opening of the latter, condensation liquid could drip onto 
the electrical parts such as the socket. The lid therefore has to be 
raised vertically allowing the condensation to drip only inside the 
ultrasounds tank. 

 Rectangular basket in stainless steel mesh. The stainless steel 
mesh basket is a very useful accessory in that it allows washing of the 
objects to be optimised and the objects themselves to be drained inside 
the tank after washing. By folding the handles, the basket can be 
suspended with precision over the tank. 
   

 Glass beakers. Special beakers with an adjustable black rubber 
support ring are available. They are used to save detergent liquid 
whenever small quantities of objects are to be cleaned, or if washing is 
to be performed with a detergent solution in a beaker and rinsing 
simultaneously in another eaker. They are also used to wash objects 
with particularly aggressive solutions which must not come into direct 
contact with the steel tank. 

 Plastic beaker-holder lid. The perforated lid is used to support the 
beakers during washing. Remember to adjust the support ring of the 
beaker so that the bottom of the beaker is always in contact with the 
liquid of the tank, but at the same time does not come into contact with 
the bottom of the steel basket. 

 Small round basket in stainless steel mesh to be inserted in the 
beaker for washing small parts.  

 


