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Water sonolysis under shock-induced cavitation conditions
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Abstract

The impact of a solid piston on the surface of a liquid entrains the propagation of a trail of shock waves whose
propagation results in the breakup of the continuity of the liquid, through the origination of cavitation bubbles. The
energy communicated by this impact was recently found to be proportional to the impact height, and can be
directly related to the maximal pressure attained, which is in the order of several tens of bars [1,2]. This peak of
maximal pressure is rapidly followed by a rarefaction period resulting in the generation of cavitation nuclei that
either collapse or oscillate upon pressure recovery and piston rebound, as a consequence of the propagation of
the trail of shock waves.

The type of cavitation phenomena induced through shock-wave propagation in water media was characterized
using different physical and chemical approaches. The sound wave propagation speed was estimated applying
the Joukovsky model to the maximal pressure vs. piston speed curves, considering moreover the gas fraction in
the water submitted to the piston impact and correlating it to the initial pressure within the gap between the piston
and the water surface. The evolution of static pressure both at the bottom of the cylindrical water reservoir and at
the bottom surface of the piston was registered using two pressure captors. The curves obtained were analyzed
using a wavelet signal decomposition method, in order to obtain the frequency distribution thought the
propagation of the trail of shock-waves. The wavelet analysis confirmed, fist of all, the multi-frequency nature of
shock-induced cavitation. The co-existence of low and high frequencies increases the possibilities of exciting
bubbles of different sizes. However, low frequencies around 10 kHz are predominant, which only allow the
oscillation (resonance) of bubbles having relatively big radius, between 1 and 3.5 mm. Bubble formation was
recorded using an ultrafast camera. The images were processed yielding bubble size histograms that confirmed
the presence of a wide distribution of bubble sizes. Big bubbles (radius > 1 mm) are formed right after the impact,
during the first rarefaction period, whereas upon piston rebound and through the propagation of the trail of shock
waves, a greater number of bubbles is formed, having moreover smaller sizes, between 0.01 and 0.5 mm. The
bubble size and density further depended on the gas that saturated the water contained in the reactor, i.e. a
mixture of 20% O2-Ar resulted in dense bubble clouds of many different sizes.

Water sonolysis, as a consequence of shock-induced cavitation, was evaluated through the quantification of the
amount of OH· radicals generated upon several successive impacts and at different impact conditions. For the



first time, we proved that the formation of OH· radicals is possible under impact-induced cavitation conditions. The
amount of radicals formed increases with increasing the number of successive impacts, reaching concentrations
around 1.3 µM after 500 impacts and using 20% O2-Ar as saturating gas. Radical generation seems to be
relatively independent of the impact height but strongly depend on the type of gas that saturates water, being
substantially lower in the presence of air. Moreover, radical generation increases when decreasing the initial
pressure and depends on the frequency at which water is impacted by the piston. Nevertheless, yield of OH
during shock-induced cavitation remains much lower than the yields measured using conventional ultrasounds,
i.e. 20% O2-Ar atmosphere using ultrasounds at 345 kHz the OH· yield measured was 5.7 µM/kJ whereas a
maximal yield of 0.06 µM/kJ was determined under shock-induced cavitation conditions. Consequently, the
oxidation of organic compounds, such as EDTA, acetic and formic acid, was either negligible or considerably
lower using impact-induced cavitation than in the presence of ultrasounds [3], even in the presence of a catalyst.
Still, both ways of inducing water sonolysis are not quite comparable among them, and there is plenty of room for
optimizing and boosting radical generation induced by the propagation of shock waves in liquid media, what will
make of this novel technique a promising approach for the intensification of oxidation processes in liquid media.
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