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Introduction 
      

Acoustic Droplet Vaporization (ADV) is a phase change phenomenon in which the liquid state, in the 
form of droplets, is converted to gas as a result of bursts in the excited ultrasound field. Having a wide range 
of medical applications, ADV has drawn considerable attention in imaging [1], diagnosis and critical 
medical treatment [2]. Therefore, benefitting from its broad potentials, with the consideration of its 
capability in localized noninvasive energy exposure, it is possible to utilize its effect in different medical 
applications from targeted drug delivery [3] to embolotherapy [4]. 

Recently, it was shown that the generation of cavitation bubbles and collapse of the bubbles are affected 
by thermophysical properties of the working fluids as well as the surface topology of the channels inside 
the microfluidic device [5]. In this regard, we investigate the potential of particle-stabilized perfluoropentane 
(PFC5) droplets as cavitation intensifiers. The PFC5 droplets are stabilized by cellulose nanofibers at the 
Oil/Water (O/W) interface via a Pickering mechanism [6]. Such particle-stabilized droplets are much more 
stable compared to a surfactant stabilized droplet, because the particles do not easily detach from the O/W 
interface. This makes particle-stabilized PFC5 droplets promising with the respect to storage stability, 
because droplets will not merge together into bigger droplets with time. In other words, it is possible to 
facilitate a device, where energy can be stored and then released “on demand” in the form of heat. 

In this study, a new type of pickering stabilized perfluorodroplets (PFC) was examined under the effect 
of the different acoustic parameters to evaluate its potential in the acoustic droplet vaporization process. The 
potentail of the ADV activated microbubbles is used in a combination with hydrodynamic cavitation in 
microfluidic devices to be used in the cell sorting based studies. 

Methods 
Materials and emulsion preparation 

Perfluoropentane (PFC5) was purchased from Apollo Scientific (City, U.K.). Bleached sulfite pulp 
(from Nordic Paper Seffle AB, Sweden) was used in the production of the cationic cellulose nanofibers 
(CNFs). The CNF suspension (1.32 wt%) were prepared as described previously [7]. The CNFs had a 
dimension of 3.9 ± 0.8 nm in width and a length in the micrometer range. The amount of cationic groups 
was 0.13 mmol per g fiber, obtained from conductometric titration [7]. A suspension of CNF (0.28 wt%) 
was prepared by diluting the stock CNF with MilliQ-water (pH of diluted CNF suspension was 9.5). The 
suspension was treated with ultra-sonication at amplitude of 90% for 180 s (Sonics, Vibracell W750). The 
suspension was brought to room temperature. An amount of 36 g of the 0.28 wt% CNF suspension was 
mixed with 1 g of PFC5. The mixture was sonicated for 60s at an amplitude of 80% (under ice-cooling) to 
obtain the CNF-stabilized PFC5 droplets. 
The protocol for the acoustic tests 



The 25th European symposium on Ultrasound Contrast Imaging 
 

2 
 

100 μL of CNF-stabilized PFC5 droplets were added to 1900 μL of deionized water in order to prepare 
the solution which were exposed to the ultrasound waves. The droplet sample, diluted 1:19 in distilled water 
was introduced to the Opticell® and the acoustic waves at a fixed frequency and different powers were 
applied to the trageted area inside the Opticell® which is located inside a water bath. The ultrasound 
triggered sample then was placed under a 20X magnification objective of upright transmitted light 
microscope (ECLIPSE Ci-S, Nikon, Tokyo, Japan).  

The acoustic tests were performed using high-power tone burst pulser-receiver (SNAP Mark IV,  Ritec, 
Inc., Warwick, RI, USA) equipped with a transducer (V382-SU Olympus NDT, Waltham, MA ) operating 
at the frequency of 3.5 MHz. The emulsion of CNF-stabilized PFC5 droplets were exposed to the power 
range which has the acsending trend from -30 to 0 dB at the given frequency. To investigate the droplet size 
variations at each power between, the droplets were collected inside the Opticell® and the droplet diameter 
was measured with the aid of the ImageJ software (version 1.50b, National institutes of health, USA) to 
determine the concentration and size distribution. The Gaussian distribution is ploted with mean value and 
standad deviation recover from the experimental data. An in-house image edge detection MATLAB™ script 
(MathWorks Inc., Natick, MA) were applied to analyze the images obtained from the microscope and 
provides the size and volume distributions. 

Results 
The results (Figure 1) show a significant increase on the size distribution even on the surface of the counting 
chamber. The droplets have already experienced transition in their core due to the temperature variations 
and further increase in the size after the ultrasound exposure is due to the effect of the shell and the 
interaction between the bubble, droplet and the materials existed on the perimeter of the shell. As a result, 
the interaction between microbubbles and ultrasound waves is the most important parameter in the bubbles 
size variations. It is shown that while the average diameter of the droplets is around 5 µm, the generated 
bubbles, as a result of the ADV, reaches up to 30 µm at the highest possible power. The droplet emulsion 
exhibited in NO US in Figures 1 and 2, which shows the regular view and distribution range of the CNF-
stabilized PFC5 droplets at the room temperature, experiences ADV process with the diameter rise of about 
6 times at the highest power when the frequency is fixed at 3.5 MHz. 

 
Figure 1. Size distributions for (a) No US (b) 0 dB 

 
The images below (Figure 2) are captured with using opticell®. As it is shown, some bubbles are 

interestingly emerged after US exposure with different frequency even with naked eyes. The same area was 
observed under microscope and as it is illustrated there are lots of droplets which might be of the potential 
to reach to the bigger size after some time. 
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Figure 2. Size variations after exposing the sample to US at different frequencies 
 
Furthermore, the potential of the hydrodynamic cavitation is increasingly utilized in the biomedical 

applications. It was recently proved that hydrodynamic cavitation would be a powerful alternative for 
ultrasound cavitation in the fragmentation of the abnormal tissues such as prostate. Our preliminary results 
[8,9] indicate that the cavitation inception occurs with the formation of a cavitation cloud, which is limited 
to the inlet of the nozzle for a surface roughened channel. With a further increase in downstream pressure, 
while the upstream pressure is constant or vice versa, the flow pattern shifts to developed cavitation, where 
a rapid growth in cavitation zone volume is apparent (Figure 3).  

 
Figure 3. a) The cavitation inception b) developed cavitation flow pattern in the microchannel c) Super 

cavitation flow in the nozzle with hydraulic diameter of 75μm 
  

    Based on the obtained results from the bubble genration due to the ADV and bubbly flow generation due 
to the hydrodynamic cavitation, a microfluidic-based ADV Cell Sorting technique that rely on the specific 
binding of target cells to microdroplets conjugated with specific antibodies on their surface for continuous 
cell separation using ultrasonic standing wave is suggested for the future studies. In acoustophoresis, cells 
being positive acoustic contrast particles migrate to pressure nodes. On the contrary, air-filled polymer-
shelled microbubbles being strong negative acoustic contrast particles migrate to pressure antinodes and can 
be used to selectively migrate target cells. The schematic (Figure 4) illustrates the introduction of the droplet 
solution conjugated with different cells into the microchannel using a syringe pump. The flow inside the 
microchannel is affected by hydrodynamic cavitation at the entrance of the restrictive element and also by 
transducer along the channel. The combination of the hydrodynamic and ultrasonic cavitation would provide 
a static pressure reduction together with the phase transition of the microdroplets to microbubbles following 
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a size raise of the particles. This study would reveal the collapse behavior of the microbubbles affected by 
the cavitation beside the potential of the suggested system in cell sorting. 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 4. Schematic illustrating the effect of combination of hydrodynamic and ultrasonic cavitation 

on collapse of ADV activated droplet to be used in cell sorting 

Conclusions 
The results show that there is appreciable rise on the size of the droplets after ultrasound waves exposure 

at a fixed frequency. Acoustic droplet vaporization (ADV) was illustrated at different powers for CNF-
stabilized PFC5 droplets as a new class of pickering stabilized perfluorodroplets with the increase in the 
size of the droplets and following phase trasition to bubbles. Diameter increase of 6 times were obtained 
after the ultrasound exposure indicating the efficiency of the suggested droplets for the ADV process and 
therapeutic applications. The potential of the ADV activated microbubbles is believed to be utilized as a 
strong working fluid in mitigation of the bubbly flow generated by hydrodynamic cavitation to be used in 
the cell sorting studies.      
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