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The size of acoustic cavitation bubbles is difficult to measure e @ e
due to the chaotic nature of acoustic cavitation. Various techniques, @’ @ @ S @!
such as laser light diffractiohactive cavitation detectiohand °
phase-Doppler techniquésdhave been employed in the past as a
means of estimating the size of cavitation bubbles. Here we
introduce a new method for determining the size of sonolumines- @ g
cence bubbles in an aqueous medium.

The experimental setup used for the pulsed sonoluminescence
(SL) intensity measurements has been described in detail else-

where?®Henglein et af have also studied the chemiluminescence @ m ﬁ @ @ & a lswm
from aqueous luminol solutions using pulsed ultrasound. The
maximum SL intensity in water and SDS solutions as a function ) A O
of the pulse off-time T,—the duration between the acoustic pulses) - I T 1
was measured for a fixed pulse on-tin1@ ¢f 4 ms# A frequency ] ) ) °
of 515 kHz and a sample volume of 50 mL were used. The power Figure 1. Thg effect_of increasing the dur_atlon between the qltrasound
. . pulses To) while keeping the pulse lengtfi) fixed on the bubble size. As

absorbed by the insonated solutions was 0.6 V¥/@s measured T jncreases, the bubbles generated are allowed to dissolve away, and this
by calorimetry. decreases the number of bubble nuclei available for cavitation in the

It is known that the sonication of aqueous solutions, under certain successive pulse.
conditions, generates cavitation bubbles that may violently collapse
(active bubbles) to emit light (SL). In pulsed ultrasound experi-
ments, we reportéahat a “steady-state active bubble population”
could be reached withia 4 msultrasound pulse at 515 kHz when
a solution was exposed to a “train” of 4 ms acoustic pulses. During
the pulse off-time, the bubbles can be expected to dissolve (or can
be expelled from the liquid by buoyancy, if large enough). However,
if the successive acoustic pulses can act upon these bubbles before
they have time to dissolve, they can be grown again to be in the
“active size” range. Thus, by varying, the extent of dissolution
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of these bubbles can be controlled. This scenario has been depicted Time [ms]
in Figure 1.
It follows that with increasind@, a critical time will be reached, A Water
above which all the bubbles will have dissolved between the % © 1.5mMSDS
acoustic pulse$As a consequence of the decrease in the size and
population of cavitation nuclei, the SL intensity would be greatly (0]
diminished. o

Figure 2a shows the SL pulse shapes in water at diffefgnt

7 . ; ﬂam b

The individual pulse is averaged over approximately 250 pulses % )
and normalized relative to the SL intensityTat= 12 ms. It shows @ k
that asT, increases, the SL intensity decreases. The temporal profile 0 100 200 300 400 500
of the SL pulses also indicates that a steady-state active bubble Pulse off time [ms]
population has b_ee_” reached within the 4 ms pulseSdor 12 Figure 2. (a) Individual sonoluminescence pulse shapes in water averaged
and 200 ms. This is not the case fiy = 250 and 290 ms and  over about 250 pulses for various duration between pugs(b) Relative
indicates that the rate at which the steady-state active bubblesonoluminescence intensity as a function of pulse off-time for water and
population reaches steady state strongly dependg,on 1.5 mM SDS. For both (a) and (b), the frequency, pulse width, and power

A plot of the maximum SL intensities as a functionTafis shown gbl_s.orbed were fixed at 515 kHz, 4 ms, and 0.6 W/arespectively. The
- . . is normalized to the SL at pulse off-time of 12 ms.
in Figure 2b for water. It can be seen that the maximum SL signal
initially remains constant until &, of about 200 ms, and there
after it begins to decrease until the SL signal becomes undetectableat a time of about 408 ms. This decrease in the SL intensity with
T Department of Chemical and Biomolecular Engineering increasingT, can be interpreted as the decrease in the size of
+School of Chemistry. ‘ cavitation bubbles due to the dissolution of bubbles during the pulse
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Table 1. Radii of SL Bubbles Generated in Water, Measured 2 Lt
Using Different Techniques: The Theoretically Calculated ¥ Hp;
Resonance Radii Are Also Included g 61
theoretical o
frequency resonance? experimental g LY |
technique (kHz) R (um) R, (um) '-g < 4+ 1.5mMSDS Water
SL (this study) 515 5.8 2:83.7 ==
active cavitatiof 1100 2.7 0.9,1.38 g' = j
laser diffractiof 20 150 3.8 o 2
phase-dopplér 20 150 5.0 o |
o
. o |
a Calculated usindRFr = 3. S |
RiFr & oL : I g ¢
off-time. Each increment iff, above 200 ms would correspond to 09 12 15 18 30 33 36
the total dissolution timeof a group of bubbles of a particular Bubble Radius [um]

size. ) ) ) Figure 3. The bubble population density versus bubble radius for water
The total dissolution time of the bubbles can be used to calculate and 1.5 mM SDS, estimated using eq 1 for every bubble interval of 0.03

the size of the SL bubbles quantitatively. Assuming that the bubbles «m. A sigmoid equation with five parameters was used to fit the decay of
are dissolving as if they were individual bubbles, the initial bubble e SL intensity for water aT, greater than 200 ms, givingR value of

. b timated usi imol tion devel db 0.93. For 1.5 mM SDS, a cubic fit givingRe of 0.97 was used. These fits
size Ro) can be estimated using a simple equation develope Y were used to calculate the bubble population density for every 0.03 mm

Epstein and Plessefor a single dissolving stationary bubble. increment in the bubble radius. Equilibrium surface tension values of 72
and 62 mN/m were used for water and 1.5 mM SDS, respectively.
DC 1 (RTpgR,

t=3 +1 Q)
PgR02 3| 2My

presence of 1.5 mM SDS solution, the calculated bubble radii are
in the range of 0.91.7 um (Figure 3).

In summary, it has been shown how a simple pulsed SL technique
can be employed for determining the size distribution of SL bubbles
in agueous solutions.

D is the diffusion coefficientCs is the saturated dissolved gas
concentrationpg is the gas density in the bubblg; is the initial
bubble radiust is the total dissolution timeM is the molecular

weight of the gasy is the surface tension of the liqui® is the Acknowledgment. The authors would like to acknowledge the
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techniques reported in the literature. The radii obtained for water and this support is also gratefully acknowledged. The financial
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(see Table 1). The experimental bubble radii obtained are somewhat
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