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In a typical runt?22 60 mL of 1.0 M Kl in purified water
saturated with carbon tetrachloride was introduced at a constant
flow rate into the Microfluidizer with a liquid pressure of 1.24
kbar. The reaction solution temperature increased 10 €12
within 90 s and stabilized at the temperatures reported herein.
Aliquots (4 mL) of the processed solution were periodically
extracted from the reaction system by airtight syringes, analyzed
spectrophotometrically, and returned to the reservoir after
analysis. The rate ofsT formation was calculated from the
change in absorbance at 353 ner= 26 400 M1 cm~1)12b as

Cavitation (the formation, growth, and implosive collapse of @ function of reaction time. Initial studies conducted with Ar-
gas or vapor-filled bubbles in liquids) can have substantial sparged water gave relatively low rates @f Iproduction;
chemical and physical effects. While the chemical effects of Saturation of the Ar sparged28 with CCl resulted in a 20-
acousticcavitation (i.e., sonochemistry and sonoluminescence) fold increase ind~ production, as has been typically observed

have been extensively investigated during recent yeaigtle
is known about the chemical consequenceyarodynamic
cavitation created during turbulent flow of liquids. Hydrody-

for ultrasonic cavitatiod? This is attributed to ready formation
of CI* and C} from CCl; under cavitation conditions.
The effect of upstream liquid pressure on the rate z0f |

namic cavitation is observed when large pressure differentials Production was investigated over the range-10600 bar. The
are generated within a moving liquid and is accompanied by a reaction rate increases linearly with liquid pressure (Figure 1),
number of physical effects, erosion being most notable from a but with a threshold pressure of 150 bar. Below 150 bar of

technological viewpoint.” In contrast, reports of hydrodynami-

hydrostatic pressure, no chemical reactions were observed; this

cally induced chemistry or luminescence and direct comparisonsProbably represents the minimum jet velocity necessary to
to sonochemistry or sonoluminescence have been extremelyinduce cavitation. The resistance of a turbulent flow to

limited 8.2

cavitation is given by its cavitation numbey as defined in eq

In aqueous liquids, acoustic cavitation leads to the formation 16

of reactive species such as QHi*, and HO,. These short-

lived species are capable of effecting secondary oxidation and
reduction reactions. For example, iodide can be sonochemically

oxidized to triiodide by OMradicals or HO, produced during

O_:pd_pv%& (1)
pu_pd pu

cavitation. From aqueous solutions containing chIorocarbons,Wherepd, pu, andp, are the downstream, upstream, and vapor
Cl* and C} are also liberated in high yields and this increases pressures, respectively, and the approximation holds vgaen

rates of iodide oxidatio®® The rate of triiodide formation is

> pg > py, as they do under our experimental conditions. An

easily monitored spectrophotometrically. For many years, this jncrease in upstream pressure should decreamed increase
so-called Weissler reaction has remained the standard dosimetefhe number of cavitation events. This in turn should increase

for sonochemical reactions.

the rate of §~ formation, if the chemistry is cavitation driven,

The recent advent of commercially available high-pressure -onsistent with our observations.

jet fluidizers capable of pressure drops as high as 2 kbar and

The conditions formed duringcousticcavitation and con-

jet velocities approaching 200 m/s has led to numerous gequently sonochemical rates are known to be affected both by
a_lpphcatlons_m the_ physical processing of liquids, for emulsifica- e polytropic ratio of the dissolved gas (i.e.= Cy/Cy,) and

tion, cell disruption, etc. Chemical consequences of such py the thermal conductivity of the dissolved gas. The former
processing, however, have received little examination. One parameter determines the temperature achieved during bubble

important exception comes from W. R. Moser and co-workers,

compression, and the latter is responsible for heat dissipation

who have shown that such a device can be utilized to preparesom the collapsing bubble to the surrounding solution. In the
nanostructured catalytic materials. Moser speculated that thepresent study using Ar/He mixtures, thef the dissolved gas
unusual properties of his catalysts resulted from hydrodynamic y55 fixed at 1.67, while the thermal conductivity was varied

cavitation within the fluidizet! We describe here conclusive

from 0.017 to 0.142 W mt K~1. As shown in Figure 2, the

experimental evidence for chemical reactions caused by hydro-| .~ formation rate decreases exponentially as the thermal

dynamic cavitation within a jet fluidizer.
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conductivity of the dissolved gas increases. This observation
is best explained in terms of the hot-spot model for cavitation
which suggests that the maximum temperatig, realized
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Figure 1. Dependence of triiodide formation rate on the hydrodynamic P (Torr)

pressure used to induce cavitation. Conditions: 60 rhll oV KI Figure 3. Dependence of triiodide formation rate on bulk temperature

solution in CCl-saturated water was recycled under static Ar atmo- and on solvent vapor pressure during hydrodynamic cavitation. Condi-

sphere at a constant reaction temperature ofa2 tions: 60 mL ¢ 1 M KI solution in CCl-Saturated water was reCyCled
under static Ar atmosphere at liquid pressure of 1.24 kbar.

0.40 pressure. This same dependence is seen in sonochemical
reactions and is attributed to the increase in polyatomic vapor
inside the bubble before collapse, which decreageand
* cushions the collapse of the cavitating bubsleWhile it is
difficult to make direct comparisons of energy efficiency (e.g.,
moles of product per kilowatt hour of electrical energy), acoustic
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cavitation provides significantly higher rates for the Weissler
reaction, at least for the specific source of hydrodynamic
cavitation tested here.

In summary, we have demonstrated that the chemical effects
of hydrodynamic cavitation and acoustic cavitation respond
identically to experimental parameters, notably the bulk tem-
perature and the nature of the dissolved gas. In particular, the
rates decrease with increasing solution temperature, due to the

, . ; increased solvent vapor pressure inside the bubble; increasing
000 003 006 009 012 015 solvent vapor pressure attenuates the efficacy of cavitational
Thermal Conductivity (W/m-K) collapse, the maximum temperature reached during such col-
Figure 2. Dependence of triiodide formation rate on the nature of the lapse, and, consequently, the rates of cavitational reactions. By
dissolved gas during hydrodynamic cavitation. Conditions: 60 mL of reducing the adiabaticity of bubble collapse, the thermal
1 M Kl solution in CCl-saturated water was recycled under static Ar  conductivity of the dissolved gas also has a substantial effect
or Ar/He atmosphere at a constant reaction temperature 6€12hd on the maximum temperature achieved inside a cavitating
liquid pressure of 1.24 kbar. bubble; increased thermal conductivity decreased rates of
cavitation reactions.
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