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ABSTRACT

A model system to investigate enhanced ultrasound removal of metallic ions from aqueous solution by hydrous ferric oxide (HFO)

adsorption has been conducted. The experimental data indicate that ultrasonic treatment of pre-formed HFO flocs can lead to
enhanced removal of metallic ions from aqueous solution and that the level of enhancement is strongly correlated with the pH

solution. Ultrasonic treatment has been shown to be effective at lowering the final solution concentration of copper species in the

pH range 7.5 - 9.5 at a copper and iron molar concentration ratio of 10 and 30%.
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RESUMEN

Se desarrolló un procedimiento para investigar la remoción mejorada con ultrasonido de iones metálicos en soluciones acuo-
sas con adsorción en óxido hidratado de hierro (OHF). Los antecedentes experimentales indican que el tratamiento ultrasónico

de los flóculos preformados de OHF pueden conducir a una remoción mejorada de iones metálicos de soluciones acuosas y que
el mejoramiento estáfuertemente correlacionado con el pH de la solución. El tratamiento ultrasónico ha mostrado ser efectivo

en la disminución de la concentración de especies de cobre en la solución final en el Rango de pH 7.5 - 9.5 en una relación de
concentración molar de cobre a hierro de 10 y 30%.

INTRODUCTION

Benefaction of product streams and removal
of contaminants from waste effluents with hydrous
metal oxide (HMO) adsorbents is currently a stan-
dard form of industrial treatment. In fact, adsorp-
tion amI/or coprecipitation of dissolved or suspen-
ded organic and inorganic material on and within
HMO flocs followed by additional unit operations
like coagulation, sedimentation and rapid sand fil-
tration is, in many instances, the preferred form of
product stream and wastewater treatment(l).

Hydrous femc oxide (HFO) is one economical
HMO that has been successfülly utilized to reduce
the concentration of and enhance the recovery of
hazardous contarninants and potentially valuable me-
tallic elements (As, Se, Ni, Cu, Cr, Zn) in a variety

of waste streams(2). Hydrous femc oxide is availa-
ble as a waste material from iron pickling operatio-
ns and its low cost forms the fundamental basis of

hydrous metal oxide (HMO) treatment.

ULTRASOUND

Ultrasonic radiation spans a range of frequen-
cies from approximately 20 kilohertz (20 KHz) to
10 megahertz (10 MHz). Ultrasound exists in li-
quids as a flow of non-electromagnetic vibratory
power per unit area or volume (energy intensity
and energy density, respectively). Because of its
physical character in aqueous solutions (i. e. wave-
length 7.45 cm a t a propagation velocity of
approximately 1,500 meters/sec) ultrasonic radia-
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tion with a frequency of 20,000 Hz cannot act di-
rectly on adsorbed or soluble molecular species to
induce chemical change(3). Instead, at low intensi-
ties (les s than approximately one (1.0) watt/dm3),
ultrasound acts to induce localized regions of en-
hanced flow (acoustic icrostreaming) thereby alte-
ring the nature of diffusion processes in the proxi-
mity of solid interfaces. At higher intensities
ultrasonic fields are capable of inducing dramatic
physical and chemical changes linked to acoustic
cavitation(4). For the most part the physical and
chemical changes observed in heterogeneous sys-
tems exposed to intense ultrasound result from hig-
hly localized thermal and hydrodynamic forces that
develop in and around collapsing cavition bub-
bles(5), although bulk circulation can also playa
significant rale in some systems(6).

HYPOTHESIS

Based on this literature review, we anticipated
that cavitation induced by intense ultrasound would
be capable of disrupting a HFO floc, and that this
disruption should lead to enhanced uptake of me-
tal species by the exposed adsorption sites of the
porous floc. For our hypothetical model we have
defined the kinetically inaccessible adsorption si-
tes that become exposed during ultrasonic irradia-
tion as the "internal adsorption capacity (IAC)" of
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Figure N° 1: Ultrasonic sequestration and unstimulated adsorption.

the floc. In a similar manner, we hypothesized that
adsorbate would be captured by inclusion and oc-
clusion within the reformed floc after the ultras 0-

nic energy had been withdrawn and we defined this
contaminant capture mechanism as a "sequestra-
tion" of the adsorbate. The process is more clearly
described pictorially in figure N° 1.

MATERIALS AND METHODS

To accomplish the goals of this study, the cu-
pric ion (CU2+) adsorption capacity of ferric
hydroxide precipitates modified by ultrasonic ra-
diation exposure (ultrasonic trials) were compared
with adsorption capacity offerric hydroxide preci-
pitates that were not irradiated (control trials). Both
sets of trials were conducted under the same con-

ditions with preformed ferric hydroxide floc at
controlled temperature, pH, ionic strength, and
copper concentration. Copper recovery analysis
was performed in the same manner for ultrasound

and control samples using atomic absorption spec-
trophotometry.

RESULTSAND DISCUSSION

Exposure of the HFO floc to ultrasonic radia-
tion resulted in immediate disruption of the parti-
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pH and temperature probe

Figure N° 2: Experimental apparatus.
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Figure N° 3: Experimental methodology.
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cles to microscopically small sizes. The flocs re-
forms rapidly (3-5 seconds) and appears to be of
essentially the same character as the pretreatment
material, however, it is clear that fundamental chan-

ges in the nature of the floc have been instituted by
the treatment. From the plots of experimental out-
comes in figure N° 4 and N° 5, it can be seen the
effect on the solution concentration of copper when
ultrasonic treatment of solutions with copper to iron
molar ratios of 10 and 30 percent at pH values from
4.5 - 9.5 is performed.

The data presented in figures N° 4 and N° 5 de-
monstrate that ultrasonic treatment of HFO floc iri-

creases the ability of the treated material to remove
copper ions from solution. The removal enhance-
ment is strongly dependent upon pH and to a lesser
extent on the copper/iron molar ratio. We have ex-
plained these findings in terms of an adsorption
model in which the floc is comprised of a porous
and/or permeable matrix whose adsorption sites are
kinetically separated from the equilibrium adsorp-
tion state by restrictive film and pore diffusion. Dis-
ruption of the floc with the ultrasonic radiation re-
sults in exposure of the "internal adsorption capacity"
of the floc to the solution while sirnultaneously en-
hancing mass transfer via acoustic microstreaming
and localized velocity fields associated with implo-
sive collapse of cavitation bubbles. Disruptive ul-

110.00

trasonic treatment of HFO floc is believed to give
rise to an effective increase in the floc's surface char-

ge (-) leading to enhanced adsorptive removal of
copper from solution. At the same time the surface
available for adsorption is increased due to particle
size reduction during treatment.

CONCLUSIONS

Ultrasonic treatment of preformed adsorbents
to enhance access to internal adsorption sites
which are otherwise kinetically inaccessible ap-
pears feasible based on the outcome of this study.

Ultrasound enhanced adsorptive removal of
uncharged and ionic species frorn aqueous solu-
tion is strongly dependent upon the pH solution,
and careful control of pH solution is required to
maximize removal efficiency.

Ultrasonic treatment holds promise as a me-
thodology to modulate adsorption phenomenon in
hazardous waste remediation and in industrial pro-
cessing operations. The outcome of treatment is
anticipated to be complex requiring system speci-
fic laboratory investigations.

A broadly based methodology using ultrasonic
treatment to enhance adsorption processes is the
promising outcome of this explorative research.
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Figure N° 4: Percent copper (mas s copper in supernatant/total mass of copper recovered x 100) vs solution pH with 10 mole
percent copper to iron.
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Figure N° 5: Percent copper (mas s copper in supernatanUtotal mass of copper recovered x 100) vs solution pH with 30 mole
percent copper to iron.
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