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the reformation of the PCD or the fomation of
undesitable side reaction produce such as dinkins.
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FPROCESS FOR TREATING A SOLID-LIQUID MIXTURE

Field of the Inventicn

The present invention relates to a process for the
decomposition of contaminant substances. The methed can
be applied to decontaminate soils and other substrates
containing polychlorinated biphenyl {PCB) compounds  in
domestic, municipal or industrial applications and will
primarily be described with reference to this context. It
should be remembered, howevexr, that +the invention has
broader wse in the decompesition of all manner of
hazardous materials including polybrominated biphenyl
(PBB}, organochlovides and organophosphate compounds,
pesticides and the like.

Background Art

Polychlorinated biphenyls (PCB compounds) were first
discovered to be environmental pallutants in 1966. They
have keen found throughout the weorld in water, solid
sediments, and bird and fish tissne. There are some 209
different PCB compounds avallable, made by substituting
From 1 to 10 chlorine atems onto & biphenyl aromatie
structure. PCE compounds have wvery high chemical, thermal
and biological stability, and z low water sclubility and
Vapour — pressure. While  these useful properties
centribuked to their widespread use, those same properties
allowed these compounds to be accumulated in the
environment.

The manuiacture of PCB compounds was discontinued in
the United sStates in 1979, although these compounds
centimie  to enter the environment from discarded
electrical equipment, etc. PCB concentrations of 1-2ppm
are normally the desired maxima, and levels of 10-50ppm in

agricultural soils, clays or pmarine sediments are
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considered hazardous. The dense and hydrophobic nature of
PCB  compownds ensures that their accumnlation in river
sediment is commonplace, leading to bicaccumulation in
bottom dwellers and £fish thus leading to entry intc the
human food chein. PCB compounds can reduce human disease
resistance, and increase the 1ncidence of rashes, Lliver
ailments and headaches. Similarly, pesticides can have
sericus health effects on humans and animals.

Numerous investigations of ways +to degrade PCE
compounds  and pesticides bave been carried out, At
present there are no widely accepted methods for the large
scale remediation of water or soils contaminated with PFCB
compounds or pesticides. The decomposition of ECB and
organcechloride compounds can  be effected Dy high
temperature incineration at a  typical temperature of
1300°C but the gaseous products must be quenched guickly
to avold the refermation of the PCB or the formation of
undesirable side reaction prodects such as dioxins at 800-
200°C.  Such a process ls complicated and with variable or
uncertain  outoomes, Biodegradation with microorganisms
and chemical treatment &re methods which require lengthy
treatment periods. Photocatalytic (UV) degration of
contaminated soll-water sysiems has aleco been tried but is
slso slow.

Dltrasound is known in the art for inducing chemieal
reaction processes in  liguids, a field IXnown as
soncchemistry. The propagation of wvltrasonic waves in a
liquid generates cavitaticn bubbles. These hobbles
implode and produce micro-regions of extreme conditions.
Letimated temperatures within these micro-regions range
from 2000-5000K in agueocus soclution. In U0s5428431 a
process is described for decontaminating particulate

surfaces by the use of ultrasound to firstly release
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mycotoxins f£rom the particulates inta an aguecus liguid
tfollowed Dby a chemical reaction breakdown of the
contaminants by ultrascund when in the liquid. The
csvitation from the wplirasound leads to a sonochemical
preakdown reaction of the mycotoxin contaminants when in
the aguecus liguid. In WO86/20784 a method of chemical
reaction catalysis in a lieguid is described which is
facilitated by ultrasonic cavitation. The cavitation is
aided by the presence of sclid particles as a surface for
‘seeding’ the cavitation bubbles pricr to their separation
from the solid particles wherevpon the bubbles cavitate
(implode} in the liquid medium.

Ultrasound has been used to decompose FCB compounds
that are disselved in an aguecus =olution. However,
because of their low solubility, the concentration of BCE
compounds  in aquecus sclution is very low when compared
with that found adsorbed onto solids, river sediment and
the like, 3o that such an agueous treatment technigue is
largely ineffective.

It is to be understood that, if any prior art
publication is referred to herein, such reference does not
constitube sn admission that the publicaticon forms a part of
the common general knowledge in the art, in Australia or any
wther country.

Summary of the Ianvention

In a first aspect the present invention provides a
process for treating & mixture of a selid and a liquid ko
decompose a contaminant asgociated with the solid, said
process including the step of subjecting the mixture to
cavitation whareln at least a portion of the contaminant
iz chemically decomposed, the chemical dscomposition

ccourring at or near a surface of the solid.
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Such a process can provide an improved technigue for
the decomposition of contaminant substances by providing
fer lecalised high temperaturss followed immediately by a
guenching of the decomposition products (ie. by the
liguid) thereby avoiding the reformation of the substance
or the formation of undesirable side reactlon products at
certain temperatures. The technigue can effectively treat
contaminated solid particles at their surface where the
cencentration of contaminsnts is at its highest when
compared with the aguecus phase.

In the prior art processes for the chemical
decompesition ¢f a contamirant by the use of cavitation, a
physical separation of the contaminant from a substrate
material inte a liquid occurs so  that sonochemical
reactions can occur in the liquid. In the present process
& physical separation of a contaminant from a substrate
inte a surrzounding liguid is  not  required and the
contaminant is present at or near the surface of the
so0lid. 055438431 and WO96/20784 disclese only that
chemical decomposition occurs in the surrounding liguid.

Preferably the cavitaztion process is effected by an
ultrasonic ‘treatment process using ultrasonic source
equipment such as ultrasooic plates, probss, baths or
obher chambers.

Freferably the process alse includes the step of
mizing the solid and 1liguid whereby the solid is
subetantially suspended in the ligeid to increase eXposure
of the mixture to cavitation.

Preferably the solid includes mineral andfer crganic
matter. Most preferably the sclid includes one or moere
materials such as silica, clay, ecarbonaceous material,

activated carbon or calcium carbonate.
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In a second aspect the present invention provides a
process for treating a mizture of a solid and a liguid to
decompose a contaminant associsted with the solid, said
process including the step of subjecting the mixture to
cavitation wherein at least a portion of the contaminant
is chemically dscomposed and wherein at least some of the
golid serves te catalyse the decomposition.

Freferably in this second aspect the chemical
decomposition occurs at or near a surface of the solid.

Preferably the other process steps of the second aspsct
are as defined in the Ffirst aspect.

Tn a third aspect the present invention provides =a
process for treating and decomposing a contaminant in a
liguid which includes the contaminant, the process
including the steps of:

- =adsoxbing the contaminant on a solid; and

- subjecting a mixture of at least some of the solid and

at least some of the liguid to cavitation such that at
least a portion of the conteminant associated with the
solid is chemically decomposed at or near & surface of
the solid.

Freferakly the process steps of the third aspect are as

defined in the first aspect.

Brief Description of the Drawings

Notwithstanding any other forms which may fall within
the scope of the present invention, a preferred form of
the invention will now be described, by way o.f example
only, with refsrence to the accompanying drawings in
which:

Figure 1 shows some experimental results for the
decomposition of a PCBE located on a silica particulate

substrate as a function of time; following the treatment

JP 2004-507360 A 2004.3.11
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of aguecus particelate suspensions in accordance with an
enbodiment of the invention.

Figure 2 shows somes other experimental results for
the decompeosition of a PFCB at a higher initial
concentration located on a silica particulate substrate as
a function of time; following the treatment of aguepus
patticulate suspensions in accordance with an embodiment
cf the invention.

Figure 3 shows some other experimental results for
the decompesition of a BCE located on a silica particunlate
substrate as a function of time; following the treatment
of aquecus particulate suspensions in accerdance with zn
embodiment of the inwvention.

Figure 4 shows some other expsrimental results for
the decomposition of a PCE located on a calecium carbonate
particulate substrate as a function of time; following the
treatment of aguecus particulate suspensionz in accordance
with an embodiment of the invention.

Figure 5 shows =zome expsrimental results for the
decomposition of a pesticide (Chlordans) located on a
silica particulate substrate a3 a Yunction of time;
following the treatment of aqueous particulate suspensions
in accordance with an embodiment of the invention.

Figure & shows some experimental results for the
decomposition of a2 pesticide (DDT} located on a silica
particulate substrate as a function of time; following the
treatment of aquecus particulate suspensiens in accordance
with an embodiment of the invention.

Modes for Carrying out tha Invention
4 process for treating a solid-liguid misture by
cavitation has been developed to decompose at least some

contaminant associated with the so0lid particles, the
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contaminant either heing adsorbed into the pores of the
solid or onto the sgurface of the solid particles.

The process includes the step of subjecting the
mixture +to cavitation such that a portion of the
contaminant  is  chemically decomposed. Typically the
chemical decomposition occurs at the surface of the salid
particles, although the process can also occur to some
extent within the pores near the surface of the salid
material being treated. In the preferred embodiment the
cavitation process iz an  ulkrasonic treatment step,
altheugh other cavitabtion processes are applicable, for
example high shear mizing.

Under the influence of ultrasound, the formation of a
vapour bubble (as distinct from one formed from dissolved
gases) occurs when stress in the ligquid (due %o the
negative pressure produced during the ewpension cycle of a
sound wave) exceeds the tensile strength of the liquid.
The stress at a solid-liquid boundary, due to the presence
of an vltrascnic field, i1s much greater than in the bulk
of a liguid. The likelihood of 2 vapour bubble forming at
the solid-ligquid boundary 1s around twice that in the body
of liguid. This applies te both selid particle
suspensions as well as to the walls of a vessel. The
smallar particles are mors likely to support vapour bubble
ruclel because of their high surface area and surface free
energy.

Large amounts of energy are released from the
cavitation collapse of wapour bubbles at or near the
surface of the solids. The manner of the collapse near a
surface takes the form of a high velocity jet directed at
that surface. This effect is capable of achieving

physico-chemical changes at the particle surfaces.
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The dinventer has surprisingly discovered that the
localised high tempezatures on bubble collapse (es high as
S000K) ecan decompose contaminant substances such as PCB
and other hazardous materials including polvbrominated
hiphenyls {EBB} , organochloride and organophosphate
compounds, pesticides and the like. One of the advantages
of the treatment process is that the decomposition
preducts are quenched guickly to the temperature of the
bulk  fluid (at, for example, 50°C) which avoids the
reformation of the PCE or the formation of undesirable
side reaction products such as dioxins.

In the preferred embodiment the solid-liguid mixture
baing treated by such a process cap alsc be mixed by means

of an ijmpelier or sinilar stirring device in a mixing

vessel. to cause the solid-liguid mizture +te¢ beccme
substantially suspended. This can maximise the exposure
of the particle swrfaces in the mixture to cavitation. It

is  algo possible that the wmixture can be stirred
simultaneously with inscnation or as separate steps.

Typically the solid particies are mineral and/or
crganic matter for e}iample silica (sand), calcium
carbonate, carbonaceons matter including activated carbon,
clay or soils and sediments centaining organics and/or
mixtures thereof.

The role of the 3o0lid substrate can also be to
catalyse the decomposition depending upen the materlal
chosen. The substrate can in fact catalyse the rate and
the extent of the decomposition reaction. Such substrate
materials mway include titanium dioxide, for example fa
known photocatalytic material}.

The porosity of the substrate can alsc influence the
guantity of PCB available for surface or near surface

reaction. Very adsorptive or porous substrates such as

JP 2004-507360 A 2004.3.11
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activated carbon or charcoal can adsorb a large quantity
of & contaminant substance and make this material
available at the surface for reaction.

The source of fhe ultrasound can be any suitable
device which can be used to deliver sound waves of
sufficient power and intensity, Lypically an ultrasonic
bath, plate or probe source.

Tn use the process can provide an improved technique
fer  the decomposition of PCB and other hazardous
sukstances by providing a localised high temperatures
follovwed immediately by a guenching of the decomposition
products thereby aveiding the reformation of the substance
or the formation of undesirable side reaction products.
The technigue can effeotively treat contaminated solid
particles by a surface reaction which is where the
concentration of contaminants i3 highest when compared
with the aquecous phase. -

The process can also be zpplied to zituations where a
contaminated ligquid flow requires effective treatwment.
Normally the use of ultrasound to treat low levels of PCR
or pesticides etc when disselved in a liguid stream is an
ineffective process. Large volumes of fluid having a low
concentration  of contaminapt are not  able to  be
efficiently processed. As an alternative, the FPCE or
other contaminant can be adsorbed onto a solid substrate
and the substrate then subjected to a cavitation step to
effect the chemical decompesition of the much morve
cencentrated contaminant. If a high svurfacs area reusable
material such as activated carbon or clay =olids was used,
the process can be repeatedly applisd to a ligeid stream
using the same recycled solid materials.

Whilst the invention has been described with

reference to a number of preferred embodiments it should

JP 2004-507360 A 2004.3.11
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be appreciated that the invention can be embodied in many
other forms.

Experimental Examples

The following experimental  examples show  the
reduction of adsorbed PCBE concentrations on solid
particles following ultrasconic treatment in an  agueocus
pulp.

Calcium carbonate and silica (sand) solids were mixed
separately with a PCE compound which had been saparately
dissclved in acetone to form a solution. The PCB compound
selected was available under the trade name ARRCLOR 1260.
The mixture was then evaporated tc dryness and the POB
then hecame surface adsorbed onto the solids. B 1D0g
quantity of these solids and an eguivalent weight of water
were then agitated to produce an agueous slurry batches of
which were experimentally subjected to wnltrascund at a
frequency of 20kHz and a power input of 170W. The
residual PCB remaining on the solide as a function of time
was measured by gas chromatoegraphy.

Figure 1 depicts the reduction in measurcd PCR on
silica selids following extended periods of sopication up
to 60 minutes. The initial concentration of PCB was
arcund Hppm and was reduced to around 2ppm  after 60
minutes, representing around 75% decompositiom

Pigure 2 depicts the reductien in measured PCB on
silica selids feollowing extended pericds of sonication up
to 60 minutes. The initial concentration of PCE was above
S0ppm; and was rsduced to around 24ppm after €0 minutes
representing more than 50% decomposition.

Figure 3 depicts the reduction in measured PCE on
silica solids following periods of sonication up to 10

minutes. The initial concentration of PCE was around

JP 2004-507360 A 2004.3.11
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60ppm and was reduced to arcund 35ppm after 10 minutes
representing sround 45% decomposition.

Figure 4 depicts the reduction in measured PCB on
calcium carbenate solids following pericds of sonication
up to 10 minutes. The initial c<oncentration of PCE was
around 100ppm and was reduced o around E5ppm after 10
minutes representing arcund 35% decompositicn.

The following experimental example shows the
reduction of adsorbed DDT and chlordane concentrations on
selid particles follewing ultrascnic treatment in  an
agquecis pulp.

Bilica {sand) solids were mixed separately with ©DDT
and chlordane which had been sepsrately dissolved in
acetone to form a solution. Each wixturs was then
evaporated to dryness, the respective pesticides then
being surface adsorbed onto the solida. B 100g gquantity
of these solids and an equivalent weight of water were
then agitated to produce an agueous slurry batches of
which wera ezperimentally subjected to ultrasound at a
frequency of 20kHz and a power input of 170W. The
rezidual DDT and chlerdane remaining on the solide as a
function of time was measured by yas chromatography.

Flgure 5 depicts ths reduction in measured chlordane
and Figure & the reduction in measured DBT concenkration
on silica solids following extended periods of sonication
up to 30 minutes. The initial c¢oncentration of DDT was
around 71l5ppm and was reduced to around 185ppm after 20
minutes, representing around V4% decompositicn. Tn the
case of the chlordane, the ipitial concentration of
chlordane was around 715ppm and was reduced to around
270ppm  after 30 minutes, representing around  62%

decomposition.
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CLATMS

1. & process for treating a mixture of a solid and a
liguid to decompeose & contaminant asscclated with the
solid, said process including the step of subjecting the
mizxture to cavitaticen wherein at least a portion of the
contaminant 35 chemically decomposed, the chemical
decompesiticn eeceurring at or near a surface of the

sclid,

Z. A process for treating a mixture as claimed in claim 1
wherein the cavitation process ia effected by an

ultrasonic treatment process.

3. A process for treating a mixture as claimed in claim 1
or ¢laim 2 alse including the step of mixing the solid
and liquid whereby the solid is substantially suspended
in the liguid to increase exposure of the mixture to

cavitation.

4. A process for treating a mixture as claimed in any one
of the precedipg claims wherein the solid dincludes

minerzl and/or crganic matter.

5. A process for treating a mixture as claimed in any nne
of the previous claims wherein the solid includes cne or
more materials such as  silica, clay, carbonacecus

materizl, activated carbon or calcium carbonate.

6. A process for treating a mixture of a solid and a
liguid to decompose a contaminant associated with the
solid, sald process including the step of subjecting the

mizture to cavitation wherein at least a portion of the

JP 2004-507360 A 2004.3.11
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contaminant is chemically decomposed and wiherein at least

some of the solid serves to catalyse the deccempositien,

7. A provess as claimed in claim 6 wherein the chemical

3 decomposition ocours at ox near the surface of the solid.

B. A process as clzimed in claim 6 or cleim 7 wherein the

process steps are as defined in any one of claims 2 to 5.

10 3. A process for treating and deconposing a contaminant in
a 1liguid which includes the contaminant, the process
including the steps of:

- adscrhing the contaminant on a solid;
- supjecting 2 mixture of at least some of the solid and

13 at least some of the liguid to cavitation such that at

least @ portion of the contaminant associated with the
solid is chemically decomposed at or near a surface of
the selid.

20 10. A process as claimed in claim 9 wheresin the process

steps are as defined in any one of claims 2 to 5

11. A process for treating a mixture of a solid and a
liquid, ssid process baing supstantially as herein

25 described with reference to the accompanying exanples

12. A process for treating and decomposing a contaminant
in a ligquid flow which includes the cenbtaminant, said
process being substantially as herein described with

30 zeference to the accompanying examples.
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