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REFERENCIA :  SOLICITUD DE REGISTRO DE LA PATENTE METODOS
DE PURIFICACION DE AGUA CON GENERACION DE
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EXPEDIENTE No. 00098551

CODIGO : 001-002-181

Yo, FERNANDO TRIANA SOTO, mayor de edad, domiciliado en la ciudad de Bogota,
D.C., Republica de Colombia, abogado titulado e identificado como aparece al pie de mi firma,
en mi calidad de apoderado de la sociedad POTABLE WATER SYSTEMS LTD., existente y
organizada conforme a las leyes del Estado de Texas, Estados Unidos de América, con domicilio
en la ciudad de Houston, Estado de Texas, Estados Unidos de Aménca, atentamente me permito

manifestar al Despacho lo siguiente:

1. El veintinueve (29) de diciembre de dos mil (2000), l2 sociedad POTABLE WATER
SYSTEMS LTD., solicité ante la Divisién de nuevas Creaciones Ia solicitud de patente
de la referencia.

2, La solicitud de registro de la patente METODOS DE PURIFICACION DE AGUA
CON GENERACION DE FLOCULANTE DE HIDROXIDO DE METAL, fue
publicada en la Gaceta de Propiedad Industrial No. 520 del veintisiete (27) de septiembre
de dos mil dos (2002), sin que contra la misma se hubieren presentado oposiciones.

3 El trece (13) de febrero de dos mil tres (2003), la sociedlad POTABLE WATER
SYSTEMS LTD., por intermedio de su apoderado presentdé un memorial en el cual
solicitd el examen de patentabilidad de la patente de la referencia.

4. En vista de lo anterior y teniendo en cuenta que han trascurrido més de veinte (20) meses
sin que la Divisién de Nuevas Creaciones de la Superintendencia de Industria y Comercio
se haya pronunciado acerca del presente trdmite, solicito a ustedes dar un IMPULSO
PROCESAL a este trimite ya que no existe razén legal que justifique dicho retraso.
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Bogota D.C., Septiembre 26 de 2005

Doctor
FERNANDO TRIANA SOTO
Apoderado POTABLE WATER SYSTEMS LTD.

ASUNTO Radicacion 00-98551

Tramite 002
Evento 001
Actuacion 430 Q191
Oficio veemn
Folios 017

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la
Decisién 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados:

A. Para el presente estudio se tuvo en cuenta el capitulo descriptivo, comprendido en
los folios 10 a 35 del expediente correspondiente a la solicitud en estudio, tal como
fue radicado al inicio del trdmite.

B. Elcapitulo reivindicatorio tomado en cuenta para el presente estudio comprende 19
reivindicaciones y se encuentra en los folios 36 a 43, tal como fue radicado al inicio
del trAmite.

C. Conforme lo establecen los articulos 9, 10 y 11 de la Decision 486 de la Comision de
la Comunidad Andina, |a presente solicitud en estudio fue presentada el 29 de
diciembre de 2000, en el momento de la radicacion no se reclamo prioridad.

2. Objeto de la invencidn:

A. Las reivindicaciones 1 a 19 de la solicitud en estudio se refieren a; un método para
purificar agua contaminada que comprende: suministrar una camara para la
generacion in situ de hidréxido de metal insoluble en agua; suministrar un lecho
fluidizable de particulas de dicho metal en dicha camara; hacer fluir el agua
contaminada por dicha cdmara fluidizando asi el lecho; hacer fluir un gas que
comprende oxigeno por dicha camara y en contacto con dichas particulas fluidizando
asi adicionalmente el dicho lecho; en un ambiente libre de comiente eléctrica
generada y aplicada, mantener la superficie de dichas particulas libres de 6xido y de
otros contaminantes. Se obtiene un hidréxido de metal insoluble en agua y formar
jabones de metal insolubles en agua con cualquier dcido graso presente en dicha
agua contaminada; aglomerar y separar los contaminantes del agua.

B. Elobjeto de la solicitud se puede clasificar segun la clasificacién internacional como
C 02 F 7/00.

3. Claridad de la Solicitud:

A. El articulo 28 de la Decisién 486 de la Comisién de la Comunidad Andina establece
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“la descripcion debera divulgar la invencién de una manera suficientemente clara y
completa para su comprensién y para que una persona capacitada en la materia
técnica comespondiente pueda ejecutaria”

En la descripcidn se encuentran unas expresiones que carecen de claridad. En el
folio 23, pagina 14 de la descripcién se puede leer: “los métodos de la presente
invencién un hidroxido de metal insoluble en agua..." Es obvio que hay un error de
trascripcién. En la pagina 16, folio 25 del expediente, se puede leer: "los métodos de
la presente invencién ademéas métodos de remocién..." En esta expresion parece
faltar un verbo porque carece de claridad. En la pagina 18, folio 27 del expediente,
se puede leer: “el lecho es fluidizado por el flujo tanto de gas pro la camara” Esto
carece de claridad.

En general, a fo largo de toda [a descripcidn aparecen varios errores de trascripcién
que restan claridad al texto. Se requiere una revision y una correccion de los errores
en un nuevo texto del capitulo descriptivo.

En la pagina 15 de la descripcion, folio 24 del expediente, se puede leer. "En razén a
que los métodos de la presente invencién requieren una entrada de energla eléctrica
para activar la disolucion y oxidacion, ellos pueden ser conducidos en un ambiente
libre de cualquier corriente eléctrica aplicada o generada™. En un mismo pamafo
parece haber una contradiccién: al principio se afirma que los métodos de la
invencion requieren entrada de energla eléctrica y que en razon a eso los métodos
pueden ser conducidos en un ambiente libre de corriente eléctrica. Se requiere una
explicacion o una cormreccion.

De acuerdo con lo anterior, la descripcién no cumple con el requisito de claridad
segun lo establecido en el articulo 28 de la Decision 486.

B. En el articulo 30 de la decisién 488 de la Comisidon de la Comunidad Andina se
establece: “Las reivindicaciones definiran la materia que se desea proteger mediante
la patente. Deben ser claras y concisas y estar enteramente sustentadas por la
descripcion. Las reivindicaciones podran ser independientes o dependientes. Una
reivindicacion sera independiente cuando defina la materia que se desea proteger sin
referencia a otra reivindicacién anterior. Una reivindicacién sera dependiente cuando
defina la materia que se desea proteger refiriéndose a una reivindicacion anterior.
Una reivindicacion que se refiera a dos o mas reivindicaciones anteriores se
considerara una reivindicacién dependiente mudiltiple.” En el articulo 51 se establece
ademas: “El alcance de la proteccion conferida por la patente estara determinado por
el tenor de las reivindicaciones.”

i. El capitulo reivindicatorio no se encuentra comectamente redactado. Por su
estructura todas las reivindicaciones deben constar de dos partes. Una primera
parte, el preambulo, sirve para situar el objeto de la invencidén dentro de un
contexto técnico; es lo que se conoce y sobre lo cual no se reclama ningun
privilegio. La segunda parte o parte caracteristica, define lo que se considera
novedoso y se desea proteger. Estas dos partes estan separadas por expresiones
como “caracterizado por® o similares. Las reivindicaciones independientes no
establecen claramente cual o cuadles pasos del método es o0 son novedosos e
inventivos. Dichas reivindicaciones carecen de concision porque enumeran todos
los pasos del método y no identifican el aporte del inventor sobre el estado previo
de la técnica. Debe cormregirse el capitulo, en especial las reivindicaciones
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independientes.

ii. Ademas de la falta de concision individual de las reivindicaciones, el caplitulo
reivindicatorio presenta una falta general de concisidn al presentar cuatro
reivindicaciones independientes para un método. El solicitante debe hacer uso de
reivindicaciones dependientes para especificar las distintas modalidades del
objeto de su solicitud y no emplear mas de una reivindicacion independiente, lo
cual genera falta de concisién e incluso falta de unidad de invencion.

iii. El capitulo reivindicatorio no esta enteramente sustentado en la descripcion. En
las reivindicaciones 6 y 12, por ejemplo, s menciona un “aceite oxidante” que
no habia sido mencionado en la descripcion.

iv. En algunas partes de las reivindicaciones el solicitante caracteriza el método
objeto de su solicitud por el resultado. En la primera reivindicacion se puede leer:
“en un ambiente libre de corriente eléctrica... mantener la superficie de dichas
particulas libres (sic) de 6xido... facilitando asl la introduccién gradual dentro de
dicha agua de cationes..., dichas porciones son oxidados (sic) por..." etc. Se
requiere que se especifique como se mantiene la superficie de las particulas
libre de 6xido y no que se mencione el resultado de mantenerias libres de 6xido.
Ademas, en dicho fragmento se presentan errores de redaccién o trascripcion
que no permiten entender qué se encuentra libre de dxido: ;las particulas o su
superficie? Tampoco es posible entender a qué porciones oxidados (sic) se
refiere el solicitante.

v. En general, el método no se debe caracterizar por resultados sino por la forma
en que llegd a ese resultado. Proteger un resultado provocaria que el alcance de
la reivindicacion incluyera no sélo la solucién propuesta por el solicitante, sino
todas las alternativas presentes o futuras que lleguen a ese resultado.

vi. La reivindicaclén 10 parece no tener sentido. Alll se afirma que el gas oxidante
se selecciona de oxigeno y agua. En la descripcion no se menciona que el agua
sea gaseosa ni que pueda servir como agente oxidante.

De acuerdo con lo anterior, el capitulo reivindicatorio no cumple con el requisito de
claridad segun lo establecido en el articulo 30 de la Decisién 4868. El solicitante
debera anexar un nuevo capitulo reivindicatorio con todas las comrecciones aqul
requeridas.

Evaluacion de la unidad de invencién

El articulo 25 de 1a decisidn 486 de la Comision de la Comunidad Andina establece:
“La solicitud de patente sblo podra comprender una invencién o un grupo de
invenciones relacionadas entre si, de manera que conformen un Gnico concepto
inventivo.”

La presente solicitud carece de unidad de invencién toda vez que configura cuatro
métodos diferentes. Aunque aparentemente se dirigen a un mismo método de
purificacién de agua, el solicitante ha redactado de tal manera el capitulo
reivindicatorio que no es posible detectar el concepto comin inventivo entre esos
cuatro métodos diferentes. Lo comun entre dichas reivindicaciones 1, 3, 6 y 12 son
el suministro de la camara, del lecho fluidizable, de hacer fluir el agua contaminada y
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el agente oxidante, de aglomerar y de separar los contaminantes. Estos elementos
comunes ya pertenecian al estado previo de |a técnica. Luego, no parece haber un
concepto comun inventivo entre los métodos de las reivindicaciones mencionadas.

El solicitante debe establecer una sola reivindicacién independiente dirigida al
método en su forma mas general posible. Partiendo de alli, establecer
reivindicaciones dependientes que especifiquen esa forma simple hasta su forma
mas preferida.

De acuerdo con o anterior, la presente solicitud no cumple con el requisito de unidad
de invencién segun el articulo 25 de la Decision 486.

Determinaclién del estado de la técnica:

El articulo 16 de la Decision 486 de la Comision establece que: “El estado de la
técnica comprendera todo lo que haya sido accesible al publico por una descripcién
escrita u oral, utilizacién, comercializacidn o cualquier otro medio antes de la fecha
de presentacion de la solicitud de patente 0, en su caso, de la prioridad reconocida.”

“Solo para el efecto de la determinacion de {a novedad, también se considerara
dentro del estado de la técnica el contenido de una solicitud de patente en tramite
ante 1a oficina nacional competente, cuya fecha de presentacién o de prioridad fuese
anterior a la fecha de presentacion o de prioridad de la solicitud de patente que se
estuviese examinando, siempre que dicho contenido esté incluido en la solicitud de
fecha anterior cuando ella se publique o hubiese transcurrido el plazo previsto en el
articulo 40"

La fecha para determinar el estado de la técnica es el 29 de diciembre de 2000.

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 02 F 7/00, se encontrd que antes del 29 de
diciembre de 2000 hablan sido publicados los documentos enumerados en la
siguiente tabla. No obstante, tan pronto se reciban las aclaraciones sobre claridad
por parte del solicitante se realizara una bisqueda mas exhaustiva.

No. { Documento Titulo Fecha de
publicaci 'n

D1 US 5.558.755 | Method for removing contaminants 1996-09-24
from an aqueous medium

D2 US 5,879,555 | Electrochemical treatment of 189-03-09
materials

D3 | US 4,802,991 | Method and apparatus for water 1989-02-07
purification

Evaluaclién de los requisitos de patentabilidad:

El articulo 14 de la Decisién 486 de la Comunidad Andina establece que: “Los
Palses Miembros otorgarén patentes para las invenciones, sean de producto o de
procedimiento en todos los campos de la tecnologla, siempre que sean nuevas,
tengan nivel inventivo y sean susceplibles de aplicacion industrial’.
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En cumplimiento del articulo 14 de la Decision 486, se procedidé a evaluar los
requisitos de novedad, nivel inventivo y aplicacién industrial con el fin de establecer
la patentabilidad del objeto de la solicitud reivindicado en la solicitud en estudio.

A. Evaluacién de la Novedad:
El articulo 16 de la decisién 486 de la Comisidn de la Comunidad Andina establece:

"Una invencién se considerara nueva cuando no esté comprendida en el estado de
la técnica.” “El estado de la técnica comprendera todo lo que haya sido accesible al
publico por una descripcidn escrita u oral, utilizacion, comercializacién o cualquier
otro medio antes de la fecha de presentacion de la solicitud de patente o, en su
caso, de la prioridad reconocida.”

1. El documento D1 trata de un método para remover contaminantes de un medio
acuoso. Se tiene un aparato con un lecho fluidizado de particulas a través del
cual se hace fluir ese medio acuoso y una corriente eléctrica. De esa manera se
generan hidroxidos de metal no solubles en agua. También se hace fluir aire a
través de la camara del aparato para ayudar a la fluidizacién de las particulas. El
método descrito en D1 comprende también aglomerar y separar los
contaminantes del agua. Luego, el documento D1 afecta la novedad de las
reivindicaciones 12 a 19.

2. El documento D2 también trata de un método de tratamiento de agua que
comprende suministrar una caAmara con un lecho de particulas metalicas
fluidizables. A través de ese lecho se hace pasar el agua que va a ser tratada. E|
proceso de tratamiento se induce en la superficie de las particulas formandose
productos de oxidacidn — reduccién que se encargan de aglomerar y separar los
contaminantes del agua. Luego, esta divulgacién afecta la novedad de todas las
reivindicaciones porque este proceso se lleva a cabo en ausencia de comiente
electrica generada o aplicada.

B. Evaluacién del nivel Inventivo;

El articulo 18 de la Decision 486 de la Comisién de la Comunidad Andina dispone
que: “Se considerara que una invencion tiene nivel inventivo, si para una persona del
oficio normalmente versada en la materia técnica comespondiente, esa invencion no
hubiese resuitado obvia ni se hubiese derivado de manera evidente del estado de la
técnica”.

El documento D3 afecta el nivel inventivo del método reivindicado porque, en
combinacion con lo enseiado en D1 o D2, un técnico medio en la materia habria
derivado de manera evidente el uso de las particulas fluidizables para el tratamiento
del agua aglomerando y retirando contaminantes en forma de jabones metilicos del
agua.

Por lo tanto, la solicitud en estudio no cumple con el requisito de nivel mventlvo
gstablecido por el articulo 18 de la Decisién 486.

C. Resumen
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En conclusién los requisitos de patentabilidad de la presente solicitud podrian

encontrarse afectados asf:

No. | Documento Reivindicaciones afectadas Requisito
afectado

D1 US 5.558.755 12a19 Novedad y nivel
inventivo

D2 US 5,879,555 1a19 Novedad y nivel
inventivo

D3 | US 4,802,991 1a19 Nivel inventivo

Se anexa copia de las anterioridades mencionadas.
7. Notiflcacién

En cumplimiento del articulo 45 de la decision 486 de la Comisién de la comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de la notificacion de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara |la patente.

Notifiquese el presente oficio tonforme a lo dispuesto en el numeral 5.2, literal e) del
capitulo quinto dgl titulo/primpero de la circular tnica No. 10 de 2001.

ESPEDES DE VERGEL
Jofe de la Divisi@n de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en Ilsta: de

fecha 1§ 00T 25

CONCEPTO TECNICO EXAMINADOR TECNICO
Numero: 1523 Cadigo: 202043
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1571 ABSTRACT

Apperaws and method for removing contaminanis from an
agucous medinm. The epparatus includes a fluidized bed of
metallic panticles through which the medium is Nowed and
through which am clectric current is applicd by clecirodes for
agglomenating contaminants in the medium. In onder Lo
allow the clectrndes 1o be non-consumabie so that they do
not require frequent replacement, the particles are consum-
able.

7 Claims, 2 Drawing Sheets
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5,558,755

1

METHOD FOR REMOVING
CONTAMINANTS FROM AN AQUEOUS
MEDIUM

This is a divisional of application Scr. No. 07/882,341
filed May 13, 1992, now US. Pal. No. 5,372,690.

The present invention relates gencrally Lo the removal of
coniaminanis [rom an aqueous medium. More panicularly,
the present inventiun relates 10 clecirochemical apparatus
and method for agglomenuting contaminants in an Kjueous
medium o effect their separation 1herefrom. This is meant w
include co-precipitaling soluble contamimants and oil-in-
water emulsion breakage as well as solid-liquid separation.

Cuntaminants have been removed from wasiewater or
the like by flowing the water belween a pair of sacrificial
consumable clectrodes such as alumimum electrodes in Lhe
presence of a fluidized bed of conductive attrilion-resistant
particles such as graphile. und passing an alternating curremt
thercthrough. Aluminum would be dissolved from the elec-
uodes into the solution where it would affect the solids to
couse coagulation thercof so that they could then be
removed such as by skimming or settling. It is siatcd that the
wrhulence of the particles improves conductivily and cur-
rent efficiency. minimizes clecirade crosion, and provides a
scrubbing actinn 1o minimize louling or scaling of the
clectrodes. Sce, for cxample, U.S. Pat. No. 4,053.387 to
Mocqlich et al. Also rec L).S, PaL Nos. 4,072,596; 4,094,
755; 4,176.038; 4,131,526 10 Moeglich and 4,329,211 to
Plantes et al. In addition, sec U.S. Pat. Nos. 4,123,345 w
Shettel; 2,130,789 10 Campbell; 3,919,062 10 Lundquist, Jr.
ct al: and 4,048,030 to Miller; European patent document
341.614: and German patent decument 3,723.745. Also sce
“An Elecirochemical Way of Siripping Wastc from Water™
Chemical Engineering, December. 1990, at page 15, and
“Electro-Cosgulation - Some Basic and Opersting Charac-
teristics”, by Donini et al. 1lth International Coal Prepara-
tion Congress, Tokyo, 1990. al pages 253 w 256,

Consumablc electrodes, which nre expensive, require
frequent 1abor-iniensive replacement periadically, perhaps
as often as cvery 3 months.

It is accordingly an object of the present invention o
eliminate the requirement of frequent periodic meplacement
of the clectrodes.

It is a further ohject of the present inveation 1o provide
increased aluminum or metallic dissolution intw a solution so
that heavy suspensions and cmulsions may be efflectively
treated.

ILis yct another object of the present invention to provide
an apparatus for agglomerating solids in an aqueous medium
which is low-mainienance, efficient, mugged. casy o use, and
incxpensive.

In order to allow the clectrodes 1o be non-consumable so
that they do not sequire such Irequent rcplicement, in
accordance with the present invenlion an eppersius for
removing contaminants in en agueous medium includes a
fluidized bed of consumable metallic particles through
which the medium is flowed and through which un clectric
cument is applied between the clectrodes.

The above and other objects, fealures, and advaniages of
the present invention will be apparent in the following
detailed description of the preferred embodiments when read
in conjunctinn with the accompanying drawings wherein the
sane reference numernl denoles same or similar pans
throughout the scveral views.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a venical sectional vicw, partly schematie, taken
along lines 1—1 of FIG. 2, of apparatus which emhodies the
present invention.

FIG. 2 is a sectional view, laken along lines 2—2 of FIG.
1, of thc apparatus.

FIG. 3 is a scctional view of a fluidized bed particle for
the apparains of FIGS. 1 and 2.

FIG. 4 is a vicw similar to thai of FIQ. 1 and taken glong
lincs 4—4 of FIG, 5, of an aliemate embodiment of the
preaent invention.

FIG. 5 is a scciional view ol the appamtus of F1G. 4 taken
along lincs 5—5 thercol.

FIG. 6 is a schematic view illusirating an aliemnate
arrangement of clectrodes in the appamtus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1 and 2, there {s shown generally at 10
apparatus [or agelomerating solids suspended, and soluble
pollutants entreined, in an agucous medium, illusirated a1
20. The apparatus 10 compriscs a geoerally cylindrical
clongate casing 12 composed of a suilable non-conduclive
malerial such as. for example. a 6 inch diameler schedule 80
PVC pipe or composed of berglass. The cell casing 12 can
however be of any malerial or design that will contain
aqucous solutions and of any geometric shape that will allow
and contein upflow solution and bed Nuidization beiween
charged clectrodes, a8 discussed hervinafler. The material
should be chemically inert or comrosion-resistant, preferably
non-conductive, alithough the casing may be composed ol
metal if proper insulation is applied. The easing 12 has an
inlet 14 al onc cnd and an guilet 16 at the other cnd for
receiving the aqueous medium 20 to be trealed and 10
discharge the medium. The equcous medium 20 is flowed
through the casing 12, as iliusiraled a1 36. by means of a
snitable pump 40 fur reatment. as deseribed hereinafler, and
discharged 10 a suitable vented vesscl. tank. or vther apps-
ratus such as venicd clarificr 42 the purposc of which will be
described hereinalter. It should be undersiood that more than
one cell 12 may be connected in parallel or series.

A pair of spaced clectrodes 22 arc provided on apposile
sides of the casing 12 so that the medium 20 may be flowed
therchetween. The clectrodes 22 arc connecied Lo the casing
by suitable means such as, for example, threaded rods 24
which are insialled to sealingly penetrate the casing wall and
10 which mey be connected elecirical wires 26 which arc
connecled Lo an electrical power source, illustroted at 28, 0
that a cireuit is complewed by the discharge of clectrical
energy beiween the clectrodes 22, A quamity of metallic
particies 30 is maintaincd within the casing by s graing or
screen 32 across the inlet 14 and another grating or screen
34 across the outlet 16. The screen size should be sufficiem
to conlain the particles 30 but nat so small that clogging is
induced or fluid flow is otherwisc unnccessarily impeded. A
plug 38 is pravided at the cullel to allow access Lo the casing
12 for maintenance thereol and for replenishment of the
metallic panticles 30, as discusscd hereinaficr. The screens
should be inslalled to aliow convenient access for remnoval
or addition of bed materinl. Thus, as shown in FIG. 1, the
screen M is installed in one fork of the outlet, and the plug
38 is installed in enother fork which is closcd by the plug.

As the Nuid 20 is flowed through the casing 12, highly
charged polymeric aluminum hydroxide specics or other
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metallic hydroxidc species are introduced into the fluid. as
hereinaficr discussed, to ncutralize clectrostutic charges on
suspended solid and/or oil droplets to (eciliate their agglom-
eration (or coagulalion) and resulianl scparation from the
aqueous phase. They will also prompt the co-precipitation of
ceriein soluble onic species such as meials and nlkaline
carths, Phase separation occurs al the clarifier 42 with the
agglomerated solids falling to the bottomn and being removed
through en underfiow linc 44 to a fltcr press incinexator or
other means for disposal thereol. The clarified Yiquid phase
is rrmoved through an overflow line 46 for use of the liquid
or [or its delivery to a sewer. Thus, apparats 10 may have
applicalion in the ficlds of effluent remecdiation (removal of
soluble and suspended pollutants), and in product recovery
(capture for reuse of finc-graincd product).

Mctal hydroxide species for neutralizing clectrostatic
cha:ges on susperded particles in a fluid have conventioo-
elly been provided by consumablc mctal clectrodes wherein
the metal is gradually dissolved inlo the fluid under the
influence of an clectric charge as the Nluid is lowed thereby.
Not only do the expensive consumable clectrodes require
close spacing of perhaps ¥ inch so that more of them arc
required for a paniculer volume Aow rate, but they must be
replaced frequently, perhaps aboul every 3 months, which is
8 lsbor-intcnsive process. Furthermore, an oxide coating
lends 1o build up on the electrodes resulting in reduced
opcrating cficicacy. This coating commonly originates from
cnagulaied materal which edheres io the electrodes or is
haked on the clectrode as a result of heat generated during
clectrocoagulalion. In order 1o eliminate such frequent
replacement of the elecirodes. in accordance with the present
imvention particles 30 arc consumable metallic particles such
us. for cxample, aluminuem pellets, which will dissolve under
the influence of an clectrica! field between the electrodes 22
to produce charged metal ionic and hydroxyl species that act
1o lreatl wastewaler or the like by destabilizing crmilsions
and suspensions, co-precipitating various ions, and increas-
ing the mean size of the particle aggregate. The particles 30
are of g siteble density that, in combination with the flow
rae of the medium 20 through the casing 12, a fluidized bed
of the particles is provided sallowing clecirical discharpe
throughout the volume of fluid between the clectrodes and
with dispersal of the mcial ionic and hydroxyl species
throughout the fluid for cffective egglomeration. [f desired,
compresaed air may be introduced into the casing 12 to assist
in maintaining the wrbulent fluidized bed and enhancing the
aluminum dissplution elliciency by increasing the anodic
surface arca. Charge neutralization is initiated within the
clectrocoagulation ccll 12 and continues following dis-
churge of the aqueons medium 20 from the appamius.

The use of the consumable particles 30 allows the clee-
trodes 22 10 be non-consumable so thal frequent peridic
repiacement thorcofl is advantegeously nol required and
elficiency reducing oxide build-up on the clectrades may
advnntageously be reduced. Instead of perhaps cvery 3
months continuous use for replacement of consumable clec-
trodes in conventional apparntus, the non-consumehle clec-
trodes allowed by the present invention may be permanently
installed. i.e., for a poriod of perhaps 5 ycars or more of
conlinuous uge withowt replacement. The cost of the pellets,
i.c., recycled beads or meial tumings or the like (perhaps
$0.75 per pound of high purity aluminum) may gencrally be
less than 1he cost of manulactured elecirodes (perhaps $2.00
per pound), and the peilets are merely added whereas the
clecirodes require labor intensive replacement. Thus, the use
of consumazble peliets allows lower operaling and maime-
nance cost.

4

The clectrodes may be composed of any suitable electri-
cally conduclive subsiance, preferably a nom-consumahble
meial, end more preferably corrosion-resistant alloys or
noblc metals. A3 used herein and in the claims. the term
“non-consumable™ refers 10 a chemically inaclive material
which, under the inflluence of on cleciric charge, remains
chemically stable so as o be registanl 1o dissolution.
Examples of non-consumable materials include, but are not
limited to, stainicss stecl {even though some iron may leach
out), 1entalum, lungsien; titanium, carhan, graphite, copper,
silver, plalinum. and other noble metals. The 1em “non-
consumeblc” also includes a layer of such a material over a
consumable materiel whereby the consumable material is
not exposcd and therefore not consumed during the process.
Non-consumable inuterials may be in a matrix form. Nona-
consumsabic clectrodes do nol provide the metal ionic and
hydroxyl species in sufficient quantilies for effeclive
agglomerization When non-consumable clectrodes are
nsed, the specics must be provided by the pellets 30,

Tha elecirodes 22 are shown in FIG. 2 to be hemispherical
50 as to maximize the surfoce area thereof, and are disposed
in recesses in the wall of the casing 12. However, the
elecirodes may be otherwise svitably shaped. For example,
the clecirodes may be rectilinear, have Lthe shape of rods or
screening, or have any other suitable shape or geomctry
intluding concentric that wilt allow a Nuidized bed between
altcrnately charged electrodes. Referring to FIG. 6, there is
shown mn altcrmatc embodiment ol the prescnt invention
wherein an apparaius 50 is similar o appanuus 10 cxcept
that il has & plurality of altcrnately cherged clectrodes 52
connecled in series across the casing 54 thercof with the
Muidized bed of particles 56 between and among tho elcc-
trodes 52. The elecirodes 52 may be sald to be in 2 “plate
pack” wherein the side-by-side electrodes allow an
increased cross-sectional area [or use with a low conduc-
tivity medium 20. For another example, the electrades may
comprise rods which are adjustably insested into the medium
20 within a casing so that the electrode surfacc area pre-
scnted to the medium can be varicd depending upon the
conductivity thereof.

The Muidized bed particles 30 may be any consumable
metallic picces. trnings, particles, or shot of any suilable
size or geomelry, which is consumable, prefemably spherical
shol, more preferably an aluminum or ferrous elloy. As used
herein and in the claima, the term “consumable™ refers 1o a
chemically active metal which, under the influence of an
clectric charge through an aqueous solution, oxidizes and
introduces jons which form charged specics such as ionic
and hydroxyl species which are provided et a sufficient rale
1o cffectively destahilize suspensions or emulsions 10 cause
phasc scparation. The consumable meial is not chemically
stable but is instead used up in the process. Examplcs of
consumeblc metals include, but are not limiled ta, stecl,
alominum, and magnesium. This is in contrasl to malcrials
such as charcoal, alumina (a crystalline form of aluminum
oxide or hydroxidc) perlitc, and ccramic material which are
not consumablc. )

Typically, consumsable electrodes may require replace-
ment after about every 3 months of continuous use whercas
stainless sicel or other guitable non-consumable elecirodes
of the present invention may not require replacement for at
least about S ycars contimous usc with alterasting current.
The cleciric source B3 is preferably a source of altemating
current 50 a8 o allow the constantly chenging polarities to
provide a “scrubbing™ action for cleaning thercof and 3o as
1o prevert A build-up of rust which might necessitaie more
frequent clectrode replacement if direct cument is used.
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pellels. When the level falls below a certain level, all tha
would be required is to merely unscrew the top plug 38, pour
in the pelleis 1o the desired level (by looking through the
approprialc sight pont), and sccure the plug. This is an
advantageously simpler and less expensive procedure than
disassembling a cell to replace cxpeneive consumable elec-
trodes.

Elecirocoaguletion operating condilions arc dependent
upon the chemisiry of the aquegus medium 20 and the
conductivity, pH, and chloride ion concentralion thercin.
The treatment rate of the aqueous medium 20 through the
clectrocosgulation cell 12 is dependent both on the solution
chemisiry (conductivity), the nature of the cntrained sus-
pension or emulsion, and the cxtent of olectrocoagulation
required 10 achieve the tremiment, The following is an
examplc of apparaius which may be provided in accordance
with Lhe present invention, the example being provided for
purposcs of illusiration and not for purposes of limitation.
Alcroating curreni elecirocoagulation may be uscd to treat
a pigment-bearing overflow siream from a clarifier to
recover the finc-grained (0.3 micron diameoter) TiQ, thal is
being lost to a disposal lagoon. The clarifier may receive
fikrale from Lhe final mtary vecuum drum filter stage ol
production of high-purity TiO,: the clerifier is used
recover as much as poasible of the fine-grined TiO, that
passes through the filters (<0.5 microns) through gravity
scitling over 2 12 hour residence time. A portable skid-
mounicd aliernating current elecirocoagulation unit with a
nominal throughput capacity of 70 gpm may be used. The
Bpparalus mAy contain 4 clectrocoagulation eolls manufac-
turcd from 4-inch diameter 36-inch high Schedule 80 PVC
pipes. a scll-priming, close-coupled eenirifugal pump, sup-
porting piping and valving. a 24 KVA wansformer, and an
elecirical control pancl. Within cach clecirocoagulation cell
may be inslalled two elcetrodes (316 stainless sieel which
may be silver electroplated), each 2 inches in width and 14
inches in length. installed on diametricaily opposed sides of
the cell. Twa threaded 0.5-inch diameicr stainless siec) bolts
my be welded to the back of each electrode and extend
through the PVC wall of the clectrocoagulation cell to
cnablc clectrical connections to be made. The 4 PVC pipes
may be oricnicd verically and the clarifier overflow stream
1o be clectrocoagulated may be pumped in an upflow manper
through the cclls. At the basc and top of each ccll may be
insialled perforaied plastic screcns (nominal openings 0.05
inches) 1o coniain the fluidized bed aluminum pellets within
the ciectrocoagulation celis. At the top of each electroco-
ugulntion cell may be insialled a 6.5-inch scgment of clear
PVC to enable fluidization of the aluminum bed 10 be
viewed when the clectrocoagulation cell is in operation and
10 delermine when replenishment of the aluminum pellets is
required. PVC valving coables from 1 to 4 electrocoagula-
tion cells 10 be used; although the cenirifugal pump may
have trt anc pumping rate (99 gpm at 10-fect Total Head),
usc of u by-pass line to divert 2 portion of the pump
discharge back (o the untreated overflow reservair enables
the solution threughput matc to be reduced and smy nomber
of clectrocoagulation cells to be operated. Compressed wir
can be injected into the clucm feed line a1 the basc of cach
clectrocoagulation cell (immediatcly below the basal perfo-
rated plastic screen) Lo assist in creating turbulence within
the coll or in improving the pellet dissolution rate. Switching
within the eleetrical control panel permits elecirical power 1o
be applied to the elecirocosgulation cells at 5 distinct
potentiala: 60 VAC, 90 VAC, 120 VAC, 135 VAC., and 160
VAC. The maximum currcnt that can be driven in cach
elecrocoagulation ecll is limited to 90 ampores. The influent
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overllow stream from the clarifier may have the following
chamcicristics: approximaicly 20-28 mg/l aluminum, a con-
ductivity of 1,650 S/cm, an initiel ilemperuiure of 25° C, a
TiO, coment of 850 mg/l, and a turbidity in excess of 1,000
NTU. Elccimocoagulation of this siream through 4 eleciro-
coagulation cclls & a rate of 55 gpm with 160 VAC applied
1o cach ecll enables from ! 10 13 amperes elecirical current
to be passcd thmugh cach cell. Approximately 8 1o 10 psig
of comprrssed air may be introduced into the base of each
elccirocosgulation cell. The clectrocoaguiated siream may
be discharged to a seuling tank 1o provide the nccessary
residence time 10 permil scparation of the coagulated TiO,
from the aqucous medium. Alter 10 minutes of seitling, for
cxariple, the total suspended solids content of the supernate
phase may be reduced from 850 mg/1 10 210 3.5 mg/l and the
wrhidity 1o 30 10 65 NTU. Treatmont mey entail addition of
spproximately 100 10 150 mg/l aluminum. The sctiled,
casgulsted TiQ, could be eollected for rense and the clari-
fied supemnate phase could be discharged 10 the municipal
scwer aystem generally without imposition of discharge
penaltics. For typical commercial applications the capacity
would of course have 1o be increascd.

It is 1o be undermood thar the invention is by no means
limited 1o the specific cmbodiments which have been illus-
trated and described herein, and that various medifications
thereof may indeed be medc which come within the scope of
the present invenlion as defined by the appended claims.

What is claimed is:

1. A method for removing coniantinants from an aqueous
medium comprising the sicpa of:

& providing & chamber having at least one pair of elec-

b. providing a fluidizable bed of metnllic panicles in the
chamber berween the electrodes;

c. flowing the medium throngh the bed thereby fRuidizing
the bed;

d. applying an clectric current between the clcetrodes to
effect dissolnion of the metallic particles thereby intro-
ducing ions which effect agglomeration of the contami-

. nants; and

e removing the agglomerated conlaminams from the
medium afier the medium kas flowed oul ol the cham-
ber.

2, A method according to claim 1 further comprising
providing a bamicr between the electrodes and metallic
particles 0 prevent contact between the elecirodes and
metallic particles therchy to preveni elecirical shorling
between the clectrodes and melallic particles and 10 allow
jonic mobility and charge transfer and Nirther comprising
sclecting the barrier 1o be a sarcen.

3. A method according to claim 1 further comprising
selecting the metallic panicles to have an insulative coating.

4. A mcthod according to claim 1 further comprising
sclecting the electrodes to be composed of 2 material
sclected from the group consisting of stainless steel, tania-
fum. tungaten, litaniiim, carbon. graphite, copper, and the
noble metals,

5. A method according 10 claim 1 further comprising
|pplymg an altermating current beiween the electrodes.

6. A method according o claim [ further comprising
iclcu.mg the metallic particies 1o be composcd of 2 malcrial
sclccted from the gmoup consisting of sieel, magnesium, and
alumimm.

7. A method for egglomerating contaminanis in an ague-
ows medium comprising the steps of:

a. providing 2t least one pair of clectrodes;
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1
ELECTROCHEMICAL TREATMENT OF
MATERIALS

FIELD OF TIHE INVENTION

The present nivthod belongs 1o cleetrochemical treaiment
u} materials found in gascous cmissions, wastewalcr, water,
groundwater. solid wasic. and other media containing
organivs, specially recaleitrant and toxie organics, heavy
metalk, and other conddituents, the said method makes use of
clemental mtals as reapents.

PRIOR ART

Fere. she following reactions amd physical chemical pro-
cuewies invaolving elemuental metals are of concern: reduction
of waganiex by a single metal, trnslormations of orpanies by
a melallic couple. cemwentation (metal displacement), and
prucessesx with migrational species transport at 1he sacrilicial
nwlal surface.

Reductiom of orpganics by metals was described in 1913 by
Clemmensen (R. I. Morrison and R. N. Boyd, “Organic
Chemistry™, Allyn and Bacon, Inc., Boston, 1973), many
such reactions ane deseribed by J. March in ~Advanced
Organie Chemistry™. McGraw-11ill Book Co.. 1968, Sweeny

(U.S. Pat. No. 3,640.821) teaches 1o use zine in acidic media -

for partial decompaosition of DT, Gillham (U.S. Pal. No.
5.266,213) tenches v use melals placed underground lor
chaning halngenaled contaminants from groumdwater. The
Gitlham process is alw limited by anzerobic conditions in

e treated water (Lh== 100 10 =2 mV, dhoense of oxypen

aml other ugidants). 8, M. Shilrin, (). M. Spivakova, and 1.
i Rrenvborod’ke (“On Color Removal from ‘Textile
Whstewaier, Sukected Parers of the Leningrad Civil Engi-
mevring Institute, Issue No. 69, 1971) (emonstrated an
acrated filler with a serap sieel for destruction of dyes,
Contrary e Gillham, vrganics (COD) and color removals in
this process improved with aeration. However, large quan-
tity of shedpe was penerated. All elemental melal processes
requin: the fincly diviled melsls, prelerably. melal dusis or
submillimeter size particles. Metal reduction of organics is
cdriven by the puiential difference hetween grains in the
metal lattice. The magnituthe of such diferenee is small
(abom O.1V). Accurdingly, the unganics trnsfomation is
vury slow (hours 1o days) and incomplete (Jow removal of
original compounds aid high content of toxic residual
producis).

Metallic couples such ag Ni—Al Ni—Agp. cic. (Renay
calalysix) are used in organic reduction amd hydration
prcesses, and Tor catalyzing oxidation-neduction in fuel
cells (K. R. Williams. ~Introcluction (o Fuel Cells™, Elsivier.
Amsicrdam. 1966, B. V. Nekrasov, ~Cieneral Chemistry™.
Meoseow, Khimia, 1973), Sweeny (U.S. Pal. Nos, 3,773384
axl 4. 382865) weaches to use metallic couples for redue-
tions and franslormations of various organics. e prepares
the bi-metal couples by grimding metal alfoys ino line
padticles or by depusiting the =second™ metal on the —timst™,
where the fimt metal is the expendable metal (hereinalier., it
i~ called the sacrilicinl metal). R, . Vidic and F, G, Pohlax!
(" Remediation Teehnolopy Siatus Report: Treaimnel Walls™,
pepared for Giround-waler Remediation Technulogies
Analysis Center, 615 William Pin Way, Pittshurph, Pa.,
October 1996) reviewed recent siudics on and applications
ol the single metal and bi-metal (melal couples) prvesses
for emedintion of groundwater polluted witl onganics and
heavy metals. The driving foree in the metallic couple
processes is the polentigl dilference beiween two melals in
an clectirolyte (waler being treated). which magnitnde is 1 V.
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Acvordingly. the onganies transfomiation is laster and more
complele than in processes with the stngle saenlicial melal.
Nuncthelers, he use of finely divided sacrificial metals
(powders, pround panicles. ur sponge and wool) docs nol
insure sufficien onanic’s transformation in these systems,
Additionally. there is always a concemn that the seeoad metal
in a couple can solubilize and pollute the treated cifluent
with a inxic heavy metal.

Cementation (motal displacement) is alsn a process
involving reductions of a second (noble) melal in solutions
contacting v sxrificial clemental metal. Complex and con-
tradictory hehavior of cementation procusses wus described
in many sources. 3. M. Khudenko (~Mathematical Maodels
of Cememation Processes™, Journal of Epvirenrmemaul
Enginecring, ASCE, Wl. 113, No. 4. 1487, and U.S, Pat. No.
S24R.629), . M. Khudenko anl . P Goukl (~Specifivs of
Cementation Processes™, Water Science amd “Technolopy.
IAWPRC. Vol 24, No. 7, 1991), and J. P. Gould. 1. B.
Lscovar, axd H. M. Khudeokn (“Lxamination ol Zine
Cementation of Cadmium in Aqueaus Sulutions™. Water
Science and Technology, Vul. 19, 1987) have recxamined
this process. All Khudenke publications and the pateni given
hercin are incorporated into this invention by relerence. In
the new mexkels cathodie and anodic sites ane spantaneonsly
induced al the sacrilicial melal surface. In addition o the
nohle species. reacting species include hydrogen and
hvdride jons, A1 amxlic sites. the sacrilicial meral is dis-
solved thus Trecing clecirons which llow 1o the cathwdic
sites. At cathodie siles, hydrogen ions ane atbsorbed aeeupt
o ckotron, become monuatomic hwdrogen which dis-
suolves in the sacrilicial metal, wherein it aceepts one more
cleamn and bevomes hydride inn. ‘This hydride fons react
and reduce 1he noble species. The process rate. vield, axl
eflicicocy depend on the transportation regime ol the react-
ing species in the system. At certain conditions (a given
sacrilicial metal. type and concentrations of noble species.
pH. temperlure, mixing rate, concentrations of indilferent
iong, Li*, K*, or Na*, concentration of anions, C1°. $0,~,
presence and concentralinon of pmmokers, eic.) the nuble
species are trapsported rom the hulk (solution 1o the
cathodic sites hy diffusion. For example, knw or high con-
centrations of poble species and low or higch mixing mies
faver diltusional regime. A cathodic sites, they are reducerd
on the metal surfuce by hydrides and form considerably
smxoth depesits, Hydride jons revert to hydropen ions
which can take pan in 1he next rdation at and in the nwetal.
Al imermediate coxlilions, she dilfusional iImnsport of poble
specics is replaced with migration (elevtric curment) of
hvdrugen jons ko the metal surface und hydride jons from Lhe
metal surface across 3 mivroscopic bonndary laver at
callxwdic sitex. Accundingly. hvdride iors react with noble
specivs ot the outer side of the boundary layer. “The solid
products formed from the obls ions are solid primary
particles. Such particles will truvel across the bundary layer
1 the metal surlsee wnder the effect of eleetrophoness amd
furm powdery and nugh deponits. Spontancons proceses al
the metal surface oocur in pulses. Cerlaio amount of hydride
is aveumulated vver time and than reacls with nohle species.
In migrational regimes. the accumulated charge of hydrides
crosses the migration boundary layer as a microscopic
plasma sircamer. Diffusional cemenation regimes have a
slow 10 maleraie process rate as for previously described
mctal and hi-metal onganics neductions. Migralional repimes
are very fast.

The advamages of the migrational repime Tor treatment of
anganics in electrolytes are described in our previous inven-
fion (US. Pai. No. 5348.629). Additivnally. methads of
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wuol, and similar materinls, Medium size picces would be
particles of oge (0 few millimeter size, including metal
cuitings and shavings. Langer picees can he from nne
cuntimeler o a meter size, ur whatever i convenicm to
handle. Various serap materials can he used. Sometinmes,
scrap needs additional shradding ond sleaning. Prelerably,
the hulk uf the sakl metal picees are in electrical contact with
cach viber sn thal the microseupic electrical circoils between
anudie and cathindiv sikes on the saerilicia]l metal surfuce
amplify each other and propagate through the mosi of the
melal used in a treatment apparatus. Accordingly, the reduc-
ihle ions can be provided only 16 a portion of the said metal
pivees. Other pivees will be activated through the electrical
omiaxt with cach uther. Moreover. such propagation of
eleatricul circuits throughowt the entire ekectrically con-
necled body of the sacrilicial metal pieces can be prowided
acnws an checineomlucting partition. For example. a reac-
tion between Fe(ll) and e can be conducted in a metal
vontainer electrically connected to the said sacrilictal metal
picees. The cuntniner will be fitled with the electrolyte
conlaining Fe(lIT), und the =acrilicial metal picees will be in
cuntact with 1be agueous solution containing materials 1o be
treated, but the said cleetrolyie and the said aqueous solution
are ixolaled hydraulically. Clectrical circuils induced in the
siid conlainer will trankmil 1o the body of the sacritieial
metal used for the soid Ineaiment of materials, The cleclro-
conklucting container can be madk from the same meial as
the racrificial metal. Such a container will corrude. It can
alw be made of a metal mone noble than the sacrilicial metal

at the reducible specics. Such container will ol comoehs.

hut a cormnadible sacrilicial metal needs 1o he placed inside of
such container.

{he mutal pivecs can be placed in a reactor, or uther
containing means. for cxample. vaderground well, a trench.

or ather ximcinre, These pieces can form a continvous bed

ol sacrificial metal picecs. ar smaller size picees can he
fluidized. Further, the conlinuous bed with the bulk of the
particles in cleetrical contact can be placed in a bed of &
filratiom medium. For example, nonfluidizable (massive)
metal pieees can b placed in a fluidized bed of a granular
medin (sund. granuler activaed carbon-GAC). Or such
picees can be placed in a filier of a derse granular media
{such us water treutimuent [iller with sand. or sand and gravel).
During the operation ol the gramilar bed in the Quidization
regime or during the liller backwash, the metal picces will
sink in 1be fluidizcd or expanded bed of the gramular media,
firm u seli=upponing skeleton. and ckectrically cumact
cach ather. Yoids hetween thess pivces will be filled with the
granular media. Graduully, metal pieces will be spent. They
¢an be replaced by loading new metal picees on the lop of
the combined pranular mediafmetal bed. These new pieces
will eventually sink in the granular media bed. The com-
hined granular media/metal bed is o simple means for
amtrolling the turbulence of flows around the melal pieces
thus increaxing the process raie and cificicncy. Additionally.
fluidizing the pranular media within the metnl bed will
providk eleaning of the bed [rean any chemical deposits. The
wrsnular filtration medium can be gravel, simd, plass heads,
aulk green sand, ccramsite (haked clay), ilmenite. gamet.
plastic beads, granular aclivated carbon, syntbxtic adsom-
tion mudia, zeoliie, jon exchange nusing, and combinations
thereol. The pranular el can be used for lillration as in
waler filter. 11 can be an wdsoeplion device for the orginal
comstiteents in the oqueous solution andfor intermediate
presciucts of treaiment ol materials with e said sacriticial
metal submerged in the granular bed. Tt can also be an ion
exchange apparuius or a reactor Jur conducting chemical
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reaciions, or other proceses involving granular mediametal
bed. Biological 1reatment of organics, particularly,
anacrobie. is expreinlly advantageous, It can v cariul vut
with differcet pranular media. For example, proundwater
with hiodegradable onpanics amd bicdepradable producis
frsm 1he metal treatment priscesses can be ireated with GAC
sceched with anacrobie, anoxic, serobic. methanotrophic and
uther hacteria. Compnunds for supporting binlogical
processes, additional carbun sources, nutrients (N ad P),
and various micronutricnis can be added 1o the lilimtion
medium. The reducing conditions in anacrobic processes
will additionally increase the rate and efficicney of the metal
Ireatmenl processes.

Reduced ions. Tor example Fe(il) or Ni(ll). and oz
formed by dissolving the sacriflcial nwtal. for example
Fe(11) or AI{TII). can be used [or the further (reaiment. At
appriximately neuteal pll. they form hydroxides, which can
he used as coagulapts for panticles flocewlation and
sedimenilation, or Jor direel coagulationtiltration in uppara-
tus with pranular media. In anuerobic processes, these jons
will immobilize sulfidex. They also will precipitate phos-
phorus.

The agueuus solution or emulsion or suspension which
can he reated in the present prixess can he surface water,
proundwaler. drinking waler, process water, wasewaler.
sgpureous medio from intlermediale steps of wetar skl wasue-
witer freatment, aqueous hased absorption media derived
[rom pas irealment processes, agucous based leachates sepa-
rited from solkl materials or solid wasie. agueous hased
keachales within solid materials ur solid waste.

DESCRIPTTION OFF DRAWINGS

FIG. 1 is a reactor wilh the sacrilicial metal hed.

F1G. 2 is a lilier with the sacrificial metal bed submerged
in & hed of a pranular filiration medium.

F1G. 3 is on allenative design of 1the readtor of FIG. 1.

FIG. 4 is a xysicm for ireatment of gaseous sircams,

F1G. 8 is a sysiem for in=situ incaiment ol groundwater.

PREFERRED EMBODIMENTS

Referring now to 11G. 1, there is shown a reactor com-
prising a reactor vessel 1, a hed 2 of the sacrilicial metal
pheces, an influent line 3 for feeding the asgueous solution of
materials to by treated in 1he vessel 1, line 3 anached 1o a
distribution manifold or other digtribution means 4 in the
vessel 1, an efffuent line §, a line 6 attached 10 the line 3 for
feeding the clectrolyie and ather reagents for conducting and
oplimizing the treatment of materials, an allemative line 7
for feeding the clectrolyte and other reugents for conducting
and optimizing the treatmuent of materinls,

The apparatus of FIG. 1 is operawed as follows, The
agueous suhnion enataining the materials to be treated is fed
in the reactor 1 vie line 3 and is distribuled undur the
sacrificial metal bed 2 by using the disiribution meuns 4.
flows through and beeomes treated by the bed 2, The Incated
eflluent is collected al the top of the b 2 and is dischanped
vin line 8. The bed 2 can e niche of line. medium or Linge
savrificial metal picees. Most practicable metals are Al and
Fe, although many other metals can be used. T electrolyie
containing the reducible ions and, oplionally. reagenis for
oplimizativn of the provess rate and efliciency as previously
described are fed in the line 6 and mixed with the aqueous
solution in the line 3. This woulkd resilt in 2 single mixed
stream of the agueous solution and 1he cleetrotvie contacting
the said metal bed 2. Alternatively. the electrolyie can be fed
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via line 7. It can be cither distributed in the volume of the
entire bed 2, or it can b applied (o a purtion of the hed 2 at
aonv location in the hed. In FIG. 1, line 7 ends a1 alwut the
cenier of the bed 2, but it can he at any other location,
provided thot most of the melal picces in the bed arc
clectricully connected. Somue othor reagents for oprimiziag
the process rate ¢an also be fed 1hrough line 7, for example.
reagenis [or pll adjustiments. such as acids, Other respents
van he provided thrsugl line & and applicd uniformly 1o the
entire hed. Meiat preferably Fe(lH) should be used as redue-
ihle ions. hut other ioos satisfying the requiremunts stated
ahove, nontoxic and soluble or floceulent alier reduction,
can alsn he used. The added redueible juns induce the
Ireatment processes o rapidly convent the materixls In be
ircaled. Particularly. vorious ompanics can be treated as
previously deseribed, some mineral materials can also be
Ircated. for example, many heavy metals can be removd,
nilrates and nitrites can e ceduced 10 nitrogen, suspensions
et emulsions can be collected and their constituents elee-
inxchemically converted. This apparaiug can he used for
ircatment of water, proundwater (in pump-and-tecal
sy~lenrs), industrial and other wastewalter. and other waste
aml non-wastv materials, Unlike the prior an, this is a very
simple appuratus axl operation which is frec from loxicity
associated with the vi-melal or other sysiems.

Ruferring new 10 FIG. 2, there is showvn a reactor or a lilicr
as deseribeed in FIG. | and further provided with a bed of 3
granular material # into which the hed of the saerificial metal
picees ix submerged. This embodiment is operated similarly

o the one presented by FIG. 1. bowever, with adiditional

advantages alforked by the use of the granular bed K. For
example, il the xand is used in the bed 8, in adition to the
sacrificial metal tredtment as previousty duscribed, the appa-
rulus ¢ap be operaled ax a contact filier for water poriflea-
tion, The Fo(I1) and possibly AKHD ions would hydrolyse,
il necded with pll corncetion, flocculate and wrap the sus-
pended and some dissolved solids in the water Srcam ving
treated. the said Moceulaed material is deposited on the s
prains and retained in the filter till the hackwash operation.
The filter can be hackwashed with waler, or with ajr and
waier. The depesited locculated sotids will be dislodged and
carried away. Il should be noted thut the sand/metal filier can
he operated in cither upflow maode as illustrated in F1G. 2, or
in a downilow mesde ax known in the an. The liler can be
{urther improved by uxing bed 8 made of GAC. Particulorly.
the bindegradable products of the metal reatment and some
cunstiiuentx in the stream heing trcated wil) be adsorbed and,
al keawt partially. bishogienlly decompsed. Biokvgical pro-
vones in the GAC can e unlwr impnoved by seeding
appropriale micnwirganisms. For cxample, anacrobiv
micrmonzanisms. deailrifiers. al acrobie orpanisms can he
useel, Several zones hokling and propagating these groups of
organisms can be developed in the bed 8. There is an
unexpectd fevdback in such a system: apaerobic micronr-
ganisms cun lower oxidation reduction polential in beds 2
and 8 and lunher increaxe the metal rcatment rale and
ellicicncy. Another unexpected effect it than the wirbulence
<au be increased in the uppuratus with the mctalgeanular
bud design as comparcd w metal bed. thus further incneasing
the process rate und efficicncy. At optimal conditions, the
clevtromagnetie liclds i the metal filier are sulficicntly
strong for disinfection. including kill and deactivation of
pathogenic hacteria, vimses. and cvsts, ‘The apparatus of
FICi. 2 can he operated with some expansion of 1l pranular
bed or as a Huidized hed, or the motion of the grapular bed
particles con be produced durion 1the backwash. In ither
vase, (he surfave of the sacrilicial metal picves will he
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cleancd. thus further increasing the process rate and elli-
ciency. Metal pieces are speni during the operation of the
sysiem. Spent metal can be replaced by adding new picees
at the top of the reactor 1 andt by alknwing them (o xink under
the foree of prauity during expansion. or fluidization, or
backwashing of the bed. This & amaiber improvement in the
present melhod hecause it allows (0 maintain the tight
contact betwaen the metal and the gramular maicrind snd
between the awlal picees simullaneously. An unexpected
advamage of cumbining the sacrilicial mueial he and the
GAC hed is that GAC o metal comiact pronifies. cornsion
und can incrense the rate and the cilicicney of ireatment of
materials. Similar ¢ffeet can bo produced by adding puw-
dered activaied carbon [o the ireatment sysiem.

Referring now 10 FIG. 3, ther: = xhown a reactor as
deseribed in FIG. 1 and further pawided with 8 mcans for
striking the said metal pieces acrows a partition, comprising
a container 9 with an cleewolyie feed line 10, 3 Sine 11 tor
the evacuation of the spent clectrolvic, and sn oplionul
sacrificial metal picees 12 insice the said container 9. the
said container ¥ is in the clectrical contact with the said
metsl bed 2. The vontainer 9 can be made fnym a mible metal
or from a saerificial metal. The noble metal conainer will
not corrade. For example, copper container will nut conrmde
in a syslem with the sacrificial iron. The iron comainer will
vorrode and therefore ix expendable wilh 1the sacrificial iron.
The system ix operated similarly 1o that showen in FIG. 1 but
the induction stcp is carried oul by vonducting a cementation
reaction in the container 9 by leeding clecimlyte with
reclucihle tons and reacting i1 either with the walls of the
contziner ¥ made of 1be sacrificial metal, ar with sacrificial
metal picees placed in the container Y made of noneurradiog
metal. Electromagnetic ficlds and micrescopic clectrical
circuils induced inside 1he container 9 will be trpsmitted 10
the suerificial motal hed 2 duc o the comact between (e e
2 and the container 9. The spenl elecirolyie ix ot loxic and
ean b either dischanued, or sed for other meposes, or
Ircated withoul generating hazandous stireams.

Relerring now 1 FIG. 4, there is showvn g svsiem Tor
Treaiment of pascons streams comprising 4 reactor 1 with the
sacrificial metal hed (oot shown). and an atearher 1) for
translerring in the agueous solution the comstituents of 1he
Bas o be trealed by the sacrilicial metal. the said absorber is
aptionally provided with 2 contact bed 14, influent and
effluent linex IS and 16, a dirribuor for the aqueous
sulution 17, and linex 5 and 3 with a pump 18 lor circulating
the aquesus solution helween the reactor 1 and the absorher
13, Reactor | can he & dsign as depicted in FIGS. 1, or 2,
or 3, or an altiemative desipn. Various mediticutions ol the
absorher 13 can also be nsed. For panticular conditions, one
=killful in art can design 4 single apparaus fur combining (e
(unctions of the reactur 1 and the ahsorber 13, e maierials
1 he treated enter the ahsorber 13 with o ascous stream,
such as polluted air, or a vent gas in the chemical slorpe
tunk, or in a chemical reactor or other process, or other
gasenus Slrcum, via line 15, puss through the contact bed 14
irrigated with the aquesns solution wking the distribotion
means 17, hecome absorbed by the aqueous salution, and
conveyed via line 3 by (he pump 18 to the apparatus 1 such
as deseribed in FIGS, 1 10 3, or modilications thercal, This
salution is treated in the apparaius | and necweled to 1he
ahsorber 13. The trealed gas is evacuated from the alsower
LY vin linc 16,

Referring now 10 FIG. 8, there is sluwvn o enosssection of
a permeable underground structure 1 which con bw a cincular
well. or o reclangniar cavity in the grund faver 21 haviog
a waler bearing siratm 19 with 3 flowing ircam of peliuted
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water 20. The structure 1 s lilled with the saerificial meal
hed 2 spanning the thickness of the proundwater stratum (or
it pulluied portion). The portion of the stnscture above the
groundwater level and above the bed 2 is supporied by a
cuxing 22. It can altermatively be filled with a soil or other
material. The bed 2 is provided with the Yine 7 for feeding
the previously deseribed elecirmlyie amxl additivnal rengents,
andior by nicans 9 for striking the hed 2 across the partition
as described above. Granular material, preferably GAC, can
I provided 1o form the bed 8 (nu1 shown) within 1he voids
berween the metal picces in the bed 2. The siruciure 1 is
similar to the reactors and fillers deseribed o F1IGR. 1.2, and
3 “The groundwater liltering throuph the hed 2 is ireaterl as
previously deseribed. The inductiun of the treatment s
provided by the clectrulye and the additionel nesgents via
Jine 7 anclfor by using means 9. The GAC is used to adsorh
the constituents aot ireatable by the metal and the products
of the metal trealnent. The hindegradable fraction of these
constituents will be further treated. As in previous
embudiments, microurganisms can be added to the GAC bed
N,

While 1the invention has been deseribed in detail with
particular relerence 1o prefermed embeodiments thereof, it will
be nnderstood that variations and mudilicationscan he

clected within the spirit and seope of the invention as 25

previously duscribed and) as defined by the claims. For
vuample, various combinations of the deseribed embaoli-
ments can be usedl, reaetors can be opepted under clevated
pressure andor lemperuiire, and various exiernal clevirical
circuits can be used 10 indeey the reatment processes,

I claim:

1. A method of incatment of materials with tbe use of a
sacrificial melal and redueible metal ivns which comprises
the steps of

a) conlacting 1he: material (o be treated with a surface of

the sail sacrificial metal, wherein the said material 10
be treated i included in a medium selected from the
group consisling of an aqueous solution. an aqueaus
emulsion. an agticons suspension and wombinalions
thereol: and

b) inducing treaimem processes al the surface of the said

sacrificial metal by prviding said reducible meta) ions
included in an eleetrolyie, wherein the said reducible
melal ions react wilh the said saerilicial metal w form
reduced metal jon specics in dissolved or suspended
form and said sacriticial metal ¥ oxidia:d 10 form
oXidized mewal ion specics in dissolved or suspendud
form.

2. The method of claim 1, wherein the said materials ko be
treated are selected from the proup copsisting of onganic
compounds, suspended or emulsitied punicks, metal oon-
laining species, micraonganisms, and combinations thereal.

. The method of ctaim 1, wherein the said sacrilicial
rl:;_clal i sehected from the greup consisting of Zn, Al Fe, and

1.

4. The metbnd ol claim 1, whercin the said reducible
melal juns are seleeted from the group eonsisting of Ni and
Fe ions, or combinations shereol.

5. The metbod af claim 1. whercin the said reducible
metal inns are pnxluced by a process selecied from (he group
consisting of a dissolution of a dry sall, anl an anodic
dissolution of a metal, or a cumbinalion thereot’,

6. ‘The methodl of claim 1. whercin the said reducible
melal ions are provided coatinuously.

7. The metlwxd of cluim 1. wherein the sakl reducible
mwlal ivns are proavided periodically.

8. The method of ¢laim 1. wherein electric current from
an outside souree is appliv to the said sacrilicial melal.
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9. The method of claim 1, wherin the rate and the
effiviency of the said ircaiment proceses are increascd hy
steps selecied [rom the proup consigting the addition of a1
least one indillercnt ion 1o said eleetrolyic, the addilion of at
l:as1 one anion to said clectrolyte. the addition of a1 least one
completing agent w said electrolyie, the addition of st least
one ydrich compound 1o said electrolvic, vptimizing pH of
the said clectolvie, increasing [emperatore of the said
electrolyte, optimizing the mixing rle of 1he said
clectimlyie. nptimizing oxidalion-reduction potentials in the
aid vlectrolyle. or a combinalion thereol,

10. The method of ¢laim 1. whercin the rate and the
officiency of the said treaimenl proveses are increased hy
sleps seleeted from the proup consisting of the addition of al
least oo indifferent ion o said ayueous solution, the addi-
tion of al keast one anion 10 sad aqueous solution, e
adkdition of al least one complexing agent (o sakl aqueons
sulutivn, the addition of at least one hvdrice compound 10
seid aqueous solution, uptimizing pll of the suid agueous
solulion. increasing emperature of the said aquevus
solution, optimizing the mixing rate of the said agueous
solmion, optimizing exidation-reduction poteatialz in the
said agueous solution, or a combination thereol,

1L The nwthod of claim 1, wherein the sakl cheamlyte
and the said aqueows solution coalaining malerial W he
treated is the same solution.

12. The muthed of claim 1. wherein the said sacrificial
metal is selected from 1he group consisting of inely divided
mulal pieces. medium sk nwlal picees. lagge siac melal
pieves, or comhinations thereol.

13. 'The methd of claim 12, whereio at least some of the
saidl metal picees are in eleetrical contact with cach other.

14. The methad of cluim 12, wherein the said reducible
metal jons are provided 10 u portion of the said nietal pivees.

18, The method of claim 12, wherein the spid reduciblke
melal ions are provided (o (he said metal pieees scross an
clecimeonducting panition,

16. The method of cluim 12, whercin the said sacrificial
melal pivees are placed in o sacrificial bed submerged in @
bed of a filtration medium.

17. The methad of claim 16, wherein the said sacrificial
bed sinks into the saikl hed of a filtration medium.

18. 'The method of claim 16, wherein the said filtration
medium is selected rom the gnup consisliog of pravel,
sand. pluss beads, coal. green sand. cemmsite. ilmenite.
garnet, plastic beads, pranular activaled carbon. synthetic
adsorption media, Aacolite. ion cxchanpe nsins. amd combi-
nations 1hereol.

19. The methad of claim 16, wherein microonganisms are
added to the said filtration medium.

20. The methad of claim 16, wherein compounds for
supporting hiological processaes are added o the xaid lilira-
tion medinm.

21. The methuxd of claim 1, wherein the xaid agqienus
solution or emulsion or smmpension s seheated from the
grup consisling of surface water. prounddwater, drinking
waler. process waler, wislewater, aqueous media from inter-
mediute steps of walvr and wastewaler lrcalnienl. ayueous
based shsorption media derived from gas treatment
processes, aqueous based leachares separnted from solid
materials or solid waste, aqueous bused leachales within
solid materials or solid waste.

22, The method of claim 1, whercin the said reduced
metal ion spevies and/or oxidized metal jon specics are used
&% coagulants.

23, The metbod of ¢laim 1, whercin the said reduced
meial jon species and/or axidized metal jun species aro used
S reagents,

24. The method of claim 1. wherin the raid process sieps
(2) and (b) are applied 10 in-situ groundwater treatment.

* % & & &
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combine with impurities to form a floc which, io turn,
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SUPERINTENDENCIA DE-INDUSTRIA Y C MERCI
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LA SECRETARIA GENERAL AD-HOC
HACE SABER:

Que esta Superintendencla profiid Resolucién No. 2018 de 31-ENE-2008. Que al contenido de ia parie resolutivea es como sigue: El
Superintendents de industria y Comardio.
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ARTICULO PRIMERO: Nagar sl privisgio da paienia de invencidn pera la soliciud
comespondiente 8 "METODOS DE PURIFICACION DE AGUA CON GENERACION DE
FLOCULANTE DE HIDROXIDO DE METAL". )

ARTICULO SEGUNDO: Notificar personaimento el contenido de'la presente resolucidn
al doctor Femando Triana Solo, 0 a quien haga sus veces, en su calidad de apoderado de
Potable Water Systems Ltd., entragéndole copla de ia miama, advirtiéndole que contra ella
procede el recurso de repoalcisn interpuestd anis ol Superintendants de Industria y
Comardio, al momento de la nolificacion o dentro de los 5 dias hdblas sigulenins a efia.

NOTIFIQUESE Y CUMPLASE
Dada en Bogotd, D.C., 8 ios ’Im Py

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

Para notificar a los Interesados, se fila el presenie EDICTO en lugar vislble al pﬁl’lm 'an la SUPERINTENDENCIA DRFINDUSTRIA Y
COMERCIO, por o término de (10) diex dias les contados a partir de kas 8:30 a.m. da hoy.

Secretarfa General Ad-Hoc 08-MAR-2D08 Este adicio se desfija hoy 17-MAR-2008 a las cinco (5:00 p.m.
Secretarfa Genaral Ad-Hoc
EDICTO No. 3713



