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SOLICITUD DE EXAMEN DE PATENTABILIDAD

HUMBERTO RUBIO CAMACHO, mayor de edad, domiciliado en Bogot4, D.C., 1dmuﬁcadow L
~_ con la cédula de cindadania ntmero 17.192.062 de Bogotd, abogado Twulado con Tarjeta
. Profesional No. 50.007 del Consejo Superior de la Judicatura, actuando en cardcter de
‘ .. APODERADO del Senor ALFREDO DEL VALLE LAZO; domiciliado en Comandante Chacon
No. 6365, Cerro Navia, Santlago Chile; respetuosamente solicito a esa Dependencia:

« .l De conformidad con lo establecido en el Articulo 44 de 1a Decision 486 de la _Comisién de
: la Comunidad Andina y estando dentro del termino legal de seis (6) meses contados
desde 1a fecha de publicacion en 1a Gaceta No. 554 de 29 de julio de 2.005, de la solicitud -
de la patente de la referencia, solicito se sirvan proceder a efectuar el examen de
patentabilidad de la Invenci6n. |

2-  Paraquelapresente peticion sea viable estoy anexando los siguientes documentos .

21 Recibos de pago Nos. 04-82,329 de 19 de octubre de 2.004 y 05-810 de 05 de. _
enero de 2.003; para un valor total de $ 371.000.00, de acuerdo con la Resolucion -
No. 31980 de 24 de diciembre de 2.004.

3- PorJo mteri‘driso]icitq;sc contintie con el tramite correspondiente.
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Industria y Comercic

SUPERINTENDENCIZA

‘
\L/)
DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 04-68028

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION
FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 554, DE
FECHA 29 DE JULIO DE 2005, EL TERMINO HABIL SENALADO POR LA LEY

EXPIRA EL 25 DE OCTUBRE DE 2005.

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de
publicacion en la gaceta de Propiedad Industrial, debera solicitar y cancelar el
examen de patentabilidad so pena de que la solicitud caiga en abandono, de
acuerdo con lo establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.

Sl NO X

Cavera 13 No. 27-00 Piso 5y10
Conmutador: 334 12 21-2-3-4
Fax 281 31 25 e-muail: info GriC.gov.co
Santa Fe de Bogotia D.C. - Colombia



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

2020
Bogota, D. C., 30 de Noviembre de 2006

Doctor
HUMBERTO RUBIO CAMACHO
Representante ALFREDO DEL VALLE LAZO

ASUNTO Radicacion No.  04-68028
Tramite 002
Evento 001
Actuacion . A .
o+ u™14260
Folios 020

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

1) Documentos estudiados:

a) Para el presente estudio se tendran en cuenta el capitulo descriptivo,
comprendido en los folios 9 a 23 de la solicitud en estudio.

b) Para el presente estudio se tendra en cuenta el capitulo reivindicatorio que
comprende 18 reivindicaciones en los folios 24 a 27 de la solicitud en
estudio.

¢) Conforme lo establece los articulos 9, 10 y 11 de la decisién 486 de la
Comision de la Comunidad Andina, la presente solicitud en estudio fue
presentada el 16 de julio de 2004, y en el momento de la radicacién Sl se
. reclamo prioridad de la primera solicitud presentada en Chile 1515-2003
‘ 2) Objeto de la invencion
a) Las reivindicaciones 1 a 18 de la solicitud en estudio se refieren a un
proceso para obtener polisulfato férrico en solucion a partir de mineral de
magnetita refinada y concentrada, Gtil como coagulante en los procesos de
tratamiento de aguas domiciliarias y/o industriales, CARACTERIZADO
porque comprende: a. Mezclar en un reactor sellado agua o un polisulfato
férrico/ferroso de baja concentracion diluido, un electrolito frio formado por
acido sulfurico y agua y mineral de magnetita en exceso; b. Agitar la
solucion formada en el paso a) al interior del reactor durante todo el
proceso; c. Cerrar el reactor y adicionar acido sulfarico industrial faltante; d.
Obtener una solucion con alrededor de 220 a 280 g de Hierro por litro de
solucion, acidez libre de 0%, basicidad entre 2% y un 12,5% y pH entre
alrededor de 0,2 a 1,0; e. Filtrar la solucion obtenida en paso d) en caliente
a aproximadamente entre unos 80° y 100° C; f. Aplicar un oxidante a la
solucién filtrada por la parte inferior de un reactor abierto a presion
atmosférica; y g. Obtener un polisuifato férrico en solucion con
concentraciones de ion férrico de al menos 12,5%, i6n ferroso menor a 4
g/l, acidez libre igual a cero, basicidad entre 7% y 22 % y pH entre
alrededor de 0,5 a 1,8.
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El anterior procedimiento busca obtener un polisulfato férrico en solucion.

Segun la Clasificacion Internacional de Patentes, la codificacion para esta
solicitud corresponde a C 01 G 49/14

3) Claridad de la Solicitud

El articulo 30 de la Decision 486 de la Comision de la Comunidad Andina
establece que

“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 maleria que se desea proteger sin
referencia a oftra reivindicacion anterior. Una reivindicacion sera
dependiente cuando defina la materia que se desea proteger
refiriéndose a una reivindicacion anterior. Una reivindicacion sera
dependiente cuando defina la materia que se desea proteger
refiriendose a una reivindicacién anterior.- Una reivindicacion que
se refiera a dos o mas reivindicaciones anteriores se considerara
reivindicacion dependiente miltiple.”

El capitulo reivindicatorio no es claro toda vez que:

a)

b)

d)

La redaccién del punto 1. a. no es la mejor toda vez que genera confusion.
Primero, porque no son claras las proporciones a emplear de los
componentes. Segundo, nétese que al leer de corrido dicho punto existe
una muy buena cantidad de conjunciones empleadas, lo que dificulta su
correcta lectura. Por lo mismo se sugiere que se diga algo como “mezclar
en un reactor: un componente A constituido por agua o un polisulfato
férricofferroso de baja concentracion, un componente B formado por un
electrolito frio formado por acido sulfurico y agua y un componente C el cual
es mineral de magnetita en exceso...”.

El punto 1. ¢. no es claro toda vez que nunca se dice que al inicio no se
agrega todo el acido sulfirico, 0, que es necesario mas acido sulfurico en
esta etapa 1. ¢. Un técnico no podria entender cuanto es el “acido sulfdrico
faltante”

El punto 1. f. no es claro toda vez que no se sugiere que el filtrado se pasa
a un reactor abierto y que alli se le agrega el oxidante. Mejorar la
redaccion.

La ultima parte de la reivindicacion 15 (se obtiene de un proceso que no
requiere...etc.) caracteriza dicha reivindicacion por el resultado, mas no
por la forma en que se lleg6 a ese resultado. Esto es inadmisible. Las
reivindicaciones deben caracterizar un producto por la forma o
constitucién del mismo, las partes que lo componen y todo lo que permita
establecer de como se llego a ese resultado. No se aceptan
reivindicaciones que caractericen resultados. Se debe eliminar dicha parte
o colocarla dependiente de las reivindicaciones anteriores.

i) No se aceptan frases tales como ‘alrededor de...’ 0 “aproximadamente”.

o
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De acuerdo a lo anterior, el capitulo reivindicatorio no cumple con el
requisito de claridad de acuerdo a lo establecido en el Art. 30 de la
Decision 486.

4) Determinacion del Estado de la Técnica
El articulo 16 de la Decision 486 de la Comision establece:

“El estado de la técnica comprendera todo lo que haya sido
accesible al publico por una descripcion escrita u oral, utilizacion,
comercializacién o cualquier otro medio antes de la fecha de
presentacioén de la solicitud de patente o, en su caso, de la prioridad
reconocida.”

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

Consultadas las bases de datos y los archivos con que cuenta la entidad,
especialmente bajo las clasificaciones C 01 G 49/14 y las mas cercanas a ellas,
se encontrdé que antes del 29 de julio de 2003 (fecha para determinar el estado de
la técnica) habian sido publicados los documentos que se enumeran en la
siguiente tabla  los cuales se relacionan con procesos para la produccion de
polisulfato férrico en solucion.

De acuerdo con o establecido en el articulo 16 se determind el estado de la
técnica y se encontrd el siguiente antecedente:

, Fecha de
(]
N° | Documento Titulo Publicacién
D1 | WO 95/23765 Preparations and uses of polyferric sulphate 1995.09.08
D2 | EP 0885846 | Method for preparing ferric polysulphate solutions 1998.12.23

5) Evaluacion de los requisitos de patentabilidad

El articulo 14 de la Decision 486 de la Comision de la Comunidad Andina
establece:

“Los Paises Miembros otorgaran patentes para las invenciones,
sean de producto o procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas tengan nivel inventivo y sean
susceptibles de aplicacion industrial .

En cumplimiento con este articulo, se procedié a evaluar los requisitos de
novedad, nivel inventivo y aplicacion industrial con el fin de establecer la
patentabilidad de la invencion reivindicada en la solicitud en estudio. ‘

a) Evaluacion del Nivel inventivo
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El art. 18 de la Decision 486 de la Comision de la Comunidad Andina
establece:

“Se considerara que una invencion tiene nivel inventivo, si para
una persona del oficio normalmente versada en el arte en la materia
técnica correspondiente, esa invencion no hubiese resultado obvia
ni se hubiese derivado de manera evidente del estado de la
técnica”.

La presente solicitud relaciona un proceso que comprende los siguientes
pasos:

* Mezclar en un reactor A) agua 0 un polisulfato férrico/ferroso de baja
concentracion diluido, B) un electrolito frio formado por acido sulfarico y
agua y C) mineral de magnetita en exceso;

* Agitar la solucién formada durante todo el proceso;

* Cerrar el reactor y adicionar mas acido sulfarico industrial

* Obtener una solucién

* Filtrar la solucion obtenida en caliente entre 80° y 100° C;

* Aplicar un oxidante a la solucion filtrada

* Obtener un polisulfato férrico en solucion.

D1 (WQ95/95/23765) relaciona un proceso que consta de los siguientes
pasos:

* Se inicia con solucion acuosa acida que comprende sulfato ferroso que
se oxida a sulfato férrico. Se emplea un agente de oxidacién como ¢l de
la presente solicitud. También aqui se incorpora acido sulfarico. El pH es
como el de la presente solicitud.

* Dicho sulfato férrico se hidroliza parcialmente. Las temperaturas son
como las de la presente solicitud.

* Se polimeriza.

Los agentes oxidantes son los mismos empleados por la presente
solicitud. Las temperaturas y pH's son como los de la presente solicitud.
En general D1 contempla los uitimos pasos de la presente solicitud.

D2 relaciona un proceso en el que se colocan desperdicios que
contienen hierro y se hacen reaccionar con &acido sulfarico. Las
relaciones entre reactantes se controlan durante el proceso. Podria
decirse que corresponde a las primeras etapas del proceso objeto de la
presente solicitud.

Por consiguiente, la presente solicitud podria hallarse uniendo estos dos
documentos. Un técnico medio podria considerar iniciar con el
procedimiento propuesto por D2 y terminarlo como lo que relaciona D1.
de aqui que la presente solicitud podria carece4r del nivel inventivo para
que se le conceda el privilegio solicitado.

Resumen

En conclusion los requisitos de patentabilidad de la presente solicitud se
podrian ver afectados asi:



N° | Documento | Reivindicaciones afectadas Requisito que afecta
D1 | WO 95/23765 1-18 Nivel inventivo
D2 | EP 0 885 846 1-18 Nivel inventivo

6) Notificacion

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que dentro del término de sesenta dias contados
a partir de la fecha de la notificacion de la presente comunicacion debe responder
a la notificacion. En caso de no dar respuesta al presente requerimiento, o si a

pesar

de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto por el numeral 5.2, literal e)
del capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001

ALIX CARMENZA CESPEDES DE VERGEL
Jefe Division de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en la lista, de fecha

11 DIC. 2006
' Concepto Técnico N° EXAMINADOR TECNICO EXAMINADOR JURIDICO
Cédigo No. Cédigo No.

1879 202003
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WO 9523765 PCE/GEIS/D0483

Chenical coagulants for drinking water, to purify
and/or decolourise municipal water supplies for human
consumption are knovn and include iron and aluminium-based
inorganic coagulants.

Polyfarric sulphate, PFS, is one Xnown form of
coagulant which has also been used to treat municipal and
industrial wasto waters to help remove, by flecculation,
suspanded organic waste matter. There is currently
considerable interest in the more widespread application of
PFS as coagulants, Because of its relative efficiency, PFS
may need less chemical addition, it can have a greater
removal capacity an@ may reduce the volumes of waste
concentrates that require disposal or further treatments.

PFS is a known chemical and there are several
patents describing methods for its preparation. .

The present invention is concerned with methods for
preparing polymeric forms of ferric sulphate, of which PFS
is an exanmple.

Essentially, the chenmical can be prepared according
to this inventicn by oxidising ferrous sulphate to ferric
sulphate, and then carrying out a controlled, partial
hydrolysis of the ferric sulphate to produce a heterogenous
mixture of iron (III) hydrolysis species, [Fe(oR),]{3"¥)*,
and polynuclear complexes of iron (III),

(Fem“’mx]n(:n-x, M, The functions of these spacies are to
provide both colloid charge neutralization and polymer
bridging between floc particles, leading in practice to a .

%%

wo
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greater coagulating {and therefore, treatment) performance.

Accerding to this invention there is provided a
process for preparing a polymeric form of tefric sulphate
wherein an acidic aqueous solution comprising ferrous
sulphate is oxidised to form ferric sulphate in said
solution in an oxidation stage at ambient pressure and in
the absence of oxidation catalyst preferably using at least
one oxidising agent from the follewing: ozons, nitric acid,
peroxide, perchlorate and persulphate,

sald ferric sulphate subseguently being at least
partially hydrolysed by addition to said solution of at
least one kase, the ferric sulphate being kept in contact
with said base at the tanmperature selected for a time
sufticient for polymerisation of the at least partially
hydrolysed ferric sulphate.

The ferrous sulphate solution may ba rendered
acidic by addition of e.g. sulphuric acid. This may
usefully increape the level of sulphate ions in solutien,
without adding unwanted ionic species. The pH of the
starting solution is preferably less than 2.0, more
preferably in the range 0.8 to 1.5.

Preferably 1-:he oxidation stage is a one-step
oxidation stage. Praferred oxidising agents include
peroxide and nitric acid. It is possible to usa streng
concentrated or even fuming nitric acid.

Accordingly the concentraticn of the nitric acid
used in the oxidation stage is preferabiy at least 50% by

volume, more preferably at least 70% by volume al_thu!:gh

nitric acid as concentrated as 80% by volume can be used.
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It is also preferrsd to use peroxide as an
oxidising agent and more preferably hydrogen peroxide. The
strength of the hydrogen peroxide used, as with the option
of nitric acid mentionsd above, may bs dictated by the
econonics of the cost of raw materials, oxidation
temperature and oxidaticn time.

Thus a stronger oxidising agent will most likely
allow a shorter oxidatjion time and/or a lower oxidation
reaction temperatura. With hydrogen peroxide at very strong
concentration, perhaps of the order 30 volumsg, it may even
b§ possible to effect the oxidation stage at ambient
tenperatures, for example at a tempsrature in the range of
15 to 25°C. Oxidation temparatures when using hydrogen
peroxide may ba 70°C or lower, such as 60°C or lower,
preferably no higher than 50°*C,

Oxidaticn tempsretures when using nitric acid as
the oxidising agent, may be 110°C or lower, such as 90°C eor
lowsr, preferably no higher than 70°C (which temperature may
bs possible when using the very concentrated, fuming nitrie
acid having a strength of at least 20%).

The oxidation time for a preferrsd one-step
oxidation stage may be up to 3 hours, for example up to 2
hours, more preferably 1.75 to 1 hours. The oxidation time,
as with the oxidation temperaturs, may depsnd upen the
nature and strength of the oxidising agent used and the
molar ratio of oxidant : iron [I'ez"'].

It is preferred to carry out the oxidation such
that there is & near-complete oxidation of ferrous [Fez"']

ions to ferric [_Fes"'] ions. ' In conseguence it is preferable

WO 95123768 PCTIGBYSIN0483
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for the concentration of ferrous ions in the solution after
the oxidation step to be less than 2.5% (Fe2*/Fe3¥), more
preferably less than 1.25% (Fe*/Fe?*), most preferably less
than 0.25% (Fa?¥/Fe’t).

The nolar ratio of oxidant : ferrous ions in the
solution, for the oxidation stage may depend upon econcmice
and the desire to bring about the aforemantioned near-
conplete oxidation of ferrous ions in aguecus solution, to
farric ions in the same solution, The molar ratio may also
be influenced by the cholce of oxidising agent and its
ralq:.tva strength, the oxidation temperature reguired or
othervise sslected and the oxidation time nacessary for this
naar-cemplete oxidation.

For example, whean using nitric acid as the
oxidising agent at say 90°C, at a concentration of 70%, the
prefarred nolar ratio of oxidant : fsrrous ions prasent in
the aquecus solution is no higher than 2:1, more preferably
no higher than 1.5:1, most preferably about 1.13:1.

When using hydrogen peroxide as thae oxidising agent
at gay 50°C at a strength of 30 vols, then ths praferred
molar ratio of oxidant : ferrous ions present in the agueocus
sclution is no higher than 3:1 preferably nc higher than 2:1
most preferably about 1.81:1. These nost preferrsd ratios
have been found to achieve a near-complete oxidation of
ferrous ions to ferric ions, i.e. <0.5g({Fe2*] per litre
atter oxidation, when the oxidation has been allowed to -
proceed for about 1% hours.

We have also used this concentrated form of
hydrogen peroxide (.30 vels) in the oxidation s{:aga. with a
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larger rmolar excess of oxidant : ferrous jocns, at lower
temperatures, aven at ambient tempsratures of about 20°C.
For example a wmolar ratic of 2.9:1 oxidant : ferrous ions
led to near-complete oxidaticn sven in ths sbsence of
oxidation catilylt and at ambient (atmospheric) levels of
pressure. Thus additional heat energy input for the
oxidation may be avoided. V

In the secondary stage of at least partial
hydrolysis, it is possible simply to add one or nore bases
to the ferric sulphate which has besn formed in agueous
solution. The base can be strong or wesk inorganic bases
such as a hydroxide or bicarbonate of an alkali metal. In
particular sodium hydroxide or sodium bicarbonate can be
used: The hydrolysis stage can be iikensd to an 'aging’
step during which iron (III) hydrolysis species,
[Fe(0H),] (3"%)* ana polynuclear complexes of iron (III),
[Fay(0H) ), (3*"¥)7* £ory as a polymeric form of ferric
sulphate, often referred to in the technical field as
polyferric sulphate (PFS).

The hydrolysis stage is most preferably carried out .

inmediately after a one-step oxidation process, by simple
addition of base teo the ferric ions which have been formed
in the acidic, aqueocus solutiocn. It has not bean found
necessary to remove or aven otherwise purify the ferric
sulphate gorud after the oxidation stage.

The anount of base added is preferably such as to
p:ov:i.dl an {OH]™ : [Fe)3* nolar ratio in the £inished
product obtained by the process, the polljmeric form of
ferric sulphate, of at least 0.1, preferably at least 0.2,

- ,
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more preferably 0.25 = 0.45:1.0. We have found that an
actual ratio of 0.3:1 of [OH]™ : [Fe}* in the final product
gives a desirable optimum in terms of parformance, costs and
stability.
The amount of iron in the final polymeric form of *

ferric sulphate produced by the method can be for example,
up to 3ug.1’1 of iron, preferably up to 409.1‘1 of iron,
evan more preferably up to 200g.1"% of {ren and most
prefarably upto 3509.171 of iren.

Elevated temperature may be necessary for the
hydrolysis/polynerisation to procsed to a satisfactory
[OH)” : (Fe)3* ratio, for example a temperature of at least
30°C, preferably at least 40°C mors preferably 45°C or
higher, such as S0°C. Moreover the ferric sulphate can bs
kept in contact with the base for a time sufficient to
obtein the aforementioned ratios of hydroxyl : ferric iens
in the final polymeric product. Up to 3 hours may be needed
at 50°C, preferably at least 2 hours.

The polyferric sulphate (PFS) obtained is usually in
the forn of a liquid eclution which may not require
separation or purification prior to use.

In use the polynmeric form of ferric sulphate
obtained, hereinafter also referred to for convenience as
'polyferric sulphate’ and abbreviated as PFS can be used as
a coaguiant or flocculant to help purify and/or decolourise
wvater for drinking water supplies and/or to reduce .
pellutants be they organic or inorganic, nitrogen=- or
phosphorus-containing such pellutants in municipal and/or

industrial wastewaters.
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The PFS obtained by processes according to the
invention can be more economical in manufacture and/or
confer batter psrformance than PFS obtainsd by other
comzercially sstablished procedures.

EXAMPLEES 1 and 2 « PREPARATION
Exanple 1

The example described as follows is for the
preparation of SOOmL solutions of PFS with a Fe(III)
concentration of 40 g/L, using nitric acid as an oxidant.

Brescription:

1. FeSO; 7H,0 (100%)  100g

2, H,80, (98%) 8.2 nL
3. N0, (70%) 18.0 =L
4, Water 214.3 ol
S5, u;nco3 {0.5R} 214.0 nL
Exsparation procedure:

The ferrcus sulphats, sulphuric acid and the water
in the prescribed amounts were added to & ons litrs reactor
with a spaed controlled mixer. The reaction tanperature vas
contreclled by an electromantle. Then, the temparaturs of the
mixed solutions was raised to 60 (20.2) °C accompanied by
vigorous stirring. HNitric aeid‘ was added to the nmixed
solutions gently. After the addition of the nitric acid,
the reaction tempsrature was raised to and kept at so
(t&.:) °C with continuing vigorous stirring, until mores than
99% of farrous iron has been oxidized to ferric iron (after
approxinately 1.5 to 2.0 hours). The residuﬁl

concentrations of ferrous iron were detected by the 1, 10 -

phenanthrens calorimetric method. . The reacticn temperature -

« S

WO 9523768 PCT/GBINI0433

-g -
wag then reduced to and kept at 50 (10.2)°C. The sodium
bicarbonate solution was added into the reaction solutions,
and the addition rate was controlled to sllow that ali :
NaHCO, solution was added vithin a 30 minute period.
Finally, the reaasction solutions ware maintained at a
temperature of 50 (10.2)°C for another 1.5 hour period of
aging. The PFS solution is thus prepared and, after cooling
to room temperature is ready for usa.
Exoparties of the prepaxed PPFS:
[Fe(n) = 40 g/L, [F2,{M) < 0.2 g/L, OH/Fe (molar ratio) = ¢.3, pH = 0.9- 1.1,
Average electrophoresis mobility = 64 0.2 pm cr/V 3,
Size distribution of the molecular species in the PFS salution are:
low MW species (< 0.5K) = 20.0% (by weight of Fe),
medijum MW species {0.5 - 10K) = 70.0% (by weight of Fe),
large MW species (> 10K) = 10.0% (by weight of Fe).
Stabllity:

The PFS solutions presparet by this method are stable
over at least a 6 month storsd psriod.
Exanplis 2

The example described as follows is for the
preparation of 500 nlL solutions of PF5 with a Fe(III}
concentration of 40 g/L, using hydrogen peroxide as an

oxidant.

Brescription:

1. FeSO,.7H,0 (100%) 100 g

2. H,80, (98%) 8.2 nL .
3. Hy0, (30%) 20.0 nL '

4. Water 212.5 nL

5. NaHCO, (0.5N) 214.0 nL



WO 923768 PCT/GBI300483

The ferrous sulphate, sulphuric acid and the water
in the prescribed amounts were added to the one litre
reactor, and the reaction temperatura was controlled by an
electromantle. Both the reactor and the elsctromantle ware
tha same as used in the Exanple 1. The temperature of the
mixed solutions was then raised to 40 (0.2)°C accompanied
by vigorous stirring. H,0, was added to the reaction
solutions gently. After the addition of the hydrogen
peroxide, the reaction temperature was raised to and kept at
50 (£0.2)°C, and the oxidation process continued, until more
than 99% of ferrous iron has been oxidized to ferric iron
{after approximately 1.5 to 2.0 hours). The residual
concentrations of ferrous iron were detected by the same
mathod as described in the Exanple :. The reaction
temparature was kept at 50 ($0.2)°C to carry out the aging
process. The sodium bicarbonate solution was added inte the
reaction solutions, and the addition rate was controlled teo
allow that all NaHCO, solution was added within a 30 minute
period, Finally, the reaction solutions were maintained at a
temperature of 50 (%0.2)°C for another 1.5 hour period of
aging. The PF5 solution is thus prepared and, after cooling
to room temperature, is ready for uss.
Properties of the prepared PFS:

[Fe(li] = 40 g/L, [Fe(I)] < 0.2 g/L, OH/Fe (molar ratio) = 0.3, pH = 1.0- L.1,
Average electrophoresis mobility = 6+ 0.2umem / V' s,

Size distribution of the molecular species in the PFS solutions are:

low MW species (< 0.5K=19.5% (by weight of Fe),

medium MW species (0.5 - 10K) = 69.0% (by weight of Fe),

SUBSTITUTE SHEET (RULE 26)

- St
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higher MW species (> 10K) = 11.5% (by weight of Fe).
Stapility:

The PF5 solutions prepared by this method are stable
over at lesst a & month stored period.
EXBMPLES 3 to 8 ‘

PFS solutions prepared by the nsthods described in
the Examples 1 and 2 have besn used as a coagulant for the
treatment of algal-laden and upland coloured surface waters
in laboratory test and pilot-plant scale experiments. For
the laboratory jar test experiments, a six-beaker jar test
apparatus was used with each beaker containing either 300 mL
of real or model algal waters, or 500 nL of simulated
coloured waters. The fast nixing time was 3 min at a paddle
speaed of 300 rpm, the flocculation pericd was 25 min at a
paddle spsed of 35 rpm, and the sedimentation pericd was 1
hour. Supernatant samples after sattling were withdrawn for
analysis of algal cells, turbidity, UV absorbance, DOC,
colour, residuals of Fe, Mn and Al, The coagulation pB
required was achieved by prior addition of either HCl or
NaOH, and the solution pH was checked during the mixing and
flocculation periods. To evaluate the coagulation
performance at lower water temperatures (4°C), a special
constant temperature bath was used with the jar test
beakers. The low temperaturae of 4°C (10.2) was maintained
throughout the whole coagulation process and the one hour
settling period.

Pllot-plant experiments were undertaken which
cqmprised the processes of pre-ozonation, coagulation,

flocculation, dissolved-air flotation {DAF), sand
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filtration, intermediate ozonation and either GAC er BAC. In
the test pariod of about four weeks, the pllet plant was
operated under the conditions of with and without
application of ozons, with coagulants of aither PF5 or
ferric sulphate (F5) fer thrae doses {1,3,5 my/L as Fe), and
.8t a constant pH of 7.5 Raw vater flow rats was 2 n’/hr. The
pre-ozons dose and the contact tine were 1.0 mg/L and 7.0
, raspectively; and the intarmediats ozone doss was sat
to achieve a rasidual G; concentyation of 0.25 ng/L atter a
_contact time of 8.0 min. A separate set of samples was
analysed to identify the kinds of algal species and to
msasure the total algal concentrations bafors and aftar
treatuant.

Table 1 pressnts exazple 3 using PPS and other
conparativa results (F3 = farric sulphate, As = EMinLum )
sulphate) for ths treatment of two algal mndal mters i.n
'lnbonturytuuwiththecnagnunum, PSandASnt 18°¢
and at pA 7.5, for & givan dose of 0.2 =M as Fe or Al. It
can be geen that the coagulation performanca of PFS in
removing elgae, turbidity, Doc, etc. was clearly superior to
the other two convantional ecoagulants.

: Table 2 summarises results with PF5 {Exampie 4), 7S
and AS (both comparative) for the treatmsnt of coloured
‘waters at 10 and 4°C. It can be ssan from Table 2. that
under the optimum coagulation conditicns at 18°C, the
ramoval efficiency achieved by the thres coagulants was
closs. Eowsver, the required PFS dose wase the lovest’
{G.107 1M ag Fa), compared to FE (0.143 nM as Fe), and AS
(0.185 oM as Al), to achieve similar removal percentages: In

Woss2sIEs ' PETIGRISO0ES
: -12-
adﬂttian, as shown in Table .2, the ccagulation performmence
of PFS aid noe appear to be influenced significantly by low
water tamparatures. For AS and FS, howvever, low water
terparature appaared to have an sdverse effect on the
Tenovals of W—nbs and DOC; but the ramovals of colour ware
slightly reduced. Residual concentrations of FS and AS were
slightly increased at low water temperatures.

Tables 3A and 3B show results from the pilct-plant
axpsrigents conceraing the raw vatar gualities and ramoval
efticiencies by DAF (Table 3 A) and by DAP ana sand filters
(Table 3B). PFS (Exawples 3 to 8) displayed a mich grester
treatnant parformance in removing algese, turbidity, coleour,
T0C and UVeabscrbance (254 nm). The removal percentages
auhimﬂbymatcdmof 3mgﬂ.weree:lthers:l.nuaror

; ‘:even superior to those nnluaved by rs at S mg/L, indicating
_that coagulant doai.nq_gasts my bea radnced for the sama
trested vater quality. =

+




Table 1. Comparison of Che trcalmont parformance of PF3, FS ond A4S at 18°C (Algal model uatlers)

Total cel) |DOC Turbidity JUV-Abs Vis-Abs ] Collojd
Coagulams | removal® | removal% { removal% | (254nm) 420nm! floc)
removal® | removal® | charger

~
-

X* Jy* IX ]y IX (Y ix |y X Jy Ix v
Exsmple 3 PFS 96 186 J6t f45 J&8 179 Jso Ja8 [s4 lag les l20
FS 8§D 161 40 365 145 1365{28 |.8
AS 9 {70 45 140 |54 jJao J30 Jo
® The wmit is (meq L1 10),

Cemgnlan dose for X and ¥ is 0.20.:2 M a5 AP® of Fe*.

‘-\'-_Tlt"lclqnlilythklzﬁﬁi.'lnf Y - The watcr characterixics of P
ArerionsTa mnde] watsrv walen Mﬂ’;ﬂcl' waley ¢ Ew;m;’:iﬂmr
Tosad ecl) conc. @ 4.4.109 cells ] 23, Tota) el cone. = 3.0-10 cally ml; ),

DOC w25 ppm, UV-AY 1354 sop¥ 8!,  DOCwdg UV-Abs (254 amn)e2) 0 - ),

pHaRY, Tarbidity = 4 NTY, pH = 7.92, Tarbidity o 4§ NTU,

Colloid charge = - 92 meq L1 104 Colloid chuge =« 115 meq L) 1074

Table 2. Comparison of the treatsont porformence of £FS,

a2
o
[}
-~
2
-~
-]

b4
x|

FS and AS at 18°C and 4*C (Coloured wators)

{0z 71N} 13345 2UNLUSENS

Coloar UV-As DOC Residaal Fo | Residaat A1
Coapuica| Dose” | oi* | 20zeans | ostmnips R mEA) i)
Faw A} seel e | avc | ec Liwc] ae s oo | we] oc
Example 4 ) s ) 0197 ) 4 Jaro)ors) sz | 822 | e03 | 58 ) 0oo Jooms
P8 o1 | 4 lors)avs| ves | aos | 002 ) 507 0.163 J0.180
| as Joms ) S Jerod el ses | 387 | 1sa ] es2 o0se] 0,074
Rowester] — | ot | stiwm! 388! $2mp - | 003 Ot4mpft.

- wmhmmmhmmumuhmdhmhﬂpﬂﬂnﬁumhnﬁmw
schieve 907 coloor remeval, »00% UV remsewal ssd #75% DOC removal st 15°C.

Table 28 Campurison uf coagulation cfficiency of PFS and FS
in the pilo1-plant experiments {by DAF.)

LV (234 am) T0C Colour (400 nm) Tarbidity
. Ty
Running =t {mefL) tmh a
conditions Raw - Rew Raw Raw

water | RS} water | R.% ) water E.'ﬂ waley R
1o J1364] 617 ] 108 | 120 § 3667] 25 48.0

| FS. 3 mpfl, 000y

Example 5 PFS. 3 mpoo0y| 115 ~610] 6.38 | 21,0 } 133 | 51.43] 26 | 675
FS.5mpfloo0y | 12.0 ]20.83] 618 ]1740] 11.4 | 400 2.6 § 416

] FS.5mp
Example & PFS. SmeflpaOy] 125 | 280 ] S.54 2326 ] 1254]48.68] 25 61.5

= R.% wPercenuge wmovel

Table 39 Comparison of coagulation ciiciency of PFSand FS
in the pilot-plant experiments.  (by DAF and sand fillers.)

{og TNy} L33HS ALnLisans

UV (254 e3) T0C Colour (40 n2) Tosbidity Algss
Running (mh t=c1) (=h . o) R::n:.'ul.
ondi Raw ]
¢ tlons ::!:r R& :':‘:1 RE | watee § RE water | RS | water | R.E

FS.3ogl.o00y | 110 18.38) 617 12190] 120 {39831 25 | 648 | o | w06

2023] 638 124761 133 153231 26 | 73.0 § 2o oocn

Exanpio 7 13 {3043
° FS.Smpfl 000y | 120 | 250 618 l21001 s | 500 | 26 | 615 | sooo | sas?
Examplo B |PFS, Smpl.we0y] 125 | 360 554 1766801254 155821 2.5 | 692 {-om2] s0ne
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:m nx,hnu h exidised to fora ferric sulphate in uﬁ

‘.—.nm!.uinnaum:iumuwimwmm{n
mmo!mmnhlm © using at lsast
mmmm uutmiululphluw;vm
st least partially bydrolysed by additica to satd solution -
u-twmm,mzuﬂcmmuummm
mﬁunumummm-um:ua
 time sufticiant for polymerisation of the at least partially
"W!&t&cm

umaahhdtachhlminmmmim
'-m:emimmormetm!ouwmx o .

nom, nitric acid, meam psrchlorate and
parsulphats.

3. A process as claimed in claim 1 or 2, vhersin the
agueous solution conprising fexrcus sulphats further .
comprises sulphuric acia.

4. Amuohiﬂbmmulhmhm
pumwmumwmuumumm

3.0.

5. A process as claimed in claim 4 vhersin the PE is 0.8

- 16 =
to 1.8,

8. xmuehhd&nwmanhmmm
mmnamumm

HOR L amucxmmmmammmm
' oxidt::l.nc agent mim nitric scid andjfor mﬁt ‘such

as hydrogsn peroxide.

€. A procass as clained in any preceding claim ltu-ciuuu g
oxidstion temperature is 110°C or lower, such as 90°C or .
lover, or 70°Csr lswts

10. Amludwmwmmmtdn'&c{ ‘
oxidation tize for the oxidation step is up to 3 hours,

mm:ruptozhm,mmtmuuptuz.nhﬁ.,
mmfmlynpuln.

11. nmuWhmMchhmh
atter the oxidation step the conoantration of farrous ioms
in wolution is less tham 2.5 7e?*/2e*; pretersmly less.

' Mlzsth"'iu’*,mm:muuom

n"";n’* '

TS AMQS claimed in any preceding claim whersin the -
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K1
3
*
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- 18 =

: - 17 = . o ) .
‘base cosprises a hydroxide or bicarbonate of an alkali AU one of claizs 1 to 16.

7 ) lmuthmmmﬂh.i I -
. during the hydrolysis step, iron (IIT) hydrsiysis species : .
(Pe(om x) (3-%)% ana polynuclear complexes of iran 2¢. A smathod as claimed in claim 18 vhich is a mathod of
(II1) {Foy, (OH) ), (I™X)P* fory as the polymeric fora of reducing pollutants in industrial and/or wunicipal é
ferric sulphate. vastewaters.

i4. A procsss as ciaimed in any preceding claim whersin the
hydrolysis stags is ocarried out imsediately aftar the
ea_:tutlen stage without remcving or othmhp puritying ths
fercic sulphate forsed u'arth oxidation stage.

A m n ehl.lod 1n any mﬂm claim wherein in
thc !hhliid product obtsined by th. process, the molar
ratio of [OH)™ to [Pe’*} is st least 0.1 : 1, preferably 0.2

i . ) ';f
11, more preferably .25 : i, mors preferably 0.1 - 0,45 : 1,
16. A procesa as claimad in any preceding claim vharein the
kydrolysis stage is carried cut at a temperatura up to 50°C

toratmuptoshdm.

_ . 17. Use of polyfarric sulphate (FPS) obtsined by a process
T uummwmimehi:nlumlustar' : ] - S T e .

S A - ) - . . .

or

18. A method of truting water un.lch conprises lddinq te
the vater a product obtained by a procan as claimed in any

mmmm
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data Isted in Tabie 1, the [saching out rate of Fe achieved when wsing the soiution having a krivalent iron content of 8
gfiter is about 10% higher than that cbsenved when the soiution used la free of any tivalen lon.
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Tatla 1
P Wil Cormp. of Raw Matorial Comp. of Saiation Rateo! ] Leaching
"" ki
T T T
(ghiter) | (ghiter)
Convarter | 571 218 ®3 160 50 0 & ®
Bust 871 28 383 160 501 8 28 0
BastFa- | 208 [ 101 134 Y 801 o ) %
nacosh § o4 10.1 "e 160 501 ] % )
Gumad 804 73 | 4 160 &1 o 75 &
Suige™ | gy 713 | 41 180 501 8 0 )
Soraps 885 08 05 160 501 0 &
‘g‘l“““‘ 285 05 05 1.80 501 8 85 .
feutal- 164 08 159 160 501 o %0 B0
';:'e,, 104 05 189 160 501 8 88 ®
1) Molar catio: 50y/Fa used during the reaciion.
2) Procua cltained by buming sige originatad from wsie waler tatment.
3 Produss “ hxign criginared kom wEsis water FEZTEN.

Fig.1 is @ graph chowing the relation betwsen fho trivalem iron concenfration end the rate of iron leached out, Fip.2
{s 8 graph showing e effect of e tivalest iron concantretion on the ratp of iren-axidation.

The datails of the praser! invantion will horsinafter be describad on tha basis of the following five speciic Exam-
ples, bt frese Examples are gien for simply Testrating tha present twvention and do aet Emit the technical soope of
tire presen invantion at ell

Example 1

Sorape {17 g) originated framcutting, as & raw material, whose averall Inon oontent was 98.5% and comprising not
more than 0.5% of divalar iren, nol mare than 0.5% of frivaler iron and the balance of metallic iron was dissolved in
a euifuric acid sokstion having a trivalsnt lon concentmion of & gifter (having an overal amaunt of SO, of 4885 g,
maintzined at 60 °C) whils adjusting the whels valume of the colution was equal to-ona [ter. This resufted in the-forma-
ton of a sslition having an overal) iron aonceniration of 178.4 gfier and an overall SO, concentration of 463.5 g/iter.
To the resuiting colution, thers was added 263.0 g of lerous auttats (FaS0,) tolowad by the axidation therec! to thus
give 1.3 [er of an farric polysufiate solufon having & basicly. The resulting solution was inspected for the slorage sta-
bity and it wes corfirmed that the ealution underwen? ary change evan after it was etored over 6 months. Separately,
the same procedures used above ware ropaated except for using a sulfic reid eclution substantislly free of bivalant
tron {the method acoarding to Japanese Paterd No. 842,085) ko give a ferric polysufiate eolution kaving an iron concen-
tration of 160 g/liter. However, the latter method required a lenger tme for fhe axidation as compared with the foregoing
Example. The relafion hetween the trivalent ron concentmtion and the reie of ron-cidation was else examined. The
resul’s thus abtained ars plotied on Fig.2. The data plotted on Fig.2 clearly bndiczte that the presence of krivalen iran
Ina concentrafion ranging from § g/ter to 50 g/fter permits (e achievamert of the came rata of exidation within a time
camesponding to about 0.5 to 0.6 tima that required for e corventional methed wherein the sufiuric acid solution is
froa of tiivalernt iron.
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Tabio 2
Composfiion Speciic Basiciy Gravily
TFrefghter) | TS0, (pter)
Canventiona! Product 160 330 145 0.2
Product of the lnvention | 1764 4835 152 029

Tha foregaing feric polysulfate solutions prepared eccording to these methods were evaluated by @ [ar test carvied
outusing waste water dischargad from a papermaking and puiping tastory (COD 134 ppm, S5 65 ppm, pi 7.18). The
resulls fus obtained are summarized in the following Tebls 3.

Table 3

Addad Amount ppm | TFeppm pH NaCHppm | CODppm | SSppm
Conventional Ei] 30 628 1] 7 35
Solution 453 50 83 16 43 <10
Solution of 240 n .20 0 654 28
fhe Imvention 400 50 537 16 40 <10
Note: The final pH of the solution tested ranged from 8.2 to 6.6 and each cupernatant colected after 10
minutes was usad for the evaluaion of sach solution.

Example 2

Converter dusi {377 g), s & raw material, whose overall iron content was §7.1% (having & divalent fron contant of
21.8% amd a trivalent ron content of 35.3%) was dissolved in a eulfuric esid solution having & trivalent iron cancentra-
fion of 8 gfiitar {aving arv overal amount of S0, of 583 ¢, mainiained at 60 °C} end it was confirmoad that £2%5 of Iont
wap leached out. The resuliing solution was found to have an oversll ion concentration ¢f 145.9 gAiter and an oyerall
80, concentration of 388.7 gifiter and the whole volume of the resulting solufion was found to be 1.5 [Rer. To the result-
ing sotution, there was acided 189.8 ¢ of ferrous suliate followed by the oxidation thereo? to thus give 1.6 fiter of a ferric
polysuliate having an ovarall Iran concentration of 185.3 g/iter and en ovaral SO concantrefion of 4425 piiter. The
resulting eohution was subjected to the same test canted ol in Exampla 1 using e same wasin waier discharged from
a paper-making end puiping factory end the came recults wero obtained,

Exampla 3

Biastfurnace esh {902.5 g), 85 6 raw materia!, whose overall kron conton) was 24.5% (having a divalent iron content
of 10.19% and a trivaient bron content of 14.4%) was dissolved In a sulfsic acid seiution having & tivalent iron concen-
trafion of 8 pfites (having Bn overal amount of SO, 01583 p, maintainad &t 8 *C) and il was confirmed that 5% of ian
was (eached eut. The resuiting coludion was found io have an overell iron concentration of 145.9 giiter end an overal
50, ooncentration of 368.7 g/ltes and tha whwle volums of the rosulting solution was found to bo 1.5 Rer. To the result-
[ng enluion, there was added 169.9 g of farous eulfite folowed by the oxidatien thereof to thus give 1.6 ter of a ferrie
pofysuiate having an overall iron concentration of 160.3 gfliter and 6n overall SO, concardrafion of 443 gfor. The
resufiing solution waa subjacted to the same test carried out in Example 1 using tha same waste water discharged from
a paper-making and puiping factory and the sams resuiis were abtained.

Exampla 4

Newralized sludge originated from waste water teatment {1361.7 g}, an a raw material, whose overall ron content
was 16.4% (having & divalent iron content of 0.5% and a trivalent iron content of 18.8%) was dissolved in o sufhuwic atid
solution having g trivalent Iron concentration of 8 gAites (having an overall emeunt of SO of 533 g, maintzined at 60 °C)
and it was confirmed that 88% of tron was teached out The resulfing colufion was found to have an averall iron concen-
trafion of 145.8 g/Her and an overall 50, cancentration of 363.7 g/liter and the witole volumsp of the resuliing solution
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was found 10 be 1.5 lier. To the resuling solulion, thare was added 190.8 g of ferrous sciinie hilowsd by the cxidation

thereol and Wisslion Sveugh dislemansous arth 10 s give 1.4 ler of 3 farvic polysutinte hening an ovesalt iron oon-

oenimiion of 100.3 giNer-end an svarslt 80, conseniaiion of $53.5 gMer. The rasulling 90ksn wae subjecied © he

sarne bt oaiview out in Biarple ) eing the same vaale waler thecharged from & papee-maiing and pulping lsclory
s e smne remills wire chiaingd.

o g Sl corembutino 0 gl g o el st of 01 S SH4 05, MRS T B R I Fig.1
* ten of 1489 gfiier and e overslt 80, aomeninion of $00.8 gler s the: whols vokime of S resuling schlon g *
wos lound 1. be 1.5 Ber. T e reeulling sokullon, Thave was adcied 190 ¢ o' Merous eulisle followed by e oeininlion:

1 tharsotioThus gve 1.8 ar of a tesic polysullaty having sn cvenall ron cenceniration of 181.6 gliter and an oversll 80,
‘oonoenivaiien: of 445.2 ghtier. The reeulling sohution wee scbjecie 1o 9w same fest curried out in Exanpls 1 ueing e
oarfis wasks walsr decherged Fom & paper-maling and puiping feniory and the same resulls were obisined. 110
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. Clafm : 100 [_ blast furnace ash -
Y TIPS
1, Amethod for preparing & feric poiveuliste soklion heving & basiclly comprising & firat step for dissaiving dust org- \__,_--”'
Insked frouh conveviers, blast rmace seh, neutsaized siucige originated irom waate waler irsainant, bumed siudge ool .- - y i
iocanl. or sarups formmed during cuiling Speralions in & sulluric acid schulice: contairing ¥ivalent rom In an senount ~
ging Soes 3 glier 1 10 piier, at & Jevpersilure saging em 90 15 83 °C, whils controling e muler rasio: ) P =
- i 1he remiling sckfion fo & level o nct eee i 1.5 and nol mare S 1.76; nd a eecond slep s aeidi - 80k -
ing the rendiing sohution, i ! /
L. ‘The maled for prapasing & ferric polyeulials solulien 2coording 10 claie 1 whereln dvakent Fon or melelic iron i 70+ dust J
 ckdinh 10 woka50n price 0 the inietion of the sesond slep. . ] = KTRpS 4
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