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Publicada en Ia Gaceta de la Propiedad Industrial No. 554 de 
29dejulio.de2.005 

� SOLICITUD DE EXAMEN  DE PATENTABIIJDAD . 

HUMBERTO RUBIO CAMACHO, mayor de edL domiciliado en Bogota, D.C., identi&ado 

% 

. Con la ce.dula de dudadanla n1mero 17.192.062 de Bogol* abogado Titulado con Tarjeta 
Profeslonal No. 50.007 del Consejo Superior de la judicatura, actuando en caracter de 

� . . APODERADO del Senor ALFR.EDO DEL VALLE IAZO; domlcthado en Comandante ChacOn � 
. No. 6365, Cerro Navia, Santiago, Chile; respetuosamente solicito a esa Dependencia: 

�.L- De confdad con lo establedo en ci Articulo 44 de Ia DisiOn 486 de la.CömiOn de 
la Comunidad Andina .y estando dentro del termino legal de sels (6) ineses côntados 

� . . . .... desde la fecha de publicaci6n en la Gaceta No. 554 de 29 de Julio de 2.005, cIt la solicltu4 � � � �. . de la patente de la referenda, solicito se sirvan proceder a efectuar d examen de 
patentabilidad de la Invencion. 

2.- Para que is presente peticion sea viable, estoy anexando los siguientes documentos: 

21 Recibos de pago Nos. 04-82,329 de 19 dc octubre cIt 2.004 y 05-810. de 05 de. 
enero de 2.005; pars un valor total de $ 3fl.000.00, de acuerdo con. La R.esoluctôn 
No. 31980 de 24 de didembre de 2.004. 

3.- Par lo anterior solicito se continUe con el trmke correspondiente. 

Del Senor 
Smom

tendente 
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DMSION DE NUEVAS CREACIONES 

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

Doctor 
HUMBERTO RUBIO CAMACHO 
Representante ALFREDO DEL VALLE LAZO 

ASUNTO Radicación No. 04-68028 
TrÆmite 002 
Evento 001 
Actuación 4Q ,,. 
Ofido 
Folios 020 

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

1) Documentos estudlados: 

a) Para el presente estudio se tendrân en cuenta el capftulo desciiptivo, 
comprendido en los folios 9 a 23 de la solicitud en estudio. 

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

C) Conforme lo establece los articulos 9, 10 y 11 de la decision 486 de la 
Comisión de la Comunidad Andina, la presente solicitud en estudio fue 
presentada el 16 de Julio de 2004, y en el momento de la radicaciôn SI se 
reclamo prioridad de la primera solicitud presentada en Chile 1515-2003 

2) Objeto de la lnvención 

a) Las reMndicaciones I a 18 de la solicitud en estudio se refieren a un 
proceso para obtener polisulfato fŁmco en solución a partir de mineral de 
magnetita refinada y concentrada, Citil como coagulante en los procesos de 
tratamiento de aguas domiciliarias y/b industriales, CARACTERIZADO 
porque comprende: a. Mezclar en un reactor sellado agua o un polisuffato 
fØrrico/ferroso de baja concentraciOn diluido, un electrolito frio formado por 
Æcido suIfirico y agua y mineral de magnetita en exceso; b. Agitar la 
solución formada en el paso a) al interior del reactor durante todo el 
proceso; c. Cerrar el reactor y adicionar âcido sulf(jrico industrial faltante; d. 
Obtener una solución con airededor 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 soluciôn obtenida en paso d) en caliente 
a aproximadamente entre unos 800 y 1000 C; f. Aplicar un oxid ante a la 
soluciôn filtrada por la  pane inferior de un reactor abierto a presión 
atmosfØnca; y g. Obtener un polisulfato fØmco en solución con 
concentraciones de ion fØrrico de al menos 12,5%, ion ferroso menor a 4 
gil, acidez fibre igual a cero, basicidad entre 7% y 22 % y pH entre 
airededor de 0,5 a 1,8. 



b) El anterior procedimiento busca obtener un polisulfato fØnico en solución. 

c) SegUn la Clasificaciôn Intemacional de Patentes,  la codificaciôn 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 

uLas reivindicaciones definirÆn la materia qua se desea proteger 
mediante la patente. Deben ser claras y concisas y ester 
enteramente sustentadas por la descripciOn. Las reivindicaciones 
podrÆn ser independientes o dependientes. Una reWindicaciOn serÆ 
independiente cuando del/na la materia que se desea proteger sin 
referenda a otra reivindicac!ón anterior. Una reivindicaciOn serØ 

dependientecuando
 del/na Ia materia que se desea proteger 

it refirlØndose a una reivindicación anterior. Una reivindicaciôn sera 
dependiente cuando del/na la materia qua se desea proteger 
refirlØndose a una reivindicación anterior.- Una reivindicación que 
se refiera a dos o mØs reivindicaciones anteriores se considerarÆ 
reivindicación depend/ante malt/pie." 

El capitulo reivindicatorlo no es claro toda vez que: 

a) La redacciôn 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, nOtese que al leer de comdo 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 0 Ufl polisulfato 
fØrrico/ferroso de baja concentración, un componente B formado por un 
electrolito frio formado pot Æcido sulfUrico y agua y un componente C el cual 
es mineral de magnetita en exceso. . .". 

b) El punto 1. c. no es claro toda vez que nunca se dice que al inicio no se 
agrega todo el Æcido sulfórico, o, que es necesarlo mÆs Æcido sulftnco en 
esta etapa 1. c. Un tØcnico no podria entender cuanto es el ’ªcido sulfürico 
faltante" 

c) El punto 1. f. no es claro toda vez que no se sugiere que el filtrado se pasa 
a un reactor abierto y que aIli se Ia agrega el oxidante. Mejorar la 
redacciOn. 

d) La Ciltima parte de la reivindicación 15 (Se obtiene de un proceso que no 
requiere. . .etc.) caracteriza dicha reMndicaciOn por el resultado, mas no 
por la forma en que se llegO a ese resultado. Esto es inadmisible. Las 
reivindicaciones deben caracterizar un producto por la forma 0 
constitución del mismo, las partes que lo componen y todo lo que permita 
establecer de cOmo se Ilego 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...’ o "aproximadamente". 
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De acuerdo a Jo anterior, el capitulo reivindicatorlo no cumple con el 
requisito de claridad de acuerdo a Jo establecido en el Art. 30 de Is 
DecisiOn 486. 

4) Determinación del Estado de Is  TØcnica 

El artIculo 16 de Is Decision 486 de Is ComisiOn establece: 

"El estado de Is tØcnica comprŁnderÆ todQ Ia que haya sido 
accesible a/ pÆblico par una clescripcion escrita u oral, utillzación, 
comerc!alizaciOn a cua!quier oh-a media antes de Is fecha de 
presentación de Ia solicitud de patente a, en su caso, de Ia prioridad 
reconocida." 

"Solo para el efecto de Ia determinaciôn de Ia novedad, tambiØn se 
considerarÆ dentro del estado de Ia tOcnica, el contenido de una 
soilcitud de patente en trâmite ante Is  oficina nacional competente 
cuya fecha de presentaciOn o de prior!dad fuese anterior a Ia fecha 
de presentacion o de prioridad de la solicitud de patente que se 
estuviese examinando, siempre que dicho contenido este incluido 
en Ia soilcitud de fecha anterior cuando ella se publlque o hubiese 
transcurrido el plaza previsto en el articulo 40." 

Consultadas las bases de datos y los archivos con que cuenta Is entidad, 
especialmente bajo las clasificaciones C 01 G 49114 y las mâs cercanas a ellas, 
se encontrô que antes del 29 de julio de 2003 (fecha pars determinar el estado de 
Is tØcnica) hablan sido publicados los documentos que se enumeran en Is 
siguiente tabla los cuales se relacionan con procesos pars Is prod ucciôn de 
polisulfato fØrrico en soluciOn. 

De acuerdo con o establecido en el articulo 16 se determinO el estado de Is 
tØcnica y se encontrO el siguiente antecedente: 

NO Documento I TItulo I Fecha de I 

1  I Publicación 
Dl I WO 95/23765 Preparations and uses of polyferric sulphate I 1995.09.08 1 

102 I EP 0885 846 I Method for preparing ferric polysulphate solutions I 1998.12.23 

5) Evaluaclón de los requisitos de patentabilidad 

El artIculo 14 de Is DecisiOn 486 de Is ComisiOn de Is Comunidad Andina 
establece: 

"Los Palses Miembros otorgarÆn patentes para las invenciones, 
sean de producto a procedimiento, en todos los campos de ía 
tecnologia, siempre que sean nuevas tengan fivel inventivo y sean 
susceptibles de aplicaciôn industrial’. 

En cumplimiento con este artIculo, se procediO a evaluar los requisitos de 
novedad, nivel inventivo y aplicaciOn industrial con el fin de establecer Is 
patentabilidad de Is invenciOn reivindicada en Is solicitud en estudio. 

a) EvaluaciOn del Nivel Inventivo 



El art. 18 de la Decision 486 de la ComisiOn de la Comunidad Andina 
establece: 

"Se considerarÆ que una invenc!ón tiene nWel inventivo, si pars 
una persona del oficlo normalmente versada en el arts en Ia materia 
tØcnica correspondiente, esa invenc!ón no hubiese resultado obvia 
ni se hubiese derivado de manera evidente del estado de la 
tØcnica". 

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

* Mezclar en un reactor A) agua 0 un polisulfato fØnico/ferroso de baja 
concentraciOn diluido, B) Ufl electrolito frio formado por Æcido sulfÆnco y 
agua y C) mineral de magnetita en exceso; 
* Agitar la soluciOn formada durante todo el proceso; 
* Cerrar el reactor y adicionar mÆs Æcido sulfürico industrial 
* Obtener una solución 
* Filtrar la soluciOn obtenida en caliente entre 800 y 100° C; 
* Apbcar un oxidante a la soluciôn filtrada 
* Obtener un polisulfato fØrrico en solución. 

Dl (W095195123765) relaciona un proceso que consta de los siguientes 
pasos: 

* Se inicia con soluciOn acuosa acida que comprende sulfato ferroso que 
se oxida a sulfato fØrrico. Se emplea un agente de oxidación como el de 
la presente solicitud. TamblØn aqul se incorpora Æcido sulfUrico. El pH es 
como el de la presente solicitud. 
* Dicho sulfato fØmco Se hidroliza parcialmente. Las temperaturas son 
como las de la presente solicitud. 
* Se polimeiiza. 

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 Dl contempla los iltimos pasos de la presente solicitud. 

D2 relaciona un proceso en el que se colocan desperdicios que 
contienen hierro y se hacen reaccionar con Æcido sulf(iiico. Las 
relaciones entre reactantes se controlan durante el proceso. Podria 
decirse que corresponde a las pnmeras etapas del proceso objeto de la 
presente solicitud. 

Por consiguiente, la presente solicitud podria hallarse uniendo estos dos 
documentos. Un tØcnico medio podria considerar iniciar con el 
procedimiento propuesto por D2 y terminarlo como 10 que relaciona Dl. 
de aqui que la presente solicitud podria carece4r del nivel inventivo para 
que se le conceda el pilvileglo solicitado. 

b) Resumen 

En conclusion los requisitos de patentabilidad de la presente solicitud se 
podrIan ver afectados asi: 
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NO 

L DI 
Documento 
WO 95/23765 

Relvindicaciones afectadas 
1-18 

Rquislto quo afecta 
Nivel inventivo 

[p2 EP 0 885 846 1-18  Nivel inventivo 

6) Notificaclón 

En cumplimiento del articulo 45 de la Decision 486 de la Comisión de la 
Comunidad Andina, se le indica quo dentro del tØrmino de sesenta dias contados 
a partir do la fecha do la notificaciOn de la presente comunicaclôn debe responder 
a la notificaciOn. En caso de no dar respuesta at presente requerimiento, o si a 
pesar de la respuesta subsistieran los impedimentos para la concesiOn, se 
denegarâ la patente. 

NotifIquese et presente oficlo conforme a to dispuesto por el numeral 5.2, literal e) 
del capltulo quinto del titulo pnmero do la Circular Unica NO 10 de 2001 

AUX CARM$NZA CESPEDES DE VERGEL 
Jefe Division de Nuevas Creaclones 

El anterior requenmiento fue notificado por fijación en Pa lista, de fecha 

1 .1 DtC. 206 

Concepto TØcnico NO EXAMINADOR TECNICO EXAMINADOR JURIDICO 
Côdigo No. Código No. 

1879 202003 



-‘ A 

Ii 

I 
j 1I1IhI1JdiIIu1dH 

lhilg$sa.iirppIali 

Ii I 
1 1 
JtIJ1hU1hhI11h1i1i 
susImft 

h 

ii iillhuttIhllIhJil 
I 

Kong 

1111! 

ig 

I 1DII 

LI ItI IIIj lei I I h IE" 1afli 
___ 11111 I I "It I IL4 p lijj 

I

 

EllIj iIi,1I u I 1I ftIg ii I Ih1i 

iii. it ii jii itlI!’ (I I 1111111 
gF& RNA 

, .s 



W095r23765 PCF1G5951110465 W095=65 PCT/G595166483 

. 
;K;( iWI’I*-. -;.)44 ;(.$j 

Chemical coagulants for drinking water, to purify 

and/or decolourise municipal 
water supplies for human 

consumption are known and include iron and aluminium-based 

Inorganic coagulants. 

Folyterric sulphate, PFS, is one known form of 

coagulant which has also been used to treat municipal and 

industrial waste waters to help remove, by flocculation, 

suspended organic waste matter. There is currently 

considerable interest in the more widespread application of 

FF3 as coagulants. Because of its relative efficiency, FF8 

may need lass chemical addition, it can have a greater 

removal capacity 
end may reduce the volumes of waste 

concentrates that require disposal or further treatments. 

FF3 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 FF3 

is an example. 

Essentially, the chemical can be prepared according 

to this invention 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 (flt) hydrolysis species, (Fa(OH))(3), 

and polynuclear complexes of iron (111) 0’ 

(P (OH) x)nC3m n+ The functions of these species are to 

provide both colloid charge neutralization and polymer 

bridging between floc particles, leading in practice to a 

- 

2 - 

greater coagulating (and therefore, treatment) performance. 

According to this invention there is provided a 

process for preparing a polymeric form of ferric sulphate 

wherein an acidic aqueous solution comprising ferrous 

sulphate is oxidized 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 followings ozone, nitric acid, 

peroxide, perchlcrate and persuiphate, 

said ferric sulphate subsequently being at least 

partially hydrolyzed by addition to said solution of at 

least one base, the ferric sulphate being kept in contact 

with said base at the temperature selected for a time 

sufficient for polymerization of the at least partially 

hydrolysed ferric sulphate. 

The ferrous sulphate solution may be rendered 

acidic by addition of e.g. sulphuric acid. This may 

usefully increase the level of sulphate ions in solution, 

without adding unwanted ionic 
species. The pH of the 

starting solution is preferably less than 2 � 0, more 

preferably in the range 0.3 to 1.5. 

Preferably the oxidation stage is a one-step 

oxidation stage. Preferred oxidising agents include 

peroxide and nitric acid. It is possible to use strong 

concentrated or even fuming nitric acid. 

Accordingly the concentration of the nitric acid 

used in the oxidation stage is preferably at least 50% by 

volume, more preferably at least 70% by volume although 

nitric acid as concentrated as 901 by volume can be used. 

P 
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It is also preferred 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 mentioned above, may be dictated by the 

economics of the cost of raw materials, oxidation 

temperature and oxidation time. 

Thus a stronger oxidising agent will most likely 

allow a shorter oxidation time and/or a lower oxidation 

reaction temperature. With hydrogen peroxide at very strong 

concentration, perhaps of the order 30 volumes, it nay even 

be possible to effect the oxidation stage at ambient 

temperatures, for example at a temperature in the range of 

150 to 25°C. Oxidation temperatures when Using hydrogen 

peroxide may be 70°C or lover, such as 60C or lower, 

preferably no higher than 50°C. 

Oxidation temperatures when using nitric acid as 

the oxidising agent, may he 110°C or lower, such a. 90°C or 

lower, preferably no higher than 700C (which temperature may 

be possible when using the very concentrated, fuming nitric 

acid having a strength of at least 900). 

The oxidation time for a preferred 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 temperature, may depend upon the 

nature and strength of the oxidising agent used and the 

molar ratio of oxidant : iron (72+J 

It is preferred to carry out the oxidation such 

that there is a near-complete oxidation of ferrous (f2+) 

ions to ferric I!e3+) ions. In consequence it is preferable 

_5?_ 
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for the concentration of ferrous ions in the solution after 

the oxidation step to be less than 2.5% (}e2+/F63+), more 

preferably less than 1.25% (Pe2fFe3), most preferably less 

than 0.25% (Fe2/Ps3’). 

The molar ratio of oxidant : ferrous ions in the 

solution, for the oxidation stage may depend upon economics 

and the desire to bring about the aforementioned near-

complete oxidation of ferrous ions in aqueous solution, to 

ferric ions in the same solution, The molar ratio may also 

be influenced by the choice of oxidising agent and its 

relative strength, the oxidation temperature required or 

otherwise selected and the oxidation time necessary for this 

near-complete oxidation. 

For example, when using nitric acid as the 

oxidising agent at say 90°C, at a concentration of 709, the 

preferred molar ratio of oxidant : ferrous ions present in 

the aqueous solution is no higher than 2:1, more preferably 

no higher than 1.51, most preferably about 1.13:1. 

When using hydrogen peroxide as the oxidising agent 

at may 50°C at a strength of 30 vole, then the preferred 

molar ratio of oxidant : ferrous ions present in the aqueous 

solution is no higher than 3:1 preferably no higher than 2:1 

most preferably about 1.81:1. Theas most preferred ratios 

have been found to achieve a near-complete oxidation of 

ferrous ions to ferric ions, i.e. <0.59(Fe2+1 per litre 

after oxidation, when the oxidation has been allowed to 

proceed for about 1‰. hours. 

We have also used this concentrated form of 

hydrogen peroxide (30 vole) in the oxidation stage, with a 
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larger molar solar excass of oxidant : ferrous Lens, at lover 

temperatures, even at ambient temperatures of about 20°C. 

For example a molar ratio of 2.9:1 oxidant : ferrous ions 

led to near-complete oxidation even in the absence of 

oxidation catalyst and at ambient (atmospheric) Levels of 

pressure. Thus additional heat energy input for the 

oxidation say be avoided. 

In the secondary stage of at least partial 

hydrolysis, it is possible simply to add one or more bases 

to the ferric sulphate which has been formed in aqueous 

solution. The base can be strong or weak 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 likened to an ’aging’ 

step during which iron (III) hydrolysis species, 

(F�(0a)x3 and polynuclear complexes of iron (III), 

form as a polymeric form or ferric 

sulphate, often referred to in the technical field as 

polyferric sulphate (PFS). 

The hydrolysis stage is most preferably carried out 

immediately after a one-step oxidation process, by simple 

addition of hue to the ferric ions which have been formed 

in the acidic, aqueous solution. It has not been found 

necessary to remove or even otherwise purify the ferric 

sulphate formed after the oxidation stage. 

The amount of base added is preferably such as to 

provide an : tPe)3’ solar ratio in the finished 

product obtained by the process, the polymeric 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 (0RJ (F133+ in the final product 

gives a desirable optimum in terms of performance, 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 309.1 of iron, preferably up to 409.1 of iron, 

even more preferably up to 2009.1 of iron and most 

preferably upto 3509.1l of iron. 

Elevated temperature may be necessary for the 

hydrolysis/polymerisation to proceed to a satisfactory 

(OH) : (Fe)3 ratio, for example a temperature of at least 

30°C, preferably at least 40°C more preferably 450C or 

higher, such as S0�C. Moreover the ferric sulphate can be 

kept in contact with the base for a time sufficient to 

obtain the aforementioned ratios of hydroxyl ferric ions 

in the final polymeric product. Up to 3 hours may be needed 

at 50°C, preferably at least 2 hours. 

The polyferric sulphate (PPS) obtained is usually in 

the form of a liquid solution which may not require 

separation or purification prier to use. 

In use the polymeric form of ferric sulphate 

obtained, hereinafter also referred to for convenience as 

’polyferria sulphate’ and abbreviated CB PFS can be used as 

a coagulant or flocculent to help purify and/or dacolourise 

water for drinking water supplies and/or to reduce 

pollutants be they organic or inorganic, nitrogen- or 

phosphorus-containing such pollutants in municipal and/or 

industrial wastewaters. 
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The PPS obtained by processes according to the 

Invention can be more economical in manufacture and/or 

confer better performance than PPS obtained by other 

commercially established procedures. 

� WMPLU I and 2 - 2BD3BSTION 

En" I* 1. 

The example described as follows is for the 

preparation of 500mL solutions of P1’S with a pp (II2) 

concentration of 40 g/L, using nitric acid as an oxidant. 

Prescrintios 8 

� 047X30 (100*) 1009 

2, 82804 (960) 8.2 ml. 

3. 11N0 (70%) 16.0 ml. 

4, Water 214.5 ml. 

S. MaR003 (0.5N) 214.0 ml. 

The ferrous sulphate, sulphuric acid and the water 

in the prescribed amounts were added to a one litre reactor 

with a speed controlled mixer. The reaction temperature was 

controlled by an electromautle. Than, the temperature of the 

mixed solutions was raised to 60 (–0.2) ’C accompanied by 

Vigorous stirring. Nitric acid was added to the mixed 

solutions gently. After the addition of the nitric acid, 

the reaction temperature was raised to and kept at 90 

010.2)6C with continuing vigorous stirring, until more than 

991 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 1, 10 - 

phenanthrene calorimetric method. The reaction temperature 

W09573765 TB958O4S3 

-8-

was then reduced to and kept at 50 (–0.2) ’C. The sodium 

bicarbonate solution was added into the reaction solutions, 

and the addition rate was controlled to allow that all 

MaRC03 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 PPS solution in thus prepared and, after cooling 

to room temperature is reedy for use. 

Properties of the oresared P1’S: 

fFŁ(ilJ - 40g/I., (Fe(ll)J s 0.2R., OWFe(molarcatio) -0.3 pH 0.9-1.1, 

Avcme elechuphommis nubilIty -6–0.2 gnn cmlv a, 

Size disthbulion of the molecular species In the P1’S sduuon ace 

low MW species (< 03K) - 20.0% (by welghc of Fe), 

madam MW species (0.3-10K) - 70.0% y weight of Fe), 

,up MWspecles(> LOX) - 10.0% (by welgbxofFe). 

stability: 

The P1’S solutions prepared by this method are stable 

over at least a 6 month stored period. 

The example described as fellows is for the 

preparation of 300 ml. solutions of PPS with a Fe(III) 

concentration of 40 gIL, using hydrogen peroxide as an 

oxidant. 

Preecrintion: 

1. l’eSO4.7H30 (100%) 100 g 

2. H2804 (98%) 0.2 ML 

3. R202 (30%) 20.0 ml. 

4. Water 212.5 EL 

5. NaHc03 (0.5W) 24.0 ml. 



so ft C_5? 
WO 95123765 

-9-

Preparation orocedure: 

The ferrous sulphate, sulphuric acid and the water 

in the prescribed amounts were added to the one litre 

reactor, and the reaction temperature was controlled by an 

electromantle. Both the reactor and the electromantle ware 

the same as used in the Example 1. The temperature of the 

mixed solutions was then raised to 40 (–0.2)°C accompanied 

by vigorous stirring. N202 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 

method as described in the ZzaxPls I. The reaction 

temperature was kept at 50 (–0.2) ’C to carry out the aging 

process. The sodium bicarbonate solution was added into the 

reaction solutions, and the addition rate was controlled to 

allow that all NeHCO3 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 PS’S solution is thus prepared and, after cooling 

to room temperature, is ready for use. 

Promerties of thenrsmared PS’S: 

[Fe(1I1)J 40gIL, [Fe(IJ)J S 0.2 gIL, OHIFe (molar ratio) -0.3, pH 1.0- 1. 1, 

Average electrophoresis mobility -6– 0.214m cm I 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), 

SUBMWE SHEET (RULE 28) 
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higher MW species (> 10K) 11.5% (by weight of Fe). 

Stability: 

The PS’S solutions prepared by this method are stable 

over at least a 6 month stored period. 

CA1SPLES 3 to 8 

PPS solutions prepared by the methods described in 

the Example. 1 and 2 have been 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 mL of simulated 

coloured waters � The fast mixing time was 3 sin at a paddle 

speed of 300 rpm, the flocculation period was 25 sin at a 

paddle speed of 35 rpm, and the sedimentation period was 1 

hour. Supernatant samples after settling were withdrawn for 

analysis of algal cells, turbidity, VV absorbance, ccc, 
colour, residuals of Fe, Mn and Al, The coagulation pH 

required was achieved by prior addition of either MCi or 

NaOH, and the solution pH was checked during the mixing and 

flocculation periods. To evaluate the coagulation 

performance at lower water temperatures (49C), a special 

constant temperature bath was used with the jar teat 

beakers � The low temperature of 49C (–0.2) was maintained 

throughout the whole coagulation process and the one hour 

settling period. 

Pilot-plant experiments were undertaken which 

comprised the processes of pre-ozonation, coagulation, 

flocculation, dissolved-air flotation (DAS’), send 
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filtration, intermediate ozonation and either GAO or MC. In 

the test period of about four weeks, the pilot plant was 

op.ratsd under the condition, of with and without 

application of ozone with coagulant, of either PFS or 

ferric sulphate (PS) for three doses (1,3,5 mgjL as Fe), and 

at a constant pH of 7.5 Saw Voter flow rate was 2 njbr. Me 

pro-ozone dose and the contact time war. 3.0 og/L and 7.0 

mm, respectively; and the intermediate osons dose was set 

to achieve a residual 03 concentration of 0.25 sg/L after a 

contact time of 8.0 mm. n separate Bet of Samples was 

analysed to identify the kinds of algal species and to 

mmsons the total algal concentrations before and after 

treatment. 

Table 1 presents example 3 using PTB and other 

comparative results (TB �  ferric sulphate, U aluminium 

sulphate) for the treatment of two algal model waters in 

laboratory test. with the coagulant. P78, PS and AS at 3.8�C 

and at p0 7.5, for a given doss of 0.2 aM as F. or Al. It 

can be seen that the coagulation performance of PP’S in 

removing alga., turbidity, 000, etc. was clearly superior to 

the other two conventional coagulants. 

Table 2 Saris" results with P78 (Example 4), P’ 

and AS (both comparative) for the treatment of coloured 

waters at 18 and 40C. It can be seen from Table 2. that 

under the Optimum coagulation condition, at 189C, the 

removal efficiency achieved by the three coagulant, was 

close. However, the required P70 dose was the lowest 

(0.107 mM as P.), compared to P’S (0.143 miles Fe), and AS 

(0. i85 mM as Al), to achieve similar removal percentages. In 
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addition, as shown in Table 2, the coagulation performance 

of P78 434 not appear to be influenced significantly by low 

water temperatures. For AS and PS, however, low water - 

temperature appeared to have an adverse effect on the 

removals of 0V-Abs and DCC; but the removals of colour were 

slightly reduced. Residual concentrations of PS and AS wars 

slightly increased at low water temperatures. 

Tables 3A and 38 show results from the pilot-plant 

experiment, concerning the raw water qualities and removal 

efficiencies by DSP (Table 3 A) and by DIP and sand filters 

(Table 38). PP’S (Examples 5 to 8) displayed a such greater 

treatment perfotmence in removing algae, turbidity, colour, 

TOO and DY-absorbanco (254 mm). The removal percentages 

achieved by P78 at a dose of 3 mg/I, wore either 641041iir or 

oven superior to those achieved by PS at 5 mg/L, indicating 

that coagulant dosing costs may be reduced for the same 

treated water quality. 
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Exuaple 3 

Coagulanls 
TOW ccli 
cmoi1% 

DOC 
MmoxI 

Turbidity 
rcmoxI% 

UV-Abs 
(254nm) 
removals 

Vil-Abs 
(42Om) 
rImovxl% 

Colloid 
(floc) 
CI*ITgC’ 

x IY ’LIT x x[ 
PFS 96 J86 61 45 

fl 

 !. 50 48 14 48 65 20 
FS ’LJ6t 33 24  40446.5 45 36.5 28 �8 
AS 00 

lie 

52 32 12 -145J40 14 40 30 0 
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Table 2.. Co1ari8on of the trenteniit portoi or 98$, 93 and 63 at 18C and 4’C (C0loued waters) 

Example 4 

S 

Example 5 

Example 6 

Ezanpie 7 

Example 8 

S 

Caplag Do".14 

- - 

CmI 

(420k UV-Abs 

’ 

DCC 
- 

R..14al F. Rnl.l Al 

SIM4’c IM 11’C I IC .1rV14C IVCI 

20J ii mI 000 oosi!
 !1L t  III  

T11
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0.1AS

 0.108 920 Lu.4 92$  SI   I I 7.064 
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bb.. i.00 *dOlt,.Ond. ’605 UVIe.101.l al 73S bOCn.olxIM I  Table 38 Comparison orcoaglIkitiOn olllckncy or £FS and is In the pilot-plant experiments (bit OAF.) Running condliloflI UV 

234 am) - 7CC ___ Coloa, (400 am) Im’) - Tu14d117 

_"_ R&w I w 85 Raw at.tJ I R Raw wat*r [ FS.3m!.i I1.o_JJ!. 

-6.17 10.8 12.0 36.67 25 48.0 PFS.3eL 113 26. 6.38J2! 13.3 51.43 ..36 67-5 12.0 20.83 

6.18 17.401 11.4 40.0 2.6 41.6 
iI& PFS.SirlL!!Pi 123 2S. 534 22.6 1234 148.69 � 8.5 - 9*1.101531 Table 3Cumparlson ci coagulation efficiency ci FF5 and ES in the pilot-plant cxptrimviilS. (by OAF and sand rollers.) Running condliflons UV 
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to 1.3. 

A proc..... daiseS in my pisosding cinix chruin to. 

t pnipsrthg a polyn*. foss of t.rric 03d5*tiofl stag. is a 0c.-.t.p oxidation stag.. 

nIt *orsM ia sebow solution conprindag 

foswous .ulphuth is oxidisod to torn ferric Mulphate. in said 7 A process as ulaised in say preceding claim wherein to. � 

solution in an oxidation .tag. at aabisnt PX"W*we,ilzilt ta Oxidising agent cospri..s nitric acid r4 for poroxids such 

to. absence of oxidation Catalyst- using at least 55 hydrogen poroxids. 

ons .xidi.ing at, said forria uu1pata subsewmany being - 

at huUt partially hydrolysiS by addition to said solution L A pXOc.0 an clai*sS in any prw.d.thq clain isersin the 

Of at least coo bass, the f.xric sulpb.te being kupt in oxidation tuiporatiwa is iZO’C or inwur, such as 90C or 

onStaut with said ha.. .t the temperature selected for a lower, Or 70’Cs Lox*f 

time sufficient for polysarisation of to. .t least partially 

hydrolysiS forric saiphat.. . - 9. A proem as 
cJ.ainnd in any preceding slain ehurein the 

oxidation stop is uffactof at a tsep.rature batim.n 156C to 

2 A 
proc... 

an alaia.d in Claim 1 wherein the cxid$.sLng 50*C 

agent comprises con or nor. of toe following: 

cisc., nitric acid peroxide, p.rcblcrat. and 10. A prodss as dameS in any preceding ci.!m whsrnin thu 

psrsulpbat.. . oxidation time foX the oxidation stop is up to 3 hour., 

preferably up to 2 hours, sex. preferably up to. 1.73 hr., 

3. A process as claimed in claim 1 or 2, wherein the aunt preferably up to 5 

aqueous solution comprising ferrous sulpbate further 

acopris.. sulphuric acid. 11. A proc... as claimed is any preceding claim wherein 

after the oxidation 
atop the concentration of f.rrccs icon 

a. a 

proonsa as claimed in any preceding dais wherein the in o2ajoa is less than 3.30 pr.ssably 1.0. 

to 

of the aqesose solution prier to oxifttion j,. Isis them.than 2-25% y.2+p3+, sose pretosaiy lan. thon 0 ff1 

- . 

112+pj53+ 

s. a 

proc..s an claim" in claim 4 wherein the pH  is 0.8 12. A process as claimed in any preceding Cl.!. 

a 



14. A proc... as Claimed in any preceding claim wherein the 

hydrolysis stage is carried out immediately after the 

osidation stap without removing or otherwise purifying the 

ferris sulphate formed after the oxidation stag. 

I.S.proc.ss an claised in any preceding claim wherein in 

the timiiI$d product obtained by the process the solar 

ratio of (0B) to fe) is at least 0.1 i 1, preferably 0.2 

:1, sore preferably 0.25 : 1, more preferably 0.1 - 0.45 1. 

16. 1. proc..s as claimed in any preceding dais wherein the 

hydrolysis stags is carried out at a temperature up to 50C 

for a time up to 3 hours. 

17. Use of polyf.rric sulphate (PPS) obtained by a proc..s 

pa slaipad in say preceding claim as a scagulant or 

1$. A method of treating water which coaprises adding to 

the water a product obtained by a proc..s as claimed in any 

SU3SES*EtØLE)  
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data Ilelad In Table 1, the leaching eatmled Fe mNwW  eaIng the acMtcn hevinga alflIMJIGantwOdO 
Rw Is abmd 10% hIgher than tha &swvad whwi the eoMhei used Is free at any bivateel ban. 

Tablet 

Raw Male- 
nat 

Cang. of Raw Material Cee at Sdtbi Rate of 
Leaching 

LMthth,g 
Tee 

Feh) TSO Fe 
(gmtw) (gfler) 

Canverter 57.1 21.0 352 1.60 501 0 

_ 

85 80 
Dust 57.1 21.0 35.3 1.60 501 8 98 80 

E1agFw. 24.5 10.1 14.4 1.50 601 0 89 60 
fl8CASh 24.5 10.1 11.4 1.60 501 0 99 89 

Owned 60.4 7.3 43.1 1.60 501 0 75 80 

504 7.3 43.1 1.60 501 8 00 80 

Soaps 03.6 0.5 0.5 1.60 501 0 85 80 
ftm cut- 90.5 0.5 0.5 1.80 601 8 05 99 
ft 
Neeltsj- 164 0.8 15.9 1.60 501 0 90 80 
Lod 10.4 0.5 15.9 1.60 501 8 Be 80 

I liolsr SOfFe awddwhgMaltet 
3) 

Flg.l Is agrh shaning the nets nbehesestheblvaJwIbenicadrattan anal the rate of Iran leached ant F1g2 
(aegraph alereing thacieat01thaIshalw8hoIM1eecnthe nod IeacxhI01an. 

Th details 01 the prearan bwentlon alt latter bedeeralbed at ala bade of the tailcaing flee specific Exam-
plea. bat these Exairçles are gleet thraiirgly lteabcilrtg the present bwarflinn tfrrlttha tecivfcat saspe at 
the pr Ann tt IJivafrioll at alL 

swap (1710) w DAft as o,awawtermal.elrcseeeerat ban set!  v=SBb%ardcwwdmnct 
mae ifxa 0.5% 01 dealerS baa. ret Irene the, 0.5% of trivalent Iran ard thobatwtcecfrmtaltn dssetvedIn 
s sutbaic asic echutlen WAV efrivaleitt ban cummMUm 01 Bgthar (huetng an overall QnCwnt at 30 01483.5g. 
maintained at 60 C)elrite ieting the whole eelwnne otSie Wuticul was ed Wore tr. Thin dbithebirra-
lion ofasdedO, teeing an overall Irat onreentrattan ci 178.4 gififen aid anovevfl SO4 1naI.01485.5gthe. 
To the restating flIaI. there was added 263Ogat teiroue satiate (FeSO,J follovadbytheazicationthwaottothua 
glee 1.3 he at an ferniopolesuflale sabatanleeliug abaet01 The ieai4tlntg solution was inspected ian theetorage . 
bIfty aid law conflnnedhethe solution wWwwwdanydwige we ehe tress ahead aver6 Irarede sepaMM14 
the Gene prxeduiee used above we repeated except iar traft a saffanin acic acind radestantlalli. freed Irlealerd 
Iran (the ad e000ndblgto Japanese Paled Na 042,035) b gWee ft* pdjeealutitandagwibancxcen. 
traflon a! 160 g1Ite. I wve.tha latter meltuod required a angenthtethe widanascwedwththatoregoing 
Exante. Timcetdm bctwees thetileatent ban catca18, aid the rate at ban-coicatan was also weaned. The 
resattatan detained are plotted an FIg.2. The data F4afled on F42 dhenly balieste that the presence of frmvalerni iron 
me ak.wnlre1lon iwqb  
carepa01ng to aIreS 0.5 to 0.6 time that required tr the sewenifertal melted wheretn the sulftxb M solution Is 
free of olvalertl lion. 

Table 2 

Specific Baalcissily 

T-Fe(gltlter) ’tSO4(9Mter) 
CaradlanaiPridiet 

Prodea!at the lnvcnhlan 

160 

176.4 

3801.45 

485.5 1.42 

0.20 1 0.80 

The fererigfaimlep01yeiiatesolielorsprsparedaIngtetheae mdeoth were eialusledtrye jar tastcarnled 
aiftiofngweatewate discharged franc pqwndft aid puIniay (COD 104 ppon SSe5ççn47.1B) lIre 
reaifts thus obtatnel are suninerizel In the inlIowiNg lhtØaa 

Table 3 

adArteteitn 1 Fem pH NaOt1n COD PPM Ssppni 

Caunthetai 272 30 625 a 72 35 

So(utiern 453 50 5.3i 16 43 CIO 

Wan of 240 30 120 0 64 28 

the Imrvantion 400 50 5.31 16 40 etQ 

Nate: TIne feed pH ci the solution tasted ranged front 62 ID 15 aid saab ugwm= collected after 10 
minutes was teed for the esaluattertof Gell solutierL 

so Coneerterdual (317g), esa ncwmaterbI.wteseeeaall bat csdwwa57i%uadingadluMaflheecom%tentot 
21.8% and a trIvalent Iran setterutol35.3%} Yvas dissolved In a offuft add  having a trivalent ban canncentra-
hen of agmter(hantng an overall aniountat $04015305. neinlebied at 60 C) aid It was confeniad that 88% of troti 
was leached ant The resulthigeolutlon was tend to heeD an caseD Iron cerncanfratian 01145.9 gutter and an cvaiid 
804oaematattan of 38t7gitaerwdth hols vohatecithe resulting o tat was ftiedbbe 1.5 han To the result-

25 legs tidhe.ttneewaaericid 185.09 ott ircuatautiateto idtrytheo. Ilonthereoftodwaglne 1.Glilerafafernls 
polysuTate havIng an weeD free aniw,b3st. 01180.3 g6ler aid an overall $04 01443.5 guliter. The 
rIngaXnwedtotheeameteetcordeeSleEanntle1 tdeigtlnesamewaslswatandlschargedboin 
opeper-neldag and plpMg faolony rd the sane resufta were detaIned. 

an EsaispleS 

Bdawe ash (002.S),aanawnerial,whoaeweaflfreeeadlea2as%(hevingadlvatesthelaantent 
at 10.1%andethvalerd bcn content at 14.4%) was dissolved tnaaufftalc and sdulon teeIng atrivalrent bun coamn-
tratatd8$lw Qaving an weeD areeml C! SO 01 g.niaIradnertet80ardIlwasccitlirmadthet98%01intn 

an was leached ot The restriting saluftee was heed to tawean weeD ban uWntIln 01145.0 gluIer aid an overall 
SO4oancwthsIlrxvci3O&TgSiter edttteetnclevebmtedtherwa thngedutioneasfcundtebe IS han Tate Twarit-
bigaobdartherewasiddid 169.5g01hecucuaidleaia3oaednthooddetimitheeof to ttwsglve 1.Glftenotaforlc 
pofysahete toning an weeD lion at 100.3 gutiter aid an overall SO4cmww&a5mcI 443.5 gMe. ’lbs 
resulting sohitionwssaubectedththesameteatearrIedcuitInExante I usIng the wee waatawater disctsugad from 

so apaper-irncJdng aid pulping today ard the aamerantawedefaJned. 

Exanple4 

Netdmllzidotidga onigliheid from waste waler treatment (1361.1 g). asa raw rasterlet, wIe caseD iron content 
an was 15.4%(teeIngadivatentliatxlderflato.S%edsiThalentboncoudoutld 13.0%)waadedinasulhelcand 

sabdion tevbigsblvalarn Iran cananfra i018g4fteavbig an overall anasant of 8001580g. nstinIaJredaIE0C) 
aWftvmocmtM.,.,dthat98%otliovtwasleastnd oit There ngsotutionwaabuidtolnexeainovenail froncoeen-
traltat a! 145.9 grTder aid art weafl 604 eanconlratim 01380.7 guflter aid the whole valwn Of the restating solution 
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