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Seinora
Sandra Isabel Calderén Rodriguez
Directora de Nuevas Creaciones

Superintendencia de Industria y Comercio

E. S. D.
Referencia: Solicitud de Patente de Invencion PCT denominada “UN
PROCESO PARA LA PREPARACION DE POLIMERO
SUPERABSORBENTE”
Asunto: Respuesta al oficio No. 6367 de 30 de abril de 2025
Expediente No. NC2022/0011680

Juan Carlos Cuesta Quintero, mayor de edad, identificado como aparece al pie de mi
firma, obrando en mi calidad de apoderado de UPL LIMITED doy respuesta al Oficio No.
6367 de 30 de abril de 2025, bajo los siguientes términos:

1. MODIFICACIONES

Se detallan a continuacion las modificaciones realizadas en el nuevo capitulo

reivindicatorio, en relacion con las anteriores reivindicaciones.
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- La nueva reivindicacion 1 resulta de la fusidn de la materia de las reivindicaciones

originales 1, 5y 9, habiéndose eliminado las reivindicaciones 5y 9.

- Se ha eliminado la reivindicacion 3.

- La reivindicacién original 12, ahora renumerada como reivindicacion 7, ha sido

modificada para hacerla dependiente de la reivindicacion 1.

- Las restantes reivindicaciones y sus dependencias se han renumerado

acordemente.

2. DE LA SOLICITUD DE LA PATENTE

Reivindicaciones

- En el Oficio N° 6367 de 30 de abril de 2025 se indica que el capitulo reivindicatorio

no se encuentra enteramente sustentado en la descripcion.

Respetuosamente se indica que en vista de la importante limitacion del alcance de
la reivindicacion 1, se superan las objeciones; la materia de la nueva reivindicacion
1 encuentra sustento en la descripcién originalmente presentada, especialmente en

los ejemplos, de acuerdo con el criterio aplicado por parte del examinador.

- En el Oficio N° 6367 de 30 de abril de 2025 se indica que (i) el capitulo reivindicatorio
contiene multiples de reivindicaciones independientes que repiten informacién y
protegen basicamente la misma materia; (ii) La reivindicaciéon 1 no es clara ya que
no describe de forma precisa las condiciones especificas requeridas para cada una

de las etapas; (iii) contiene definiciones que comprenden un numero muy extenso
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de alternativas; (iv) se caracteriza un método por su producto; (v) se presentan
expresiones imprecisas; (vi) hace referencia a parametros; y (vi) se define un

producto por su método de fabricacion.

En vista de las modificaciones realizadas, respetuosamente se indica que se superan las

objeciones de falta de claridad.

3. EXAMEN DE PATENTABILIDAD — ANALISIS DE NOVEDAD

En el Oficio No. 6367 de 30 de abril de 2025 se han citado los siguientes documentos del

estado de la técnica:

D1: NC2021/0009872
D2: US7607259

El documento D2 puede ser considerado el documento mas relevante.

El solicitante respetuosamente indica que el documento D2 citado no es relevante para la
patentabilidad de la presente invencion. Dicho documento se refiere a métodos de
administracion de un polimero superabsorbente a una planta, y no se divulga mas alla de

€S0.

El documento D2 solamente divulga el copolimero de injerto de almidéon de sal de potasio
de almiddén-g-poli(2-propenamida-co-2-acido propenoico), pero no divulga el proceso de

preparacion del polimero superabsorbente definido en la presente invencion.
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Por lo tanto, a partir de lo anterior, el solicitante alega respetuosamente que no hay nada
en el documento D2 citado que ensefe, sugiera o motive a un experto en la materia a actuar
como para poder llegar a la presente invencion. Por consiguiente, el documento D2 citado

no es relevante para determinar la actividad inventiva de la presente invencion.

Con respecto al documento D1, el solicitante respetuosamente indica que divulga un
proceso completamente diferente, el cual ademas no se lleva a cabo a temperatura
ambiente. Con las modificaciones ahora implementadas, la objecion en base a la

divulgacion D1 queda resuelta.

El solicitante desea indicar, con fines meramente informativos, que la presente invencion
ha sido concedida en Estados Unidos, con el numero US11958925B2. Se adjunta dicha
concesion. Las reivindicaciones ahora presentadas, tienen el mismo alcance que las
reivindicaciones concedidas en Estados Unidos, salvo la reivindicacién 7, que es mas

limitada en la presente solicitud, en vista de su dependencia de la reivindicacion 1.

4. CONCLUSIONES

Con las modificaciones realizadas a las reivindicaciones y los argumentos proporcionados
anteriormente, el solicitante considera subsanadas las objeciones del examinador. Sin
embargo, si el examinador considera que todavia queda pendiente algun motivo que impida
la concesion de una patente para la presente invencion se solicita respetuosamente la

emisién de un nuevo requerimiento de examen de fondo con objeto de poder solventarlo.

En consecuencia y luego de haber presentado los argumentos necesarios y haber realizado
las modificaciones pertinentes en el capitulo reivindicatorio de la presente invencion, queda
evidenciado que la invencion cumple con los requisitos de patentabilidad definidos en la
Decision 486 de 2000.
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Cordialmente,

Juan Carlos Cuesta Quintero
C.C. 79.339.809 de Bogota
T.P. 43.273 del C.S. de la Judicatura

Anexos: Comprobante de pago por modificaciéon de la solicitud.
Capitulo reivindicatorio modificado con control de cambios.
Capitulo reivindicatorio modificado en limpio.
Patente US11958925B2 en su idioma original
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REIVINDICACIONES

1°)  Un método para la produccién de polimero superabsorbente que
comprende
a) polimerizar por injerto un monomero sobre la superficie del
polisacarido en presencia de un sistema catalitico redox para
formar un copolimero; y
b) neutralizar el copolimero para obtener un polimero superabsorbente
granulado;

en donde dicho sistema catalizador redox comprende sales de cerio (+4),

con al menos uno seleccionado del grupo que consiste en nitrato cérico amonico;

persulfato de amonio; persulfato de sodio; persulfato de potasio; perdxido ferroso;

sulfato  ferroso amonico-peréoxido de hidréogeno; acido L-ascorbico vy

permanganato de potasio-acido ascorbico;

22— El-metode-como-se-reivindica-en-la-reivindicacion—1-en donde dicho

mondémero es al menos uno se—seleccionado del grupo de: acrilamida,

metacrilamida, acido 2-acrilamido-2-metil-propanosulfénico, acido metacrilico,
acido vinilsulfénico, acrilato de etilo, y acrilato de potasio e-derivados-de-estos:; y

en donde dicha polimerizacion por injerto se realiza a temperatura ambiente.
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24°) El método como se reivindica en la reivindicacion 1 en donde dicho
polimero  superabsorbente es almidon-g-poli  (2-propenamida-co-2-acido
propenoico) o una sales de este.
20
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37°) El método como se reivindica en la reivindicacion 1 en donde dicha

polimerizacion por injerto comprende ademas un agente de reticulacion.

48°) El método como se reivindica en la reivindicacion 1 en donde dicho
agente de reticulacion se selecciona de glicéridos; diepoxidos; diglicidilos;
ciclohexadiamida; metilen bis-acrilamida; bis-hidroxialquilamidas, preferentemente,
bis-hidroxipropil adipamida; formaldehidos, tales como resinas de urea-formaldehido
y melamina-formaldehido; isocianatos que incluyen di o triisocianatos; y resinas

€epoxi.

510°) El método como se reivindica en la reivindicacion 1 en donde dicho

método se realiza en un proceso continuo o por lotes.

641°) El método como se reivindica en la reivindicacion 1 en donde dicho
polimero superabsorbente tiene una capacidad de absorbancia de agua en el
rango de 500 g/g a 900 g/g.

742°) Un método para aumentar la capacidad de absorcidon de agua de un

polimero superabsorbente, que comprende:

producir el en-donde-dicho-polimero superabsorbente sepreduce-mediante
la-polimerizacién por injerto de un monémero sobre un almidén en presencia de

un sistema catalitico redox a temperatura ambiente, como se reivindica en la

reivindicacion 1.
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REIVINDICACIONES

1. Un método para la producciéon de polimero superabsorbente que comprende
a) polimerizar por injerto un mondémero sobre la superficie del
polisacarido en presencia de un sistema catalitico redox para
formar un copolimero; y
b) neutralizar el copolimero para obtener un polimero superabsorbente
granulado;
en donde dicho sistema catalizador redox comprende sales de cerio (+4),
con al menos uno seleccionado del grupo que consiste en nitrato cérico aménico;
persulfato de amonio; persulfato de sodio; persulfato de potasio; perdxido ferroso;
sulfato ferroso amonico-peroxido de hidrégeno; acido L-ascorbico vy
permanganato de potasio-acido ascorbico;
en donde dicho monémero es al menos uno seleccionado del grupo de:
acrilamida, metacrilamida, acido 2-acrilamido-2-metil-propanosulfénico, acido
metacrilico, acido vinilsulfénico, acrilato de etilo, y acrilato de potasio ; y
en donde dicha polimerizacién por injerto se realiza a temperatura ambiente.
2. El método como se reivindica en la reivindicacién 1 en donde dicho polimero
superabsorbente es almiddn-g-poli (2-propenamida-co-2-acido propenoico) o una
sal de este.
3. El método como se reivindica en la reivindicacion 1 en donde dicha polimerizacién
por injerto comprende ademas un agente de reticulacion.
4. El método como se reivindica en la reivindicacion 1 en donde dicho agente de

reticulacion se selecciona de glicéridos; diepoxidos; diglicidilos; ciclohexadiamida;
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metilen bis-acrilamida; bis-hidroxialquilamidas, preferentemente, bis-hidroxipropil
adipamida; formaldehidos, tales como resinas de urea-formaldehido y melamina-
formaldehido; isocianatos que incluyen di o triisocianatos; y resinas epoxi.
5. El método como se reivindica en la reivindicacion 1 en donde dicho método se
realiza en un proceso continuo o por lotes.
6. El método como se reivindica en la reivindicacion 1 en donde dicho polimero
superabsorbente tiene una capacidad de absorbancia de agua en el rango de
500 g/g a 900 g/g.
7. Un método para aumentar la capacidad de absorcion de agua de un polimero
superabsorbente, que comprende:

producir el polimero superabsorbente mediante polimerizacién por injerto de
un monomero sobre un almidén en presencia de un sistema catalitico redox a

temperatura ambiente, como se reivindica en la reivindicacion 1.
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grants to the person(s) having title to this patent the right to exclude others from making,
using, offering for sale, or selling the invention throughout the United States of America or
importing the invention into the United States of America, and if the invention is a process,
of the right to exclude others from using, offering for sale or selling throughout the United
States of America, products made by that process, for the term set forth in 35 U.s.c. 154(a)(2)
or (¢)(1), subject to the payment of maintenance fees as provided by 35 u.s.c. 41(b). See the

Maintenance Fee Notice on the inside of the cover.

— Kotwrine KU%TV(ML C=

<) DirecTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE ()




Maintenance Fee Notice

If the application for this patent was filed on or after December 12, 1980, maintenance fees
are due three years and six months, seven years and six months, and eleven years and six
months after the date of this grant, or within a grace period of six months thereafter upon
payment of a surcharge as provided by law. The amount, number and timing of the mainte-
nance fees required may be changed by law or regulation. Unless payment of the applicable
maintenance fee is received in the United States Patent and Trademark Office on or before
the date the fee is due or within a grace period of six months thereafter, the patent will expire
as of the end of such grace period.

Patent Term Notice

If the application for this patent was filed on or after June 8, 1995, the term of this patent
begins on the date on which this patent issues and ends twenty years from the filing date of
the application or, if the application contains a specific reference to an earlier filed applica-
tion or applications under 35 U.s.C. 120, 121, 365(c), or 386(c), twenty years from the filing date
of the earliest such application (“the twenty-year term”), subject to the payment of mainte-
nance fees as provided by 35 u.s.c. 41(b), and any extension as provided by 35 u.s.c. 154(b) or
156 or any disclaimer under 35 U.s.c. 253.

If this application was filed prior to June 8, 1995, the term of this patent begins on the date
on which this patent issues and ends on the later of seventeen years from the date of the
grant of this patent or the twenty-year term set forth above for patents resulting from appli-
cations filed on or after June 8, 1995, subject to the payment of maintenance fees as provided
by 35 u.s.c. 41(b) and any extension as provided by 35 u.s.c. 156 or any disclaimer under
35 U.S.C. 253.
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PROCESS FOR PREPARATION OF
SUPERABSORBENT POLYMER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage application of PCT/
IB2021/051324, filed Feb. 17, 2021, which claims the
benefit of Indian Patent Application No. 202021007334 filed
Feb. 20, 2020, both of which are incorporated by reference
in their entirety herein.

FIELD OF INVENTION

The present invention relates to a process for preparation
of superabsorbent polymer with high fluid absorptivity. The
present invention also relates to a composition comprising
said superabsorbent polymer and their use for absorbing
aqueous fluids, for example in the agricultural industry.

BACKGROUND OF INVENTION

Superabsorbent polymers absorb water or fluids several
times their weight. Superabsorbent polymer(s) (SAP)
improve supply of water in the soil and therefore used in
agriculture. Various superabsorbent polymers are known in
the art. Such superabsorbent polymers may be made from
polyacrylamide copolymer, cross-linked carboxymethylcel-
lulose, polyvinyl alcohol copolymers, cross-linked polyeth-
ylene oxide, starch grafted copolymer of polyacrylonitrile
etc. The water absorbance of most superabsorbent polymers
has been known to decrease considerably in the presence of
salts. Soil incorporated superabsorbent polymers or those
that are mixed with fertilizers have been known to suffer
from decreased absorbance capacity due to the presence of
salts in the soil or fertilizer. Studies have been carried out to
study the effect of such salts such as those carried out by
Daniel C. Bowman, Richard Y. Evans, and J. L. Paul., J.
Amer. Soc. Hort. Sci. May 1990 115:382-386, Fertilizer
Salts Reduce Hydration of Polyacrylamide Gels and Affect
Physical Properties of Gel-amended Container Media. The
paper discusses the decrease in polymer absorption capacity
when mixed with salts. It was observed that soluble salts
dramatically affect absorption by hydrophilic polyacrylam-
ide gels.

Agriculture requires the use of many compounds to
ensure good yields and healthy crops. Most of the fertilizers
and nutrients added to the soil are salts that in some way
contribute to the improvement in the crops. Salts are also
naturally present in the soil, which also contribute to the
increased salinity of the soil. In drought prone areas and
areas where water management is essential, the salinity in
the soil is higher, as water required to wash these salts away
is scarce. In such soils, where water is scarce or where water
management is required or even where normal salts are
added to the soil, addition of superabsorbent polymers may
not result in the desired effect that is, increased water
availability. Salts in the environment around the superab-
sorbent polymer influence the performance capacity of the
polymer. The known preparation process for such super
absorbent polymers includes a process by reverse phase
suspension polymerization and a process by aqueous solu-
tion polymerization. U.S. Pat. No. 7,459,501 discloses and
claims a process for preparing SAP wherein SAP is prepared
by graft polymerizing a monomer on starch in the presence
of a thermal initiator like ammonium persulfate at 170° F.
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U.S. Pat. No. 8,507,607 discloses a continuous process for
graft polymerizing a carbohydrate with one o, B-unsaturated
carboxylic acid derivative in the presence of a catalyst
wherein the polymerization is thermally initiated polymer-
ization under substantially adiabatic conditions. WO2019/
011793 relates to a process for producing superabsorbent
polymer particles, comprising surface postcrosslinking,
classifying the surface postcrosslinked superabsorbent poly-
mer particles, deagglomerating the separated oversize frac-
tion using a roll crusher and recycling the disintegrated
oversize fraction before or into the classification of the
surface postcrosslinked superabsorbent polymer particles.

Thus, there is a need in the art for simple and industrially
viable process of preparing superabsorbent polymer in
granular form. Accordingly, the present invention provides a
feasible and economical route for preparation of superab-
sorbent polymer by overcoming the problem faced during
the preparation of SAP. Surprisingly it has been found that
the present invention provides super absorbent polymer with
desired properties specifically the particles of super absor-
bent polymer have high absorbance capacity and retention
properties for aqueous fluids.

SUMMARY OF THE INVENTION

In an aspect the present invention provides a process for
preparation of superabsorbent polymer.

It is another aspect of the present invention to provide an
efficient method for the production of a superabsorbent
polymer which shows increase in production capacity, is
simple, cost effective and environmental friendly technique.

It is another object of the present invention to provide a
superabsorbent polymer having a high water absorbing
capacity.

In another aspect the present invention provides a process
for preparation of superabsorbent polymer comprising graft
polymerizing a monomer on starch in presence of a redox
catalytic system.

In another aspect the present invention provides a process
for preparation of superabsorbent polymer comprising graft
polymerizing a monomer on starch in presence of a redox
catalytic system at room temperature.

In another aspect the present invention provides a process
for preparation of superabsorbent polymer comprising graft
polymerizing a monomer of acrylic acid compound on a
polysaccharide using a redox catalyst system comprising
ammonium persulfate, hydrogen peroxide and ascorbic acid.

In another aspect the present invention provides a process
for preparation of polysaccharide-g-poly (2-propenamide-
co-2-propenoic acid) or salts thereof.

In another aspect the present invention provides a process
for preparation of starch-g-poly (2-propenamide-co-2-pro-
penoic acid) or salts thereof.

In another aspect the present provides a method for
production of superabsorbent polymer comprising

a) graft polymerizing the monomer on the polysaccharide
surface in presence of a redox catalytic system and a
crosslinking agent to form a copolymer and

b) neutralizing the copolymer to obtain granulated super-
absorbent polymer.

In an aspect the present invention provides superabsor-
bent polymer having particle size for example in the range
of 7500 micron to 75 micron which is about 3 mesh to 200
mesh.

In an aspect the present invention provides superabsor-
bent polymer having water absorbance capacity in the range
of 200-2000 g/g.
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Typically, water absorbance capacity of superabsorbent
polymer can be measured by a method known in the art and
one such method is disclosed in H. Omidiana et al., Polymer
40 (1999) 1753-1761.

In another aspect the present invention provides starch
grafted poly acrylic acid/acrylamide having high water
absorbing capacity ranging from 500 g/g to 980 g/g prefer-
ably in the range of 650 g/g to 800 g/g.

In an aspect the present invention provides a composition
comprising at least one superabsorbent polymer produced by
the present invention.

In an aspect the present invention provides a composition
comprising at least one superabsorbent polymer of the
present invention and optionally at least one plant advanta-
geous additive.

In an aspect the present invention provides a multi-pack
agricultural product comprising:

i) a container comprising at least one superabsorbent
polymer of the present invention and optionally at least one
plant advantageous additive.

ii) an instruction manual instructing an user to administer
the content to a locus. In an aspect the present invention
provides a method of increasing the water absorption capac-
ity of a superabsorbent polymer, the method comprising
contacting the superabsorbent polymer produced by the
present invention with a plot of soil.

In another aspect the present invention provides a super-
absorbent polymer produced by the present method having
a water absorbance capacity ranging from 500 g/g to 980

g/g.

DETAILED DESCRIPTION OF THE
INVENTION

Within the context of this specification, each term or
phrase below will include the following meaning or mean-
ings:

For the purposes of the following detailed description, it
is to be understood that the invention may assume various
alternative variations and step sequences, except where
expressly specified to the contrary. Moreover, other than in
any operating examples, or where otherwise indicated, all
numbers expressing, for example, quantities of materials/
ingredients used in the specification are to be understood as
being modified in all instances by the term “about”.

Thus, before describing the present invention in detail, it
is to be understood that this invention is not limited to
particularly exemplified systems or process parameters that
may of course, vary. It is also to be understood that the
terminology used herein is for the purpose of describing
particular embodiments of the invention only and is not
intended to limit the scope of the invention in any manner.
The use of examples anywhere in this specification includ-
ing examples of any terms discussed herein is illustrative
only, and in no way limits the scope and meaning of the
invention or of any exemplified term. Likewise, the inven-
tion is not limited to various embodiments given in this
specification. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention pertains. In the case of conflict, the
present document, including definitions will control.

Those skilled in the art will recognize that the methods
and compositions disclosed herein may be practiced without
one or more of the specific details described, or with other
methods, components, materials, etc. In some cases, well-
known materials, components or method steps are not
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4

shown or described in detail. Furthermore, the described
method steps, compositions, etc., may be combined in any
suitable manner in one or more embodiments. It will also be
readily understood that the methods and compositions of the
embodiments as generally described herein could be
arranged and designed in a wide variety of different con-
figurations.

The order of the steps or actions of the methods described
in connection with the embodiments disclosed may be
changed as would be apparent to those skilled in the art.
Thus, any order in the detailed description is for illustrative
purposes only and is not meant to imply a required order.

It must be noted that, as used in this specification, the
singular forms “a,” “an” and “the” include plural referents
unless the content clearly dictates otherwise. The terms
“preferred” and “preferably” refer to embodiments of the
invention that may afford certain benefits, under certain
circumstances.

As used herein, the terms “comprising” “including,”
“having,” “containing,” “involving,” and the like are to be
understood to be open-ended, i.e., to mean including but not
limited to.

As used herein, the term “room temperature” refers to
temperatures for example from 15°-40° C., 15° C. to 30° C.,
and 15° C. to 24° C., 16° C. to 21° C., 20° C. to 30° C., 30°
C. to 35° C. Such temperatures may vary by +5 to =5° C.

The term “SAP” as used herein means superabsorbent
polymer.

The term “water absorption” as used herein means prop-
erty of absorbing water when superabsorbent polymer is
exposed to water. Water absorption capacity (WAC) consists
of adding water or an aqueous solution to material, followed
by sieving and quantification of the water retained by the
gelled material in the Sieve.

In any aspect or embodiment described hereinbelow, the
phrase comprising may be replaced by the phrases “consist-
ing of” or “consisting essentially of” or “consisting substan-
tially of” or “containing”. In these aspects or embodiment,
the combination or composition described includes or com-
prises or consists of or consists essentially of or consists
substantially of the specific components recited therein or
adjuvants or excipients not specifically recited therein. The
terms “‘superabsorbent polymer” or “SAP” or “polymer gel”
refer to water swellable polymers that can absorb water
many times their weight in an aqueous solution. Without
wishing to be bound by theory, the term superabsorbent
polymers also apply to polymers that absorb water as well as
de-sorb the absorbed water. The superabsorbent polymer
may be selected from but not limited to water-swellable or
water absorbing or water-retentive polymers such as cross-
linked polymers that swell without dissolving in the pres-
ence of water, and may, absorb at least 10, 100, 1000, or
more times their weight in water.

The term “a redox catalytic system” referred herein is a
catalytic system comprising ammonium persulfate, hydro-
gen peroxide and ascorbic acid.

In an aspect the present invention provides a method for
production of superabsorbent polymer.

In an aspect the present invention provides a process for
preparation of superabsorbent polymer comprising graft
polymerising a monomer of acrylic acid and a polysaccha-
ride in presence of a redox catalytic system.

In an embodiment, the process comprising graft polym-
erizing a monomer onto a starch to form a starch graft
copolymer, wherein the monomer comprising at least one O,
B-unsaturated nitrile or carboxylic acid derivative. Typically,
the monomer is selected from acrylic acid, acrylamide,
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methacrylamide, 2-acrylamido-2-methyl-propanesulfonic
acid, methacrylic acid, vinyl sulfonic acid, ethyl acrylate,
potassium acrylate, derivatives thereof or mixtures thereof.

The examples of monomers used in the invention include,
but not limited to, acrylic acid or methacrylic acid, acryl-
amide or methacrylamide, sulfonic acids, such as 2-acry-
lamido-2-methyl-propanesulfonic acid (AMPS), vinyl sulfo-
nic acid, acrylates, such as ethyl acrylate and potassium
acrylate.

In one embodiment the monomer is acrylic acid.

In another embodiment, the monomer is a mixture of
acrylic acid and acrylamide.

In alternative applications, acrylic acid may graft polym-
erize onto a starch or other polysaccharide without the
assistance of acrylamide.

In an embodiment, the polysaccharide is super absorbent
polymer.

In an embodiment, the super absorbent polymer is starch
based super absorbent polymer.

In one embodiment, the superabsorbent polymer is
Zeba™.

In an embodiment, the polysaccharide is starch.

The starch used in the above-described method include
starches, flours, and meals. For example the starches include
native starches (e.g., corn starch (Pure Food Powder, manu-
factured by A.E. Staley), waxy maize starch (Waxy 7350,
manufactured by A. E. Staley), wheat starch (Midsol 50,
manufactured by Midwest Grain Products), potato starch
(Avebe, manufactured by A. E. Staley)), dextrin starches
(e.g., Stadex 9, manufactured by A. E. Staley), dextran
starches (e.g., Grade 2P, manufactured by Pharmachem
Corp.), corn meal, peeled yucca root, unpeeled yucca root,
oat flour, banana flour, and tapioca flour. The starch may be
gelatinized to provide optimal absorbency. An exemplary
starch is gelatinized corn starch. Furthermore, according to
one embodiment, the mole ratio of the starch to the mono-
mer is in the range of between about 1:1 and about 1:7.

In alternative embodiments, other polysaccharides, such
as cellulose, may be used instead of starch. Accordingly, the
monomers heretofore described may be graft polymerized
onto cellulose for purposes of agricultural applications.

In an embodiment, the redox catalyst system may com-
prise initiators for example cerium (+4) salts, such as ceric
ammonium nitrate; ammonium persulfate; sodium persul-
fate; potassium persulfate; ferrous peroxide; ferrous ammo-
nium sulfate-hydrogen peroxide; L-ascorbic acid; and potas-
sium permanganate-ascorbic acid. Other suitable initiators
known to those skilled in the art may be used, such as
alternative persulfates and peroxides, as well as vanadium,
manganese, etc. The amount of initiator used may vary
based on the chosen initiator, the selected monomer, and the
chosen starch. The initiator may be added in a single or
multiple steps at room temperature.

In one embodiment the process for preparing superabsor-
bent polymer comprising graft polymerizing a monomer
onto a starch in the presence a redox catalytic system to form
the starch graft copolymer at room temperature.

In another embodiment the process for preparing super-
absorbent polymer comprising the steps of

a) graft polymerizing a monomer onto a starch in the
presence a redox catalytic system to form the starch graft
copolymer;

b) neutralizing starch graft copolymer and

¢) isolating granular super absorbent polymer.

In one embodiment the monomer is graft polymerized
onto a starch in the presence of a redox catalytic system at
room temperature.
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The process of graft polymerization further comprises a
crosslinking agent.

The examples of cross-linking agents include: glycerides;
diepoxides; diglycidyls; cyclohexadiamide; methylene bis-
acrylamide; bis-hydroxyalkylamides, such as bis-hydroxy-
propyl adipamide; formaldehydes, such as urea-formalde-
hyde and melamine-formaldehyde resins; isocyanates
including di- or tri-isocyanates; epoxy resins, typically in the
presence of a base catalyst; and derivatives and mixtures
thereof.

In an aspect the present invention provides a process for
preparation of superabsorbent polymer comprising graft
polymerising a monomer of acrylic acid and a polysaccha-
ride in presence of a redox catalytic system and cross-
linking agent at room temperature.

In an embodiment the redox catalytic system comprising
ammonium persulfate, hydrogen peroxide and ascorbic acid.

In an embodiment the cross-linking agent is methylene
bis-acrylamide.

In an embodiment, the process for preparation of super-
absorbent polymer is a batch process or continuous process.

Advantageously, the catalytic system used in the process
aids to achieve polymerization at room temperature and
provide the product with better water absorbance capacity
and strength.

Another advantage associated with present invention is
that utilities required for the heating and cooling for ther-
mally initiated catalytic system is totally avoided which
results in cost reduction of the process at commercial scale.

In an embodiment once a starch graft copolymer is
formed, the pH of the starch graft copolymer may be
adjusted to a desired value for the particular agricultural
application. Alternative pH values may be desirable depend-
ing upon the type of soil and the type of crop the resulting
SAPs will be applied to. The resulting pH for most agricul-
tural applications typically will range from about 6.0 to
about 8.0, preferably 7.0.

In an embodiment, the neutralization of the starch graft
copolymer is performed using potassium hydroxide, potas-
sium methoxide, or a mixture thereof.

In one embodiment, after neutralizing, the starch graft
copolymer may then be isolated. In one exemplary method
the neutralized dough of the polymer coming out is washed
with solvent for example alcohol to obtain granulated prod-
uct.

In one exemplary method the neutralized dough of the
polymer coming out is granulated by mixing with solvent for
example methanol in twin screw reactor in a continuous
manner to obtain granules of SAP product.

For example, the SAP product may have a particle size of
less than about 200 mesh. The desirable particle size may
depend on the specific agricultural application intended. In
one embodiment for agricultural applications that deposit
the starch graft copolymer directly into the soil, the particle
size may be less than 50 mesh, more particularly between
about 5 mesh and 50 mesh, or between about 5 mesh and 25
mesh, or between about 8 mesh and about 25 mesh.

In another aspect the present invention provides a method
of increasing the water absorption capacity of a superabsor-
bent polymer, the method comprising contacting the super-
absorbent polymer produced by the present invention with a
plot of soil. Typically, the super absorbent polymer product
may be mixed with a solvent, such as water, to form a slurry.
The resulting slurry may be applied to an agricultural
medium such as a plant, root, seed, seedling, or directly to
soil into which one of a plant, root, seed, or seedling will be
planted.
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In an embodiment a fertilizer or micronutrient may be
added to the SAP product. The agricultural application of
SAPs made by the above-described methods may result in
earlier seed germination and/or blooming, decreased irriga-
tion requirements, increased propagation, increased crop
growth, increased crop production, and decreased soil crust-
ing. Thus SAPs made by the methods disclosed herein are
desirable for forming and using a SAP in large-scale agri-
cultural applications.

The advantage of present invention further lies is retain-
ing the desired water absorption properties without subject-
ing to plasticizing conditions.

It will be understood that the specification and examples
are illustrative but not limitative of the present invention and
that other embodiments within the spirit and scope of the
invention will suggest themselves to those skilled in the art.
Other embodiments can be practiced that are also within the
scope of the present invention. The following examples
illustrate the invention, but by no means intend to limit the
scope of the claims.

EXAMPLE 1

Batch Process

Starch (82 g) was taken in water (700 g) in a homogenizer
for 1 hour. The resultant mass was then transferred to a
reaction kettle. The reaction mixture was stirred at 25-30° C.
and Acrylic acid (82 g, 100%) was added, followed by a
mixture of Acrylamide (41 g) and methylene bis acrylamide
(200 mg) and ammonium persulfate (200 mg). To the
reaction mixture hydrogen peroxide (160 mg) and Ascorbic
acid solution (100 mg in 3 ml water) was added. The thick
mass was stirred for 1 hr and then neutralized with potas-
sium hydroxide solution to pH 7.2. The dough was washed
by stirring with methanol (3.0 kg) to afford granulated
product.

Weight-260 g, yield-97% with moisture content 6-7%

Water absorbing Capacity: 562 g/g

EXAMPLE 2

Continuous Process

Starch (82 g) was taken in water (700 g) in a homogenizer
for 1 hour. To this resultant mass acrylic acid (82 g) was
added followed by addition of Acrylamide (41 g) and
methylene bis acrylamide (200 mg) and ammonium persul-
fate (200 mg) and hydrogen peroxide (160 mg). This mix-
ture was introduced into a continuous twin screw reactor at
the rate of 38.1 ml/min at 25° C. Through another port a
solution of ascorbic acid (0.0031M) with a feed rate of 10
ml/min was introduced simultaneously to the reactor. The
material coming out of the reactor was neutralized progres-
sively in the neutralization chamber where a solution of
potassium hydroxide is fed at a rate of 7 ml/min. The
neutralized dough coming out is then granulated by mixing
with methanol in another twin-screw reactor in continuous
manner.

Weight-260 g/h, yield-97% with moisture content 6-7%

Water absorbing Capacity: 540 g/g

EXAMPLE 3

82 g starch was taken in 700 g water in a homogenizer for
1 hr. The resultant mass was then transferred to reactor fitted
with ribbon paddle blades. The reaction mixture was stirred
at 25-30° C. and 82 g (100%) of Acrylic acid was added,
followed by a mixture of 41 g Acrylamide and 200 mg
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methylene bis acrylamide and 200 mg ammonium persul-

fate. Then 160 mg of hydrogen peroxide was added. 100 mg

(in 3 ml water) Ascorbic acid solution was added. The thick

mass was stirred for 1-1.5 hr and then neutralized with KOH

solution to pH 7.2. The dough was washed by stirring with

methanol (3.0 kg) to afford granulated product.
Weight-200 g, yield-74% with moisture content 6-7%
Water absorbing Capacity: 445 g/g

EXAMPLE 4

Reaction in the absence of ascorbic acid.

82 g starch was taken in 700 g water in a homogenizer for
1 hr. The resultant mass was the transferred to reaction kettle
fitted with Teflon coated blade. The reaction mixture was
stirred at 25-30° C. and 82 g (100%) of acrylic acid was
added, followed by addition of mixture of 41 g acrylamide
and 100 mg methylene bis acrylamide and 200 mg ammo-
nium persulfate. Then 160 mg of Hydrogen peroxide was
added and stirred for 2 hours. No polymerization occurred
even after 2 hrs

EXAMPLE 5

82 g starch was taken in 700 g water in a homogenizer for
1 hr. The resultant mass was then transferred to reaction
kettle. The reaction mixture was stirred and 82 g (100%) of
Acrylic acid was added, followed by addition of a mixture
of 41 g Acrylamide and 50 mg methylene bis acrylamide and
200 mg ammonium persulfate. Then 160 mg of hydrogen
peroxide was added under stirring 100 mg (in 3 ml water)
ascorbic acid solution. The thick mass was stirred for 1 hr
and then neutralized with KOH solution to pH 7.2. The
dough was washed with methanol (3.0) kg to afford granu-
lated product.

Weight: 240 g (Yield-92%) with Moisture content 6-7%

Water absorbing Capacity: 265 g/g

EXAMPLE 6

82 g starch was taken in 700 g water in a homogenizer for
1 hr. The resultant mass was then transferred to reaction
kettle. The reaction mixture was stirred and 82 g of Acrylic
acid was added, followed by a mixture of 41 g Acrylamide
and 100 mg methylene Bis acrylamide and 200 mg ammo-
nium persulfate. Then 160 mg of hydrogen peroxide was
added under stirring. 100 mg (in 3 ml water) Ascorbic acid
solution was added. The thick mass was stirred for 1 hr and
then neutralized with KOH solution to pH 7.2. The dough
was washed with methanol (3.0 kg) to afford granulated
product.

Weight: 256 g with moisture content 6-7%

Water absorbing Capacity: 780 g/g

EXAMPLE 7

82 g starch was taken in 700 g water in a homogenizer for
1 hr. The resultant mass was then transferred to reaction
kettle. The reaction mixture was stirred at 25-30° C. and 82
g of acrylic acid was added, followed by a mixture of 41 g
acrylamide and 100 mg methylene bis acrylamide and 240
mg AIBA (2,2'-Azobis(2-methylpropionamidine) dihydro-
chloride). This is followed by addition of 160 mg of hydro-
gen peroxide under stirring. 100 mg (in 3 ml) water ascorbic
acid solution was added. The thick mass was stirred for 1 hr
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and then neutralized with KOH solution until pH 7.2. The
dough was washed with methanol (3.0 kg) to afford granu-
lated product.
Weight 259 g (Yield >98%) with moisture content 6-7%
Water absorbing Capacity: 700 g/g.

EXAMPLE 8

Continuous Process

1207 g starch was taken in 11666 g water in a homog-
enizer for 1 hr. To this resultant mass was added 1839 g of
acrylic acid followed by 7.67 gm tetra ethylene glycol
diacrylate, 0.345 gm AIBA (2,2'-Azobis(2-methylpropiona-
midine) dihydrochloride) and 0.16 gm hydrogen peroxide.
This mixture was introduced into a continuous twin screw
reactor at the rate of 38.1 ml/min at 30-32° C. Through
another port was introduced simultaneously a solution of
ascorbic acid (3.658 gm dissolved in 5 litre water) with a
feed rate of 10 ml/min. Reactor kept under inert atmosphere
with slow bubbling of Nitrogen. The material coming out of
the reactor was neutralized progressively in the next neu-
tralization chamber where a 22.5% solution of potassium
hydroxide is fed at a rate of 7 ml/min.

The neutralized dough coming out is then granulated by
mixing with methanol in another twin-screw reactor in
continuous manner and dried.

Weight-520 g/h, yield-95% with moisture content 5-7%.

Water absorbing Capacity (WAC): 540 g/g.

We claim:

1. A method for producing a superabsorbent polymer
comprising:

a) graft polymerizing a monomer on a polysaccharide
surface in the presence of a redox catalytic system to
form a copolymer; and,

b) neutralizing the copolymer to obtain a granulated
superabsorbent polymer;
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wherein said redox catalyst system comprises cerium (+4)
salts with at least one selected from the group consist-
ing of: ceric ammonium nitrate; ammonium persulfate;
sodium persulfate; potassium persulfate; ferrous per-
oxide; ferrous ammonium sulfate-hydrogen peroxide;
L-ascorbic acid, and potassium permanganate-ascorbic
acid;

wherein said monomer is at least one selected from the

group of: acrylamide; methacrylamide; 2-acrylamido-
2-methylpropanesulfonic acid; methacrylic acid; vinyl
sulfonic acid; ethyl acrylate; and, potassium acrylate,
and

wherein said graft polymerization is carried out at room

temperature.

2. The method as claimed in claim 1, wherein said
superabsorbent polymer is starch-g-poly (2-propenamide-
co-2-propenoic acid) or a salt thereof.

3. The method as claimed in claim 1, wherein said graft
polymerization further comprises a crosslinking agent.

4. The method as claimed in claim 3, wherein said
crosslinking agent is at least one agent selected from the
group of: glycerides; diepoxides; diglycidyls; cyclohexadi-
amide; methylene bis-acrylamide; bis-hydroxyalkylamides;
formaldehydes; isocyanates; and epoxy resins.

5. The method as claimed in claim 1, wherein said method
is performed in a continuous or a batch process.

6. The method as claimed in claim 1, wherein said
superabsorbent polymer has a water absorbance capacity in
the range of 500 g/g to 900 g/g.

7. A method of increasing water absorption capacity of a
superabsorbent polymer, comprising:

producing the superabsorbent polymer by graft polymer-

izing a monomer onto a starch in the presence a redox
catalytic system at room temperature.

goooao
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