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POLYMER-BORIC ACID COMPOSITIONS

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention is broadly concerned with aqueous liquid compositions containing
anionic polymert(s), boron compound(s), and boron compound dispersant(s) or solvent(s), having
relatively high, heretofore unattainable contents of non-precipitating boron compound(s). More
particularly, the invention is concerned with such compositions preferably having one or more
polymers including relatively high fractions of dicarboxyl repeat units, boric acid, and polyol or

alpha-hydroxy acid dispersants or solvents, which find particular utility in agricultural contexts.

Description of the Prior Art

For a number of years, Specialty Fertilizer Products, LLC of Leawood, Kansas, has
commercialized a series of aqueous dispersions of maleic-itaconic copolymers in partial salt
form. These products include AV AIL® for use with granular and liquid fertilizers (respectively
the partial sodium and ammonium salts), and NUTRISPHERE-N® for use with granular and
liquid fertilizers (the partial calcium salt). For example, such products may be sprayed or
otherwise applied to the surface of solid fertilizers, such as urea, ammonium salts,
monoammoniuvm phosphate (MAP), diammonium phosphate (DAP), and gypsum, or mixed with
liquid fertilizers, such as UAN and ammonium polyphosphate.

These prior products have been shown to have a number of outstanding agricultural
properties, including the ability to enhance the uptake of fertilizer nutrients (e.g., phosphates,
nitrogen, potassium, and micronutrients), to act as adjuvants for pesticides such as glyphosate
herbicides, and, when supplemented with an organic drying agent, to very quickly dry when
applied to solid fertilizers, thereby facilitating production of final coated solid fertilizer products.
Moreover, the preferred copolymers have been shown to have enhanced activity when
fertilizer formulations containing both the calcium and sodium copolymer partial salts are

employed(U.S.
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Patent Publication No. 2009-0217723). This technology is also described in U.S. Patents Nos.
6,515,090, 7,655,597, 7,736,412, and 8,043,995, and related patents.

It is also known that boron compounds, and especially boric acid, can be added to the
maleic-itaconic copolymers described above to obtain beneficial agricultural results when mixed
with or applied to solid nitrogenous fertilizers, such as granular urea, and liquid fertilizers, such
as UAN. Spccifically, the presence of boron compounds provides enhanced performance,
especially in the prevention of loss of nitrogen from such nitrogen-containing fertilizers. U.S.
Patent No. 8,025,709 teaches that boric acid at a level of from about 0.5-5% can be used to
supplement the maleic-itaconic copolymers, particularly when used with bimodal polyvinyl
alcohols.

However, it has been found that the use ot boron compounds such as boric acid is limited
in that these compounds are difficult to maintain in dispersion or solution with desirable
polyanionic polymers. Hence, while the advantages of relatively high boron compound loadings
with polyanionic polymers are well known, there has heretofore been no way to maintain these
compounds in effective dispersion or solution, particularly during long-term storage or under
adverse (especially cold) storage conditions.

Boric acid solubility has been enhanced by the use of alcohols, usually methanol, in
certain compositions. However, alcohols present problems associated with handling, toxicity,
and flammability, and furthermore do not increase boric acid solubility to desirable levels.

Accordingly, there is a need in the art for improved aqueous anionic polymer
compositions containing boron compounds, such as boric acid, at high levels, and without the
use of methanol, and which maintain the boron compounds in effective dispersion or solution

over relatively long storage times and adverse storage conditions.

SUMMARY OF THE INVENTION
The present invention overcomes the problems outlined above, and provides improved
aqucous polymeric liquid compositions which arc especially designed foruse with solid or liquid
fertilizers in order to enhance plant uptake of fertilizer nutrients and/or to minimize the loss of
nitrogen from nitrogenous fertilizers. Generally speaking, the liquid compositions of the
invention comprise a quantity of a polyanionic polymer, a quantity of a boron compound, and a
quantity of a boron compound dispersant or solvent which is compatible with the particular

fertilizers to be treated with the liquid compositions, and selected from the group consisting of:
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(1) saturated aliphatic diols, glycols, and mixtures thereof which are essentially free of
carbon-carbon double bonds; (2) saturated compounds having three or more hydroxyl groups and
which are essentially free of carbon-carbon double bonds; (3) aliphatic alpha-hydroxy acids
essentially free of carbon-carbon double bonds and ring structures; (4) saturated compounds
having three or more hydroxyl groups which are essentially free of carbon-carbon double bonds
and have a carbon atom/hydroxyl group mole ratio of from about 1.8:1 - 2.5:1; and (5) mixtures
of the foregoing. The polyanionic polymer, boron compound, and boron compound dispersant
or solvent, are in aqueous dispersion or solution, and are operable to maintain the boron
compound content thereof in quiescent stable dispersion or solution for a period of at least about
72 hours, more preferably at least about 30 days, at ambient temperature without stirring or
mixing.

As used herein, “compatible with the particular fertilizers to be treated with the liquid
compositions™ refers to the fact that certain of the defined boron compound dispersants or solids,
and especially the alpha-hydroxy acids, may react with and adversely affect some solid (e.g.,
granular) fertilizers. For example, use of alpha-hydroxy acid boron solvents or dispersants as a
part of compositions to be applied to granular nitrogen-containing fertilizers may degrade the
fertilizers. This problem can be avoided by minimizing the use of such alpha-hydroxy acid
components to levels which will not adversely affect the fertilizer, or by eliminating their use
altogether, and instead employing the other types of boron compound solvents or dispersants set
forth above. Stated otherwise, “compatible” compositions in accordance with the invention will
not materially degrade or adversely react with the particular fertilizer in question, to the point that
the fertilizer/composition product is not useful for its intended purpose.

The anionic polymer may include one or a number of different polymers, but preferably
contain at least about 10%, more preferably at least about 25%, anionic groups by mole fraction,
which are capable of reacting with multivalent metal cations. Advantageously, the anionic
groups are predominantly carboxylic groups, and are present through use of dicarboxylic repeat
units in the polymers. Thus, a widc varicty of anionic polymers can be used, but it has been
found that three particular classes of polymers, Classes I, IA, and Il defined herein, are especially
useful.

The boron compounds include boric acid in all forms thereof, as well as borates and
polyborates which are generally the salts of oxyacids of boron. One or a plurality of boron

compounds may be used in the compositions.
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The preferred boron compound dispersants or solvents are selected from the group
consisting of propanediols, butanediols, glycols, C2-C10 compounds having three or more
hydroxyl groups, lactic acid, glycolic acid, and saturated compounds having three or more
hydroxyl groups which are essentially free of carbon-carbon double bonds and have a carbon
atom/hydroxyl group mole ratio of from about 1.8:1 - 2.5:1, and mixtures thereof. As used
herein, “dispersion” or “dispersant” is intended to embrace all types of aqucous systems where
solids or liquids are mixed with water, such as suspensions, colloids, sols, solutions, and
emulsions.

The compositions preferably include water, anionic polymer(s) at alevel of from about 15-
60% by weight, more preferably from about 25-45% by weight; boron compound(s) at a level of
from about 2.5-7.5% by weight, more preferably from about 3-5% by weight, and most preferably
about 3-4% by weight; and boron dispersant(s) or solvent(s) at a level of from about 5-50% by
weight, more preferably from about 15-40% by weight, all of the weight percentages based upon
the total weight of the composition taken as 100% by weight. The compositions are generally
acidic, and have a pH of up to about 7, more preferably up to about 6. Although not wishing to
be bound by any theory of action or utility, it is believe that the presence of the boron compound
dispersants or solvents aids in the plant uptake of boron in the soil, and largely overcomes the
inherent buffering capacity of carbonates in the soil.

It will further be appreciated that other ingredients may be used with the compositions of
the invention. For example, dyes of various colors may be used which may serve as useful visual
indicators that given volumes of fertilizers have been treated with the compositions.

The compositions of the invention may be used by application thereof to the soil adjacent

growing plants or seeds, or by foliar application directly onto growing plants.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The compositions of the invention are aqueous mixtures comprising one or more selected
polyanionic polymoers, especially polycarboxylic polymers, onc or more boron compounds, and
one or more boron compound dispersants or solvents, all described below. The compositions of
the invention are at least stable dispersions, i.c., polymer systems where individual polymers as
a discontinuous phase are dispersed in a continuous aqueous phase. More preferably, the
compositions of the invention are solutions where individual polymers are solvated in the liquid

phase of the compositions. The compositions are also characterized by maintaining the boron
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compound content thereof in stable dispersion or solution over a period of at least about 72 hours
at ambient temperature without stirring, and more preferably at least about 30 days. Substantial
maintenance of the stable dispersion or solution refers to the fact that at least about 95% by
weight, and more preferably at least about 98% by weight, of the boron compound content of the

compositions stays in dispersion/solution without precipitation.

The Polyanionic Polymers

Generally speaking, the polymers of the invention should have a molecular weight of about
500-5,000,000, more preferably from about 1500-50,000, and contain at least three and preferably
more repeat units per molecule (preferably from about 10-500). Moreover, the partial or complete
salts of the polymers should be water dispersible and preferably water soluble, i.c., they should
be dispersible or soluble in pure water to a level of at least about 5% w/w at room temperature
with mild agitation.

Advantageously, atleast about 50% (by mole) of repeat units contain at least 1 carboxylate
group. These species also are typically capable of forming stable solutions in pure water up to at
least about 20% w/w solids at room temperature.

To summarize, the preferred polymers of the invention have the following characteristics:

. The polymers should be dispersible and more preferably fully soluble in water.

. The polymers should have a significant number of anionic functional groups,
preferably at least about 90 mole percent by weight, more preferably at least about 96 mole
percent by weight, and most preferably the polymers are essentially free of non-anionic functional
groups.

. The polymers are stable thermally and chemically for convenient use.

. The polymers should be essentially free of ester groups, 1.¢., no more than about
5 mole percent thereof, and most preferably no more than about 1 mole percent.

. The polymers should have only a minimum number of amide-containing repeat
units, preferably no morc than about 10 mole percent thercof, and more preferably no morc than
about 5 mole percent.

. The polymers should have only a minimum number of monocarboxylate repeat
units, preferably no more than about 10 mole percent thereof, and more preferably no more than

about 5 mole percent.
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The ensuing detailed description of preferred polymers makes use of the art-accepted term
“repeat units” to identify the moieties in the polymers. As used herein, “repeat unit” refers to
chemically converted forms (including isomers and enantiomers) of initially chemically complete
monomer molecules, where such repeat units are created during polymerization reactions, with
the repeat units bonding with other repeat units to form a polymer chain. Thus, a type B monomer
will be converted to a type B repeat unit, and type C and type G monomers will be converted type
C and G repeat units, respectively. For example, the type B maleic acid monomer will be
chemically converted owing to polymerization conditions to the corresponding type B maleic acid

repeat unit, as follows:

HOLC CoH
OH HO

mialeic acid il et seid repeat wt
Different monomers within a given polymerization mixture are converted to corresponding repeat
units, which bond to each other in various ways depending upon the nature of the repeat groups
and the polymerization reaction conditions, to create the final polymer chain, apart from end
groups.
In carrying out the invention, it has been determined that certain specific families or
classes of polymers are particularly suitable. These are described below as “Class I,” “Class 1A,”

and “Class II” polymers. Of course, mixtures of these polymer classes are also contemplated.

Class I Polymers

The Class I polyanionic polymers of the present invention arce at least tetrapolymers, i.c.,
they are composed of at least four different repeat units individually and independently selected
from the group consisting of type B, type C, and type G repeat units, and mixtures thereof,
described in detail below. Howover, the Class [ polymers comprehend polymers having more than
four distinct repeat units, with the excess repeat units being selected from the group consisting of
type B, type C, and type G repeat units, and mixtures thereof, as well as other monomers or repeat
units not being type B, C, or G repeat units.

Preferred Class I polymers contain at least one repeat unit from each of the B, C, and G

types, one other repeat unit selected from the group consisting of type B, type C, and type G repeat
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units, and optionally other repeat units not selected from type B, type C, and type G repeat units.
Particularly preferred polymers comprise a single type B repeat unit, a single type C repeat unit,
and two different type G repeat units, or two different type B repeat units, a single type C repeat
unit, and one or more different type G repeat units.

However constituted, preferred Class I polymers contain at least about 90 mole percent
(more preferably at least about 96 mole percent) of repeat units selected from the group consisting
of type B, C, and G repeat units (i.e., the polymers should contain no more than about 10 mole
percent (preferably no more than about 4 mole percent) of repeat units not selected from types B,
C, and G).

The Class I polymers are easily converted to partial or fully saturated salts by a simple
reaction with an appropriate salt-forming cation compound. Usable cations can be simple cations
such as sodium, but more complex cations can also be used, such as cations containing a metal
atom and other atom(s) as well, e.g., vanadyl cations. Among preferred metal cations are those
derived from alkali, alkaline earth, and transition metals. The cations may also be amines (as used
herein, "amines” refers to primary, seccondary, or tertiary amines, monoamines, diamines, and
triamines, as well as ammonia, ammonium ions, quaternary amines, quaternary ammonium ions,
alkanolamines (e.g., ethanolamine, diethanolamine, and triethanolamine), and
tetraalkylammonium species). The most preferred class of amines are alkyl amines, where the
alkyl group(s) have from 1-30 carbon atoms and are of straight or branched chain configuration.
Such amines should be essentially free of aromatic rings (no more than about 5 mole percent
aromatic rings, and more preferably no more than about 1 mole percent thereof). A particularly
suitable alkyl amine is isopropylamine. These possible secondary cations should be reacted with
no more than about 10 mole percent of the repeat units of the polymer.

1. Type B Repeat Units

Type B repeat units are dicarboxylate repeat units derived from monomers of maleic acid
and/or anhydride, fumaric acid and/or anhydride, mesaconic acid and/or anhydride, substituted
maleic acid and/or anhydride, substituted fumaric acid and/or anhydride, substituted mesaconic
acid and/or anhydride, mixtures of the foregoing, and any isomers, esters, acid chlorides, and
partial or complete salts of any of the foregoing. As used herein with respect to the type B repeat
units, "substituted" species refers to alkyl substituents (preferably C1-C6 straight or branched
chain alkyl groups substantially free of ring structures), and halo substituents (i.e., no more than

about 5 mole percent of either ring structures or halo substituents, preferably no more than about



10

15

20

30

CA 02923561 2016-03-07

WO 2015/035031 PCT/US2014/054069

8

1 mole percent of either); the substituents are normally bound to one of the carbons of a
carbon-carbon double bond of the monomer(s) employed. In preferred forms, the total amount
of type B repeat units in the Class I polymers of the invention should range from about 1-70 mole
percent, more preferably from about 20-65 mole percent, and most preferably from about 35-55
mole percent, where the total amount of all of the repeat units in the Class I polymer is taken as
100 mole percent.

Maleic acid, methylmaleic acid, maleic anhydride, methylmaleic anhydride, and mesaconic
acid (either alone or as various mixtures) are the most preferred monomers for generation of type
B repeat units. Those skilled in the art will appreciate the usefulness of in situ conversion of acid
anhydrides to acids in a reaction vessel just before or even during a reaction. However, it is also
understood that when corresponding esters (e.g., maleic or citraconic esters) are used as monomers
during the initial polymerization, this should be followed by hydrolysis (acid or base) of pendant
ester groups to generate a final carboxylated polymer substantially free of ester groups.

2. Type C Repeat Units

Type C repeat units are derived from monomers of itaconic acid and/or anhydride,
substituted itaconic acid and/or anhydride, as well as isomers, esters, acid chlorides, and partial
or complete salts of any of the foregoing. The type C repeat units are present in the preferred
Class I polymers of the invention at a level of from about 1-80 mole percent, more preferably from
about 15-75 mole percent, and most preferably from about 20-55 mole percent, where the total
amount of all of the repeat units in the polymer is taken as 100 mole percent.

The itaconic acid monomer used to form type C repeat unit has one carboxyl group, which
is not directly attached to the unsaturated carbon-carbon double bond used in the polymerization
of the monomer. Hence, the preferred type C repeat unit has one carboxyl group directly bound
to the polymer backbone, and another carboxyl group spaced by a carbon atom from the polymer
backbone. The definitions and discussion relating to "substituted," "salt," and useful salt-forming
cations (metals, amines, and mixtures thereof) with respect to the type C repeat units, are the same
as thosc sct forth for the type B ropeat units.

Unsubstituted itaconic acid and itaconic anhydride, either alone or in various mixtures, are
the most preferred monomers for generation of type C repeat units. Again, if itaconic anhydride
is used as a starting monomer, it is normally useful to convert the itaconic anhydride monomer

to the acid form in a reaction vessel just before or even during the polymerization reaction. Any
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remaining ester groups in the polymer are normally hydrolyzed, so that the final carboxylated
polymer is substantially free of ester groups.

3. Type G Repeat Units

Type G repeat units are derived from substituted or unsubstituted sulfonate-bearing
monomers possessing at least one carbon-carbon double bond and at least one sulfonate group,
in acid, partial or complete salt, or other form, and which are substantially free of aromatic rings
and amide groups (i.e., no more than about 5 mole percent of either aromatic rings or amide
groups, preferably no more than about 1 mole percent of either). The type G repeat units are
preferably selected from the group consisting of C1-C& straight or branched chain alkenyl
sulfonates, substituted forms thereof, and any isomers or salts of any of the foregoing; especially
preferred are alkenyl sulfonates selected from the group consisting of vinyl, allyl, and
methallylsulfonic acids or salts. The total amount of type G repeat units in the Class I polymers
of the invention should range from about 0.1-65 mole percent, more preferably from about 1-35
mole percent, and most preferably from about 1-25 mole percent, where the total amount of all
of the repeat units in the Class I polymer is taken as 100 mole percent. The definitions and
discussion relating to "substituted," "salt," and useful salt-forming cations (metals, amines, and
mixtures thereof) with respect to the type G repeat units, are the same as those set forth for the
type B repeat units.

Vinylsulfonic acid, allylsulfonic acid, and methallylsulfonic acid, either alone or in various
mixtures, are deemed to be the most preferred monomers for generation of type G repeat units.
It has also been found that alkali metal salts of these acids are also highly useful as monomers.
In this connection, it was unexpectedly discovered that during polymerization reactions yielding
the novel polymers of the invention, the presence of mixtures of alkali metal salts of these

monomers with acid forms thereof does not inhibit completion of the polymerization reaction.

Further Preferred Characteristics of the Class I Polymers

As noted previously, the total abundance of type B, C, and G repeat units in the Class |
polymers of the invention is preferably at least about 90 mole percent, more preferably at least
about 96 mole percent, and most preferably the polymers consist essentially of or are 100 mole
percent B, C, and G-type repeat units. It will be understood that the relative amounts and
identities of polymer repeat units can be varied, depending upon the specific properties desired

in the resultant polymers. Moreover, it is preferred that the Class I polymers of the invention
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contain no more than about 10 mole percent of any of (i) non-carboxylate olefin repeat units, (ii)
ether repeat units, (iii) ester repeat units, (iv) non-sulfonated monocarboxylic repeat units, and (v)
amide-containing repeat units. “Non-carboxylate” and “non-sulfonated” refers to repeat units
having essentially no carboxylate groups or sulfonate groups in the corresponding repeat units,
namely less that about 55 by weight in the repeat units. Advantageously, the mole ratio of the type
B and type C repeat units in combination to the type G repeat units (that is, the mole ratio of (B
+ C)/G) should be from about 0.5 - 20:1, more preferably from about 2:1 - 20:1, and still more
preferably from about 2.5:1 - 10:1. Still further, the polymers should be essentially free (e.g., less
than about 1 mole percent) of alkyloxylates or alkylene oxide (e.g., ethylene oxide)-containing
repeat units, and most desirably entirely free thereof.

The preferred Class [ polymers of the invention have the repeat units thereof randomly
located along the polymer chain without any ordered sequence of repeat units. Thus, the polymers
hereof are not, e.g., alternating with different repeat units in a defined sequence along the polymer
chain.

It has also been determined that the preferred Class 1 polymers of the invention should
have a very high percentage of the repeat units thereof bearing at least one anionic group, e.g., at
least about 80 mole percent, more preferably at least about 90 mole percent, and most preferably
at least about 95 mole percent. It will be appreciated that the B and C repeat units have two
anionic groups per repeat unit, whereas the preferred sulfonate repeat units have one anionic group
per repeat unit.

For a variety of applications, certain tetrapolymer compositions are preferred, i.e., a
preferred polymer backbone composition range (by mole percent, using the parent monomer
names of the corresponding repeat units) is: maleic acid 35-50%; itaconic acid 20-55%;
methallylsulfonic acid 1-25%; and allylsulfonic sulfonic acid 1-20%, where the total amount of
all of the repeat units in the polymer is taken as 100 mole percent. It has also been found that even
small amounts of repeat units, which are neither B nor C repeat units, can significantly impact the
propertics of the final polymers, as comparcd with prior BC polymers. Thus, even 1 mole percent
of each of 2 different G repeat units can result in a tetrapolymer exhibiting drastically different
behaviors, as compared with BC polymers.

The molecular weight of the polymers is also highly variable, again depending principally
upon the desired properties. Generally, the molecular weight distribution for polymers in

accordance with the invention is conveniently measured by size exclusion chromatography.
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Broadly, the molecular weight of the polymers ranges from about 800-50,000, and more
preferably from about 1000-5000. For some applications, it is advantageous that at least 90% of
the finished polymer be at or above a molecular weight of about 1000 measured by size exclusion
chromatography in 0.1 M sodium nitrate solution via refractive index detection at 35°C using
polyethylene glycol standards. Of course, other techniques for such measurement can also be
cmployed.

Especially preferred Class I polymers are synthesized as partial sodium salts and include
the following repeat units: maleic — from about 20-55 mole percent, more preferably from about
25-50 mole percent, and most preferably from about 30-45 mole percent; itaconic — from about
35-65 mole percent, more preferably from about 40-60 mole percent, and most preferably about
50 mole percent; total sulfonated — from about 2-40 mole percent, more preferably from about 3-
25 mole percent, and most preferably from about 5-20 mole percent. The total sulfonated fraction
is preferablymade up of a combination of methallylsulfonic and allylsulfonic repeat units, namely,
methallylsulfonic — from about 1-20 mole percent, more preferably from about 3-15 mole percent,
and most preferably from about 4-6 mole percent, and allylsulfonic — from about 0.1-10 mole
percent, more preferably from about 0.5-8 mole percent, and most preferably from about 1-5 mole
percent. These types of polymers are typically converted to partial or complete salts (preferably
using cations such as alkali metal, ammonium, zin¢, and mixtures thereot) at a pH of from about
0.2-4, more preferably from about 0.3-3, and most preferably from about 1-2.5.

As mentioned, these preferred Class [ polymers are advantageously initially synthesized
as partial sodium salts. This is due to the fact that the most preferred sulfonated repeat units are
derived from the sodium salts, for reasons of cost and availability.

One preferred polymer of this type is a partial sodium salt having a pH of about 1, with
a repeat unit molar composition of maleic 45 molc percent, itaconic 50 mole percent,
methallylsulfonic 4 mole percent, and allylsulfonic 1 mole percent. This specific polymer is
referred to herein as the “T5” polymer.

Another type of preferred polymer is a “T-20” tetrapolymer containing about 30 mole
percent maleic repeat units, about 50 mole percent itaconic repeat units, and a total of about 20
mole percent sulfonated repeat units, made up of about 15 mole percent methallylsulfonate repeat
units and about 5 mole percent allylsulfonate repeat units. Variants of T-20 tetrapolymers include
partial salts (preferably alkali metal, ammonium, zinc, and mixtures thereof) having a pH of from

about 1-3.
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Syntheses of the Class I Polymers

Virtually any conventional method of free radical polymerization may be suitable for the
synthesis of the Class I polymers of the invention. However, a preferred and novel synthesis may
be used, which is applicable not only for the production of the Class I polymers of the invention,
but also for the synthesis of polymers containing dicarboxylate repeat units and sulfonate repeat
units and preferably containing at least one carbon-carbon double bond. Such types of polymers
are disclosed in US Patents Nos. 5,536,311 and 5,210,163.

Generally speaking, the new synthesis methods comprise carrying out a free radical
polymerization reaction between dicarboxylate and sulfonate repeat units in the presence of
hydrogen peroxide and vanadium-containing species to achieve a conversion to polymer in excess
0t 90%, and more preferably in excess of 98%, bymole. That s, a dispersion of the dicarboxylate
and sulfonated monomers is created and free radical initiator(s) are added followed by allowing
the monomers to polymerize.

Preferably, the hydrogen peroxide is the sole initiator used in the reaction, but in any case,
it is advantageous to conduct the reaction in the absence of any substantial quantitics of other
initiators (i.e., the total weight of the initiator molecules used should be about 95% by weight
hydrogen peroxide, more preferably about 98% by weight, and most preferably 100% by weight
thereof). Various sources of vanadium may be employed, with vanadium oxysulfates being
preferred.

It has been discovered that it is most advantageous to perform these polymerization
reactions in substantially aqueous dispersions (e.g., at least about 95% by weight water, more
preferably at least about 98% by weight water, and most preferably 100% by weight water). The
aqueous dispersions may also contain additional monomer, but only to the minor extent noted.

It has also been found that the preferred polymerization reactions may be carried out
without the use of inert atmospheres, e.g., in an ambient air environment. As is well known in the
art, {ree radical polymerization reactions in dispersions are normally conducted in a way that
cxcludes the significant presence of oxygen. As a result, these prior techniques involve such
necessary and laborious steps as degassing, inert gas blanketing of reactor contents, monomer
treatments to prevent air from being present, and the like. These prior expedients add to the cost
and complexity of the polymerizations, and can present safety hazards. However, in the
polymerizations of the polymers of the present invention, no inert gas or other related steps are

required, although they may be employed if desired.
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One preferred embodiment comprises creating highly concentrated aqueous dispersions
of solid monomer particles (including saturated dispersions containing undissolved monomers)
at a temperature of from about 50-125°C, more preferably from about 75-110°C, and adding
vanadium oxysulfate to give a vanadium concentration in the dispersion of from about 1-1000
ppm, and more preferably from about 5-500 ppm (metals basis). This is followed by the addition
of hydrogen peroxide over a period of from about 30 minutes - 24 hours (more preferably from
about 1-5 hours) in an amount effective to achieve polymerization. This process is commonly
carried out in a stirred tank reactor equipped with facilities for controlling temperature and
composition, but any suitable equipment used for polymerization may be employed.

Another highly preferred and efficient embodiment involves charging a stirred tank reactor
with water, followed by heating and the addition of monomers to give a dispersion having from
about 40-75% w/w solids concentration. Where maleic and/or itaconic monomers are employed,
they may be derived either from the corresponding acid monomers, or from in situ conversion of
the anhydrides to acid in the water. Carboxylate and sulfonated monomers are preferred in their
acid and/or anhydride form, although salts may be used as well. Surprisingly, it has been found
that incomplete monomer dissolution is not severely detrimental to the polymerization; indeed,
the initially undissolved fraction of monomers will dissolve at some time after polymerization has
been initiated.

Afterthe initial heating and introduction of monomers, the reactor contents are maintained
at a temperature between about 80-125°C, with the subsequent addition of vanadium oxysulfate.
Up to this point in the reaction protocol, the order of addition of materials is not critical. After
introduction of vanadium oxysulfate, a hydrogen peroxide solution is added over time until
substantially all of the monomers are converted to polymer. Peroxide addition may be done ata
constant rate, a variable rate, and with or without pauses, at a fixed or variable temperature. The
concentration of peroxide solution used is not highly critical, although the concentration on the
low end should not dilute the reactor contents to the point where the reaction becomes excessively
slow or impractically diluted. On the high end, the concentration should not causc difficultics in
performing the polymerization safely in the equipment being used.

Preferably, the polymerization reactions of the invention are carried out to exclude
substantial amounts of dissolved iron species (i.¢., more than about 5% by weight of such species,
and more preferably substantially less, on the order of below about 5 ppm, and most

advantageously under about 1 ppm). This is distinct from certain prior techniques requiring the
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presence of iron-containing materials. Nonetheless, it is acceptable to carry out the
polymerization of the invention in 304 or 316 stainless steel reactors. It is also preferred to
exclude from the polymerization reaction any significant amounts (nor more than about 5% by
weight) of the sulfate salts of ammonium, amine, alkali and alkaline earth metals, as well as their
precursors and related sulfur-containing salts, such as bisulfites, sulfites, and metabisulfites. It
has been found that use of these sulfate-related compounds leaves a relatively high amount of
sulfates and the like in the final polymers, which either must be separated or left as a product
contaminant.

The high polymerization efficiencies of the preferred syntheses result from the use of water
as a solvent and without the need for other solvents, elimination of other initiators (e.g., azo,
hydroperoxide, persulfate, organic peroxides) iron and sulfate ingredients, the lack of recycling
loops, so that substantially all of the monomers are converted to the finished polymers in a single
reactor. This is further augmented by the fact that the polymers are formed first, and subsequently,

if desired, partial or complete salts can be created.

Examples

The following examples describe preferred synthesis techniques for preparing polymers;
it should be understood, however, that these examples are provided by way of illustration only and
nothing therein should be taken as a limitation on the overall scope of the invention.

Example 1 — Exemplary Synthesis

Apparatus:

A cylindrical reactor was used, capable of being heated and cooled, and equipped with
efficient mechanical stirrer, condenser, gas outlet (open to atmosphere), solids charging port,
liquids charging port, thermometer and peroxide feeding tube.

Procedure: Water was charged into the reactor, stirring was initiated along with heating
to a target temperature of 95°C. During this phase, itaconic acid, sodium methallylsulfonate,
sodium allylsulfonate, and malcic anhydride were added so as to make a 50% w/w solids
dispersion with the following monomer mole fractions:

maleic: 45%

itaconic: 35%
methallylsulfonate: 15%
allylsulfonate: 5%
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When the reactor temperature reached 95°C, vanadium oxysulfate was added to give a vanadium
metal concentration of 25 ppm by weight. After the vanadium salt fully dissolved, hydrogen
peroxide (as 50% w/w dispersion) was added continuously over 3 hours, using the feeding tube.
The total amount of hydrogen peroxide added was 5% of the dispersion weight in the reactor prior
to peroxide addition. After the peroxide addition was complete, the reactor was held at 95°C for
two hours, followed by cooling to room tempcrature.
The resulting polymer dispersion was found to have less than 2% w/w total of residual
monomers as determined by chromatographic analysis.
Example 2 — Exemplary Synthesis
Apparatus:
Same as Example 1
Procedure: Water was charged into the reactor, stirring was initiated along with heating
to a target temperature of 100°C. During this phase, itaconic acid, sodium methallylsulfonate,
sodium allylsulfonate, and maleic anhydride were added so as to make a 70% w/w solids
dispersion with the following monomer mole fractions:
maleic: 45%
itaconic: 50%
methallylsulfonate: 4%
allylsulfonate: 1%
When the reactor temperature reached 100°C, vanadium oxysulfate was added to give a vanadium
metal concentration of 25 ppm by weight. After the vanadium salt fully dissolved, hydrogen
peroxide (as 50% w/w dispersion) was added continuously over 3 hours, using the feeding tube.
The total amount of hydrogen peroxide added was 7.5% of the dispersion weight in the reactor
prior to peroxide addition. After the peroxide addition was complete, the reactor was held at
100°C for two hours, followed by cooling to room temperature.
The resulting polymer dispersion was found to have less than 1% w/w total of residual
monomers as determined by chromatographic analysis.
Example 3 — Preparation of Tetrapolymer Partial Salts
A tetrapolymer calcium sodium salt dispersion containing 40% by weight polymer solids
in water was prepared by the preferred free radical polymerization synthesis of the invention,
using an aqueous monomer reaction mixture having 45 mole percent maleic anhydride, 35 mole

percent itaconic acid, 15 mole percent methallylsulfonate sodium salt, and 5 mole percent
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allylsulfonate. The final tetrapolymer dispersion had a pH of slightly below 1.0 and was a partial
sodium salt owing to the sodium cation on the sulfonate monomers. At least about 90% of the
monomers were polymerized in the reaction.

This sodium partial salt tetrapolymer was used to create 40% solids in water calcium salts.
In each instance, apart from the sodium present in the tetrapolymer mixture, appropriate bases or
basc precursors (c.g., carbonates), or mixtures thercof were added to the aqucous tetrapolymer at
room temperature to generate the corresponding salts. Specifically, the following basic reactants
were employed with quantities of the tetrapolymer to give the following salts:

Salt A — calcium carbonate and a minor amount of sodium hydroxide, pH 1.5.

Salt B - calcium carbonate and a minor amount of sodium hydroxide, pH 3.5.

Example 4 — Exemplary Synthesis — Class 1A Polymer

A terpolymer salt dispersion containing 70% by weight polymer solids in water was
prepared using a cylindrical reactor capable of being heated and cooled, and equipped with an
efficient mechanical stirrer, a condenser, a gas outlet open to the atmosphere, respective ports for
charging liquids and solids to the reactor, a thermometer, and a peroxide feeding tube.

Water (300 g) was charged into the reactor with stirring and heating to a target temperature
of 95°C. During heating, itaconic acid, sodium methallylsulfonate, and maleic anhydride were
added so as to make a 75% w/w solids dispersion with the following monomer mole fractions:
maleic anhydride- 20%; itaconic acid - 60%; methallylsulfonate sodium salt - 20%. When the
monomers were initially added, they were in suspension in the water. As the temperature rose,
the monomers became more fully dissolved before polymerization was initiated, and the maleic
anhydride was hydrolyzed to maleic acid. When the reactor temperature reached 95°C, vanadium
oxysulfate was added to yield a vanadium metal concentration of 50 ppm by weight of the reactor
contents at the time of addition of the vanadium salt. After the vanadium salt fully dissolved,
hydrogen peroxide was added as a 50% w/w dispersion in water continuously over two hours. At
the time of hydrogen peroxide addition, not all of the monomers were completely dissolved,
achicving what is somectimes rcferred to as "slush polymerization”; the initially undissolved
monomers were subsequently dissolved during the course of the reaction. The total amount of
hydrogen peroxide added equaled 5% of the dispersion weight in the reactor before addition of
the peroxide.

After the peroxide addition was completed, the reaction mixture was held at 95°C for two

hours, and then allowed to cool to room temperature. The resulting polymer dispersion had a pH
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of slightly below 1.0 and was a partial sodium salt owing to the sodium cation on the sulfonate
monomers. The dispersion was found to have a monomer content of less than 2% w/w, calculated
as a fraction of the total solids in the reaction mixture, as determined by chromatographic analysis.
Accordingly, over 98% w/w of the initially added monomers were converted to polymer.
Further disclosure pertaining to the Class I polymers and uses thereof is set forth in PCT

patent publication WO 2015/031521.

Class 14 Polymers

Class IA polymers contain both carboxylate and sulfonate functional groups, but are
not the tetra- and higher order polymers of Class 1. For example, terpolymers of maleic,
itaconic, and allylsulfonic repeat units, which are per se known in the prior art, will function as
the polyanionic polymer component of the compositions of the invention. The Class IA
polymers thus are normally homopolymers, copolymers, and terpolymers, advantageously
including repeat units individually and independently selected from the group consisting of
type B, type C, and type G repeat units, without the need for any additional repeat units. Such
polymers can be synthesized in any known fashion, and can also be produced using the
previously described Class I polymer synthesis.

Class IA polymers preferably have the same molecular weight ranges and the other
specific parameters (e.g., pH and polymer solids loading) previously described in connection
with the Class I polymers, and may be converted to partial or complete salts using the same

techniques described with reference to the Class 1 polymers.

Class I Polymers

Broadly speaking, the polyanionic polymers of this class are of the type disclosed in US
Patent No. §,043,995. The polymers include repeat units derived from at least two different
monomers individually and respectively taken from the group consisting of what have been
denominated for ease of reference as B’ and C’ monomers; alternately, the polymers may be
formed as homopolymers or copolymers from recurring C’' monomers. The repeat units may

be randomly distributed throughout the polymer chains.

In detail, repeat unit B’ is of the general formula

Date Regue/Date Received 2021-02-09
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wherein each R, is individually and respectively selected from the group consisting of H, OH, C,-
C,, straight, branched chain and cyclic alkyl or aryl groups, C,-C,, straight, branched chain and
cyclic alkyl or aryl formate (C,), acetate (C,), propionate (C,), butyrate (C;), etc. up to C,, based
ester groups, R'CO, groups, OR' groups and COOX groups, wherein R' is selected from the group
consisting of C,-C,, straight, branched chain and cyclic alkyl or aryl groups and X is selected from
the group consisting of H, the alkali metals, NH, and the C,-C, alkyl ammonium groups, R, and
R, arc individually and respectively selected from the group consisting of H, C,-C,, straight,
branched chain and cyclic alkyl or aryl groups, Rs, R, Ry, and R,; are individually and
respectively selected from the group consisting of H, the alkali metals, NH, and the C,-C, alkyl
ammonium groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo,
V, W, the alkali metals, the alkaline earth metals, polyatomic cations containing any of the
foregoing (e.g., VO™), amines, and mixtures thereof; and Ry and R, are individually and
respectively selected from the group consisting of nothing (i.e., the groups are non-existent), CH,,
C,H,, and C;H,.

As can be appreciated, the Class II polymers typically have different types and sequences
of repeat units. For example, a Class 11 polymer comprising B’ and C’ repeat units may include
all three forms of B’ repeat units and all three forms of C’ repeat units. However, for reasons of
cost and ease of synthesis, the most useful Class II polymers are made up of B’ and C’ repeat
units. In the casc of the Class II polymers madc up principally of B’ and C’ repeat units, Rs, R,
R,y and R,, are individually and respectively selected from the group consisting of H, the alkali
metals, NH,, and the C,-C, alkyl ammonium groups. This particular Class II polymer is
sometimes referred to as a butanedioic methylenesuccinic acid copolymer and can include various

salts and derivatives thereof.
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The Class I polymers may have a wide range of repeat unit concentrations in the polymer.
For example, Class Il polymers having varying ratios of B":C’ (e.g., 10:90, 60:40, 50:50 and even
0:100) are contemplated and embraced by the present invention. Such polymers would be
produced by varying monomer amounts in the reaction mixture from which the final product is
eventually produced and the B’ and C’ type repeat units may be arranged in the polymer backbone
in random order or in an alternating pattern.

The Class IT polymers may have a wide variety of molecular weights, ranging for example
from 500-5,000,000, depending chiefly upon the desired end use. Additionally, n can range from
about 1-10,000 and more preferably from about 1-5,000.

Preferred Class Il polymers are usually synthesized using dicarboxylic acid monomers, as
well as precursors and derivatives thereof. For example, polymers containing mono and
dicarboxylic acid repeat units with vinyl ester repeat units and vinyl alcohol repeat units are
contemplated; however, polymers principally comprised of dicarboxylic acid repeat units are
preferred (e.g., at least about 85%, and more preferably at least about 93%, of the repeat units are
of this character). Class Il polymers may be readily complexed with salt-forming cations using

conventional methods and reactants.

Synthesis of the Class Il Polymers of the Invention

In general, the Class II polymers are made by free radical polymerization serving to
convert selected monomers into the desired polymers with repeat units. Such polymers may be
further modified to impart particular structures and/or properties. A variety of techniques can be
used for generating free radicals, such as addition of peroxides, hydroperoxides, azo initiators,
persulfates, percarbonates, per-acid, charge transfer complexes, irradiation (e.g., UV, electron
beam, X-ray, gamma-radiation and other ionizing radiation types), and combinations of these
techniques. Of course, an extensive variety of methods and techniques are well known in the art
of polymer chemistry for initiating free-radical polymerizations. Those enumerated herein are but
some of the morc frequently used methods and techniques. Any suitable technique for performing
free-radical polymerization is likely to be useful for the purposes of practicing the present
invention.

The polymerization reactions are carried out in a compatible solvent system, namely a
system which does not unduly interfere with the desired polymerization, using essentially any

desired monomer concentrations. A number of suitable aqueous or non-aqueous solvent systems
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can be employed, such as ketones, alcohols, esters, ethers, aromatic solvents, water and mixtures
thereof. Water alone and the lower (C,-C,) ketones and alcohols are especially preferred, and
these may be mixed with water if desired. In some instances, the polymerization reactions are
carried out with the substantial exclusion of oxygen, and most usually under an inert gas such as
nitrogen or argon. There is no particular criticality in the type of equipment used in the synthesis
ofthe polymers, i.c., stirred tank reactors, continuous stirred tank rcactors, plug flow reactors, tube
reactors and any combination of the foregoing arranged in series may be employed. A wide range
of suitable reaction arrangements are well known to the art of polymerization.

In general, the initial polymerization step is carried out at a temperature of from about 0°C
to about 120°C (more preferably from about 30°C to about 95°C for a period of from about 0.25
hours to about 24 hours and even more preferably from about 0.25 hours to about 5 hours).
Usually, the reaction is carried out with continuous stirring.

After the polymerization reaction is complete, the Class II polymers may be converted to

partial or saturated salts using conventional techniques and reactants.

Preferred Class 1l Maleic-Itaconic Polymers
The most preferred Class II polymers are composed of maleic and itaconic B’ and C’

repeat units and have the generalized formula

OX

o

where X is cither H or another salt-forming cation, depending upon the level of salt formation.
In a specific example of the synthesis of a maleic-itaconic Class Il polymer, acetone (803
g), maleic anhydride (140 g), itaconic acid (185 g) and benzoyl peroxide (11 g) were stirred
together under inert gas in a reactor. The reactor provided included a suitably sized cylindrical
jacketed glass reactor with mechanical agitator, a contents temperature measurement device in -

contact with the contents of the reactor, an inert gas inlet, and a removable reflux condenser. This
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mixture was heated by circulating heated oil in the reactor jacket and stirred vigorously at an
internal temperature of about 65-70°C. This reaction was carried out over a period of about 5
hours. At this point, the contents of the reaction vessel were poured into 300 g water with
vigorous mixing. This gave a clear solution. The solution was subjected to distillation at
reduced pressure to drive off excess solvent and water. After sufficient solvent and water have
been removed, the solid product of the reaction precipitates from the concentrated solution, and
is recovered. The solids are subsequently dried in vacuo. A schematic representation of this

reaction is shown below,

Step 1
COOH i
acetone solvent
i v o o _
COOH o Benzoyl peroxide initiator
5 hours
Itaconic add Maleic anhydrlde T = 65 _700c
COOH
CH,
— 21 " Polymer (with/partial anhydride content)
6] (o) 0 COOH
Acetone solution
Step 2
COOH
CH,
m n T
O O @] COOH
Acetone solution
COOH
CH,
m n
———
0] o} COCH
OH HO

Fully hydrolyzed acid form polymer, aqueous solution

Once again, the Class II polymers should have the same preferred characteristics as those of the

Class I and Class IA polymers set forth above.
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The Boron Compounds
The boron compounds used in the compositions of the invention include boric acid in all
forms thereof (e.g., boric acid H3BO3, metaboric acid HBO2, and tetraboric acid H2B407), and
borates and polyborates which are generally the salts of the oxyacids of boron. Preferred borates
include the alkali metal and alkaline earth metal borates. Boric acid is the most preferred
compound for use in the compositions hereof. Mixtures of any of the foregoing are also usetul.
Generally, the boron compounds are present in the compositions of the invention at levels

of from about 2.5-7.5% by weight, more preferably from about 3-5% by weight.

The Boron Compound Dispersants or Solvents

The compositions of the invention also include one or more boron compound dispersants
or solvents, which permit incorporation of greater amounts of boron compounds into polymeric
compositions than heretofore possible while maintaining the compounds in solution. It has been
found that there are four general types of useful dispersants solvents.

Typel

The Type 1 dispersants or solvents are saturated aliphatic diols and glycols, namely
compounds having two hydroxyl groups, which are essentially free of carbon-carbon double
bonds. Preferred diols include C2-C8, more preferably C2-C6, saturated diols where the carbon
atom chains may be linear or branched. Exemplary preferred diols are propanediols and
butanediols. Preferred glycols include ethylene and neopentyl glycols. The most preterred Type
I dispersant or solvent is 1,2-propanediol owing to its availability, relatively low cost, favorable
toxicity and environmental qualities, and ease of handling.

Type I

The Type I dispersants or solvents arc saturated compounds having three or more
hydroxyl groups, which are essentially free of carbon-carbon double bonds; the arrangement of
the hydroxyl groups thereon is immaterial. The number of carbon atoms in the Type Il dispersants
or solvents is unrestricted, but preferably compounds should have no more than five carbon atoms
on average for each hydroxyl group present on the molecule. The most preferred Type 11
dispersants or solvents are glycerol and pentaerythritol. Polyvinyl alcohols may also be used as
Type II dispersants, either alone or mixed with other such dispersants; however, certain pH

considerations come into play when PVA’s are used.
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Type III

The Type lll dispersants or solvents are saturated aliphatic alpha-hydroxy acids, which are
essentially free of double bonds and carbon ring structures, including both aliphatic and aromatic
ring structures. Such alpha-hydroxy acids possess at least one carboxylic acid functional group
and have at least one hydroxyl group on the carbon atom adjacent to the carboxylate group.
Espccially preferred dispersants or solvents of this character include lactic acid (D, L, or racemic
mixtures are useful), glycolic acid, citric acid, tartaric acid, tartronic acid, glyceric acid, and
dihydroxypropanedioic acid. The Type III alpha-hydroxy acids may have more than one
carboxylic acid functional group per molecule, more than one alphahydroxyl group, or any
combination thereof.

The Type Ill dispersants or solvents have the advantage of being quite acidic and, in some
situations and with some fertilizer products, this may be quite useful. In other instances, it may
be desirable to have dispersants or solvents with a higher pH, and in these cases the other types
of dispersants or solvents may be used; however, even where higher pH compositions are desired,
small amounts of the Type III dispersants or solvents may be employed.

Type IV

The Type IV dispersants or solvents are saturated compounds having three or more
hydroxyl groups and which are essentially free of carbon-carbon double bonds, with such
compounds also having a carbon atom to hydroxyl group mole ratio of form about 1.8:1 to 2.5:1.
Compounds within this Type include polyvinyl alcohols (“PVAs”), but also include non-PVA
compounds. The most important factor in Type IV dispersants or solvents is the above-recited
carbon atom/hydroxyl ratio mole ratio.

As used herein with respect to the Type I, Type 11, Type 111, and Type IV dispersants or
solvents, “cssentially free” refers to the fact that the dispersants or solvents have no more than
about 5 mole percent of double bonds and/or ring structures, and more preferably no more than
about 1 mole percent thereof. Most advantageously, these solvents are entirely free of carbon-
carbon double bonds and (in the casc of Typc III dispersants or solvents) ring structures.

It is quite possible to use various mixtures of the Type I, Type II, Type 111, and Type IV
boron compound dispersants or solvents in compositions in accordance with the invention. There
is no practical limit upon the number of different boron compound dispersants or solvents which
can be used in a given compositions. It has also been found that the stereochemistry of the various

dispersants or solvents is not a limitation upon the invention.
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In general, the boron compound dispersant(s) or solvent(s) should be present at a level of
from about 5-50% w/w, more preferably from about 15-40% w/w, in the compositions of the
invention. The precise levels of use for a given composition can be readily determined through

routine experimentation.

Examples

The following examples set forth preferred compositions and methods in accordance with
the invention. It is to be understood, however, that these examples are provided by way of
illustration only, and nothing therein should be taken as a limitation on the overall scope of the
invention.

Example 5

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by mole) copolymer of maleic acid and itaconic acid as a partial calcium salt

in aqucous solution, having a pH of about 2 and about 65% solids,

2. propylene glycol,

3. DL-lactic acid containing 85% actives,

4. boric acid.
The resulting mixture had copolymer solids at a level of about 35% w/w, propylene glycol at a
level of about 5% w/w, DL-lactic acid at a level of about 25% w/w, and boric acid at a level of
about 4.8% w/w, with the balance of the mixture being water. The final mixture was a complete
and essentially homogeneous solution at room temperature.

Example 6

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

I. 1:1 (by mole) copolymer of maleic acid and itaconic acid as a partial calcium salt

in aqucous solution, having a pH of about 1.2 and about 65% solids,

2. glycolic acid, 70% actives,

3. boric acid.
The resulting mixture had copolymer solids at a level of about 35% w/w, glycolic acid at a level

of about 25% w/w, and boric acid at a level of about 4.5% w/w, with the balance of the mixture
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being water. The final mixture was a complete and essentially homogeneous solution at room
temperature.

Example 7

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by molc) copolymer of malcic acid and itaconic acid as a partial calcium salt

in aqueous solution, having a pH of about 1.2 and about 65% solids,

2. propylene glycol,

3. boric acid.
The resulting mixture had copolymer solids at a level of about 36.5% w/w, propylene glycol at
a level of about 35% w/w, and boric acid at a level of about 3.5% w/w, with the balance of the
mixture being water. The final mixture was a complete and essentially homogeneous solution at
room temperature, and was unaffected by storage at 0°C over 72 hours.

Example 8

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by mole) copolymer of maleic acid and itaconic acid as a partial calcium salt

in aqueous solution, having a pH of about 1.2 and about 65% solids,

2, propylene glycol,

3. glycerol,

4. boric acid.
The resulting mixture had copolymer solids at a level of about 36.5% w/w, propylene glycol at
a level of about 30% w/w, glycerol at a level of about 5% w/w, and boric acid at a level of about
3.5% w/w, with the balancc of the mixture being water. The final mixturc was a complete and
essentially homogeneous solution at room temperature, and was unaffected by storage at 0°C over
72 hours.

Examplc 9

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by mole) copolymer of maleic acid and itaconic acid as a partial calcium salt

in aqueous solution, having a pH of about 1.2 and about 65% solids,

2. DL-lactic acid containing 85% actives,
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3, propylene glycol,

4. boric acid,

5. Acid Orange #7 dye solution, 40% actives.
The resulting mixture had copolymer solids at a level of about 35% w/w, DL-lactic acid at a level
of about 25%, propylene glycol at a level of about 5% w/w, boric acid at a level of about 4.5%

/w, and dyc actives at a level of about 0.5% w/w, with the balance of the mixture being water.,

The final mixture was a complete and essentially homogeneous solution at room temperature.

Example 10

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by mole) copolymer of maleic acid and itaconic acid as a partial calcium salt

in aqueous solution, having a pH of about 1.2 and about 65% solids,

2. low molecular weight polyvinyl alcohol (PVA) with about 99% hydrolysis level,

as a 30% solids solution in water,

3, DL-lactic acid containing 85% actives,

4. propylene glycol,

5. boric acid,

6. Acid Orange #7 dye solution, 40% actives.
The resulting mixture had copolymer solids at a level of about 33% w/w, PVA at alevel of about
2% w/w/, DL-lactic acid at alevel of about 5%, propylene glycol at a level of about 5% w/w, boric
acid at a level of about 3.5% w/w, and dye actives at a level of about 1.5% w/w, with the balance
of the mixture being water. The final mixture was a complete and essentially homogeneous
solution at room temperature, and was highly colored.

Example 11

A mixture was prepared by sequential addition of the following components to a closed
vessel with vigorous stirring, and in listed order:

1. 1:1 (by molc) copolymer of malcic acid and itaconic acid as a partial calcium salt

in aqueous solution, having a pH of about 1.2 and about 65% solids,

2. low molecular weight PVA with about 99% hydrolysis level, as a 30% solids

solution in water,

3. propylene glycol,

4, boric acid,
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5. Acid Orange #7 dye solution, 40% actives.
The resulting mixture had copolymer solids at a level of about 33% w/w, PVA at alevel of about
2% w/w/, propylene glycol at a level of about 10% w/w, boric acid at a level of about 3.5% w/w,
and dye actives at a level of about 1.5% w/w, with the balance of the mixture being water. The
final mixture was a complete and essentially homogeneous solution atroom temperature, and was
highly colored.

Examples 5-9 illustrate general-use compositions, whereas Examples 10 and 11 are
generally intended for use with granular nitrogen fertilizers so as to enhance the uptake of the

fertilizer nutrients by plants.

Comparative Example

The following example exemplifies a prior art composition containing boric acid, and
illustrates the difficulty of solubilizing large amounts of boric acid.

Example 12 — Prior Art

A 1:1 (by mole) copolymer of maleic acid and itaconic acid partial calcium salt aqueous
solution was prepared, with a pH of about 1.2 and a solids concentration of 38% w/w, in the
amount of 97.00 g. To this was added, at room temperature with vigorous stirring, in a closed
vessel, 3.00 g of boric acid. The stirring was conducted over 24 hours at room temperature, The
resulting mixture contained visible undissolved boric acid solids. The liquid fraction of the
mixture was separated by filtration from undissolved boric acid, tested for boric acid content, and
found to contain about 2.7% w/w boric acid. When a filtered sample of this material was cooled
to about 0°C and held for 24 hours to simulate product storage at low temperatures, significant
additional boric acid precipitation was observed. This boron-supplemented copolymer did not

have the desired amount of boron retained in the solution.

Fertilizer Formulations Using the Boron Compositions

The boron-containing compositions arc particularly suited for usc with fertilizers in order
to improve the functionality thereof. A wide variety of fertilizers may be used in this context, for
example, fertilizer products including but not limited to phosphate-based fertilizers such as MAP,
DAP, triple superphosphate, ordinary superphosphate, any one of a number of well known N-P-K
fertilizer products, and/or fertilizers containing nitrogen materials such as ammonia (anhydrous

or aqueous ), ammonium nitrate, ammonium sulfate, urea, ammonium phosphates, sodium nitrate,
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calcium nitrate, potassium nitrate, nitrate of soda, urea formaldehyde, metal (e.g., zinc, iron)
ammonium phosphates; phosphorous materials such as calcium phosphates (normal phosphate
and super phosphate), ammonium phosphate, ammoniated super phosphate, phosphoric acid,
superphosphoric acid, basic slag, rock phosphate, colloidal phosphate, bone phosphate; potassium
materials such as potassium chloride, potassium sulfate, potassium nitrate, potassium phosphate,
potassium hydroxide, potassium carbonate; calcium materials, such as calcium sulfate, calcium
carbonate, calcium nitrate; magnesium materials, such as magnesium carbonate, magnesium
oxide, magnesium sulfate, magnesium hydroxide; sulfur materials such as ammonium sulfate,
sulfates of other fertilizers discussed herein, ammonium thiosulfate, elemental sulfur (either alone
or included with or coated on other fertilizers); micronutrients such as Zn, Mn, Cu, Fe, B, Mo, and
other micronutrients discussed herein; oxides, sulfates, chlorides, and chelates of such
micronutrients (e.g., zinc oxide, zinc sulfate and zinc chloride); such chelates sequestered onto
other carriers such as EDTA ; boron materials such as boric acid, sodium borate or calcium borate;
organic wastes and waste waters such as manure, sewage, food processing industry by-products,
and pulp and paper mill by-products; and molybdenum materials such as sodium molybdate. As
known in the art, these fertilizer products can exist as dry powders/granules or as water
dispersions. The fertilizers may be of the conventional variety, or they may be starter fertilizers.
The single most preferred fertilizer products are granular urea or UAN, and composites made up
of urea and the polymeric boron compositions inhibit urease reactions which can otherwise
significantly degrade urea performance.

In one series of tests, the urease inhibition properties of polymeric boron compositions
were determined, as compared with an urease standard without any polymeric boron composition
therein. In these tests, comparative urease activity experiments was prepared using 10 mL
reaction volumes of deionized water and a reaction buffer of 2mM Hepes (pH 7). 2.5 nM of Jack
Bean urease was added to each reaction volume along with 100 mM of urea as the standard, and
the same composition with increasing amounts of polymeric boron compositions. The first
polymeric boron composition comprises 35.5% by volume of the preferred Class I polymer in the
form of a partial salt of Na and Ca, with 4.5% boric acid by volume and 30% by volume lactic
acid (pH 0-1). In the second polymeric boron composition, the same ingredients were used, but
with the addition of 1.5% by volume low molecular weight PVA. In the two polymeric boron
composition tests, increasing amounts of the composition were used, namely 1%, 2%, and 4%

(v/v). The inhibitory effect of the polymeric boron compositions on urease was measured using
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atitration method (pH-stat titrimeter), wherein while the urease catalysed urea hydrolysis reaction
was occurring over a three-minute reaction period, trisHCl was injected as titrint into the reaction
mixtures in order to maintain the pH at a constant value. Knowing the HCI concentration and the
volume used in the unit time, urease activity was determined. The standard urease test gave a
value of approximately 33 activity units, whereas with the first polymeric boron composition, the
urcasc activity decrecased to about 7 units at 1% addition, about 5 units at 2% addition, and about
2 units at 4% addition. The second polymeric boron compositions with PVA reduced the urease
activity about 7 units at 1% addition, about 5 units at 2% addition, and about 3 units at 4%
addition.

In such contexts, the polymeric boron compositions may be mixed with the fertilizer
products, applied as a surface coating to the fertilizer products, or otherwise thoroughly mixed
with the fertilizer products. Preferably, in such combined fertilizer/polymeric boron compositions,
the compositions are present at a level of from about 0.001 g to about 20 g polymeric boron
composition per 100 g phosphate-based fertilizer, more preferably from about 0.1 g to about 10
g polymeric boron composition per 100 g phosphate-based fertilizer, and still more preferably
from about 0.5 g to about 2 g polymeric boron composition per 100 g phosphate-based fertilizer.
The polymeric fraction of such combined products may include the polymers defined above, or
such polymers complexed with metal or non-metal counter ions such as those selected from the
group consisting of the amines, alkali metals, Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, Ca,
and compounds containing these cations, ¢.g., boric acid, borates, molybdates, more complex
cations such as vanadyl ions [VOT*", and other complex ions containing vanadium, and mixtures
of any of the foregoing. Asused herein, “amines” refers to primary, secondary, or tertiary amines,
monoamines, diamines, and triamines, as well as ammonia, ammonium ions, quaternary amines,
quaternary ammonium ions, alkanolamines (c.g., cthanolamine, dicthanolamine, and
triethanolamine), and tetraalkylammonium species.

In the case of the combined fertilizer/polymeric boron products, the combined product is
applicd at a level so that the polymer fraction is applicd at a level of from about 0.001 to about
20 Ibs. polymer per acre of growing plants, more preferably from about 0.01 to about 10 lbs
polymer per acre of growing plants, and still more preferably from about (0.5 to about 2 Ibs
polymer per acre of growing plants. The combined products can likewise be applied as liquid
dispersions or as dry granulated products, at the discretion of the user. When polymer/boron

compositions in accordance with the present invention are used as a fertilizer coating, the polymer
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comprises between about 0.005% and about 15% by weight of the coated fertilizer product, more
preferably the polymer comprises between about 0.01% and about 10% by weight of the coated
fertilizer product, and most preferably between 0.5% and about 1% by weight of the coated
fertilizer product.

Dilute aqueous dispersions in accordance with the invention may also be used as foliar
sprays for supplying boron directly to growing plants. Furthermore, these dispersions may be
added to conventional pesticide treatments and applied to growing crops. In these applications,
the liquid compositions of the invention as described above may be diluted to the extent necessary

to provide the desired level of boron supplementation to plants.
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We Claim:

1. An aqueous liquid composition comprising:
a polyanionic polymer present at a level of from 25-45% by weight;
a boron compound present at a level of from 3-5% by weight; and

a boron compound dispersant or solvent present at a level of from 15-40% by weight,
said dispersant or solvent selected from the group consisting of: (1) saturated aliphatic
diols, glycols, and mixtures thereof which are essentially free of carbon-carbon double
bonds; (2) saturated compounds having three or more hydroxyl groups and which are
essentially free of carbon-carbon double bonds and are selected from the group consisting
of low molecular weight (MW) polyvinyl alcohols (PVAs) and non-PVA compounds; (3)
aliphatic alpha-hydroxy acids essentially free of carbon-carbon double bonds and ring

structures; and (4) mixtures of the foregoing,

wherein all of said weight percentages are based upon the total weight of the composition taken

as 100% by weight;

said polyanionic polymer, boron compound, and boron compound dispersant or solvent, being in

aqueous dispersion or solution,

said composition operable to maintain the boron compound content thereof in stable dispersion

or solution for a period of at least 72 hours at ambient temperature without stirring.

2. The composition of claim 1, said polyanionic polymer having at least 10% anionic groups by

mole fraction capable of reacting with multivalent metal cations.

3. The composition of claim 2, said polyanionic polymer having at least 25% anionic groups by

mole fraction capable of reacting with multivalent metal cations.

4. The composition of claim 1, said polyanionic polymer having carboxylic and sulfonic anionic

groups.
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5. The composition of claim 1, said polyanionic polymer including maleic, itaconic, and

sulfonate repeat units.

6. The composition of claim 5, said polyanionic polymer being at least a tetrapolymer
comprising at least four different repeat units individually and independently selected from the

group consisting of Type B, Type C, and Type G repeat units, and mixtures thereof, wherein:

said type B repeat units are selected from the group consisting of repeat units derived
from substituted and unsubstituted monomers of maleic acid and/or anhydride, fumaric
acid and/or anhydride, mesaconic acid and/or anhydride, mixtures of the foregoing, and
any isomers, esters, acid chlorides, and partial or complete salts of any of the foregoing,
wherein type B repeat units are optionally substituted with one or more Ci-Cs straight or
branched chain alkyl groups substantially free of ring structures and halo atoms, and
wherein the salts have salt-forming cations selected from the group consisting of metals,

amines, and mixtures thereof,

said type C repeat units are selected from the group consisting of repeat units derived
from substituted or unsubstituted monomers of itaconic acid, itaconic anhydride, and any
isomers, esters, and the partial or complete salts of any of the foregoing, and mixtures of
any of the foregoing, wherein the type C repeat units are optionally substituted with one
or more C1-Cs straight or branched chain alkyl groups substantially free of ring structures
and halo atoms, and wherein the salts have salt-forming cations selected from the group

consisting of metals, amines, and mixtures thereof, and

said type G repeat units are selected from the group consisting of repeat units derived
from substituted or unsubstituted sulfonated monomers possessing at least one carbon-
carbon double bond and at least one sulfonate group and which are substantially free of
aromatic rings and amide groups, and any isomers, and the partial or complete salts of
any of the foregoing, and mixtures of any of the foregoing, wherein type G repeat units
are optionally substituted with one or more C;-Cs straight or branched chain alkyl groups
substantially free of ring structures and halo atoms, and wherein the salts of the type G
repeat units have salt-forming cations selected from the group consisting of metals,

amines, and mixtures thereof.
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7. The composition of claim 6, said polyanionic polymer being the tetrapolymer wherein at least
90 mole percent of the repeat units therein are selected from the group consisting of type B, C,

and G repeat units, and mixtures thereof.

8. The composition of claim 7, wherein at least 96 mole percent of the repeat units therein are

selected from the group consisting of type B, C, and G repeat units, and mixtures thereof.

9. The composition of claim 8, wherein the repeat units consist essentially of repeat units

selected from the group consisting of type B, C, and G repeat units, and mixtures thereof.

10. The composition of claim 6, wherein said polyanionic polymer is substantially free of ester

groups.

11. The composition of claim 6, said polyanionic polymer having one type B repeat unit, one

type C repeat unit, and two different type G repeat units.

12. The composition of claim 6, said polyanionic polymer being the tetrapolymer, said one type
B repeat unit is derived from maleic acid, said one type C repeat unit is derived from itaconic
acid, and two type G repeat units are respectively derived from methallyl sulfonic acid and allyl

sulfonic acid.

13. The composition of claim 12, said type B repeat unit being present at a level of from 35-50
mole percent, said type C repeat unit being present at a level of from 20-55 mole percent, said
type G repeat unit derived from methallyl sulfonic acid being present at a level of from 1-25
mole percent, and said type G repeat unit derived from allyl sulfonic acid being present at a level
of from 1-20 mole percent, where the total amount of all of the repeat units in the polyanionic

polymer is taken as 100 mole percent.

14. The composition of claim 6, said polyanionic polymer having two different type B repeat

units, one type C repeat unit, and one type G repeat unit.

15. The composition of claim 6, said polyanionic polymer having at least one repeat unit not

selected from the group consisting of type B, type C, and type G repeat units.
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16. The composition of claim 6, the total amount of type B repeat units in said polyanionic
polymer is from 1-70 mole percent, the total amount of type C repeat units in said polyanionic
polymer is from 1-80 mole percent, and the total amount of type G repeat units in said
polyanionic polymer is from 1-65 mole percent, where the total amount of all of the repeat units

in the polyanionic polymer is taken as 100 mole percent.

17. The composition of claim 16, the total amount of type B repeat units in said polyanionic
polymer is from 20-65 mole percent, the total amount of type C repeat units in said polyanionic
polymer is from 15-75 mole percent, and the total amount of type G repeat units in said
polyanionic polymer is from 10-55 mole percent, where the total amount of all of the repeat units

in the polyanionic polymer is taken as 100 mole percent.

18. The composition of claim 6, said polyanionic polymer having a molecular weight of from

800-50,000.
19. The composition of claim 6, said polyanionic polymer being in a free acid form.

20. The composition of claim 6, said polyanionic polymer being in partial or complete salt form,

including one or more salt-forming cations bound with the polyanionic polymer.

21. The composition of claim 20, said salt-forming cation selected from the group consisting of

cations of metals, amines, and mixtures thereof.

22. The composition of claim 21, said metal cations selected from the group consisting of alkali,

alkaline earth, and transition metal cations.

23. The composition of claim 21, said amine cations selected from the group consisting of
primary amines, secondary amines, tertiary amines, quaternary amines, diamines, triamines,

alkanolamines, and tetraalkylammonium species.

24. The composition of claim 1, said polyanionic polymer derived from at least two different
monomers individually and respectively taken from the group consisting of B' and C' monomers,

or from recurring, different C' monomers, wherein repeat unit B' is of the general formula
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wherein

each Ry is individually and respectively selected from the group consisting of H, OH, C;-
Caso straight, branched chain and cyclic alkyl or aryl groups, Ci-Cso straight, branched
chain and cyclic alkyl or aryl formate (Co), acetate (C1), propionate (Cz), butyrate (Cs), up
to Cso based ester groups, R'COz groups, OR' groups and COOX groups, wherein R' is
selected from the group consisting of Ci- Cs straight, branched chain and cyclic alkyl or
aryl groups and X is selected from the group consisting of H, the alkali metals, NH4 and

the Ci- C4 alkyl ammonium groups,

Rs3 and Ry are individually and respectively selected from the group consisting of H, C-

Caso straight, branched chain and cyclic alkyl or aryl groups,

Rs, Rs, Rio and R11 are individually and respectively selected from the group consisting

of H, the alkali metals, NH4 and the Ci- C4 alkyl ammonium groups,

Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V and Ca,

and

Rsg and Ry are individually and respectively selected from the group consisting of nothing,

CHz, C2H4, and C3He.

25. The composition of claim 24, said polyanionic polymer having the generalized formula

where X is a cation and p ranges from 10-500.

26. The composition of claim 24, said polyanionic polymer being a maleic-itaconic polymer.
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27. The composition of any one of claims 1 to 26, said boron compound selected from the group

consisting of all forms of boric acid, borates, polyborates, and mixtures thereof.

28. The composition of claim 27, said boron compound selected from the group consisting of

alkali metal and alkaline earth metal borates.
29. The composition of claim 27, said boron compound being boric acid (Hz:B03).

30. The composition of any one of claims 1 to 29, said boron compound dispersant or solvent
selected from the group consisting of 1,2-propanediol, glycerol, pentaerythritol, lactic acid, citric
acid, tartaric acid, tartronic acid, glycolic acid, glyceric acid, dihydroxypropanedioic acid, and

mixtures thereof.

31. The composition of claim 1, said polyanionic polymer comprising a copolymer or terpolymer

containing both carboxylate and sulfonate functional groups.

32. A fertilizer formulation comprising the composition of any one of claims 1 to 31 mixed with
a fertilizer comprising urea in liquid form, wherein the boron compound and/or the boron

compound dispersant or solvent is compatible with said fertilizer.

33. A method of fertilizing soil comprising the step of applying the formulation of claim 32 to

soil.

34. A method of providing boron to growing plants comprising the step of applying the

formulation of claim 32 directly onto plants.

35. The composition of claim 1, wherein the saturated aliphatic diols, glycols, and mixtures
thereof are selected from the group consisting of propanediols, butanediols, ethylene glycols and

neopentyl glycols.

36. The composition of claim 1, wherein the saturated compounds having three or more hydroxyl
groups are non-PVA compounds selected from the group consisting of glycerol and

pentaerythritol.
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37. The composition of claim 1, wherein the aliphatic alpha-hydroxy acids are selected from the
group consisting of lactic acid, glycolic acid, citric acid, tartaric acid, tartronic acid, glyceric

acid, and dihydroxypropanedioic acid.

38. The composition of claim 1, wherein the polyanionic polymer compositions comprises 1:1 by

mole ratio of maleic to itaconic acid repeat units.
39. The composition of claim 1, wherein the composition further comprises a dye.

40. An aqueous liquid composition comprising:

a polyanionic polymer present at a level of from 25-45% by weight;

a boron compound present at a level of from 3-5% by weight; and

a boron compound dispersant or solvent present at a level of from 15-40% by weight, said
dispersant or solvent selected from the group consisting of: (1) saturated aliphatic diols, glycols,
and mixtures thereof which are essentially free of carbon-carbon double bonds; (2) aliphatic alpha-
hydroxy acids essentially free of carbon-carbon double bonds and ring structures; and (3) mixtures
of the foregoing,

wherein all of said weight percentages are based upon the total weight of the composition
taken as 100% by weight;

said polyanionic polymer, boron compound, and boron compound dispersant or solvent,
being in aqueous dispersion or solution,

said composition operable to maintain the boron compound content thereof in stable

dispersion or solution for a period of at least 72 hours at ambient temperature without stirring.

Date Regue/Date Received 2021-08-13



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS

