
(12) STANDARD PATENT (11) Application No. AU 2001257507 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Anionic vinyl/dicarboxylic acid polymers and uses thereof

(51)7 International Patent Classification(s)
C08F 122/04 C08F 222/04
C08F 034/02

(21)

(87)

(31)

Application No: 2001257507

WIPO No: W001/82869

Priority Data

(22) Date of Filing: 2001.05.01

Number
09845650
09562518

(32) Date
2001.04.30
2000.05.01

(33) Country
US
US

(43)
(43)
(44)

(71)

(72)

(74)

Publication Date:
Publication Journal Date:
Accepted Journal Date:

2001.11.12
2002.01.31
2005.05.19

Applicant(s)
John Sanders; Specialty Fertilizer Products, LLC

Inventor(s)
Mazo, Grigory; Kimmerly, James Michael; Sanders, John Larry

Agent Attorney
Phillips Ormonde Fitzpatrick, Level 21 367 Collins Street, Melbourne, VIC, 3000



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 November 2001 (08.11.2001)

1 11111 1111111111 111111 11111 111111 11111111111111111 111111111 1111111 111111111111
(10) International Publication Number

WO 01/82869 A2PCT

(51) International Patent Classification 7 A61K

(21) International Application Number: PCT/US01/14240

(22) International Filing Date: 1 May 2001 (01.05.2001)

Filing Language: English

(26) Publication Language: English

Priority Data:
09/562,518
09/845,650

1 May 2000 (01.05.2000) US
30 April 2001 (30.04.2001) US

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GII, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
ER, LS, IT, LUl, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, S.L SZ, TZ, UG, 7W), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refJr to the "Guid-
ance Notes on Codes andAbbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(71) Applicants and
(72) Inventors: SANDERS, John, Larry [US/US]; 13101

Canterbury, Leawood, KS 66209 KIMMERLY,
James, Michael [US/US]; 5117 W 131st Street, Leawood,
KS 66209 MAZO, Grigory [US/US]; 1327 Central
Avenue, Wilmette, IL 50091-2512 (US).

(74) Agent: TRUITT, Tracey, Hovey, Williams, Timmons
Collins, Suite 400, 2405 Grand Blvd., Kansas City, MO

64108 (US).

00 (54) Title: ANIONIC VINYL/DICARBOXYLIC ACID POLYMERS AND USES THEREOF
ei

S(57) Abstract: Biodegradable anionic polymers are disclosed which include recurring polymeric subunits preferably made up of
vinylic and dicarboxylic monomers such as vinyl acetate or vinyl alcohol and maleic anhydride, itaconic anhydride or citraconic
anhydride, or combinations thereof. Free radical polymerization is used in the synthesis of the polymers, which are then hydrolyzed
to replace ester groups with alcohol groups. The polymers may be complexed with ions and/or mixed with fertilizers or seed to yield
agriculturally useful compositions. The preferred products of the invention may be applied foliarly, to seeds, to fertilizer, or to the
earth adjacent growing plants in order to enhance nutrient uptake by the plants.



WO 01/82869 PCT/US01/14240

-1-

ANIONIC VINYL/DICARBOXYLIC ACID POLYMERS AND USES THEREOF

RELATED APPLICATION

This is a continuation-in-part of application Serial No. 09/562,519 filed May 1, 2000.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention is broadly concerned with novel anionic substantially

biodegradable and substantially water soluble polymers and derivatives thereof which have

significant utility in agricultural applications, especially plant nutrition and related areas. More

particularly, the invention is concerned with such polymers, as well as methods of synthesis and

use thereof, wherein the preferred polymers have significant levels of anionic groups.

Additionally, the preferred polymers also include significant levels of alcohol groups. The most

preferred polymers of the instant invention include recurring polymeric subunits made up of

vinylic vinyl acetate or vinyl alcohol) and dicarboxylic maleic acid, itaconic acid,

anhydrides, and other derivatives thereof) moieties. The polymers may be complexed onto ions

and/or mixed with or coated with phosphate-based fertilizers to provide improved plant nutrition

products.

Description of the Prior Art

Lignosulfonates, polyacrylates, polyaspartates and related compounds have become kno-

wn to the art of agriculture as materials that facilitate nutrient absorption. All of them suffer

from significant disadvantages, which decrease their utility in comparison to the art discussed

herein and limit performance.

Lignosulfonates are a byproduct of paper pulping; they are derived from highly variable

sources. They are subject to large, unpredictable variations in color, physical properties, and

performance in application areas of interest for this invention.

Polyacrylates and polymers containing appreciable levels thereof can be prepared with

good control over their composition and performance. They are stable to pH variations.
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However, polyacrylates have just one carboxylate per repeat unit and they suffer from a very

significant limitation in use, namely that they are not biodegradable. As a result, their utility for

addressing the problems remedied by the instant invention is low.

Polyaspartates are biodegradable, but are very expensive, and are not stable outside a

relatively small pH range of about 7 to about 10. They usually have very high color, and

incorporate amide groups, which causes difficulties in formulating them. Additionally,

polyaspartates havejust one carboxylate per repeat unit and are therefore not a part of the present

invention.

Russian Journal ofApplied Chemistry, 24(5):485-489 (1951) teaches the preparation of

maleic anhydride-vinyl acetate copolymers in benzene and acetone with benzoyl peroxide

initiators. It further discloses the addition of above copolymers to water, wherein the polymer

gradually self-hydrolyzes to a complex mixture containing units of maleic acid, vinyl alcohol,

vinyl acetate, lactones, free acetic acid, and other species. Deficiencies of this teaching include

undesirable presence of lactone, which decreases number of dicarboxylic groups. In addition,

no use for polymers is taught or suggested.

U.S. Patents Nos. 3,268,491 and 3,887,480 teach preparation ofmaleic acid-vinyl acetate

copolymers in water-based solutions using redox-based initiators in a certain pH range. The

approaches described in these patents are highly problematic. Only redox-type initiators are

claimed to be useful. A fixed pH range restricts the practice. Only a narrow range of copolymers

composed exclusively from the monomers of maleic acid and vinyl acetate are taught. The

process of U.S. Patent No. 3,268,491 is deemed to be non-comnnercial by U.S. Patent No.

3,887,480 which described improved processes but uses over 17% by weight of redox initiator;

such processes are very wasteful, have high environmental impact, and are not cost effective.

U.S. Patents No. 5,191,048 and 5,264,510 teach copolymerization of acrylic acid, maleic

acid, and vinyl acetate with subsequent hydrolysis by base. Again, several important deficiencies

are evident. Among these are the exclusive use of base hydrolysis and preferred embodiments

of invention incorporating monocarboxylic acids. Onlyterpolymers are disclosed. Furthermore,

the intended uses of the compositions are very restricted and in no way teach, suggest or imply

utility of the enumerated and contemplated compositions for the purposes of the present

invention.
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It will thus be seen that the prior art fails to disclose or provide polymers which

can be synthesized using a variety of monomers and techniques in order to yield end

products which are substantially biodegradable, substantially water soluble, and have

wide applicability for agricultural uses.

The discussion of the background to the invention herein is included to explain

the context of the invention. This is not to be taken as an admission that any of the

material referred to was published, known or part of the common general knowledge in

Australia as at the priority date of any of the claims.

Throughout the description and claims of the specification the word "comprise"

and variations of the word, such as "comprising" and "comprises", is not intended to

exclude other additives, components, integers or steps.

SUMMARY OF THE INVENTION

The present invention overcomes the problems outlined above and provides a

new class of anionic polymers having a variety of uses, for enhancing takeup of

nutrient by plants or for mixture with conventional phosphate-based fertilizers to

provide an improved fertilizer product. Advantageously, the polymers are

biodegradable, in that they degrade to environmentally innocuous compounds within a

relatively short time (up to about 1 year) after being in intimate contact with soil. That is

to say that the degradation products are compounds such as CO 2 and H20 or the

degradation products are absorbed as food or nutrients by soil microorganisms and

plants. Similarly, derivatives of the polymers and/or salts of the polymers (e.g.

ammonium salt forms of the polymer) also degrade within a relatively short time, during

which significant fractions of the weight of the polymer are believed to be metabolized

by soil organisms.

Broadly speaking, the anionic polymers of the invention include recurring

polymeric subunits made up of at least two different moieties individually and

respectively taken from the group consisting of what have been denominated for ease

of reference as A, B and C moieties. Thus, exemplary polymeric subunits may be AB,

BA, AC, CA, ABC, BAC, CAB, or any other combination of A moieties with B and C

moieties. Moreover, in a given polymer different polymeric subunits may include

different types or forms of moieties, in an AB recurring polymeric unit polymer, the

B moiety may be different in different units.

In detail, moiety A is of the general formula

CH- CH

RI R2

W:\cska nkfspecies\2001257507.doc
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moiety B is of the general formnula

R3  R4

0 4 
1

I I
OR 5 OR6

R3  R4

I_

0

0

and moiety C is of the general formula

R7
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or

0

II
C-OR 10

R8

R7 R9

C-OR 11

II
0

or

0

RB-C

R7 R9 C

O

wherein R1 R2 and R7 are individually and respectively selected from the group consisting of H,

OH, CI-C30 straight, branched chain and cyclic alkyl or aryl groups, C1-C30 straight, branched

chain and cyclic alkyl or aryl C1-Co3 based ester groups (formate acetate (C1 propionate

(C2 butyrate (C3 etc. up to C30 R'CO 2 groups, and OR' groups, wherein R' is selected from

the group consisting of C-C 30 straight, branched chain and cyclic alkyl or aryl groups; R3 and R4

are individually and respectively selected from the group consisting of H, C1-C30 straight,

branched chain and cyclic alkyl or aryl groups; R6 R10 and R1 are individually and

respectively selected from the group consisting of H, the alkali metals, NH4 and the CI-C 4 alkyl

ammonium groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, V, Cr,

Si, B, Co, Mo, and Ca; R, and R, are individually and respectively selected from the group
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consisting of nothing the groups are non-existent), CH 2 C2H4 and C3H6 at least one of said

R1 R2 R3 and R4 is OH where said polymeric subunits are made up of A and B moieties, at least

one of said R2 and R, is OH where said polymeric subunits are made up of A and C moieties,

and at least one of said RI, R2 R3 R4 and R7 is OH where said polymeric subunits are made up

of A, B and C moieties.

As can be appreciated, the polymers of the invention can have different sequences of

recurring polymeric subunits as defined above (for example, a polymer comprising A, B and C

subunits may include the one form of A moiety, all three forms of B moiety and all three forms

of C moiety). In the case of the polymer made up of A and B moieties, R1-R4 are respectively

and individually selected from the group consisting of H, OH and C1-C4 straight and branched

chain alkyl groups, R, and R6 are individually and respectively selected from the group consisting

of the alkali metals.

The most preferred polymers of the invention are made up of recurring polymeric

subunits formed of A and B moieties, wherein R5 and R6 are individually and respectively

selected from the group consisting of H, Na. K, and NH4 and specifically wherein R3 and R4

are each H, R2 is OH, and R, and R6 are individually and respectively selected from the group

consisting ofH, Na, K, and NH4, depending upon the specific application desired for the polymer.

These preferred polymers have the generalized formula

-(-CH---CH-CH2-CH4

O C C=O OH

ORs OR 6

wherein R5 and R 6 are individually and respectively selected from the group consisting of H, the

alkali metals, NH4 and CI-C 4 alkyl ammonium groups (and most preferably, H, Na, K and NH4

depending upon the application), and n ranges from about 1-10000 and more preferably from

about 1-5000.

For purposes of the present invention, it is preferred to use dicarboxylic acids, precursors

and derivatives thereof for the practice of the invention. For example, terpolymers containing

mono and dicarboxylic acids with vinyl esters and vinyl alcohol are contemplated, however,
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polymers incorporating dicarboxylic acids were unexpectedly found to be significantly more

useful for the purposes of this invention. This finding was in contrast to the conventional

teachings that mixtures of mono and dicarboxylates were superior in applications previously

suggested for mono-carboxylate polymers. Thus, the use of dicarboxylic acid derived polymers

for agricultural applications is unprecedented and produced unexpected results. It is understood

that when dicarboxylic acids are mentioned herein, various precursors and derivatives of such

are contemplated and well within the scope of the present invention. Put another way,

copolymers of the present invention are made up of monomers bearing at least two carboxylic

groups or precursors and/or derivatives thereof. The polymers of the invention may have a wide

variety of molecular weights, ranging for example from 500-5,000,000, more preferably from

about 1,500-20,000, depending chiefly upon the desired end use.

In many applications, and especially for agricultural uses, the polymers of the invention

may be mixed with or complexed with a metal or non-metal ion, and especially ions selected

from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca.

Alternatively, polymers containing, mixed with or complexed with such elements may be

formulated using a wide variety of methods that are well known in the art of fertilizer formation.

Examples of such alternative methods include, forming an aqueous solution containing

molybdate and the sodium salt of polymers in accordance with the invention, forming an aqueous

solution which contains a zinc complex of polymers in accordance with the present invention and

sodium molybdate, and combinations of such methods. In these examples, the presence of the

polymer in soil adjacent growing plants would be expected to enhance the availability of these

elements to these growing plants. In the case of Si and B, the element would merely be mixed

with the polymer rather than having a coordinate metal complex formation. However, in these

cases, the availability of these ions would be increased for uptake by growing plants and will be

termed "complexed" for purposes of this application.

The polymers hereof (with or without complexed ions) may be used directly as plant

growth enhancers. For example, such polymers may be dispersed in a liquid aqueous medium

and applied foliarly to plant leaves or applied to the earth adjacent growing plants. It has been

found that the polymers increase the plant's uptake of both polymer-bome metal nutrients and

ambient non-polymer nutrients found in adjacent soil. In such uses, plant growth-enhancing

amounts of compositions comprising the above-defined polymers are employed, either in liquid
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dispersions or in dried, granular form. Thus, application of polymer alone results in improved

plant growth characteristics, presumably by increasing the availability of naturally occurring

ambient nutrients. Typically, the polymers are applied at a level of from about 0.001 to about

100 lbs. polymer per acre of growing plants, and more preferably from about 0.005 to about 

lbs. polymer per acre, and still more preferably from about 0.01 to about 2 lbs.

In other preferred uses, the polymers may be used to form composite products where the

polymers are in intimate contact with fertilizer products including but not limited to phosphate-

based fertilizers such as monoammonium phosphate (MAP), diammonium phosphate (DAP), 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, calcium nitrate, potassium nitrate, nitrate of soda, urea

formaldehyde, metal 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, and other micronutrients discussed herein;

oxides, sulfates, chlorides, and chelates of such micronutrients 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; and molybdenum materials such as sodium

molybdate. As known in the art, these fertilizer products can exist as dry powders/granules or

as water solutions. It has also been discovered that the polymers of the invention, when used as

a coating on solid fertilizer products such as those mentioned herein, significantly increases the

abrasion resistance of the fertilizer. In such uses, the polymers are typically applied at a level of

from about 0.005-15% by weight, and more preferably from about 0.25-3% by weight, based

upon the weight of the fertilizer taken as 100%.
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In such contexts, the polymers may be co-ground 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/polymer compositions, the fertilizer is'in the

form of particles having an average diameter of from about powder size (less than 0.00 1 cm) to

about 10 cm, more preferably from about 0.1 cm to about 2 cm, and still more preferably from

about 0.15 cm to about 0.3 cm. The polymer is present in such combined products at a level of

from about 0.001 g to about 20 g polymer per 100 g phosphate-based fertilizer, more preferably

from about 0.1 g to about 10 g polymer per 100 g phosphate-based fertilizer, and still more

preferably from about 0.5 g to about 2 g polymer per 100 g phosphate-based fertilizer. Again,

the polymeric fraction of such combined products may include the polymers defined above, or

such polymers complexed with the aforementioned ions. In the case of the combined fertil-

izer/polymer products, the combined product is applied at a level so that the polymer fraction is

applied at a level of from about 0.001 to about 20 lbs. 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 lbs 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 polymers in accordance with the present invention are used as a

coating, the polymer comprises at least about 0.01% by weight of the coated fertilizer product,

more preferably the polymer comprises at least about 5% by weight of the coated fertilizer

product, and most preferably comprises at least about 10% by weight of the coated fertilizer

product.

Additionally, use of polymers in accordance with the present invention increases the

availability of phosphorus and other common fertilizer ingredients and decreases nitrogen

volitilization, thereby rendering ambient levels of such plant nutrient available for uptake by

growing plants. In such cases, the polymer can be applied as a coating to fertilizer products prior

to their introduction into the soil. In turn, plants grown in soil containing such polymers exhibit

enhanced growth characteristics.

Another alternative use of polymers in accordance with the present invention includes

using the polymer as a seed coating. In such cases, the polymer comprises at least about 0.01%

by weight of the coated seed, and more preferably comprises at least about 5% by weight of the

coated seed, and still more preferably comprises at least about 10% by weight of the coated seed.
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In general, the polymers of the invention are made by free radical polymerization serving

to convert selected monomers into the desired polymers with recurring polymeric subunits. 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, percarbonate, per-acid, charge transfer complexes, irradiation

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 more 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

can be employed, such as ketones, alcohols, esters, ethers, aromatic solvents, water and mixtures

thereof. Water alone and the lower (C1-C4 ketones and alcohols are especially preferred, and

these may be mixed with water if desired. In most 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

of the polymers, stirred tank reactors, continuous stirred tank reactors, 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 initial polymerization, the products are recovered and hydrolyzed so as to

replace at least certain of the ester-containing groups on the polymer with alcohol groups,

thereby providing the polymers defined previously. Generally, the hydrolyzing step involves

the addition of an acid or base to the polymerized product in the presence of water.

Polymers comprising monomers with vinyl ester groups (polymers formed at least in part
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from A moieties) need to have sufficient base added to neutralize all of the carboxylic acid

groups and form a substantial number of alcohol groups from the precursor vinyl ester

groups. Thereafter, the completed polymer may be recovered as a liquid dispersion or dried

to a solid form. It is important to note that both acid and base hydrolysis are useful in

practicing the present invention so that under appropriate conditions, sufficient acid must

be added in order to form a substantial number of alcohol groups. Additionally, in many

cases it is preferred to react the hydrolyzed polymer with an ion such as Fe, Mn, Mg, Zn, Cu,

Ni, Co, Mo, V, Cr, and Ca to form a coordinate metal complex. Techniques for making

metal-containing polymer compounds are well known to those skilled in the art. In some

of these techniques, a metal's oxide, hydroxide, carbonate, salt, or other similar compound

may be reacted with the polymer in acid form. These techniques also include reacting a

finely divided free metal with a solution of an acid form of apolymer described or suggested

herein. Additionally, the structures of complexes or salts of polymers with metals in

general, and transition metals in particular, can be highly variable and difficult to precisely

define. Thus, the depictions used herein are for illustrative purposes only and it is

contemplated that desired metals or mixtures of such are bonded to the polymer backbone

by chemical bonds. Alternatively, the metal may be bonded to other atoms in addition to

those shown. For example, in the case of the structure shown herein for the second reactant,

there may be additional atoms or functional groups bonded to the Y. These atoms include,

but are not limited to, oxygen, sulfur, halogens, etc. and potential functional groups include

(but are not limited to) sulfate, hydroxide, etc. It is understood by those skilled in the art of

coordination compound chemistry that a broad range of structures may be formed depending

upon the preparation protocol, the identity of the metal, the metal's oxidation state, the

starting materials, etc. Alternatively, acid hydrolysis may be performed followed by a

reaction to form a complex with a previously enumerated metal. In yet another alternative

method, the polymer may be isolated and subsequently formulated in such a way that the

hydrolysis reaction occurs in situ, in the soil or during mixture with a fertilizing

composition. In this alternative method, unhydrolyzed polymer is added to soil or fertilizer

compositions of appropriately low or high pH such that when contacted by water, a

microenvironment of low or high pH is produced. It is within this microenvironment that

hydrolysis occurs and alcohol groups are formed. In the case of Si and B ions, the polymer
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is merely mixed with these ions and does not form a coordinate complex. However, the

availability of these ions to growing plants is increased.

In more detail, the preferred method for polymer synthesis comprises the steps of

providing a reaction mixture comprising at least two different reactants selected from the

group consisting of first, second, and third reactants. The first reactant is of the general

formula

CH CH

I I
RI R2

the second reactant is of the general formula

R3--C C-R 4

O--C C--

ORE OR6

or

R3S-CC-R 4

0=O C C=O

0

or

R3  R4

O=C C=O

0 0

Y
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and the third reactant is of the general formula

OR0

HC C

I R9~~O

100

or

OH R 8 -C-O\

CH 0

or

R 8 -C\

C

With reference to the above formulae, R1 R2 and R7 are individually and respectively

selected from the group consisting ofH, OH, C I-C30 straight, branched chain and cyclic alkyl
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or aryl groups, C1-C30 straight, branched chain and cyclic alkyl or aryl C1-C30 based ester

groups (formate acetate (C1 propionate (C2 butyrate etc. up to C30 R'CO2

groups, and OR' groups, wherein R' is selected from the group consisting of C,-C30 straight,

branched chain arid cyclic alkyl or aryl groups; R3 and R4 are individually and respectively

selected from the group consisting of H, C1-C30 straight, branched chain and cyclic alkyl or

aryl groups; R6 R 10 and RI, are individually and respectively selected from the group

consisting of H, the alkali metals, NH4 and the C1-C4 alkyl ammonium groups, Y is selected

from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; R8 and

R9 are individually and respectively selected from the group consisting of nothing the

groups are non-existent), CH2 C2H4 and C3H6 at least one of said R1 R2 R3 and R4 is OH

where said polymeric subunits are made up of A and B moieties, at least one of said R1 R2

and R, is OH where said polymeric subunits are made up of A and C moieties, and at least

one of said R1 R2 R3 R4 and R7 is OH where said polymeric subunits are made up of A, B

and C moieties.

Selected monomers and reactants are dispersed in a suitable solvent system and

placed in a reactor. The polymerization reaction is then carried out to obtain an initial

polymerized product having the described recurring polymeric subunits. Thereupon, the

initial polymer product is hydrolyzed to the alcohol form. Put another away, the general

reaction proceeds by dissolving monomers maleic anhydride and vinyl acetate) in a

solvent acetone). The amount of monomers incorporated can be either equimolar or

non-equimolar. A free radical initiator is then introduced and copolymerizationtakes place

in solution. After the reaction is complete and substantially all monomer has been reacted,

the resulting solution is a maleic anhydride-vinyl acetate copolymer. Of course, if all

monomers have not undergone polymerization, the resulting solution will contain a small

portion of monomers which do not affect later use of the polymer. The solution is

concentrated and subjected to hydrolysis (either in situ or by performing a hydrolysis

reaction during manufacture) with a sufficient amount of base NaOH) in the presence

of water. This base neutralizes a substantial majority of the carboxylic acid groups and

converts a substantial majority of the polymer's acetate groups into alcohol groups. The

anhydride groups are converted to carboxylic acid sodium salt groups arranged in groups of
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two on the backbone of the polymer. The resulting copolymer is then isolated by

conventional methods such as precipitation.

Again, it is important to note that the aforementioned methods and procedures are

merely preferred methods of practicing the present invention and those skilled in the art

understand that a large number of variations and broadly analogous procedures can be

carried out using the teachings contained herein. For example, acid hydrolysis can also be

used followed optionally by formation of various derivatives or the hydrolysis may be

carried out naturally in soil under sufficient moisture and pH conditions. The acid

hydrolysis isolates the polymers of the present invention in a substantially acid form which

renders them highly versatile and useful. These polymers may be used as is (in the acid

form) or further reacted with various materials to make salts and/or complexes.

Furthermore, complexes or salts with various metals may be fonned by reacting the acid

form with various oxides, hydroxides, carbonates, and free metals under suitable conditions.

Such reactions are well known in the art and include (but are not limited to) various

techniques of reagent mixing, monomer and/or solvent feed, etc. One possible technique

would be gradual or stepwise addition of an initiator to a reaction in progress. Other

potential techniques include the addition of chain transfer agents, free radical initiator

activators, molecular weight moderators/control agents, use of multiple initiators, initiator

quenchers, inhibitors, etc. Of course, this list is not comprehensive but merely serves to

demonstrate that there are a wide variety of techniques available to those skilled in the art

and that all such techniques are embraced by the present invention.

Another alternative method involves taking an aqueous solution of, for example,

caustic and stirring it in a suitable container. Next, an acetone reaction mixture containing,

for example, acetone and a copolymer ofmaleic anhydride with vinyl acetate is added to the

caustic solution. Throughout this addition, the polymer going into the caustic solution will

experience a high pH and have the acetate groups hydrolyzed to the alcohol form. In acid-

base titrations such as this, at the point where one reagent is just exhausted, a very sharp pH

change usually takes place with minimal addition of the second reagent. Therefore, in this

reaction, just enough acetone-polymer reaction solution is added to bring the apparent pH

of the now final polymer product-acetone-water mixture to about 7. At this time, the

mixture is subjected to reduced pressure distillation to remove acetone. The result is an
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aqueous solution at a neutral pH that contains the desired polymer. From this solution, it

may be isolated by a variety of ways, including but not limited to precipitation, spray drying,

simple drying, and etc. The only side effect of a reaction of this type is that a small fraction

of the polymer is going to contain acetate groups which are not hydrolyzed to alcohol.

The foregoing description is useful in instances where polymers in accordance with

the present invention, upon dissolution in water, give a solution that is alkaline. In many

cases, this alkalinity is not a problem as the solution pH can be adjusted to neutral or acidic

with a suitable mineral or organic acid. However, the formulation of this powder into some

liquid formulations containing metals is problematic. High-pH solutions of metal salts tend

to form insoluble metal hydroxides that precipitate and/or exhibit other behaviors that are

undesirable from the point of view of formulation ease and convenience, as well as nutrient

availability. One way to remedy this problem, other than as described in the preceding

paragraph, is to add a mineral or organic acid to the aqueous solution of polymer salt in

order to bring the pH close to neutral.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples set forth techniques for the synthesis of polymers in

accordance with the invention, and various uses thereof. It is to be understood that these

examples are provided by way of illustration only and nothing therein should be taken as a

limitation upon the overall scope of the invention.

EXAMPLE 1

Acetone (111 ml), maleic anhydride (20g), vinyl acetate monomer (19ml), and the

radical source initiator di-tertbutyl peroxide (2.4ml) were stirred together under inert gas

(such as nitrogen or argon) in a reactor. The reactor provided included a suitably sized glass

spherical flask equipped with a magnetic stirrer, an inert gas inlet, a contents temperature

measurement device in contact with the contents of the flask, and a removable reflux

condenser. This combination of materials was heated in a hot water bath with stirring at an

internal temperature of about 70'C for five hours. At that point, the contents of the flask

were evaporated (by removing the condenser with continued heating) to a thick oil, and

1 00ml of water was added. Then, 18g of granular sodium hydroxide (NaOH) was added to
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the above dispersion. The resulting mixture was heated again to about 100 C and allowed

to reflux for about two hours. The mixture was then allowed to evaporate by removal of the

condenser to a slightly viscous mass. This mass was precipitated by adding the evaporated

mixture to about 0.5 liters of ethanol while stirring was continued. The solids were recov-

ered and then dried. The resulting product was a white-colored powder. These reactions

proceeded as follows:
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EXAMPLE 2

This reaction was carried out similarly to that of Example 1. However, in this case

the following quantities of ingredients were used: acetone (50ml), maleic anhydride (44g),

vinyl acetate monomer (42ml), and di-tertbutyl peroxide (8.3ml). This mixture was heated

in a hot water bath with stirring at an internal temperature of about 70 C for five hours. The

contents of the reactor flask were then evaporated to a thick oil and 100ml of water was

added. Next, 57g granular NaOH was added. This mixture was heated again to about
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100 °C and allowed to reflux for about one hour. After refluxing, the mixture evaporated

to a slightly viscous mass. This mass was precipitated by adding it, with stirring to 0.9 liters

of ethanol. The solids were then recovered and dried. The resulting product was a tan-

colored powder.

EXAMPLE 3

This reaction was also carried out as in Example 1. However, the following

quantities ofingredients were used: acetone (273.0ml), maleic anhydride (49g), vinyl acetate

monomer (46ml), and di-tertbutyl peroxide (5.9ml). This mixture was heated in a hot water

bath with stirring at an internal temperature of about 70 °C for five hours. The contents of

the flask were then evaporated into a thick oil (once again by removing the condenser), and

250ml ofwater was added. Following the water addition, 63g ofgranularNaOH was added.

The resulting mixture was heated to about 100 C again, and allowed to reflux for about one

hour. This mixture was then evaporated to a slightly viscous mass. The mass was

precipitated with stirring into about 2 liters of ethanol. Solids were recovered and dried and

the product was a very bright white powder.

EXAMPLE 4

In this example, copper was complexed with the polymer isolated in Example 1.

Five grams of the Example 1 polymer was mixed with 50g (dry weight) of ion exchange

resin (strong acid macro reticular, 4.9 meq/gram dry) which had been soaked in water until

the mixture was fluid. The acid form of the polymer was then washed out with several

aliquots of water. The resultant water-polymer mixture was then mixed with 6g of CuSO 4

pentahydrate. The aqueous solution containing the copper complex was then evaporated to

dryness and the material was collected.

EXAMPLE 

One gram of the polymer prepared and isolated in Example 1 was dissolved into

of room temperature water. 1.3g sodium bisulfate was added to this dispersion with

stirring. While stirring was continued, 0.5g of ferric sulfate (Fe 2(SO 4 3 tetrahydrate was

added slowly with stirring. This product was isolated by evaporating the water from the
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solution to dryness. Thereafter, the isolated dry material was collected. The resultant

product was an iron complex of the polymer of Example 1.

EXAMPLE 6

In this example, 1g of the polymer prepared and isolated in Example 1 was added

to 20ml of room temperature water. Sulfuric acid was added to the dispersion with

stirring, until the pH dropped to about 2. 1.5g of manganese dichloride tetrahydrate was

added slowly to the dispersion with vigorous stirring. The material (a manganese complex

of the Example 1 polymer) was then evaporated to dryness and the material was collected.

EXAMPLE 7

Five grams of the polymer prepared and isolated in Example 1 was dissolved in

100ml of water. Sulfuric acid was added until the pH dropped to about 2. 7g of zinc

sulfate heptahydrate was added slowly with vigorous stirring to the dispersion. The

resulting solution had the product (a zinc complex of the Example 1 polymer) isolated by

evaporating the water to dryness and was collected thereafter.

EXAMPLE 8

Water (30g), and maleic anhydride (20g) is put into the reactor with stirring under

inert gas, such as nitrogen or argon. During this time, the anhydride is converted to the acid

form. Di-tertbutyl peroxide (2.4ml) is added to the flask. The resulting mixture is heated

and refluxed until the reflux head temperature gradually rises to about 100 0C. At this point,

vinyl acetate monomer (19ml) is gradually added to the reaction at about the same rate that

it is consumed. The reaction is carried out until substantially all monomer is consumed.

The product of this synthesis is then hydrolyzed as in Example 1. This example

demonstrates that the preferred polymerization may be carried out in an aqueous medium.

EXAMPLE 9

The product of the reaction described in Example 8 is refluxed overnight at about

100'C and then subjected to a short-path distillation under inert atmosphere in order to

remove the acetic acid hydrolysis product. Due to the high temperature and high product
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concentration, lactone formation is minimized, and the fraction of dicarboxylic acid

functional groups that are available is maximized. The desired product is isolated by spray-

drying the aqueous solution to give a white amorphous powder.

EXAMPLE 

This example is similar to that described in Example 8; however, water is replaced

with a 1:1 mixture of water and ethanol. 20g of maleic anhydride is added to this

mixture. Next, di-tertbutyl peroxide (2.4ml) is added to the reactor and the resulting mixture

is heated to reflux until the reflux head temperature rises to about 100 C. Vinyl acetate

monomer is then gradually added to the reaction at about the same rate it is consumed. Once

again, 19ml of vinyl acetate monomer is used. The reaction is carried out until substantially

all of the monomer is consumed. The resulting product is then refluxed overnight and

subjected to a short-path distillation under inert atmosphere in order to remove the acetic

acid hydrolysis product. Once again, due to the high temperature and high product

concentration, lactone formation is minimized and the fraction of dicarboxylic acid

functional groups is maximized. The desired product is then isolated by spray-drying the

aqueous solution to give a white amorphous powder.

EXAMPLE 11

This Example demonstrates that the polymerization may be carried out using UV

free radical initiation instead of peroxide. Water (30g) and maleic anhydride (20g) is mixed

in the reactor under inert gas. A 10 watt lamp emitting UV radiation at the 190-210 nm

wavelength range is immersed in the reaction vessel. The mixture is heated to reflux until

the reflux head temperature gradually rises to about 100 C, at which point 19ml of vinyl

acetate monomer is gradually added to the reaction at about the same rate as it is consumed.

The reaction is carried out until substantially all of the monomer is consumed. Once

synthesis (copolymerization) is substantially complete, the resultant product is hydrolyzed

as in Example 1.
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EXAMPLE 12

In this example, polymerization is carried out using UV free radical initiation in a

mixture of organic solvent and water. The experiment is carried out as in Example 11, but

water is replaced with a 1:1 mixture of water and ethanol. The isolation and

hydrolysis procedures are substantially the same as those used in Examples 8 and 9.

EXAMPLE 13

In this example, the procedure of Example 8 is carried out except that Iml of

hydrogen peroxide (30% w/w) is used instead of di-tertbutyl peroxide.

EXAMPLE 14

This example demonstrates acid hydrolysis in an aqueous medium. To the product

of the reaction described in Example 8, 0.2g 98% of sulfuric acid is added and the mixture

is refluxed overnight at about 100°C. Next, the mixture is subjected to a short-path

distillation under inert gas to remove the acetic acid hydrolysis product. Due to the acidity,

high temperature and high product concentration, lactone formation is minimized, and the

fraction of dicarboxylic acid functional groups is maximized. The product is isolated by

spray drying the aqueous solution to give a white amorphous powder.

EXAMPLE 

An aqueous solution composed of 40g water, 11.6g maleic acid and 8.1g zinc oxide

is formed. The oxide slowly reacts and dissolves to give zinc maleate derivative solution.

This is used as a monomer source in a polymerization such as that described in Example 8

where equimolar amounts of maleate and vinyl acetate were used. After that, a hydrolysis

is performed using the procedures described in Example 14. The reaction proceeded as

follows:
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EXAMPLE 16

An aqueous solution composed of 40g water, 11. 6g maleic acid, and 11.5g

manganese carbonate is prepared. The carbonate slowly reacts and dissolves to give

manganese maleate derivative solution. This manganese maleate solution is used as a

monomer source in a polymerization such as that described in Example 8, wherein

equimolar amounts of maleate and vinyl acetate were used. After that, a hydrolysis is

performed using the procedures described in Example 14. The reaction proceeded as

follows:
Mn

o o 0 

O CH3

Radical Source Initiator
(di-tertbutyl peroxide)
70-800 C

CH 2 CH)

oo o
\0 0 C-=

Mn MnCH
3

4

H

CH-CH CH 3
+CH H-O-C-CH3
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EXAMPLE 17

An aqueous solution composed of 40g water, 11 .g maleic acid, and 5.6g very fine iron

dust is formed. The metal slowly reacts and dissolves to give iron maleate derivative

solution. This solution is used as a monomer source in a polymerization reaction such as that

described in Example 8, wherein equimolar amounts of maleate and vinyl acetate were used.

After that, a hydrolysis is performed using the procedures described in Example 14. This

reaction proceeded as follows:

Fe

0 0

0 o 

O-C-CH 3

Radical Source Initiator
(di-tertbutyl peroxide)
70-800 C

CH2 CH 4

O 1

C

Fe CH3

H 2SO4

H20

S cH2 c H-O-C-CH 3
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EXAMPLE 18

A continuous reactor is provided including an in-line motionless tube mixer, pumps,

thermostatted tubes, and associated valves, fittings, and controls. Maleic anhydride 

w/w in acetone), vinyl acetate and di-tertbutyl peroxide are pumped into the in-line tube

mixer and then into the thermostatted tube. The mixture's residence time in the tube is about

3 hours. The tube temperature is about 70 C. The flow rates are: maleic anhydride solution

100g/min; vinyl acetate 43g/min; and di-tertbutyl peroxide 3g/min. Hydrolysis is

performed using the procedures described in Example 14.

EXAMPLE 19

Aqueous dispersions containing 10, 50 and 100 ppm of the copper, manganese and

zinc copolymers formed in Examples 4, 6 and 7 were applied to.the foliage of plum, maple

and sweetgum trees, respectively, in order to obtain substantially uniform foliage coverage.

Prior to this application, the trees visually exhibited characteristic deficiency symptoms for

each of the three micronutrients. This treatment alleviated the visual symptoms of the

micronutrient deficiency in about 7-10 days.

EXAMPLE 

Bluegrass was treated with aqueous dispersions of the iron copolymer from Example

5 (20, 50 and 100 ppm concentrations of iron copolymer) and compared to an untreated

control which received no iron copolymer. These foliar iron treatments were applied at three

different times as pretreatments before bluegrass was harvested. Photos of the plants were

taken two weeks after the last treatment. The results (Table 1) clearly show that the bluegrass

responded to the iron copolymer application. The total harvest weights for each of the three

iron copolymer bluegrass test groups were at least twice that of the control bluegrass. As the

amount of copolymer applied increased, harvest weight also increased.
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TABLE 1

Bluegrass Response to Varying Concentrations ofFe Copolymer

Harvest Wts (g)

Harvest Fe Copolymer Concentration Applied

0 ppm 25 ppm 50 ppm 100 ppm

1 0.3 1.6 1.8 2.1

2 1.8 2.9 2.1 

3 1.4 2.5 3.6 3.9

Total 3.5 7.0 7.5 

EXAMPLE 21

In this example, the effect of iron copolymer treatment on Lisintus was determined.

The iron copolymer of Example 5 was used for this experiment. The first control group of

plants received no iron copolymer treatment, the second group was foliarly treated with an

aqueous dispersion containing 50 ppm of the iron copolymer on three different occasions

before harvest, and the third group was similarly treated with an aqueous dispersion

containing 100 ppm iron copolymer three times before harvest. The Lisintus was harvested

and analyzed (by digestion followed by atomic absorption spectroscopy) for iron

concentration, and by SPAD meter to determine photosynthetically active chlorophyl levels.

The results of this experiment are given in Table 2 which shows that application of iron

copolymer resulted in a higher iron concentration in the Lisintus leaves. However, the

amount of iron copolymer applied to the Lisintus did not have an appreciable effect on

ultimate iron concentration SPAD meter readings between Lisintus treated with 50 ppm

iron copolymer and 100 ppm iron copolymer did not differ significantly). Therefore, the

most efficient treatment may occur at levels below 50 ppm.
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TABLE 2

Iron Concentration and SPAD Meter Readings of Lisintus Leaves

Treated with Foliar Applications of Iron Copolymer

Treatment Fe Uptake (ppm) SPAD Meter Readings

Control 146 29.5

ppm 276 63.7

100 ppm 309 64.1

EXAMPLE 22

In this experiment, different amounts of the copolymer formed in Example 1 were

used in conjunction with phosphate fertilizer in soil, in order to test the effect of using the

polymer with the fertilizer. In particular, the test was conducted on ryegrass grown in growth

bags. The growth bags contained soil, water and a conventional, commercially available 8-

14-9 N PK liquid fertilizer. One growth bag (the control) had no copolymer added. One bag

labeled .5X was treated with a fertilizer mixture containing 25 ppm of the copolymer (the

copolymer was added to the liquid fertilizer prior to addition thereof to the growth bags).

The bag labeled 1X was treated with a liquid fertilizer mixture containing 50 ppm of

copolymer. The fertilizer solution in the growth bags were replenished uniformly on an as-

needed basis. After the grass was harvested, it was dried and weighed. Results of this

experiment are given in Table 3 which shows no response to the .5X copolymer application.

The 1X copolymer application resulted in a 25% increase in dry weight.

TABLE 3

Effects of Copolymer with Liquid Fertilizer on Resulting Plant Growth

Treatment Average Shoot Weight

1X Copolymer and Liquid Fertilizer 33.0

Copolymer and Liquid Fertilizer 25.0

Control Liquid Fertilizer Only 24.9
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EXAMPLE 23

In this test, the copolymer from Example 1 was tested with phosphate fertilizers in

high phosphate-fixing soils in corn growth tests. The test was designed to determine the

effect of the copolymer on the plant availability of phosphate based fertilizer in the soil. For

this experiment, monoammonium phosphate (MAP) was tested although it is understood that

similar results would occur with any phosphate based fertilizer.

Two soils were utilized in the study, an acid soil (pH 4.5-4.7) from Sedgewick

County, KS and a calcareous soil (pH 8.0-8.3) from the vicinity of Tribune, KS. The acid

soil is high in available P but owing to the high exchangeable Al and Fe content of the soil,

P availability is limited. The calcareous soil was lower in available P.

Containers (flats) approximately 75 cm x 40 cm were used for the study. These flats

held approximately 8 kg of soil filled to a depth of approximately of 7.5 cm, and allows

planting in rows with band placement of the fertilizer material, beside the row or in seed

contact if desired. Multiple rows within each container were used as replications. The

containers served as individual treatment for each crop and were rotated to eliminate any

possible variables of light and/or temperature.

Corn was used as the test crop. The seeds were planted in rows, thinned to a constant

population per row. Only a single variety of corn was used for each crop. Corn was taken

to approximately the 6-leaf stage before the whole plant was harvested for dry weight and

plant composition analysis. In the corn test, four plants per row per replication were used,

thinned back from ten plants.

Conventional Cargill MAP fertilizer was used, with the fertilizer being coated with

the copolymer product of Example 1 at rates of 1 g copolymer/100 g MAP (P1X) and 2 g

copolymer/l 00 g MAP (P2X). The MAP particles were sized prior to copolymer application

to insure that the individual particles were of approximately the same size. In all instances,

a single rate of application of 20 ppm phosphorus calculated as PzO5 was employed. In

addition, a no-phosphorus control was also included in the study for each crop on each soil.

Other nutrients were supplied at constant rates.

The fertilizer-copolymer MAP product was applied in a banded fashion with a

constant number of phosphate material particles utilized per row (63 particles per each 

inch row section). This procedure placed the experimental products close to the rows for
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maximum availability in the phosphate-fixing conditions, and allowed comparison of the

effect of the copolymer with each phosphorus fertilizer.

After harvesting, the plants were tested for dry weight, phosphorus concentration and

phosphorus uptake. SAS was utilized to analyze variance of the data.

TABLE 4

Phosphorus Materials Evaluation Corn

Material Dry Wt. P. Concentration P Uptake

Control 5.18 0.827 43.2

P1X 8.90 0.996 88.7

P2X 9.55 1.043 99.6

LSD.05 2.47 0.177 31.8

EXAMPLE 24

In this test, the effects of polymers on nitrogen volatilization was tested. A urea was

sized by screening to a uniform size and was treated to form a 5% by weight coating of a

polymer in accordance with the present invention. The coating was prepared by solubilizing

grams of polymer in 3 ml of water. The mixture was then added uniformly to 95 g of urea.

To the mixture, 7 g of clay was added which dried the mixture and provided a clay coating.

The mixture was then applied to soil for comparison. There were two polymers tested, one

which was 50% calcium and 50% hydrogen saturated and the other which was 100% calcium

saturated. Each of these polymer mixtures were compared to an untreated urea. Soil

samples were taken and cumulative nitrogen losses were determined after 16 days.

As shown in Table 5, coating the urea with clay or a polymer and clay combination

greatly reduced nitrogen volatilization. Untreated urea lost 37.4% of its total nitrogen. The

polymers, calcium/hydrogen mixtures and calcium alone, lost only 20.6% and 19.5%

respectively. Unexpectedly, the polymer combination significantly reduced nitrogen

volatilization.
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TABLE 

Ammonia Loss as a Percentage of Total Nitrogen Applied

Treatment Replicate 1 Replicate 2 Replicate 3 Average

Urea 33.3 41.3 37.7 37.4

Polymer 19.0 19.3 23.7 20.6

H, 50% Ca saturated

Polymer 17.1 21.7 19.5 19.5

100% Ca saturated

EXAMPLE 

This experiment determined the effects of polymers in accordance with the invention

on phosphorus fertilizer availability. An acid soil (pH 4.7) and a calcareous soil (pH 7.8)

treated as in Example 23 were collected. These soils were chosen for their P fixing

characteristics, preformed by Fe and Al in the acid soil and Ca in the calcareous soil. All

treatments involved four replication. Soil samples were collected from the area of banded

P beside the corn row after the plants had been harvested. The phoshporus material was

MAP. (although it is understood that all fertilizers should have similar results) with and

without an experimental coating of 1.0% on the exterior of the MAP particles. The coating

was prepared using the procedures described above in Example 24. Phosphorus rates were

10 and 20 ppm P205 banded beside the seed (1 inch to the side, 1 inch below) of corn in

flats containing 7 kilograms of soil. Composited cores from each treatment were processed

and analyzed using conventional testing procedures. A single weak acid extractant (Bray P-

1) was utilized for both the acid and calcareous soils. The P fertilizer had been in contact

with the soil for approximately 5 weeks at the time of sampling.

Results of this experiment are given below in Table 6. Coating MAP with the

experimental product produced consistently higher soil test P values indicating that the

extractability of the P was increased. Therefore, normal soil P fixation had not progressed

as rapidly in the presence of the polymer. The results from the acid soil displayed more

differentiation that those of the calcareous soil, perhaps due to the tendency of the weak Bray
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extractant to react with free calcium carbonate in the calcareous soil. Plant growth data also

demonstrated similar indications of greater P availability.

Thus, polymers in accordance with the present invention have significant effects on

P availability from ammonium phosphate fertilizers. Furthermore, these polymers may be

of substantial value in improving P use efficiency from applied fertilizers on both acid and

calcareous soils with P fixation capacities.

TABLE 6

Polymer Effects on Soil Test P

Treatment Soil Bray-1 P

Concentrations ppm P

No P Control, Acid Soil 76

ppm P205, MAP Control, Acid Soil 121

ppm P205, MAP Control, Acid Soil 117

ppm P205, MAP Control, Acid Soil 151

5 ppm P205, MAP Experimental, Acid Soil 195

ppm P205, MAP Experimental, Acid Soil 190

ppm P205, MAP Experimental, Acid Soil 220

LSD 0.10, Acid Soil 26

No P Control, Calcareous Soil 76

5 ppm P205, MAP Control, Calcareous Soil 96

ppm P205, MAP Control, Calcareous Soil 110

ppm P205, MAP Control, Calcareous Soil 156

ppm P205, MAP Experimental, Calcareous Soil 164

ppm P205, MAP Experimental, Calcareous Soil 159

20 ppm P205, MAP Experimental, Calcareous Soil 102

LSD 0.10 Calcareous Soil 38
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EXAMPLE 26

In this example, a representative polymer in accordance with the invention was

employed as a coating on granular fertilizer, in order to determine the effect of the polymer

on increasing the abrasion resistance of the fertilizer. Abrasion resistance is the resistance

to the formation of dust and fines as a result of granule-to-granule and granule-to-granule

equipment contact. Increasing abrasion resistance reduces material losses from handling,

storage and during application, and also decreases pollution and consequent need for

pollution control equipment.

In each case, conventional granular MAP fertilizer was used, and tests were run with

no coating, a commercially available dust control coating (ARR-MAZ KGA500) and a

sodium-saturated polymer in accordance with Example 1 (40% solids). The fertilizer

samples were prepared by first screening the fertilizer over 3.35 and 1.00 mm sieves to obtain

a 100 cm 3 portion. Individual 20 g samples of the screened fertilizer were then coated by

mixing the ARR-MAX-KGA500 and polymer of the invention at the levels set forth in Table

7 below. After coating and drying, the samples were placed in respective 100 ml rectangular

polyurethane bottles, along with 10 stainless steel 7.9 mm diameter balls. All sample bottles

were taped together into one block and shaken for five minutes. At the end of the shaking,

the balls were removed manually, and the bottle contents examined. Fines were separated

manually and weighed, and the percentage of dust after the shaking test was calculated.

Table 7 sets forth the results of this experiment.

Table 7

Fertilizer Type Coating Coating Level Dust After

w/w, as is) Shaking

Granular MAP None N/A 0.43

Granular MAP AAR-MAZ- 0.52 0.29

KGA500

Granular MAP Polymer 0.5 None

Granular MAP Polymer 1.0 None

Granular MAP Polymer 1.5 None
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These results demonstrated that the polymers of the invention are highly useful as

coatings for solid fertilizer products in order to enhance the abrasion resistance of the

products.



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A polymer comprising recurring dicarboxylic polymeric subunits each

made up of at least two different moieties individually and respectively taken

from the group consisting of A, B, and C moieties, or recurring C moieties,

wherein moiety A is of the general formula
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wherein Ri, R2 and R7, arc individually anid respectively selected ftrom the group consisting of H, OH,

i-C 3o suiii t, branched chain And cyclic alkyl or aryl groups, C1-C30 straight, brandhed chain

anid cyclic alkyl or aril C-C 3 0 based ester groups, R'C0 2 groups, and OR' groups, wherein R'

is slected from the group consisting of CI-C30 straight, branched chain and cyclic alkyl or aryl

floups; k 3 anrd R4 are individually and respectively selected from the group consisting of H, C,-

Co itaight, bianched chain and cyclic alkyl o arylgroups; R5 R, R 0o.and R11 are individually

d iispetively selected frorri the group consisting of H, the alkali met0s, NH4 and ibthe C1-C,

alkyl amnioniiim groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu Ni,

Co, Mo, V, Cr, Si, B, and Ca; Rs and P.R, are individually and respectively selected frori the

group consisting ofnothiig, CH2 C2H4 and C3H6 at least one of said R1 R, R3 and H4 is Oi

where said polyimeric subunits are made up ofA and B moieties, at least one of said R1 R2 and

RI is Oi where said polymeric subunits are made up of A and C moieties, arid at least one of

said R, R2R, R, R 4 and R, is 01O where said polymeric subunits are made up of A, B and C

noieties.



2. The polymer of claim 1, wherein said recuring polyeijic subunits are iaiie up of A

dB moieciws,whe ReinR and R 4 are each R2 is OH, R, and a areNa.

3. t Aibpolyiier of claim i, wherein R1-R4 are respectively and individually selected from

the g:o1 cdnsisting of H. OH and C,-C straight and branched chain alkyl groups, Rs, R iRo and RISMUP an strai 0ifH

Sindi ally u respectively selected fod the group onsisting of tlie alkali metals, 4iH Aiid I

4. T polymer of claim i, said polymer being complexed with an ion.

The polymer of claim 4, said ion being selected from the group consisting of Fe, ih,

nC, i, 0, Mo, V. r, Si, B, and Ca.

6. A fertilie prodci comprising particles of a fertilizer in intimate contact with a plyrixd

as detinbd in cla imi 1.

7. The fertilizer product of claim 6, said fertlizer being selected froin the groip coisiting

Sphsphate-based fertilizers, fertilizers containing nitrogen, phosphoos, potassium ctalcium,

aeium, sulbr, bors, or molybdeinum materials, fertilizers containing inicronutrients, and oxides,

sufateis, 6ihlorides, and chelates of such micronurients.

8. The fertilizer product of claim 6, said polymer and fertilizer being co-grbund together.
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19 Te f&tilizer product of claim 6, said polymer being applied to the sufache of said

fertilize.

'The fetfilicir produ ct of claim 6, said fertilizer being in the forim of articles havig an

avtrge. diiieter fom about powder size to about 10 cm.

1. the fer tilizer piduct of claim 6, said polymer beig preset in said fettilizetprodu itd

a level of from about 0. 00 1 gto about 20 g polynier per 100 g fertilizer.

1.i Th f izer pdct of claim 6, said polyier being conplexed with an ion.

13. The fehilizer prodict of claim 12, said ion being selected froh the group consisting cif

Fe M, Mg Zn, Cu, ll, Co. Mo V, Cr, Si, B, and Ca.

14. A ethd of enhancing the gibwth of plants copising the step of pyig to said

plaits or the earth adjaent said plaits a groth-enhancing aimoint of a diipoition comprisinig he

pblyiner of claim 1.

i The method of claim 14, said polymer being applied at a level of froli abouxit 0.001 ibs.

tob aboit 100 lbs. polminer per acre of said growing plants.
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The method of claim 14, said polymer being in liquid dispersion.

17. The iethod of claim 14, said polymer being in granular form.

i8. The method of claim 14, said polymer being in intimate mixture with a fertilizer.

19. The mthod of claim 18, said fertilizer being selectcd from the group coisisting of

phosphate-based fertilizers, fetilizers containing nitrogen, phosphorous, potassium calcium, maghesium,

sulfur, boron, or miolybdenum materials, fertilizers containing micronutrients, and oxides, sulfafes,

S chiortides, and chelates of such micronuttients.

The iethod of claim 18, said polymer and fertilizer being co-ground together.

2 The method of claim 18, said polymer being applied to the surface of said fertilizer.

22. The method of claim 18, said fertilizer being in the form of particles having an average

diameter of from about powder size to about 10 cm.

23. The method of claim 18, said polymer being present in said fertilizer product at a level

of from about 0.001 g to about 20 g polymer per 100 g fertilizer.



24. The method of claimh 14, said polymer being cmplexed with n iob.

Tbe polymer df claim 24, said ion being selected rom the group conisistiig of Fe, Mn,

Mg Zn,n- Cui, o, V, Cr, Si, B, and Ca

26. A mniethod of enhancing the growth of plants cbmprising the step of applying to said

Silat or to ihe earth adjicent said plants a growth-enhancing amount of a fertilizer krodutt comprising

airtilizr I in ihtipiate cobntact with the polyminer of claim 1.

27- The method of claim 26, said polymer being applied at a level of froin about 0.001 Ibs.

to itboit 100 ]bs. polyrier per acre of said growing plants.

8. he imethod of claim 26, said fertilizer product being a liquid dispersio of said fertilizer

ad said p6ilyii.

29. The method of claim 26, said fertilizer product being a granulated mixtute of said

fertilizer and said poly mer.

The imethod of claim 26, said fertilizer being selected from the goubp tonsisting of

phophate-bised fertilizers, fertilizers containing nitrogen, phosphorous, potassium calcium, niagnesinim,

sulfur, boron, or molybdenum materials, fertilizers containing micronutrients, and oxides, sulfates,

.e



r I

chlorides, and chelates of such micronutrients.

31. The method of claim 26, said fertilizer being in the form of particles having

an average diameter of from about powder size to about 10 cm.

32. The method of claim 26, said polymer being present in said fertilizer

product at a level of from about 0.001 g to about 20 g polymer per 100 g fertilizer.

33. The method of claim 26, comprising the step of applying said fertilizer

product to the foliage of said plants.

34. The method of claim 26, comprising the step of applying said fertilizer

product to the earth adjacent said plants.

35. The method of claim 26, said polymer being complexed with an ion.

36. The method of claim 35, said ion being selected from the group consisting

ofFe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca.

37. A method of forming a polymer comprising the steps of:

providing a reaction mixture comprising at least two different reactants selected

from the group
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cons isting of flitt, second, and third reactants, Wherein, said first ieteaxmt is of the

general- fbtiniula

IH=YH

said second reactant is Of the general formula

R3  R4

o~c

0C0

0
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or

-OR6

and s'aidthid reatant is of the 8eneral formnula

C.7 OR 1

0

0

C



R O

wherein R1 K2 R~ are inidividually and respectively. selected fo h ru ossigo i

01%OH CfCm0 straight, branched chain and cycli aly or aryl groups, C1 -C30 stdt~t

branhed cain and byclic alkyl' oryl C1,C, 0 based est grus, R'CO -upand

O 'groups, wherein R' iss lece rolm tegopcnsisting of C1-C siraighi,

'Riss e ecC 'h'rop CO

bhd chain anid cyclic alkyl or aryl groups; k3 and (4 are individuially and

teptey selected' fom the group conistn fH 1 C 0 srihbace hi

andyi46 vfe aikyl orarl grouips; R5, R6.R R, and R are. individuall and respectively

selected from the group consisting oflH, the alkali metals, 4 and the~ CC 4 kiy

airmmonim groups Y is selected from the grup conisin o fFeMn, Mg2n, C14Ni

Co,'Mo, v, at Si, ti, anud Ca; R9  and R, are individually and respectively selectd

from the grou~p consisting of nothing, CR2 C2H4 and C3116, a least one of skid RI, R2,

R,.anidR 4 is OH where said polymieric subuits are made up of A atad B mnoickies, at



leas one of said R2 and R, is OH where said polymeric subunits are made up of A

and C moieties, and at least one of said RI, R2, R and R, is OH where said

polymeric subunits are made up of A, B and C moieties;

polymeizing said reaction mixture to form a polymer having recurring polymeric subunits therein

with carboxyl-cohtaining groups; and

hydrolyrzig said polymer to replace at least certain of said ester-containing groups with alcohol

groups and to form a polymer as defined in claim 1.

38. The method of claim 37, said first reactant being vinyl acetate and said second reactant

being maleic anhydride.

39. The meihod of claim 37, said polymerization step being carried out by generating free

hdicals in said reaction mixture.

The method of claim 39, said free radical generation step comprising the step of adding

a peroxide to said reaction mixture.

41. the method of claim 39, said free radical generation step comprising the step of

subjecting said reaction mixture to IUV light.



I

42. The method of claim 37, said reaction mixture being formed in a solvent

selected from the group consisting of water and acetone.

43. The method of claim 37, said polymerization step being carried out at a

temperature of from about 0°C to about 120'C for a period of from about 0.25 hours to

about 24 hours.

44. The method of claim 37, said polymerization step being carried out under

an inert gas atmosphere.

The method of claim 37, said hydrolyzing step comprising the step of

adding an acid or base to said polymer.

46. The method of claim 45, comprising the step of adding a base to said

polymer.

47. The method of claim 37, comprising the step of drying said hydrolyzed

polymer to a solid form.

48. The method of claim 37, comprising the step of concentrating the aqueous

solution of the polymer until the polymer precipitates out.

49. The method of claim 37, comprising the step of reacting said hydrolyzed

polymer with an
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ioh to formt A complex W.,ith the Polyr.&

The medthod of 'Claim 49, said'ion being selected from the group consisting rof Fe, Z6j,

Cu,: Mri. Mg, MQ, Go, Nil- V. Cr, Si, B, or Ca ion.

51. ThM' ethod of claim 37, said hydrolyzing step being Carred out in.3itu.

52. A dicarboxYlic ,cid polymer having the generalized torml

J I OH

ORN

whfereih Rj and R. are individuia ly and respectively selected frm the 'group consisting of H, the

Alkal i metals, il and CI -C4 alky ammonium groups, and n ranges from about I-

53. Thie polymer of claiim 52, wherein each of Rs and &.is Na.

54. The Polyrd of claini 52, whlerein each -of Rs and RGis ammonium-

The polymer of claim 52, wherein each of R5 and Ro is hydmgen.
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56. A method of decreasing nitrogen volatilization comprising the step of

coating a fertilizer product with a substantially water-soluble dicarboxylic polymer to

form a coated fertilizer product.

57. The method of claim 56, said fertilizer product being selected from the

group consisting of phosphate-based fertilizers, fertilizers containing nitrogen,

phosphorous, potassium calcium, magnesium, sulfur, boron, or molybdenum materials,

fertilizers containing micronutrients, and oxides, sulfates, chlorides, and chelates of

such micronutrients.

58. The method of claim 56, said polymer being 100% saturated with

calcium.

59. The method of claim 56, said polymer being 50% saturated with

hydrogen and 50% saturated with calcium.

The method of claim 56, said polymer comprising the salt form thereof.

61. The method of claim 56, said polymer coating comprising at least about

0.01% by weight of said coated fertilizer product.

62. The method of claim 56, said polymer coating comprising at least about

by weight of said coated fertilizer product.
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63. The method of claim 56, said polymer coating comprising at least about

by weight of said coated fertilizer product.

64. A method of increasing phosphorus availability comprising the step of

applying to the soil adjacent growing plants a fertilizer product coated with a

substantially water-soluble dicarboxylic polymer.

The method of claim 64, said fertilizer product being applied at a rate of

at least about 5 ppm.

66. The method of claim 64, said fertilizer product being applied at a rate of

at least about 10 ppm.

67. The method of claim 64, said fertilizer product being applied at a rate of

at least about 20 ppm.

68. A method of enhancing plant growth comprising the step of applying to

the soil adjacent growing plants the polymer according to claim 1.

69. A product for enhancing the growth of plants comprising the polymer

according to claim 1.

W:Fils \D8O829M80829Spcci 270405doc



706. Th composition of claimA 69 further coinpiisig a fertilizer prdduet

71. The composition of claim 70, said fertilizer being selected from ,the grop consistingof

p:hosphate-bed riis, fertiliiers containig nitrogenoporou, potassium i magnsium.

dboron, Or olyde u materials, fertiliz containg iicronutiients, ahd oxidessla

;es -if th litticiiis.oi~des, and ch s of suh nicron

7 The bomposition of cJaim 69, said dicarboxylic acid pbolyer cojprisig recurrng

pal e jineie subiiits each'itade up of at least two diffeient moieties individually and respetively taken

from the gro0 Up con sisting of A, B, and C moieties, or recurring C moaietiesi wherein inoietyA is of the

ge:al f6rtnula

I R2

flhoiey B is of the gera 'formua

II
OR5  OR 6
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or

R3  14

0 0

R* R3 E 4

o, C -i

and nicietS' C is of the general fotmula

\C-OR1

04



it-C

H-C4-

7e-



wherein R 1 R and R7 are individually and respectively selected from the group consisting of H,

OH, CXi-Cs straight, branched chain and cyclic alkyl or aryl groups, Ci-C' straight,

branched chain and cyclic alkyl or aiyl Ci-C3o based ester groups, R'CO% groups, and

OR' groups, hierein R' is selected from the group consisting of CI-Ca3 straight,

branched chain and cyclic alkyl or aryl groups; R3 and 144 are individually and

respectively selected from the group consisting of H, Ci-CiO straight, branched chain

and ciIic alkyi or aryl groups; 4S, R, Rio and R are individially and resp~ctively

Sselected from the group consisting of H, the alkali metals, NH4 and the C-C 4 alkyi

aminonium groups, Y is selected'from the group consisting ofFe, Mn, Mg, Zn, Cu, Ni,

Co, Mo, V, Cr, Si, B, and Ca; Rg and RP are individually and respectively selected

froth the group consisting of nothing, CH2 Cat, and C3He, at least one of said R1 R.2

Ri and is OH where said polymeric subunits are made up of A and B moieties, at

least one of said Ri,. R and R- is OH where said polymeric suibuits are made up of A

and C moieties, and at least one of said R2, R3 R4 aid R7 is OH where said

S polymeric subunits are made up of A, B and C moieties.

73.: A mthod of forming a polymer comprising the steps of:

providing an aqueous solution of caustic;

providing a reaction mixture comprising at least two different reactants in a solvent, said

reactants being selected from the group consisting of first, second, and third reactants, wherein said first

reactant is of the gnieral formula
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CH-CH

R1  R2

said second reaicia6n is of the general formula

R 3 4

0_ 

R3 R4

13 14

o=I L

I
or

OR5 OR8

And said third rect'ant is of the g eneral formula

0



Or

R-OR

Rg-~~~l

or

0

II

C-C ORj/

HC==C

R R C OR
.111

0

or:

RgC C

wherein i, R(2and R7 are indiidially and respectively selected froi the group coisisting ofH,

OH, Ci-C3 0 straight, brianched chain and cyclic alkyl or aryl groips, C1-C30 stiaight,

branched chain and cyclic alkyl or aryl C,-C3 0 based ete? groups, R'CO2 groups, and

OR' groups, wherein R' is selected from the group consisting of C-C30 straight,

baiiched chain and cyclic alkyl or aryl groups; R3 and 4 are individually aid

resp6ctively selected from the group consisting of Hi C1 -C3 0 straight, btnched chain



iind cyclic alkyl or aryl groups; R, Ro and R1 1 are individually and respetively

seectd flom the group consisting of H, the alkali metals, NH4 and the C1-C4 alkyl

aiinii groups, Y is selected from the group conisisting of Fe, Mn, Mg, Zn, Cu, Ni,

Co Mo,6 V Cr, Si, B, and Ca, R and R, are individually and respectively selected

frimi th ip coiisisting of nothing, CH2, C 4 and at least one of said Rij, R2

R, and A is OH where said polymeric subinits are made up of A and B moieties, at

least onie of said R1 R 2 and R is OH where Aaid polymeric subunits are made ui of A,

a4 C moieties, ahd at least one of said RI, R, R3, i and R7 is OH where said

polyieric ibunits are riade up of A, 13 and C moieties;

addinga sia cit amount of said reaction mixture to said caustic solution in order to bring the

pH of1the resulting reatidn solution to about 7;

pjolymerizing said teaction mixture to fbrm a polymer having recurring polymeric subunits therein

with carbdxyl-coitaining groups;

prfoiming rbduced presisure distillation to remove said solvent; and

isolating said golyner.

74. The method of claim 73, said first reactait being vinyl acetate and said second reactahnt

being mnaleic -khydride.

7is. The Minethod of claim 73, said polymerization step being carried out by generating fiee

tadicals ini said.reaction mixtutre.



76. The method of claim 75, said free radical generation step comprising the

step of adding a peroxide to said reaction mixture.

77. The method of claim 75, said free radical generation step comprising the

step of subjecting said reaction mixture to UV light.

78. The method of claim 73, said solvent being selected from the group

consisting of water and acetone.

79. The method of claim 73, said polymerization step being carried out at a

temperature of from about 0°C to about 120'C for a period of from about 0.25 hours to

about 24 hours.

The method of claim 73, said polymerization step being carried out under

an inert gas atmosphere.

81. The method of claim 73, said isolation step being selected from the group

consisting of precipitation, spray drying, and simple drying.

82. The method of claim 73, comprising the step of concentrating the aqueous

solution of the polymer until the polymer precipitates out.
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83. A seed prducit coinprising seeds in iutimale contact with a polymer'a! deined in clai

8.4. The Seed product of claim 83, said polymer being applied as a coating to said seeds.

The seed product of claimh 83, further coimprising particles of fertilizer in intimate cohtact

wvith said polymher.

896. The seed product of claim 84, said polymner coating comprising at least about 0.01%/ by

weight of said Seed 0 l~t.-

87. The s66d. produict of claim 84, said polymer coating comprising at least about 5% by

Weigh of said seed pro'-duct.

8.The see~dproductof cla 84, said polymner coaiting comprising at le'ast about 10 O/'by

weight of said seed produc'L

89.- the seed proiduct of clairn 85, said polymner being applied as a coating to said fertlize'r.

A inthod of increasing the abrasion resistance of solid fertilizcr comprising the step of

applying to the surface of the solid fertilizer- a polymer as deffiied in claim 1.
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9 Theimethod of claim 90, includingthe step of applyingsaid polymetr at a level of from

about 0.005-15 by weight, based upon the weight of the fertilizer taken as 100%.

92. A -polyrer omprising recurring dicaiboxylic polymeric subunits each m ade'up of at

least two different moieties individually and respectively taken from the group consisting of A. B,;and-C

mnoieties, or re cuinig C mnoieties, wherein moiety A is of the genieral formula

R, R2

moet Bisofth genera formula

R3  R4

0



.or

4F;V
01V

0/ 0

4-4..L-

OR5 0R~t

ahdimoiety Ct Is o tihe geine al foiulit

cl-I-I



r

I 

e

I i:

i 

',I

or

0

Ra C O

Rj

O

wh erin R1v 2 aid R, are individually and respectively selected frojn the group consistiig of IH,

OH, C1-C staigitk br anched chain and cyclic alkyl or ary] groups, C-C 3o straight,

banhed chain and cyclic alkyl or aiT C-C 3c0 based ester groups, R'C0 goups aid

OR' ts, wherein R' is selected from the group consisting ofC stis0iit,

bniched chain and cyclic alkyl or aryl grups; R3 anid R are indivdually and

respectively selecied from the group consisting of H, Cl-C, straigl, branched chain

and cyclic alkyl or aryl groups; Rs, Re, R, and R, I are individually and repectivly

selected froi the group consisting of il, the alkali nietals, NHR4 and the C1-C4 alkyl

anmolni groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni,
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Co, Mo, V, Cr, Si, B, and Ca; R8 and R9 are individually and respectively

selected from the group consisting of nothing, CH 2 C2H4 and C3H6 at least one

of said Ri, R2 R3 and R4 is OH where said polymeric subunits are made up of A

and B moieties, at least one of said RI, R2 and R7 is OH where said polymeric

subunits are made up of A and C moieties, and at least one of said RI, R2 R3 R4

and R7 is OH where said polymeric subunits are made up of A, B and C

moieties, and wherein the polymer contains a number of alcohol groups.

93. A method of forming a polymer comprising the steps of:

providing an aqueous solution of caustic;

providing a reaction mixture comprising at least two different reactants in a solvent,

said reactants being selected from the group consisting of first, second, and third

reactants, wherein said first reactant is of the general formula

CH CH

RI R2

said second reactant is of the general formula

R3 C=C--R4C R3 -C =C-R 4

IO= C C

OR 5  ORe6

R3  R4

C=C

0 C =0

Y0
Y
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and said third reactant is of the general formula

0

R8 C--0

CH-C Y

I R9- 
R 7  

II
0

or

0

/C--ORo

R
8

HC =C

O

0

wherein RI, R2 and R7 are individually and respectively selected from the group

consisting of H, OH, C-C 30 straight, branched chain and cyclic alkyl or aryl

groups, C1-C30 straight, branched chain and cyclic alkyl or aryl C1-C30 based

ester groups, R'CO 2 groups, and OR' groups, wherein R' is selected from the

group consisting of C1-C30 straight, branched chain and cyclic alkyl or aryl

groups; R3 and R4 are individually and respectively selected from the group

consisting of H, CI-C 30 straight, branched chain and cyclic alkyl or aryl groups;
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R5 R6 Rio and R11 are individually and respectively selected from the group

consisting of H, the alkali metals, NH 4 and the C 1-C4 alkyl ammonium groups,

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

Cr, Si, B, and Ca; R 8 and R9 are individually and respectively selected from the

group consisting of nothing, CH 2 C2H4 and C3H6 at least one of said Ri, R2 R3

and R4 is OH where said polymeric subunits are made up of A and B moieties,

at least one of said R 1 R2 and R7 is OH where said polymeric subunits are made

up of A and C moieties, and at least one of said RI, Rz, R3 R4 and R 7 is OH

where said polymeric subunits are made up of A, B and C moieties;

adding a sufficient amount of said reaction mixture to said caustic solution in order to

bring the pH of the resulting reaction solution to about 7;

polymerizing said reaction mixture to form a polymer having recurring polymeric

subunits therein with carboxyl-containing groups;

performing reduced pressure distillation to remove said solvent; and

isolating said polymer.

94. A polymer according to claim 1 or 92, substantially as hereinbefore described

with reference to any of the examples.

95. A fertilizer product according to claim 6, substantially as hereinbefore described

with reference to any of the examples.

96. A method according to claim 14, 26 or 90, substantially as hereinbefore

described.
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97. A method according to claim 37, 73 or 93, substantially as hereinbefore

described.

DATED: 27 April 2005

PHILLIPS ORMONDE FITZPATRICK

Attorneys for:

John Larry Sanders and

Specialty Fertilizer Products, LLC
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