0 1 NOV 2004 WO 01/82869 PCTIUS01/ 14240 - 1 ANI ONI C VI NYLI DI CARBOXYLI C
ACI D POLYMERS AND USES THERECF 5 RELATED APPLI CATION This is a 61 NOV 2004
continuation-in-part of application Serial No. 09/562,519 filed May 1,

2000. BACKGROUND OF THE I NVENTION Field of the Invention 10 The present

i nvention i YO v concerned with novel anionic substantpcaiusyii4z4o

bi odegr adabl e and substantially water sol uble polyners and derivatives

t hereof which have significant utility in agricultural applications,
especially plant nutrition and rel ated™@areas. Mdire particularly, the

I nvention is | lLyners, as well as nmethods of synthesis
and use ther eo¥ : \?hwmbmﬁéﬁ@oﬁ’ RtadDJiSHS THEREOF evel s of
ani oni c groups. 15 Additionally, the preferred polyners also include
significant |evels of al cohol groups. The nost preferred polymers of the

I nstant invention include recurring polyneric subunits nmade up of vinylic
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01 Nov 2@articuierl@ theinGhfioR’s bohtetied WM#Alch polymers, as well as methods of synthesis and

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

15 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 (e.g., vinyl acetate or vinyl alcohol) and dicarboxylic (e.g., 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
20  products.

Description of the Prior Art

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

wn to the art of agriculture as materials that facilitate nutrient absorption. All of them suffer
25  from significant disadvantages, which decrease their utility in comparison to the art discussed
herein and limit performance.

Lignosulfonates are a l?yproduct 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.

30 Polyacrylates and polymers containing appreciable levels thereof can be prepared with
good control over their composition and performance. They are stable to pH variations.



-2 However, polyacrylates have just one carboxyl ate per repeat unit and
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relatively small pH range of about 7 to about 10. They usually have very
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for the 8‘3%";5’@%% ‘%Wﬁb“%‘? §dutions uswg rerpgrhapeshiritigtornim\a Geigin 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 natrow range of copolymers

20  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-commercial 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

25  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. Only terpolymers 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
30 invention.



WO 01/82869 PCT/ US01/ 14240 -3 It will thus be seen that the prior art

fails to disclose or provide polyners which can be synthesized usinﬁ %
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substantially bi odegradabl e, substantially water sol uble, and have w de
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present invention overcones the problens outlined above and provi des a new
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the general -form g,,r % -- &ngl S&bs%m topprogests s compounds
PCT/ US01/saet240CO, and H,O 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
15 (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
20 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, e.g., in an AB recurring
polymeric unit polymer, the B moiety may be different in different units.
25 In detail, moiety A is of the general formula

+TH—CT—)—

30
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011 510 0r 150 11 ~Ra\ 4 CH CL)- O RCa, u 20 s 0 wherein R, R2
and R7 are individually and respectively selected fromthe group corﬂslll‘{ﬂth?ﬂ@
of H OH, Cl-C30 straight, branched chain and cyclic al kyl or aryl

groups, Cl- C30 straight, branched chain and cyclic alkyl or aryl C-C30
based ester %P’d’f?ﬁ@? (formate (Co), acetate (C), propionat ePCBUSNTAF40bUt yr at e
(C3), etc. up to C30), RCO2 groups, and OR groups, wherein R 1is
selected from the group consisting of 1- C30 straight, branched chain and
cyclic alkyl or aryl groups; R3 and R4~ are individually and respectively
sel ected fromghe group consisting of H Cl- C30 straight, branched chain
and cyclic alkyl or aryl groups; R5, Rs, RIO and Rl11l are individually and
respectively selected fromthe group consisting of H the alkali netals,
NH4 and the Cl1-C4 al kyl 30 amroni um groups, Y is selected fromthe group

consisting of Fe, Mnh, My, Zn, Cu, N, V, , Si, B, Co, M, and Ca; R and
RO are individually and respectively sel el ted fromthe group 01 Nov 2004
WO 01/82869 PCT/ USOL/ 1424 0 -6 consi st/g:ef——op fhing (i.e., the groups are
non-eXistent), CH2, 'C2H4, and C3Hg,, | east one of said

ot
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Ne—or
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, o)
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15 i
N
—G-CH——C+ \
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wherein Ry, R, and R, are individually and respectively selected from the group consisting of H,
OH, C,-Cy, straight, branched chain and cyclic alkyl or aryl groups, C,-C;, straight, branched
chain and cyclic alkyl or aryl C,-C,, based ester grdups (formate (C,), acetate (C,), propionate
25 (C), butyrate (C;), etc. up to Cyg), R'CO, groups, and OR' groups, wherein R’ is selected from
the group consisting of C-C,, straight, branched chain and cyclic atkyl or aryl groups; R; and R,
are individually and respectively selected from the group consisting of H, C,-C,; straight,
branched chain and cyclic alkyl or aryl groups; R;, Ry, Ry and R,; are individually and
respectively selected from the group consisting of H, the alkali metals, NH, and the C,-C, alkyl
30 ammonium groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, V, Cr,
8i, B, Co, Mo, and Ca; R; and R, are individually and respectively selected from the group



Rli R2, R3 and R4 is OH where said polyneric subunits are nade up of A and
B noieties, at |least one of said Rl, R2 and R7 is OH where said pcﬂ}ymr%ggr
subunits are made up of A and C noieties, and at |east one of said Rl

R3, R4 and R is OH where said polyneric subunits are made up 5 of A B
and C moi etWR8BBY can he appreciated, the pol ymers of t hBCI/ES@E40n can
have different sequences of recurring polyneric subunits as defined above
(for exanple, a polyner conprising A, %_and C subunits may include the one
formof A noiety, all three forns of B noiety and all three forms of C
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i nventi orafﬂgquagmge terpol ymers containing nono and dicarboxylic acids
with vinyl esters and vinyl alcohol are contenpl ated, however, 01 Nov 2004

WO 01/ 82869 P@TH¢ wgeL prefetfedCpolymers of the invention are made up of recurring polymetic
subunits formed of A and B moieties, wherein R, and R are individually and respectively
15 selected from the group consisting of H, Na. K, and NH4 and specifically wherein R,, Ry and R,
are each H, R, is OH, and R; and Ry are individually and respectively selected from the group
consisting of H, Na, K, and NH, depending upon the specific application desired for the polymer.
These preferred polymers have the generalized formula

20 S SV S —— )
b |
0=—C  c¢=o0 OH
b s

25  wherein R, and R, are individually and respectively selected from the group consisting of H, the
alkali metals, NH, and C,-C, alkyl ammonium groups (and most preferably, H, Na, K and NH,
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

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

mono and dicarboxylié acids with vinyl esters and vinyl alcohol are contemplated, however,



-7 polymers incorporating dicarboxylic acids were unexpectedly found to be
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found in In such uses, plant growth-enhanci ng s of

dj.acent. soil. Iy |
conposi t F@Hé‘mc%lﬁﬂ}‘i@% azins camples ofrofyessinperiopdenecawith the prepentipieehtionsadier i n
l'iqubg  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 cooMe metal complex formation. However, in these

cases, the availability of these jons would be increased for uptake by growing plants and will be
25  termed "complexed” for purposes of this application.

The polymers hereof (with or without complexed jons) 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-borme metal nutrients and

30  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



0 1 Nov 2004 WO 01/82869 PCTIUS01/ 14240 -8 dispersions or in dried,

granul ar form Thus, application of polyner alone results in inproved 01 NOV 7
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exi st as Selfafe, Rotassum) njirate. posassivm phosphate, @otassitmi hiydrozide,| fotdssismadasonaren
di scover I EB p ners, of t i nvention, when used as a coating on
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20  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 (e.g., zinc oxide, zinc sulfate and

zine 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
25 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
. !
30  upon the weight of the fertilizer taken as 100%.



30 upon the weight of the fertilizer taken as 100% o | Nov 2004 WO

01/ 82869 PCTIUSOL /14240 -9 In such contexts, the polynmers may be Ccﬁ-gr?’u{ﬂﬁlﬁ
with the fertilizer products, applied as a surface coating to the N0
fertilizer products, or otherw se thoroughly mxed with the fertilizer
products. m@ﬁmml y, in such conbined fertilizer/ pol ynerpeppsaaiishons, the
fertilizer is 'in the formof particles having an average di aneter of from
about powder size (less than 0.001 cn) to 5 about 10 cm nore preferably
fromabout 0.1 cmto about 2 cm and s || nore preferably from about 0.15
cmto about 0.3 cm The polyner is present in such conbi ned products at a

| evel of frorfnsisbgontextshe pplyrersmopbe @Gglgulpbmth’rém faytilizet Pfbdycts, applied as

phosphat & m)re ref er out g apout 10 g
pol yner pe%maﬁ%go %’ﬁ?‘f’%‘l é’ r i %)elése @EZLF.IP} e&rﬂ\“@' thﬁ? bl y

f r om aboyrodicts. PréferablOiaisuch hnitled TBAi iR/ po &Jr@ﬁ&gﬁﬁﬂé‘tﬁe foaded lizer.

Again, 10 the pol imer:?c fraction of such c%r%%fn products may |1%§fﬂlge t he

pol yners @n avesagetdiansitsr of fromabens pewdet siget(less than &Oﬁirmhnt i oned

ions. dn el L ne t|| zer roduct

conbi red a?)’?'gtc} 'S a%ltl? EYNB mag?lg hem o %bﬁsﬁi‘?ﬁéxgeéﬁ%ﬁ@ﬁ R‘F%E‘?’\ly °‘Ps

appl i ed aiboﬁdB\tﬁitd}i‘boﬁir(mmﬁbm‘hép(ﬂyxﬁ&ls%eseﬁbiﬂlthch?&rﬂﬂﬁfedp?éﬂu&iﬁﬁfafé%lc@”e of
growi ng plants, nore preferabl from about 0.01 to about 10 | bs pol yner

per acre fBFnﬂ?%%) %1 $) toabeut 20gmolymer per Wﬁlgé’hqsyhﬁﬁéﬂ%‘ﬂiwﬂwwamblﬂ 5to

about 2 | t pr.aducts can
i kewi se app & as W?g&?&%fyg%g ségtp Séhatd*r}%e‘g?%e&t%ﬂ Bﬁd’&‘ffﬁt s, at
the di sqn-dbnabnyminaﬁmtu&grtoamagmlmp&ngqm@@hdﬁ%@ed/r'eﬁilﬁzéﬂn% gsent

i nve t|on arg used, as. a tin the pol yner conprises at | east about

0. 01%%y °T&Ffff%q'?8ne€>%l{° goq Pdpméwrp?m&@fl e pplvanepy defiaedabioye. e

ol ymer | ] ,
Br oduct, Csgm ngg?m%&%l %rﬁgca‘lﬁgﬁéﬂpgnprl ses at ?Jh ?&%%&W%&%l&%hﬁ&of t he
coat ed f dreripblyner pmpuctsjuimtcommrtdprmal i$ appliedsat a@évepml tharehiespalyinadaotictein C e
wi th the present v S | abi ity of phosphorus and
ot her cor?ﬁﬁlﬁ%faé Jev %c’?g‘i" %ﬁ?‘g’déojﬁ? gb%ﬁ?ﬁé LRerarReof ARLE,IMNGTS at | on,
t her eby p@é'fgﬂblyrfﬂnﬁﬁmlﬁ 0l01!t6 HKduS l@ibs%%epbér%rerﬂffgfdwﬁﬁé pRY&! 1rAlkA @k

upt ake by 25 growl ng plants. In such cases, the polynmefr can be app |ed as a
coat ildg trseferablyiffony &O%Béde@bgutﬁrlb@polymer petn@dte of grovengiplantsn Thacombined soi | .

ot ot cEy e ol ERAisk B keI PAT UGS oS A BlsRy R b RofBnce

W th t he discesionof thewsert iWhken pobynigieih 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
20  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 commeon fertilizer ingredients and decreases nitrogen
volitilization, thereby rendering ambient levels of such plant nutrient available for uptake by

25 growingplants. Insuch 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%

30 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.



using the polyner as a seed coating. In such cases, the polyner conprises
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OCto ab t 30%.C to about 95 for a
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is carried out with (;[%ntl nuous  stirri r;ﬂ
nitrogen orargon. There is no particular criticality in the type of equipment used in the synthesis

20  of the polymers, i.e., stirred tank reactors, continuous stirred tank reactors, plug flow reactors,

L-i-

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

25  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

30 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



After the initial polynerization, the products are recovered and hy rOMﬁzﬁﬁ
so as to replace at least certain of the ester-containing groups o ]t 4
pol ymer with al cohol groups, thereby providing the polynmers defined

previ ously |1y, the hydrolyzing step involves 30 the addition of an
acid or base §o ?ﬁe pol ymeri zed product in the presence of CHEM4240pg| yprers
conprising nononers wth vinyl ester groups (polyners fornmed at least in
part 01 NOV 2004 WO 01/82869 PCT/ U5011114240 -11 from A noieties) need to
have sufficient base added to neutralize all of the carboxylic acid groups

and f or m froma habietiés) aked it HbRIsufficicat BRORIded FREalZ Aot HE clth 30k vinyl
ester groups. Thereafter, the conpleted polyner nmay be recovered as a
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added i n toradelid fernd. oktris impsortast wnioteathat botb e¢id @hd BAse ARBLIEIOHE Sseful in
Additionally, . in man cases it is preferred to react the hydrolyzed

pol yrré? vﬂ‘?‘%"a’ﬁqﬁ“‘owege&m"%ﬂopé? thag pndex gppropyiategenditinps, suffigientivasid ripstCr ,  and
Ca to forgaddéPm | o] i .

net al - conb?ai ni ng dg%%}?&ng'}lﬁ?b%oungsﬁﬁéger&gwggﬁp%oA%E@ﬂg’%ﬁW in the
art. |n sessitigpreferrefieaeact the hydrojyesl poBmieevizth msion xidias F§ MK, 8%, @8, Cigarl bonat e,
salt, or ,ather, siJpl.ar oynd may, be reacted with the polyner in acid
form Thé‘@eef’e%ﬁn?‘q{iéémi_&% 1o % feardingsfcmptatcomplex. nkachnignes igemakinge net al
with a S%dﬂ%ﬁﬁﬁﬁn@ﬁol?:%ﬁ%o&@ﬁﬂdﬂfm%&%%ﬁ %%Emﬁ%‘ﬁge&%%éﬁd

herein. Additionally, e structures of conplexes or salts of pol'yners with
net alld i rof thgeeteehniques,rometaksroxide; Iodraxideatasbinatepsait; oraihen simibacorguld ghl y

vari abl e LI fl to preci.sel.y.15 fine.. Thus, the depictions used
her ei n ar@%%%ﬁ‘g{é e vgl%eﬁﬁlb%%%go%l oSfIgChnidves alse nptudeseactingia hat

desired rfklidivided fideticul ithabolatiivfan SiPRREa blyhbtleRAI IR sublRskhone by
chem cal ,bonds. Alternatively, the metal may be bonded to other atons in

addi ti on ben- ¢ Adduionplixathe stpictussspfnamplexgs oh salisaafpobimearh vithtmetals ine  shown
herein f%&nérﬁle gﬁ&ﬁ . Lt ons .or.

functional groups Eoﬁ% to@h?@%%@%ﬁgﬁgaﬁg?gﬂwlﬁ% not
limtled tdefineoxffhes, the depiotionshikd herein awt for idusdatdet pirposeh ohlynglid Anal groups

I ncl ude but t, limt to). sul fate, hydroxide, etc. It is understood
by those® Wpﬁkﬁitﬁﬁwﬂ%m 9% Suchxe basdediortbe polemerdeskbonpat a

broad r angehéthicslibongs. UARSATR¥IyDfe ntidTRthy B8 BERHEIRY oth BfadBftR3Ss at i on
protocol, the identity of the nmetal, the netal's oxidation state, the

starti ng thase showa. For eiampleninthe qasa afithe spructarsishiovm erein §us the seeopd beactast; f or ned
fol I owed 4e Ray be additional atoms or functional groups bonded to the Y. These atoms include,
20  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
25  reaction to form a complex with a previously enumerated metal. In vet 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 altemative method, unhydrolyzed polymer is added to soil or fertilizer
compositions of appropriately low or high pH such that when contacted by water, a
30  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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and the third reactant is of the general formula

or

or

With reference to the above formulae, R,, R, and R, are individually and respectively
selected from the group consisting of H, OH, C,-C;; straight, branched chain and cyclic alkyl



RC 9 30 Wth reference to the above fornmulae, R' R2 and R7 are
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After the rﬁfict.i on is conplete and substantially all nononer” has been
react ed, an’fl JOPIENGS, ¢ | ng solution is a mal eic anhydride-vinyl acetate

RS ot o SR R ARG G 7 1
. 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 (e.g., maleic anhydride and vinyl acetate) in a

20  solvent (e.g., acetone). The amount of monomers incorporated can be either equimolar or

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

in solution. After the reaction is complete and substantiaily 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

25 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 (e.g., 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

30  anhydride groups are converted to carboxylic acid sodium salt groups arranged in groups of
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quenchers, inhibitors, etc. Of course, this list is not comprehensive but merely serves to
20 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 acefone reaction mixture containing,
for example, acetone and a copolymer of maleic anhydride with vinyl acetate is added to the

25  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

30 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



caustic and stirring it in a suitable container. Next, an acetone reaction
m xture containing, for exanple, acetone and a copol yner of nmaleic
anhydride with vinyl acetate is added to the 25 caustic solution. [1NOV 2004
Throughout this addition, the polyner going into the caustic solution wll
experi encewo fisageepH and have the acetate groups hydrol yg&adsprdlie @l cohol
form In acid- base titrations such as this, at the point where one
reagent is just exhausted, a very sharf) pH change usually takes place with
m ni mal addition of the second reagent’.G'Theref ore, in this reaction, just
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neutral . 15deRbAtibERe PRRGRRThédaOF THE PREFERRED EMBODI MENTS The fol | owi ng
exanpl es set forth techniques for the synthesis of polymers in accordance
with tRe invention, and various uses thereof. It is to be understood that

t hese exanples %Rﬁpﬁﬁ | ' only and not hi ng

therein should nghfa g%\/%s a pm#mg&@msscope of the

i nventi on. 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
20  limitation upon the overall scope of the invention. '

EXAMPLE 1

Acetone (111ml), maleic anhydride (20g), vinyl acetate monomer (15ml), and the

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

25  (suchas nitrogen orargon) in a teactor. 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

30  were evaporated (by removing the condenser with continued heating) to a thick oil, and
100ml of water was added. Then, 18g of granular sodium hydroxide (NaOH) was added to




EXAMPLE 1 Acetone (11l nl) rmalefic anhydride (20g), vinyl acetate nononer
19m ), and the radical source initiator di- tertbutyl peroxide (2. 40V 2004
were stirred together under inert gas 25 (such as nitrogen or argon) in a
reactor. Theowngsmstor provided included a suitably sized gk@ﬁ%mﬁﬂuﬁ%'cal
flask equi pped with a nmagnetic stirrer, an inert gas inlet, 'a“con
tenperature neasurenent device in contact wwth the contents of the flask,
and a renovabl e reflux condenser. ThHi%s conbination of materials was heat ed
in a hot ter bath mnth stirring at an internal tenperature of about 70 C
for five Bt Theresmiting mixthgo weseated afait treabblraio ° G And\&ikvegv apor at ed

&8
Lot "ot Pieh Mﬁf&gﬂﬂﬁ’éﬁﬁﬁ%% g wﬁﬁ{‘a‘% 3o Werorunrmeustontve nacH)
was addeconder3dr tbla ¥ligHl 4isvhsQdds 2AEIMBS Wa /B e né}faﬁ%oth{a,fg%gm@ and

di spersion, The resulting m xture was heated
al | oned TEOERH abeut §.o Fiteginf gthanalavhile stirsing Waecantintad: Ghoaslidshvere ebdvowed t o

evaporqt ey of er to.,a sI Vi S us mass. This
nass \Asgs pr eacIlfdpl a@eg Thw lltﬁl pflcﬁgé Sohiiesglo g?ﬂt]?é{ S%lf?é‘éﬂoné 5 liters
of et hancprocdaiiddenssfbllowm ng was continued. The solids were recov 5 ered and
then dried. The resulting product was a white-col ored powder. These
reactions proceeded as follows: 10 01 NOV 2004 WO 01/82869 5 10 15 -18
7,11 A--CH3 NaOH H2O PCTIUSQO /14240 Radical Source Initiator
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(di-tertbutyl peroxide) 70-80 CO 20 11 ONa + Na O C CH3 25 EXAWMPLE 2 This
reaction was carried out simlarly to that of Exanple 1. However, in thh[ﬁ’
case the following quantities of ingredients were used: acetone (50 2004
mal ei ¢ anhydride (44g), vinyl acetate nmononmer (42ml), and di -tertbutyl
peroxi de (YSMIB9Thi's nixture was heated in a hot wat er PERUBIM24A
stirring at an internal tenperature of about 70 C for five hours. The 30 -
contents of the reactor flask were thgn evaporated to a thick oil and 100n
of water was added. Next, 57g granular NaOH was added. This m xture was
heated again to about 01 NOV 2004 WD 01/ 82869 PCTI USOL/ 14240 -19 100C and
allowed to reflex for_ about one hour. After refluxing, the mxture
evaporated to a sljghtly viscous mass. This mass was precipitated by
adding it, wtR=H F000. 9 Hrters etBanol . The solids were then
recovered and dri ed e resulting product wag a tan- col ored powder. 5
EXAMPLE 3 This reac was al so carri ed @ut—@s—CH; Exanple 1. However, the
following quantities ofingredients were used: acetone (273.0m), malefic
anhydr5i de (49g), vinyl acetate nononer (46 )R(f'm d| &%l;gbutyl per oxi de

(5.9m). This mxture was heated in a hot wa f it s stirring at an
internal tenperature of about 70 C for fivejh I RE¥%Rtents of the
flask were then evaporated into a thick oil nce agal n by renoving the
condenser), and 250m of water was added. Woll ow ng the water addition,
63 g of granular NaOH was added. The resulfing m xture was heated to
about 100C again, and allowed to reflux for_about one hour. This m xture
was then evaporated to a sV 'Hp-eu-s:Hﬁi;Ss. The mass was 15
precilfitated with stirring i bout 2 lliters of ethanol. Solids were
recovered and dried and© onasoa very bright white powder.

o |

C—o0

Ly
15 NaOH

o i
20 CH?"CT : 4+ Na—o0 ﬂ CHs
ONa  ONa

25 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

30 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



EXAMPLE 4 In this exanple, copper was conplexed with the polyner isol ated
in Exanple 1. 20 Five grans of the Exanple 1 polyner was m xed with 50g
(dry weight) of ion exchange resin (strong acid macro reticular, 41940V 2004
meq/ gram dr whi ch had been soaked in water until the mxture was fluid.
The acid fcﬁ B¥28%%he pol yner was then washed out with seveeBusoiakisguots of
wat er. The resultant water-polynmer m xture was then m xed with 6g of CuS04
pentahydrate. The aqueous sol ution copfai ning the copper conplex was then
evaporated to 25 dryness and the material was coll ected. EXAMPLE 5 One

gram of tm::g%amwm@géﬂﬁéjfo?%f*g%yt%h?dmgrr%a | 1 was gﬁzarglfe\éEd into

20ml of roomtenperature water. sodi‘um b this

di sper si drawiightly vBoossmassi Tigs m%hﬂaep&bibﬂztém@aaa%ge@mﬂl SitBHs 1o Ptedl ferric
sul fate (fﬁ%{ﬂ%%)ﬁ% h trahﬁgrate was added slowly with stirring. This
product was 1Sorated® §53’\7’§ Fferagredivad deied r The wsaltingprodudtionss 2084 WO

01/ 82869 ddlotéd ffwde 4240 - 20 solution to dryness. Thereafter, the isolated

dry material was collected. The resultant product was an iron conpl ex of
t he pélyrrer of Exanple 1. EXAMPLE 6 5 In this exanple, |g of the polyner

prepared and isol ated in Exanple ed to 20m| of roomtenperature
water. Sulfuric acid (98% was am&%dﬁe di spersion with stirring,

unt i1 the pH dtippectideowabas cdried 0a0z0ln ggﬁg@gqsefﬂk&%omg Wi ahydrate

was added s|owy to the dispersion wt ous stirring. Tt eri al (a
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sul fate gl?%oﬁa#é’dr e was added slowy with vigorous stirring to t
di sper si Off erpdhenevaperitag indey thick 9H (enee agaie byrcowving thexondansery,and| ex of

the Exampbemlofiler Wik dded kel ahiagohe o dryness and
was col |l ected thereaft ere. EXA%FEXCSW&&%&%%’6ag°fgranﬂ§h%bﬁwasad(¥er&'
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
15 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.
20  Five grams of the Example 1 polymer was mixed with 5 0Og (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,
pentahydrate. The aqueous solution containing the copper complex was then evaporated to

25  dryness and the material was collected.

EXAMPLE 5
One gram of the polymer prepared and isolated in Example 1 was dissolved into
20ml of room temperature water. 1.3g sodium bisulfate was added to this dispersion with
30  stirring. While stirring was continued, 0.5g of ferric sulfate (Fe,(S0,),) tetrahydrate was
added slowly with stirring. This product was isolated by evaporating the water from the



Water (30g), and naleic anhydride (20g) is put into the reactor with

stirring under 20 inert gas, such as nitrogen or argon. During thii tive

the anhydride i s converted to the acid form D -tertbutyl peroxid 1 NOV 7004

(2.4nl) is added to the flask. The resulting m xture is heated and

refl uxed urWwOb1/82862 r ef | ux head tenperature gradually ri sesuka/dpeut 100

C. At this point, vinyl acetate nononer (19nml) is gradually added to the

reaction at about the same rate that _it is consuned. The reaction is

carried out until substantially all mthoner is consuned. 25 The product of

this synthesis is,then draol yzed as in Exanple 1. This exanple
oi‘éhqnﬁatdrﬂ?é&p%?réﬁeédh%WWrw Matesial wag collectedr rThedesdtant n an

denonst r af
agueous AT wab Y5k Sordoldd 6F the 951 § rneaction described in Exanple
8 is ref In%ged over ni ght ng? aﬁfoutﬁ g’%&l‘gg&%{ﬁl& lf hen subjected to a
short-path distillation under inert atnosphere in order to renove the

acetic acid hydrol ysis product. ajg Eo the high tenperature and high
product 01 NOV 2004 WO 01/ 82869 4240 -21 concentration, |actone

formatg on i s IThiemthle, & f{ﬂybep | | ' i ctional
groups that are avail algtl"’eiél%s mﬁ%@@%ﬁéﬂ%gg%g%{%#%ggv%%#&égl ated by
spray- drigi2fml ofreomdemperatusoiattri Sniftric apid/(@8%) wh Addled pothp ARpPEsipOWAET . 5

EXAMPLE 10 Thi is simlar.to that described jn Example 8 h ,
ot or 1 s e Bndy BEPfiapbed 10 St o Olatiancn il esbrMe e 20g of |
mal ei ¢ aiydRIOWE tb thedipeRioh WithRigoroutistring e Thd g Herial®h i ba&lp%étsc);}ﬁg%g oxi de

(2.4ml) is added to the reactor and the resulting mxtur ed to
refl ux urffithe Expmplet pelymem) s thenpeapatateddo diyeess andtha hmerial @8Collbéted,l acet at e
10 mopponer is then gradually added to the reaction at about the sane rate
it is consuned. Once again, 19nl of vinyl acetate nononer is used. The
reaction is carried out until subekampiafy all of the nononer is

consuned. The resulti n? product is then refluxed overnight and subjected
to a short - pathveggrams of the Robymes pespased apd isglatedsip Feemplen! wasidissolvedriznove t he

acetic e DA Sl &/ ' 0.t he hj t erature
and hi ghq(gp%(l:luct %5 concgﬁ&?@?{ Ia%%@%?éPSHE?%OF#%pﬁO? Cand the
fracti on solfatelibeptahydegtei waseakded slowtye withndgorguisostiiing $o exdigpeefsh. The desired
roduct is then jsol at by spray-drying the _aqueous solution to give a
\F/)\,hi i g%a nﬁ?%‘#l?&@b@ﬁﬂ M%@%ﬁaé@c cgmpl%x of the Exgmple 1 polymer) isolated by J

evaporating the water to dryness and was collected thereafier.

EXAMPLE 8

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

20  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 refhuxed until the reflux head temperature gradually rises to about 100°C. 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.

25 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
30 100°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



20 Thi s Exanpl e denonstrates that the polynerization nmay be carried out
using W free radical initiation instead of peroxide. Water (309g) and

mal ei ¢ anhydride (20g) is mxed in the reactor under inert gas. A 18004
|l anp emtting U radiation at the 190-210 nm wavel ength range is i mrersed
In the reawpioom2séessel . The m xture is heated to refl ex WPETUSOVIR4 refl ex
head tenperature gradually rises to about 100C, at which point 19m of
vinyl 25 acetate nononer is gradual I% added to the reaction at about the
sane rate as it is consuned. The re€ l:'tion is carried out until

substanti al | |1 of the. nononer i.s. consu ce synthesis .

(copot yipicsdiratsmy Totons, foBrabar i irgamp 80 dhe PR QY MeROB e it | <
hydr ol yz : | ; ; 2 14240 -22
AP B R R Bl T e
radi cal idrying the agueoissalutionit give e white amgmphbes metdeent and water. The
experinment is carried out as in Exanple 11, but water is replaced with a
1:1 (ww mxture of water and ethanol. The isolation and 5 hydrolysis
proceglures are substantially theggampriasid hose used in Exanples 8 and 9.

EXAMPLE 13 In this exanple, the procedure of Exanple 8 is carried out
except that | Thisexdmple issiraidasto thatdssdribed nddomples; howevesovatenis tepladed f

di -tertbutyl peroxide.. 10 EXAMPL 4 Thi,s_exanmpl e de str cid

nyar ol ys e P E) ol Sttt DGRBS ifRo B cocr e
i N Exanphfixtire. NeA0diA8ibutf] perokide (3. 4mB slabddedso fad eactopdid thetesulting ik @re | S
refluxed_ overni ght at about 100C. Next, the mi xture is subjected to a

shor t - paisrheated de eaffux ugiil e reflveidead smperayae rises tp abpd 00 e Wiyt scetatei d
hydr @ ysi| : Qdﬁ'a_]l L dity, ' EE[EE 3 rﬁ And Bl product
concgélt ra ng%QHFgl%? ne g(radrr%etlai%otﬁg%eg&&rﬁﬁr?ltam %éeigfé an ﬁ%ﬁgeﬁo racti gﬁg%f
di car boxygaia, 18mi of vinyladetaaswabnonget (sied. iThe reaxtior iz edriedldig uiitil@Gbseintialy | Sol at ed
by spray_drying the aqueous solution to give . a white anorphous powder. 20
EXAVPLE 28 o,f\?fkea'amg e gpusimed, Cbrisoutee BRAUGJS feparloned gl 884 aci o and
8.1 g Zi Bihjetéd® 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

15 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

20 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

25  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.

30



I's formed. The oxide slowy reacts and di ssolves to give zinc nal eate

derivative solution. This is used as a nononer source in a polynerization

such as that described in Exanple 8 where equinolar amunts of majeafe 2Elhd

vi nyl

acetate were used. After that, a hydrolysis 25 is perfornmed using

t he

procedur esW@MBhed i n Exanpl e 14. The reacti on proceed®§TASOVHAN ons: 30
01 NOV 2094 WO 01182869 PCTI US01114240 -23 500 + 11 OC-CH3 Radical
Source Initiator (di-tertbutyl perqoxyde) 70-80 C 10 15 H2SO 4 H20 20 O
11 + i0-c CH3 25 30 01 NOV 7004 WO 01/82869 PCTIUSO1 /14240 -24 EXANMPLE 16

An aqueous sol ution conposed of #QaWetgei; 11.6g maleic acid, and 11.5g

10

15

20

25

30

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 {w/w) 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 1ml 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 15
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:



manganese carbonate is prepared. The carbonate slowy reacts and di ssol ves
to give manganese nual eate derivative solution. This nanganese nual eate
solution is used as a 5 nononer source in a polynerization such as({ 8y 2004
described in ExarTBI e 8, wherein equinolar anounts of mal eate and vinyl

acetate weM®USY® After that, a hydrolysis is perfor medUEYHY 1428
procedures described in Exanple 14. The reaction proceeded as follows: M
10 15 20 25 1 O C CH3 Radical Sourcgslnitiator (di-tertbutyl peroxide)
70-800 C H2S®4 H200 30 Il HO----C CH3 4 01 NOV 2004 WO 01/ 82869

PCTI USO1 /14240 -25 EXAMPLE 17 An aqueous sol ution conposed of 40g water, |
L g mleic acid, and 5.6g very fine iron dust is fornmed. The netal slowy
reacts and di ssolves tan give iron naleate derivative solution. This
solution is used as AQNoNer source in a pol ymeri zation reaction such as
that 5 described in |l e 8, wherein equinolar anmounts of naleate and
vinyl acetate were After that, a_h)LdroIOysis is performed using the
proce(;ures descri le 14. This | I

O——C——CHj
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70-80° C
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15
H,80,
H,0
20
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reaction proceeded as follows: Fe 0 0 10 15 20 25 0 + 7 || CH3 Radi cal

Source Initiator (di-tertbutyl peroxide) 70-800 CO 11 HOC Oﬁ,ﬁ@ \P?ﬂﬂ&
NOV 2004 WD 01/82869 PCT/ USO1 /14240 -26 EXAMPLE 18 A continuous r Qo I's

provi ded including an in-line notionless tube m xer, punps t her nostatted
tubes, and™AUB2¥ted valves, fittings, and controls. NalRGTEUSOHIAPY i de (50%
w w in acetone), vinyl acetate and di-tertbutyl peroxide are punped into
the in-line tube 5 mxer and then inkbg the thernostatted tube. The

m xture's residence time in the tube is about 3 hours. The tube
tenperature is about 70'C. The flwf_‘g%ar e: mal ei c anhydride sol ution

-- 100g/mn ; vinyl acetate - 43g/m ; and di-tertbutyl peroxide - 3g/mn.
Hydr ol ysi s i s Anpaqueonsveadutim pompdsed pf clfgduaters 1dégemaleredadidy dndabhfe 14. 10

EXAMPLE 19 Aqueous, di spersions, contai nin 0, .50 and 100 m of the copper,
rranganesé"a_é‘ﬁ%’e?’? ﬁfbﬁﬁg‘gﬁmcq'oﬁﬁﬁﬁaﬁ%ﬁ“%éﬁﬂhew éﬂfﬁaglges\/\fé‘r%"%ppl i ed
to.the fQhingfifts®maRhiéeriVReSol e, SMECHEMIn e SR atd eﬁmf&ntfs\(ﬁﬁgsan or der

[
to obtain substantially uniformfoliage coverage. Prior tot
appl i @at ineonomen gouree a avpolyragrization mdhi asethat Hescrbedein Exanaplel & ivdicsiry

synptons for 15 each of. the three mcronutrients., . This treat t.
a1 ov at SSpieb sER s S st Ao e bl B nd b, &SI s
performed using the procedures described in Example 14. The reaction proceeded as

follows:
Mn
/ \
O%_%O + ) = ﬁ
— O——C——CHs
Radical Source Initiator
{di-tertbutyl peroxide)
70-80°C
15
i
. CHy—CH ™
O FO cl)
/ I
Mn CHs
H,S0,
H,0
25
Q
cHz—CT/):' + H 8] ﬂ CH3
o) © oOH
30 0 8]



m cronutrient deficiency in about 7-10 days. EXAMPLE 20 Bl uegrass was
treated with aqueous dispersions of the iron copolynmer from Exanple 20 5
(20, 50 and 100 ppm concentrations of iron copol ymer) and conpar ed] t 80\l
untreated control which received no iron copolynmer. These foliar iron
treat ment swigenS286ppl i ed at three different tinmes as pretREIAISIEMI0 before
bl uegrass was harvested. Photos-ofthe plants were taken two weeks after
the last treatnment The results (Table ) clearly show that the bl uegrass
responded to the iron copol ynmer application. The total harvest weights for
each of the three 25 iron copol yMﬁtr Ss test groups were at | east
tw ce that of the control bluegr i e anount of copol yner applied

i ncreased, har, ' ' ﬁnmwgﬁeﬁ% - 27 TABLE
1 PCT/USO1 /ﬁ?ﬁ%ﬁdgﬁﬁogggﬁg%%ggaﬁgtﬁ%r\}g?gy%ég{c%ﬁcent'r ati1ons ofn Fe
Copol ynerdug is Joisedy cEhe iewl slgylHaacte and disGdpas| tprgive iDom omidateaddrioativippl i ed 0

nk5 . 00 10.31.61.82.1 21.82.92.12.0 31.42.53.63.9
el 5" b JobR ot soRiRi frusatasa iotimer Sying 5 APo HeZaNGHLIgctgs eh 3% B ol y rer

t r eat BENtde@fibbd MEXaMPleBOVh& 8 @ENIHORA amodiSo firiddhtAR Uy REtRfwdrk Al € 5 was
used for this experiiment. The first control group of "15 plants received no

i ron copd\ierthat.tahydrolysis is petfermed wsing thermoogedwes désotibedrin Examplatldd Thit h an
aqueous di spersion Cé)né?,hni ng 50 ppm of the iron copolyner on three

di f f er ent IR BE08HIed S IPP¥S'h o vest, and the third group was sinilarly
treated with an aqueous dispersion containing 100 ppmiron copolyner three
ti mes before harvest. }"%& Li sintus was harvested

0 Q
19
o o + ——1
—_— O0——C——CH,

Radical Source Initiator
(di-tertbutyl peroxide)}
70-80° C

15

20 \ / (|:=0

CHs

H,S0;4
H,0
25 '

30

4 H—0—C CHs



and anal yzed (by digestion followed by atom c absorption spectroscopy) for
i ron 20 concentration, and by SPAD neter to determ ne photosynthetically
active chlorophyl levels. The results of this experinment are gi verd Ti MV 2004
Tabl e 2 which shows that application of iron copolyner resulted in a

hi gher iroWV@&WEEHt ration in the Lisintus | eaves. However PCEH®118M4bunt of

I ron copolynmer applied to the Lisintus did not have an appreciable effect
on ultimate iron concentration (i.e.,SPAD neter readings between Lisintus
treated with 50 ppm 25 iron copol ynmer“and 100 ppmiron copol yner did not
differ significantly). Therefore, Eﬁ%ﬁﬁ% efficient treatnment may occur

at levels below 50 ppm 01 NOV 20 2869 -28 PCTIUS01/ 14240 TABLE 2
| ron Concent r & contingod r&eRisyeéadedRed o g iBflink indlibiless tHRAMRS,, puthat ed wi th
Foliar Applications of lIron Copolyner 5 10 TreatnentFe Upt ake l()pprri SPAR

Met er Reég?fﬁljﬁawﬂlb% aurbsssodiatehvadynspfittiegs, and omtiglsnddadea anhydde/08% 22 | n

this expeggi f . S..af ol ymer f.or in.Exanple 1
wer e usg&d m%%%ﬁ%?h%@&gn V\A{ﬂ pﬁggﬁg{@%}ng@?i  Butpped oo ¢ Tfnr']]i“}? %B%er to
test tshe mixkemtl tech ints theghdriestatpaltytiee Thenbiture Reesidenéd tirhiathe thie ipaldat CuUl ar ,

t he test S ccﬁ}du ted on ryegrass grown in growh 15_b8;gs..The growt h bags
cont ai neoag’b‘ﬁ', &EE’EFWWHPl%nE@QﬂWP@E malejc anbydridgiselation 14-9 N
PK 1 qui d. {@fglrhini %8t adoifle 9'40%lin 0BG 4! JoRlab - added.
e b, 1 SAEY B ool e AT Tl OB
ppm o usImg| eedures in o the Iiqui ertilizer
prior to addition thereof to the growmh bags). The bag | abeled I X was
treated with a liquid fertilizer mxture containing 50 ppm of 20 copol yner.
The fgrtilizer solution in the grewihmaos were repl enished uniformy on an

as- needed basis. After the grass was harvested, it was dried and wei ghed.
Resul t s of t hiAsjueous 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

15  each of the three micronutrients. This treatment alleviated the visual symptoms of the
micronutrient deficiency in about 7-10 days.

EXAMPLE 20

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

20 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

25  ironcopolymer bluegrass test groups were at least twice that of the control bluegrass. As the

amount of copolymer applied increased, harvest weight also increased.



experinment are given in Table 3 which shows no response to the .5X

copol ymer application. The |IX copolymer application resulted in a %%ﬁ(
increase in dry weight. 25 TABLE 3 Effects of Copolymer with Li quig 200
Fertilizer on Resulting Plant G owh 30 Treatnment Average Shoot Weight 1 X
Copol ymer 3UOW82%0%i d Fertilizer33.0 .5X Copol yner and Li qeCTiUSkensdsbi zer 25. 0
Control - Liquid Fertilizer Only24.9 01 NOV 2004 WO 01/ 82869 PCTI USOL
/14240 -29 EXAMPLE 23 In this test, t copolymer from Exanple 1 was tested
wi th phosphate fertilizers in high phosphate-fixing soils in corn growh
tests. The test was designed to de%g'the effect of the copolynmer on
the plant availability o fphosphate fertilizer in the soil. For 5
this experiment, Bhawmapm@?ﬂbﬁ?@onédﬂﬁ@mrﬂ@?%@%bﬁ though it is
understood that simlar results would occur with any phosphate based
fertilizer. Two soils were utilized in the study, an acid soil (pH 4.5-4.7)

from Sedq;evm CK — Coumy, RS—armd—=a tatcareous—sor+—(pH8—60-8—3—F+rem t he

vi cini ty of Tribune,| KS. The acid soi HaivestiWglig n avail able P but|owing to
t he hi.g exg[fan%ge\abl e Al and Fe c% lt?@nt O] the solt, 10 Pavartabllity is
lim tg arepus soil wab® Conlymer{-onentratipr Appliedcont ai ners (f1 at s)
approximptely 75 cm K 40, ¢m wer for tjh u Thes [ats held
approxi c% L 1‘ [éi)pnf 36 F%FOXH] ﬁ@ Ppﬁlf 715 cm
and al | oys pI1ant| ng in r@ys wth baqng pl acerrentl ,pf the ferbifizer

mat eri al [~ bestde—thetrrow-or—+r—jeed—eontagi—F—desi+eg—Miltiple Fows

wi thin efach cchtaingr werk8usedfas r@#l icat|i ons.2.The 1% contzag ner s| served
as indiv{dual Jrea n 0 re Totatedto—etnmrate any
POSSi bI e vari abl es i ght and]or tédperatfure. 3@rn whs uséd as the test
cro he se werg planfgd in|rows, .t hi ned t conftant opurption per
rOWp | %El p f‘g? cdhrn \I\Z@ Luse fnrojpil(‘h CiQD pan\ﬁS takeg

to apprOX| mately the 6- Ieaf stage before the whol e plant was harvested for
dry wei ght and 20 pl ant corrpo&tmgh is. In the corn test, four plants
per row per replication were use

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

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

15  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

20  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 (i.e. SPAD meter readings between Lisintus treated with 50 ppm

25  iron copolymer and 100 ppm iron copolymer did not differ significantly). Therefore, the
most efficient treatment may occur at levels below 50 ppm.



t hi nned back fromten plants. Conventional Cargill MAP fertilizer was used,
with the fertilizer being coated with the copol yner product of Exzﬁ "lﬂﬁpﬂﬂﬂﬂ
at rates of 1 g copolynmer/100 g MAP (P1X) and 2 g copol yner/ 100 E}m
(P2X) .
i nsure tha"AW@24di vi dual particles were of approxi mat el BCHES144Me Si ze.
In all
cal cul ated as PFOS was enployed. In ddition a no- phosphorus control was
al so included in the study for each c?rop on each soil. Oher nutrients
were supplied at constant rates. %%{:%I | i zer-copol ynmer MAP product was

applied in a banded fashion with a

The MAP particles were sized prior to copolyner application 25 to

I nstances, a single rate of application of 20 ppm phosphorus

nst ant nunber of phosphate

mat eri al parti cl dmonCincém@doRaid STAD (\ﬁe&r%ﬁ&h@&iﬁ@tﬁs £affs 10 inch row

section). This procedure placed the experinmen

products close to the rows

for 01 Nov 2004 WO 011wated withfighansplications of r@0Cepakpmémum avai | abi ity in
t he phosphate-fixing conditions, and all owed conpari son of the effect of
t he copolynmer with each phosphorus fertilizer. After harvesting, the plants

wer e

3 Wbl Y, 150" & o b P GRS e o h@%ﬁdmﬁmﬂsnospgi )

upt ake.
Phosphor J@oﬁmlerl al s Eval uatfi on - Cojg 10 Materfi aI Dry wh

Concent r gt \ /‘} R L’th akc -tonty rnl 5 18 0 827 2 2 DBl X8 %’ﬂﬂ QQﬁ 881 7 P2X
9.551. 04850pp LSD C52. 470. 177 31.8 2f6 EXAVPLE [24 In thigqtest, the effects

10

of pol ymerTs_om ni tTogem votr gt TzatTom was—testifetd—A—t+ea—was
100 ppm 309 64.1
EXAMPLE 22

15

20

25

30

In this experiment, different amounts of the copolymer formed in Example 1 were
used in conjmcﬁon 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 330
.5X Copolymer and Liquid Fertilizer 25.0
Control - Liquid Fertilizer Only 24.9




sized by screening to a uniformsize and was treated to forma 5% by wei ght
coating of a polyner in accordance with the present invention. Th C@%’[ nmg
was prepared by solubdizing 5 grans of polymer in 3 m of water.

m xture was then added uniformy to 95 g of urea. 20 To the m xture, 7 g of
clay was addeal/as9ch dried the m xture and provided a cl &3CTeusm/srge The

m xture was then applied to soil for conparison. There were two pol yners
tested, one which was 50% cal ci um ang 50% hydrogen saturated and the ot her
whi ch was 100% cal ci um saturated. Ez of these polynmer mxtures were
conpared to an untreated urea. Sgéw |.es were taken and cumul ative
nitrogen | osses were determ ned ays. 25 As shown in Tabl e 5

coating the ulemidteitthe capolRherFroRPEXIRYle ROMs flsRY “Wﬁ?&}ﬂ%ﬁ 0

reduced nitrogen volatilization. Untreated urea |ost ot al
ni t r ogen highphosphstefixing soidssincomngronythr tege Nl bcﬁmsleagnbddaldetenninahlﬁme, | ost

only 20. 6% 19. 5% respect.i ve dl e . pol yner conbi nation
significd #'Fa E' &5‘“‘? Y%]Iabqlﬂ& )%gg g@fﬁé ﬂﬁ)’@ﬂ Y#5 01/ 82869
PCT/ USO iiis d¥héARent3rh Jmﬂﬁoémﬁ\ (08) a5 1ioBRRER Ni t r ogen
Applied 5 1%;&% egltlt’rregt Repl i catgﬁmi epl i cat e 2tRet|c':)3IE)g at g%@?{égg‘m‘h‘

Ur ea33. 34@13@msmsrwmﬂmpmm&>m5%osphat based fertlizer.323. 720. 6 50% H, 50% Ca
saturated Ure avy./ 5% Po r.17, 121,719.5 ur.a XAMPLE 25
Thi s exper i rreﬂa/ 0 3r“fﬁ0r?1é‘hﬁfr%éné]ﬁ éE‘ES Yg 2B AC %ﬁﬂan‘é&s{%%ﬁm §S‘$‘E’€@“ th the

i nvent i oCouaty, HSQﬁ@H@ﬂUﬁeélﬁrsbil@HSO—W%&I@&bM&Mty&W@GﬁQK%O'The(aEH 4.7) and

a cal careous sail H 7. i)' treated as in Exanpl é 23 were col |l ected. These
soi | s wepeil isthighdn am;}ab yt oping;tey ;hq-gugh exchangeable Al and Fe content of the soil,

10 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

15 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

20  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/100 g MAP (P2X). The MAP particles were sized prior to copolymer application

25 toinsure that the individual particles were of approximately the same size. In all instances,
a single rate of application of 20 ppm phosphorus calculated as P,0, was employed. In
additioﬁ, a no-phosphoi‘us 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

30  constant number of phosphate material particles utilized per row (63 particles per each 10
inch row section). This procedure placed the experimental products close to the rows for



15 characteristics, preforned by Fe and Al in the acid soil and Ca in the
cal careous soil. Al treatnents involved four replication. Soil sanples
were collected fromthe area of banded P beside the corn row aftel!iae 2004
pl ants had \pgg{}?%lg@vested. The phoshporus material was MAP. (although it
i s under st 00 at all fertilizers should have simlar reBGTU8II40L and

w t hout an experinental coating of 1.0%on the exterior of the MAP
particles. The coating 20 was preparegdpusi ng the procedures described above
in Exanpl e 24. Phosphorus rates were 5, 10 and 20 ppm P205 banded besi de

the seed sfiximmehavailability @idiiephodphatctiibe bRl SR ol IR0 QPR ning 7
kil ogranms Qf s t\lgl' Conposi ted (}:%res from each ?%@a@ﬁgﬁc%%%qgg &sed and
anal yzed ?fgqch@p & FRRokes ydth eaelspliosph diaeres. A single weak acid

extractant (Br - . ilize § th the acid and cal careous soils.
The P fertili z@%‘“hﬁaﬂa %é‘g?‘ﬁ?ﬁ%%‘r’{{”&g?&%f%‘%‘m fhphosphoruscgpeestsptionandat el y 5
weeks at nhmephohmnptﬁcessmvvas@miMauhmy@fmﬁmoao?ﬁﬁgswent are given bel ow
in Tage 6. Coating MAP with the experinental product produced
consistently higher soil test P values indicating that the extractability
of the P was increased. Therefore, ﬂ%f@; soil P fixation had not
progressed as rapidly in the presence the polyner. The results fromthe

acid soil displayed nore HidsghiohdsevisteridlQEvadimtioRatCcdrnose of the cal careous
soi |, perhaps—ete—t-o—the—tondency of the weak Bray Q1 NOQV 20 WO 01/ 82869

ulue C TroroTrre

PCT/ US91/ 142KateriaB2 €lxt DagWaNle) t d repagonwn{rgﬁg,{@@ cdl ci uqmlﬁqﬁgonat( in the
cal car eo5— 501 Prant—growttr—datja—at-so—derprstratgd-sim-ta—1ndi ¢at i ons
of great¢r PCaptoll abi|l i ty.5.tBhus, |pol yrmer 9.827 accordgnce wi43p t he plesent

i nve hi 0 hav? %I gni ffi cant_eft eci[S on P avai t apr tTtfy—fronranmont

phosgl at¢ ferfitizerd Fudfermorle, thes®%8l yners nay be 887 of substanti al
val ue in}inpreying Pluse efdci ciency fromapplied tertiTrzers on bojlh acid

and cal Pix i Wit %5](3 Ii Y‘?fei on cajf F“'g'rjt i es T)A\BLE 6 %fﬁ vher Fffects

on Soil Test IROLQ 15|20 2% 4%reat fent Soi | gBray-1 P 31.8

15 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
5 grams of polymer in 3 ml of water. The mixture was then added uniformly to 95 g of urea.

20  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.

25 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. '

30



Acid Soil 76 5 ppm P205, MAP Control,
Acid Soil 117 20 ppm P205, MAP

Concentrations ppmP No P Control,
Acid Soil 121 10 ppm P205, MAP Control,

Control, Acid Soil 151 5 ppm P205, MAP Experinental, Acid Soil 195 1@ pkin 2[]0[,
P205, MAP ‘g&ri%grﬁ%nt al, Acid Soil 190 20 ppm P205, I\/AP Experinental, Acid

Soi | 220 LSD 0. Acid Soil 26 No P Control, Calcareous Sol’q?TfBS'Bflpym P205,
MAP Control, Cal careous Soil 96 10 ppm P205, MAP Control, Cal careous Soil 110

20 ppm P205, MAP Control, Cal careous §Qil 156 5 ppm P205, MAP Experinental,
Cal careous Soil 164 10 ppm P205, MAP Experinental, Cal careous Soil 159 20 ppm
P205, MAP Experinental, Cal careous mi%gz LSD 0. 10 Cal careous Soil 38 01

Nov 2004 WD 01/82869 PCT/ US01/ 14240 EXAMPLE 26 In this exanple, a
representative pol ymn¢mhwmdaacmtagetdfmheNitmgemhppﬁhd/\/aS enpl oyed as a
coati ng gmygranttar—fert+zer—+nr—orde~—to—determne the effect of the
pol ymer |dmestmenteasi ng t he a)rlaq;hea‘teﬂes@apﬁm@zof%ﬂ]ﬁa&gﬂ | lalvg rasi on
resistange_1s the resistance(s to the—formratton est—atd 1c'n S a
result of @nul e-t o- gr anul ef and3y3 anul| e- t4- @ranul e37.éqU| )mer:w 4con1 act .
| ncregsi 1 es| stange r cesjmat ery al {rosses frpmiramdtTng,
st or age clgjd. ”géﬁfﬁgfgf}ﬁﬁ%au DN, ﬁg al 0 eades PdFI ut {on288d consequent
need for sp%IIILLga%)aaggﬁtafegl =qui pnment. |In each dase, convgntional granul ar
MAP fert ifTzer—was—tuseth—anttests—werp—+uA—witi— 10 no chating a
COMMET Ci Mrsa/@laaASP/eBdﬂmemst conttl cofti g A ARR- MAYp 5 KGABOO)gand
sodi um s U(S‘ﬁt d in pccordance({wi th Exanple 1 (40p6solids)| The
fertiliz re prepared by flrst scredgning the fertilize[f over
3.3 5 and 1.00 znzn sieves to obtain

10

EXAMPLE 25

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

15  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

20  was prepared using the procedures described above in Example 24. Phosphorus rates were
5, 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

25  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

30 differentiation that those of the calcareous soil, perhaps due to the tendency of the weak Bray



a 100 cnB portion. Individual 20 g sanples of the screened fertilizer were
then coated by m xing the ARR MAX- KGA500 and polyner of the inven hﬁ@V%hm
the levels set forth in Table 15 7 below. After coating and dryi ng,

sanpl es MBR§ 8 @@?d in respective 100 m rectangul ar pol yurethane bottl es,
along with BILEE5n ess steel 7.9 mmdiameter balls. All BAHPSM/10 ¢ | es
were taped together into one bl ock and shaken for five mnutes. At the end
of the shaking, the balls were renoved nmanually, and the bottle contents
exam ned. Fines were separated nmanually and wei ghed, and the percentage of

dust af t egxtlabiantSH Akt tcaf#ﬁ:%cl Eae?l!;: 20 Ta 7. sets forth the
results of this experi Fr&et?]‘? %ﬂﬁgfl A %?&%ﬁf‘ﬁ%%@?‘hg Level
(% % Dust wmatvdmﬂmmsatﬁnabfgrgat@rmmnaﬁWAPNoneNl AQ. 43 Granul ar

MAPAAR- MAZ- 0. . 29 KGA500 u MAPPol yner 0. 5None Granul ar
MAPPol yner 1. 0 YRR RACHA F@Ps?aslﬁénwumﬁvzmﬁmwﬁm@ﬁg

PCTI Usmmmgblhg%ﬂm { Qg ner s f the
i nventjon are highly usef uI coatl nggﬁ? b QEP% cts in
or der 3t o YsHestantiak abnampmgﬂ’ese sffizivoey Mm‘aﬁlﬂledwerrﬁﬁz&&@nbo%a&&aﬂ\p\/ 2004

W claim :Hht ris recurring dicarboxylic polyneric
subunits gj “ﬂé’@g%ﬂ?ﬁﬂggg g’?‘gsfwo different noieties individually and
respectively taken fromthe group consisting of A, B, and C noieties, or
recurring C noieties, wherein noiety Ais of the general formula

ABLE 6
Polymer Effects on Soil Test P
10 Treatment Soil Bray-1 P
Concentrations ppm P
Ne P Control, Acid Soil 76
3 ppm P205, MAP Control, Acid Soil 121
10 ppm P205, MAP Control, Acid Soil 117
20 ppm P205, MAP Control, Acid Soil 151
15 | 5 ppm P205, MAP Experimental, Acid Soil 195
10 ppm P205, MAP Experimental, Acid Soil 190
20 ppm P205, MAP Experimental, Acid Soil 220
LSD 0.10, Acid Soil 26
No P Control, Calcareous Soil 76
20 5 ppm P205, MAP Control, Calcareous Soil 96
10 ppm P205, MAP Control, Calcareous Soil 110
20 ppm P205, MAP Control, Calcareous Soil 156
5 ppm P205, MAP Experimental, Calcareous Soil 164
10 ppm P205, MAP Experimental, Calcareous Soil 159
25 20 ppm P205, MAP Experimental, Calcareous Soil 162
LSD 0.10 Calcareous Soil 38
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CH) R, R2 noiety Bis of the general fornula |l _| OR5 OR6 orV
iety Cis of the general formula Oor RBRQ | | CCOCCOII
I Re iRB C ---CH-c~/O1RC e RTOor ---CHC k1 ﬂz’vN%\ZBI]L
0 %909 szlt}lcg‘/ 2004 or PCT/US01/14240
-33-
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 KGAS500) 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® 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
7below. 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
manuaily 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
wiw, 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




011 ~RBC CH-~-~Y RRr f 1 awerein R, R and R7 are individually
and respectively selected fromthe group consisting of H OH, C,-C38

strai ght, branched chain and cyclic alkyl or aryl groups, CE-C3f, 1 NOV 2004
straight, branched chain and cyclic alkyl or aryl Cl-C30 based ester
groups, R ¥PMBHups, and OR groups, wherein R is sel eBEHYSH A0t he

group consisting of Cl- C3u straight, branched chain and cyclic al kyl or
aryl groups; R3 and R4 are individuah and respectively selected fromthe

group consisting of H C,-C30 straig branched chain and cyclic al kyl or

aryl groups; ' e_i,ndi vi dual.l nd r ctively

sel ected fromthe ‘g%?‘%‘@%&%g‘?ﬂs‘%%ﬂﬁ? pﬁymfﬁ@gﬂﬁllﬂ ‘O’f‘rﬁlfej%léﬁ Wﬂaand t he

c c4 al kedatingsfonisolid Gertilifg producs i @ 16 Enhdn8dN e BbrastrOrs; Msﬁlleng of
Z%P Zn, Cu, Ni, Co, M, V, C, Si, B, and Ca; R an Rg are

|nd|V|du d respectively selected fromthe group consisting of

not hing, CH21 C2H4, and C31-16, at |east one of said Rl, R2, R3 and R4 is

OH where said polyneric subunits are nade up of A and B noieties, at |east

one of said R, RR and R7 is OH where said polyneric subunits are nade up

of A and C noieties, and at |least one of said R, R2, R3, R and R is OH

where said polyneric subunits are nmade up of A, B and C noieties. 2. The

pol ymer of claim1, wherein said recurring polyneric subunits are nade up

of A.and B noieties, wherein R, R3 and R are each H R2 is OR RS and R6

are Na. 3. The polyner of claiml, wherein RI-R4 are respectively and

individually selected fromthe group consisting of H OH and C, -C

strai ght and branched chain al kyl groups, R5, R~ R10 and Rl1l are

i ndi vidual ly and respectively selected fromthe group consisting of the

al kali nmetals, NH4 and H.



4. The polymer of claim11, said polyner being conplexed with an ion. S. The
pol ymer of claim4, said ion being selected fromthe group consisting of

Fe, M, My, Zn, Cu, N, Co, My, V, O, Si, B, and Ca. 6. A fertllmqqu2W¢
product conpri sing partlcles of a fertlglzer inintinmte contact with a

pol ymer as defined in claiml1l. 9 ¢ O7. The fertilizer product of cIa|n16,
said fertilizer being selected fromthe group consisting of
phosphat e- based fertilizers, fertilizers containing nitrogen, phosphorous,
pot assi um 37 cal cium magnesi um sul fur, boron, or nol ybdenum naterial s,
fertiIV&ﬁﬂanpontaining nicronutrients and oxi des, sulfates chl ori des,

and chel at es of duct
of ol sl & saldedt T it i %%Eet'v% %2‘%6’15& gé&cﬁhﬁ%gﬂ he
fertil[Z& qug ks a%rhﬁ‘dé E%{ JF%%N e e grops °??Fé51§‘§ﬂf£ce of
sai d be?‘tq e.%rﬂesw TeqtiEng QrIP?IFF%SeP" BreaYne oA I&PE 15136‘131'%15@611# &rtilizer
being in the formof particles having an average di aneter from about
powder size to about 10 cm 11. The fertilizer product of claim®6, said

pol ynmer being present in said fertillger g at a level of from about
0.001 g to about 20 g polyner per 100 q rti 12. The fertilizer
product of claim6, said polynmer being Jonplex d wth an ion. 13. The
fertilizer product of claim 12, said iom,bei ngRgel ected fromthe group
consisting of Fe, Mn, My, 2Zn, Cu, Ni, Co, M, V, C, Si, B, and Ca. 1 14.
A met hod ofﬁéﬁﬁﬁﬁbﬁﬁﬁﬂ@m@ngﬂdhﬂhdéf pl ants conpri si ng t he step of applying
to] said plants or the earth adjacent said plants a grow h-enhancing
anount of a conposition conprising the polyner of claiml. 15. The nethod
of claim 14, said fbl ymeRs bei ng appbted at a | evel of tqontg@out 0. 001

| bs. to about 10Q Jps. polynmer per acre of said gromnn pIa ts. 16. The

met hod of cl ai m_(.AL,C.s.a.t_d mer being in liquid disper|si on 17. The
met hod of cl aim 14, sald pol ymer being in granular |m-—fec nethod of
claim 14, saldCPon __g inintimte mxture wt 1 ferqlllzer

| | O==C C=—0

ORs ORs Ts Ra \/ |

)
£ t|: c—)
or 0=T cC=—=0
q\‘/P
Y

and moijety C is of the general
formula

I
C—CR
ﬁ /RB/ 10
-R —— ( \
—GCH*—C-J— \ or < C\ 4
F|2 Re C/ 'L Ry
! | C—=0Ry



19. The method of claim 18, said fertilizer being selected fromthe group
consi sting of phosphate-based fertilizers, fertilizers containing
ni trogen, phosphorous, potassium calcium rmagnesium sulfur, boron, or
nmol ybdenum materials, ‘fertilizers contagning mcronutrients, anq]1] Wiﬁ@s,
sul fates, chlorides, and chel ates of such mcronutrients . _ The net hod
of claim18, said polyner and fertilizer being co-ground together. 21. The
nmet hod of claim 18, said polyner being applied to the surface of said
fertilizer. 2. The nethod of claim 18, said fertilizer being in the form
of particles having an average dianeter of frag about powder size to about
10 cm 38 01 NOV 2004 23. The nethod of clai m]j , said pol ynmer being
present in said fertilizer product at a |evel {pf fromabout 0.001 g to
about 20 g polyner per 100 g fertili zer.}@.—ﬂﬁb—ms@hod of claim14, said
pol ymer being conplexed with aryion, 25./%The pol yrner\(i?/];J claim 24, said ion
bei ng selected fromthe group% 2 Fe, M, , Zn, Cu, N, Co,
M, V, G, Si, B, and Ca. 26. A ngthod oN enhanci ng/t’he grow h of plants
conprising the step of applying t , sai d laram&—orOt o t he earth adj acent
said plants a grow h-enhanci ng anount of a ferftilizer product conprising a
fertilizer in intimate contact with the poly of claim1. 27. The nethod
of claim 26, said polynmer being applied at a l'evel of from about 0.001
Ibs.h ; 0 ?bo:ytlz_emggh,@.gngadfaf[fnemldmmgraedﬁsp@ogé@ygemﬁagro%c MlgPoup? 8- Thef
met hod of cl ai m 26asishigh{TEIOH, € Z€], sREREK 6 BRINSaR QYL Lgjon o
said fertilizer gaighssal-d, RELKHELraneed H mtcggﬁiwgfcgcgrg' e 3‘? .
fertilizer produgh,hei gch @Q t néxsurﬁ ] p; 1 o2 Gy s ai d
pol ymer. 30. The Jgef %‘ Jclarm. 26 SRS KPYFI K 4§ selested frorm e grawp £ r om
the group consistl i £ °f i b&fﬂ’ ybyanched ghaip pnd gycdic afley] of puyhesoups; R,
cont ai ni ng ni t r o§8% 43?‘?(%&"[ 8l ?ndg'(?ﬁ%§}’ﬂﬁﬁ@aqt?,¢m‘ therarpnp spusigtinguftyr |
boron, or mol ybd&ntim HEREH bieached shuiniand eyalicabind ai aryheroups; ®, oRyR{ mdtss, and
oxi des, sul f at es aredAfiyiquaBy andiredpastistlaisescied fromahe proup@obsisigify, the3l. The
met hod of cl ai m abkaligadtals, /M) arld the C A6k iahg! amrmohfnt grotpfy Raklebtel &Snh@Yi NY
an average di amgtep cofisiftingofdephin, PONCE! C8I N CoOMADWEr 1) BMNnd ¥, RTQ:gd
et hod of cl ai m 2 aresiticually BRY bS5 RR b 18 tbubRbhdl i mh I

CH,, CJ—L, and C_lal-ls, at least one of said R, R,, R, and R, is OH where said

polymeric subunits are made up of A and B moieties, at least one of said R,, R,

and R, is OH where sajd polymeric subunits are made up of A and C moieties,

and at least one of said R, R,, Ry, R, and R, is OH where said polymeric subunits

are made up of A, B and C moieties.

2. . ‘The polymer of claim 1, wherein said recurring polymeric subunits are made up of
A and B moieties, wherein R, R; and R, are each H, R, is OH, R, and R, are Na.

3. The p_ol_ymer of claim 1, wherein R,-R, are respeciively and individually selected
from the group .con‘m'stmg of H, OH and C,-C, straight and branched chain alkyl groups, R,, R,
Ry and R, are individually and respectively selected from the group consisting of the alkali

metals, NH, and H
4. "The polymer of claim 1, said polymer being complexed with an jon,
5. The polymer of claim 4, said ion being selected from the group consisting of Fe,

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

6. A fertilizer product comprising particles of a fertilizer in intimate contact with a
polymer as defined in claim 1.

. _7. The fertilizer product of claim 6, said fertilizer being selected from the group
consistung of phosphate-based fertilizers, fertilizers containing nitrogen, phosphorous, potassium



| evel of from about 0.001 g to about 20 g pol yner per 100 g fertilizer. 33.
The nmethod of claim 26, including the step of applying said fertilizer
product to the foliage of said plants. 34. The nmethod of claim 26

i ncluding the step of applying said fergilizer product to the ealt t NOV 2004
adj acent said plants. 35. The nethod of claim 26, said polynmer being

conpl exed with an ion_ 36. The nethod of claim 35, said ion being selected
fromthe group consisting of Fe, WM, My, Zn, Cu, Ni, Co, M, V, C, Si, B,
and Ca. 61 NOV 2004 39.37. A neth of formng a polyner conprising the

st eps Sﬁél"deWﬁ”ﬂ'nﬂl fug, Bozor, of gw?)ﬂ:\d,g{ugpénat@r@? , WTHUZEIpeontaiBingha. | -

pol vrreﬁ%‘crogﬁf’b"ﬁﬁﬁst and; gradles; sulfates sehdoridescanidmhelates olisechopivpomiusiens. at | east two
different reactants selected fromthe group consisting of first, second,

and third r&act ambs fertiibepebducsaf daitd 6 Shid Atnd 18r1iRbe A LOR0 formul a
sai d segRfdrreactant is ofpe? he general formila R 3 cc ™ gllgg%?ﬁ@q?a
0=--Cz AW 0==CC=0 I | 0/0O0Y and said third reactant is of the general

formul a ORS, OR6 Il Jl ar -C )| H C
9. T?le femjlzer product ofczlzlqalm é), sax% po?yﬁ being applied to the surface of said

fertilizer.

~10. The fertilizer product of claim §, said fertilizer being in the form of particles
having an average diameter from about powder size to about 10 ¢m.

11, The fertilizer product of claim 6, 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.

12. The fertilizer product of claim 6, said polymer being complexed with an ion.

' ‘13. The fertilizer product of claim 12, said ion being selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca.

_ !

. 14. A method of enhancing the growth of plants comprising the step of applying to'
said plants or the earth adjacent said plants a growth-enhancing amount of a composition
comprising the polymer of claim ).

15, The method of claim 14, said polymer being applied zt a level of from about 0.001
Ibs. to about 100 Jbs. polvmer per acre of said growing plants.

6. The method of claim 14, said polymer being in liquid dispersion.

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

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

19, The method of claim 18, said fertilizer being selected from the group consisting of
phospha..tc—based ferulizers, fertilizers containing nitrogen, phosphorous, potassium calcium,
magnesium, sulfur, boron, or molybdenum rpaterials, fertilizers confaining micronutrients, and
oxides, sulfates, chlorides, and chelates of such mjcronutrients.

20.  The method of claim 18, said polymer and fertilizer being co-ground togeiher.

21. The method of claim 18, said polymer bein g applied to the surface of said .
fertilizer. i

22, The method of claim 18, said fertilizer being in the form of particles having an
average diameter of from about powder size 1o about 10 cm.



or s RORT!1 R7T -CORI1 11 it or CHCR7 Of i ----0 C 40 01 NOV 2004
wherein R, R2 and R, are individually and respectively selected fromthe
group consisting of H OH C -C30 straight, branched chain and Eﬂy-lcmyc 00
al kyl or aryl groups, Cl1-C3 0 straightsg branched chain and cycli

aryl Cl1-C3" based ester groups, R CO2 groups, and OR groups, wherein R
Is selected fromthe group consisting of C1-C 0 straight, branched chain
and cyclic alkyl or aryl groups; R3 and R4 axe individually and
respectively selected fromthe group consisting of 14, Cl1 -C30 straight,

P:]gln\(ilhed chain arﬂlc%(&héd:ofzdlﬁﬂl@rsm@r pblyntH: QHRS iprddent 15@@1%@% TE%L%C[ atra?t he
al kal i Cfé{,%{[ wﬁ"&qm dl%% Abéﬁ%idggf]%g EPgm’ronl m g{r%(gjﬁps Yis sgl ected from

the group caonsisting of Fe ,. Ni, , M, V, C, Si, B, and
Ca; R& and 2R9 s@c.mﬂm@ifd%lwf”aﬁadmeb@sgﬁméwmgcﬁemwaaflrl%rmthe gr oup
consisting of nothing, CH , CAH4 , and CA, said polyner having at | east
one of said2® , RhepRbmsrefRaihel giddnbeagesckaicd fpal hegrdup ukisthig of By, e

made upMefMA 2R BNIDCSINMESY, @, Si,[Basd cane of said R, R and R is OH
where sai d pol yrrerl c subunits are made up of A and C noieties, and at

| east one of sal d R

subunits, aré madéA Ethoﬁz e{%m{%é Wz*f‘ %gﬁmlﬁm[% g) ?%Epé?rfﬁ t§7
sai d fiRPlaniserte Fﬂéﬂ?—%ﬁﬁﬁ a é%téﬁémé IRFINSATHRI! © lé%ﬂfpﬁlé#“ﬁ
nal ei c CARWygEgddertilizer in intimare contact with the polymer of claim 1.

27.  The method of claim 26, said polymer being applied at a level of from about 0.001
Ibs. 10 about 100 Ibs. polymer per acre of said growing plants,

28.  The method of claim 26, said fertilizer product being a liquid dispersion of said
fertilizer and said polymer.

29. The method of claim 26, said fertilizer product being a granulated mixture of said
fertilizer and said polymer.

30.  The method of claim 26, said fertilizer 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,

31.  Themethod of claim 26, said fertilizer being in the form of particles having an
average diameter of from about powder size to abour 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, including the step of applying said fertilizer product to
the foliage of said plants.

34.  The method of claim 26, including 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 jon.

36. The method of claim 33, said ion being selected from the group consisting of Fe,
Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca,



39. The nethod of claim 37, said polynerization step being carried out by
generating free radicals in said reaction mxture. 40. The nethod of claim
39, said free radical generation step conprising the step of addi Qq BV 2004
peroxide to said reaction mxture. 41. 3ghe nethod of claim39, said free

radi cal generation step conprising the step of subjecting said reaction
mxture to UV light. 42. The nmethod of claim 37, said reaction m xture
being forned in a solvent selected fromthe group consisting of water and
acetone. 43 The nethod of claim 37, said polynerization step being carried
out at a teiﬂperabmﬁ!@hQﬂOﬁfﬂUmﬂabmmﬂY@@mmmﬂsmgtthéLﬂ dfor a period of from
about 0.25 hours to apdumeR#ing ahedttisn rrﬁ4tu:eT1iaQ’ofEhli@Emerh§-h E@cﬁ% ai d

pol ymeri zat i on stlﬂﬂv:B&ﬁd”'QJb%ﬁfti !h%ﬂ:u?%td%%%n fug% o I%n (?1

4
The net hod of cl af§21§n7ts %415'19 # bﬁq é?@ugt gx%l , 60 andsrﬁjér%ﬁg q’%ﬁ ?of

ddi d
oo A T’Héa@t érﬁtrﬁf’ ‘%R}d? H%thﬁgﬁ%%@ fermWai d pol yner 47. The

cl ai m 45, incl udi Wg°
met hod of claim 37, including the step of drying said polyner to a solid
form 48. The method of cl ai m 37, incl JgiFg=tHe step of concentrating an
aqueous sol ution of the polyner until the polyner precipitates out. 49. The
met hod of claim37, including the step mf reggcting said polyner with an

ion to forma corrplex wi th the pol yner. '50. errethod of claim49, sai d
i on bei ng seg ﬁ]cgg ing of Fe, Mo,
Co, Ni y &anf {&é}?ﬁﬁ?&@;ﬁgﬁﬂ%h@l (0 51 TR TR ol e 45,
sai d hydrol y2| ng step B carried rf’ i 42 52. A di carb xyI | aci d
pol ymer havi ng t he gene aI |/ze'a_lE A --n 0—-‘3 C=O
0= 0 0R5 ORG
Y Ry Rq

or

O\Y/O

and said third reactant is of the general formula

o O
|
“ RB'—"""C
—C—0Ry \
’ HC==C s
HC ==C or ‘ N\
\ RT Rg—'—c
L e g
I
© Rg——C——0
or TH:C Y
Ry Ry c—0



I[1'1 OCCOOH I I ORSOR6 0 1 NOV 2004 wherein R5 and R(, are

I ndividually and respectively selected fromthe group consisting of H the
al kali nmetals, NH a and C -C4 al kyl anmoni um groups, and n rangqﬁ N@gﬂm‘
about 1 10,000_ 53. The polyner of claigg 52, wherein each of R5 a h

Na . 54. The polymer of claimb52, wherein each of RS and R6 i s ammoni um
55. The polyner of claim52, wherein each of RS and R6 is hydrogen. 56. A
met hod of decreasing nitrogen volitilization conprising the step of
coating a fertilizer product with a substantially water-sol uble

di carboxylic wﬂlﬁﬂﬁl{(ﬁ)l’kt@dff@l’iﬂ& ﬁngga; aﬁlﬁ%s?le tﬂ% @Egﬁrﬁ 7 The met hod

of claimb56, said_c

consi sting of phogﬁ%%de |1° bf"élfﬁef &fﬁ‘r Wdgy %ﬁ’] erRjaﬁf t rogen,
phosphor ous, pota ﬁ?ﬁ?@‘ﬁ @il pglic alkyk arraryl & -Gep bysed esmam
materials, fertilEuPs R ﬂ?ﬂpﬁgﬂﬂ rﬁ’]érﬁjﬁmsr wherein, R'aﬂstlmtcdjﬁsm th;ug:rfoa es

chl ori des, and chéPBiismg offC g braigler trantledensis. anBSycIfE

56, said pol yner hed Ry ak008ividbly adPspictitely %EIG&tH@‘froﬁxgth %gOf 1 a| m

56, said pol ynmer @1@9315:9 tsﬁ’ttahkrlﬁ %ﬁm‘ﬁ"aﬁ S n
tor R fgﬁwv i %?geﬁmﬁéfq%‘& Al
Ol T1 a

| east about O. 01% R F&: &aé‘ HEonp E@PP?) tm'@leeteaﬁoni'ﬁm
met hod of cl ai m 5877 0£PH B8 AT, taMsidn, Coniih, iCGoi My, 3, QrelisB, ahiold; Fgdnlly
wei ght of said coRb ar lflélr"ld‘la Iy and respitively selcted frermmhe Igﬁﬂ:pctbnﬂktﬁi 3B this i d
pol ymer coating c&ifr CElanandiC,H casd palyoit had6fg Byleasnehabttsaff R SR CGhate
fertilizer product. ledng QHmhd‘reGaxaf}mly&%r@%ﬁbﬁ}gts%@n%@@@ﬁﬁ@f AVAk IiBarpb#e 1@; at
conprising the st gasthe®¥ sHPR, 2R04hd R, is OH where said polymeric subunits are made up

of A and C moieties, and at least one of said R, Ry, Ry, Ry and R, is OH where

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

38.  The method of claim 37, said first reactant bei 1 i
roactant being matele et ng vinyl acetate and said second

30, The method of claim 37, said pol izati i i 1
- ) . polymerization step being carmried
free radicals in said reaction mixmnre, P 2 ed out by generafing

40. The method of claim 39, said free radical penerati isi
] . . 3 eration step comprisin
adding a peroxide to said reacrion mixture. € P prising the step of

41. The method of claim 39, said free radical zenerat o
T : ) eration stc
subjecting said reaction mixture to UV Ii ght, g P comprising the step of

42.  The method of claim 37, said reaction mixrure 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

Le;;;perature of from about 0°C to about 120°C for a period of from about 0.25 hours to about 24
Is ‘

45, The method of claim 37, including the step of hydrolyzing
said polymer by adding an acid or base to said polymer.



of applying to the soil adjacent growing plants a fertilizer product coated
with a substantially water-sol uble dicarboxylic polynmer. 65. The net hod of
claim64, said fertilizer product being applied at a rate of at lg¥t2004
about :5 ppm 66. The nethod of clain1gﬁ, said fertilizer product being
applied at a rate of at |east about 10 ppm 67. The nmethod of claim 64,
said fertilizer product being applied at a rate of at |east about 20 ppm
6S. A nmethod of enhancing plant growh conprising the step of applying to
the soil adjacent grow ng plants the - dicarboxylic acid polynmer of claim
1. 69. A corffosi tThmmetbed ehtlame #hgnelhdingthpmrdp offaddingrattmse tngard polpgen
di carboxylic acid polynmer and a fertilizer product, said dicarboxylic acid
pol ymer conmpgj,sing the pplemBho@bf Ehih m,linclzaxnglﬂbest%pémﬁ?ib isgg of claim
69, said fert"g%%ﬁnQQFQ%oﬁgk ed fromthe grolup consisting of
phospl hat e- base ertilizers, fertilizers containing nitrogen, phosphorous,
potassium cal cium magnesi um _sul fur, boron, or nolybdenum material s,
fertilizers ®ontaining nmR&BeleY PE‘LA@@} 37, anduding dhesstensefi foacaseratiag| or iades,
and cheiqgeeus solutivnof the pobonenunitie fepolymet pDEci@¥s2004 71. The conposition of
claim 69, said dicarboxylic acid polynmer conprising recurring polyneric
subuni ts eacky, nade P of e hE@BA of&ﬁi:ﬁs?.fiﬁélﬁ&‘ihfﬂ’&'ﬁ%&%e%dﬁ%b‘ﬁéiﬁ“?! 'y and
respectively %Kﬁﬂn ol an nol eties, or
recurring C nDietiesfﬁﬁﬂt%gﬁﬁqﬁgﬁg{§9ﬂﬁ#%£g%%§ epg éral fornmula noiety B
Iofs ,? L et he eg:ﬁi a:c %ﬁcﬁt&}%g%g&l&ﬁ: 48, sglrd ign %ci%g(:s)cleét]:?(? fror?ﬁtge gou%régnsr{gixl(agto¥F%, 'S
Zi® €, Mn, Mg, Mo, Co, Ni, AL, V, Cr, Si, B, or Ca ion.

51. The method of claim 45, said hydrolyzing step being carried out
in situ.



VII 0G--ORo ewc ~-1. Y Ry COFNV 971! "COR, Oor Il --~ CH
GH ~ --~-- R~ R/ R CQor 01 NOV 2004 450 11 /Re C, | RC R7
wherein RL, R and R7 are individually and respectively sel ected fb?rpwﬁ qﬁ‘ﬂ
group consisting of H OH C4-C30 strghght, branched chain and cyeli b
al kyl or aryl groups, Cl1-C30 straight, branched chain and cyclic al kyl or
aryl Cl1-C,, based ester groups; R CO2 groups, and OR groups, wherein R
is ielected fromthe group consisting of C1-C,,, straight, branched chain
and cycle alkyl or aryl groups; R3 and R4 are individually and
respectivel yszsel egtpdrtbkpm idi€ paliAPhHORSIS e AGafedHormiid - C30 strai ght,
branched chain and cyclic al kyF or aryl groups; R5, R6, RLIQ and R' are

i ndividually and respectively selected fromthe group ¢onsisting of H the
al kali metals, NH4 and the C = AHieyt—arreniaip-g+0EpS)sY i s sel ected from
the group consisting of Fe, M, , Zn} Cu, N, , Mo, V, O, Si, B, and
Ca; Rg and R4 are individually ahd res e_ct_iovely sel ected fromthe group
consi sting of nothing, CH21 .~ at |l east one of said Rl, R/,
R3 and R4 is OH where said |

and

ORg  ORs
wherein R, and R, are
individually and respectively selected from the group consisting of H, the alkali

metals, NH, and C,-C, alkyl ammonium groups, and n ranges from about 1-
10.000. '

33.  The polymer of claim 52, wherein each of R and R, is Na,
54.  The polymer of claim 52, wherein cach of R,and R, is ammonium.
35. The polymer of claim 52, wherein each of R, and R is hydrogen.

_ 56. - A method of decreasing nitrogen volitilization 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
caleium, 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 $6, said polymer being 50% saturated with hydrogen and
50% saturaled with calcium.

60.  The method of claim 56, said polymer including 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 comprsing at least about 5% by
weight of said coated fertilizer product.

. 63.  The method of claim 56, said polymer coating comprising at least about 10% by
weight of said coated fertilizer product.

64. A method of increasing phosphorus availability comprising the step



pol yneric subunits are nmade up of A and B noieties, at |east one of said
Rl, Rz and R7 is OH where said polyneric subunits are made up of A and C
nmoi eties, and at |least one of said Rl, R2, R3, R and R7 is OH wjpemgy g6 d
pol yneric subunits are nmade up of A Byand C noieties. 72. A nethod of
formng a polymer conprising the steps of: providing an agueous sol ution
of caustic; providing a reaction mxture conprising at |least two different
reactants in a solvent, said reactants being selected fromthe group
consistipng of first, second, and third reactants, wherein said first

r eact ar! AbBLERE foriae ﬁ@q@qentfapwmzavlwai ferReger perich poaded Witk 8 suhstantislhi t ant

i s of twetereqlubladidasropyliapady®mer.HC C R4 RO~C OR 7 11 ORS ORr, V-UC =--0

Vi or or BRCCRAR3-CCRAI | 0=00C~VCo O and said third
reactant is @5, t hghgeegbabs tiamigh sad febhilizbr R&dGet being applied at a rate of at least
about:5 ppm.

66.  Themethod of claim 64, said fertilizer product being applied at a rate of at least

about 10 ppm.

67.  The method of claim 64, said fenilizer 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:  dicarboxylic acid polymer of claim 1,

69, . A composition for enhancing the growth of plants comprising a
dicarboxylic acid polymer and a fertilizer product, said dicarboxylic acid polvmer comprising the
polymer of claim 1,

70. The composition of claim 69, said fertilizer being selecicd from the group
consisting of phosphate-based fertilizers, fertilizers containing nitrogen, phosphorous, potassium
calcium, magnesium, sulfiir, boron, or molybdenum materials, fertilizers containing
micronutrients, and oxides, sulfates, chlorides, and chelates of such micronutnents.



/| HC 11 1 Rg CR$~-C ORLOR7 Il / Oor 171 O wherein Rl, R and Rt H,
OH, Cl1-C30 Straight, branched chain and cyclic al kyl or aryl gr oups,
CL-C30 straight, branched chain and cyclic alkyl or aryl - C30 baﬁ S
ester groups, R Cax groups, and OR g4oups, wherein R is sel ech LAY 2
the group consisting of Cl- C30 straight, branched chain and cyclic alkyl
or aryl groups; R3 and R4 are individually and respectively selected from
t he group consi sting of H Cl-C30 straight, branched chai n and cyclic

al kyl or ar re.indi

respecti vel y lsel %%@WWB%OPW«S%FBE %‘EP%@LF mc?lmq\-/im YIHET yoé’i‘%?‘fg TRENEps
NH4  arRPlymericsubunitssaeh massns of 4 gﬁt@M?)giffc‘?cqt@%@l%éﬁ@&@ﬂ&hﬂ%speﬁwﬁhﬁ
consi sttakep foém e gohp condistingef ACE, and ¢ maderjes)er reyqricy C Bpietss, whetkiCaoidts
and ROA3¢ 6f the genoralfaimiyla and respectively sel ect ed fromthe group
consisting of nothing. CH C 4,, and CS.I:L(., uf ficient amount
0--"said reaction mxture to said caustic s Iut|o i'n order to bring the
pH of the resulting reaction solution to about 7, 3 1111 0 Re-CG0O CHC
V1 RO CO 01 NOV 2004 47 pol ynerizing sai Ry eactRon mixture to forma

pol ymer having recurring polyneric subunits therein with

car boxyl - conmaict Bgs of tbegeneral formula

R3 R4

) ——c——c——

or

oO—=C C—=0

5 4 ORs ORs
\/
Y
Ri Ry
or I
€ | cl‘» )
Q== (':=
\/
0
and moiety C is of the
general formula
Q
|
A !
/ /Rg-—-C-—-—-O
—cH—C¢—)- —GCH#-—*:-)— Y
I L e
Ry Rg Ry 9 “
\C""_ORﬂ 0

e or



perform ng reduced pressure distillation to renove said sol vent;
hydrol yzi ng said polyner sn that at |east one of said R3 RR3, and leis
OH where said polyneric subunits are made up of A and 13-noietieg] Ng§ 2004
| east one of said Rl jR and R7 is OHywhere said nolvneric subunits are
made ut' of A and C noieties, and at.[east one of said REs R . R3,Rr and
R, is OH where said polyneric subunits are-nmade up of A B and C nvieties
; and isolating said polymer. 73. The nmethod of claim 72, said first
reactant being vinyl acetate and said second reactant being malefic
anhydride. 74. The method of claim72, sg d polynerization step being
carried out by generating free radicalsin said reaction mxture. 75. The
nmet hod of claim 74, said free radical ger“arati on step conprising the step
of adding a peroxide to said reactifgprm&ture. 76. The nethod of claim 74,
said free radi cal generation step y/rrprisi g the step of subjecting said
reaction mxture to W IJ-éh(c;HJ-?—.c met hog of claim 72, said solvent
bei ng selected fromthe group cons\sti ng 94” wat er and acetone. 78. The
met hod of claim 72% sai d pollyneri zagj-er~Step being carried out at a
tenperature of from about O0CYto about 12{)C for a period of from about O0.25
hours to about 24. hours. 79. The nethof of claim 72, said polynerization
step being carried out under an inert gas atnosphere. 80. The nethod of
claim72, sajd jsolation,step bei ¥ @psi sting of
preci pi t ati A ‘a@“ﬂ’?@ﬁg@rel %dﬂlgll %Eﬁ%ﬁgﬁéﬁ? iéﬁﬁgéﬁ%ﬁog&ypl aim 72,
i ncl udi ng the stefpsHHngs T a1y’ by é%c uscs%&ggl gy 1 1.t N sBplydrer
until the pol ynmeropps& i sFaghioprrichsg ch gﬁ\fﬁ‘c, fgg}x SEe
conpri sing seeds gioups; R CAaE@pHAnd OR’ GauRs.F/isevy Refs S AR B EIO: ai m 1.
83. The seed produwdstinf of C3iy S@ighsdirsnchod yhaie ansbenehe alkyl ‘Pfe?dY]eEé"}éPsé:gati ng
to said seeds. apd R, are individually and respectively selected from the group consisting of H,

C,-C,, straight, branched chain and cyclic alkyl or aryl groups; Ry, R, Ryg and Ry,

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, Cr, Si, B_: apd Ca; R, ?ﬂd

R, are individually and respectively selected from the group consisting of r.tothmg.

CH,, C,H,, and C,H,, at least one of said R, R;, Ry and R, is OH whcra.: said

polymeric subunits are made up of A and B moieties, at least one of saxd.Rl., R,

and R, is OH where said polymeric subunits are mads up of Aand C moieties,

and at least one of said R, Ry, Ry, R, and R, is OH where said polymeric subunits

are made up of A, B and C moieties.

72. 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, whercin said

first reactant is of the general formula CH=——CH

Ry Rz



84. The seed product of claim82, further conprising particles of
fertilizer inintimate contact with said polynmer. 85. The seed product of
claim 83, said polyner coating conprising at |east about 0.0 1% Bﬂr N'd)éizgﬂ(zt
of said seed product. 86. The seed pro gt of claim 83, said polyner
coating conprising at |east about 5% by weight of said seed product. 87.
The seed product of claim83, said polyner coating conprising at | east
about 10% by weight of said seed product. 88. The seed product of claim
84, said polynmer being applied as a coating to said fertilizer. 89. A
met hod of i ncreasi t he abrasion resistance of solid fertilizer conprising
the step ofsalgﬁf)‘f%ﬁ%ﬁaq@tf%%ta@ﬁg?%g‘g% 'ﬁ%e sol i d Reert+Cizmr-Capdiayner as
defined in claim1. 94. The method of claim89,, includ|{ng the step of
appl yi ng said pol yngf? at'ta | evel of from about O. =.15% by Awei ght, based
upon the weight of the fértilizer taken as 100% 01 Novj2004 . A
pol ymer conpri sing r@et=Ci ng di carboxylic polyneric su‘auni t4 each nade up
of at least two di fLere t noieties individually and re8Bect ORel y t aken
fromthe group consisting_of A B, and C noieties, or recurring C
moi eti es, wher eidrTToy ety AT of the general faormula R R2 ety Bis of
t he general fornula %4--C C) Pr O C Cc d%nd frorety C 4 of the
general fornula or @r Ra 11 I 1

o==C C=——0

Ny

and said third reactant is of the general formula

N Rg—C R0 ﬂ
HC =—=C
IL; Re~—c—0ory, Q
Icl Ra—-!sl——o
or CH==¢
Ry Rg_ﬁ—"o/ '
0

wherein R, R, and R, are individually and respectively selected from the group
consisting of H, OH, C,-C,, swraight, branched chair and cyelic alkyl or aryl
groups, C,-C;, straight, branched chain and cyclic alkyl or aryl C;-C,, based ester
groups, R'CO, groups, and OR' groups, wherein R’ is selected from the group
consisting of C,-C,, straight, branched chain and cyclic alkyl or aryl groups; R,
and R, are individually and respectively selected from the group consisting of 1,
C,-C;, straight, branched chain and cyclic alkyl or aryl groups; Rs, Rg, Ryyand Ry,
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, Cr, 8i, B, and Cz; R, and
R, are individually and respectively selected from the group consisting of nothine.
CH,, C,H,, and C,H,, adding a sufficient amount o7 said reaction mixture to said

caustic solution in order to bring the pH of the resulting reaction solution to about 7;



RBR4 / -t-'CC) I | ORSOR O It d/C OR a R13R8C1H(~--‘I

Ry ROR7T RO-CCORi | or 11 0 O 1 NOV 2004 50 0 11 or RB CY

wherein R, Rz and R, are individually and respectively sel ect ecﬂ i Nﬂynﬂﬂ’he

group consisting of H OR C -C3Q st#aight, branched chain and cyclic

al kyl or aryl groups, Cl1-C0 straight, branched chain and cyclic al kyl or

aryl C, - C30 based ester groups, R C2 groups, and OR groups, wherein R

is selected fromthe group consisting of C 1-C30 straight, branched chain

and cyclic apilyineozingsaid repctopsrixiRe: todomn Rpolymsr handing retunin gypadyreric

respectivel y sel eqitedit{ thereit hithgadorylcoonsiising goups; H  C, -C30 straight,

branched chapsti@ffingtahéed prbdsiite dMtilRENA (feRIORS 5ailf30lvER; R 0 and RH
hydrolyzing said polymer so rhat at least one of said R, R,, R, and R, is OH where said

polymeric subunits are made up of A and B_moieties, at lcast one of said R, R,
and R, is OH where said polvmeric subunits are made up of A and C moieties,
and at least one ot said R, R,. Ry, R, and R, is OH where said polymeric subunits
are made up of A, B and C moieties ; and

isolating said polymer.

73. The method of claim 72, said first reactant being vinyl acetate and said second
reactant being maleic anhydride.

74.  The method of claim 72, said polymerization step being carried out by generating
free radicals in said reaction mixture,

75, The method of claim 74, said free radical generation step comprising the step of
adding a peroxide to said reaction mixuure.

76. The method of claim 74, said free radical generatxon step comprising the step of
subjecting said reaction mixture to UV light.

77. The method of claim 72, said solvent being selected from the group consisting of
water and acetone.

78. The method of claim 72, 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,

79. The method of claim 72, said polymerization step being carried out under an inert

gas atmosphere.

80. The method of claim 72, said isolation step being selected from the group
consisting of precipitation, spray drying, and simple drying.

81.  The method of claim 72, including the step of concentrating the aqueous solution
of the polymer until the polymer precipitates out.



are individually and respectively selected fromthe group consisting of H,
the alkali netals, NH4 and the Cl-C4 al kyl ammoni um groups, Y is selected
fromthe. group consisting of Fe, WM, My, Zn, Cu, N, Co, M, V, Fﬁmfﬁﬂk

B, and Ca; Re and R, are |nd|V|duaIIy4§nd respectlvely sel ected q

group consisting of nothing, CZH4i and CA, at |east one of said R1,

R2, R3 and R4 is OH where said polyneric subunits are made up of A and B
noieties, at least one of said R, R and R7 is OH where said polyneric
subunits are made up of A and C noieties, and at |east one of said R, R2,

R3, R4 and R7 is OH where said pol yneti.c.subyni ‘ and
C noi eti es, 8%nd W@PW@H@%TGW@?SCE%H{%? agc%%%géﬁ ggagpggﬁsgéef@%%ps.
92. A chimmdd of form ng a polyner conprising the steps of: polynerizing a
reaction mxture to forma nolyrer haying recurring polymeric subunits

therein. sagil reatbisesd prodidyepclaienBlisaidymlyher]tedrs applied ds 4 featiagtio saidact ant s
sel ect ge romthe group consisting of first, second, and thi rd react ant s,

wherein said first reactant is of the general formula CH CH | R2 said

second reactgnt of the 01

NOV 2004 51%? 'ﬁ;e Eecipro@?cglp?ga @E?’Cﬁ%{]% $SRhpHising” rertfes 49 fe rtlhlz& lgﬁltﬁn@
contact w1th sald polymer.

85.  The seed product of claim 83, said polymer coating comprising at least about
0.01% by weight of said seed product.

86.  The seed product of claim 83, said polymer coating comprising ar least about 5%
by weight of said seed product.

87.  The seed product of claim 83, said polymer coating comprising at least about 10%
by weight of said seed product.

83.  The seed product of claim 84, said polymer being applied as a coating to said
fertilizer.

89. A method of increasing the abrasion resistance of solid fertilizer comprising the
step of applying to the surface of the solid fertilizer a polymer as defined ip claim 1.

90.  The method of claim 89, including the step of applyng said polymer at a level of
from about 0.005-15% by weight, based upon the weight of the fertilizer taken as 100%.



O 0 and said third reactant is of the general fornmula or or R3 CCR4 O
t CCO7I1l RBf HC=C/ O RRCORI-CI I CHCYO RROCOII O
Oll /RB----- C OR10 ----- C HC_ R7T R9~CORt Il O wherein Rg]lﬂwqm
R are individually and respectively sgbected fromthe group consisting o

H OH Cl-C3p straight, branched chain and cyclic al kyl or aryl groups,
Cl- C30 straight, branched

91. A polymer comprising recurning dicarbexylic polymeric subunits each made up of
at least two different moieties individually and respectively taken from the group consisting of A,
B, and C moiceties, or recurring C moieties, wherein moicty A is of the general formuia

{~cH CT )
moiety B is of the general formula
R3 R4 R3 R4
( h)
T o, c—
Oo=—¢C C=—0 or o—=C C=—=0
|
0\ /O or ORs ORg '
Y
R, Ra
Id I [ 3.
TN/
and moiety C is of the general 0
formula o
C—0OR
o / 10

or |



chain and cyclic alkyl or aryl C, -C30 based ester groups, R COQ2 groups,
and OR groups, wherein R is selected fromthe group consisting of Cl-C34
straight, branched chain and cyclic alkyl or aryl groups; R3 anJ ]%Vﬁhﬁ
individually and respectively selected fromthe group consisti ngy o] . C,
-C34 straight, branched chain and cyclic alkyl or aryl groups; R5, R6, R oo
and R' are individually and respectivehy selected fromthe group
consisting of H the alkali nmetals, NF4 and the Cl-C4 al kyl arrunonium
groups, Y is selected fromthe group consisting of Fe, WM, My, Zn, Cu, N,
Co, M, V, C, Si, B, and Ca; Rg and Rg are individually and
respectively selected fromthe group consisting ofQ nothing, CH2, QC2H4,
and C3H., said nolyrner having,-at |least one offf said R® RZ, R3 and R4
bei ng OH whepe said polyneric subunits are pade_| __QIOA and B noi eties, at
| east one of said R, 01 NOV 2004 52 Rz an)i R7 i s OH Wwhere said polyneric
subunits are nmade up of A and Cmé.eéhgs_,_c a2d at | east\one of said R' R2,
R3, R4 and R7 is OH where said pol ric s nits are de up of A, B and
C noieties, 93. A nethod of form ngng pol ymer _cor _r__|_§b g the steps of:
provi di ng an aqueous sol ution of caudtic; pr8vidihg a“reaction m xture
conprising at least two different reactants in a' olvent, said reactants
bei ng selected fromthe group consisting of firstQ second, and third
reactants, wherein said first reactant is of the general fornmula CH |CH
Ry Rz said _secand reactant is of the general fornula RBCCR4 R3BCCRA4
Oi O OR5 rey R, z‘%{ijd e mawvidyallyand 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 C,-C;, based ester

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

censisting of C,-C;, straight, branched chain and eyclic alkyl or ary] groups; R,

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

C,-C, straight, branched chain and cyclic alkyl or aryl groups; Ry, R, R;oand R,

are individually and respectively selected from the group consisting of H, the

alkali metals, NH, and the C,-C, alky! ammonium groups, Y is selected from the

group E:onsisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, §i, B, and Ca; R; and

R, arc individually and respectively selected from the group consisting of nothing,

CH,, C,H,, and CH,, at least one of said R, R,, R, and R, is OH where said

polymeric subunits are made up of A and B moieties, at least one of said R, R,

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

and at least one of said R}, R, Ry, R, and R, is OH where said polymeric subunits

are made up of A, B and C moicties, and wherein the polymer contains a number

of alcohol groups.

92. A method of forming a polymer comprising the steps of:
polymerizing a reaction mixture to form a polymer having recurring
polymeric subunits therein. said reaction mixture comprising at least two different
reactants selected from the group consisting of first, second, and third reactants,
wherein said first reactant is of the general formula

CH=—=CH
R4 Rz
said second reactant is of the general formula R c c R4
=l | pmased )
|

Cc
ORs ORj



0 1 Nov 2404 53 and said third reactant is of the general fornmula 0 11 0 /

Re RIIl OHC=--C0 sCdC CRs ' orCHY R7 or 0 11 11 wherein R, R2

and R, are individually and respectively selected fromthe group Nﬂy mm

consisting of H OH Cl1-C30 straight, branched chain and cyclic alk

aryl groups, C -C30 straight, branched chain and cyclic al kyl or aryI

C, -C30 Dbased ester groups, R Q02 grggs and OR groups, wherein R is

selected fromthe group consisting of strai ght, branched chain and

cyclic alkyl or aryl groups; R3 and R4 are |ndi vidual |y and respectively

selected fromthe group _consistin of H C -C30 strai ght, branched
eI§

chain and cyclefc al kyl B+ ar upsh Re RS, R6, R 0 and RRs
i ndi vidual ly and respectivelly s cted fromthe group cor|sistj

al kali netals, NH4 and gdae— \May ad:k;d:oammnl um gr oups,

ng of H, the
el ected from
the group consisting of Fe, Zn, Cu, N, Co, M, , Si, B, and
Ca; R and RO are indi VI duaII and respectlvely sel ect d fromthe group
consi sting of nothing, and C, Hr , addDrg=& suf@+sFent anount
of said reaction m xture to sald caustlc §o| ution in orcier tlo bring the pH
of the resulting reaction solution to about 7;
Y

and said third reactant is of the general formula

0
)
g——
ﬁ HC.—:.—_C/ \O
Rg——C—0 I \R,—-—c/
7
or R < \Y R ‘U)
| Rg——C~——0 i
Ry
g :
|
or Re™ € ORw
HC""“"C/
|_—— N
Ry

wherein R, R, and R, are
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 C,-C;, based ester groups, R'CO, groups, and OR'
groups, wherein R' is selected from the group consisting of C,-C;, straight,
branched chain and cyclic alkyl or ary! groups; R, and R, are individually and
respectively selected from the group consisting of H, C,-C,, straight, branched
chain and cyclic alkyl or aryl groups; R,, R, R,, 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, Cr, Si, B, and Ca; R; and R, are individually and
respectively selected from the group consisting of nothing, CH,, C,H,, and C;H,,
said polymer having at least one of said R, Ry, R, and R, . being OH where
said polymeric subunits are made up of A and B moieties, at least one of said R,



pol ynerizing said reaction mxture to forma polyner having recurring
pol ynmeric subunits therein with carboxyl-containing groups; performn
reduced pressure distillation to renpove said solvent: hydrolyzi rﬂd NI 204
polyner so tlhat_at |east one of Said R,, 4Z.,, Rand R, is OH where said
pol vireri c_subunits are made up of A and B noieties. at |east one of said
R Rand R, is 01-1 where said noiynexhc subunits are mAde up of A and C
noieties. and at |east one of said R, Rai R3. Rg and R7 is OH where said
vol vieric subunit_ are made u. of A B and C noieties ; and isolating said
polymer. O u H | Raud Bazis Rl whergaid polymeric subunits ate made up of A and C moieties,
and at Jeast one of said R, R,, Ry, R, and R, is OH where said polymeric subunits
are made up of A, B and C moieties.

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 differen 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

CIH——-...........CH
R, Rz
said second reactant is of the general formula 3 Co===C Ry
Ry——C C——R,
g=—=cC C==
N
o—== C=—=o0 or o
ORs ORg
or
LT
Txc
O:."‘(l: C—=0
0 0
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and said third reactant is of the general formula

I
O Rg"——'c\
RB u___o HC=—C O
\ [ —
or CH—=C Y Ry s "
N\ / |
R, S“ﬁ__o 0
° I
or Ra/c—"‘ORw
HC C/
[_ N
Ry RS\C"“‘ORﬂ
I |
®]

wherein R;, R, and R, are individually and respectively selected from the group
consisting of H, OH, C,-C;, straight, branched chaixn and cyclic alkyl or aryl
groups, C,-Cj, straight, branched chain and cyclic alkyl or aryl C,-C,, based ester
groups, R'CO, groups, and OR' groups, wherein R’ is selected from the group
consisting of C,-C,, straight, branched chain and cyclic alkyl or aryl groups; R,
and R;, are individually and respectively selected from the group consisting of H,
C,-C,, straight, branched chain and cyclic alkyl ot aryl groups; Rs, Rg, Ry and R,
are indjvidually and respectively selected from the group consisting of H, the
alkali metals, NH, and the C,-C, atky] 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 and
R, are individually and respectively selected from the group consisting of nothing,
CH,, C,H,, and C\H,, adding a sufficient amount of said reaction mixwre to said
caustic solution in order 1© bring the pH of the resulting reaction selution to about 7;
polymerizing said reaction mixture to form a polymer having recurring polymeric

subunits therein with carboxyl-containing groups;

performing reduced pressure distjllation to remove said solvent:

hydrolyzing sajd polymer so that at lcast one of said R, R,, R, and R, is OH where said

polvmeric subunits are made up of A and B moieties. at Jeast one of sald R, R,
and R, is OH where said polymeric subunits are made up of A and C moie‘rics,
and at Jeast one of said R, R;. Ry, R, and R, is OH where said polvmeric subunits
are made un of A, B and C moieties ; and

isolating said polymer.



