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the Invention The present invention is broadly concerned with no gl
substantially biodegradable and substantially water sol uble anionicpol yners
and derivatd yssubdiereof  which have significant utilityin @@&hﬁld&laagéﬂ
applications, especiallyplant nutrition and 10 rel ated area

Mor eparti cul ar| y, the invention is concerned with such pol yrrers, as well as
nmet hods of synthesis and use thereof, vyﬁ_erei n the preferred polyners have
significant | evels of anionic groups. The nost preferred polyners of the

I nvention include recurri Y p of dicarboxylic
(e.g., maleic acid or m&ﬁﬁmggmwmydn de, and ot her
derivatives thereof) mgmﬂh&ﬁ:ml%@rmmy}mmm ied directly to

t he ground adjacent grow ng plants, conplexed onto ions, applied directly
to seeds, and/or mxed with or coated with phaosphate-based fertilizers to
provi de inproved plant nutrition products. Description of the Prior Art 20

- Li gngsul f onat es, pol yacryl ¢ | at ed compounds have
- beco known to the art ofﬁéﬁﬁ%@‘ﬁpﬁ@?@m%ﬁ%ﬁﬁhm facilitate nutrient

absor pt i on.Field df thé Iveptiorsuf f er from signi'fi cant di sadvant ages, which
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performance. Li gnosu? tes are a byp of paper pulpi ng
derived frontiegyadaple a8 substamhﬂ]g »\Eamnscleble afﬁhm; pal}mm;b]decbnvmwds &hegmf
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contl@li ni ng mppedreash Mort pamicslatligheinientzn ibencerned wﬂhsuch polymers, aswell
as methods of synthesis and use thereof, wherein the preferred polymers have
significant levels of anionic groups. The most preferred polymers of the invention
include recurring polymeric subunits made up of dicarboxylic (e.g., maleic acid or
anhydride, itaconic acid or anhydride, and other derivatives thereof) monomers. The
15 polymers may be applied directly to the ground adjacent growing plants, complexed
onto ions, applied direcily to seeds, and/or mixed with or coated with phosphate-based
fertilizers to provide improved plant nutrition products.

Description of the Prior Art
20 Lignosulfonates, polyacrylates, polyaspartates and related compounds have
become known to the art of agriculture as materjals that facilitate nutrient absorption.
All of them suffer from significant disadvantages, which decrease 'their utility in
comparison to the art discussed herein and limit performance.
Lignosulfonates are a byproduct of paper pulping; they are derived from highly
25 varnable sources. They are subject to large, unpredictable variations in color, physical
properties, and performance in application areas of interest for this invention.
Polyacrylates and polymers containing appreciable levels thereof can be
prepared with good control over their composition and performance. They are stable
to pH vaniations. However, polyacrylates have just onc carboxylate per repeat unit and
30 they suffer from a very sigmficant limitation in use, namely that they are not
biodegradable. As a result, their utility for addressing the problems remedied by the
nstant jnvention is low.
Polyaspartates are biodegradable, but are very expensive, and are not stable
outside a relatively small pH range of about 7 to about 10. They usually have very high
35 color, and incorporate amide groups, which causes difficulties in formulating them.
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seen that thespBidbiheseachingsof whirhdrs bershe insomorgod &y rffsreyﬁér Adgiipaaily, 15 can
be synt hesi @@Woﬁgsu%ﬁ{ﬁry' Sifar}f 2 FRRO R 1Be A LRGHFHGHER UTK Ptk N Vi el d
end products are substantially bi odegradabl e, substantially water
sol ubl e, andZhkhv@2, the teachings of which are’hereby mc0rporated by reference.
It will thus be seen that the prior art fails to disclose or provide polymers which
15 can be synthesized using a variety of monomers and techmques in order 1o yield end
products which are substantially biodegradable, substantially water soluble, and have
wide applicability for agricultural uses. Moreover, nq prior art or combination of prior
art discloses preparation of itaconic acid copolymers with one or more organic acids
containing 2t least one olcﬁmc bond and at least two carboxylic acid groups.
20 Furthermore, while the pnor art does d;sc!ose a variety of methods for making
polyitaconic acid homopolymer, it fails to teach, disclose, or suggest the utility such

materials unexpectedly have for a wide vaiiety of agricultural uses.

i‘ SUMMARY OF THE INVENTION
25 The present invention overcomes the problems outlined above and provides a
new class of anionic polymers having a variety of use;s, e.g., for enhancing takeup of
nutrient by plants or for mixture with conventional phosphate-based fertilizers to
provide an improved ferulizer product.  Advantageously, the polymers are
biodegradable, in that they degrade to environmentally innocuous compounds within
30 arelatively short time (up to about 1 year) afler being in intimate contact withsoil. That
is to say, the degradation products are compounds.such as CO, 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 {e.g.
ammonium salt forms of the polymer) also degrade within arelatively short time, during
35 which significant fractions of the weight of the polymer are believed to be metabolized

by soi1l organisms.
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for ease of reference asRB and,C noieties; alternately, the polyners may be
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ot her conbination of B, and C noieties; noreover, in a given pol yner
different polymeric subunlts may |nclude dlfferent types of mpieties, e.g,
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propionate (C2), butyrate (C3), etc. up to C30 based ester
groups, R CO2 groups, OR groups and COOX 5 groups, wherein R is selected
fromthe group consisting of Cl-C30 strasght, branched chain and cyclic
al kyl or aryl groups and X is selected fromthe group consisting of H,

whertitta80R, 1shRdiAauSHy 8h&isp RBEVER SUIBRETRS theBPodNbrRistiag 6f
H, OH, C,-C;, straight, branched chain and cyclic alkyl or aryl groups, C,-C;, straight,
branched chain and cyclic alkyl or aryl formate (C,), acetate (C,), propionate (C,),
butyrate (C,), ete. up to C,, based ester groups, R'CO, groups, OR' groups and COOX
groups, wherein R is selected from the group consisting of C,-C,, straight, branched
chatn and cyclicv alkyl or aryl groups and X is selected from the group consisting of H,
the alkali metals, NH, and the C,-C, alkyl ammomium groups, R; and R, are
individually and respectively selected from the group consisting of H, C,-C,, straight,
branched chain and cyclic alky! 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 and Ca, and R and R, are individually and respectively selected
from the group consisting of nothing (i.e., the groups are non-existent), CH,, C,H,, and
C,H,, each of said moieties having or being modified to have a total of two COO
groups therein.

As can be appreciated, the polymers of the invention can have different
sequences of recurring polymeric suburits as defined above (For example, a polymer
comprising B and C subumits may include all three forms of B subunit and all three
forms of C subunit. However, for reasons of cost and ease of synthesis, the most useful
polymers include recurring polymenc subumts made up of B and C moreties. In the
case of the polymer made up of B and C moieties, R, R, R,,, aiid R,, are individually

and respectively selected from the group consisting of H, the alkali metals, NH,, and-

the C,-C, alkyl ammoniwm groups. This partieunlar polymer is sometimes referred to
as a butanedioic methylenesuccinic acid copolymer and can include various salts and
denvatives thereof. o L

The most preferred polymers of the invention are composed of recurring
polymeric subunits formed of B and C moieties and have the generalized formula
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i ndi vidual |y and respectively selected fromthe group consisting of H,
Cl-C30 straight, branched chain and cyclic alkyl or aryl groups, R5, R,
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fromthe group consisting of nothing (i.e., the groups are non-existent),
CH2, C2H4, and C3H6, each of said noi et_'g_es having or being nodified to have
a total of two COO 15 groups therein. AS can be appreciated, the polyners
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10 The polymers of the invention may have a wide variety of molecular weights,

ranging for example from 500-5,000,000, depending chiefly upon the desired end use.
Additionally, n canrange from about 1-10,000 and more preferably from about 1-5,000.
For purposes of the present invention, it is preferred to use dicarboxylic acids,
precursors and derjvatives thereof for the practice of the invention. For example,
15 terpolymers containing mono and dicarboxylic acids with vinyl esters and vinyl alcohol
are contemplated, however, polymers incorporating dicarboxylic acids were
unexpectedly found to be significantly more useful for the purposes of this invention.
This finding was in contrast to the conventional teachings that mixtures of mono and
dicarboxylates were superior in applications previously suggested for mono-carboxylate
20 polymers. Thus, the use of dicarboxylic: acid derived polymers for agricultural
applications is unprecedented and produced unexpected results. It is understood that
when dicarboxylic acids are mentioned heréin, various precursors and derivatives of
} such are contemplated and well within the scope of the present invention. Put another
way, copolymers of the presentinvention are made up of monomers bearing at least two
25 carboxylic groups or precursors and/or derivatives thereof. The polymers of the
invention may have a wide variety of molecular weights, ranging for example from S00-
5,000,000, more preferably from about 1,500-20,000, depending chiefly upon the

desired end use.
In many applications, and especially for agricultural uses, the polymers of the
30 invention may be mixed with or complexed with a metal or non-metal ion, and
especially ions selected from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo,
V, Cr, Si, B, and Ca. Alternatively, polymers containing, mixed with.ox somslexed
with such elements may be formulated using a wide variety of methods that are well
known in the art of fertihzer formulation. Examples of such alternative methods
A include, forming an agueous solution containing . molybdate and the sodium salt of

polymers in accordance with the invention, forming an aqueous solution which contains
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pol ynmers having ]5 varying ratios of B:.C (e.g., '10;90; 60: 40, 50: 50 and even
0: 100) are contenpl ated and enbraced by the present i nvention. Such

pol ynmers woul d be produced by varying mpnoner anounts in the reaction
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polymer-borne metal nutrients and ambient non-polymer nutriepts found in adjacent

soil. In such uses, plant growth-enhancing amounts of compositions comprising the

15 above-defined polymers are employed, either in liquid dispersions or in dried, granular
form. Thus, application of polymer alone results in improved plant growth
charactenstics, presumably by increasing the availability of naturally occurring armmbient

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

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

20 about 50 Ibs. polymer per acre, and still more preferably from about 0.01 to about 2 1bs.
In other preferred uses, the polymers may be used to form composite products

where the polymers are in intimate contact with fertilizer products including but not

limited to phosphate-based fertilizers such: as monoammonium phosphate (MAP),
diammonium phosphate (DAP), any one of a number of well known N-P-K fertilizer

25 products, and/or fertilizers containing nitrogen materials such as ammonia {anhydrous
or aqueous), ammonium nitrate, ammonium sulfate, urea, arnmonium phosphates,

sodium nitrate, calcium nitrate, potassium nitrate, nitrate of soda, urea formaldehyde,

metal (e.g. zinc, iron) ammonium phosphates; phosphorous materials such as calcium
phosphates (normal phosphate and super phosphate), ammonium phosphate,

30 ammoniated super phosphate, phosphoric acid, superphosphoric acid, basic slag, rock
phosphate, colloidal phosphate, bone phosphate; potassium materials such as potassium

chloride, potassium sulfate, potassium nitrate, ‘potassium phosphate, potassium
hydroxide, potassium carbonate; calcium materials, such as calcium suifate, calcium
carbonate, calcium nitrate; magnesium materials, such as magnesium carbonate,

35 magnesium oxide, magnesium sulfate, magnesium hydroxide; sulfur materials such as

ammonium sulfate, sulfates:of other fertilizers discussed herein, ammonium thiosulfate,
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Ni, Co, Mo, V, O, Si, B, and Ca. Alternatively, polyners containing, mxed
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bot h from about 0.1 cm to about 2 cm, and still more preferably from about 0.15 cm to about
0.3 cm. The polymer is present in such combined products at a level of from about
15 0.001 g 10 about 20 g polymer per 100 g phosphate-based fertilizer, more preferably
from about 0.1 g to about 10 épolymer perl00 g phosphate—bascd fertilizer, and still
more preferably from about 0.5 g to about 2 g polymer per 100 g phosphate-based
fertilizer. Again, the polymeric fraction of such combined products may include the
polymers defined above, or such polymers complexed with the aforementioned jons.
20 In the case of the combined ferti]izer/polymér products, the combined product is
applied at a level so that the polymer fractivn is applied at a level of from about 0.001
to about 20 Ibs. polymer per acre of growing plants, more preferably from about 0.01
to about 10 Ibs polymer per acre of growing plants, and still more preferably from about
0.5 to about 2 Ibs polymer per acre of groWing plants. The combined products can
25 likewise be applied as liquid dispersions or as dry granulated products, at the discretion
of the user. When polymers in accordance with the present invention are used as a
coating, the polymer comprises between about 0.005% and about 15% by weight of the
coated fertilizer product, more preferably the polymer compnises between about 0.01%
and about 10% by weight of the coated fertilizer product, and most preferably between
30 0.5% and about 1% by weight of the coated fertilizer product. It has been found that
polymer-coated fenilizer products obtain highly désirab]e characteristics due 1o the
alteration of mechanical and physical:properties of the fentilizer.
Additionally, use of polymers in accordance with the present invention increases
the availability of phosphorus and other common fertilizer ingredients and decreases
3s nitrogen volatilization, thereby rendering ambient levels of such plant nutrient available
for uptake by growing plants. In such cases, the polymcr can be applied as a coating



pol ymer - borne netal nutrients and anbi ent non-polyner nutrients found in

adj acent soil. In such uses, plant grow h-enhancing amunts of c¢yggp b%ons
conprising the 15 above-defined polynmers are enpl oyed, either i IQUIJ

di spersions or in dried, granular form Thus, application of polynmer alone
resul ts i nyppHoMesl pl ant growth characteristics, presumabPgrhjRez/onseasi ng
the availability of naturallyotcurring anbient nutrients. Typically, the
polynmers are applied at a |level of from about 0.001 to about 100 |bs.

pol yner per acre of growi ng plants .andgiore preferably from about 0.005 to
20 about 50 | bs. polynerper acre, and still nore preferably from about 0.01

to about 2 thg.y &e}p%d?ﬁ{s&L&ﬁ@n{e&qnﬁmtmmomé YIB! B AR, PehediBRAi@ T or m

corrp03|te pro UC %I’S are in i:ntimte contact Wi t
fertilizer ppd@g@twmmwcb@phgaemx t enfiapasd WD ChHBSEREES- based

fertilizers such AgRNABNARN WOJTHRHEE & ddRlance $rigITHR PrésehBROSRIML €
(DAP), any one of a nupber, of well "known N.-P-K:fertilizer roducts,

25
and/ or fert |ln¢12@5§5%ﬁb%lmy’ﬁﬁf ﬁatSFS‘bé‘PP% & pughcages, heROIMRAY fh3tdr ous
_‘or agyeous) ,jeANEEYH: BID05YE Ardta8outtlHIR B Wit ghit b fe@oatéidared, afidre prefifablipgehat es,

sodiumnitrate, calciumnitrate t nite ni t of s urea
f or nal dehydGP01YTW%ItC&1"‘17(1@352)’e“’ﬁ‘?‘i‘i(‘f‘bo tﬁb @; &Wﬂ]ﬁ |1r$£ e@é‘b’ﬁ’&%’g%ﬁhﬁﬁ%ﬁﬁ%F

materi al s sugh pass pREGAkIPbetRiROS 0158 a5l baar mﬁlbyphfigpﬂ't&ﬂme edmledsseadarUse of
phosphate), ﬁm‘mnl um Phos hate, 30 a iat ed ﬁip hos Lﬁ éogqy hor| o
aci d, super JROEPBBIT 85 4559, coptug proy}des Popyist in Gless o

phos phat e, t};lﬂ?ﬂccpm&ﬁhaé polym&t emaxumzmﬁeﬁm&ffwtspnabe q:mt]mmeunwherh kwori de,
pot assi um sul fate si um t ot assi u pos ssu

hycir 30 de. - Jomsoheshrai i ey 8 B anbRis BT BRIt AR ¢ e,
cal ci um cardnhamied planaowaimintht aes whemgmﬁemamiedotaiizsd awn&t}asiesnmglnem um
car bonat e, nasi

sul fur naterp‘ria‘? %éﬁ]%ﬁ%s&gaan%%ﬂgﬁ#%g%Mgrgpﬁe Qﬁ%@?ﬁlgg I&?oPﬁ( er I|zers
di scussed hewed rRermimation and tSubesauemtaplant growthsEpe 200%e JOrGEE (R FGESEZEN

PCT/ US02/ 06438118 ation an increase in plant nutrient availability which is provided by the potymer.

15 In general, the polymers of the invention are made by frec radical
polymerization serving to convert selected monomers into the desired polymers with
recurring polymeric subunits. Such polymers may be further modified to impart
particular structures and/or properties. A variety of techniques can be used for
generating free radicals, such as addition of peroxides, hydroperoxides, azo initiators,

20 persulfates, percarbonates, per-acid, charge transfer complexes, irradiation (e.g., UV,
electron beam, X-ray, gamma-radiation and other ionizing radiation types), and
combinations of these techniques. -Of course, an extensive variety of methods and
techniques are well knmown in the art of polymer chemistry for initiating free-radical
polymerizations. Those enumerated herein are but some of the more frequently used

25 methods and techmques. Any suitable techni?luer for performing free-radical
polymerization 1s likely to be useful for the purj:oses' of practicing the present invention

The polymerization reactions are carried out in a compatible solvent system,
namnely a system which does notunduly interfgfc-Wi th the desired polymernization, using
essentially any desired mangmer concentrafions. : A number of suitable aqueous ornon-

30 aqueous solvent systems can be employed, such as ketones, alcohols, esters, ethers,
aromatic solvents, water and mixtures thereof. Water alone and the lower {C,-C,)
ketones and alcohols are especially preferred, and these may be mixed with water if
desired. In some instances, the po]ymerizatbn reactions are carried out with the
substantial exclusion of oxygen, and most usually under an inert gas such as nitrogen

35 or argon. There is no particular crticality in the type of equipment used in the synthesis

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



el emental sulfur (either alone or included with or coated on ot her
fertilizers); mcronutrients such as Zn, M1, Cu, Fe, and ot her

m cronutrients di scussed herein; oxides, sulfates, chlorides, and %ﬁ%ﬁ Wes
of such mcronutrients (e.g., zinc oxide, zinc sulfate and zinc chlori-de);
such chel st@s2/6B086est ered onto other carriers such as EDTA, PGI/TEYHRISE
materials such as boric acid, sodium borate or .cal ciumborate; and

nol ybdenum materials such as sodi um nol ybdate. As known in the art, these
fertilizer products can exist as dry pdders/granules or as water
solutions. In such contexts, the polynmers maybe co-ground with the
fertilizer pOHEhshe redipisiaad afgcambinafiaos thofireguing aranged freseticd nnzyebc

products, or ot herwi se. { hor ou xed.. 10 with the iizer cts.
Pref er abl y, SR} ‘%)'GéhAcWHi?l 8@?&?8?9‘88@%%“%% S{eﬁlo sz‘mttﬂgﬂﬁ aexjrt]tl li zer
is in the fegfpomepaitioncl €s having an average dianeter of from about powder
size (less than about 0 ¢ about
0.1 cmto about %?ﬁef%an‘geéfflfl?‘?l’%e?%“ﬁﬁ% éra roo‘?r%]t%b rﬁﬁg’gﬂfg&o{rﬁot%n about
0.3 @m The abohtyofal 16 abanaLORC (nmrsmdfexalﬂytfmmdabpwoml@@ aboug 6 & dbr af from
about 15 0.001 SR fer Bﬁgﬁ% kilizer,
nor e prefergﬁ?‘i}goét?%%%gouf Ol%fﬁgotyagglglggﬁtgu%g’gdgva{m ?’% T S
phosphat e- basxdhdes te kbawrs hawrd). susmlly,ﬁtﬁr@apm@i @r@?m‘l?d F’waﬂhtmmm@us gto
about 2 g pgé%f per 100 g phosphat e-based- fertilizer. Again, the

polynmeric f "Bon of such conbi.ned B)roducts may i ncl ude_the polyrrers :
defined above, orfTheusiftendhyeempleedipo mmhqfeﬁwr%ﬁ@raelm@ﬁmawn@ns 20

In the Cased9 ba L8 <RI AL GGy B ARR) B it Y BreA 1o Hier O BB fRA

product is Ile eve

ol.yner ractlonls plied at a
| evel of frdnﬂabmu@n cudnes Fep Mind¥e, 20, FBsNLpEPy Ma: Yeer. Lo 89"6\/\?
plants, moreoprfi#s ahki fc'b%fﬂlépou’fl'eé}nﬁ%fstﬁr apakin meiab@omdnwgepapﬁneacre of
otk

growing plants, and still nore prefer rom out | bs
pol yner per CQEIPEURAS HF 3 Hﬂ"%‘ﬁt‘gw g&h{herf’éﬁ rSBH’ﬁ@tfgl"eﬁ"ﬁFFC qF‘?sk%vvl se be

3ppl ied as Imahm’sdoﬂas pe,rdscmas, difboﬂﬁtediah gr et sintithr pompowidsmagbe tdacted
I SC tion
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and about 1FRéchyetulewvight sofutibhef an acid form of a polymer described or suggested herein.
Additionally, the structures of complexes or salts of polymers with metals in general,
and mansition metals in particular, can be highly variable and difficult to precisely
define. Thus, the depictions used herein are for illustrative purposes only and it is
20 contemplated that desired metals or mixtures of -such are bonded to the polymer
backbone by chemical bonds. Altematively, the metal may be bonded to other atoms

in addition to those shown. For example, in.the case of the strucrure shown herein for
the second reactant, there may be addjtional atoms or functional groups bonded to the
Y. These atoms include, but are not limited to, dxygen, sulfur, halogens, etc. and
25 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 2
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. In the case
of Si and B ions, the polymer is merely mixed with these ions and does not form a
30 coordinate complex. However, the availability of these 1ons to growing plants 1s
increased. It is also noted that it 1s possible 1o react the monomers used to form the
polymer with ions in similar ways before polymernzation = other werds. the
monomers can be reacted with metals (including metals in their pure state, as oxides,
carbonates, hydroxides, or other suitable metal-containing compounds) or ions in such

35 a way as to result in the formation of a salt, a complex, or a similar molecule. It is also



coated fertilizer product, nore preferably the pol yner conprises between
about 0.01 % and about 10% by wei ght of the coated fertilizer product, and
nost preferably between 30 0.5% and about 1 % by weight of the copyegp )s
fertilizer product It has been found that polyner-coated fertilizer
products ORipé @% @hly desirable characteristics due to the p@yiehakisgn of
nechanlcal “and. physical properties of the fertilizer. Additionally, use

of pol ymers in accordance with thepresent invention increases the

avai lability of phosphorus and ot her co n fertilizer ingredients and
decreases 35 nitrogen volatilization, ereby rendering anbi ent |evels

Che. pol yror SRS re 2o %%@P?ﬁ%@% YRR B O Bty ik °ocS

PCP/ US02/ 064p@ymefizatoorf amd subsmnmmdmtmt}pa futher pomiloalorf metlr oduction into

th . Int i bi t
enhanced or owt h CRAPSRt Ser g e red HRuboERP RO QaThieh SR Ae et 1

accord an c e V\mﬁmoﬂﬁmgﬁr@%lmn Thipenedreprisigal Ilttﬁd@yolsﬂsﬁfﬂ grireastantd syheﬁedévna seed
coati Bg. ]ﬁﬁ§§% I Rasth o and
“about 1596by mggo amﬁ%@%@%ﬁéﬁﬁ;gedHH%%?%ﬁ%?f?e?gtly, nﬁgggh1aﬁgggy

conpri ses beﬁ“ﬁ@ about 0.01% and about 10% by wei ght of the coated seed,

and nost preferably between 0.5% Byd—aifart—1%by-Rpei ght of the coated seed.
Use of the polynmer as a seed coating gdrovides polynmer in close proximty to
the seed when planted so that the r.can_exert its beneficial effects
in the environment where it 10 i s nost jneededd” That is to say that the

pol ymer provides an environnent conducijve to} enhanced plant growh in the
areaMhere the effects can be local i ze®Rsr ouRBst he desired plant. In the
case of seeds, the pol y¥er coating provides an enhanced opportunity for

seed germi nation and subsequent plant growh due to the decrease in nitrogen
vol atilization an increaseg n Rlant nutrient availabilitywhich is provided

by the polyner, 15 In genﬂral, t he polyners of the invention are nade by
free radical
C=C o1 : s Ia) o
R3 | meemmmey (V-1
15 /
O——C C=—=0 o—=¢C C=—0
‘ \o e
O\ /0
Y
20
and the second reactant is of the general formula
25 |O|
RB/C OR 10
HC —=C
30 \E
R7 ° \ﬁ"‘_ORn
O

35



pol yneri zation serving to convert selected nononers into the desired
polynmers with recurring polyneric subunits. Such polynmers may be fu ngk
nodified to inpart particular structures and/or properties. A var 5
techni ques can be used for generating free radicals, such as addition of
per oxi des, whyé:@negOxi des, azo initiators, 20 persulfates, pOTHIRGGLHGES,
per-acid, charge transfer conplexes, irradiation (e.g., IN, electron beam
X-ray, gamma-radiation and other ionizing radiation types), and

conbi nati ons of these techniques. O coupse, an extensive variety of nethods
and techniques are well known in the art of polynmer chem stry for
initiating free-radical polynerizations. Those enunerated herein are but
some of the nore frequently used 25 net hods and techni ques. Any suitable
techni que for perborm ng free-radical polyner@zation is |likely to be useful
for the purposes of practicing the present invention The polynerization
reactions are carried out in a conpatible solvent system namely a system
whi ch does not unduly interfere with th de5|ra\Aponner|zat|on usi ng
essentsi al |y any desi r ed -nmonomer gaucentf ati ons nunber of suitabl e aqueous
ornon- 30 aqueous sol vent systens enploy , such as ket ones,

al cohol s, esters, ethers, aromatic}solvexnss, witer and m xtures thereof.
Water alone and the | ower {C -1C4)R; ket on@s afjd al cohol s are especially
preferred, and these may be mxed with water J{f- desired. In sonme instances,
the pol ynerization reactions are carried out @th the substantial exclusion
of oxygen, and nosy usually -under an inert gas such as nitrogen 35 or
argon. There is no particular criticality in the type of equipnment used in

t he §§hthe5|s of the polyners, i.e., stirred tank reactors, continuous
stirred tank reactors, plug flow 0 2 SEP 2805 wo 02/ 071086 PCT/ US02/ 064356
-1--10 reactors, tube reactors and any conb'nation of the foregoing arranged
in series my be enpl oyed. A wi de rangg,nLcsuLQ@ble reaction arrangenents
are well known to the an

CH—C Y

15 | \R ——c—o/
]
0

With reference to the above formulae, each R, isindividually and respectively selected
20 from the group consisting of H, OH, C,-C,; straight, branched cham and cyclic alkyl
or aryl groups, C,-C,, straight, branched chain and cyclic alkyl or aryl formate (C,),
acetate (C,), propionate (C,), butyrate (C,), etc. up‘to C,, based ester groups, R'CO,
groups, OR' groups and COOX groups, whereinR' is selectied from the group consisting
of C,-C,, straight, branched chain and cyclic alkyl or aryl groups and X is selected from
25 the group consisting of H, the alkali metals, NH, and the C,-C, alkyl ammonjum
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,y and R,
are individually and respectively selecled from the group consisting of H, the alkali
metals, NH, and the C,-C, alkyl ammonium groups, Y is selected from the group
30 consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V and Ca, and R; and R, are
mdividually and respectively selected from the group consisting of nothing (i.e., the
groups are non-existent), CH,, C,H,, and C,H,, each of said moieties having or being
modified to have a tota] of two COO groups'therein.
Selected monomers and reactants are dispersed in a suitable solvent system and
35 placed in areactor. The polymerization reaction is then carmed out to obtain an initial

polymerized product having the described recurring polymeric subunits. Put another



of polynmerization. In general, the initial polynerization step is carried
out at a tenperature of from 5 about OC to about 120C (nore preferabi%; {Uﬁsom
about 30C to about 95C for a period of fromabout 025 .hours to abg 4
hours and even nore preferably fromabout 0.25 hours to about 5 hours).

Usual |y, t{& 5ORGhdeOn is carried out with continuous stirripag/usthessafter,
the conpl eted pol yner may be recovered as a I|qU|d di spersion or 10 dried

to a solid form Additionally, in many cases it is preferred to react the
polynmer with an ion such as Fe, M, My,.3Zn, Cu, Ni, Co, M, V, C, and Ca
to form a coordi nate netal conpl ex. Techni ques for naking netal -containing

PO oo HRIHE 4 R0y ot ' a0ty of

t hese technlqu or ot her
sinilar corrpuanuﬂucrmgadbm acei@ot enid/oBWaler in qither pavimelar of IPPDa%qUéFnPBF AFORiSs e

techni ques alusped Dl 825 h0gifrdabs a dhpiRhalibs EAEEEBLe Wsbluridn.

solution of an aci fa yrrer descri suggested herein
Addi ti onal | yAfcen thestepclmip eempletegdn mriss festiancgftke wonemeshashsenreaptedet al s

n general, P'eshfxﬁ#;kélg dh &t 9{1§ JaRideddr Ldxalp® is §aRaleR Kdi@hia¥onMardcab!l e and
-di fficult to preci se

ef1ne._ Thus, the deprctions used hereln are, for
i |l ustrativecppelpmens Qhrgursmdl ,ail iﬂé’n%efédﬁ*t"é@& yedsgzIeapolEenzaiPndhe| s or

m xtures of $ueRig &hh%dﬁm doRtdiR G sRRAYIRTon drasdioniies Wiick ErHdt affediqnds .

Alternatively, the nmetal maybe bonded to other atons in addition to those
shown. For e%&‘?‘@f@eﬁc’b’rﬁﬁe case of the structure shown herein for the

second reactant, tAwdiRer bﬂaﬁ%pédt@maiepﬁ&s@ﬁﬁn@énrﬂ‘oﬂﬁ@ﬂﬂe@hﬁimgmpsfdmaded to
the Y. These atom; |ncI not imted.to
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netal , the mebafrolingyprejwrtyofipsiyatees intaheordinse wMithghamatent mventicstwas ctirdye case
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forma
15 separate dust-controlling substance is applied to fertilizers prior to their application in

a field. Generally, the polymer will be applied as a coating to the surface of the
fertilizer in order to form a substantially coated fertilizer product. As noted above, the
polymer may comprise between about 0.005% 10 about 15% by weight of the coated
fertilizer product, however, for dust control, it is preferred to have the coating level be
20 up to about 0.5% w/w as it has been demonstrated that coating levels as low as 0.5%
w/w completely inhibit the generation of dust. Of course, the coating level can be
increased to levels greater than 0.5% w/w in order 10 enhance other beneficial
properties of the polymer while still complele]y inhibiting dust generation. Thus, the
present invention will eliminate the need for this separate dust-controlling substance
25 while still contributing all of the beneficial properties described above.

Apgain, it is important to note that the aforementioned methods and procedures
are merely preferred methods of practicing the present invention and those skilled in
the art understand that a large number of vanations and broadly analogous procedures
can be carried out using the teachings contained herein. For example, polymers may

30 be used as is (in the acid form) or further reacted with various maternals to make salts
and/or complexes. Furthermore, complexes or salts with vanious metals maybe formed
by reacting the acid form with various oxides, hydroxides, carbonates, and free metals
under suitable conditions. Suchreactions are well known in the art and include (but are
not limited to) various techniques of reagent mixing, monomer and/or solvent feed, etc.

35 One possible technique would be gradual or stepwise addition of an initiator to a

reaction in progress. Other potenmial techniques include the addition of chain transfer



30 coordi nate conpl ex. However, the availability of these ions to grow ng
plants is increased. It is also noted that it is possible to reaﬁtz §E‘P92005
nononers used to formthe polyner with ions in simlar ways before

pol yneri zati on. be~ other words, .the nononers can be reacted with netals
(i ncl udi nVOreY/EI188G n their pure state, as oxides, carbonat BSTURPHOHS des,

or other suitable netal -containing-conpounds) or ions in such 35 a way as to
result in the formation of a salt, a conplex, or a simlar nolecule. it is
also 0 2 SEP 2005 WD 62/ 071086 PCT/ US02146456 contenpl ated that reaction of
mononmers with a netal can be followed by their polynerization and
subsequent g @B rafidalinftiatdrat therorp eidlbcularofel gl infd derdiors/mneolbgeas use t he

preferred nmethod.for, pol yner. synthesis conppgrjses . th teps .of ..oroviding a
reaction m Pf FRENRlS LRI, grifator éﬁ%‘ﬁ‘?ﬁo"ﬁ‘ﬂ*‘#"é‘?"eﬂf‘ ?333% ug‘cfﬁ g g%e‘ét“@ from
5 the group ceppedhehiing baf nerdlg servad 16 deponsiraeachartheae afbe hidesvarianpof ant is
(C))]; }Qg?cg(é?eRr& 'q];_.lgézrnr\‘élﬂ%bl@%o- tggsecsh%%d in_tilclangnd_ lrllxaiL gls%é)gtéchﬁltsqugg ar%%m%pacgc? 30 CGC

5 by the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph illustrating the percentage of nitrogen and ammonia lost
from untreated urea over a sixteen day testing period; and
10 Fig. 2 is a graph illustrating the percentage of nitrogen and ammonia lost over

a sixteen day testing period from urea coated with polymer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples set forth techniques for the synthesis of polymers in
15 accordance with the invention, and various uses théreof, It is to be understood that
these examples are provided by way of illustration only and nothing therein should be

taken as a limitation upon the overall scope of the invention.

1
EXAMPLE 1

20 Acetone (803 g), maleic anhydride (140 g), itaconic acid (185 g) and benzoyl
peroxide (11 g) were stirred together under inert gas in areactor. The reactor provided
included a suitably sized cylindrical jacketed glass reactor with mechanical agitator, a
contents temperature measurement device in contact with the contents of the reactor,
an inert gas inlet, and a removable reflux condenser. This mixture was heated by
25 circulating heated oil in the reactor jacket and étirred vigorously at an internal
temperature of about 65-70°C. This reaction was carried out over a period of about 3
hours. At this point, the contents of the reaction vesse] were poured into 300 g water
with vigorous mixing. This gave a clear solution. The solution was subjected to
distillation at reduced pressure 1o drive off excess solvent and water. After sufficient
30 solvent and water have been removed, the solid product of the reaction precipitaies
from the concentrated solution, and is recovered. The solids are subsequently dried in

vacuo. A schematic representation of this reaction is shown below.

35



-1 I o=0 1 0 Oand the second react ant

Is of the general fornmula 11
"WBr~COR, O HC _C |

R7 RyU-ORtt 11 0 35 0 2 SEP 2005 WO 02107108602 SEP 2005
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WO 02/071086 PCTE/US0H2/06456
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COOH o : 5 hours
laconic acid Malcic anhydride T=65-70°C

COOH

Y\ ‘ ~=CH: - )u D Polymer (with/partial anhydride content)
o

Acetone solution

Step2
COOH '
k CHZ }n + Hzo >
—COUH
O
O
Acetone solution
COOH
\ CHZ .' _)u ;
—=19) 1\
\ | o COOH
! OH OH
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11 15 /R6-C CH=C R7 11 OWth reference to the above fornul ae, each R7 is
individually and respectively selected 20 fromthe group consisti n% ngPéQ
OH, C1-C30 straight, branched chain and cyclic al kyl or aryl groups, Faith
straight, branched chain and cyclic alkyl or aryl formate (C0), acetate
(Cl), propwangsenbéed) . butyrate (C3), etc. up to C30 based epEgisahiRYRS,

R CO2 groups, OR groups and COOX groups, wherein R is selected from

t hegroup consisting of Cl-C30 straight, branched chain and cyclic al kyl or
aryl groups and Xis selected from 25 the,group consisting of H the alkali
metal s, NH, and the Cl1-C4 al kyl ammonium groups, R3 and R, are individually
and respectively selected fromthe gr jsting of H Cl1-C30 straight,
branched chain and cyclic al kyl or arW , R5, R4, R10 and R' are

i ndividually and Taipeatioebys eatied betinfaqoipridne sinitarpo dmnesestinmyambled, t he

al kali netal N the Cl1- al ky niumagroups, Y is selected from
the group 30%%"&:@%%503?“5:%’,“%6Wﬁgkﬁﬁ%, Ni, Co, M, Vand Ca, and R
and R9 are indi vigduglpuyifeddvaiespsqiicedinto gelreadter Naxah7R lgetagomicpeidamdsi st i ng
of notchhing (k... HLhe JPS_.ar e ~exi st ‘-gH, H' .. ach of
sai d ieti epﬁﬁ\’ﬁ]a&%‘cor g#‘?\%?vgrr?@glﬁ??gﬁﬁtv _’&Oﬁ‘g‘%/s)es a tota o’?mt%\%g %?%ups
t herei n. Sel tcatedt AHOGTEL 8t whigh temptramtesthimmeixtirs perstsed aickeansguiembVeers ol vent
system and i I ri j } i n
carried out Eho% Iﬁh‘?&?ge%%e?rﬁ %?%Fr%ﬁo %@Zggépdrﬁh%gﬂﬁéw ntéq ﬂeéssgg%fi bed
recurring potytersotutsarbulhe seachon manwrsees alloved BERrfa03 hours, and a second
portion of persulfate, equal to the first, was added, and allowed to react for a further 3
10 hours. Product was isolated in the same manner as described for Example 1. A

\
I

schematic representation of this reaction is shown below.
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20



WO 02/ 071086 PCT/ US02/ 06456 -13 way, the general reaction proceeds by

di ssol ving nononers (e.qg., maleic anhydride and itaconic acid) in acetone
and/ or water in either equinolar or non-equinolar anounts. A free)? &8P gk
initiator is then introduced and copol yneri zati on takes place in solution.
After the LRARNI9kcl S conplete and a major fraction of the werpsesodigs been
reacted, 5 the resulting solution for this particular exanple is a maleic
acid-itaconic acid copolymer. O course, if all nonomers have not undergone
pol ymeri zation, the resulting solution.mill contain a small portion of
nononers which do not affect |later use of the polyner. Another inportant
aspect of the present invention is the enhancenent of dust 10 control when
a polynmer in accordance with the present invention is applied as a coating
to a fertilizer. It has been found that coating the fertilizer with a

pol yner in ac®Bldance with the present invention greatly decreases the
generation of dust. Such a dust- controlling property of polyners in
accordance with thq_gy§§@nt invention—was entirely unexpggted yet provides
a distinct advance +n the state ob=% et=gi N rhatﬂptypkeg;Frrﬁrﬁéiseparate
dust-control ling subs edis appliedd fertilizers prior*fo their
application in a fiwekdeeCGeneral ly, fhe.pokymer will be applied as a coating
to the surface of the fertilizer in order to forma substantially coated
fertilizer product. As noted above, the polynmer may conprise between about
0.005%to about 151/0 by wejght of the coated fertilizer product, however,

for dust control, it is_pyé?erred to the coating |level be 20 up to
about 0.5% w w-as— has~Reen deim ateg=phat coating levels as | ow as

0.5% w w conpl etely inhibFt®®He geneyati of dust. O course, the coating

| evel -can be increased to levels grgates than 0.5% w w in order to enhance
ot her beneficial properties of the polynmer while still conpletely

i nhi biting dust generation. Thd&=“fH%&" present invention will elininate the

need for this separate dust-controlling substance 25 while stil
contributing alJ, of the beneficial properties described above.

COQH ’
_/ T=85-90°C
o >
xOOH | I © K50y powder
H o 6 hours

" Aqueous solution

CH, b
) C/i QOOCH

i H OH

Aqueous solution



Again, it is inportant to note that the aforenentioned nethods and
procedures are nerely preferred nmethods of practicing the present 0?‘5??“ hdgn
and those skilled in the an understand that a | arge nunber of varia |ons2
and broadly anal ogous procedures can be carried out using the teachings
cont ai ned \g', Oglmsfor exanpl e, polymers may 30 be used as i gcfrusorbesaci d
form or furt reacted with various nmaterials to make salts and/or

conpl exes. Furtherm)re, conpl exes or salts with various netals maybe forned
by reacting the acid formw th various ggi des, hydroxides, carbonates, and
free netals wunder suitable conditions. Such reactions are well known in the
art and include (but are not Iimtm\@jlous t echni ques of reagent

m xi ng, nononer and/or solvent feed, etc. 35 One possihle technig uld be
gradual or stepw Flke pupdedirent BrampleiZnives illowed.uh the pradpeisyes ‘i‘P‘rﬁcﬁﬂF&D

Q her pot ent b4 WA 61t 6R AT Rexl, 60675¢ BhO0vad SEP
2005 WO 02/ (}b%%%‘%?ﬁ’% gg%%rgﬁglg%&ﬁgggﬁt@g pdrnee di Céi ILI ni t%at otl_
activators, addeétuPele wethisrolutene e oridedissolsr i gashiquid yaih sipFing, This,) o
initiators, gom&dn%ggth%aﬁwﬂéwhit@mghlﬁwt&,s&we pevdgourse, this list is
not corrprehen5| ve but nmerely serves to denonstrate that there are a w de
variety of techniques available to those skilled in the art and that all
such techniques are enbraced 5 by thrapiEsEat i nvention. BRI EF DESCRI PTI ON

OF THE DRAWNGS Figure | (is graph illustrati t he r cent age, .of, ni,t rogen
and ammoni a | ost ?B}’ﬁcﬁ'ﬁﬂfi?éﬁﬁéﬂnﬂ @awﬁ%’i’ﬁloﬁ’egn&‘ftégﬁpg’quﬂﬁ P& od:  and

10 Fig- 2 i smatega,aspbzas liweb patH Waket Rezipes sevagesdbtio.t 6 eg@rcmowammm a

| ost over sj xt'een da est ri od .fr om a
DETAIDED DESHeRTP @:Xﬁ*h h%é%@l%e“ S f\?gKﬁ‘g"*l’%%tl rf? “@gﬂq es set
forth techniggessfioebiih@osypetesi Shisfsolutby was thenriricd5o agmnelaﬂmed \Mghlhy t he

i nventi on, and varf %FS us&as thereof It is to be understood that
water-soluble pow

EXAMPLE 5
15 The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was diluted with water 10 give a 10% w/w solution. To 200 g of this
solution, 5.76 g MnO, was added. The oxide dissolved in the liquid with stirring and
heating to about 60 degrees C. This solution.was then dried to a pink-colored, highly
water-soluble powder. :
20
EXAMPLE 6
The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was diluted with water 1o give a 10% w/w solution. Next, 3.28 g MgO was
added to 200 g of this solution. The oxide dissolved in the liguid with stirring. This

25 solution was then dued 10 a white highly water-soluble powder.

EXAMPLE 7 .
The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was diluted with water to give a2 25% w/w solution. 2.96 g V,0, was then
30 added to 240 g of this solution. The oxide dissolved in the liquid with stirmng. This
solution was then dried to a green highly water-soluble powder.

EXAMPLE 8
The procedure of Example 2 was followed, but the product was not isolated.
5 Instead, it was diluted with water to give a 10% w/w solution. To 200 g of this

solution, 3.03 g metallic Fe in finely powdercd jorm was added. The metal dissolved



t hese exanples are provided by way of illustration only and nothing therein
should be taken as a limtation upon the overall scope of the inéﬁngk n,

EXAMPLE 1 20 Acetone (803 g), nuleic anhydride (140 g), itaconic { Ei@@
g) and benzoyl peroxide (11 g) were stirred together under inert gas in a

reactor. Th%éﬁ%ﬁ r provided included a suitably sized cylpicndySosadsse
jacketed gl'ass“f¥eéactor with mechanical agitator, a contents tenperature

measur enent device in contact with the contents of the reactor, an inert
gas inlet, and a renovable reflux condeqger. This m xture was heated by 25
circulating heated oil in the reactor jacket: and stirred vigorously at an

internal tepperature of about - 70 - Thi |l ] ik._over a
period of abBu eglq“ﬁgmé‘.suﬂ?n%h?@lspsglgr?to g%%e&%g%%gﬁ?%\ﬁg%%n?%mégc‘?ﬁgn vessel
were poured idlbblepatder.water w th vigorous mxing. This gave a clear
solution. The solution was subjected to distillation at reduced pressure to
drive off excess solvent and water. After sufficient 30 solvent and water

have been renoved, the solid productEXAMME Peaction precipitates fromthe

concent rat ed sol ution,  and. $ ELERONOS G ofiaeea0hidFe BiuEHDEEAMARILKATT | ed

-in vacuo. A sche epresen on O I S reaction is_show below. 35 0
2 SEP 2005 WDs03AD#1086diuted SitpvaterooEive 20806 /o selaiemi T udPY elepiso

Mal ci ¢ anhyd Eél(ljlﬁon, 8.14 g CaCO, was added. The carbonate dissolved in the liquid with stimring,.
This solution was then dried to a white highly water-soluble powder.

10 . EXAMPLE 10
The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was neutralized to a2 pH of 7 with aquecus NaOH (40% w/w). Theresulting

solution was dried to give a2 white highly water-soluble powder.

15 EXAMPLE 11
The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was neutralized to a pH of 7 with aqueous KOH (30% w/w). The resulting
solution was dried 1o give a white highly water-soluble powder.

20 EXAMPLE 12
The procedure of Example 2 was followed, but the product was not isolated.
Instead, it was neutralized to a pH of 3 with anhydrous ammonia gas that was
introduced into the solution by means of a gas dispersion tube. The resulting solution
was dried to give a white highly water-soluble powder.
25 .
EXAMPLE 13-
This example followed the procedure of Example 12. However, the anhydrous
ammonia gas was introduced, intb_ the solution prior to the addition of the initiator.
Again, the solution was neutralized to a pH of 3. Thus, the neutralization step partially -
30 neutralized the monomers rather than the polymer. The initiator used for this example
was ammonium persulfate and the reaction scheme is depicted below.
In this scheme, the first three steps are jﬁst an extensive elaboration of the
neutralization of the water-monomer mixture with anhydrous ammonia to a pH of 3.

Such a reaction is equally describable by depicting a reaction scheme using starting

(922
U

matenals including itaconic acid, maleic anhydride, anhydrous ammonia, and water

which resulis in the product shown at the far nght end in step 3. The salts as drawn are



PCT/ US02/ 06456 acetone sol vent Benzoyl peroxide initiator 5 hours T=65-70C
CIOOH -CH n Polymer (with/partial anhydride cancut) COOH Acetone saqlution
H2 Acetone solution !'n + H2O -COON COOH CH2 44 0-01 r~O ~COOH OH dH. BEP 12605
hydrol yzed acid form pol yner, aqueous solution €OON 0 2 SEP 2005 WO
021071086 w541 {95@@,106456 -16 EXAVPLE 2 This reaction was capg¢gfsaiicisd

equi pnent simlar to that used in Exanple 1 above. The foll ow ng procedure
was followed: 847 g purified water was placed into the reactor. Next, 172 g
itaconic acid and 5 130 g nulefic anhygpi de were added wi th vigorous
stirring - This m xture was heated

theoretical, however, this does show that the monomers are not completely neutrahzed
nor are they completely un-neutralized. Of course, it is well within the scope of the
present invention to have the monomers complctely neutralized or completely un-
neutralized by the addition of any switable base as well as having a wide range of B:C

5 TONOmer raos.

10



to about 85-90C, at which tenperature this m xture exists as a clear
solution. Wien the m xture reached the desired tenperature, 15 g of

pot assi um persul fate was added to the solution. The reaction m xtui 2 SBRggs5
allowed to stir for 3 hours, and a second portion of persulfate, equal to
the first, ywas@deed, and allowed to react for a further 3 XCTHER0L/865€r oduct
was isolated 1n the sanme manner as described for Exanple 1. A schematic
representation of this reaction is shown below, 15 20 0 2 SEP 2005 WO

02/ 071086 PCT/ U2/ 06456 -17 Step | ~~COO#$1-O0OH Iwconic acid COON. "OOH H
Msl 6e acid Step 2 Aqueous nkt;.. Ml eic anhydride 554 O OH COON OOH O=4
Step 1 _COOH 10 :
——\_ NH3 (gas) "\_
COOH COONHy4
itaconic acid aqueous sofution
COOH
Siep 2 / + ODO H-O ,
‘\——COONHa O

aqueous solution maleic anhydride

COOH |
=4 + O g———o
-\——COONH,, H

aqueous solution mixed salt

Step 3 COOH prr—
w: s NHj(gas)

+ (o} 87—-0 Py
pH=3.
’\—coonna H H

aqueous solution

COOH —
— + O% |=O
——\-—COONH,; A ONH4

aqueous solution

Sicp 4

COOH
7 + Te80°C

04 9 TTNHL; 5305
{NHg)z 52 Og
—X—COONHd OH 6NH4

one, aq. solution)
8 hours

agueous solution

squeous solution



-a H10 7=83-90C Ki S?0x powder OH OH b hours Aqueous solution Ol H3 O OH OH
COON t"/n ---COOH Aqueous m udon esc - 9Cc H20 nbem 5 0 2 SEP ZOOM\QP 2005
02/ 071086 -18 PCT/ U502/ 06456 EXAMPLE 3 The procedure of Exanple 2

fol | owed, but the product was not isolated Instead, it was diluted with

water to o f}tgow/w solution. Then, 6.62 g ZnO was add®€TUSL2O4560f
this solutlon %eomde dlssolvedlnthellqwd with stirring. This $
solution was then dried to a white highly water-sol uble powder. EXAMPLE 4

22-

EXAMPLE 14 _
This reaction was carried out in equipment similar to that used in Example 1
above. The following procedure was followed:
1990 g purified water was placed into the reactor and 1260 g itaconic acid and
5 950 g maleic anhydride was added with vigorous stirring.  This mixture was then
heated to about 75 C, at which temperature this mixture exists as a clear solution.
When the mixture reached the desired temperature, 270 g potassium persulfate was
added stepwise to the solution. Persulfate addition was conducted at 1 hour intervals
in amount of 30 g per addition. Product was isolated in the same manner as described

10 in Example 1.

EXAMPLE 15
This reaction was carried out in the same fashion as Example 14, but

ammonjum persulfate was used. The total amount of persulfate was 225 g.

15
EXAMPLE 16
In this example, the effect of polymer upon volatilization of ammonia from urea
was determined. A 100g samnple of granularurea was coated with the H polymer by
adding 1% polymer and 3.5 ml liquid (H,0) to the urea and shaking the mixture to
20 achieve a uniform coating on the urea. Clay (kaolanite clay) was then added to absorb

the excess H,O. Polymer coated urea and uncoated urea were placed m chambers that
were optimized for the volatilization of ammomia. The polymer coated urea and
) uncoated urea were then analyzed for content over a sixteen day penod.

Figure 1 illustrates the amount of nitrogen and ammonia lost from the urea over

25 the sixteen day tesung period. This loss totaled 37.4%. In companson, Fig. 2

illustrates the amount of ammoma and nitrogen lost from the urea coated with the

polymer. The polymer coated urea expenenced a 54% reduction of nitrogen and

ammonia Joss in comparison to the uncoated urea. Thus, the polymer coating greatly

decreased nitrogen volatilization. Such a decrease in volatilization would also result

30 from the polymer and urea being co-ground together or by having the polymer in close
proximity to the urea in soil.

"EXAMPLE 17
In ths example the effects of Jiquid ammoniated phosphates and polymer-
35 treated liquid ammeoniated phosphates on acid soils having a high phosphorous fixation

capacity period were compared. Untreated hquid ammoniated phosphate (10-34-0) and



The procedure of Exanple 2 was followed, but the product was not isol ated.
Instead, it was diluted with water to give a 30% w w sol ution. 6. 6Etlp§?"%05
was then 10 added to 260 g of this solution. The oxide dissolved in the
liquid with stirring and heating to about 60 degrees C. This solution was
then dri eq‘,§qng,,g‘ Fen-col ored highly water-soluble powder.pExdh#dsi&s 15 The
procedure ‘0 "E’)?é’r‘r’]% e 2 was followed, but the product was not isol ated.
Instead, it was diluted with water to give a 10% w w sol ution. To 200 g of
this solution, 5.76 g Mi02 was added. _Jhe oxide dissolved in the liquid
with stirring and heating to about 60 degrees C. This solution was then

dried to a pink:colored,.hjgh ted- ggmr A EXANRh & Bed he
procedur e ofh%k%ﬁsaa@f%a‘&%ﬁ‘%@%m%v@? ?éu?f%v%@%?o uct a\_/\n/gs‘ ot isol.at ed.

i nstead, it ]g}qﬂté Wit @%by ket emmtoniatrdvye) ynarovsraepp bl iRt 4 band (Renehess 28 g
MO was added to 200 g of this.sql uti T. ' LS Rr kRed&nt! 1 qui d
with stirri rﬁfﬁjc"’fﬁpég 15 eé%F‘Bﬁa?@ﬁ“ \%%fsste%cgébrv 'd?ﬁ%g&{y{gﬁgqﬁml te“ﬁiggeﬁﬁ.; :

wat er - sol ubl@ad@egediumERsAhPICEnY wih gropmao dlurusiv lesf sEraapd thep hagiestedy Thked, but
t he product s _not i,sola 3 | il HiBE ebbiméat g€ fvengi ve a
25% wPw sol BFEf . ¥Se %eg a@&f %ﬁ%@gaog%d%séﬂbtdgﬁmgws of this gﬁsolnut I on.
The oxi de ditsdewirdablelthe liquid with stirring. This solution was then

dried to a green fﬂ,gbé'){s%@&%vé?ké&?b&im&@?ﬂ-o-%m&ol&dﬂmdﬂiﬁgﬂﬂmiﬁ_ of
Exampl e 2 was fol ovvec_], ut the’ product, was notth sol ated- .5 | teag o/l 1 Was
di | uted wit hihissosirexperiepiceda kS 1R mcHasE BERIVFIgRt T eompBIsgighe adliongl) G i on,

3.03 g netal |6 feifeatdd @ gROUMHBY atladdnsnarasy.asdedditibheines 26 plilwsel ved 02
SEP 2005 , _ g -
10 increased comn growth by 26% in comparison to the 10-34-0 control. Thus, addition
|

of the polymer had advantageous effects on the growth of com.

Table 1

Acid Soil Dry Matter/grams
15 No P Control 1.67
10-34-0 Control (No Polymer) 420

110-34-0 1% Polymer 5.00

10-34-0 2% Polymer 5.30

20 ,
" EXAMPLE 18
In this example the efficiency of different salts of the aniomic polymer as a
coating on phosphate fertilizer was evaluated. Polymer coatings were applied ona 1%
by weight basis onto MAP. The test crop for this experiment was com and the polymer
25 used was 2 polymer formed by B and C monomers. All phosphorous treatments were
banded 2 inches below and 2 inches away from the seed rows. The acid in caleareous
soils used in this expenment are both known to fix phosphorous fertilizer, thereby
limiting the growth of crops. The com was harvested at the six leaf stage and dry
weights were determined as an indication as the efficiency of the coatings on
30 phosphorous uptake and resultant com .gfew‘[h. Results of this experiment are given
below in Table 2. Table 2 shows that both the hydrogen and ammonium salts of the
polymer were effective at increasing com growth when combined with MAP. The acid
control (untreated MAP) produced 294% more dry matter than the control which did
not include MAP. These results illustrate that the soil is very responsive to



wro 02/071086 PCT/USO2106456 -19 in the liquid with stirring. This solution
was then dried to a yellow highly water- sol uble powder. EXAMPLE 9 [ﬁz §BB2005
procedure of Exanple 2 was followed, but the product was not isol ated.
Instead, it was diluted with water to give a 10% w w solution. To 200; g of
this solYii.Qn...8<14 g CaCOB8was added. The carbonate di ssolmerusorosise | i qui d
with stirfing. "~ This solution was then dried to a white highly water-soluble
powder. 10 15 20 25 EXAMPLE 10 The procedure of Exanple 2 was foll owed, but
t he product was not isolated. Instead, 4t was neutralized to a pHof 7 with
aqueous NaOH (40% w w). The resulting solution was dried to give a white
hi ghl y wat er.- so] ubl e r e%;)&ﬁpﬁm ef ctExR ARk R Ai @ s
fol | oned, bEROSO#‘E'%f'o\Bﬁ%g%ﬁaWFE%%}%‘H& I’ nst eadfmi t was neutralized to
a pH of 7 wivith ydtepensdiGRaite30s6Ids were secasakhy ¢ fge- THF G\?,EB‘}‘PV\%SO‘H ed to
give a white highl - 80l 1bl&0 lary EanP 13 domndl agfchudid Wt
Exanpl e 2 ?@%ﬁ@ﬁ%@%ﬂ@&fﬂ?%@ uct d\/\r/><"as .nat lﬂiE?ol at ed. Insﬁj%aéj .{t was
neut r al i zedirtotuda apyMAP 3The MAR TRsted Bok tandenis PeEer FRTERREITAlZET Wificed
into & he so%&%ywa lgfgﬁrg&gﬂgggg%gmu{émc olesul ting solution
a‘!

was dried to give Ite highly watet-sol ubl e powder.

Table2
Acid Soil .I ‘ Calcareous Soil
‘(Dry Maﬁer] grams) | (Dry Matter/grams) ‘
" No P Control (no MAP) * -{ 4.72 BT 12.4
10 MAP Control 18.6 283
1% Hydrogen Polymer 26.4
1% Ammonium Polymer {3281
15 EXAMPLE 19

In this example, the effect of a zinc polymer on com seedling growth was
determined. A 21% zinc-polymer was prepared and applied to corn seeds at a rate of
eight ounces per 100 pounds of seed. The seeds were planted in six inch pots and
allowed to grow until they reached the four leaf stage. The soil was calcareous and had

20 low zinc availability. At the four leaf stage, plants were harvested and dried, then the
dry weights were determined. Dry weights increased by 29% on the plants where the
zinc-polymer was applied to the seed versus the control.



EXAMPLE 13 This exanple followed the procedure of Exanple 12. However, the
anhydrous ammonia gas was introduced. into the solution prior to the
addition of the initiator. Again, the solution was neutralized to 8Z2@8Paf
3. Thus, the neutralization step partially 30 neutralized the nonomers

rat her than{;p.%,,p(,'uvyrrer The initiator used for this exanpl epcMsoAfIgN UM
persul fate and' he reaction schene is depicted below. In this schene, the

first three steps are just an extensive el aboration of the neutralization
of the water-nononer mxture with anhydrgsis ammonia to a pH of 3. Such a
reaction is equally describable by depicting a reaction schene using
starting 33 materials including |tac ?kﬁu?ftg mal ei ¢ anhydri de, anhydrous
anmoni a, and water which results in roduct shown at the far right end
in step 3. The sallhis exmplawstal die@iugt @Eﬁoﬂﬁ@&mmﬂmmm@@ﬁ/ﬂ@sﬁm%%G

=20 theoreti Igg,bclepl R Clest bUgSwdO aﬁﬂgwnt#aagtr.ﬁ&exeepﬂggﬁ g ng A se.

conpletely neutra nor are they co un- neutra | ze
it is well wneriod. {Hes westsghe psistaree tq)qhe%@né ﬁmﬁw&m@bﬂn resuliagdrorngrapgfoner s

conpl etely nguhiRl anaegfaﬁmereqwn%@wnxu& mwsrefﬁhl]ﬁ%@m%uhﬁ@nﬁ%at 1cREksOf any

sui tabl e basge as. wel |l as havj ng ia w de range : nonomer .ratjos. 10 O
SEP 2005 WO FREOSEOTASS @%&PP Iestep PIop P‘ﬁ%tﬂ%ﬁuef’%c@dmol equipment

requirernents. A sample was firsi screened manually 10 separate out a fraction
containing approximately minus 3.35 mm to 1.00 mm granules. A representative 100

cm® portion of the minus 3.35- plus 1.00-mm fraction was then used in the test. A 20

.10 g portion of this was then weighed out and placed in'a 100 ml rectangular polyethyiene
| bottle togeihcr with 10 stainless stee] balls measuring 7.9 mum in diameter and having
a total weight of 20.0 g. The bottle was then closed and manually shaken for five

mmutes. In order to ensure uniform shaking for all samples in an analytical run, all

sample bottles were taped together into one block. At the end of the run, the balls were

15 removed manually, and the bottle contents examined. Fines were separated manually
and weighed. Results from this example are given below in Table 3 which clearly

shows that the polymers of the present invention are highly useful as a coating for MAP

fertilizer particles in order to enhance abrasion resistance and decrease dust generation.
Thereference to the "H" polymer form refers to the fact that the carboxylic acid sroups

20 are still intact.
Table 3.
’ Fertilizer Type | Coating' ~ o Coating Level, % Dust after
o - 77 ['Percent W/W, As-Is | Shaking
Granular MAP | None N/A 043
25 Granular MAP | ARR-MAZ KGA300 0.52 0.29
Granular MAP | High charge polymer, most}f H |05 none
form, 60% solids
Granular MAP | High charge polymer, mostly H |1 none
form, 60% solids
Granular MAP | High charge polymer, mostly H | 1.5 none
form, 60% solids

30



PCT/ US02/ 06456 COON H, O= NH3 (Bas) --\-COONH4 aqueous solution COOH Step
2 --\--COONH4 aqueous sol ution malcic anhydride /COON -COONH, O O agueous
solution mxed salt Step 3 H O COON ff / } OOH O ~3~8as) pH=3.0 9%'{3' ;
aqueous solution COOH COONH, + O O H ONHa aqueous solution Sicp '] 200

‘ . -26-
Claims
1. A polymer comprising recurring polymeric subunits each made up of at least two
different moijeties individually and respectively taken from the group consisting of B, and‘C

mojeties, or recurring C moieties, where moiety B is of the general formula

Ra R4 Rs Ry
[ & A L ¢ c—)
\ < G 7 \ /
O— C——0Q o=—=C =0
\ ORs; ORg or O\ /o
Y
R R4
(o)
or
O——=C C——
@) O
| \/
O



OON -/C + 0=JNHO T=80C (NH4) ~OONH, OH 6 4 (cone, aqg.solmn) 8 hours
aqueous solution OGC -(-CHg--i CHICH--)fI C=0 ---O CHZ 4bH ONH4 0=C
ONH, OH aqueous sol ution 02SEP2005 WD 02/ 071086 -22 PCTNS02106456 EXAMPLE 14
This reaction was carried out in equipment simlar to that used inExgEm)s !
above. The follow ng procedure masagpllomed: 1990 g purified water was
pl.aced, into the reactor and 1260 g~itaconic acid and 5 950 g naleic
anhydride was added with vigorous stirring, Thi's m xture was then heated to
about 75 C, at which tenperature this mxture exists as a clear solution.
When the m xture reached the desired tenperature, 270 g potassium persulfate
was adde i LS ; I Persul fate addition was conducted at-1
hour intervaxgawbﬁgéiggﬁgﬁ% Qggkgﬂggr addi tion. Product was isolated in the
sane manner as described 10 in Exanple 1. ' '

. Rg—=C
T
or
{ o)
|
Rg——C—0
>
l7 \\Rg———c——~4j//
|
s)
o)
|
j Rg///
{  CH c/ }—
.
R, Rq
\\C-——-ORH



EXAMPLE 15 This reaction was carried out in the sanme fashion as Exanple 14,
but ammoni um persul fate was used. The total anount of persulfate was 225 g.
15 EXAMPLE 16 In this exanple, the effect of polynmer upon volatilization of
anmoni a fromurea was determ ned. A 100g sanpl e of granular ured 2wt Bt ed
with the H polynmer by adding I%pgi\?xrrer and 3.5 n liquid (H2O to the urea
and shaking the mxture to 20 achi eve a uniformcoating on the urea. d ay
(kaol anite clay) was then added to absorb the excess H20.. Pol ynmer coated
urea and uncoated urea were placed in chanbers that were optimzed for the
vol atilization of ammonia. The pol ymer coated urea and uncoated urea were
then anal ygrekih@acicRNsdn;vivvelly andiexpeenclgdayleped fioth tHei grourecdnsisting of Hat es

t he amount of nitrogen and anmonia | ost fromthe ureaover 25 the sixteen

T ustrates | ndBnGive SR AR S pd el R BPAO B " ot e

with the polyner. .The pol gmer, coated urea experienced a 54%reduction of
nitrogen and ~ atmight.drpeshed chain appardlis sl or aybbasse SEIcE araPs R Chagroupshe
pol ymer coating greatly decreased nitrogen volatilization. Such a decrease

in volatilizati@R' goupdarrl GOOMEesulps, 3hefdpRI ishelepet yiren ttengoup ecnsimingg
co-ground together. or byhaving the polyner in close proximty to the urea

in soil. EXAWPLEdTc] Bubih® hexen®d &a};h;ﬁx_dge‘ytﬁemy% arl] %’Hhﬂs AIRNYE ad16fed

phosphat es and pol'ymer- 35 treated |iquid amoniated phosphates on acid

nt reat od | qui SR HORORD SR T Ar kS DS BRI i b5 QB Toou o =

04,0, 1086 - 23 ammonium 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, Ry, R;p 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 and Ca, and Rq and R, are individually and respectively selected from the
group consisting of nothing (i.e., the groups kare non-existent), CH,, C,H,, and

- C,H,, each of said moieties having or being modified 10 have a total of two COO

groups therein.

2. The polymer of claim 1, wherein said recuming polymeric subunits are made up of B and

C moieties, wherein Ry and R, are each H, and R; and R, are Na.

3. The polymer of claim ], wherein R, is individually and respectively selected from the
group consisting of H, OH and C,-C, straight and branched chain alkyl groups, R, R¢ and X are

individually and respectively selected from the group consisting of the alkal: metals.



PCT/ 11 S02/ 06456 |iquid ammoni at ed phosphate with 1% by wei ght pol yner and

i quid ammoni ated phosphate with 2% by wei ght anmoni at ed pol yner were
applied in a band (2 inches below and 2 inches beneath) in the seed row
The pol ymer used for this experinent was the sodiumform Corn v&d SEP3He to
the six leaf stage and then harvestgd The 5 plants were dried, and the dry
wei ght-recorded. Results of this exXperinent are given belowin Table 1. The
acid soil was very responsive to the 10-34-0 controlled and corn grown in
this soil experienced a 151 %increase in dry weight. In conparison, the

addi t4 on 1.9 sl NG folelon . i,fj:opnal 19% and

addi t4i'on ohet@@%%@é%?’%fﬁ%ease%%ﬁ] Sir)%avfﬂh g}g}gig éél%gﬁn conparison to
the 10-34-0 control. Thus, addition of the polynmer had advant agéous effects
on the growth of com Table 1 15 20 Acid SoilDry Matter/grans No P ,
Control 1. 67 10-34-0 Control (No Polyner)4.20 10-34-0 1 % Pol yner5. 00 10-34-0 .
2% PdAl. y merBhe3tb Gl diaiiB4 | said izl exdreplgeseldarddidm disegroyp obndstinparfdie; sal ts
of the anionic polyner as a coating on phosphate fertilizer was eval uat ed.
Pol y ay) , i al % by weight basis onto MAP. The test .
cr op%’rﬁf%h?é’rgégﬁitﬁéﬁfwya@cg?h and the pol ymer 25 used was a pol yner
formed by B and C-nononers. All phosphorous treatnments were banded 2 inches
bel ow and 2 inches away fromthe seed rows. The acid in calcareous soils

used in this experinment are both known to fix phosphorous fertilizer,
t her by A fertilizer product comprising particles of a feruilizer 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 consistng
of phosphate-based fertilizers, fertilizers containing murogen, phosphorous, potassium calcium,
magnesium, snlfur, boron, or molybdenum matenals, fertilizers containing micronutrients, and

oxides, sulfates, chlorides, and chelates of such micronutrients.

8. The fertilizer product of claim 6, said polymer and fertilizer being co-ground together..
9. The fertilizer product of claim 6, sajd polymer being applied to the surface of said

3
ferulizer.

10.  The ferulizer product of claim 6, said fertilizer being in the form of particles having an

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



limting the growh of crops. The comwas harvested at the six |eaf stage
and dry weights were determ ned as an indication as the efficiency of the
coatings on 30 phosphorous uptake and resultant comgrowh. Results of this
experinment are given belowin Table 2. Table 2 shows that both theg mggpqﬁﬁn
and ammoni um salts of the polyner Q/_ere effective at increasing com growt .
whén conbi ned with MAP. The acid g ntrol (untreated MAP) produced 294% nore
dry matter than the control which did not include MAP. These results
illustrate that the soil is very responsive To 0 2 SEP 2005 WD 02/071086

-24_ PCT/ U 06456 phosphorous, Wien .the MAP was coateq with the _anionic
pol ymet- chiﬁéé ’Héﬂtﬂ’%‘f‘?cg@gdaw Fﬁa@mlw%?e”éﬁ9reﬁﬂ’c[t”éFalgifé‘f‘lgl@eWPéu‘itﬂ&?eased

by 41.9% The cal careous control (untreated MAP) produced 128% nore dry

mat t elevehaffréthaboet. 0@l g whitohi 20 g pabymer pac] (e famyzdvAP. The MAP treated with
t he anionic polynmer charge neutralized wwth 5 amonium produced 15.9% noré
dry matter than the MAP control. Table' 2 In 15 20 Acid Soil Cal careous Soil
(Dry Matter/grans)(Dry Matter/grans) No P Control (no MAP)4.7212.4 NAP

Cont 1o} 18- 828 3 il 2 MOG RSP rih YIS Soiymbr BANY Lok B W35, 81

13.  The fertilizer product of claim 12, said 1on being selected from the group consisting of Fe,

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

14.  The fertilizer product of claim 6, said polymier substantially coating the surface of said

fertilizer.

15.  The fertilizer prodnct of claim 14, said product generating less dust than fertilizers

without added polymer.

16.  The fertilizer product of claim 14, said coating being applied at a Jevel of at least about

0.01% by weight of the coated ferlilizer product.

17. The fertilizer product of claim 14, said coating resulting in the complete inhibition of dust

generation.



EXAMPLE 19 In this exanple, the effect of a zinc polyner on corn seedling
gromh was determned. A 21 % zinc-pol yner was prepared and applied to corn
seeds at a rate of eight ounces per 100 pounds of seed. The seeds were
planted in six inch pots and allowed to grow until they reached thhieSER05

| eaf stage. The soil was cal car eog_,;sl_and had |ow zinc availability. At the .
four | eaf stage, plants were harvested and dried, then the dry weights were
determ ned. Dry weights increased by 29% on the plants where the

zi nc-pol ymer was applied to the seed versus the control. 0 2 SEP 2005 Wo
02/ 071086 PCT/ U502/ 06456 -25 EXAMPLE 20 This exanple tested the dust

cont rid.| i ng mefthed vEcdfanting theagrypwih obplafite compisieg thepsien pPLamdyinghestiést used
was an abrasion resistance test based on the rotary drum nethod. This tests

the r@ghs bAHeahh adisSbntdaid flames oW Binhani#LaHbin g af dopiPdfiRUoprisiiganul e
and granul e-equi pnment contact. It is useful In determning naterial |o0sses;

handl i n st or “and application properties; and pollution control
equi p%ﬂ?lmeéaggﬁgﬁghts. A sanple was first screened nanually to separate

out a fraction containing approximtely mnus 3.35 nmto 1.00 nm granules.
A representative 100 cnB portion of the mnus 3.35- plus 1.00-nmfraction
was then used in the ftest. A 20 10 g portion of this was then weighed out
and pi%acedThemathbdd{klaimad! sdidpbBinep bkyetapyliaiat a lbod] tof €rdnd gesh @00 b td 0
stainless steel balls neasuring 7.9 mnmin dianmeter and having a total

wei gtgbog{1@hg’d%lﬁ%g%;gﬁsmggg%hﬁged and manual 'y shaken for five

m nutes. In order”to ‘ensure uniform Ing for all sanples in an anal ytical
run, all sanple bottles were taped together into one block. At the end
ofthe run, the balls were is renoved manual ly, and the bottle contents
exam ned. Fines were separated manually _and weighed. Results fromthis

exanpi® arEhgingdrdpéichini 1§, Tadpelymanbries ig ligwd| djspersion.
21.  The method of claim 18, said polymer being in granﬁlar form.
22.  The method of claim 18, said polymer being in intirnate mixture with a fertilizer.
23.  The method of claim 22, said fertilizer being selected from the group consisting of
phosphate-based ferti)izers; fertilizers containing mitrogen, phosphorous, potassium, calcium,
magnesium, sulfur, boron, zinc, manganese, copper or molybdenum materials; and fertilizers
coptaining micronutrients, and oxides, sulfates, chlorides, and chelates of such micronutrients.

24.  The method of claim 22, said polymer and fertilizer being co-ground together.

25. The method of claim 22, said polymer being a_ppli;:d to the surface of said fertilizer.



shows that the polyners of the present invention are highly useful as a
coating for MAP fertilizer particles in order to enhance abrasion

resi stance and decrease dust generation. The reference to the "H' UQ%WTZPOBB
formrefers to the fact that the carboxylic acid groups 20 are stild
intact. Table 3 25 Fertilizer TypeGgatingCoating Level, % Dust after Percent
W W As-1sShaki ng Granul ar MAPNoneN"AQ. 43 G anul ar MAPARR- MAZ KGA500

0. 520. 29 Granul ar MAPH gh charge pol ynmer, nostly HO.5none form 60% solids
Granul ar MAPHi gh charge pol yner, nostly Hlnone form 60% solids G anul ar

MAPHI gjy ch : : % Sk : 005 - 26
i Irr‘g‘g' ¢ ﬁkgg%{{gbé’ OF&lain®S i k1RO B ik 1G0) Bijﬁ%?hcgés ﬁﬂug’%%% E\Eé?a

da 1. mer conpri’'sing recurring pol ynmeri units e e up of
at least two different npieties_indjvidually and respectively taken from

t he gﬁ@@ﬂﬁ‘%‘dﬁsﬁ%’c’l@h@“d’l"“ﬁ,ﬂQﬁﬂt@bo%i%fmes, or recurring C noieties, where
moiety Bis of the general formula 13 4 O=CCOI ORS OR6

27.  The method of claim 22, said polymer being present m said fertilizer product at a leve] of
from about 0.001 gto .;ib"oul 20 g polymer per 100 g fertilizer.

28.  The method of claim 18, said polymer being complexed with an ion.

29.  The method of claim 28, said 1on being selected from the group consisting of Fe, Mn,

Mg, Zn, Cu, Ni, Co, Mo, V and Ca.

30. A method of enhancing the growth of plants comprising the step of applying to said
plants or to the earth adjacent said plants a growth-enhancing amount of a fertilizer product

comprising a fertilizer in intimate contact with the polymer of claim 1.

31. The method of claim 30, said polymer being applied at a level of from about 0.001 Ibs. to

about 100 1bs. polymer per acre of said growing planfé.

32.  The method of claim 30, said fertilizer product being a liquid dispersion of said fertilizer

and said polymer.



or &=CCOor OOV Y\/ 0O 2 SEP 2005 -27 and noiety Cis of the general

formula 11 Re---C -f --CH-~/ ~- \ | Oor 901l Re-G CH-- | R%—pg{p D005
Oor EO I
-33-
33.  The method of claim 30, said fertilizer product being a granulated mixture of said

fertilizer and said polymer.

34, The method of claim 30, said fertilizer product being a ferulizer having a polymer

coaung.

35, The method of claim 30, said fertilizer being selected from the group consisting of
phosphate-based fertilizers; fertilizers containing nitrogen, phosphorous, potassium, calcium,
magnesium, sulfur, boron, zinc, manganese, copper or molybdenum materials; and fertilizers

contaiming micronutrients, and oxides, sulfates, chiorides, and chelates of such micronutrjents,

36. The method of claim 30, said fertilizer being in the form of particles having an average

diameter of from about powder sjze to about 10 cm.

37. The method of claim 30, 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.

38.  The method of claim 30, including the step of applying said fertilizer product to the

foliage of said plants.

39.  The method of claim 30, including the step of applying said fertilizer product to the earth

adjacent said plants.



"CORla RBCH C | RT ROA\CGCORL, 11 0 0 2. SEP 2005 _28 wherein each R7
is individually and respectively selected fromthe group consisting of H,

OH, Cl1-C30 straight, branched chain and cyclic alkyl or aryl groufsl S 203330
straight, branched chain and cyclic alkyl or aryl based ester groups, R CO2
groups, OR groups and COOX groups, wherein R is selected fromthe group
cohsisting of C, -C30 straight, branched chain and cyclic alkyl or aryl
groups and X is selected fromthe group consisting of H, the alkali netals,
NH4 and the Cl1-C4 al kyl annnniunlgroups R3 and R are individually and

respe |ve sel.ected. fr con5| stin - C30 straight,
br anc qug? @%&?@aﬁ% PO 1|ng Cﬁ%&%ggwlﬂé anFign Rioand R are
i ndi vi dual ly and respectively sel ect ed fromthe group consisting of H the
al kali metals, NB, and the Cl1-C4 al kyl ammoni um 'gr oups, Y is selected from

the group consisting of Fe, Mh, My, Zn, Cu, N, Co, Mo, V and Ca, and R8
and Fiuhar eTh@ﬁie‘ﬁiMdanﬂlﬂszEu@%&Qﬂtlbf{SélMg%éiE@@d ﬁémﬁh@%{g}%on&%ﬁh‘ ofPEsi sting .
of nothing (i.e., the groups are non-exi stent) 1-16, each

of s nodified to haveatotal of two COO groups
t her %’%g’%e oﬂgr%‘?"q'é? cla% {;?1 wherein said recurring polymeric subunits
are made up of B and. C noi eti es, wher ein R3 and R4 are each H, and R5 and R6
are Na. '

42. A method of forming a polymer compnsing the steps of:
providing a reaction mixture comprising at least two different reactants selected from the
group consisting of first and second or a mixture of said second reactants, wherein

said first reactant is of the general formula

R3 R4
R C——=C R
3 ' l ¢ C==—C
O—=C C—0o . or
l l o=—=C cC=—=0
OR; ORg
O\ /O
Y
or
Ry—C——C—R,
. /
Q—= C—=0
~.



3. The polyner of claim1l1, wherein R is individually and respectively
selected fromthe group consisting of H 014 and Cl1-C, straight and
branched chain a)kyl groups, R5, R6 and X are individually and respectively
sel ected fromthe group consisting of the alkali netals. 0 2 SEP 200FEP28(54-
The polyner of claiml, said polyggi bei ng conplexed with a netal ion. 5.
The polynmer of claim4, said nmetal i on being selected fromthe group
consisting of Fe, Mh, My, Zn, Cu, Ni, Co, Mo, V and Ca. 6. A fertilizer
product conprising particles of a fertilizer in intimte contact with a

pol ynmer as defined in claiml1. 7. The fertilizer product of claim6, said
fertili zerandoanipsesendrspedntis ohthergengiebipmebinsi sting of phosphat e- based
fertilizers, fertilizers containing nitrogen, phosphorous, potassium

cal cium magnesium .sul fur, boron, or nolybdenum materigls, fertilizers
cont ai ni ng nicronutr?ents, and oxides, sulfates, chloridges, and chel ates of
such mcronutrients.|| 8. The fertilizer product of claim]p. said polynmer and
fertilizer being _co-@redtQ®R,ogether. 9. The fertili rgr—pi@eed of cl ai m 6,
said polymer berttg applied to the surface of said Fertilizer. 10. The
fertilizer proZuCt of claim6, said fertilige—Batng in the fork of
particl@—fing an average dianeter of fro abouf\pomder sizg/to about 10
cm 0 2 BEP Zdbg -30 1), The fertildrzer product of RganT6—®Ai d pol yner
bei ng prgsent in°Sa~¢+erbR,}zer product at 4 |evel of f1on1about 0.001 g to
about 20 g polyner p [ 1 00 g fertilizer. 12. The fertilllzer product of
claim6. said polynen! being conplexed with an ion. 13. e fertilizer
product of claim12, Qaid ion bei ng sel ected fromthe group consisting of

Fe, Mh, My, Zn, Cu, Ni, Co, Mb, V and Ca. 14. The fertilizer product of
claim6, said polyner substantially coating thﬁlsurface of said

’\ ’ Ra_—c
or Hc—_—c/ \o
N
R, Re ﬁ
0

wherein each R, is individually and respectively selected from the group consisting of H,
OH, C,-C,, straight, branched chain and cyclic alkyl or aryl groups, C,-C,,
siraight, branched chain and cyclic alky! or aryl based ester groups, R'CO, groups,
OR' groups and COOX groups, wherein R’ is selected from the group consisting
of C,-C,, sraight, branched chain and cyclic alkyl or aryl groups and X is selected
from the group consisting of H, the alkali metals, NH, and the C,-C, alkyl
ammonium groups, R, and R, are individually and respectively selected from the
group consisung 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, alky] ammonium



fertilizer. 15. The fertilizer product of claim 14, said product generating
| ess dust than fertilizers wi thout added polyner. 16. The fertilizer product
of claim]4, said coating being applied at a |l evel of at |east abqyp SPP QW5 %
by wei ght of the coated fertilizer product. 17. The fertilizer product of
claim 14, said coating resulting i_%_t he conpl ete inhibition of dust
generation. 0 2 S E P 2005 -31 18.7°A net hod of enhancing the growth of

pl ants conprising the step of applying to said plants or the earth adjacent
said plants a grow h-enhanci ng anount of a conposition conprising the

pol ymer of clai 19, T i i 0 k plied
at a |level of fr@rocgﬁpé’bglﬁ S%S%%}Tg’ﬁgbg%rgﬁég%%%@@(ﬁ?ﬁ%p%%f Egéﬁgzg'g’? e of
said growi ng plants. 20. The nmethaod of, claim18, said polyner being in

li qui d di spersi &A0 ¥ 10d FReanddtarad forare individuegly agdiresppeiirheselerdshomihe
granular form 22. The nethod of claim 18, said polyner being in intimte
m xture with a fgesdp donzisting @Bnotiiing (he) the drabs eteaiom 2@stemtypi CH S, €,Hi,lander bei ng -
selected fromthe group consisting of phosphate-based fertilizers;

fertilizers contcaimidigh B {A @M RARREBF BiiRe R RIATH WaVe & &l Mo COO
magnesi um sul fur, ®por.on,  zi nc, manganese, copper or nol ybdenum materi als;

and fertilizers containing mcronutrients, and oxides, sulfates, chlorides,
and chel ates of ZRIP BR* &Mt rients. 24. The nethod of claim 22, said

pol ymer and fertilizer being co-ground together. 25. The nmethod of claim 22,
sai d pol ynpelyberainpgasspl ieectidnonbivere so fracep@dfmenhayvifigrechiringgrolyngiSEP 2005
-32 26. The nethod of claim?22, said fertilizer being in the form of

particles havi nguismie\terageyidi erbbeyl-cohtafigngabpyt powder size to about 10
cm ' ' :

43.  The method of claim 42, said first reactant being maleic anhydride and said second

reactant being jtaconic acid.

44.  The method of claim 42, said polymerization step being carried out by generating free

radicals in sajd reaction mixture.

45, The method of claim 44, said free radical generation step comprising the step of adding a

peroxide 10 said reaction mixture.

46. The method of clajim 44, sajd free radical geh_ﬁ:f.étibn step comprising the step of

subjecting said reaction mixture to UV light.

47. The method of clahn 44, said free radical generation step comprising the step of adding a

persulfate to said reaction mixture.



27. The nethod of claim 22, said polyner being present in said fertilizer
product at a | evel of fron1about 0.001 g to about 20 g pol yner pqyzQEFUq&
fertilizer. 28. The nmethod of claim 18, said polymer being conplexed with an
ion. 29. The method of claim28, said ion being selected fromthe group
consisting of Fe, Mnh, My, Zn, Cu, N, Co, M, V and Ca. 30. A nethod of
enhancing the growt h of plants conprising the step of applying.to said
plants or to the earth adjacent said plants a growt h-enhanci ng anount of a
fertilizer product conprising a fertilizer in intimate contact with the
pol yn&g. of Tisd mietholl.of3laim4e said réwedonmixibed beidDionsad dn peblyeny sekeeieddrampl i ed
at a level of fromabout 0.001 |bs, to about 100 | bs. pol yner-per acre of
sai d i od of claim30, said fertilizer product
belng%% ﬂﬁﬁ?@kgﬁﬁ%ggg%gﬁ @f saf% fertilizer and said polyner. 02 SEP 2005
-33 33. The nethod of claim 30, said fertilizer product being a granul ated
m xture of said fertilizer and said polyner. 34. The nethod of claim 30,
said fertilizer product being a fertilizer having a polymer coating. 35. The
met hotP.of Thametl®d ofsidio 4% suid ipoharerizeionysise beiog serrfed ot ahelemmsmiuteadsi st i ng
of phosphat e-based fertilizers; fertilizers containing nitrogen,
phos phemabsut T RSHoU 2658 i u@hnodragﬂ@ﬁlauam G2 hotirs thab&N 24Zh\gs. Mnganese,
copper or nolybdenum materials; and fertilizers containing mcronutrients,
and oxi des, sulfates, chlorides, and chelates of such mcronutrients. 36.
The net hod of clain130, sai d fertilizer being.in the formof particles
havi ng an average di aneter of. from about powder size to about 10 cm 37. The
met hotf-of P& OT SR $o PHAPOERETHGUN @%h?mgﬁ%d"!‘ 8PE§TanABFTt Seoduct  at
a level of fromabout 0.001 g to about 20 g polyner per 1 00 g fertilizer.
atmosphere. .

51.  The method of claim 42, including the step of drying said polymer to a solid form.

52.  The method of claim 42, including the step of reacting said polymer with an ion to form a

complex with the polymer.

53.  The method of claim 52, said ion being selected from the group consisting of Fe, Zn, Cu,

Mn, Mg, Co, Ni, Al, V or Caion.

54, The method of claim 42, further including the siep of applying said polymer to the surface

of a fernlizer particle.

55.  The methed of claim 54, said polymer application substantially coating said fertilizer

particle.



38. The nethod of claim 30, including the step of applying said fertilizer
product to the foliage of said plants. 39. The nethod of clai m 30, @nghp%[ﬁg
the step of applying said fertilizer product to the earth adjacent L

pl ants. 02 SEP 2005 -34- 40. The nethod of claim 30, said pol ynmer being
conplexed with an ion. 41. The nethod of claim40, said netal ion being
selected fromthe group consisting of Fe, M, M, Zn, Cu, Ni, Co, M, V and
Ca. 42. A nethod of form ng a polynmer conprising the steps of providing a
reaction m xture corrprisi ng at Jeast two different reactants selected from
t he roup con5|st|r}g 42{0& nd seconc} or am ture of. sgid second

reactdnt s, olXiim 47, o PRSI SHP Glacwsiing fblegBe &f STOrMADIRIE. o Re
or CCOCCol I-ORSOR6 or BCCRA OCC-00CCCO0/ 00 2 SEP 2005 -
-35 anionto form a complex.

57. The method of claim 56, said ion being selected from the group consisting of Fe, Zn, Cu,

Mn, Mg, Co, Ni, Al, V or Caion.

58. A composition for enhancing plant growth comprising a dicarboxylic acid polymer
having recurring polymeric subunits each made up of at least two different moieties individually
and respectively taken from the group consisting of B and C moieties, or recurring C moieties,

wherein moiety B is of the general formula

Rs Rs
Ra Ra
—e—c)
[ S
\ /
or OQ=——=C C——=0
oO==C C—0O ‘
OR OR, O\\ /O
J 5 6
@]
R; R,
or / & i \
\ /




and said second reactant is of the general formula Il Il R__CORIO s
HC=CQ I.. r RO-~COR11 Il 0 or Re-CGO CH=\\Y R O1Il or Rr Re---f;
HC=AQ\ | R~ 91 0 wherein each R7 is individually and respecti@%l% 2005
selected fromthe group consisting of H OH, C -C30 straight, branched
chain and cyclic al kyl or aryl groyé)s, C1- C30

and moiety C is of the general formula

O
I
o~
O
<

R, Rg—C——0 Ry R¢—C
| L'
.“ O
|
C OR
RB/ 10
/
CH—-C
or l \
Ry Re
C——0Ry1
I
O

wherein each R, is individually and respectively selected from the group consisting of H,
OH, C,-C,, straight, branched chain and cyclic alkyl or ary} groups, C,-C,,
straight, branched chain and cyclic alkyl or aryl based ester groups, R'CO, groups,
OR' groups and COOX groups, whereiq lll' 1s selected from the group comnsisting

of C,-Cy, straight, branched chain and cyclic alky} or aryl groups and X is selected



straight, branched chain and cyclic alkyl or aryl based ester groups, R CO2
groups, OR groups and COOX groups, wherein R is selected fromthe group
consisting of C -C30 straight, branched chain and cyclic al kyl or ?%F
groups and Xis selected fromthe group consisting of H the al kalg 408
NH4 and, the C -C4 alkyl ammonium groups, R3 and R, are individually and
respectively selected fromthe group consisting of H, C, -C30 straight,
branched chain and cyclic alkyl or aryl groups, R5, R6, R10 and R' are

i ndividually and respectively selected fromthe group consisting of H, the

al kal I metal s, %&@3;;5 c msQn amtheaamr}hams%ﬁ %&1?@@5c-§1§ygroups, Y

is selected fro p consi tlngo e, Mo, V
and Ca, and R$ and R, are indjpvid ectively selecte fro the
group consisti n@mmowmﬁrwgﬂ(ﬁ d ﬁh@y AQUS @drraﬁpeéﬁvglt/éﬁlﬁteg |
and C3H6, each of said noieti es having or being nodified to have a t ot aI of
two COO groups gtdwpreengistiagdf BpCy-@ey stzighy tsaidied eleeadh ed cydlictalkyd or aryl or m a
pol ymer having recurring polyneric subunits therein WI th

carboxyl - contai %{-dgx‘%sgk aﬁdegﬁ?td Rl Nge MR8 6a18f arfal 84 %ab&cﬁhroﬁi Heeact ant -

being mal eic an ard éecond r eact’ant I ng | aconlc acid. 44. The

bei

nmet hod of claim 42 sai d. I st bei out by. gener ati ng
free radicals i FFERiEIHS ]ﬁe‘?ﬁem . hémﬂﬂ’t Ctgdéb?elgx %W% sai d
free radical generation step conprising the step of adding a peroxide to
sai d reaction mgxpFeY ingrlomed FemHbe soiperatimneRl FeaMn, Me.da, Cad Ne<to,
generation step conprising the step of subj-ecting said reaction mxture to
W light. 47. Tivo, ﬁvébﬁd)dfa,odndcmsaand]12194:5:6sail*ddﬁﬂg&nﬂadspceahv@pedeatﬂ dronsthe p
conprising the step of adding.a . .

group consisting of nothing (i.c., the groups are non- -existent), CH,, C,H,, and

C,H,, each of said moieties having or being modified 1o have a total of two COO

groups therein.
59. The composition of claim 58, wherein R;-R, are respectively and individually selected
from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups, R, R,
and X are individually and respectively selected from the group consisting of the alkali metals.:

60. The composition of claim 58, said polymer being cofnp]exed with an ion.

61. The composition of claim 60, said ion being séiected from the group consisting of Fe,

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

62. A fertilizer product comprising particles of a fertilizer in intimate contact with the

cornposition as defined in claim -58.



persulfate to said reaction mxture. 0 2 SEP 2005 -37 48. The net hod of
claim42, said reaction m xture being forned in a solvent selected iggp%ﬁg
group consisting of water and acetone 49. The nmethod of claim42,

pol ymeri zation strap being carried out at a tenperature of fromabout 0OCto
about 120C for a period of fron1a£§ut 0.25 hours to about 24. hours. 50. The
met hod of claim42, said polynerizdtion step being carried out under an

i nert gas at m)sphere 51. The nethod of claim42, incl udi ng the step of
drying said po mer to.a solid f 2,.. The net f im42, including

t he sg%p ofthe lizwrg%}icaogslmé S\ﬂjqfi%naﬁeﬂbﬂn% ?%?cﬁfr T 96 FPBCIRFERDE he
pol ymer. 53. The nethod of claimb52, said ion being selected f-romthe group
consi sf pingphdtebesedderuliZars; krtilidys cc(mainiﬁ'g nivijgen)plorspBarougpotdsdinm helciwei,hod of
claimd42, further including the step of applying said polyner to the surface

of a f& %ﬁés dzﬁe%:%ﬂ[%grﬁo'rgﬂr 8incd hangaHesdTRb onno‘?ylﬁieﬂiuﬁl}na@ﬁé]g Q’fal %ﬁﬁfzers

appl i catron su ntially coatfng said fertilizer particle. SEP 2005 - 38

56. The net hod, of cl.aim4 te ac at Ieast one of
oai | EHCPRRSIHP T A PP SO B ShrelRar NO BiereR AT Se, oa d
ion being selected fromthe group consisting of Fe, Zn, Cu vnh, .My, Co, N,
Al, Vor Caion 58 A conposition for enhancing pl ant growth conprising a

di carboxylic acid polymer having recurring polyneric subunits each made up
of at g4 eastTht veitkdripgs@nt offtlaih 6BSsaidysblymetuald spid fenglizee bpipgtcovgbynd aken from
the group consisting of 13 and C noieties, or recurring C noieties,

together.

P65, The fertilizer product of claim 63, said polymer being applied to the surface of said

fertilizer.

66.  The fertilizer product of claim 63, said fertilizer being in the form of particles having an

average diameter of from about powder size 1o about 10 cm.;

67.  The fertilizer product of claim 63, said polymer being present in said {erulizer product at

a level of from about 0.001 g to 2bout 20 g of polymer per 100 g ferulizer.
68. The fertilizer product of claim 63, said polymer being complexed with an ion.

69. The fertilizer product of claim 68, said jon being selected from the group consisting of Fe,

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



wherein noiety B is of the general fornula or O=C C=O 0 2 SEP 2005 -39 and
noiety Cis of the general formula 0 11 Ra-CORS-1l -~- CH-GC or -{-CH ~
R-COl R9y 70001l or CORip RACH- /- 1R/ RO\CGORL t |0Z205EP 2005

-42-

70.  The fertilizer product of claim 65, said polymer substantially coating the surface of said-

fertilizer.

71. The fertilizer product of claim 65, said product generating a decreased amount of dust in

comparison to fertilizers - which do not have polymer on their surface.

72.  The fentilizer product of claim 70, said coating level being at least about 0.005% by

weight of the coated fertilizer product.
73. The fertilizer product of claim 71, said product generating litde or no dust.

74.  The fertilizer product of claim 73, sad product generating no dust after abrasion

resistance testing in accordance with Example 20.
75. A methiod of enhancing the growth of plants comprising the step of applying to said

" plants, seeds of said plants, or the earth adjacent said plants a growth-ephancing amount of the
composition of claim 58.

76. The method of claim 75, said polymer being applied at a rate of at least 5 ppm.

77. The method of claim 75, said polymer being in liquid dispersion.



wherein each R is individually and respectively selected fromthe group
consisting of H OH Cl1-C30 straight, branched chain and cyclic alﬁ ISEgr
aryl groups, Cl-C30 straight, branched chain and cyclic al kyl or a ¥| a@g@d
ester groups, R C02 groups, OR groups and COOX groups, wherein R is
selected fromthe group consisting @Of Cl1- C30 straight, branched chain and
cyclic alkyl or ary] groups and X i& selected 0 2 SEP 2005 -40 fromthe
group consisting of H the alkali netals, NH4 and the C3-C4 al kyl anmoni um
groups, R3 and R, are individually and respectively selected fromthe group
consisting of H, Cl-C30 straight, branched chain and cyclic al kyl or aryl
groups73R5, TRe.méhed 8nelafRi 78 w@id priimérchenld iy gadhlardepect i vel y sel ected from
the group consisting of H, the alkali netals, NH4 and the Cl-C4 al kyl
anmoni um groups, Y is selected fromthe group consisting of Fe, M1, M), Zn,
Cu, Ni, Co, M, Vand Ca, and R3 and Ry are individually and respectively

selected framthe rQup. copsi st i of, nothing (i.e. . .1 oups..are
non- exi’St enthhe f@ﬂh?gegﬁal%ﬁg’ Sa@%‘ﬁ@?’nga%el‘f]%]fn asngf’émﬁgel %{)1&‘%% \ﬁg‘\'/? ﬁ%mici}?erbei ng
nodified to have a total of two COO groups therein. 59. The conposition of.

claim58, wherein R -R4 are respectively and individually selected fromthe"
group consisting of..H OH and Cl-C4 straight and branched chai n al kyl

gr oups goR5, 7R maRed ¥f laln 790 fHaldey baing seleape Goivek grag) @msRing bdm t he
group consisting of the alkali metals. 60. The conposition of claimb58, said

pol yner_. bei.n onpl.exed wth. ian,. - : i Lian_of ¢l ai sai d
B e e e e S ek
Mo, V and Ca. 62. A fertilizer product conpri sj gg parti Clrgi'()f ?. f,f:rti lizer
in i nt TAAENESTEEN FWENT. RPIOR: TRE TRERADSEt SHRTLY HebPRER™ matrisseag terghzergpp
2005 -41 .

containing micronutrients, and oxides, sulfates, chlorides, and chelates of such micronutrients.

81.  The method of claim 79, said polymer and said fertilizer being co-ground together. =

82. The method of claim 79, said polymer being applied to the surface of said fertilizer.

83.  Themethed of claim 79, sajd fertilizer being in the form of particles having an average

diameter of from about powder size to about 10 cm.

34, The method of claim 79, 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.

85.  The method of claim 79, including the step of applying said fertilizer product to the

foliage of said plants.



63. The fertilizer product of claim62, said fertilizer Déing setected-from
the group consisting of phosphate-based fertilizers; fertilizers containing
ni trogen, phosphorous, potassium calcium nagnesium sulfur, boron, zinc,
manganese, copper or nolybdenum materials; and fertilizers contarnrergEPZO05
m cronutrients, and oxides, sulfates, chlorides, and chel ates of such
mcronutrients. 64. The fertilizer4gproduct of claim®63, said polyner and
sai'd fertilizer being co-ground together. 65. The fertilizer product of
claim 63, said polyner being applied to the surface of said fertilizer. 66.
The fertilizer product of claim63, said fertilizer being in the form of

particles havin I;Ij],,ﬁp, 10
cm ; 86(47 erf“éﬁt(’% prog]uc@% (‘:>’Isa|tp Offgg séfrc%{dﬁﬁyrrerp edﬁlﬁb{ogir]ggg% in
sai d fertrlrzer product at a level of fromabout 0.001 g to about 20 g of
polynﬂhap3t$m©9hgmtertrIrzer 68. The fertilizer product of claim63, said
pol ymer being conpl exed with anion. 69. The fertilizer product’ of claim 68,
said ion being sel ected fromthe group consisting of Fe, Wi, M, Zn, Cu,
Ni, Ca, Mo, Vand Ca. 0 2 SEP 2005 -42 70. The fertilizer product of claim
65, S&j SHRSE I npiédeacBupin Rl d fertilizer. 71.
The f%}rtr P?iée?’%g% oducté}g#?gglsg?r?t%%%?érsarng pr odu){:t Gogener ating a decreased
amount of dust in 'conparison to fertilizers which do not have pol yner on
their surface. 72. The fertilizer product of claim70, said coatrng Ievel
being at | east about 0.005% by wei ght of the coated ferti|izer product.

The 8.t i | Themephasteiclaior 8% Isaiidip being atlectpd Saucihe gamey eansisgng iof iQ‘FseMBr no
dust. 74. The fertilizer product of claim 73, .said product generating no
dust pfd en, ebrEhiCy) Mé esund @ace testing in accordance with Exanpl e 20.. 75. A
met hod of enhancing the growth of plants conprising the step of' applying to

sai d
)

89.  The method of claim 75, said composition substantially coating the surface of said seeds.

90. A method of forming a polymer compnsing the steps of:
providing a reaction mixture comprising at least two different reactants selected from the
group consisting of first and second reaciants, or a mixture of said second

reactants, wherein said first reactant 1s of the general formula

R3 R4
} R3 C C R4
C—==C or B I I
O—=C C—=0 l l
Rs Ru ORs ORg
O 0
\/ et
Y
Oo=—=C c=—=—=0
or




pl ants, seeds of said plants, or the earth adjacent said plants a

gr om h- enhanci ng anount of the conposition of claim58. 76. The net hod of
claim 75, said polynmer being applied at a rate of at least 5 ppm 77. [TRGEP 2005
—nethod of claim75, said polynmer being in Iiquid dispersion. 0 2 SEP 2005
-43- 78. The nethod of claim75, saug pol ynmer being in granular form 79.
The et hod of claim 75, said polynmer™~being in an intimate mxture with a
fertilizer. 80. The nmethod of claim 79, said fertilizer being selected from
the group consisting of phosphate-based fertilizers; fertilizers containing
ni trogen, phosphorou pot assi u cal ci gnesium sul fur, boron, zinc,
manganese, @Eb@- W%Fvﬂagwaﬁ?hﬁﬁ%PP%f@%“%ﬁg fertilizers contalnlng

m cronutrients, and oxi des, sulfates, chlorides, and chel ates of such

m cronutrients. 81. The nethod of claim79, said polynmer and said
fertilizer being co-ground together. 82. The nethod of claim79, said

pol ymer being appliedfo the surface of said fertilizer. 83. The nethod of
claim79, said fertilifzer being in the formof particles havin an aver age
di ameter of from aboulcpowder,,size to about 10 cm 84. The d of claim
79, said polyner R€ing present in said tertilizer produ’/zét a evel of from
about 0.001 g tg/about 20 g pol ynmer per 100 g fer%bllz 85. Th nethod of
cIain179,H¢ﬁﬁ£ﬂd%Fg the step of applying said fer FTZEP\$roduct Po the
foliage of |said ants. 0 2 SEP 2005 -44 86. The ngthod o

i ncludi ng ghe steﬁsbfxqppLy brg,said fertilizer profuct toFFhe arth adj acent
sai d pIants? 87. The nﬁLhod of claim?75, said polyner being cojlpl exed with
an ion. S8. The nethodlof claim87, said ion being selected fromthe group
consi sting of Fe, M, Nb Zn, Cu, N, Co, M, V and Ca.

or |'

wherein each R, is individually and respectjvely selected from the group consisting of H,
OH, C,-C,, straight, branched chain and cychc aiky] or aryl groups, C,-C
strajght, branched chain and cyclic alkyl or aryl based ester groups, R'CO, groups,
OR' groups and ‘COOX groups, wherein R’ is selected from the group consisting
of C,-C,g straight, branched chain and cyclic alkyl or aryl groups and X is selected
from the group consisting of H, the alkah metals, NH, and the C,-C, alky}
ammonium groups, R; and R, are individgal]y and respectively selected from the
group consisting of H, C,-C,, straight, braﬁchcd chain and cyclic alkyl or aryl

groups, Ry, R, Ry and R, are individually and respectively selected from the



89. The nethod of claim 75, said conposition substantTarty coating the
surface of said seeds. 90. A nethod of form ng a polyner conprising the

steps of. providing a reaction mxture conprising at |east two different
reactants selected fromthe group consisting of first and second reag Ca?&
—or-a mxture of said second reactants, wherein said first react ant L 2005

the general formula CGCor | I O=C R3-C_ CR4 1 | O-CCGOl OR5 OR6
0=C C =0 or 0 2 SEP 2005 -45 and sai d second reactant is of the general
formula O0ORiIi | I---OR0or Ra---1l a HG CHC=CRy- |7 ROAR7 Il 11 0 O
or '

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 and Ca, and Ry and R, are individually and respectively selected from the
group copsisting of 'nqth‘ing (e, the groups are non-existent), CH,, C,H,, and
Cal-i;,; each of said moieties having or.bex'ng modified 1o have a total of two COO
groups therein; and

polymenzing said reaction mixture to form a polymfer having recurning polymeric
subunits t}.uerein with carbonyl-containing groups to form a composition as

defined ip claim 58.

91.  The method of claim 90, sajd first reactant being maleic anhydride.

92. The methog of claim 99, said polymerization step being carried out by generating free

radicals 5 said reaction mixture.

93. The method of claim 90, said free radical generation step comprising the step of adding a

peroxide 10 said reaction mixture.

94.  The method of claim 90, said free radical generation siep comprising the step of adding a

persulfate to said reaction mixture,



0 CH=Q Y R -C-O wherein each R is individually and respectively sel ected

fromthe group consisting of H OH Cl-C30 straight, branched chain and

cyclic alkyl or aryl groups, C -C30 straight, branched chain and Cﬁ(ilgérfc%
uise,

—alkyl or aryl based ester groups, R CO groups, OR groups and COO

wherein R is selected fromthe gr opp consisting of C -C30 straight,
branched chain and cyclic alkyl or aryl groups and Xis selected fromthe
group consisting of H, the alkali netals, NH4 and the C, -C4 al kyl amoni um
groups, R3 and R4 are individually and respectively selected fromthe group
consisting of 1-1, C3-C30 straight, branched chain and cyclic alkyl or aryl
gr oupsgs. R, , TIRBmeREA odrikii '90aksd firee radical abieyatamdsteresmepntsingihg sip &ct ed from
the O 2 SEP 2005 -46 group consisting of H the alkali netals,-NH4 and the
C -4 al kyl. anmni u : Yl el ected - fromthe group consisting of Fe,
M, Ivgs,ulbfﬁ%m%:ﬁfﬂ I{ﬁc@&%%{&wg?r%@n‘%@ , and R8 and Rare individual 'y and
respectively selected fromthe group consisting of nothing (i.e., the
groups are non-existent), CH2, C2H4, and C3H6, each of said noieties having
or being nodified to have a total of two COO groups therein; and '

pol ymegd.zi nhs aicthoded el dinrd (yisaitineaztipn nfinmne beippfomed imasplvgnt-selagtad; frm
polynmeric subunits therein with carbonyl-containing groups to forma
CONMPOSikicksPonsRBhb BEMated afd adedmE. 91. The nmethod of claim90, said first
react ant “being mal erc anhydri de. 92. The nethod of claim90, said

pol ynmeri zati on step being carried out. by generating free radicals in said
reaction mxture. 93. The nethod of claim90, said free radical generation

step conmprising the step of adding a . . . .
P 97er The gnethod of c]zgm 90, sgd po?ymenzauan step being carried out at a temperature of

from about 0°C to about 120°C for a perjod of from about 0.25 hours to about 24 hours.
98. The method of claim 90, said polymerization step being carried out under an inert gas

atmosphere.
99.  The method of claim 90, further including the step of drying said polymer 1o a sohd form.

100. The method of claim 90, including the siep of reacting said polymer with an ion to form 2

complex with the polymer.

101.  The method of claim 100, said ion being selecied from the group consisting of Fe, Zn,

Cu, Mn, Mg, Co, Ni, AL, V or Ca ion.

102. A method of decreasing nitrogen volatilization comprising the step of coating a fertilizer

product with a polymer 1o form a coated fertilizer product.



peroxide to said reaction m xture. 94, The nmethod of claim90, said free
radi cal generation step conprising the step of adding a persulfate to said
reaction mxture. 0 2 SEP 2005 -47 95, The nmethod of claim 90, said ¥} 8EP (05
—radi cal generation step conprising the step of subjecting said reaction
mxture to '.Nlight. 96. The net hc_)&_of claim90, said reaction mxture
being forned in a solvent selected fromthe group consisting of water and
acetone. 97. The nethod of claim 90, said polynerization step being carried
out at a tenperature of fromabout OC to about 120C for a period of from
about 0.25 hours to about 24 haqurs. 98. The net t&od of. cl aim 90, sai
pol yrmet0%zat Thametlgs vledlag K% pudderglizer DIEerselishtqInE R RGE OB CRABTE Y. 99.
The net hod of claim 90, further including the step of drying said polyner to
a sol i ghdsphate-bA6KH fefihifzers threllzof calidhmgdivogme pholphgroibepatassiumafcaladarnt i ng
said polymer with an ion to forma conplex with the polyner. 101. The nethod:
of claim100. saigl i I hist 4 i Zn,
Qu, o e o o B e g
vol atilization conprising the step of coati afertilizer .product with a
pol ymefORIY NG THAOMEHFEG aF“QI"tXFqSeF’ }fg’ﬁf’ocg‘ﬁﬂd%gﬂar’? c%égteé@é”guglﬁ@nfmx&tpeqﬁe
met hod of claim 102, “said fertilizer being selected fromthe group
consi sting of phosphate-based fertilizers; fertilizers containing nitrogen,
phosphor ous, potassium calcium rmagnesium sulfur, baron, zinc, manganese,
copper 194, myhy belenodbrabes | od. $aidaathoh@MHelrlg WOMS sateddaith Bgciiiner onut ri ent s,
and oxi des, sulfates, chlaorides, and chelates of such mcronutrients. 104.
The net hod of claim 102, said polyner being 100% saturated with cal cium

105. The method of c]aim 102, said polymer being S0% saturated with hydrogen and 50%

saturated with calcium.
106. The method of claim 102, said polymer including the salt form thereof.

107. The method of claim 102, said polymer coating comprising at least about 0.005% by

weight of said coated fertilizer product.

108. The method of claim 102, said polymer coating comprising at least about 0.01% by

weight of said coated fertilizer product.

109. The method of claim 102, said polymer coating comprising at least about 0.5% by weight

of said coated fertilizer product.



105. The nethod of claim 102, said polynmer being 50% saturated with hydrogen
and 50% saturated with calcium 106_ The nethod of claim 102, said pgl
including the salt formthereof. 107. The nethod of claim 102, said @(ﬁyﬂm%
~Toating conprising at | east about 0.005% by weight of said coated
fertilizer product. 108. The nethod_gf claim 102, said polyner coating

conpri sing at | east about 0.01% by weight of said coated fertilizer product.
109. The nethod of claim 102, said polymer coating conprising at.|east about
0.5% by wei ght of said coated fertilizer product. 0 2 SEP 2005 -49 110. A
met hod of increasing phosphorus availability conprising the step of applying
to theld6i | Adjeloehe! gereasing pposphosis avéibbility icemprigng thectiere obdpgpdymg thithe
polymer. 111. The nethod of claim 110, said fertilizer product bet ng appl i ed
at ar ; | ai m 110, sai

fertil ?ggrae afo&ﬁﬁﬁ%‘ﬂg’ﬂgggﬁ’ggyﬁ}@? gﬁeﬁtlg?q)loggg? about 10.,ppm 113.

The nmethod of claim 110, said fertilizer product being applied at a rate of
at | east about 20 ppm 114. A method of decreasing fertilizer dust
conprising the step of coating fertilizer with the E)‘olyrrer of claim1. 115.
The netlddd cfheonethnd oiglaisdilf, ol femilizes pradupigbeied angliad aha rag of aidkasirbewSst
about 0.005% w w. 116. A nethod of decreasing fertilizer dust conprising the
step ofppgpating fertilizer with the conposition of claim58 117. A seed

havi ng a coating conprising the polymer of claiml 0 2 SEP 2005

112.  The method of claim 110, said fertilizer produc! being applied at a rate of at least about
10 ppm.
113.  The method of claim 110, said fertilizer product being applied at a rate of at least about

20 ppm.

114. A method of decreasing fertilizer dust compnsing the step of coating fertilizer with the

polymer of claim 1.

115.  The method of clarm ] 14, said polymer coating being at 2 level of at least about 0.005%

W/w.

116. A method of decreasing ferulizer dust comprising the step of coating fertilizer with the

composition of claim 58.

117. A seed having a coating comprising the polymer of claim ].



-50- 118. The seed of claim 117, said coating substantially covering the
surface of said seed. 119. The seed of claim 117, said coating bei ng at a

| evel of at |east about 0.005% by weight of the coated seed. 120- ‘
substantially water sol uble polynmer conprising recurring polymeric Qtlbs.ErP fity
each made up of at least two diffgpent noieties individually and
respecti:vely taken fromthe group "consisting of B and C npieties, where
noiety Bis a dicarboxylic noiety of the general fornmula or E O =C CGOor CC
C=0 0 2 SEP 2005 -51 and noi ety C is a di car boxylic noiety of the general
forrru ------ " R7 Re

---0 %7 Rghbsee\def%g 1 ]g, ﬁu%gmffg substannal]y covenng Fhe surfacg_'_f’ sald seed

115. The seed of claim ] 17, said coating being at a level of at least about 0.005% by weight of

the coated seed.

120. A substantially water soluble polymer compﬁéiﬁg Tecurting polymeric subunits each
made up of at least two different moieties individually and respectively taken from the group

consisting of B and C moieties, where moiety B is a dicarboxylic moiety of the general formula

Rs Ry

—e—c c—ﬁ-
or +C—C+
Q=——C C—=0

ORg ORg

ety




RgC | O\R -Ct'<7 11 0 wherein each R7 is individually and respectively
sel ected fromthe group consisting of H OH Cl-C30 straight, branched
chain and cyclic alkyl or aryl groups, C -C,, straight, branched cha@i?é@m
cyclic alkyl or aryl based ester groups, R CO2 groups, OR groups an
groups, wherein R is selected from,he group consisting of Cl1-C30
strai ght, branched chain and cyclic alkyl or aryl groups and X is sel ected
fromthe group consisting of H the alkali metals. NTH, and the Cl-C4 al kyl
s 0 2 SEP 2005 -52 anmoni um groups, R3 and R4 are individually and
respective a c fRRNSdnStd) Bghria H, Cl- CB9 strai ght,
branched c%?ﬁq%ll tﬁgc ({l{]gﬁg&%}?l Igéleﬂg&yl groups RS, R6, R o and R' are
i ndividually and respectively selected fromthe group consisting of H, the
al kali metals, NH4 and the C -C4 al kyl ammonium groups, Y is selected from
the group consisting of Fe, M, My, Zn, -Cu, N, Co, M, V and Ca, and RB
and R, are individuallygand respectl veI y seI ected fromthe Ogroup consisting
of nothing (ie., the grl ups are non-existent), CH2, C 144, #nd CH,, each of
said noieties haV| ng or bel n nodified to have a tot al of t groups
therein, all of the ? ki ng up the pol yner nb di car box{l iC

d of for

noi eties. 121. A nmB§ m ng a subst ant |,\§l Iy r sol ubl e
di car boxyl i c pol ers conprising the steps bf

CH——C or R ——c———o
| ’ !
Ry RS O
\c———ORﬁ
I
0]
O
o I

wherein each R, is individually and respectively selected from the group consisting of H,
OH, C,-C,, straight, branched chain and cyclic alkyl or aryl groups, C,-C,,
straight, branched chain and cyclic alkyl or aryl based ester groups, R'CO, groups,
OR' groups and COOS groups, wherein R’ is selected from the group consisting of
C,-C;, straight, branched chajin and cyclic alkyl or ary] groups and X is selected

from the group consisting of H, the alkali metals, NH, and the C,-C, alky]



providing a reaction mxture conprising at |least two different reactants
selected fromthe group consisting of first and second reactants, wherein
said first reactant is a dicarboxylic reactant of the general form,gggpé%@g_
CRA O IOOR ORGor RBC=C-R4 O\ /CO OO0 2 SEP 2005 -53 or C C

C=0 and said second reactant is a c_i$é:_ar boxylic reactant of the general
formula Rs-G--O CH=Q R-CO9 R™-COR 0 a HG 17 Rg~COR Il O ii or

ammonium groups, R, and R, are individually and respectively selected from the
group consisting of H, C,-C,, straight, branched chain and cyclic allgll or aryl
groups, R, R¢, Ryq and R, are individually and respectively se]ected“from the
group consisting of H, the alkali metals, NHqizand the C,-C, alkyl ammonium
groups, Y is selected from the group consisting of Fe, Mn, Mg, Zn, Cu, .Ni, Co,
Mo, V and Ca, and Rg and R, are individually and respectively selected from the
group consisting of nothing (i.e., the groups are non-existent), CH,, C,H,, and
C;H,, each of said moieties having or being modified to have a total of two COO
groups therein, all of the moieties making up the polymer being dicarboxylic

moieties,

121. A method of forming a substantially waler soluble dicarboxylic polymer comprising the
steps of:
providing a Teaction mixture comprising at least two different reactants selected from the
group consisting of first and second. rcactaﬁts, wherein said first reactant is a

dicarboxylic reactant of the general formula

Ra T———T R or Ry——C=—=C—R,
o=—=cC C=—o0 /
o=—C =0
l i o
ORs  ORg



or Re--Q HC=C- 0 R7 il 00 2 SEP 2005 -54 wherein each R, is individually
and respectively selected fromthe group consisting of H OH Cl1-C O

strai ght, branched chain and cyclic alkyl or aryl groups, C -C o sfiatgHi
branched chain and cyclic al kyl or aryl based ester groups, R C02 groups,
OR groups and COOX groups, wherdlki? is selected fromthe group consisting
of G, -C39 straight, branched chain @nd cyclic alkyl or aryl groups and Xis
selected fromthe group consisting of H the alkali nmetals, NH4 and the
Cl-C4 al kyl ammoni um groups, R and R, are individually and respectively
selected fromthe group consisting of H., Cl-CO O straight, branched chain
and cyclic alkyl or aryl groups, R, R6, RROand R' are individually and
respectively selected fromthe group cqgsisﬁjng of H the alkali netals,
NH4 and the C7-C. 4 al kyl amoni um grogﬂs, Ylis selected fromthe group
consisting of Fe, Mh, My; Zn, Cu, N, , Vand Ca, and Rs and RO are
i ndi vi dual Ig¢ and respectively sel ected ﬁ?%ﬁ? he group consisting of nothing
(i.e., the groups arenon-existent), CH21] C2H] and C3H6, each of said

nmoi eties having or being nodified tg-hawe a getalp of two COO groups
therein, all of the noieties making up the ré¢action m xture being

di car boxyl i c noi eti-es:..and pol yneri zi ng saidireaction mxture to forma

pol ymer  having [recurring] polymeric sudbuniPs therein with

car boxyl -cont ai ni ng groups. 122. A nethod\ of form ng a substantially water
sol ubl e di carboxylic polyner conprising t

and said second reactant 1s a dicarboxylic reactant of the general formula

O 0
I !
Rg——C——0Q R __C——0Ryq,
CH=——C Y
HC=—=C
e S
! H , ®T—~C——0Ry,
0 |
6] O
I
or Rg




steps of. providing a reaction m xture conprising at |least two different
reactants selected fromthe 0 2 SEP 2005 -55 group consisting of first and
second reactants, ,herein said first reactant is a dicarboxylic reagj:]ﬁgéP &{9
the general formula or R | GCor CGCQECCo O=CCol OOVY al i
second reactant is a dicarboxylic regctant o 011 RE-CGQ CH=G Y Ry-CO O
or ’

wherein each R, 1s individually and respectively selected from the group "consiét'ing of H,
OH, C,-C,, straight, branched chain and cyclic alkyl or aryl groups, "C]-CSO' '
straight, branched chain and cychc alkyl or ary] based ester groups, }Q'CO2 groups,
OR' groups and COOX groups, wheremn R' is selected from the group consisting
of C;-C,, straight, branched chain and cyclic a:D\’yl or aryl groups and X 15 selected
from the group consisting of H, ’(be alk%ﬁ metals, NH, and the C,-C, alkyl
ammonium groups, R, and‘ R, are mdlwdaal]y and respectively se]ectef:] from the
group consistimg of H, C,-C,, straight, branched chain and cyclic alkyl or aryl
groups, Rq, R, R,, and R, are individually and respectively selected from the
group consisting of H, the alkali mewals, NH, and the C,-C, alkyl ammoniﬁm
groups, Y 1s selecled from the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co,
Mo, V and Ca, and R and Ry arc individually and respectively selected from the
group consisting of nothing (J.e., the groups are non—existentj; CH,, C,H,, and
C,H;, each of said moieties having §r being modified to have a to‘lal of twa COO

i gro‘ups therein, all of the moieties making up the reaction miXture being
' dicarboxylic moieties; and
polymerizing sajd reaction mixture 10 form a polymer having {recurring] polymenc

subunits therein with carboxyl-containing groups.

122. A method of forming a substantially water soluble dicarboxylic polymer comprising the
steps of:

providing a reaction nuxtwwre compnsing at Jeast iwo different reactants selected from the



the general formula 0 11 RE- Q@ HC-C OR7 0 2 SEP 2005 -56 or O I I P
-ORI0 HG-C Ry- "CGOR T Il 0O wherein each R7 is individually and

respectively selected fromthe group consisting of H OH Cl1-C30 strahgﬁg
branched chain and cyclic al kyl or aryl groups , Cl1-C30 straight, bra §2W5
chain and cyclic alkyl or aryl based gster groups, R CO, groups, OR groups
and COOX groups, wherein R is selecéed fromthe group consisting of Cl-C30

straight,

branched chain and cyclic al kyl

fromthe group consisting of H,

the al kal i

or aryl

net al s,

groups and Xi s sel ected
NH4 and the Cl1-C4 al kyl

anmoni um gr oups,

R3 and R are individually and respectively selected from
the group consi sthfg, &nsiEinkof £AP%d {&bﬁﬁfeaalaﬁ@nxﬁ@f@m@a?d Aranchceeld £ al kyl

or zryi groups, R5, 'Rb, R7/G and R' are individually and respectively
sel ected fromth %hgumqgﬂmaomegenemfoﬂsu;a' kall metals: NTI-3, and the
R:s Ry
Ry ——Ci——C—R, k
l ‘ : C—=C
o=—C C—- 0O or
I ’ O=——C prammasel @'
ORs ORg
O\ /O
‘ O
N Rs R,
C—=C
or O=—C C==0
O\ /O
Y

and said second reactant is a dicarboxylic reactant of the general formula

I
Re C
HC=——=C \O
or ' /
R, Rg—-C



groups, y is selected fromthe group consisting of Fe: M, My, Zn, Cu, N,
Co, M, V and Ca, and R5 and R9 are individually and respectively selected
fromthe group consisting of nothing (i.e., the groups are non-exia?gﬁh)
CH2, C H' and ClH6, each of said noieties having or being nodified 4&&
a total of two COO groups therein, all of the noieties making up the
reaction mixture being 0 2 SEP 20055657 di carboxylic noieties; and

pol ymeri zing said reaction m xture to forma pol yner havi ng ‘pol:yneric
subunits therein with carbonyl -containing groups.

or
O
|
Ra/..n—rC ORm
HC ——=C
}I?T s \\’Cl —O0R;4
O

wherein each R, i_;, individually and respectively selected from the group éonsisting of H,
OH, C,-C;, straight, branched chain and cyclic alkyl or aryl groups, C,-C5,
siraight, branched chain and cyclic alkyl or 2ry] based ester groups, R'CO, groups,
OR' groups and COOX groups, wherein R’ is sejected from the group consisting
of C,-C,, straight, branched chain and cyclic alky! or aryl groups and X is selected
from the group consisting of H, the alkalimetals, NH, and the C,-C, alkyl
ammonium groups, R, and R, are indi\""iﬂcﬂi.\.Jal]}uf end respeciively selected from the
group consisting of H, C,-C,, swaight, branched chain and cyclic alkyl or ary]
groups, Rg, Ry, R, and R, are individvally and respectively selected from the
group consisting of H, the alkali metals, NH, and the C,-C, alkyl ammonium
groups, Y is selected fTom the group consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co,
Mo, V and Ca, and R, and R, are individually and respectively selected from the
group consisting of nothing (i.e., the groups are non-existent), CH,, C,H,, and
C;H,, each of said moieties having or being modified 10 have a total of two COO

groups therein, all of the moieties making up the reaction mixture being
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dicarboxylic moieties; and
polymerizing said reaction mixture to form a polymer having polymeric subunits therein

with carbonyl-containing groups.



