QUI CK DRYI NG POLYMERI C COATI NG CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
is a continuation-in-part of application SN 12/351,589; filed January 9,
2009, andwernmiodsesye QUI CK DRYI NG POLYMERI C FERTI LI ZER ADPCTIO$EN10/DR03S0 pr i or
application is incorporated in its entirety by reference herein. BACKGROUND

OF THE I NVENTION Field of the Invention The present invention is broadly
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conpositions and nmet hods wherein the conpositions include one or nore
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particularly, the i GRODSS-BEFERBENTEFORBELAMED APRHICONPOSi ti ons and net hods
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majority of pendent functional groups thereof as al cohols, and optionally
containing both relatively | ow and hi gh nol ecul ar wei ght (MA pol yner

fractions, to the copol yrgy, @ﬁ%@ ' }ﬁﬁgﬁ& ositions. Description
of the Prior Art U S. Pa eé?eﬁgl ’%Q?%?gg esé¥| es a highly useful class
of copdiyaershotaiehionave been enpl oyed to good effect in a nunber of
agricultural applications. For exanple, the '090 patent discloses
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m Xt ur eollycagiiplia@d poly@pr eyl BgH arvoldtike brdRRNSryaidt e80! Mbre particularly, the
invention is concerned with such compositions and methods wherein a copolymer containing
respective quantities of maleic and itaconic moieties is supplemented with a volatile drying agent,
15  which may be mixed with or coated onto solids, such as solid nitrogenous fertilizer. In another
aspect of the invention, improved drying times are provided by adding boron, especially in
conjunction with vinylic polymer(s) having a majority of pendent functional groups thereof as
alcohols, and optionally containing both relatively low and high molecular weight (MW) polymer
fractions, to the copolymer-organic drying agent compositions.
20
Description of the Prior Art
U.S. Patent No. 6,515,090 describes a highly useful class of copolymers which have been
employed to good effect in a number of agricultural applications. For example, the *090 patent
discloses copolymers made up of varying percentages of maleic and itaconic moieties, and salts
25  thereof, which can be applied to solid fertilizers to achieve surprising increases in yields. In
normal practice, an aqueous copolymer mixture is applied by spraying or other means onto solid
fertilizers to provide fertilizer-polymer compositions.
Specialty Fertilizer Products, LLC of Leawood, Kansas, commercializes a series of
copolymers under the 090 patent. One such polymer, Nutrisphere-N® for granular nitrogen
30  fertilizers, is especially designed to be applied to a variety of solid or granular nitrogen fertilizers,
such as urea, ammonium salts, MAP, or DAP. This product is an approximately 40% by weight
solids aqueous dispersion of a 1:1 partial calcium salt copolymer of maleic and itaconic moieties

having a pH of from about 3.25-3.75.
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15  compositions. Polycarboxylate polymer salts do not usually form stable solutions in the presence
of significant concentrations of organic solvents such as methanol.
There is accordingly a need in the art for improved agricultural products such as solid
fertilizers in contact with quick-drying polycarboxylated polymers, so as to alleviate polymer
coating and drying problems, while at the same time not detracting from the yield benefits

20  obtained using such polymers.

SUMMARY OF THE INVENTION
The present invention overcomes the problems outlined above and provides improved
polymer-containing, quick drying compositions designed for application with or onto various
25  solids such as fertilizers, methods of forming the quick drying compositions and polymer-
supplemented solid products, and methods of fertilizing soil to enhance plant growth using
polymer-coated fertilizer compositions.
In broad outline, the fertilizer compositions of the invention include a quantity of a solid,
fertilizer and a polymer-containing composition in contact with the solid fertilizer. The polymer-
30  containing composition as initially formulated and contacted with fertilizer includes a salt of a

polycarboxylated polymer, namely a salt of a copolymer containing individual quantities of
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while at the sanme tinme causing the rapid vaporization of excess noisture
from t lrenipesitions.zer conpositi ons. This assures that the fertilizer
conposi tion Sl“hceaflg]etfl)(?dsfoifSsle%_fﬁpe@eriti‘ﬁger compositions involve applying the compositions onto
15  soil adjacent planted seeds or growing plants at normal nitrogen levels.
Further improved results are realized when the above-described polymeric coating
compositions are supplemented by a minor amount of boron (usually in the form of boric acid).
Still more advantageous is the use of boron in conjunction with a vinylic polymer, preferably
polyvinyl alcohol (PVA), having a majority of the pendant functional groups thereof as alcohols.
20  Still more preferably, the vinylic polymer additive is in the form of a bimodal polymer having
respective fractions of high MW and low MW vinylic polymer.
It has been found that the fertilizer compositions of the invention provide significant
increases in crop yields, and that the presence of organic drying agents and other ingredients do
not impede or otherwise alter such yield enhancements.
25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is predicated upon the discovery that solid agriculturally useful
products such as fertilizers can be improved through the use of quick drying polymeric

compositions added to or applied onto the solid products. Such drying agents facilitate and

30  enhance the vaporization of moisture from the products, allowing easy use thereof.
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The single nost preferred solid fertilizer is granular urea.

polymer salts of the invention are preferably in the form of aqueous dispersions, but non-aqueous

organic dispersions may also be used.

15 The basic copolymers are described in US Patent No. 6,515,090, fully and completely
incorporated by reference herein. In general, the copolymer salts should desirably contain from
about 10-90% maleic moieties (more preferably from about 25-75%), and correspondingly from
about 90-10% itaconic moieties (more preferably from about 75-25%). The copolymers may also
contain other moieties apart from maleic and itaconic moieties, such as vinyl moieties. However,

20 such other moieties should be present only up to a level of about 7%, i.e., the copolymers should
contain about 93% maleic and itaconic moieties. Preferably, the copolymers consist essentially
of maleic and itaconic moieties. One particularly preferred copolymer salt of this class is the
previously-described Nutrisphere-N® for solid nitrogen fertilizers. More generally, such
copolymer salts are preferably formed by the addition of a basic material (e.g., Ca, Mg, K, Na

25  inthe form of the oxides, hydroxides, or carbonates thereof) to achieve a desired pH in aqueous
mixture, normally in the range of from about 1-4.

The volatile organic drying agent may be made up of one or more organic compounds,
and is preferably selected from the group consisting of organic alcohols and ketones, and
particularly the C1-C4 alkyl alcohols. For reasons of cost, ease of use and vapor pressure

30  characteristics, methanol is the most preferred drying agent. More broadly, however, the drying

agent may be selected from the group consisting of one or more organic compounds having a
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is preferably selected fromthe group consisting of organic al cohols and
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case Ofco%cs)lgmaep (sjaltv (%Po% plperféargbﬁg 52 m about 30-60% by weight), from about 30-50% by weight
15  dryingagent (more preferably from about 35-45% by weight), and from about 10-50% by weight
water (more preferably from about 10-25% by weight). An example of such a polymer-
containing composition would include about 40% by weight maleic-itaconic copolymer salt,
about 45% by weight methanol, and about 15% by weight water, and would have a pH 1-4 and
a flash point of 74 °F. Generally, the polymeric compositions should have a flash point of greater
20  than 73°F.

Additional benefits are realized when compositions as described above are supplemented
with boron alone, and more preferably in combination with bimodal vinylic polymers containing
both high and low MW fractions. As used herein, “vinylic polymer” refers to any polymer or
copolymer wherein a plurality of the repeat groups therein are vinyl alcohol moieties. Generally,

25  the low molecular weight vinylic polymer is used in a greater quantity than the high molecular
weight materials, typically at ratios of from about 1:2 to 1:20, more preferably from about 1:4
to 1:12, of the high MW to low MW materials.

The paradigm vinylic polymer is PVA. A large variety of PVAs are available
commercially, and are typically distinguished on the bases of molecular weight and hydrolysis

30 level, both ranging from “low” to “high.” Low MW PV As have a number averaged molecular

weight Mn in the range of up to about 15,000 (e.g., from about 7,000-13,000) and a weight
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distributions in polymers by means of a diagram having molecular weight along a horizontal axis
15 and the relative abundance of molecules along a vertical axis. In the case of most polymer
compositions, such diagrams are generally hump-shaped, typically having a single peak where
the apex thereof represents the weight which is the most common molecular weight in the
polymer composition; this is often termed the “peak molecular weight,” referring to the weight
of the highest fraction of polymer molecules, and not the highest molecular weight in the
20  composition. However, a bimodal vinylic polymer composition of the invention exhibits two
humps or peaks in such a molecular weight diagram. If an average molecular weight
measurement is taken of such a bimodal system, highly misleading results may occur, because
there will be relatively few molecules near such an “average” value. Thus, a bimodal and single
mode polymer composition may have the same “average” molecular weights, yet having very

25  different physical properties.

In the present invention, it was found that better results may be obtained using bimodal
vinyl polymer compositions having high and low MW fractions, as compared with a normal
composition of the same average molecular weight. Use of bimodal compositions gives the best
features of both high and low molecular weight polymers.

30 The preferred bimodal PV A is made up of individual amounts of low and high MW PVA,
with the low MW PV A being present at a level of from about 0.5-10% by weight of the complete
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15  to make formulations which gel upon standing. Thus, these materials are per se impractical for
fertilizer coating uses. On the other hand, low hydrolysis level PV As exhibit low viscosities, but
exhibit relatively high hygroscopic properties.

Unexpectedly, it has been discovered that combinations of boron with selected PVAs
avoid the formation of insolubles while also retaining most of the water resistance of high MW

20  PVA and the low viscosity properties of low MW PVA. Particularly preferred in this context are
the bimodal PVA compositions.

Preferred complete quick drying polymeric compositions in accordance with the invention
include: (1) from about 20-50% by weight of one of more of the previously described maleic-
itaconic copolymers (more preferably from about 35-45% by weight), advantageously in the

25  form of the preferred partial calcium salt copolymer, with carboxylate substitution by calcium
at levels of from about 1-35% (more preferably from about 10-30%) of the carboxylates present,
and a corresponding pH of from about 2.35-3.75 when the copolymer is in aqueous dispersion;
(2) volatile organic solvent, preferably methanol, at alevel of from about 5-60% by weight (more
preferably from about 35-50% by weight); (3) low MW PVA at a level of from about 0.5-10%

30 by weight (more preferably from about 2-6% by weight); (4) high MW PVA at a level of from

about 0.1-4% by weight (more preferably from about 0.2-2% by weight); (5) a ratio of high MW



conposi tions, such diagrans are generally hunp-shaped, typically having a
singl e peak where the apex thereof represents the weight which is the nost
comon nowecalsogsei ght in the pol ymer conposition; thi #$Crasedmmposser ned
the "peak nol ecul ar weight,” referring to the weight of the highest
fraction of polymer nol ecul es, and not_ the hi ghest nol ecular weight in the
conposition. However, a bi nodal vinylﬁ% pol ymer conposition of the

i nvention exhibits two hunps or peaks in such a nol ecul ar. wei ght di agram

If an RehdgéomdlBchV Arolweory rbowekis do didrimqre preArably drons aboptal-hiterd dap:
: : e . . .
o att vl b AR R hohERL 8 TR b0 M (RBRBRAEE En b BRCLY  and
si ngl e wade);pal ynerateerpiashaddnes oMby chapesitifie Siaha pravieshgatingedegasitéon
wei ghts, yet having verY di fferent physical properties. In the present

i nvent itypicalixthaga solidsiers! effsam paut &5-5p Gdiwaigtitepotsdreiprabiyieam aausdd-BPHodal

Vi nyl gﬁh&g@@ conposi tions having high and | ow MV fractions, as conpared
with a ro “conposition of the sanme average nol ecul ar wei ght. Use of

bi nodal conuGsictdlighthe Giniedal PVe\ Resiked eath uliesaRic-pbhictioghlymaewithWeakgecul ar
wei ght pol ynmers. The preferred bi nodal PVA is nmade up of individual amounts

of | ow taddeva! g Namvaboukidonhl 10Re andvimireion fosiamgriod of dinte tatassurp dhas thaPVAr om
bout 0,.5:.1 0% i-ght _of . t he. st ef erti iz ting. iti
aher east g PR oot B AP S! RS hddel R AR Fr G e

The | oWt RYA aliditioh] BipreRrio@prphiafvdprosQhfes 4h Aficaltilkicdteatie topdipiert hat
of the high MW PVA fraction, ﬁ?th t he previously-described high MNI|ow MV

r atldos mistiig abghont i Sotids eoniasitis IpRSAN B GACIPYREORY lsnippighirg and stirred
R N N
for mul abogtimeitis@sud Qirfies t Bhid nsikfub@lsialBfed Thetok fof 45 mikpewn o7hatio R¥Ae ar e
at best poorly soluble in solutions that contain significant anmounts of
or gani c¢hai@lheé thesV Amehtgrradedipiol et &/ dcnumidestillapereeicthe ixture is then initiated until

it reaches a desired solids concentration of approximately 60-70% w/w, whereupon the mixture

15  isallowed to cool to room temperature. Methanol is then added with vigorous stirring until the
mixture becomes homogeneous. Finally, boric acid is added with further stirring until fully
dissolved. The complete polymeric composition contains approximately 40% solids w/w.

The polymeric compositions made up of an aqueous copolymer salt and drying agent,
with or without bimodal vinylic polymer and boron, can be applied to agriculturally useful solid

20  products such as solid fertilizers by any convenient means, such as by spraying or dipping. The
preferred polymeric compositions were found to be unexpectedly and surprisingly compatible
and do not separate or precipitate solids. In general, the polymer-containing compositions are
applied at a level of from about 0.1-1 gallons of polymer-containing composition per ton of
fertilizer or other solid product (more preferably at a level of from about 0.3-0.8 gallons).

25 Although in preferred forms the ingredients of the coating compositions are mixed
together to form complete products before application to solid fertilizer, it would be possible to
separately apply the copolymer salt, drying agent, and other ingredients, especially if done
substantially simultaneously or in quick succession. In such cases, the rate of application would
be the same as that set forth above, considering the makeup of the two different applied

30  substances. Moreover, the polymer compositions of the invention can be used on a variety of

agriculturally useful products, such as seeds or soil amendments.



This is especially true of high or super-high hydrolysis |evel grades of
PVA, which sinply do not dissolve in solutions having significant organic
sol vent |Iwoebw/ismaddi tion to water. It is al so known t RET/USUA0HRESE S
rapidly with borates to formwhat is conventionally called "silly putty" or
"slime,"” which are insoluble crosslingfd plastic materials. PVAs of high or
super - high hydrolysis levels can be uSéd to create coatings that are snooth
and non-hygroscopic. Unfortunately, such PVAs possess very. high viscosities
and tend to TheKBIGKHPANELOMPRSILIGAS %%e@fénasuﬁ%b% oyl ategl Inglyding varagedyes,

mat eri gl Wagols i f AL i . ot her
nand,  1an R SRR JoEREREl e, e pflelbey £F bR HERRroihrlrifs
rel at i vielsjknbivghhd1 g slgephayc poosnipadibilitywvek peticBdgyucoust foliaslatdi@Brof high

di scovered that conbinations of boron with selected PVAs avoid the

f or mat i1BHC FtrengiBoHmysr. whivpe foand dhatdha prasery aopyosigpng ptyagrappessiabicance

of B gh, |1§ %f%a%ﬂ:d &l er?d’X Yird %zé %%’arg@ggtfee w;g?e?ne%ed QUVEND R8T LA H{c?a” y

prererre IS context are conposi tions. referre

conpl etegfegiiv @lesHihyicoQirp@hpaniid &1GOBRORd fdrahger (v chbaded dYaRe Pickdhct BE the
invention include: (1) from about 20-50% by wei ght of one of nore of the
previ ousPiprredB¥A-bed mal ei ci t aconi ¢ copol yners (nore preferably from about

cal of um sal T Rosot 0K “ERRRRRL S L, ek BRT R RE PRk BTN Ry o

cal cium sal t” Copo carboxy

of frorsoatpetitiods 3B U HRERidH afecibltNerbsO Mt abed be LAd&Wbd Ohowdier,cstodicy | at es
present, and a correspondingupH of from about 2.35-3.75 when the copol yner

i s 10n ava@plesis drepéedshonay eDlugttipniang nethdremthercgbihpelst be takesr asraglnifation

met hanal , g% al%ﬁ?' of E&pn1ab9q§ 5-60% by weight (nore preferably from
about 38°50% Dy WeiGRY I eV IOW MV PVA at a level of from about 0.5-10% by
wei ght (nore preferably from about 2-6% by weight); (4) high MVPVA at a

| evel of from about 0.1-4% by weight (nore preferably from about 0.2-2% by
wei ght )exap®e b ratio of high MAPVA to | ow MV PVA of from about 1:2 to 1:20

(more pref €rR btleytilfzrero rgogl%%lsﬁior]f :v%ast %re]p:a%‘e%) By applying a liquid polymer-containing

15  composition onto granular urea at a rate of 'z gallon of the liquid polymer-containing
composition per ton of urea (urea + aqueous-methanol Nutrisphere-N®). The polymer-
containing composition was made up of the above-described Nutrisphere-N® copolymer salt.

Another fertilizer composition was prepared using the aqueous Nutrisphere-N® product
applied at the same rate as above onto granular urea, but without the methanol drying agent (urea

20  + aqueous Nutrisphere-N®).

A final test fertilizer was straight uncoated urea (uncoated urea).

These three fertilizer compositions were field-tested to determine the effect of the
methanol drying agent on yields. This test was conducted in Courtland, KS in Crete silt loam
soil, pH 6.5, organic matter 2.2%, Bray P-one ranging from 19 ppm, soil test potassium 380 ppm

25 ammonium acetate extractable K. A no-till irrigated corn was planted (May 2) at 32,000
plants/acre on 6 test plots. The planted corn received a fluid fertilizer starter (10-34-0) at a rate
of 8 gal. per acre, banded 2x2 beside each row. Sprinkler irrigation water was provided from the
Lovewell Reservoir in north central Kansas.

The respective solid fertilizer compositions were applied at two rates, 160 and 240 1b.

30 Nitrogen per acre, as a broadcast application immediately after corn planting. The 6 test plots

were: uncoated urea/160 Ib. N/A; urea + aqueous Nutrisphere-N/160 Ib. N/A; urea + aqueous-



(6) boric acid at a level of from about 0.5-5% by weight (nore preferably
from about 2-4% by weight); and (7) water as the bal ance of the

conposi t iwN.200ush8a preferred coating conposition typi cRCIUSk@ES/020380!1 i ds

| evel of from about 25-55% by wei ght, nore preferably from about 35-50% by
wei ght. Generally, the binodal PVA is gixed with the maleic-itaconic
copolynmer with heating to a | evel of #¥om about 80-1 10 C and agitation for
a period of tine to assure that the PVA fractions dissolve. The organic

dryi ng Tagferrol Nutrisphereid 60 i werdrtcdaea 240 b rNidgrea brquspeuNBYispRF P aci d
addi ti qogh ﬁb.pN?A;egt{chlbegrweQ%egbtu\'%yr?etl?aﬁllgf: %‘Hﬁ%ﬁere?r@/zﬂﬂ YEONPA MBFRLL Wk 3RONI C
copol ymer m xture at about Yow/'w sol'1ds content is placed 1n a reactor at

room t @npepahtseo@Ndntsithy sodickx¢eganawdlish octheed ol spridkibi @hgdddRVAs are then
added, and the m xture is heated to 97C with continued vigorous stirring.
Thi s mi xt ur elhedesaplogiieare by veseskNe v 2 by s pift peinbige takinghetwarepies (pves affagh al |
of the PRV, eyl | I V, istillation of the mxture is then
i ni iaﬁ@%AJﬁ??fb%fk%gghﬁgghgq3gé?ﬁﬁgﬁgg1ids concentration of approximtely

60-70% W w, @diergelgoRsgoneesmoXthdr @spestiad kO terlifz&0 Merd @ofiqett ARIPRIgALUN €.
Met hanol is then added with vigorous stirring until the m xture becones
honogerrégigcantpiaaticplly (505 eondidency mtexwle dThe magritvde REmprovememdn tield of ful 1y
di s S ol Vn%gfill (-‘Hl]fﬁ reCc%mﬁJl eIEI' a P Qél}ler(’gﬁg-lm%ﬂ{:ago 1%‘[%%}!&196?6-&%%%%% URcARRNQK! VU%t 'IL‘lMarA'O%
solids W w. e polﬁ%erlc onpositions na up of ‘an aqueous copol yner salt
and dr yb gyt 896k + AutdusNutMbpHReUN falyimgairapieny ! i ¢ pol yner and boron, can be
applied to agriculturally useful solid products such as solid fertilizers
by 1@ny convehicendataindivstc thaiehe cogtimgolsmeaayithghigh chiarppiengity onelymesfsalt hasd

pol ymer i c.conposi tions re.found to be unexpectedly and surprisi .

Cormat WU RN B NE S Wi P BEREREs AL B Bt ol

pol y nerpre@abidityfod theGRHPES TheRNRtAuAh&RPhiieA (Al the pte¥Rle oPthefdrafy af@whaL. 1-1
gal | ons of polymer-containing conposition 8§£ ton of fertilizer or other

sol i d prootleriquymtiectp npdrethgtpcyiormange péthelpobfmdrrcoptcdivirat 0. 3- 0. 8 gal | ons) .

Table 1
15 Enhancing N Availability for Irrigated Corn
Treatments Form of N Grain Yield
Ib N/A bu/A
160 Uncoated urea 173 b*
160 Urea + Nutrisphere-N® 193 a
20 160 Urea + Experimental formulation 196 a
240 Uncoated urea 180 b
240 Urea + Nutrisphere-N® 196 a
240 Urea + Experimental formulation 197 a
25 LSD 11
CV% 3.8

*Means separated by Duncan's multiple range test

Example 2
30 In this Example, a series of drying tests were conducted using various compositions
including Nutrisphere-N® for granular nitrogen fertilizers (referred to as “Polymer” in Table 2

below), described above.



Al though in preferred fornms the ingredients of the coating conpositions are
m xed together to formconplete products before application to solid
fertilizewp2nto/oge89bd be possible to separately apply theCtapsedpmerssealt,
drying agent, and other ingredients, especially if done substantially
si mul taneously or in quick succession. In such cases, the rate of
application wiuld be the sane as that!5et forth above, considering the
makeup of the two different applied substances. Mreover, the pol yner
conposi t i onsthsfformdationsdpalyded vadAuNQuEEigpethanphpndeeytaigrhad grpei Aty | v
useful px g, h . i . i i .
composi TEAASHEMEHE ARIGEEHF 18k B8 neAIERIRErhap APy A4 AbdE I rain
pi gnentd thekmuaibss. THedowngolagent weiglt RV A $0¢elRopt(Bciol Cep Calhtesaihlenkdadwn i n
the agricultural arts., It _is known that nagy dyes have poor con&gﬁibility
P .

wi t h erfadpapijablgoelngylar weight. abydrlyssPS g% brineles pidengsaositypideVet-5 cpt  was

found that r i.t] i i i rganic
compondirasoldfonrr FReHILn GRGARE WRRSP SRTCLG 1Ps AREEEELADLE CiihBt | Bed

ef f ect ivagiabis sndldt@le ofcight) ahf@hisisng98.ak0A%d 1y melk)adbheistbdilynf 63 S cyihanced
by the presence of the preferred PVA. The foll owi ng Exanpl es set forth

pr ef er rs€ti®B)-ymer - cont ai ni ng qui ck drying conpositions of the invention and
uses t hereof t s t e e . however . t. this e le is, .

o ovi ded by ey b o SRR AR e L B PR s o

| m t atdigh) fAIRNEdbYSLAMRNALH the GPBEa Pipelidignt] e @Bt orEX &GN 1 diely dr@r Thd | zer
conposi tion was prepared by applying a |iquid pol yner-containing
codﬁosﬂbﬁ@ﬁa@%$dméﬂﬁﬂ@gHﬁw&W@ée@%ﬂélmaﬁ@ﬁgf A gal lon of the liquid

pol ymer - cont ai ni ng conposition per '5 urea (urea + aqueous-net hano
Nutrisphere-N(r)). The oolynercontéiggkg—conposition was nmade up of the

chove 5oL IO, WU SBRStE I, Peor (TG sl AT Tl LA
ation ow/w | % wiw ci o w/w | Solids ime
No. % wiw | Y% wiw % wiw % w/w | (min)
15 1 40.8 0.0 0.0 0.0 0.0 59.2 40.8 4.1
2 40.0 44.0 0.0 0.0 0.0 16.0 40.0 3.0
3 39.0 43.0 3.0 0.0 0.0 15.0 42.0 2.4
4 35.0 35.0 0.0 4.5 0.5 25.0 40.0 4.5
5 36.2 38.1 2.9 33 0.5 19.0 42.9 1.0
20 The above data demonstrates that improved drying times were realized in formulations

2, 3, and 5, as compared with the basic Nutrisphere-N® of Formulation 1. Surprisingly, the

addition of boric acid (Formulation 3) also significantly decreased drying times as compared with

Formulation 2. The best drying times were obtained through the use of Formulation 5, including

the use of bimodal PVA. This was an unexpected result, because Formulation 5 contains

25  significantly more water than Formulations 2 and 3, with a similar solids content. It is theorized

thata synergistic effect is obtained through the formation of a polymer-boron-PV A adduct, which
exhibits very short drying times.

Inasmuch as conventional granular nitrogen fertilizer products are typically coated to

render them hard and resistant to moisture sorption, the petrie dish results of this test are

30  predictive in a relative sense of the drying times of the formulations when applied to solid

nitrogen fertilizers.



applied at the sane rate as above onto granul ar urea, but w thout the

nmet hanol drying agent (urea + aqueous Nutrisphere-N(r)). A final test
fertilizewOowan/sos9ai ght uncoated urea (uncoated urea). PoEdS2010/02650
fertilizer conpositions were field-tested to determ ne the effect of the
met hangl drying agent on yields. This test was conducted in Courtland, KS
in Cretlelay ¢ | oam soil, pH 6.5, organic matter 2.2% Bray P-one ranging
from 19 ppm soil; testyp BB%%%%Hh 80,P Noumasehats: extirstapl g K A
no-till irrigated corn mgg p anté% ?ﬁgy 2% at 32,00 pl ant s cﬁe on 6 test
pl ot s. apheulplralihy esdfut sl predietsy edd pol{inei-cbritaning composisdrantiading 20e@yyr at a
rate of 8 gal. per. acre,  banded 2x2 besi de each row. Sprinkler irrigation
wat er \/Szﬁ?§taﬁ}11%ﬁ/‘ﬁ§‘éf&1ufﬂr%lﬁﬁltﬂtﬁé° Blsignd tpeondg aicHes, andigor spniehompounddiyiigs . The

resgecggﬁ%'solid fertilizer conpositions were applied at two rates, 160 and
240 1 b. "Ni'trogen per acre, as a broadcast application inmediately after
corn planting. The 6 test plots were: uncoated urea/ 160 Ib. N A, urea +
aqueous Nutrisphere-N_160 | b. NA; urea + aqueousnethanol

Nut ri sphere- N 1601 b. Teapolyricsspriaingice spomosition o glainyy dq saidygeradyrger
Nutris = : ; ot o AAHERMS 2 b L sphere- N 240
lb. N R’J& ﬁ[ﬁﬁgrrl%% r%gblﬁlg[ lionh%:ogér)bor gltel%(r)lﬁglg?es I nt(gﬁ'f1 e gglﬂlﬂ Ae@éﬂea%%ﬁ? atléefle ich
occurred via sprinkler irrigation. The test plots were harvested Nov. 2 by

a plot combine taking the two center rows of each plot. Yield data was
regfrted at 15.5% noi skhepelyneseontyingegoppesisasekclain b yad dryngasent yedectst i d

fertiI”ﬂﬁﬁﬁ“ﬁﬁéﬁagﬁﬁﬁhﬁ%§P§§§ﬁgﬁﬁﬁggk n&%ggh&icant statistically (95%

confi dence i e of inprovenent in yield of no-till corn
receiving urea + aqueous-net hanol Nutrisphere-N versus uncoated urea was
simlar to that of urea + aqueous Nutrisphere-N polyner (Table 1). These
data indicate that théff@@atynwgcgmal@rr@&omp@w@qﬁc&méh@r meagint eleciso| yner

salt hqﬁnﬁk g&%ﬁC&ﬂ&sﬁﬁ%SFﬁ?&ﬂﬂﬁ&ﬂ%kyse by corn with subsequent increases
incornyre and pofen I'a '
15
5. The polymer-containing composition of claim 1, said organic drying agent

being present at a level of from about 5-60% by weight.

6. The polymer-containing composition of claim 1, said copolymer being in

20  partial salt form and having at least about 93% itaconic and maleic moieties.

7. The polymer-containing composition of claim 1, said composition
comprising from about 20-70% by weight of said copolymer in partial salt form, from about 5-
60% by weight methanol, and from about 10-50% by weight water.
25
8. The polymer-containing composition of claim 7, said copolymer salt being
present at a level of from about 30-60% by weight, from about 30-50% by weight methanol, and
from about 10-25% by weight water.

30 9. The polymer-containing composition of claim 1, including from about 0.5-

5% by weight boron as boric acid.



profitability for the grower. These data further confirmthat the presence
of the drying agent has no del eterious effects upon the performance of the
pol yrer - csaew/as0s9a. Tabl e 1 Enhancing N Avail ability f®cTiuseéigaeesdo Cor n
Treatnments Formof N Gain Yield b NVA bu/A 160 Uncoated urea 173 b* 160
Urea + Nutrisphere-N(r) 193 a 160 Urea_ + Experinental fornulation 196 a 240
Uncoated urea 180 b 240 Urea + Nutrisg%ere N(r) 196 a 240 Urea +
Experinmental formulation 197 a LSD Q5 11 CV% 3. 8 Means separated by

Duncan' s rrul ti pI el O anglhemobmarscpigitngcqmpasiion ofeRp Peinchidiigranggoynt of; yi ng

tests v t N(r)
For ar arpdf A BEG Rt Bl OHR e TR P In Ml A RS,
beIombJnde&ﬂmhbagmabgﬂ@ommﬁxmammubat|ons i ncl uded various amounts of

met hanol and certain had mnor anmounts of boric acid therein. Additionally,
| ow and hi gh nol ecul ar wei ght PVA was added to certain of the fornul ations.
The 5| ow ol ecul ar wei tlf\{gfﬁér% Yﬁﬁmé‘%ggﬁ;%ﬂﬁ b FlARS SaigG gAY \)fmglad a

vari abl e nolecular wei ydr ysi y nol e "and a viscosity of

4. 00. 5 mpandréd Yomptisihg Qm MWV Rihghingalves shtar ciagédiblcCWAr (eighvdiw d8Fomol d by
Cel anese Chenican had a ) ) )
about 13,000-23,000, and high MW PVA having a weight averaged molecular weight Mw of

about 145,000 and above, said low MW PVA being present in an amount greater than said high
MW PVA.
10
12.  The polymer-containing composition of claim 11, the ratio of said high

MW PVA to said low MW PVA being from about 1:2 to 1:20.

13.  The polymer-containing composition of claim 12, said ratio being from

15  about 1:4 to 1:12.



vari abl e nol ecul ar wei ght, ahydrolysis of 98.40.4% by nole, and a viscosity
of 675.0 cps (4% solution). In each test, one drop of the correspondi ng

pol yrer i cwbapruisegsson was pl aced on apetrie di sh, foll oRed/usgoisiope3sée ng wit h
the tip of a pipette until the formulation was conpletely dry. The

formul ations and drying tinmes are set forth in Table 2. TABLE 2 The above
data denonstrates that inproved drying*tines were realized in fornmul ati ons
2, 3, and 5, as corrpared with the basic Nutrisphere-N(r) of Fornulation 1.
Surprisingly, the%ddi4iPSRr-coBain,EPBPEHihdaptadoier appligatien & grictiflcant | y

decrea ﬁ%ﬁ The best drying
tines \?gg%&%é{lgfﬂﬁtgw Eerugﬁ)g t ?oﬁ%g}’%#w W}’Hnactolnﬁ)@]g gl ncl udi ng the use of
bi modal PVA.(1TTbs abast 2005040 &x peidhe df mekid- itacoh&cb@ps@nﬁnﬁﬂirtﬂeabmefﬁpmmt ai ns

significantly more water than Formulations 2 and 3, with a sim.lar solids
content. It is trﬁéBranééavmm&le%ﬁt§1}<m§|9é/oslﬁceméfaflé@talfi@n@mt@ﬁ HS&®hr ough t he

forgation ofog, AYNTFLAROIRPYA A dHctveltliil X0 Bide, KeLXighort drying

timés. Inas as conventi on ranu nirtrogen I’OdUCt S are

typically cqa)mwwmgwaltehamﬂﬁmndamdosem%bﬁmlgm m)l st ure sorption,
the petrie dish results of this test arerppredl ctive in a relative sense of

the drying t(EneighdfWeREAfdpheHchef Bom appeird- sl byewcigbt sol i d ni trogen
fertilizers. (?%ﬂa"i‘fo%]fh%%h ﬁvf?lvyA”% w%WFQ"Angff?o Ec? ttlfsé;f% Wppted for

application agriculfura usef id” produc

pol ynmer - cont(a) mmgacqpmavéuo@ﬁohﬂmoudo Bgsfy@by‘w@?hyr@a cont ai ni ng i ndi vi dual
quantities of maleic and itaconic noieties an organi c conmpound drying

agdfit. 2. THEé) peleyner - contai ni ng conposition of claim11, said copol ymer

15.  The polymer-containing composition of claim 14, wherein:
(1) said maleic-itaconic copolymer consists essentially of maleic and itaconic moieties
and is present as a partial calcium salt with carboxylate substitution by calcium
15 at a level of from about 1-35%, and in an amount of from about 35-45% by
weight;
(2) said organic solvent comprises methanol and is present at a level of from about 35-
50% by weight;
(3) said low MW PVA is present at a level of from about 2-6% by weight and has a
20 weight averaged molecular weight Mw of from about 13,000-23,000;
(4) said high MW PVA is present at a level of from about 0.2-2% by weight and has a
weight averaged molecular weight Mw of from about 146,000-186,000;
(5) said ratio is from about 1:4 to 1:12;
(6) said boric acid is present at a level of from about 2-4% by weight; and

25 (7) water forms the balance of said composition.

16.  The polymer-containing composition of claim 1, said copolymer salt

consisting essentially of maleic and itaconic moieties.

30 17.  The polymer-containing composition of claim 1, said copolymer salt

having about a 1:1 ratio of maleic moieties to itaconic moieties.



cont ai ning fromabout 10-90% by nal ei c noi eties, and from about 90- 10%by
itaconic noieties. 3. Thepolyner-containing conposition of claim1, said
dryi ng ageotongisesssed fromthe group consisting of orgamCt/iskeoli3so and

ket ones. 4. The pol ynmer-contai ni ng conposition of claim3, said drying
agent selected fromthe group consisting of Cl1-C4 al cohols. 5. The

pol ymer - cont ai ni ng conposi tion of cl aim 1, said organic drying agent being
present at a |level of from about 5-60% by weight. 6. The pol ynmer-contai ni ng
conposition of claiml, said copolynmer being in partial salt form and

having at |east afgout J3e .oiﬁﬁ?%g%tﬁgﬁ%dc%%hﬁﬁgn (gf%ia?ﬁliles%idtcllzgﬁgggent selected

pol ynmer - cont ai ni ng conposi il on 0 sai d conposi conprising from
about 2QcéRUofym Wei @bitip odnsiding o€ op@hicnimponn@dahiviad a Sapdr presstie dira0iBasbout

5- 60% by wei ght net hanol, and from about 10-50% by wei ght water. 8. The
pol ynerabesrmbinpiHgatcd®posi tion of claim 7, said copol yner saltbeing present
at | evel of from about 30-60% by wei ght, from about 30-50% by wei ght

met hanol , and from about 10-25% by wei ght water. 9. The pol ynmer-contai ni ng
conposi tion of cli@® m IThelpoinugicogtalnivoalpouiiiof obelainlb, byid pelyglri-chmhidmeas
boric acid.10. The pol yner-containing conposition of claim9, including an
anount SOMPEPHEEARVIRE Aflashpeiphel eredientBuh73'dai d bi nodal vi nyl pol yner

i ncl udi ng individual high and | ow nol ecul ar wei ght vinyl polyner fractions.
11. The pol yner-containing conposition of claim 10, said binodal vinyl

pol ymers conpri sizng | omeMiéiaUAeh aviipgsidiomebOhdlaiay er,agad polyaerlaftaimgigght My
of from about 13, 000-23, 000, and high MNPVA having a wei ght average

mol18c ul c@MPREitigh EOINDIBRE Bbatity I 5210 G@Oéﬁﬁeréﬂbwpe@ag th 4 Lsyl AN P RIS SH

pr esentwa{tgmtarl1 Sgﬁo&%}r)itng%gn%t er than said high



MN PVA. 12. The pol yner-contai ni ng conposition of claim11l, the ratio of
said high MWPVA to said | ow MWPVA being fromabout 1:2 to 1:20. 13. The
pol yner - cwotaimisegyeconposi tion of claim 12, said ratio Iperagimwor3about 1:4
to 1:12.14. A polyner-containing conposition adapted for application to a
solid, nitrogenous fertilizer, said polymner-containing conposition
conprising: (1) from about 20-50% by wWei ght of naleic-itaconic copol yner,
inthe formof a partial salt and having at |east about 93%itaconic and
mal ei ¢ noi eties tHer eihferfibyerpgrduct ¢unpsisyi ¢ sol vent present at a | evel of

from about 5-60%.:by i 3. Low MV PVA at a | evel of from about 0.5-10%
by wei ght; (5d4 ﬁ?@h"ﬂ%ﬁ?g{f/&“&%‘%’ 2}ngvel of from about 0.1-4% by weight; (5) a

rati o of hi ghpdWhEMntainih@soiddvth f set fovt ialkbiith 11applitdtolsa’Diert(I&kr.bor i ¢
acid at a level of fromabout 0.5-5% by weight; and (7) water. 15. The
pol yner - cont ai ni ng conposition of claim 14, wherein: (1) said

mal gi c- i taconi ¢ copol YiRr ( GANS| {o%u‘ﬁts&e bindbhYs ?{1 fé?ﬁ!igé'rcbe dainlﬁt?cf%ﬁ&&s
noi éties and is present as a paftial ca &i'um s51'Y "W car boxy ate

substi tfyttilieer. by cal ciumat a |l evel of from about 1-35% and in an anount of
from about 35-45% by weight; (2) said organic solvent conprises nethanol

and is present at a |evel of fromabout 35- 50% by weight; (3) said | ow MV

PVA is present at,,a | emel. of. 2- 8% b H.ght _an i ght
aver aged nol ecul a2r3' m?ﬁﬁtfemzéépq%%%g%%@ %ﬁgré(%ﬁ 1%1%%098%? %d%%%l fﬁe‘@?&%
consisting of urea, ammonium sulfate, ammonium nitrate, MAP, and DAP in the form of
10 granules or prills, said composition applied to the surface of said fertilizer at a level of from

about 0.1-1 gallons of said polymer-containing composition per ton of said solid fertilizer.

24.  The fertilizer product of claim 21, said fertilizer being urea, said
composition being the composition set forth in claim 14.
15
25. The fertilizer product of claim 21, said fertilizer composition formed by

spraying said polymer-containing composition onto said solid fertilizer.

26.  The fertilizer product of claim 21, said copolymer containing from about

20 10-90% by maleic moieties, and from about 90-10% by itaconic moieties.

27.  The fertilizer product of claim 21, said drying agent selected from the

group consisting of organic alcohols and ketones.

25 28.  The fertilizer product of claim 27, said drying agent selected from the
group consisting of C1-C4 alcohols.

29.  Thefertilizer product of claim 21, said organic drying agent being present
at a level of from about 5-60% by weight.
30



(4) said high MWPVA is present at a |level of fromabout 0.2-2% by wei ght
and has a wei ght averaged nol ecul ar wei ght Mv of from about

146, 000- 16,200080896) said ratio is fromabout 1:4 to 1:PRT/USB)10920380 bori c
acid is present at a |level of from about 2-4% by weight; and (7) water
forns the bal ance of said conposition.,_16. The pol ymer-contai ni ng
conposition of claim1, said copolyn§ﬂ73alt consisting essentially of

mal ei ¢ and itaconic nmoieties. 17. The ol%ner;containing conposjtion of
claim1, said cop?cﬂyrre?h%%mimmm%t%fs@ml & spidropalymst beingig paitial spb fam es t o
'ta.CO“'a%d'ﬂ%bﬁg'aFEa%%Bo&@WRL%HEdn‘B% 1&tMddigonposi tion of claiml, said
dryi ng agent Sel ected selecte romthe group consisting of organic
conpounds havi ng a vapor pressure of at |east about 40 mmHg at STP. 19. The
pol ymer - cont ai ni n cquositLon of claim1, said pol ynmer-containing

conposi ti on havi n’aa fThedertifiesrarodget of elamn &} spiH spMpesiEon comprisg foBrabpPys zer
CONROSI . : ng a
quant: a7 e Bl L g BbEuRPitRs) ERML AL AR ERERI L bR R RN IR

wat er aind fomh abalit Y0150%aewtighilwatdr.f ertili zer product conprising: a quantity
of a solid fertilizer; and a pol ynmer-containing conposition as set forth in
claiml1 applied to said fertilizer. 22. The fertilizer product of claim 21,
said fertilizer i ng itroge s f ilkzer. fertilizer nroduct
of claim 22, sai fertlfgéégm%3ﬂ§%F%8F@%%%$i%%wéégﬂﬁggg%%ﬁ%%#ﬂ%%%?t%FEa,

anmoni ugves bt frat@bo@BIDEU% BY Metgh@li@m AE: 3@BONBARVdightinkighdner, Bh@fro@ir=abi es or
prills, said conposition applied to the surface of said fertilizer at a
I

eV8l olf0-23% by weight water.

33.  Thefertilizer product of claim 21, including from about 0.5-5% by weight

boron as boric acid.

15 34.  The fertilizer product of claim 33, including an amount of bimodal vinyl
polymer therein, said bimodal vinyl polymer including individual high and low molecular weight

vinyl polymer fractions.

35.  Thefertilizer product of claim 34, said bimodal vinyl polymers comprising
20 low MW PVA having a weight averaged molecular weight Mw of from about 13,000-23,000,
and high MW PV A having a weight averaged molecular weight Mw of about 145,000 and above,

said low MW PVA being present in an amount greater than said high MW PVA.

36.  The fertilizer product of claim 35, the ratio of said high MW PV A to said
25  low MW PVA being from about 1:2 to 1:20.

37.  The fertilizer product of claim 36, said ratio being from about 1:4 to 1:12.



about 0.1-1 gallons of said pol yner-containing conposition per ton of said
solid fertilizer. 24. The fertilizer product of claim?2l1l, said fertilizer
bei ng ur &8O 26EVB0896posi ti on being the conposition set POTIUS2010/020386 m 14.
25. The fertilizer product of claim?2l, said fertilizer conposition forned
by spraying said pol yner-containing cigposition onto said solid fertilizer.
26. The fertilizer product of claimZ1}” said copol yner containing from
about 10-90% by nal ei ¢ noi eties, and from about 90-10% by itaconjc. .

noi eties. 27. The% er t4 medd ob fegtilieng 691l eqraprining the sigp of apnjying thedeiizer

sel ect .consi sting of organic al cohols and ketones. 28. The
fertiI&gg%kgggggﬁ%gggHQWéin127, said drying agent selected fromthe group
consisting of Cl-C4 al cohols. 29. The fertilizer product of claim?2l, said
organi c drying agent being present at a |evel of from about 5-60% by

wei ght . 30. The fefkil i%rmitﬁ%af:@lam 3% 1saidrfproiizersheing the fatileasof BBIMJ3 n
partkial salt formand having at |east about 93%itaconic and naleic

noi eéties. 31. The fertilizerproduct of claim 21, said conposition
conprising from afpout BR-nifbodyf Mengdd, said fEailiderctngd yioBsrtilirerpichimlissal t
form from about 5-60% by wei ght nethanol, and from about 10-50% by wei ght
water. 32. The fertilizer product of claim 31, said copolyner salt being

resent at a | eve], of Q - BOY% Wel 0 -50% b
wei ght et hanol g (HsHLBSeH ?%%2&1%@{%}4?3%&%‘%%%% g BHERY
pr oducta 1e¥el oF BbM aBdut 0. NG lgdHbD ki FoBRRECoka i oompodkiod Per A bOi@SOIRIOr | C

acid. 34. The fertilizer product o?bclain133, i ncluding an anount of
bi nfdalfexiliggr.

42. The method of claim 38, said solid fertilizer being urea, said polymer-

containing composition being the composition of claim 14.

15



pol ynmer therein, said binodal vinyl polymer including individual high and

| ow nol ecul ar wei ght vinyl polynmer fractions. 35. The fertilizer product of
cl ai m 34, weanwydaspssedal vi nyl pol ymers conprising | ow MAPRPVAISh@viopggs@a wei ght
aver aged nol ecul ar wei ght Mv of from about 13, 000-23,000, and hi ghMAPVA
havi ng a wei ght averaged nol ecul ar wei ght Mv of about 145,000 and above,
said | ow MV PVA being present in an amdunt greater than said high MV PVA
36. The fertilizer product of claim 35, the ratiog of said _high MAPVA to

sai d | ow MV PVA 8 ng 4 Psiiosisd erming adegtifizggomppsition gomprging ﬁ‘féfepﬁrogduct of
claim 36, saj.d .nati.o I: r 4c1a. 1-.12.38. A nethod of
fertiIizing%ggwpﬁ%gﬁ%@ﬁgggggfﬁg&2?@%%%%u%%%ﬁg%%g the fertilizer product of
claim2 1 tappbidg a IBlynidieonBinind cohpeditomnmoa®, sashbelid etiliderzeid beiyagrt he
fertilizer of claim14. 40. The nethod of claim 39, said fertilizer being
the fertilizer ofcorfaiiing sempasitionrsludienderlbpl & capdymer coniniggiingvidyal st ep
of applying sai d dghkidd FehaRle Ad £YBhicOholLlOMARM pParks BoBRLLRNG Al Sai d
pol ymer - cont ai ni ng conposi tIon per on ot Osara *Solt artitizer” 29 erhe
met hod of claim 3@entsaid solid fertilizer being urea, said

pol ymer cont ai ni ng conposition being the conposition of claim14.43. A

nmet hod of formng a fertilizer conposition conprising the steps of:

broviding a quanijty ofyBusahlde M LOSRAUSASLEHLLART: APRLK RO soup

pol ynmer - cont ai ni ng" conpaosi {1 oh onto sdl I'Zer,

pol y mergasitaigdMees anpminirh @hratd) Ghdssinign duigat tandfmianeanabyser contai ni ng
i ndi vidual quantities of maleic and itaconic noieties, and an organic
corffound dryi ng agent. 44. The nethod of claim43, said solid fertilizer

selected fromt he45(*.:]r OUfhe method of claim 43, said solid fertilizer being granular.

46.  The method of claim 43, said copolymer salt containing from about 10-
90% by maleic moieties, and from about 90-10% by itaconic moieties.
15
47.  The method of claim 46, said copolymer salt having about a 1:1 ratio of

maleic moieties to itaconic moieties.

48.  The method of claim 43, said drying agent selected from the group

20  consisting of organic alcohols and ketones.

49.  The method of claim 48, said drying agent selected from the group
consisting of C1-C4 alcohols.

25 50.  The method of claim 49, said drying agent being methanol.

51.  The method of claim 43, said drying agent selected selected from the
group consisting of organic compounds having a vapor pressure of at least about 40 mmHg at
STP.
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consi sting of urea, amonium nitrate, ammoni um sul fate, and m xtures
thereof. 45. The nethod of claim43, said solid fertilizer being granul ar.
46. The rwoOhoth/8H896l ai m 43, sai d copol yner salt contai nieag/useanioa3sut 10-
90% by nal eic noieties, and from about 90-10% by itaconic noieties. 47. The
met hod of cl aim 46, said copol yner sal6 having about a 1:1 ratio of maleic
moi eties to itaconic noieties. 48. Thé'method of claim 43, said drying
agent selected fromthe group cansisting of organic al cohols and ket ones.
49. The nethod of %! ai Theapethadiof clginyiddg Mediting G| sispr Arrphors $4d PeBIGH
consi stj.ng: - CA.al C . . l.al.m 49, said drying agent
bei ng r#é)'? ﬁlgﬁ%% .&;ITEI%%H nee{%%eogtuﬁ%(f(g%at%g g?ﬂéq%%@%ggglffedﬁg?éﬁ ng agent sel ected
selected fromthe group consisting of organic conpounds having a vapor
pressure of at |east about 40 mén—?,at STP. 52. The nethod of claim 43,

05§

i ncludi ng the step-of Hispgngthag osslaimpat inetidinmtha sty Pomipresiaid aplyasTa
surfaceC ﬁ%gﬁ%gg?@%&gp%s ncéo %Mai({l%gthggtzer. 53. The nethod of claimb52,

i nclsudi r(l)g prayl ng sai yner cont ai ni ng conposition onto said
solid fertilizer. 54. The nmethod of claim 43, said pol yner-containing
conmposition conprising a quantity of said copolyner salt suspended in a

| i qui d phase conpt si %Eﬁe\mt@dqiﬁ iy 43, gaid polyAyr-aQEANIN O MPPHEOMeRTRR NG

-t he TpR b B SRR oy e P RIANRYY oPBE SRR 1ARE R B0 Ml

56. Thego®t hod of claim55, said |evel being of fromabout 35-45% by
wei %ht :
1
55.  The method of claim 54, said drying agent being methanol, and said

methanol being present in the fertilizer composition at a level of from about 10-60% by weight.

56.  Themethod of claim 55, said level being of from about 35-45% by weight.

15
57.  Themethod of claim 56, said polymer-containing composition including
from about 20-70% by weight of said copolymer salt, from about 10-60% by weight methanol,
and from about 10-50% by weight water.
20 58.  The method of claim 43, said polymer-containing composition including

about 40% by weight of a salt of a maleic-itaconic copolymer salt, about 45% by weight

methanol, and about 15% by weight water.

59.  Themethod of claim 43, said polymer-containing composition being used
25 atalevel of from about 0.1-1 gallons of polymer-containing composition per ton of said solid

fertilizer.

60.  The method of claim 43, said polymer-containing composition being
aqueous and having a pH of from about 1-4.
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57. The nethod of claimb56, said polymer-containing conposition including
from about 20-70% by wei ght of said copolyner salt, from about 10-60% by
wei ght newbanw/osogend from about 10-50% by wei ght wat er. PE3/USTH®/02@500d Of
claim 43, said pol ymer-containing conposition including about 40% by wei ght
of a salt of a maleic-itaconic copolyner salt, about 45% by wei ght

nmet hanol , and about 15% by wei ght watéf. 59. The nmet hod of claim43, said
pol yrrer-cont ai nin 05|t| on bei.ng used at a level of from.about 0.1-1
gal 1 ons of poly ﬁ AUhpEsts sashplamer- eRnyRing spEPeBHPRINCREINg | zer .
60. The; Ql Yy - cont ai ni ng conposi tion being
aqueous angﬂ(ﬁg\(}f’f};]%%a p%g%t%o?%{mgs Ol.?tag% 4.61. The nmethod of claim43, said
pol ymer - cont ai ni ng conposi tion including fromabout 0.5-5% by wei ght boron
as boric acid. 62. The method of claim 61, including an anpunt of bi nodal
vi nyl pol yrrer t heZei n, Theanefhed ehodaim &/, mgludieg apasmoungef himeds! vingh Ralgban  hi gh

20 oyl B4 M IR R BOR L et =
aver aggdlymdéraeddliafis. wei ght Mv of from about 13, 000-23, 000, and hi gh MAPVA

havi ng a wei ght averaged nol ecul ar wei ght Mwv of about 145,000 and above,
said | ow MV PVA being present in an ampunt greater than said hi gh MWV PVA.

64. The met hod of_.cl ai t rat i ' ' t RWVMN PVA
bei ng from about 6f 2 t%ﬁe%%%d%ggl.a%rh% S%Pﬁ%éﬁ%ghg Mg&m? r§s 10" bei ng
from alyoph hdvihgtaowdightZiveraged molecular weight Mw of from about 13,000- 23,000, and high

10 MW PVA having a weight averaged molecular weight Mw of about 145,000 and above, said low

MW PVA being present in an amount greater than said high MW PVA.

64.  The method of claim 63, the ratio of said high MW PVA to said low MW
PVA being from about 1:2 to 1:20.
15
65.  The method of claim 64, said ratio being from about 1:4 to 1:12.



