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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 urca, ammonium salts, MAP, or DAP. This product is an approximatcly 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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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,

Inbroad 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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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
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In the present invention, it was found that better results may be
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i1l ustrat ing therein should be taken as a I'On upon
the overall scope of the invention. Exanple 1 A fertilizer
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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 agriculturaily 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 galleons).

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. Morcover, the polymer compositions of the invention can be used on a variety of

agriculturally useful products, such as seeds or soil amendments.



The test plots were harvested Nov. 2 by a plot conbine taking the two
center rows of each 5plot. Yield data was reported at 15.5% noi sture.
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interval ). The magnitude of inprovenent in yield of no-till corn
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preferred PVA.
The following Examples set forth preferred polymer-containing quick drying
compositions of the invention and uses thereof. It is to be understood, however, that this
10 example is provided by way of illustration and nothing therein should be taken as a limitation

upon the overall scope of the invention.

Example 1
A fertilizer composition was prepared by applying a liquid polymer-containing
15 composition onto granular urca at a rate of !4 gallon of the liquid polymer-containing
composition per ton of urca (urca + aqucous-methanol Nutrisphcre-N®). The polymer-
containing composition was made up of the above-described Nutrisphere-N® copolymer salt.

Another fertilizer composition was prepared using the aqucous Nutrisphere-N® product
applicd at the same rate as above onto granularurea, but without the methanol drying agent (urca

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 1b. N/A; urea + aqueous Nutrisphere-N/160 Ib. N/A; urea + aqueous-
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and drying tines are set forth in Table 2. TABLE 2 Formu- | ation

No. Pol yigsifiomtgtaiistiesily 4935 confidenseasier@bading nugnjugde of gy aent in yield of

no-till corn receiving urea + aqueous-methanol Nutrisphere-N versus uncoated urea was similar
to that of urea + aqueous Nutrisphere-N polymer (Table 1).

10 These data indicate that the coating of urea with a high charge density copolymer salt has
significant effects upon N use by corn with subsequent increases in corn yield and potential
profitability for the grower. These data further confirm that the presence of the drying agent has

no deleterious effects upon the performance of the polymer-coated urea.

Table 1
15 Enhancing N Availability for Irrigated Corn
Treatments Form of N Grain Yield
b 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
p y P 2

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

below), described above.
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The formulations included various amounts of methanol and certain had minor amounts
of boric acid therein. Additionally, low and high molecular weight PVA was added to certain
of the formulations. The low molecular weight PVA (Celvol 103 sold by Celanese Chemical)
had a variable molecular weight, a hydrolysis 98.4+0.4% by mole, and a viscosity 0f4.0£0.5 cps
(4% solution). The high molecular weight PVA (Celvol 165 sold by Celanese Chemical) had a
variable molecular weight, a hydrolysis of 98.4+0.4% by mole, and a viscosity of 67+5.0 cps (4%
solution),

In each test, one drop of the corresponding polymeric formulation was placed on a petrie
dish, followed by stirring with the tip of a pipette until the formulation was completely dry. The

formulations and drying times are set forth in Table 2.

TABLE 2

Formu- | Polymer | Methanol | Boric | Low MW | High MW [ Water | Total Drying
lation | % w/w | % wiw Acid PVA PVA % wiw | Solids Time
No. Yo wiw | Yo wiw % wiw % wiw | (min)

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 24

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 19.0 429 1.0

The above dala demonstrates that improved drying times were realized in [ormulations
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
significantly more water than Formulations 2 and 3, with a similar solids content. Itis theorized
that a 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
predictive in a relative sense of the drying times of the formulations when applied to solid

nitrogen [erlilizers.
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CLAIMS

1. A polymer-containing composition adapted for application to agriculturaily
useful solid products, said poiymer-containing composition including water, a copolymer containing

individual quantities of maleic and itaconic moieties, and an organic compound drying agent.

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

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

3. The polymer-containing composition of clain 1, said drying agent selected

from the group consisting of organic alcohols and ketones.

4. The polymer-containing composition of claim 3, said drying agent selected

from the group consisting of C1-C4 alcohols.

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

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

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.

3 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.
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9. The polymer-containing composition of claim 1, including from about 0.5-5%

by weight boron as boric acid.

10.  The polymer-containing composition of claimn 9, including an amount of
bimodal vinyl polymer therein, said bimodal vinyl polymer including individual high and low

molecular weight vinyl polymer fractions.

11.  Thepolymer-containing composition of claim 10, said bimodal vinyl polymers
comprising 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.

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 about

1:4to 1:12.
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claim1l, said copolyner containing fromabout 10-90% by mal ei c

d .
noi et i es, and6}bPasinaEs aialeehotits Hout 3¢ hy weighh & es. 3.
The pol yrer - c@pdathi ng conposition of claim1, said drying agent
selected fromthe group consisting of organic al cohols and ket ones.
4. The pol ymer-contai ning conposition of claim3, said drying agent
sel ected from thegr outheGoRmeSdnAthif coﬁFOs%u%f 88B0laSwherein: _ .
The pol yner-cont ai ni ng, conposition of claiml1, said organic drylng
agent (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 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 weight
averaged molecular weight Mw of from about 13,000-23,000;
(4) said high MW PV A 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

(7) water forms the balance of said composition.

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

essentially of maleic and itaconic moieties.

17. Thepolymer-containing composition ofclaim 1, said copolymer having about

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



being present at a | evel of from about 5-60% by wei ght.

6. The pol yner-containing conposition of claim1, said copol yner
being in partial salt formand baying at |east about 93%itaconic and
mal ei ¢ noi eties. 7. The pol yner-contai ni ng conposition of
claim1, said conposition conprising fromabout 20-70% by wei ght of
said copolyner in partial salt form I6rom about 5-60% by wei ght

nmet hanol , and from about 10-50% by wei ght water. 8. The
pol ymer - cont ai ni ng conposition of clain?, said copolyner salt being
present at a |level of from about 30-60% by wei ght, from about 30-50%
by wei ght nethanol, and from about 10-25% by wei ght water. 13

9. The pol yner - congai nThgpoyaepositdiniggcoffpogiticai afrliim 1,Ral dfing@gdnt eefacted

about 0.5-5% i ght bor,on as boric acid.. . 10 he

ol yrer - GO HArHG® BMRSOT tRg AT BEIA AT S FaYioe ANPG ST  AE PR P

bi rodal vbDmuHgaSYPer therein, said binodal vinyl polymer including

i ndi vi dual high and | ow nol ecul ar wei ght vinyl polynmer fractions.

11. The pol ynmer-contai ning conposition of claim 10, said binodal

Vi InyI IpOI ymer ShCOrIp.r [ ?TWdW-MMd?A% ianpo ﬁﬁzj%lﬁ%ﬂ(l)l%fixght :sje@d/hﬁd’l%ﬁ@d:omaining
nmol ecul ar wei ght My o rom ahout 13, - , , an i MV PVA
havi ng a “HR8PY ’P“HVé‘igélgq?ﬁhPﬂﬁIFté’EﬁrFﬁ?rﬂWé‘%gptﬁ' Mv of about 14%, 000 and
above, said | ow MW PVA bei ng present in an anmount greater than said
hi gh MW PVA. 12. The pol yner-cont aj ni ng conpositi on of

cl gi m 11, the rati® ofT@QPldmﬂT@Hta%lﬂﬂ)éﬂﬂPoﬁlao%%ﬁc{ﬂmf hgi“mﬂf §RIBRIHY 7Y om
about 1: 2odoBmki &@pended in a liquid phasdébmphifify RRENUAR Eri€ @R@bftnlg CONpPOSi tion
of claim12, said ratio being fromabout 1:4 to 1:12. 14 14.A

pol ymer - cont ai ni ng conposition adapted for application to a solid,



nitrogenous fertilizer, said pol yner-containing conposition
conprising: (1) from about 20-50% by wei ght of naleic-itaconic
copolyner, in the formof a partial salt and having at | east about
93% i taconic and nmaleic noieties therein; (2) volatile organic
solvent present at a |l evel of from about 5-60% by weight; (3) |ow MV
PVA at a level of from about 0.5-10%1lsy weight; (4) high MNPVA at a
| evel of from about O0.1-4% by weight; (5) a ratio of high MNPVA to

| ow MW PVA of fromabout 1:2 to 1:20; (6) boric acid at a |level of
from about 0. 5- 5%21‘1)y \Aﬁifgﬁﬁz‘er@g&heg 7@\;\@.}5@. 15. The pol yner-contai ni ng
conposition of claim 14, erern: ? da¥d mal eic-itaconic copol yner
consi st s esseaguaatity yf ofolidddrdizer; amld 1t aconic noieties and i s present
as a partial calciumsalt with.carboxyl ate. substi i_on. by cal ci um.at
2%l over of 't rom et e R el R bodintciit 3 btherls e e,
wei ght; (2) said obganstrisadid;edid coppoptiondeitallyeppiad @l said fakilizer 4nd ésemler at
a level of from ahaut 35-50% by, wei ght. ..said l.ow MAT PVA is .
present at a | evel™% o%sfg%rg%zgﬁwcﬁ‘%&é‘%S%ﬁdﬁﬁ?mgﬂlamﬁ%e“har%(éisﬂﬁ{amal
aver aged nol ecul apanef sgidtwaddv of from about 13, 000-23,000; (4) said
high MWPVA is present at a |evel of from about 0.2-2% by wei ght and
has a wei ght averaged nol ecul ar wei ght Mv of from about

146, 000- 186, 000; 2) -sSHiedertilddet @odust off E1aim 24 |36d Fertllizér beiag dnik@gend s Fertiizkid
boric acid is present at a |level of from about 2-4% by weight; and
(7) water fonns the balance of said conmposition. 16.The

pol yner - cont ai ni n@3.conmeskitiligen pkdud lofblaiml 22, Sl derDRPLYEIRA foaNd: globng

consisting of urea, ammonium sulfate, ammonium nitrate, MAP, and DAP in the form of 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, Thefertilizer product of claim 21, said fertilizer being urea, said composition

being the composition set forth in claim 14.

25.  The fertilizer product of claim 21, said fertilizer composition formed by

spraying said polymer-containing composition onto said solid fertilizer.

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

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



essentially of maleic and itaconic noieties. 17.The

pol ymer - cont ai ni ng conposition of claim1, said copolynmer having
about a 1:1 ratio of naleic noieties to itaconic noieties. 15

18. The pol ynmer-contai ning conposition of claiml1, said drying agent
sel ected selected fromthe group consisting of organic conpounds
havi ng a vapor pressure of at |east apout 40 nmHg at STP.

19. The pol yner-contai ning conposition of claiml, said

pol ymer - cont ai ni ng conposi tion having a flash point of greater t han

73F. 9 1?]? 2% !IJ¥ mslrodl(f tt c‘?aI bp%alg omne dcs érﬁlnga%egt bemé preﬁeng‘ at

conprising a quantity of sal ymer sUs en

conpri si mgeréronea’mduﬁaﬂOdaw»ymglg agent 16 21 A
fertilizer product conprising: a quantity of a solid fertilizer; and
a polymer-containing conposition as set forth in claim1 and fiirther
i ncl udi ng an anourso. of lenitxdnzeaerobﬁm bb:lﬂmizd,,saiﬂab;fblmnb@@ hipaxtial salt form

initially Lie Jertil and thereafter dried on said
fertili zé‘P&E{))’mg\?g]ﬁ%ffabﬁP 4 ac%’ﬁ?ﬂl d‘?aéeé%lfl?:letéf’lsyl ng agent and a
substantial part of said water. 22. The fertlllzerproduct of claim
21, said fertiliz bei n nitr n rtil

The fortilizer probuc TR HodSt oLty A sbicpfiiion grumbing pmafint ne
group consi7eibn gelgﬁt oBiga@Ropdlyitied i paftiaBsdlt foah SonAbvm Bi6OVRLR vk izRine:thabdNAnd

and DAP in the f f nules or prills, said conposition applied
to the sﬁ?Fﬁ@@‘6&55%%H“g$ﬁﬂﬁ?%er at a level of fromabout 0.1-1

gal l ons of said pol yner-containing conposition per ton of said solid
fertilizer. 4. . %grtlljzer ct of claim?2l, said
fortiliser being dPea TESFHIONBIE EPEH DePRsoT e SGRE PR Loke
forth ino€déh BobB0-60% by weight, from about 30-50% by weight methanol, and from about 10-25%

by weight water.

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

boron as boric acid.

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

vinyl polymer fractions.

35, The fertilizer product of claim 34, said bimodal vinyl polymers comprising
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 PVA to said 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.



25. The fertilizer product of claim?2l, said fertilizer conposition
formed by spraying said pol yner-containing conposition onto said
solid fertilizer. 26. The fertilizer product of claim 21,
sai d copol ymer contai ning fromabout 10- 90% by mal ei ¢ noi eties, and
from about 90-10% by itaconic noieties. 27. The
fertilizer product of claim?2l, said trying agent selected fromthe
group consisting of organic al cohols and ket ones. 28. The
fertilizer product of claim?27, said drying agent selected fromthe
group consi sting d C oS . e o
fertilizer pr oduct% f8'of %Icl\g?t@ﬁdf??&égzl]% %orﬁé:glr]ﬁ) rcl:sm&rti}? ?ltegp agagﬁgmgé?enfgemhzer
present arodactiofvlaim 2iftofgibm about 5- 60% by wei ght . 30. The
fertilizer product of claim?21l, said copolyner being in partial salt
formand having at |east about 93% itaconic and mal ei c noieti es.

31. The fertilizel%pr otkrobetiofd of blamni& daid Failider beinp the ifarfilonar efehpm i4i ng
from about 20-70% by wei ght of said copolyner in partial salt form
from about 5-60% by wei ght methanol, and from about 10-50% by wei ght

wat er . 40.32. Themeetifod ofdidim 28 incinding the Steppdf applyin gsaid Fertiltaai a level
wergnt 1 Pr i a4 ePlES e Ry Re B SHBrin sars S RART n st Rtiens
by wei ght water. 33. The fertilizer product of claim 21,

i ncl udi f bqut 5-5% b i b . ori.c.acid. .
|32C 'lIJ'hIen? er{iolmi a;eg&{pro tfc'flet?&)cfdy%ﬁll\%lﬁih%,sgé %@f‘ﬁ%ﬁﬁ’o&;%mg%ﬁnfal%POIVm"‘r'

bi nodal voéraihing composition being the composition of claim 14.



pol yner therein, said binodal vinyl polymer including individual high
and | ow nol ecul ar wei ght vinyl polyner fractions. 35. The
fertilizer product of claim34, said binmpdal vinyl polyners
conprising | ow MV ?VA having a wei ght averaged nol ecul ar wei ght Mw of
from about 13, 000-23, 000, and hi gh MWV PVA having a wei ght averaged
nmol ecul ar wei ght Mwv of about 145, 000 #nd above, said | ow MV PVA bei ng
present in an anmount greater than said high MV PVA 36.
The fertilizer product of claim35, the ratio of said high MNPVA to
said | ow MV PVA bei,ng firom gbout 1:2 .tqg.1:20. .18 - 38. A
rothod of fertili 2Png SoRbeR QuSrPDE A elier SRR appiied 1Hect
fertilizer prméhattyapplyig)agiolmidcdn@indiy dompaosition onto a quantiBof sdllidertiftcnagld of
claim38, said fertjlizer being the.fertilizer of cl in1%4. .

40, The fmethod of PEVEFRCSEITE RmReR iRy HemPnErEr ook b PRy sptaining
fertilizer at a | ewdided qliantes @ dlaleiclanti-ithc @@ hoiBtses Odnd @ iofbanic compound
pol ymer - cont ai ni ng ¢onposi ti.on pgr ton of said solid f r%&lizeL.

41. The nethod of &I“éﬁ%@éﬂdélﬁfea < GYaPQrafiRg 819 GryRg 2e6ueR A tHoeantiateart pt
pol ymer - cont ai Ni Ngai@ MaRO &b isdM s faglitdd GaGas e $ésidu®bf @fd @pajmiar bl said 19
42. A nethod of form .a fertilizer conmposition conprising the steps
of: initially appﬁﬁﬂh%%ﬁﬂﬁolyner-containing conposition onto a
quantity of solid fertilizer, said polynmer-containing conposition

i ncl udi ng water, salt of a cggolyner cpntaining i ndi vi dual

quantities of nal 3% am$ PEEDAT el fet ois solid fertlizer SrIgsd HOR Jh &TPHE

dryi ng agemstingditerdh @imRahneritray, apeioatnngiraaiafd skvireghagent and a
substantial part of said water fromsaid solid fertilizer |eaving the

resi due of said copolymer on said solid fertilizer. 43.

The method of cl aiym 42rheSimifdd 90tikifh H264atd dolid RFi1SGve®E 8dmfis-om t he group
consisting of urea, ammoniumnitrate, amoni um sul fate, and m xtures

t her eof . _ 44. The nethod of claim42, said solid
fertilizer being gs.anufidimethod of claim 42, said copolymer salt containing from about 10-90%

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

46.  The method of claim 45, said copolymer salt having about a 1:1 ratio of

maleic moieties o itaconic moieties,

47.  The method of claim 42, said drying agent selected from the group consisting

of organic alcohols and ketones.

48. The method of claim 47, said drying agent selected from the group consisting
of C1-C4 alcohols.

49.  The method of claim 48, said drying agent being methanol.

50.  The method of claim 42, said drying agent selected selected from the group

consisting of organic compounds having a vapor pressure of at least about 40 mmHg at STP.



45. The nethod of claim42, said copolyner salt containing from about
10-90% by mal ei ¢ noieties, and from about 90-10% by itaconic

noi eti es. 46. The nethod of claim45, said copolyner salt
having about a 1:1 ratio of maleic noieties to itaconic noieties.

47. The nethod of claim42, said drying agent selected fromthe group

consi sting of organic al cohols and ké&bones. 48. The
met hod of claim47, said drying agent selected fromthe group
consisting of C-C4 al cohols. 49. The nethod of claim 48,

said drying agent fein A . ; T f.claim
42, said drying agsg'nt glé etg{ﬁ%%ggmé%# ?é’dm ?hrl%mrﬁ %"%ce}“"‘arggﬁaﬁﬁg‘%g;%?%?’i" Hg‘egf
or gani ¢ conipoingdeniraNiomes asutiageooatipg egs saidsobifl fatilizzeast about 40 nmHg
at STP. 20 51. The nethod of claim42, including the
step of applying said polynmer-containing conposition as a surface
coating onto said 3ol i @hd methed of elpim 51, including the s&R.of Bheying tid ¢olymer-

claim51, including t.he step, of. r.ayli ng sai d pol yner-containing
conposi t iISGHUGHE 8 4R lhoré%rﬁ?sc?g)c%seoil??eﬁfhzzéf. 53. The nethod of
claim42, said polyner-containing conposition conprising a quantity

of said copol ynmer suspended i.n.g .l iqui ase conprising.water and
cai 4 dryi ng agent S PERIEG e Gan'sd il BBEE R AP TR B ko Re g

agent beignantityadfhad cdpplymecsus@ndbdies hiatbphaleaiomgrigiigosadrtand said diging agent.
fertilizer conposition at a | evel of from about 10-60% by wei ght.

55. The nethod of claimb54, said |evel being of from about 35-45% by
wei ght . 54. 56Thehieghotief diid 5H kaid drginpadebt beia gin€lthanol, and said methanol

pol ymer - %gigé gilesnelntn nq tie b fzer ;[:(}n%rc])si{iglnca{t lél ?elvgﬁ)f ];"rgxg%out 10-60% by weight.
55.  The method of claim 54, said level being of from about 35-45% by weight.

56.  Themethod of claim 55, said polymer-containing composition including from
about 20-70% by weight of said copolymer in partial salt form, from about 10-60% by weight

methanol, and from about 10-50% by weight water.

57.  Themethod of claim 42, 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,

58.  Themethod of claim 42, said polymer-containing composition being used at

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

59.  Themethod of claim 42, said polymer-containing composition having a pH

of from about 1-4.

60.  Themethod ofclaim 42, said polymer-containing composition including from

about 0.5-5% by weight boron as boric acid,



about 20-70% by wei ght of said copolyner in partial salt fonn, from
about 10-60% by wei ght nmet hanol, and from about 10-50% by wei ght

wat er . 57. The nethod of claim42, saidpolynmer-containing
conposition including about 40% by weight of a salt of a

mal ei c-itaconic copol yner salt, about 45% by wei ght nethanol, and
about 15% by wei ght water. 21 58. The nethod of claim 42,

sai d pol yner-containing conposition being used at a | evel of from
about 0.1-1 gallons of polyner-containing conposition per ton of said
solid fertilizer. 59. The nethod of claim42, said

pol ymer - cont ai ni ng conposition having a pH of from about 1-4.

60. The net hod of 61 ai hheqpethasadf¢iaing 69, ingludizgranaamviupiopf cleimpdal ivinyopplymer
includin - ; D129 ' -hE ri ' : :
61, The misriB R el dalving st ok @R waRAAR AR B oRiicr wife viny
pol ymer tphlemet frectiwti d bi nodal vi nyl pol yner including individual high
and | ow nol ecul ar wei ght vinyl polyner fractions. 62. The
nmet hod of claim 61, said binmodal vinyl polymers conprising | ow MV PVA
havi ng a wei ght avér agti mmatied ofitlaim Glesagiitimddel vfylfoplymers bougrising low MW

13, 000- 2 . i I kaht .
wnt gnt Mo araesB e il il o S b YRS B0 S5 B neyy
i n an ambyithaging atveight dveraged anodechimgiei MWL about 145,000 and abo§8.said frev MW
net hod o l,ai.m raf i f i d..hi qg‘%w VA to said | ow MV PVA
bei ng frfg%%abbglﬁtp%%nﬁ}ngﬁWs%gregtertﬁ%sgld high . @He met hod of cl aim 63,
said ratio being fromabout 1:4 to 1:12.

63. The method of claim 62, the ratio of said high MW PVA to said low MW

PVA being from about 1:2 to 1:20.

64.  The method of claim 63, said ratio being from about 1:4 to 1:12.



