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Exanpl e / In this exanple, the preferred copol yner of the

i nvention was used to coat gypsum and 30the resultant inproved solubility
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anounts of nmaleic and itaconic noieties. The copol yner was applied at two
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15 based upon the total weight of the copolymer taken as 100% by weight. Stated otherwise, the

copolymers should comprise at least about 93% by weight, more preferably about 96% by
weight, of a combination of itaconic and maleic monomers. Most preferably, the copolymer
consists essentially of or is entirely made up of maleic and itaconic moieties. Ideally, the
polymer fraction consists essentially of the itaconic/maleic copolymers, i.e., it is essentially free

20 of other types of monomers. The copolymer is preferably an aqueous solution or dispersion and
is highly acidic. The pH usually ranges from about 0.1-2.2, more preferably from about 0.1-2,
and most preferably from about 0.2-0.8. Where partial salt forms of the copolymer are employed,
the pH levels would be on the higher end of the foregoing ranges. A variety of salt-forming
cations may be used, but sodium and potassium are preferred.

25 Generally, the fertilizer compositions include predominant amounts of mineral fertilizers
of from about 95-99.95% by weight, more preferably from about 97-99.93% by weight, and most
preferably from about 98-99.9% by weight, with the total weight of the composition taken as
100% by weight. Correspondingly, the copolymer fraction is the dried residue of the initially
aqueous copolymers described above, and such residue should be present at a level such that the

30 plant availability of calcium and/or sulfate ion (in the case of gypsum or elemental sulfur) or
magnesium and/or sulfate ion (in the case of the Kieserite Group minerals) is greater than the

corresponding plant availability of the untreated fertilizer minerals; more preferably, the plant
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availability of such ions in the case of the compositions of the invention is at least about 15%,
and most preferably at least about 30%, greater than that of the respective uncoated fertilizer
minerals. In terms of weight amounts, the dried residue of the copolymers is generally from
about 0.05-5% by weight, more preferably from about 0.07-3% by weight, and most preferably
5 from about 0.1-2% by weight, with the total weight of the composition taken as 100% by weight.

The compositions may be simply prepared by spraying or otherwise applying the low pH
aqueous copolymer to the mineral fertilizers, followed by drying to yield the dried residue of the
copolymer on the surfaces thereof. Such coated compositions are then used in the usual fashion
by application to soils, with or without incorporation into the soil. Although less desirable, it

10 would also be possible to initially apply fertilizer minerals followed by an application of
copolymer as a field dressing.

A particular advantage of the fertilizer compositions of the invention is the enhanced
availability of sulfate and other ions when applied to soil. Further, the fertilizer compositions
generate continuing quantities of these nutrients. This results from the fact that the highly acidic

15 copolymer reacts in the soil with calcium or magnesium sulfate to yield sulfuric acid plus a
partial calcium or magnesium salt of the copolymer formed in situ. The so-formed partial
copolymer salt then reacts in the soil to generate further quantities of the acid form of the
copolymer and sulfates. Thus, a cyclic reaction is generated in the soil, which provides
sustaining quantities of plant nutrients. Such a beneficial result arises from the use of the low

20 pH copolymers, as compared with copolymers of higher pH.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Maleic-itaconic copolymers are described in U.S. Patents Nos. 6,515,090 and 6,706,837,
both fully and completely incorporated by reference herein, with special reference to the
25 operative examples of the ‘837 patent. In general, the copolymers should desirably contain from
about 10-90% by weight maleic moieties (more preferably from about 25-75% by weight), and
correspondingly from about 90-10% by weight itaconic moieties (more preferably from about 75-
25% by weight). One particularly preferred copolymer of this class is a 40% by weight solids
aqueous copolymer dispersion of substantially equimolar amounts of itaconic and maleic

30 anhydride moieties and having a pH of about 0.5.
The most preferred polymers of the invention are reaction products of the following

maleic acid and itaconic monomers:



0.3 0.51 NS 0.2 WD 2011/043941PCT/ US2010/ 050244 7 Exanple 2 In this
study, the sane copol yner coated gypsum pellets described in Exanple 1 were
used. HoweDep11/64894hi s exanpl e, three sets of quadrupli eaTass@pbed4 of t he
0. 2% by wei ght and 0. 3% by wei ght conpositions, and three sets of
quadruplicate uncoated control sanples, were 5 prepared. Each such sanple
contai ned approximately 1 gram of the-coated or uncoated pellets. These
sanpl es were each placed within 10 m of deionized water and shaken using

t he | aboratory shaker for-periods of 5, 10, and 20 ginhutes. Thereafter the
sanples were|filtered and|the concentrations of Ca and sulfate sulfur in
the filtered|liquid were determ ned using the | CP-NM5. lues were al so
det er m ned. i s,of "this study.
10TABLE 2 S
Control /5 m RAutjes 0. 96

ime %by wt Ca % by
2 6.46 Control/5 m nu

nigutes 0.8 6.74
0.90 5.83 @2% qqu% s 0:94
LR XU

where X is individually and respectively taken from the group consisting of cations, preferably

10 hydrogen, Na, K, and mixtures thereof, and the m:n ratio ranges from about 99:1 to about 1:99.
In order to obtain the desirable low pH values for aqueous dispersions of the copolymer, the
copolymer may be used in acid form (i.e., all or essentially all X moieties are H), or partial salts
wherein the proponderant amount of X moieties are H and some of the X moieties are Na, K, or
mixtures thereof.

15 This reaction product of the above-described reactants has the general formula:

X0

20

T

where X is as defined above and p from about 10 to 500.

25 The following examples set forth preferred fertilizer compositions of the invention. It is
to be understood, however, that these examples are provided by way of illustration and nothing
therein should be taken as a limitation upon the overall scope of the invention.

Example 1
In this example, the preferred copolymer of the invention was used to coat gypsum, and
30 the resultant improved solubility of the coated gypsum was evaluated. The coating material was

an acid form aqueous copolymer (pH 0.5) having approximately 40% by weight solids and made
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up of substantially equimolar amounts of maleic and itaconic moieties. The copolymer was
applied at two levels, namely 1 gallon per ton of gypsum and 1% gallons per ton of gypsum.
Commercial grade agricultural gypsum pellets or granules were coated with the aqueous
copolymer dispersion using a standard rotating cement mixer. The gypsum was first placed within
5 the mixer, and thereafter the copolymer was applied in sufficient quantities to substantially
completely coat all of the gypsum pellets. The rotation of the mixer was continued until the
pellets were dry to touch. The dried coated pellets included about 0.2% or 0.3% by weight dried
copolymer residue thereon, based upon the total weight of the fertilizer compositions taken as
100% by weight.

10 Next, average weight of uniformly sized coated gypsum pellets was determined. Triplicate
samples were then prepared, each sample containing ten of the weighed pellets for the control (no
copolymer), and coated pellets (0.2 and 0.3% by weight dried copolymer residue). Each sample
was placed in a flask containing 5 ml of deionized water, and the respective sample sets were
shaken for periods of five, ten, and twenty minutes using a standard laboratory rotary shaker.

15 Next, each shaken sample was filtered to remove the pellets, and the liquid filtrate sample was
analyzed in a Varian ICP-MS (inductively coupled plasma-mass spectrometer) to determine the
concentrations of sulfate sulfur and Ca therein. The pH of each liquid sample was also
determined.

The following Table 1 sets forth the results of this study.

20
TABLE 1
Dried Polymer 5 Minute Extraction 10 Minute Extraction 20 Minute Extraction
Concentration (Avg.) (Avg.) (Avg.)
%S |%Ca | pH %S |%Ca [pH [|%S % Ca | pH
25 None 215 363 |64 149 1233 |64 201 |313 |63
0.2% 203 |3.14 |59 1.89 1299 |60 |258 399 |[6.1
0.3% 1.78 | 2.86 |5.7 194 1291 |60 218 |346 |6.0
p>t 0.47 (028 [<0.01]0.19 |023 |[0.08 J0.16 |[0.34 [0.10
LSD o, NS NS 0.2 0.47 | NS 03 1051 [NS 0.2

30
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Example 2
In this study, the same copolymer coated gypsum pellets described in Example 1 were
used. However, in this example, three sets of quadruplicate samples of the 0.2% by weight and
0.3% by weight compositions, and three sets of quadruplicate uncoated control samples, were
5 prepared. Each such sample contained approximately 1 gram of the coated or uncoated pellets.
These samples were each placed within 10 ml of deionized water and shaken using the laboratory
shaker for periods of 5, 10, and 20 minutes. Thereafter the samples were filtered and the
concentrations of Ca and sulfate sulfur in the filtered liquid were determined using the ICP-MS.

pH values were also determined. The following Table 2 sets forth the results of this study.

10 TABLE 2
Sample/Shaker Time | % by wt % by wt pH
Ca Sulfate Sulfur
Control/5 minutes 0.96 0.82 6.46
Control/5 minutes 0.96 0.82 6.62
Control/5 minutes 0.8 0.70 6.74
15 Control/5 minutes 0.94 0.82 6.65
0.2%/5 minutes 1.04 0.90 5.83
0.2%/5 minutes 0.94 0.80 5.75
0.2%/5 minutes 0.85 0.73 6.10
0.2%/5 minutes 1.21 1.02 5.83
20 0.3%/5 minutes 0.98 0.84 5.79
0.3%/5 minutes 0.99 0.87 5.76
0.3%/5 minutes 1.06 0.92 5.67
0.3%/5 minutes 1.05 0.92 5.66
Control/10 minutes 0.90 0.81 6.65
25 Control/10 minutes 0.86 0.77 6.72
Control/10 minutes 0.85 0.77 6.77
Control/10 minutes 1.00 0.81 6.71
0.2%/10 minutes 1.17 1.01 6.03
0.2%/10 minutes 0.90 0.80 6.16




0.86 6.75 Control/20 mnutes 0.95 0.87 6.80 Control/20 mnutes 0.83 0.79
6.85 Control/20 mnutes 0.85 0.80 6.88 0.2% 20 m nutes 0.95 0.89 6.34
0.2% 20 MwoubE®439411 1.01 6.23 0.2% 20 m nutes 1.17 1. 0BCH/UB2010/0202%£0
mnutes 1.36 1.23 6.17 0.3% 20 mnutes 0.92 0.85 6.03 0.3% 20 mnutes 1.11
0.98 6.09 0.3% 20 m nutes 1.05
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0.2%/10 minutes 1.14 1.01 5.94

0.2%/10 minutes 0.93 0.84 5.94

0.3%/10 minutes 1.01 0.88 5.93

0.3%/10 minutes 1.12 1.00 5.76

5 0.3%/10 minutes 1.28 1.12 5.65
0.3%/10 minutes 1.25 1.11 5.71

Control/20 minutes 0.93 0.86 6.75

Control/20 minutes 0.95 0.87 6.80

Control/20 minutes 0.83 0.79 6.85

10 Control/20 minutes 0.85 0.80 6.88
0.2%/20 minutes 0.95 0.89 6.34

0.2%/20 minutes 1.11 1.01 6.23

0.2%/20 minutes 1.17 1.05 6.11

0.2%/20 minutes 1.36 1.23 6.17

15 0.3%/20 minutes 0.92 0.85 6.03
0.3%/20 minutes 1.11 0.98 6.09

0.3%/20 minutes 1.05 0.95 6.15

0.3%/20 minutes 0.93 0.85 5.97

The average sulfate sulfur and Ca values and statistical analyses were:

20 Control/5 minutes 0.79
0.2%/5 minutes 0.86
0.3%/5 minutes 0.89

% S p>f 0.24
% S LSD 0.10
25 % Ca p>t 0.29
% Ca LSDyq 0.13

Control/10 minutes  0.81
0.2%/10 minutes 0.92

30 0.3%/10 minutes 1.03
% S p>f 0.07
% S LSD 0.14
% Ca p>t 0.06
% Ca LSDyq 0.17
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0.95 6.15 0.3% 20 mnutes 0.93 0.85 5.97 The average sulfate sulfur and Ca
val ues and statistical analyses were: 20Control/5 m nutes0.79 0.2%5
m nut es0.¥86 20113xBE1m nut es0.89 % S p>f0.24 % S LSD( 010) CCTEWS26908R44>f 0. 29
% Ca LSD(010)0.13 Control /10 m nutes 0.81 0.2% 10 m nutes0. 92 300. 3% 10
m nutesl.03 %S p>f0.07 % S LSD(OlO)OOéL % Ca p>f0.06 % Ca LSD(010)0.17 WO
2011/ 043941 PCT/ US2010/ 050244 9 Controf /20 minutes 0.83 0.2% 20 m nutes
1.04 0.3% 20 mnutes 0.91 %S p>f 0.06 %S LISD(O 10) 0.14 % Ca p>f 0.07 %
Ca LSD(010) (gpnjrpl/20 minutes  0.83

0.2%/20 minutes 1.04

0.3%/20 minutes 091

% S p>f 0.06
5 % S LSD 0.14
% Ca p>t 0.07
% Ca LSDyq 0.17

These data are statistically significant, as noted above, and demonstrate that the solubility of
10 commercial grade granular or pelleted gypsum is enhanced by the copolymers of the invention.
As such, the compositions hereof provide better and accelerated plant availability of sulfate and
calcium. The quick-acting gypsum fertilizer composition made through use of the copolymer
coatings provides an attractive S fertilizer and a more available source of soluble Ca for soil
amendment (e.g., in peanut production where supplemental Ca is sometimes important), or where
15 high concentrations of Na producing undesirable soil physical conditions may be replaced by the
soluble Ca provided with the present fertilizer composition.
Example 3
In this series of tests, the preferred polymer-coated gypsum fertilizer was Example 1 was
tested with bermudagrass to ascertain improvements in yield and quality of product.
20 Materials and Methods
Four repetitions of five plots each measuring 5°x20° were randomly assigned on an
established Tifton 44 bermudagrass pasture in Lafayette County, Arkansas. The soil type, Severn
silt loam, had a pH of 7.6. The plots were on a deep, well drained, gently undulating soil located
on the flood plain along the Red River. Slopes were 0-3%. Soil tests were taken before
25 treatments were applied. Phosphorus (P) and potassium (K) were adequate at 75.4 ppm and 146.8
ppm, respectively.
Initial plot treatments were (1) a negative control (NC), no sulfur added; (2) uncoated
gypsum (CaSO,) at arate of 20 Ibs S/acre; (3) 0.2% polymer coating on gypsum applied at a rate
of 20 lbs S/acre; (4) 0.3% polymer coating on gypsum applied at a rate of 20 lbs S/acre and (5)
30 ammonium sulfate ((NH,)2SO,) applied at a rate of 87 Ibs/acre (21 Ibs S/A). Ammonium nitrate
(NH,NO,) was also applied to all plots, both initially and on each harvest date at a rate of 96
Ibs/acre, except for the ammonium sulfate plots. In the latter, ammonium nitrate was applied at

50 Ibs/acre due to the N contribution from the ammonium sulfate.
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sul fur uptake, as set forth in Table 4 below. WO

2011/ 043941PCT/ US2010/ 050244 11 Table 3 Treatnent Cutting 1 Cutting 2
Total |b/A



*Oinc Ib/A*/0 inc Ib/A No gypsumcontrol 2465 -- 1960 -- 4424 Uncoated
gypsum 2583 -- 2087 -- 4671 Gypsum + 0. 2% pol ynmer 3089 19.6 2082 -0.2 5170
Gypsum + WO ebsamer 3088 19.5 2193 10.1 5232 Am sul f Ca/U32@8/050242043 - -
5340 p>f 0.005 0.90 -- LSD io 340

11
Table 3
Treatment Cutting 1 Cutting 2 Total
1b/A *% inc | Ib/A | *% inc Ib/A
No gypsum control 2465 -- 1960 -- 4424
Uncoated gypsum 2583 -- 2087 -- 4671
5 Gypsum + 0.2% polymer 3089 19.6 2082 -0.2 5170
Gypsum + 0.3% polymer 3088 19.5 2193 10.1 5232
Am. sulfate 3222 -- 2043 -- 5340
p>f 0.005 0.90 -
LSD,, 340 NS 580
10 * % increase over uncoated gypsum
TABLE 4
Treatment Cutting 1 Cutting 2 Total
%S | SUptake | %S | S Uptake | S Uptake
(Ib/A) (Ib/A) (Ib/A)
15 No gypsum 0.13 3.20 0.18 3.53 6.73
Uncoated gypsum 0.15 3.88 0.21 4.38 8.26
Gypsum + 0.2% polymer | 0.12 3.71 0.19 3.96 7.67
Gypsum + 0.3% polymer | 0.14 4.29 0.24 5.20 9.49
Am. sulfate 0.25 8.24 0.25 5.11 13.35
20 p>f 0.001 0.005 -
LSD,, 0.034 0.030 --




NS 580 10* % i ncrease over uncoated gypsum TABLE 4 Treatnent Cutting 1
Cutting 2 Total %S S Uptake (1b/A) %S S Uptake (1b/A) S Uptake (1b/A) No
gypsum 0.W0 28112831118 3.53 6. 73 Uncoated gypsum 0. 15 3. 88TAIS201045884 8. 26
Gypsum + 0.2% pol yner 0.12 3.71 0.19 3.96 7.67 Gypsum + 0. 3% pol yner 0. 14
4. 29
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1 Claim:

1. A fertilizer composition comprising respective quantities of a fertilizer
mineral selected from the group consisting of gypsum, one or more members of the Kieserite
Group, potassium magnesium sulfate, elemental sulfur, and mixtures thereof, and a copolymer in

5 contact with said fertilizer mineral, said copolymer selected from the group consisting of acid or
salt copolymers containing individual quantities of maleic and itaconic moieties, said copolymer

being the dried residue of an aqueous copolymer dispersion having a pH of from about 0.1-2.

2. The fertilizer composition of claim 1, said copolymer comprising at least
10 about 93% by weight of itaconic and maleic moieties.
3. The fertilizer composition of claim 1, said copolymer being a copolymer

containing from about 10-90% by weight maleic moieties, and from about 90-10% by weight
itaconic moieties.
15
4. The fertilizer composition of claim 1, said copolymer being present at a
level of from about 0.05-5% by weight, based upon the total weight of the composition taken as
100% by weight.

20 5. The fertilizer composition of claim 1, said copolymer being present at a
level such that the plant availability of sulfate and/or calcium and/or magnesium ion is greater

than the corresponding plant availability of the uncoated mineral fertilizer.

6. The fertilizer composition of claim 1, said mineral fertilizer being in the

25 form of commercial grade agricultural gypsum.

7. The fertilizer composition of claim 1, said copolymer being a partial salt

of Na, K, and mixtures thereof.

30 8. The fertilizer composition of claim 1, said copolymer being essentially free

of any moieties other than said maleic and itaconic moieties.
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1. A fertwDi2aswo4gmrposi ti on conpri sing respective quant PCTAS2@0/050244
fertilizer mneral selected fromthe group consisting of gypsum one or
nore nmenbers of the Kieserite G oup, pqtassium nmagnesi um sulfate, el enenta
sul fur, and m xtures thereof, and a cdgolyner in5 contact with said
fertilizer mneral, said copo%%nen sel ected from the group consisting of

acid or salt copdlynmerd mesindaldentigzingdpy comarisipg diststen depplyingthe fatikey

i taconi Letl i ol ymer being the dried residue of an aqueous
copolyﬁgpﬂﬁygggﬁgygﬁﬁﬁg%gﬁg a pH of from about O0.1-2. 2. The

fertilizer conposition of claiml, said copolynmer conprising at |east
10about 93% by wei ght of itaconic and naleic noieties,

3. T
fertilizer conposi®ki onstmethed e claimsisaidcapelyyresonyuising 4 leaspioyhdt’o by

cont ai fr 0% .hy wei ght nmal eic noieties, and from about
90 10%%é}ghvxtequ%%&??%%dolf}%lg%%nnﬁ%lg%{?sés. 15 4. The fertilizer

conposition of claiml1, said copolyner being present at a | evel of from
about 0. 05-5% by wei ght, based upon the total weight of the conposition
taken as 100% by Mei ghthe maslodu{slain Py said copelyesipeiag & penelarerepatipming freai d
copol y%%utbfd-é‘&/o | %eﬁéﬁt n?% Bl PR ST 1804508 0Bl ﬁynéve@ﬁ?hé %ﬁlc' hé%i&
sul f at e "and/or ‘calci andr of magnesium i1 on 1S greater an the
correspondi ng plant availability of the uncoated mneral fertilizer.

6. The fertilizer conposition of claiml, said mneral fertilizer being in

t H& 25f orm of conifer ciBic methed ohglrine Q) sai¢ appdyperiping present at a level of frate
fertilizer esition.of, claiml, sajd copol r being. a rtia t of
Nk, B GPSROF b P o Wl S R BB B3R 4ST0P8

9. A maidigkt. of fertilizing soil conprising the step of applying the

fertilizer conposition of claiml to soil. 10. The met hod of
claim9, said copolymer conprising at |east about 93% by

he

13.  The method of claim 9, said copolymer being present at a level such that
15 the plant availability of sulfate and/or calcium and/or magnesium ion is greater than the

corresponding plant availability of the uncoated mineral fertilizer.

14.  The method of claim 9, said copolymer being a partial salt of Na, K, and
mixtures thereof.
20
15.  The method of claim 9, said copolymer being essentially free of any

moieties other than said maleic and itaconic moieties.

16. The method of claim 9, said mineral comprising agricultural gypsum.

25



S5wei ght of itaconic and nal eic noieties. 11. The net hod of
claim9, said copolyner being a copolyner containing fromabout 10-90% by
wei ght mawei2e1wmeseti es, and from about 90-10% by wei ght PCTAS0050284 et | es.
1012. The nethod of claim9, said copolynmer being present at a | evel of from
about 0.05-5% by wei ght, based upon tﬂe total weight of the conposition
taken as 100% by wei ght. #3. The method of claim9, said

copol ymer being present at a |evel such that 15the plant availability of

sul fate and/ or cal’eci um dnrethet ohiRadng, mPdkizeiscoyprasttion PRdingHEe steps of

corres : it : e

T4 ThatauRe saly B8 R il s RPN AR Rlnd Spbhifitis ory
and m xhoveaserhbas @dfthe Kieserite Group, potassium magnedidm sutatgyeldnaghtad fsulflugiamd 9,
sai d copol ynmer being essentially free of any. nvieties other than said

mal ei c BHHIrPE hewal andst eastgartially coating said fertifger mppergiatiforicplngisgicoteds aj d
m per al risi | 1/ Q4 > 44 14
17 A el fBaGr O SuRRShE BLAE B o e e AT R g iR e
provi diang itacehiembictiys, 9did dop@yrhéd bezgplin B e uadiss@sion hitbhdvirgm prhef s dbout
consistin ofzg%psunl_one or nore nenbers of the Kieserite Goup, potassium
magnesilihsaidfadiowingegashdiproasions i ubstantihly dey sa thatdbe dned isgiflue afrflie dispiraiast

partiahL%l&Qﬁ&&Q%h%gﬁq?ﬁﬁ&&hkh%ﬁﬁ mneral with a copolynmer selected 5 from
t he group consisting of aér'd"or'sal t copol ynmer s cont ai ni ng i ndi vi dual
guantities of maleic and itaconic noieties, said copolynmer being in aqueous
di spersion and having a pH of from about 0.1-2, and allow ng said
di&persion to suH@tanfﬂ@ﬂﬁ?h@#9f@@ntHbﬁmﬂﬁépﬁvﬁﬁﬁh%@@i%H@C@%Dﬂh@mﬁtgéersion
isin qp@tact with said fertilizer mneral. 1018. The nethod of claim 17,
sai d copol ymer having a pH of fromabout 0.2 - 0.8. 19. The
nmet hod of claim 17, said copolyner being a partial salt of Na, K, and

m xtures thereof. 15 20. The nethod of claim 17, said

copol yner bei ng p9esentheanethod efadaimok7, $3id gopipuer Bigs: Bytigpaiel YutK, asdsed
upon t he. ota%rme'ght of the conposition taken as 100% by wei ght. 2021. The
net hod "BF F%ﬁﬁ“?g, sai d copol yner being present at a |evel such that the
plant availability of sulfate and/or cal cium and/ or magnesiumion is
greater than the correspondin | ant availability of the uncoated m neral
fertilizer. 22. TH®. rretH@dn@thogbgcilmiﬂ, sgidicdpoltymer b¢ing preserital mdpvabef fearht ur al

gypsumabggt 0.05-5% by weight, based upon the total weight of the composition taken as 100% by
weight.
20 21.  The method of claim 17, said copolymer being present at a level such that

the plant availability of sulfate and/or calcium and/or magnesium ion is greater than the

corresponding plant availability of the uncoated mineral fertilizer.

22. The method of claim 17, said mineral comprising agricultural gypsum.

25



