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OF THE INVENTION Field of the Invention The present invention is broadly
concer nedwaioslo7a4Toat i ng and net hods of applying the coatPcCmgSop39201
agricultural grade fertilizer particles. The coating inhibits the
adsorption and absorption of hydrocarbons, into the pores of the
fertilizer particles thereby reducing the efficacy of the fertilizer as an
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particularly, the invention 1s concerne ihgs containing at |east
one pol yner and net hods of applying the coating to fertilizer products.
The invention has particular utility in the deterrence or prevention of
agricultural grade fertilizers and industrial grade ammonium nitrate being
used to create weaponsB&HCKGROSIND OFsEHE INVENTION he Prior Art Sone conmon
agricultural grade fertilizers generally conprise conpounds which serve as
excel [Feid obthednvdntignagent s, ammoni um nitrate bei ng one such conpound.
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reference. Wen supplied with an ignition source, the hydrocarbon materi al
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fuel oil. It is understood that when alternative sources of hydrocarbon

fuel &fceteusagophel ®yel.: arnnoniumnnitrate ratio may need to be altered to
achieve a stoichionetrically balanced m xture. Both hydrocarbon fuels and
fertilizers are readily available and relatively inexpensive products

t her eleserption®ftiePriaxcel | ent raw materials for producing renegade
' neendiary Some common agricultural grade fertilizers generally comprise compounds which serve
as excellent oxidizing agents, ammonium nitrate being one such compound. Generally, the
fertilizer particles contain pores into which a number of other chemical agents can infiltrate,
including hydrocarbon materials. The combined ammonium nitrate/fuel infiltrated particle is
commonly referred to as ANFO (ammonium nitrate fuel oil). The article “Blasting Products” of
the ANFO Manual distributed by El Dorado Chemical Company (St. Louis, MO), a copy of
which is submitted herewith, is hereby incorporated by reference. When supplied with an
ignition source, the hydrocarbon material acts as a fuel that is oxidized by the fertilizer particles.
The resulting chemical reaction can release considerable amounts of energy, especially when the
reactants are present in substantial quantities. To be most effective as an explosive, the ANFO
will comprise about 5.7% by weight fuel oil. It is understood that when alternative sources of
hydrocarbon fuel are used the fuel:ammonium nitrate ratio may need to be altered to achieve a
stoichiometrically balanced mixture.
Both hydrocarbon fuels and fertilizers are readily available and relatively inexpensive
products thereby making them excellent raw materials for producing renegade incendiary
devices. The Oklahoma City bombing incident is one tragic example of how such materials may

be used to perpetrate large-scale, terrorist atrocities.
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SUMMARY OF THE INVENTION

The present invention overcomes the problems outlined above and provides a coating for
use with agricultural grade fertilizers and industrial grade ammonium nitrate. The coating should
comprise a solution including at least one material which exhibits one or more of the following
properties: substantially water soluble, substantially hydrocarbon insoluble, and capable of
forming a film.

As used herein the term “substantially water soluble” means that the material may be
contacted with water or a water-containing solvent mixture for a period of time up to
approximately 24 hours and be transformed into a solution that contains at least 1% w/w of the
material. The solution should be relatively stable meaning that the solute will not precipitate out
of solution for at least about 3-4 hours. Various procedures may need to be employed to achieve
this dissolution, such as heating and agitation. As used herein, the term “substantially

hydrocarbon insoluble” means that the material will not dissolve in hydrocarbons to an extent
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f ound nary to the fertilizer particles reduces
formulation as ﬂame and/or ﬁre retaldants These include but are not limited to various boron-
containing compositions such as borates, various metal salts, oxides, carbides, nitrides, borides,
silicates, silicides, aluminum-containing compositions, sulfates, phosphates, chlorides, bromides,
and molybdate salts.

It has even been found that ordinary water when applied to the fertilizer particles reduces
the level of fuel oil infiltration by decreasing the total number of pores through dissolving and
“re-drying” a portion of the fertilizer particle.

In one preferred embodiment, the coating material comprises a polymer, and more
preferably a carboxylate polymer, especially one or more of those set forth in U.S. Patent
Applications S/N 09/562,579 and S/N 09/799,210 which are hereby incorporated by reference
as though fully set forth herein. Even more preferably the carboxylate polymer comprises a
polymer of acrylic acid or it comprises at least two different moieties individually and

respectively taken from the group consisting of A, B, and C moieties, recurring B moieties, and

C moieties wherein moiety A is of the general formula



the level of fuel oil infiltration by decreasing the total nunber of pores
t hrough dissolving and "re-drying"” a portion of the fertilizer particle.
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wherein R;, R, and R, are individually and respectively selected from the group consisting of H,

OH, C;-C;, straight, branched chain and cyclic alkyl or aryl groups, C,-C,, straight, branched



-6 chain and cyclic alkyl or aryl Cl1-C30 based ester groups (formate (CO,
acetate (Cl), propionate (C/), butyrate (C3), etc, up to C30), RCOerr)
groups, awo 0®R744gT oups, wherein R is selected from the @couasoramnsi sting
of C1-C30 straight, branched chain and cyclic al kyl or aryl groups; R3 and
R4 are individually and respectivel y_sel ected fromthe group consisting of
H C(err)-C(err) straight, branched chain and cyclic alkyl or aryl groups;
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(_0 OH ORI RGase of the polymer coatings comprising A and B moieties, R,-R, are respectively
and individually selected from the group consisting of H, OH and C,-C, straight and branched
chainalkyl groups, R; and R, are individually and respectively selected from the group consisting
of the alkali metals.

One preferred polymer useful with the present invention comprises recurring polymeric
subunits formed of A and B moieties, wherein R; and R, are individually and respectively
selected from the group consisting of H, Na. K, and NH, and specifically wherein R, R; and R,
are each H, R, is OH, and R and R are individually and respectively selected from the group
consisting of H, Na, K, and NH, depending upon the specific application desired for the polymer.

These preferred polymers have the generalized formula




WO 03/ 074447 PCT/ US02/ 39201 -7 wherein R5 and R6 are individually and
respectively selected fromthe group consisting of H the alkali netals,
NH4 and GYO@4/0ad4ky| anmoni um groups (and nost preferably, PET/USQ2/39208nd NH4
dependi ng upon the application), and n ranges from about 1-10000 and nore
preferably from about 1-5000. As cam_be appreciated, polymers useful in
accordance with the present invention can have different sequences of

recurri I xanple p

Compr "o PR TR i BREMELAR, 28 LR SRP ol BATR PPl I ang
al | t hileé nfle:lalﬂ)i\IHf, aifd Cﬁabulﬂtyt a1mhﬂnﬁ1ﬁh%16@@€{aﬁtf mb r@l@faﬂbISEH nede adeNgf, B and
C noieties, (err), and R are individual ly and respectivel y

sel ectdelaenﬂrlkﬁﬁlﬂ%ﬂle ﬁlare}r?aE@)Ws pag fL r?glgeﬂf frpm abeit HLRNQ andemateprefikabbr ym and
the Clplf 124dpg ammoni um groups. This particular polynmer is sonetines
referred to as a butanedi oic nethyl enesuccinic acid copol ymer and can

i ncl ude varAiseas bsajpreciaad pdBhicyaiseiem acthrenrefvithAROtoent PR eftRhicashael ymer
useful wWth the present invention is conposed of recurring polyneric

S ubun TS SRBEPGES B EFATIES ROYRETEEIAAES pelesne abqyen &pneiamede. faobuner OR11

190rCrr:3 cbln B%mgBCa % _L,urJL 15[\3/ g%él%l%gﬂ%ﬁ I1‘:"011111 @sr%gﬁt\%%aéﬁvq&fg 8} grr ed

res pesummal yInSt(hb &aieeﬁtf thé r}mmymdfi&nzgreaqpoﬂiBrbﬁlds@ ingetas, Ry, ROR 2bkalR, ARt al s,
NH( err) nd the C1-C4 al k anmoni um gr oups. Ot her preferred forms of
t h| s ﬂi&’il‘gﬂaérﬂyeﬁné IesRpEBICY 8 ecrréxﬁrorrgthagwa eonsawge obHl, the plésali maiais, NH,, and

CP"Ee e B1-Co Mg DS A0S TR AT oSt T RbRCARES tetf8 ¥ 8927811 09

butanedlolc methylenesuccinic acid copolymer and can include various salts and derivatives

thereof.
Another preferred polymer useful with the present invention is composed of recurring

polymeric subunits formed of B and C moieties and have the generalized formula
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Preferred forms of this polymer have R, Rg, R, and R;; individually and respectively selected
from the group consisting of H, the alkali metals, NH,, and the C,-C, alkyl ammonium groups.
Other preferred forms of this polymer are capable of having a wide range of repeat unit
concentrations in the polymer. For example, polymers having varying ratios of B:C (e.g., 10:90,
60:40, 50:50 and even 0:100) are contemplated and embraced by the present invention. Such

polymers would be produced by varying monomer amounts in the reaction mixture from which



60: 40, 50:50 and even 0:100) are contenplated and enbraced by the present
invention. Such polymers would be produced by varyi ng nononer anmpunts in
the reactwonsfvature from which WO 03/ 074447 PCT/ US02/ 392@CT/US82/5%101 f i nal
product is eventually produced and the B and C type repeating units nay be
arranged in the polyner backbone ingrandom order or in an alternating
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a material highly resistant to hydrocarbon diffusion to the point where protective gloves and fuel
hoses are products made from PVA. PVA is available in a variety of grades with different
hydrolysis levels and molecular weights. Higher molecular weights generally give rise to higher
viscosity polymer solutions. Therefore lower molecular weights in the range of about 10,000 to
30,000 are preferred due to their ability to form thin films which coat the particle surface easily.
High hydrolysis level PVA is also preferred because of its increased resistance to hydrocarbon
diffusion compared to that of PVA with a lower degree of hydrolysis.

Solid PVA is not rapidly water soluble at room temperature and below, therefore it is
preferable that PV A be used in companion with another material of the type previously described.
The weight ratio of PVA to the other polymer should be between about 1:100 to 100:1, and more
preferably between about 1:10 to 10:1 and most preferably about 1:3.

It is also within the scope of the present invention to provide a fertilizer coating
comprising only PVA. As previously discussed, some agricultural applications will require

fertilizer coatings which are more water soluble, in addition PVA is expected to be more



preferabl e that PVA be used in conpanion with another material of the type
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ammonium phosphates; phosphorous materials such as calcium phosphates (normal phosphate
and super phosphate), ammonium phosphate, ammoniated super phosphate, phosphoric acid,
superphosphoric acid, basic slag, rock phosphate, colloidal phosphate, bone phosphate;
potassium materials such as potassium chloride, potassium sulfate, potassium nitrate, potassivm
phosphate, potassium hydroxide, potassium carbonate; calcium materials, such as calcium
sulfate, calcium carbonate, calcium nitrate; magnesium materials, such as magnesium carbonate,
magnesium oxide, magnesium sulfate, magnesium hydroxide; sulfur materials such as
ammonium sulfate, sulfates of other fertilizers discussed herein, ammonium thiosulfate,
elemental sulfur (either alone or included with or coated on other fertilizers); micronutrients such
as Zn, Mn, Cu, Fe, and other micronutrients discussed herein; oxides, sulfates, chlorides, and
chelates of such micronutrients (e.g., zinc oxide, zinc sulfate and zinc chloride); such chelates
sequestered onto other carriers such as EDTA; boron materials such as boric acid, sodium borate

or calcium borate; and molybdenum materials such as sodium molybdate. Of course, due to its

explosive tendencies, ammonium nitrate is the most preferred fertilizer for purposes of the

invention.
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thereby reducing the number of pores avallable for hydrocarbon infiltration. Finally, it is

necessary to dry the fertilizer particles in order to avoid imparting to the quantity of particles
undesirable characteristics such as clumping and caking.

Thus far, the description above has focused on the coatings and coated fertilizer particles
on an individual particle level. When dealing with large quantities of coated fertilizer particles,
especially coated ammonium nitrate particles, it is important to note that complete coating
coverage of each individual particle is not always essential. Itis possible for the coatings of the
invention to reduce or completely eliminate the explosivity of the quantity of particles as a whole
so long as a plurality of the particles are at least partially coated. It is even possible to mix
quantities of coated and uncoated particles together and still produce a fertilizer mixture that has
reduced explosivity characteristics. For even when fuel oil is added to this mixture of particles,
the coated particles will absorb little or no fuel and some of the uncoated particles will become
super-saturated with fuel oil. Both types of particles reduce the explosivity of the entire quantity
of fertilizer particles. It may seem surprising that a super-saturated particle will reduce

explosivity of the entire batch, however, if too much oil is added, the ability of the ammonium
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viscosity of the coating, particle surface morphology, particle size, density, and application
equipment available. Regardless of the coating method used, it is preferred that the coating be
applied in such a manner as to form an evenly distributed film which will provide an effective
barrier against hydrocarbon infiltration of the fertilizer particle.
Generally preferred embodiments of the fertilizer coating comprise a solution including
at least one of a substantially water soluble material, a material substantially insoluble in
hydrocarbon materials, a material capable of forming a film including a quantity of polyvinyl
alcohol dissolved or dispersed therein, and combinations thereof.
Preferred embodiments of the coated fertilizer particle of the invention comprise a
fertilizer particle coated with a film comprising at least one material. It is more preferable for

the material to be substantially water soluble, or substantially insoluble in hydrocarbon materials

or still more preferably substantially water soluble and substantially insoluble in hydrocarbon

materials.
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solids and will be water soluble, insoluble in hydrocarbon materials, capable of forming a film

and will have a pH of about 7.0 or less. Most preferably the polymer coating will be applied to

an ammonium nitrate fertilizer particle in such as manner so as to form an evenly distributed film

providing an effective barrier to hydrocarbon infiltration of the fertilizer particle pores.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The following examples describe preferred compositions and methods in accordance with
the invention. Itis to be understood that these examples are illustrations only and nothing therein

should be deemed as a limitation upon the overall scope of the invention.

Example 1
In this example, agricultural grade ammonium nitrate particles were coated with various
polymeric materials, as set forth in Table 1, and then exposed to diesel fuel. The amount of
diesel fuel retained by the coated particles compared to the original amount of diesel fuel added

was then determined.
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pol ymer solution to be coated onto a petri dish having a dianmeter of about
90 nmcorjapt with the ammonium nitrate particles. The particles were then removed from the vials and

placed on a filter with vacuum flow assist. The particles were then thoroughly washed with

about 50 mL of tetrahydrofuran (THF). The filter liquid was discarded. The particles were

collected from the filter and dried in a vacuum oven for about 10 minutes at about 25 in. Hg at

a temperature of about 50°C before being weighed. The difference between the coated particle

weight and the washed and dried particle weight is the amount of fuel the particle retained. The

results of these experiments are set forth in Table 1.
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c AB indicates a 1:1 mole:mole copolymer of maleic acid and vinyl acetate prepared as

disclosed in U.S. Patent Application S/N 09/562,579;

BC indicates a 1:1 mole:mole copolymer of maleic acid and itaconic acid prepared as
disclosed in U.S. Patent Application S/N 09/562,519;

B indicates a homopolymer of maleic acid obtained from Rohm and Haas Chemicals
(Philadelphia, PA);

C indicates ahomopolymer of itaconic acid prepared according to a method similar to that
of BC;

Polyacrylic acid obtained from Aldrich Chemical Company (Milwaukee, WI); and

ND indicates that the measurement was not detectable or below what could be measured.

Next a series of experiments were performed using the same test procedure above,

however the diesel infiltration time was extended to 24 hours. The results are listed in Table 2.
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Treatment (g 50%
polymer soln.)
0.000
0.053
0.053
0.062
0.067
0.100 (g 25% soln.)
0.107 (g 25% soln.)

25%)

Treatment type (% total
particle weight attributed to
coating)

BC acid (0.25%)
B acid (0.25%)
C acid (0.25%)
Acrylic acid (0
AB (0.25%)

BC acid (0.25%)

None

o

23

Sample #
18
19
20
21
2
2

Table 2
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The above data demonstrates that even incomplete and imperfect practice of the invention
disclosed herein is highly beneficial. It was further determined that polycarboxylate-containing
materials are useful barrier coatings and help decrease diesel fuel infiltration into ammonium
nitrate particles under the experimental conditions tested. However, the materials do not give

perfect protection when used alone at lengthy exposure times.

Example 2

The purpose of this example was to optimize diesel fuel resistance of two-component
coatings. In these experiments, porous paper, S&S paper type #404 (Schleicher & Schuell,
Dassel, Germany), was used to simulate porous ammonium nitrate particles. Upon examination
using a low-power microscope, the porous paper had generally similar porosity to that of high
porosity ammonium nitrate. The porous paper had the added advantage of being of substantially
uniform porosity whereas the ammonium nitrate granules were of varying shape and porosity.

In the first experiment, the optimal percent of polymer solids in a coating was determined.
The polymer coatings tested were polymaleic acid, sodium polymaleate at pH 3.5, itaconic acid
homopolymer, polyacryilc acid, and BC acid polymer. The coating was applied to an 80 x 80
mm area on a sheet of porous paper by placing small drops of aqueous coating solution to the
paper and spreading them to cover the test area using an inert plastic ruler. The coating was
allowed to dry. Next, diesel fuel was dripped onto the coated area and the penetration, or lack
thereof, was noted. It was determined that the range of polymer solids in the coating could be
about 5-70% by weight, with the range about 10-30% by weight being preferred.

The next experiments involved adding polyvinyl alcohol, PVA, (Celvol 103 by Celanese
Chemicals, Dallas, TX), a chemical known for its resistance to hydrocarbon diffusion, to the BC
acid polymer coating in order to increase the coating’s resistance to diesel fuel penetration. BC
acid polymer was used because its performance was superior to the other coatings in the porous
paper test described above. Because PVA is much more expensive than BC acid polymer it was
desirable to determine the optimal ratio of PVA to BC acid polymer. The optimal ratio of PVA
to BC acid polymer was about 1:3 by weight. The optimal mixture was prepared at about 20%
w/w total dissolved solids by mixing appropriate amounts of water and BC acid polymer solution
at room temperature. In this solution, PVA was dissolved or dispersed and the solution
subsequently heated to about 90-95°C with very vigorous, non-aerating agitation. The mixture

was cooled to room temperature, at which time it had a consistency suitable for making coatings.

N
N
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low-color, smooth to the touch after drying. non-hygroscopic and easily dissolved in water. The
percent solids used is dictated by the compatibility with the application technique chosen. In
practice, any percent solids solution can be used as long as the coating solution is sufficiently
mobile under application conditions to create useful coatings. A useful coating is one that
provides an effective barrier to fuel infiltration by being a thin film that coats and covers the
particle surface.

Through these experiments, and for the chosen application method, it was determined that

a 1:3 weight ratio of PVA to BC acid polymer was the most effective coating in preventing diesel

fuel infiltration.

Example 3

In this example, an alternative method of applying the polymer coating to the fertilizer
particles was explored. The method involved placing a piece of flat round filter paper (S&S
paper type #404) into a 5.5 inch diameter petri dish so that the paper occupies the entire bottom
ofthe dish. About 2.9 g ofthe 20% w/w solution prepared in Example 2 is spread onto the paper
until the paper is saturated with the liquid, but not to the point where there is liquid on the paper
surface. The filter paper should be slightly moist to the touch. About 13 g of ammonium nitrate
particles are poured onto the paper surface and rolled around the petri dish for about 1 minute,
thenremoved. The particles are allowed to dry for 15 minutes in the air. This method was found
to be highly effective as particles coated using this method do not tend to stick together and are
dry and smooth to the touch.

Any method of particle coating known in the art, such as spraying, may be employed to
apply the coating to the ammonium nitrate granules so long as the method results in a sufficient
fraction of the surfaces of the fertilizer particles being coated to a sufficient degree. It is
preferable to have particles coated with a relatively thin layer of coating so as to reduce the
expense involved, preserve fertilizer analysis values, reduce water levels added to the fertilizer

and reduce material handling requirements.

Example 4
In this experiment, small particle size, high porosity ammonium nitrate granules coated

with a factory applied anti-dusting agent, Galoryl, were tested for diesel fuel infiltration.
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coatl Qlagpslicati011 method under conditions which are generally very favorable for diesel fuel absorption
and retention, such as small particle size, high surface area per unit weight, and high porosity.
It is understood that for standard agricultural grades of ammonium nitrate, which is normally
non-porous and has large particle sizes with low surface areas, this coating method would be

even more effective.

Example 5

This example demonstrates that treatment with water alone substantially improves the
inhibition of hydrocarbon infiltration into fertilizer particles. The procedure of Example 1 was
followed with two exceptions. The first exception was that the particles for this example were
soaked in diesel fuel for 10 minutes. The second exception was that the particles were washed
with methylene chloride rather than THF. Generally, diesel fuel was added to El Dorado
Chemical’s low density Ammonium Nitrate coated with Galoryl. Particles with no additional
coating were then compared with particles which were sprayed with a 0.5 gal/ton coating of the

previously described 50% BC polymer, particles which were sprayed with a 1.0 gal/ton coating
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the particle surface is melted away, thereby permitting less intrusion of hydrocarbons into pore

spaces.
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smal | particle size, high porosity ammoniumnitrate granules coated wth a
factory awplodedi4anti-dusting agent, Galoryl, were tested fram/usozsebl f eel
infiltration. WO 03/074447 PCT/ US02/ 39201 -19 Typically, porous materials
wi th high surface area per unit meig?% are very difficult to coat
effectively, in addition, such materfal is optimzed for high and very
rapi dwg%gpg, of fuel. The granul es, obtained fromEl Dorado Chem cal

Conmpa Louis, M), were first tested w thout applying any polymer
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the conposition and coating application nethod under condltlons whi ch are

general ly very favor le for SOr. tlon rete tion, such as
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which is normally non-porous and has large particle sizes wth |ow surface
areas, this coating nmethod would be even nore effective.

5. The coating of claim 1, said material being capable of forming a film.
6. The coating of claim 1, said solution having a pH of about 7.0 or below.
7. The coating of claim 1, the weight ratio of said polyvinyl alcohol to said

material being between about 1:10 t010:1.

8. The coating of claim 7, the weight ratio of said polyvinyl alcohol to said

material being about 1:3.
9. The coating of claim 3, said polymer comprising a carboxylate polymer.

10. The coating of claim 9, said carboxylate polymer being polyacrylic acid
or being made up of at least two different moieties individually and respectively taken from the
group consisting of A, B, and C moieties, recurring B moieties, or recurring C moieties wherein

moiety A is of the general formula



Exanpl e 5 This exanpl e denonstrates that treatnment with water al one
substantially inproves the inhibition of hydrocarbon infiltration into
fertilizewopantisat es. The procedure of Exanple 1 was f ol lPeEamSOmBLM t WO
exceptions. The first exception was that the particles for this exanple
were soaked in diesel fuel for 10 myhutes. The second exception was that
the particles were washed w th nethylene chloride rather than THF.

General ly, diesel fuel was added to EIl Dorado Chemical's |ow density
Ammonium Nitrate coated with Galpryl. Partigles with no additional coating
were then conpared with particle i ch ¥\gre sprayed with a 0.5 gal/ton
coating of the previously described 50%BC pol yner, particles which were
sprayed with a 1.0 gal/ton coati ngRWO 03//374447 PCT/ US02/ 39201 -20 of the
previ ously described 25% BC pol yner, and with particles that were sprayed
(treated) with 0.5 gal/ton of water. The particles were then soaked with
di esel fuel for 10 m nutes and washed w th nethylene chloride before being
tested for their_ differences in diesel fuel oil retention. The results of
this exanplfePlgyd pradvhersacbfospulan Tabl e 3. Table 3 Treating Agent
Concentration % Difference in Diesel G| Retention (Gal/ton) Conpared Wth
The 50% BC Pol yner CK-None -- 100_ 50% BC 0.5 0.00 25% BC 1.0 0.03 Water
0.5 25.00 As shown by these resul Ra, siFﬁpIy spraying the particles with
water helps to increase their re i4tance t o hydrocarbon penetration. In
this manner, water does not ser—véhas—a—@a;i—ng. Instead, the particle
surface is nelted away, thereby peqmmttijng | ess intrusion of hydrocarbons

into pore spaces. WO 03/ 074448 USO%&Q_Z(gl -21-
ORs ORg
or
Ry Ry
(—c—c—)

or
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and moiety C is of the general formula



W claim 1. Afertilizer coating conprising: a substantially water sol uble
material in solution, said water soluble material being selected fromthe
group comaDIBiong4Df pol ymers, natural and synthetic gunsPCItEsnwbes] starch
derivatives, and m xtures thereof. 2. The coating of claim1 further
conprising a quantity of polyvinyl algohol dissolved or dispersed in said
solution. 3. The coating of claiml, said polyners selected fromthe group
consisting of polyethers, polysaccharides, polycarboxyl ates,

pol ysul fonates and m xtures thereof. 4. The coating of claiml1, said

mat eri al being insoluble in hydrocarbon naterlals. 5. The coating of claim
1, said material being capable of fornmng®Pa film 6. The coating of claim
1, said solution having a pH of about 7.0[lor below. 7. The coating of
claim1, the weight ratio of said polyvingl—albgghol to said material being
bet ween about 1:10 to 10:1. 8. The cggk(ﬁg of claim7, the weight ratio of
sai d pol yvinyl alcohol to said natcjlal bei ng about 1:3. 9. The coating of
claim 3, said polyner conprqsyﬁg ar Qoxyl ate pol yner. 10. The coating of

claim9, said carboxylate pd r b |ng pol yacrylic acid or being nade up
of at least two different noiefies ihdividually and respectively taken from
the group consisting of A B,Rand CRgoieties, recurring B noieties, or
recurring C noieties wherein nmoiety A\s of the general fornula WO

03/ 074447 PCT/ US02/ 39201 -22 -CN CH - G181
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wherein R,, R, and R, are individually and respectively selected from the group consisting of H,
OH, C,-Cy, straight, branched chain and cyclic alkyl or aryl groups, C,-C,, straight, branched
chain and cyclic alkyl or aryl C,-C;, based ester groups (formate (C,), acetate (C,), propionate
(C,), butyrate (C5), etc. up to Cyp), R'CO, groups, and OR' groups, wherein R' is selected from
the group consisting of C;-C,, straight, branched chain and cyclic alkyl or aryl groups; R; and R,
are individually and respectively selected from the group consisting of H, C,-C,, straight,
branched chain and cyclic alkyl or aryl groups; Rs, Ry, Ry, and R,, are individually and
respectively selected from the group consisting of H, the alkali metals, NH, and the C,-C, alkyl
ammonium groups, Y is selected from the group consisting of Fe, M, Mg, Zn, Cu, Ni, Co, Mo,
V, Cr, Si, B, and Ca; R; and R, are individually and respectively selected from the group
consisting of nothing, CH,, C,H,, and C,H,, at least one of said R,, R,, R; and R, is OH where
said polymeric subunits are made up of A and B moieties, at least one of said R, R,andR,is OH
where said polymeric subunits are made up of A and C moieties, and at least one of said R\, R,,

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

11. The coating of claim 10, wherein said recurring polymeric subunits are

made up of A and B moieties, wherein R,, R; and R, are each H, R, is OH, R, and R, are Na.

12. The coating of claim 10, wherein R-R, are respectively and individually
selected from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups,
Rs, R Ryo and Ry, are individually and respectively selected from the group consisting of the
alkali metals, NH, and H

13. The coating of claim 10, wherein said recurring polymeric subunits are

made up of B and C moieties, wherein R, and R, are each H, and R, and R, are Na.

14, The coating of claim 10, wherein R, is individually and respectively
selected from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups,

R;, Rgand X are individually and respectively selected from the group consisting of alkali metals.

15.  The coating of claim 9, said carboxylate polymer being complexed with

an ion.

or

C
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11 Rs -~-CH+GC-~ Y R7 RO CO 11 O WO 03/074447 PCT/US02/ 39201 -24
wherein RvpoBRA7@md R7 are individually and respectively selceatsezis2opm t he
group consisting of H  OH C(err)-C(err) straight, branched chain and
cyclic al kyl or aryl groups, Cl-C30 gtraight, branched chain and cyclic
al kyl or aryl Cl1-C30 based ester gr"c?ubs (formate (CO), acetate (C,),

pr opi onat C), b . up to
B oupe, wher oi nitk 1 StegBet @R sirth i BgPpi ke R e 2
strai ghte M s ed CohRi Mo, 0¥ ati, 61,8, kyd cer aryl groups; R3 and R4

17. A fertilizer coating comprising:
a substantially hydrocarbon insoluble material in solution,
said material being selected from the group consisting of polymers, natural and synthetic

gums, starches, starch derivatives, and mixtures thereof.

18. A fertilizer coating comprising:
a material capable of forining a film,
said material being selected from the group consisting of polymers, natural and synthetic

gums, starches, starch derivatives, and mixtures thereof.

19. A coated fertilizer particle comprising a fertilizer particle coated with a
film comprising a first material selected from the group consisting of polymers, natural and

synthetic gums, starches, starch derivatives, and mixtures thereof.

20. The coated particle of claim 19, said polymers selected from the group

consisting of polyethers, polysaccharides, polycarboxylates, polysulfonates and mixtures thereof.

\

21. The coated particle of claim 19, said film limiting hydrocarbon infiltration

of the pores of said particle in comparison to an uncoated fertilizer product.

22. The coated particle of claim 21, said film reducing hydrocarbon infiltration

by at least 10% in comparison to an uncoated fertilizer product.

23.  The coated particle of claim 19, said film further comprising quantities of

a second material dissolved or dispersed therein.

24. The coated particle of claim 23, said second material being polyvinyl

alcohol.



are individually and respectively selected fromthe group consisting of H,
Cl-C30 straight, branched chain and cyclic alkyl or aryl groups; R5, R,
R10 and Rypoamwatindi vi dually and respectively sel ected fPoRUShE3goHDUP
consisting of H the alkali metals, NH4 and the Cl-C4 al kyl anmmoni um
groups, Y is selected fromthe group,gonsisting of Fe, M, My, Zn, CQu, N,
Co, M, V, Cr, Si B and Ca; R8 an(% RO are individually and respectlvely

selected fromth n C3H6, . at
| east one of sai CO%%{ T %gf(%m%\% V?ééglqs}igﬁl?ic’gﬁl@ﬁeﬁp‘%%@hl ts
are matdesaid[ﬁretfmﬁteﬁﬁidae&gfhﬁt‘&édlﬁso,ouﬁl 10esst1.one of said R, R2 and R7 is OH

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

rade up of A B 804 CHRLSIUSSd2yrJI, SO 0, ALl A0, uherely <ol d

recurring polynerlc su units "are

R3 ando Raiddiret matefiallieing abost BB, R5 and R6 are Na. 12. The coating of claim
10, wherein RL-R4 are respectively and individually selected fromthe group
consisting of H OH and Cl-C4 straight and branched chai n al kyl groups,

gRr50u§6c§ﬁ2| 2’??ng of a[ 13669 E?%H%mﬁaﬁqglmﬁ%ﬁ%fﬁ\é%%ﬁmg‘? 8“t4o/&{7{’}?(§gh?ecl ai m

10, wmedasrnhemiheltmﬂamglurwtmcmmrpamcwbunl ts are made up of B and C
noieties, wherein R3 and R4 are each H and R5 and R6 are Na. 14. The
coating of claim10, wherein R4 is indi vi dual I y and respecti vel y sel ected

fromthe group Si raight an an d chain

al kyl groups, %n Smer}% %hgr dic) né% ﬂal deggwgé’th\%ﬁl? géla ted from
t he grseudpracsmsionipristhgaboal k2ds byme&fglhtsm Iésﬁ of ﬁﬁ&oﬁpﬁs\gﬁgoﬁfw cbAtdpticieal d

car boxyl ate pol yner being conplexed with an ion 03/ 074447

PCT/ US02/ 39201 -25 16. The coating of cl al m 15, said ion being selected

fromthe group cpnsi B,

and Ca. 17. A fertil ;o‘ltzﬂee;EE g%tgég{ja&:glegg@r%%wggl F\aédfegt é@ﬁgﬁwco%lq%feﬁﬁ@flgé@r bon

i nsol uhd eravet esdsédting rofSfaktilide® containing nitrogen, phosphorous, potassium, calcium,
magnesium, sulfur, boron, or molybdenum materials, fertilizers containing micronutrients, and

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

30.  The coated particle of claim 29, said fertilizer particles comprising

ammonium nitrate.

31.  Thecoated particle of claim 19, said film having a pH of about 7.0 or less.

32. The coated particle of claim 20, said polymer comprising a carboxylate

polymer.



said material being selected fromthe group consisting of polyners, natural
and synthetic guns, starches, starch derivatives, and m xtures thereof.
18. A ferwolodmemdroati ng conprising: a material capabl e eCTfusomagt a film
said material being selected fromthe group consisting of polyners, natural
and synthetic guns, starches, star derivatives, and m xtures thereof.
19. A coated fertilizer particle conprising a fertilizer particle coated
with a filmconprisj a first material. selected fromthe group,consisting
of pol ymers, naggralHﬁ%dma§§nPW@fecoédﬁ¥?lg#a?%ﬁe%?g@géﬁﬁHx’ fviEP8es, and
m xt u{:@lgla#rpﬁé 5‘(9{1}01‘ tebhe IR L@Qﬁ%\ﬁgaﬁ aNd diftefonPhofetidd i Auatidhild RODIHREIS
sel ecte omthe gréﬂp consi sting of polyethers, polysacchari des,
pol ycakboXiphathesgroyotopsistifipobteB, andC moittissgscurhieg Eofoietigg, or Tvarmented
particle of claim19, said filmlimting hydrocarbon infiltration of the
por esMoretics vhepan piogte ‘ﬁoggﬁﬁﬁpﬁggh”PB an uncoated fertilizer product. 22.
The coated particle of claim?2l, said filmreducing hydrocarbon
infiltration by at l|east 10%in conparison to an uncoated fertilizer
product. 23. The coated particle of claim 19, said filmfurther conprising
quantities of a second material _di .MedeL%yuspersed therein. 24. The
coated particle of claim23, said secjond naLeriaI bei ng pol yvinyl al cohol.
WO 03/ 074447 PCT/ US02/ 39201 -26 25. [The coated particle of claim 23, the
wei ght ratio of said second material Rito safadl first nmaterial being between
about 1:10 to 10:1. 26. The coated particle of claim25, the weight ratio
of said second material to faid first material being about 1:3. 27. The
coated par fRUPR Bops of the grngig! Oét‘é’i“&‘ fil mconprising about 4% by wei ght or
| ess than the total weight of the coated particle. 28. The coated particle
of claim19, said filn1includin%2a q%gntity of carbon,

3 4

—c—c—)

or

or RS R4




sai d carbon conprising about 0.2% by weight or | ess of the total weight of
the coated particle. 29. The coated particle of claim 19, said fertilizer
particl eswbaBng4s®l ected fromthe group consisting of fer®CTise?/39201

contai ning nitrogen, phosphorous, potassium calcium nagnesium sulfur,
boron, or nolybdenum materials, fertihkizers containing mcronutrients, and
oxi des, sulfates, chlorides, and chelates of such mcronutrients. 30. The
coate i jd fertilizer particles conprising ammobnium
nltra?gBQﬁ&bﬁ# gg%gg%g%ﬁ%gﬁ?Fg e of claim19, said filmhaving a pH of
about 7.0 or less. 32. The coated particle of claim 20, said polyner
conprising a carboxylate polynmer.OWD 03/ 074447 PCT/ US02/ 39201 -27 33. The
coated particle of claim 32, saidl ar boxyl ate pol ymer being polyacrylic
acid or being nade up of at |east guwo @ggfferent noieties individually and
respectively taken fron1the Laﬁb consisting of A, B, and C noieties,

recurring B noieties, recu ?lng C noieties mhereln noiety Ais of the
general formula -(- /' noiety Bis of the general formula R13 4
(CccCcocco11 \ R4 4-C O |
R
\ﬁ“““‘ORH
O
or
ﬁ
Rg"‘""‘"C
( CH C/) \O
| \
Ry Re ﬁ
O
or
ﬁ
Rg——C——0O
Con— ) \
\ u\j /Y
| Rg_C'—"—O



OCC;==011 OO Y or RBR4 1-1) 1 1 OCCO 0 W 03/074447
PCT/ US02/ 39201 -28- and nmoiety Cis of the general fornula 0 /C OR~0 R$
R7 RO C ORD,03/0f4440 or 0 11 /RS \ O RO/ R7 O PCT/US02/39201

220.

wherein R;, R, and R, are individually and respectively selected from the group
consisting of H, OH, C,-C,, straight, branched chain and cyclic alkyl or aryl
groups, C,-C,, straight, branched chain and cyclic alkyl or aryl C,-C,, based ester
groups (formate (C,), acetate (C,), propionate (C,), butyrate (C,), etc. up to Cy),
R'CO, groups, and OR' groups, wherein R' is selected from the group consisting
of C,-C;, straight, branched chain and cyclic alkyl or aryl groups; R, and R, are
individually and respectively selected from the group consisting of H, C,-C,,
straight, branched chain and cyclic alkyl or aryl groups; R;, R, R, and R, are
individually and respectively selected from the group consisting of H, the alkali
metals, NH, and the C,-C, alkyl ammonium groups, Y is selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; R; and R,
are individually and respectively selected from the group consisting of nothing,
CH,, C,H,, and C;H,, at least one of said R,, R,, R; and R, is OH where said
polymeric subunits are made up of A and B moieties, at least one of said R, R,
and R, is OH where said polymeric subunits are made up of A and C moieties,
and at least one of said R, Ry, R;, R, and R, is OH where said polymeric subunits

are made up of A, B and C moieties.

34.  Thecoated particle of claim 33, wherein said recurring polymeric subunits
are made up of A and B moieties, wherein R, R, and R, are each H, R, is OH, R, and R, are Na.
35. The coated particle of claim 33, wherein R,-R, are respectively and
individually selected from the group consisting of H, OH and C,-C, straight and branched chain
alkyl groups, R;, Ry R, and R,, are individually and respectively selected from the group

consisting of the alkali metals, NH, and H

36.  Thecoated particle of claim 33, wherein said recurring polymeric subunits

are made up of B and C moieties, wherein R; and R, are each H, and R and R, are Na.



or 0 /R$C\ ~CHc) YRROCO 711 OW O03/074447 PCT/US02/ 39201 -29
wherein R, R and R7 are individually and respectively selected fromthe
group coweiosii4agr of H, OH, Cl-C30 straight, branched chaipaTarsd2/a9eel i c

al kyl or aryl groups, C -C30 straight, branched chain and cyclic al kyl or
aryl G C30 based ester groups (formgge (CO, acetate (C, ), propionate
(C2), butyrate (C3), etc. up to C30);, R CO2 groups, and OR groups,

wherein R is s ct fr he grou isti _of ,Cl- . iaght,
branched chain gﬁﬁ c?@Fﬁggg%éﬁpﬂgﬁeé&&&gggd%b§?&ﬁ§%a§ﬂ1§$%§9§£&ﬁkd$5¥dually
and r afégﬁgﬁve}xﬁde@&i R&h ek droentdnltigy SR, CHASH @ﬁch @tr%%hﬂdnd Gilan€l3&Y chafy ai ght,
branched chain and cyclic al Kyl or aryl groups; RS, , R10 and Rl11 are

i ndi vialgderqrpands. Re epe&tary sidyvidusils endtespechivelyiseleglied fignciba grawicagsisiingd, t he
al kal i YaI% NH4 and the C -C4 al kyl ammoni um groups, Y is selected from
t he gﬁgﬁggl &sting of Fe, M, My, Zn, Qu, Ni, Co, Mo, V, Cr, Si, B, and
Ca; R$ and RO are individually and respectively selected fromthe group
consisting of nothing, CH2, C2H4, and C3H6, at |east one of said Rl, R2,
R3 and R4 is OH 3ther elkmicdatepataytinde iad elaipuni?; ssaith carbeuelaigppelymar dieenes

noi eti es atdleﬁit one of said R, R and R7 is OH where said polyneric
subuni%@ﬁg?g e a]'}ﬁfi)nbf A and C noieties, and at |east one of said R, R
R3, R4 and R7 is OH where said polyneric subunits are nade up of A B and

C noieties. 34. The coated particle of claim33, wherein said recurring
pol yneric subunii% atke entrsl nasticde oficlaimi3 R sawsh ienibeing splseted fienRthe graimand R4

are ea&o%si's?‘t’ingR(‘)f Ii*"es, 1\%4,1\/@ 1% Qﬂl, %3’ &i ?\/Io[\,lé{/, Cr, Si, B, and Ca.

40. A coated fertilizer particle comprising a fertilizer particle coated with a
film comprising a first material selected from the group consisting of polymers, natural and
synthetic gums, starches, starch derivatives, and mixtures thereof, said first material being

substantially soluble in water.

41. A coated fertilizer particle comprising a fertilizer particle coated with a
film comprising a first material selected from the group consisting of polymers, natural and
synthetic gums, starches, starch derivatives, and mixtures thereof, said first material being

insoluble in hydrocarbon materials.



35. The coated particle of claim33, wherein R -R4 are respectively and
individually selected fromthe group consisting of H OH and Cl-C4 straight
and brancwed3ohain al kyl groups, R5, R6, RLO and R' are ipadivsodsebi y and
respectively selected fromthe group consisting of the alkali netals, NH4
and H 3 6. The coated particle of clkgim3 3, wherein said recurring

pol ynmeric subunits are nmade up of B and C noieties, wherein R3 and R4 are
each H, and R5 R6 4 USOZ/ 39201 -30 37. The
coated particle J(i)?j cl é?crr%g g%r\%l}é% g’ﬁ(&h&ﬂ fn ‘vidual ly and respectively
sel ect ed fr anfettiizegpatiplecoast stiting fidh coimpibingndsolitidiinstudig@hdariengldx anched
chain al kyl gr oups R5, R6 and X are individually and respectl vely

sel ected from t h@o gm@nbe@sr@a«iﬁ Ppgt abfeast ke |d1ﬂ§%r€1at| goieygs indieidpdlbt aer
particle of clai r I

ion. 39. The coaté Bé{?l ﬁ(ﬁ ﬁ%%(g%%ﬁ%@% ?%ﬁ%gﬁ%@éﬁ%@ﬁé iromthe
group consisting 1©f>fﬂﬁe,geﬁéialfbhnulZn Cu, Ni, Co, M, V, Cr, Si, B, and Ca.
40. A coated fertilizer particle conpri si ng a fertilizer parti cle coated
with a filmconprising a first material selected fromthe group consisting

of polymers, natygal ap synt heti c guns, starches, ar ch¢ deri vatives, and
m xt ures thereof, said|first material bei ng substant|all oluble in
wat er. 41. Acpat d fertiyizer particle corrprising—z& ertcHjzer particle

coated with a ‘fi mcoi:rpr/l sing a first material selecfed ffromthe group
consi sting of polynmers| natural and ®synthetic g tar h_eas_O starch
derivati ves, cangtQn xt uces=tthereof , said first material belfng 1 nsoluble in
hydr ocar bon mater al s WO 03/ 074447 PCT/ US02/ 39201 -B1 42. A coated
fertilizer partic gﬁrlsi ng: a fertilizer particlelcoaPed with a film
conprising a sol €l udi ng a carboxyl ate

Y

or

T3 T4
\ T <|3 )
Q— C—
)




pol ymer being nade up of at

| east two different noieties individually and
respectively taken fromthe group consisting of B and C noieties wherein
noi ety BwvD930f440he general fornmula R3 R4 3 4 | 4-6-64- ecTOS®R/M™2@ O |

| RIROO56Y or RBRMA1-1 OCCO 0 and noiety Cis of the general

formula 0 Il RB -C +cH---cL)- O 9.6 K

-32 or

or

0
|
/R3 CI—O
( (|3H C\) Y
R, Rg——ﬁ—‘O
0

wherein each R, is individually and respectively selected from the group consisting of H,

OH, C,-C,, straight, branched chain and cyclic alkyl or aryl groups, C,-Cs,
straight, branched chain and cyclic alkyl or aryl C,-C;, based ester groups
(formate (C,), acetate (C,), propionate (C,), butyrate (C,), etc. up to C,p), R'CO,
groups, and OR' groups, wherein R’ is selected from the group consisting of C,-
C,, straight, branched chain and cyclic alkyl or aryl groups; R, and R, are
individually and respectively selected from the group consisting of H, C,-C,,
straight, branched chain and cyclic alkyl or aryl groups; R, R, R,y and R, are
individually and respectively selected from the group consisting of H, the alkali
metals, NH, and the C,-C, alkﬂ ammonium groups, Y is selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; R; and R,
are individually and respectively selected from the group consisting of nothing,

CH,, C,H,, and C;H,; and

a quantity of polyvinyl alcohol dissolved or dispersed therein,

the weight ratio of said polyvinyl alcohol to said carboxylate polymer being about 1:3.

43, A method of forming a coated fertilizer particle comprising the steps of:

providing a fertilizer particle; and

coating said particle with a film comprising a first material selected from the group

consisting of polymers, natural and synthetic gums, starches, starch derivatives,

and mixtures thereof.

R7 WO 03/ 074447 PCT/ US02/ 39201

O



O Il RFCVY RROCO7I1lI O wherein each R7 is individually and
respectively selected fromthe group consisting of H OH Cl-C30 straight,
branched wbaBn7amt cyclic al kyl or aryl groups, Cl-C30 stcaiught/392br anched
chain and cyclic alkyl or aryl Cl-C30 based ester groups (formate (CO,
acetate (C ), propionate (C ), butyrate (C3), etc. up to C30), R CO
groups, and OR groups, wherein R 1S selected fromthe group consisting of

C - C30 straight,, br e i - R3_and R4

are individualf%Lang?@ggggg ?&gﬁgﬂgé%%%%ggng%g%%?ﬁ%&§¢%%s é@ﬁ%ﬁ%?ﬁﬁ% of H,

C, - C30of pollyedtic@d) holyicASHES, )]ﬁd]?daﬁbcﬁc@ﬁtdéyﬁdlyﬁﬂfahé@é, a8dl ndkitesgha@ed’s; R5, R6,
y

R10 and R11 are i ndividual and respectively selected fromthe group
consisting of H the alkali metals, NH4 and the Cl1-C4 al kyl amoni um

groups, Y is selgctedfr t he [.S1:1 . , Cu, N,
Lo Y, o SO S AR AR SN G Mo e, N
sel eCFl@lﬁitfnTrgq{?dI'chﬁrlganihiﬂlt@@mi HFtthegorb oNehiliipagticle GH2dmFarkbn tand @dbkied and a
quantity of polyvinyl alcohol dissolved or dispersed therein, the weight
rati o Gitilizar progestyvi nyl al cohol to said carboxyl ate pol ymer bei ng about
1:3. 43. A nethod of formng a coated fertilizer particle conprising the
steps of: providing a fertilizer particle; and coating said particle with

a filmconprisingsa fThsmetteficRims] &6d €l ksduidgtgdgicattpn igflagiiet bpg of
pol yners, natural and synthetic guns, starches, starch derivatives, and
mi xt ur @geash&)%dt compirniT 48 4rcRET) fersbizeragodirt.

47. The method of claim 43, said film further comprising quantities of a

second material dissolved or dispersed therein.
48. The method of claim 47, said second material being polyvinyl alcohol.

49. The method of claim 47, the weight ratio of said second material to said

first material being between about 1:10 to 10:1.

50. The method of claim 49, the weight ratio of said second material to said

first material being about 1:3.

51. The method of claim 43, said film comprising about 4% by weight or less

than the total weight of the coated particle.

52.  The method of claim 43, said film including a quantity of carbon, said

carbon comprising about 0.2% by weight or less of the total weight of the coated particle.

53.  The method of claim 43, said fertilizer particles being selected from the
group consisting of fertilizers containing nitrogen, phosphorous, potassium, calcium, magnesium,
sulfur, boron, or molybdenum materials, fertilizers containing micronutrients, and oxides,

sulfates, chlorides, and chelates of such micronutrients.



-33 44. The nethod of claim43, said polyners selected fromthe group
consisting of polyethers, polysaccharides, polycarboxyl ates,

pol ysul f omatoa®744and m xtures thereof. 45. The method of clrairmsasd392sni d
fertilizer particle being porous, said film |imting hydrocarbon
infiltration of the pores of said parfsicle in conparison to an uncoated
fertilizer product. 46. The nmethod of claim45, said filmreducing

hydr ocarbon infikjgrati t (Mo IR : d
forti 1 zer produst 47t patoddclEash. STt Ao BRRElcS Pl bl plBicaRk?
conpri sitiag. quantities of a second material dissolved or dispersed therein.
48. The nethod of claim47, said second material being polyvinyl alcohol.
49. The nethod of claim47, the weight ratio of said second material to
said first matektal ' t 3 Ok 1 &1 : : The. hod of
claim 49, the me?%ht ?g%?%ﬂg)c???lnggt%%%ﬁ%%g%%?%%%F%ﬂggggtng}gginateriaI
bei ng about 1:3. 51. The nethod of claim43, said filmconprising about 4%
by weight or less than the total weight of the coated particle, 52,. The
met hod of clai m2®, sangMstied phelpimthgsdd Hidmpaterel sompsismgrn cabpwylatg ar bon
conpri?&ggggbout 0.2% by weight or less of the total weight of the coated
particte: . The nethod of claim43, said fertilizer particles being
selected fromthe group consisting of fertilizers containing nitrogen,
phosphor ous, potassiu cal cium . magnesium sul fur, boron, or nmopl ybdenum

materials, fertiPizer ;’FL% Bisther o Aigip & s GRTPP SRR Pokimeer bging@slyactylig 4cad e,

hi i . CSueh o cranut:r s ; /39201
bl el Rty SRR By U QBRI LR
anmoni givup Bolisiaing of A5 B, diEC mefidted, iefurdh@B meliessa rdedrithgrChavietisg vehepdth of

about 7.0 or |ess.
moiety A is of the general formula

R Rz
moiety B is of the general formula
Rs Ry Ry Ry
or
(—c——c—) —c—c—)
oO—C C=——0 Qo—C C=—=0

ORs ORg

or



56. The nethod of claim44, said first material conprising a carboxylate
polymer. 57. The nethod of claim56, said carboxyl ate pol yner being

pol yacr ylwo oao7447 or bei ng made up of at |east two differ@ct/uso/aRies

i ndividually and respectively taken fromthe group consisting of A B, and
C noieties, recurring B noieties, or gecurring C noieties wherein noiety A
is of the general formula (( CHCH | RL R2 noiety Bis of the general
formula 13 14 or 4 -~-CC ) or 4-C-C)- 1 0CCOU-UCOI I I 1 ORB OR6
OO Y or WO 03/074447 PCT/ US02/39201 -35- -3 R4 1 U-UCO 0 and

moi ety Cis of the general fornula OR11 RS \

\ T cl: )
O—=c¢C C—=0
\/
)
and moiety C is of the general formula
)
[
Rg—C
( CH C<) \O
F|<7 ‘ Rg-——c/
|
O
or
O
ﬁ———oR10 ﬁ
Rs/ Rg——C——0Q
( \ " o—eD)

CH—C \ N Y
T R S
R7 Rq R7 9 ||

C——ORy4 O



(ITHCO RRCA RFPO or 0110 CORIORBRRBCO or ~CHC ~ ~CHC---Y
R7T CO R7T RR\C7 Il ORLI1 O WD 03/074447 PCT/ US02/ 39201 -36 wherein R1,
R2 and RMerog/or4adi vi dual |y and respectively sel ected frompPCRaISgz/anapt
consisting of H OH Cl1-C30 straight, branched chain and cyclic al kyl or
aryl groups, Cl-C30 straight, branchgd chain and cyclic al kyl or aryl

Cl- C30 based ester groups (formate (CO, acetate (Cl), propionate (C2),

but yr athefdiBR,, Rghid RyfetiliEA0y 4 ﬁd%e&[@%&%lec@ﬁ@ro%he%{&iﬁ nsﬁ\ﬂgdm%' n R

is selected fromthe group consistin C30 straight, "branc ain
and cyclic QH.KyCgrstaight, hgm@lnp@ ch#g aadctymc alikgl onatiyl prbwas,| §,-@ndstraight,

| d f f H_ Cl-C30 st ht
br anched. chaTRCEHEH LTRSS SR v e bispe SpSerons (orpe e credcar o
i ndi vi dual | ycgqgg&@ﬁa@e@%\&k atgg(tﬁcétt@E{p{or@m RED), YA a%a@ﬁi'gidugg Wierdd the

al kali nmetals amioni um-gr oup ‘ected from
t he group @DRslﬁ stleeted GPmAbe gidup cmgs,1stmg of 0.11-C3J\kt1,a1g]§(b,,brhdmhe&/phz(m an®eycliB, and

; df h
gg’n s :?ist ?28 gﬁ@’ﬁ%ﬁ%}’ll ng Ip\é;_g %&re 1nd1v131%ﬁ§:/ taJI‘l res ec%lglelg'\f%gl%cted %rgg t&1e gro%{aou P

consisting of H, C,-C;, straight, branched chain and cyclic alkyl or aryl groups; Rs, R,
Rjpand R, are individually and respectively selected from the group consisting of H, the
alkali metals, NH, and the C,-C, alkyl ammonium groups, Y is selected from the group
consisting of Fe, Mn, Mg, Zn, Cu, Ni, Co, Mo, V, Cr, Si, B, and Ca; R, and R, are
individually and respectively selected from the group consisting of nothing, CH,, C,H,,
and C;Hy, at least one of said R, R,, R, and R, is OH where said polymeric subunits are
made up of A and B moieties, at least one of said R;, R, and R, is OH where said
polymeric subunits are made up of A and C moieties, and at least one of said R;, R,, R,

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

58.  The method of claim 57, wherein said recurring polymeric subunits are

made up of A and B moieties, wherein R, R, and R, are each H, R, is OH, R and R, are Na.

59.  Themethod of claim 57, wherein R,-R, are respectively and individually
selected from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups,
Rs, R4 Ryy and R, are individually and respectively selected from the group consisting of the
alkali metals, NH, and H

60.  The method of claim 57, wherein said recurring polymeric subunits are

made up of B and C moieties, wherein R, and R, are each H, and R, and R, are Na.

61.  The method of claim 57, wherein R, is individually and respectively
selected from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups,

R, Rgand X are individually and respectively selected from the group consisting of alkali metals.



and C3H6, at |east one of said Rl, R, R3 and R4 is OH where said polyneric
subunits are nmade up of A and B noieties, at |east one of said Rl, R2 and
R7 is OHwbase7gai d polynmeric subunits are made up of A &ad/uSomshet i es,
and at least one of said R, R, R3, R4 and R7 is OH where said polyneric
subunits are made up of A B and C npjeties. 58. The nethod of claimb57,
wherein said recurring polyneric subunits are mnade up of A and B nvieties,
wherein R1, R3 a R4 ; =3 ; The

met hod of claim 2271 WEE(JFC lglieﬁi%gl%}c gﬁlllg?%s%gsgg’ggﬁﬁ\%%?glyg%%lﬁéP@Pﬁlﬁgﬁ‘gim

sel ect adiohr om t he group consisting of H OH and Cl-C4 straight and branched
chain al kyl groups, R5, R6, R10 and R(err) are individually and
respectively selected fromthe group consisting of the alkali netals,

NH(err) and H 6063.TheTlgf@ﬁq'%&@dgfclﬁi'n@éﬂ‘tsaﬂion%mﬁlrg%El@cé%ﬂgﬁlé&%&ﬁ%@&ms&%%”E,ri ¢

subunits are nmade up and C noi et es, rein re eac

and R5ofirg MRG Mg eZmi&iu, B, Caido, et Brodi,df, and 8am 57, wherein R4 is

i ndividually and respectively selected fromthe group consisting of H OCH
and C -C4 straight and branched chain al kyl groups, R5, R6 and X are

i ndi vidual Iy andgjgesp ' t +; kST | kal i
ol S VO b3 0r ey BT % B85 a%éf{?eagézﬂlhz}‘ﬁé’g%ﬁ%ﬁﬁo@%%ﬁg%egga?@s ai d

car boxyl at eppoidimges fdelizeg peicis; exed with an ion. 63. The method of claim
62, said ion being. selected fr the group consisting ~ of Fe, M1, M, Zn,
Or N Co, Capineytidipartiale Wi a Al SIPTEHE IFRb O e leptetifingn Ahc @b d
fertilizer partigleiGappFhsihg st heus fritic BEAY TP s AstdrBh bibdiJoAiGE
particle; and, coatli hsg ggig %ar%tsf C gl W t Syg 11‘6%1?% co’r?prnlﬂsis’ng a %1{:: r\;sat%ﬁnsﬁteri al
sel ected from t hendymoupres densifsti ng of pol yners, natural and synthetic
gums, starche i starch iE(jje.rivaltggi ves, e m xtures thereof, said first
material betH L B Pelpe gu Ggile solublgdn Water. 65 A met hod of f or i ng a
coated fertilizer particle conprising the steps of:

65. A method of forming a coated fertilizer particle comprising the steps of:
providing a fertilizer particle; and
coating said particle with a {ilm comprising a first material selected from the group
consisting of polymers, natural and synthetic gums, starches, starch derivatives,
and mixtures thereof,

said first material being substantially insoluble in hydrocarbons.

66. A method of manufacturing a fertilizer particle with reduced porosity
comprising the steps of:
providing a fertilizer particle;
selectively applying a quantity of water to the surface of said particle in order to dissolve
a portion of said particle; and

drying said particle.
67.  The method of claim 66, said particle comprising ammonium nitrate.

68.  Incombination, a fertilizer particle and a coating on said particle which

inhibits the infiltration of hydrocarbon materials.



providing a fertilizer particle; and coating said particle wwth a film
conprising a first material selected fromthe group consisting of

pol yrmer s,woasuorah7 and synt hetic guns, starches, starch dercraisoveeor and

m xtures thereof, said first material being substantially insoluble in
hydrocarbons. 66. A nethod of manufaciguring a fertilizer particle with
reduced porosity conprising the steps of: providing a fertilizer particle;
sel ectively appl $0ng qnhé4aRbinktobs WRIR 68! 9&1& b@atﬁ%rgoﬂ@ﬁlsﬁi §ﬁdsq n@a"i‘éﬁdld ein
order to dissolve a portion of said particle; ng said particle.

67. Th@lmdﬂfrdmdhe graipmodsistismptip@ameisc Inetuwd mpd isgnthetiagmos i staches] statck.  68.
I n conglnaﬁ_ ? fertlllze% particle and a coating on said particle which
i nhi bi TERHESS, ARY PEFLEER SR hydr ocarbon materials. WO 03/ 074447

PCT/ US02/ 39201 -38 69. The conbination of claim®68, said coating
conprising a first material selected fromthe group consisting of

pol yners, nat ur all0.andThy nombtratiogofslaimt@; chié polshas ctlecdé rfrcmattha/gsup and

m xtures there e Cco | ai m 69, said yners sel ected
't om ¢ FSGRBh Pl s P cor by brares T Pusianruabdmtities taSof
pol ycar boxyl at es, pol ysul fonates, and m xtures thereof. 71. The
conbi nation of claim@®68, said coating having a pH of about 7.0 or |ess.
72. The conbi nat 7bn ofhe kanhinzton shdleinp68,\saidrcosimphavingg phl afaabbotxy.D at e
pol yney. 73. The conbination of claim 72, said carboxyl ate pol ymer being
pol yact§t'ic acid or being made up of at least two different noieties
individually and respectively taken from the group consisting of A B, and
C noieties, recurring B noieties, or recurring C noieties

72.  The combination of claim 70, said polymer comprising a carboxylate

polymer.

73.  The combination of claim 72, said carboxylate polymer being polyacrylic
acid or being made up of at least two different moieties individually and respectively taken from
the group consisting of A, B, and C moieties, recurring B moieties, or recurring C moieties

wherein moiety A is of the general formula

+TH—CT—9—

R1 R

moiety B is of the general formula

Ry R,
Rs R4
—~c—-c—)
(—c——c—)
o o=—C Cc=o0
O—=C C—=0




wherein noiety Ais of the general
of the general

formula 4-CH CH-~ i
formula RBR4 R3 4 -(--c Cc---

Rl RZ noiety Bis

or CCCO cOl 1l 100
OR5 OR6 WOO303/4074447 PCT/ US02/ 39201 -39- or R3 R4 | OPCT@SER/3201 and
noiety Cis of the general formula O Il CORIO R8 (_CH R7 RO C OR1,
-39.
or
Rs R4
[ I ’ AY
O—""—C\ /C—-—-_"O
O

O
] /lol——or@z10
8
(—cH o/ }
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R, Rg
\ﬁ—ORM
O
or
CT 0]
| |
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( e ( a \
CH N4 Y or CH “ 7 O
\
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wherein Ry, R, and R; are individually and respectively selected from the group consisting of H,

OH, C,-C;, straight, branched chain and cyclic alkyl or aryl groups, C,-C;, straight,



Il 1 O or OO0OIl Il $C\ /R$\ --CHC-Yor -~~-CHC~- O RRCOR9 C
R71 1 RfT1 I OO wherein R, R2 and R7 are individually and respectively
sel ect ed Wopmniot4ae7 gr oup consi sting of H  OH, Cl-C30 straipghtusobsenched
chain and cyclic alkyl or aryl groups, Cl-C30 straight, WO 03/074447

PCT/ US02/ 39201 -40 branched chain ang.cyclic al kyl or aryl Cl-C30 based
ester groups (formate (CO), acetate (Cl), propionate (C), butyrate (C3),
etc. up to Kk . i i(& ed
fromthe gr %?hceé‘ nl%g%t%flﬁéﬁ%%&ﬁ%gsggﬁ g&gﬁ:@&i %S‘f%%gﬁgd (i;bﬁlgatr?( %Q%e%%l C
al kyl or ar{C)greppsite (R3), hnigraRe G}, etci mﬁp\@(du%{CDygmgjs red PRCgroved, wheel ect ed

fromthe gro C of H Cl1:C30 r br anc chain and cyclic
iyl or ar R e Ptk thgerolb s 6L AL ¢ heie BT HGAR Shastnd Gene
respect vel Mgfaé%géggoyfpgqme&m AFARivERARY Ald REeLfivdly sdififed Runtidhd %ﬁg%a' S,

NH4 and t he "anmoni Um groups, el ected omt
consi sting clfnsl%eing M’IH, Wgcgozsm;mghu, briMicheCohaitvbnd dfcliCalkySbr, arﬁ, grampb Ba,RR8 and

RO are in i vel eI cted fromthe consi sting of
not hi ng, G816 B e B GSRE S6 e et e o vt v foneioRad SF o 19 On
where said Bﬁéﬂ%‘fdlé: N’H’téﬂa'tﬁescacealk%nbﬁﬂuﬁlfgr& }}3@ 1@55@‘[&%&%111@%0%@6‘

one of said Ri1, OH Where said neric subunits ar de up

of A and C cmlsesltmgsof FanNInaMg,e’@stthh ©b, Nai N’ i SlR,'B aR3 ,Ca; ERQ aadR,Rtei s OH
where said ubunits ar of A B.a ties. 74. The
Conb nat 1 oo QTS SbeE e dorb e B R B e e e G-

and C;H,, at least one of said R, R,, R, and R, is OH where said polymeric subunits are

made up of A and B moieties, at least one of said R, R, and R, is OH where said

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

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

74.  The combination of claim 73, wherein said recurring polymeric subunits

are made up of A and B moieties, wherein R, R; and R, are each H, R, is OH, R, and R are Na.

75. The combination of claim 73, wherein R;-R, are respectively and
individually selected from the group consisting of H, OH and C,-C, straight and branched chain
alkyl groups, Ry, Ry Ry and R,; are individually and respectively selected from the group

consisting of the alkali metals, NH, and H

76.  The combination of claim 73, wherein said recurring polymeric subunits

are made up of B and C moieties, wherein R, and R, are each H, and R, and R are Na.

77.  The combination of claim 73, wherein R, is individually and respectively
selected from the group consisting of H, OH and C,-C, straight and branched chain alkyl groups,

R, R;and X are individually and respectively selected from the group consisting of alkali metals.

78.  The combination of claim 72, said carboxylate polymer being complexed

with an ion.



are made up of A and B noieties, wherein Rl, R3 and R4 are each H R2 is
OH, R5 and R6 are Na. 75. The conbination of claim73, wherein RL-R4 are
respect i veby3and47 ndi vi dual |y sel ected fromthe group con®c3tisezy3abt H COH
and Cl1-C4 straight and branched chain al kyl groups, R5, R6, R10 and R1,
are individually and respectively selggcted fromthe group consisting of
the alkali netals, NH4 and H 76. The conbi nation of claim 73, wherein said

recurri ng p0| yne'?@ c StFHé" @6155111&@(51? of@gﬁ'n kyrg led %ﬁ@ggn%ﬁ%&@a Ifﬁ)%n Fl%?l()ﬁ n RS

and R4 are each H and are e conbination o

wher ei WlmungofﬁdandﬂgJ Z1y &nwlr@&ﬁ‘éolv,\/@ﬂ,)‘sl,&ahéeaed fromthe group
consisting of H OH and C 1-C4 straight and branched chai n al kyl groups,
R5, R6 and X are individually and respectively selected fromthe group

consisting of alkgli fgt @dn%bmgtﬁm oﬂ&%mﬁ%@béa'f@édaﬁﬂg &J\}‘l@%‘%&%} dondhrial.

car boxyl ate pol yner bei ng conpl exed an i on: 14447
PCT/ US02/ 39201 -41 79. The conblnatlon of claim 78, said ion being

selected fromth 1 9ro consi sting of Fe, WMh, ,.Zn, Cu, Ni, , .My, V,
&, 5 and cil- g0t PG R&% ieHimoRO.ciedi) BiterEh Ferbiaint mGDRBARI | o ng
a secqggﬂﬁﬁﬁerial. 81. The conbi nation of claim 80, second nateri al

conprising polyvinyl alcohol. 82. The conbination of claim80, the weight
ratio of said second material to said first material being between about

1:10 to 10:1 . 83, Th i.natio | aim 82, the io of said
second materi al g% il%lccfl iggtt r}«ﬁrqugcgobgﬁer‘fbﬂ%%é&ﬁ’co glﬁél% SSﬁon%?ﬂgeﬂal to
CO”b'nﬁ&iﬂﬁtﬁﬁuﬁe@b&h@%m“§€hgh&ﬂa$ﬂ@ﬂ)ﬁ?ﬂpr'S'ng about 4%or less of the
conmbi ned wei ght of the particle and coating. 85. The conbination of claim

68, said polymer coating including a quantity of carbon, said carbon

o 0 .
Sgwir ICiSIengngbgglt §%Er2 /%B%?c}ll\ﬁlé Qt&onocgf cllau %2OIhetV\t]e?gh% %{R)I o esgldvs\%lc Qitmgtz‘,nal to

said first material being about 1:3.

84.  The combination of claim 68, said coating comprising about 4% or less

of the combined weight of the particle and coating.

85.  The combination of claim 68, said polymer coating including a quantity
of carbon, said carbon comprising about 0.2% by weight or less of the combined weight of the

particle and polymer coating.

86.  The combination of claim 68, said fertilizer particles being selected from
the group consisting of fertilizers containing nitrogen, phosphorous, potassium, calcium,
magnesium, sulfur, boron, or molybdenum materials, fertilizers containing micronutrients, and

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

87.  The combination of claim 86, said fertilizer particles comprising

ammonium nitrate.

88.  In combination, a fertilizer particle and a coating comprising a first
material selected from the group consisting of polymers, natural and synthetic gums, starches,

starch derivatives, and mixtures thereof, said first material being substantially water soluble.



86. The conbination of claim68, said fertilizer particles being sel ected
from the group consisting of fertilizers containing nitrogen, phosphorous,
pot assi urivoaalozdi4ym  magnesi um sul fur, boron, or nol ybdemamusat/anial s,
fertilizers containing mcronutrients, and oxides, sulfates, chlorides,
and chel ates of such mcronutrients. 1. The conbi nati on of claim86, said
fertilizer particles conprising ammoniumnitrate. I n conmbi nation, a
fertilizer partigde aﬂﬂc@n&ﬁ@ﬁidlﬁ& %@M&éls%ﬁﬁclé ahlt raséoatﬂ’{%tc%ﬁipﬁgméeel ﬁFstted
fromthe group consisting of polyners, ural and syntheti c gurs,

st ar chegteriabselottd emithegiove sonsistioe wf polymess, niterad ofid swicticteumst staghes, | al
bei ng subst 3/ 074447, RCT/ US02/ 39201 2.89. In
conby nateD ey ey i b RS BT M DORRNBEES SERGIALY Aoty in

mat er i ydrs@h®sised fromthe group consisting of polymers, natural and
synthetic guns, starches, starch derivatives, and mixtures thereof, said
first material being subst antially insoluble in hydrocarbons.



