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Modified fertilizer materials are produced, comprising: a) at least one fertilizer granule coated with a dispersant to form at least one

fertilizer granule-dispersant particle, b) a dispersant, which comprises at
and c¢) an overcoating material that is applied to the at least one fertili

east one agrochemical blended with at least one powder,
zer granule-dispersant particle. Methods of producing a

modified fertilizer materials comprise: a) providing at least one fertilizer granule, b) providing a dispersant that comprises at least

one fertilizer granule-dispersant particle to form the modified fertilizer material.
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one agrochemical blended with at least one powder, c) providing an overcoating material, d) applying the dispersant to the at least
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(57) Abstract: Modified fertilizer materials are produced,
comprising: a) at least one fertilizer granule coated with a
dispersant to form at least one fertilizer granule-dispersant
particle, b) a dispersant, which comprises at least one
agrochemical blended with at least one powder, and c)
an overcoating material that is applied to the at least one
fertilizer granule-dispersant particle. Methods of producing
a modified fertilizer materials comprise: a) providing at
least one fertilizer granule, b) providing a dispersant that
comprises at least one agrochemical blended with at least one
powder, ¢) providing an overcoating material, d) applying
the dispersant to the at least one fertilizer granule to form
at least one fertilizer granule-dispersant particle, and e)
applying the overcoating material to the at least one fertilizer
granule-dispersant particle to form the modified fertilizer
material.



CA 02703945 2010-04-28

WO 2009/058391 A2 IHIHHVA!H FARO AN A AR 1 0 A R AR R

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report



10

15

20

23

CA 02703945 2010-04-28
WO 2009/058391 PCT/US2008/012421

CHEMICALLY AND PHYSICALLY MODIFIED FERTILIZERS, METHODS OF
PRODUCTION AND USES THEREOF

FIELD OF THE SUBJECT MATTER

The field of the subject matter is chemically-modified and physically-modified fertilizers,

their methods of production and uses thereof.

BACKGROUND

Conventional fertilizers are granulated from the constituent nutrients that are
utilized to form the fertilizers. In some formulations, various crop chemicals or
“agrochemicals” are added to the granulated mixtures in order to achieve additional
goals in the plant products beyond fertilization. The fact that these conventional
fertilizers were prepared by granulation meant that the agrochemicals could be

granulated with the fertilizer constituents to give a finished product.

As new fertilizers began to be processed by methods other than granulation, it
became more difficult to add agrochemicals to the fertilizers. Manufacturers coated the
fertilizer particles with solutions that contained agrochemicals, but then found that many
of the most desirable agrochemicals didn't dissolve in suitable solutions in order to coat

the fertilizer particles.

It is common to apply liquid coatings to fertilizers to impart desirable properties or
control undesirable properties. Dry ingredients can only be used to the extent that they
are soluble in the base liquid or to the extent that a useful liquid-solid suspension or
slurry can be made and applied. One approach is to apply the solid ingredient first to
the fertilizer and then apply the liquid to seal the solid to the product. However, the solid
ingredient is limited to those that have good spreading characteristics, but still adhere to

the product to be ultimately held into place.



CA 02703945 2010-04-28
WO 2009/058391 PCT/US2008/012421

Therefore, there is a need to prepare physically and chemically modified
fertilizers, which are modified through coating with desirable agrochemicals. It is also a
goal to prepare these modified fertilizers by using any desirable agrochemicals despite
the fact that those agrochemicals may not be dissolvable in liquids.
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BRIEF DESCRIPTION OF THE FIGURE AND TABLE

Figure 1 shows a contemplated method for producing modified fertilizer materials.

Table 1 shows some contemplated modified fertilizer material recipes.
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SUMMARY OF THE SUBJECT MATTER

Modified fertilizer materials are produced, comprising: a) at least one fertilizer
granule coated with a dispersant to form at least one fertilizer granule-dispersant
particle, b) a dispersant, which comprises at least one agrochemical blended with at
least one powder, and c¢) an overcoating material that is applied to the at least one
fertilizer granule-dispersant particle.

Methods of producing a modified fertilizer materials comprise: a) providing at
least one fertilizer granule, b) providing a dispersant that comprises at least one
agrochemical blended with at least one powder, ¢) providing an overcoating material, d)
applying the dispersant to the at least one fertilizer granule to form at least one fertilizer
granule-dispersant particle, and e) applying the overcoating material to the at least one
fertilizer granule-dispersant particle to form the modified fertilizer material.
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DETAILED DESCRIPTION

Physically and chemically modified fertilizers, which are modified through coating
with desirable agrochemicals, have advantageously been produced. These modified
fertilizers are modified by using desirable and suitable agrochemicals, despite the fact

that those agrochemicals may not be dissolvable in liquids.

Specifically, a modified fertilizer material is produced, comprising: a) at least one
fertilizer granule coated with a dispersant to form at least one fertilizer granule-
dispersant particle, b) a dispersant, which comprises at least one agrochemical blended
with at least one powder, and c) an overcoating material that is applied to the at least
one fertilizer granule-dispersant particle. A method of producing a modified fertilizer
matertal comprises: a) providing at least one fertilizer granule, b) providing a dispersant
that comprises at least one agrochemical blended with at least one powder, ¢) providing
an overcoating material, d) applying the dispersant to the at least one fertilizer granule

- to form at least one fertilizer granule-dispersant particle, and e) applying the overcoating

material to the at least one fertilizer granule-dispersant particle to form the modified

fertilizer material.

Contemplated modified fertilizer materials begin with the at least one fertilizer
granule. The at least one fertilizer granule comprises any suitable fertilizer granule that
can be produced or sold in bulk and can additionally be coated with another material. In
contemplated embodiments, the at least one fertilizer granule comprises nitrogen-based
fertilizers, potassium-based fertilizers, phosphorus-based fertilizers or combinations
thereof. In some embodiment, the at least one fertilizer granule comprises ammonium
fertilizers, such as ammonium sulfate or urea, which benefits greatly from both

nitrification and urease inhibitors.

The granule-dispersant particle is formed by coating the at least one fertilizer
granule with at least one suitable agrochemical mixture or dispersant. This at least one
suitable dispersant is formed by blending at least one agrochemical with another
powder that results in a mixture with suitable properties to disperse and spread the

5
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agrochemical onto the surface of the at least one fertilizer granule. Contemplated
agrochemicals include nitrification inhibitors, such as dicyanodiamide (DCD). When
used by itself, DCD proved to be cohesive and when applied to a fertilizer, such as
aluminum sulfate, the DCD powder rolled into discrete balls instead of spreading onto
the aluminum sulfate. By adding a small amount of a powder, such as Zeolex® 80, to the
DCD powder, the dispersant combination adheres as a thin coating to the aluminum
sulfate.

In addition, the dispersant must be blended such that the agrochemicals are held
in place on the surface of the at least one granule. The dispersant and the at least one
granule work together through their individual characteristics to hold the dispersants in
place. For example, one of the features of the at least one fertilizer particle that works
to hold the dispersants in place is the roughness or porosity of the surface of the
fertilizer particle. Once the dispersant is applied to the at least one fertilizer granule, the
fertilizer granule-dispersant particle is formed.

An overcoating material is then applied to the at least one fertilizer granule-
dispersant particle to form the modified fertilizer particle. Contemplated overcoating
materials are designed to — at least — seal or hold the dispersant into place on the
fertilizer granule. Overcoating materials may also be designed to impart other
properties to the final fertilizer granule, such as smoothness or roughness, color coding
for blending with other fertilizer granules, time-lapse introduction to the fertilizer target,
increased solvation with water after application to the fertilizer target, etc.
Contemplated overcoating materials comprise standard wax-type dedust/anti-cake
materials, which are designed to seal the dispersant material into place on the fertilizer

granule.

Contemplated methods of producing a modified fertilizer material 100 comprise:
a) providing at least one fertilizer granule 110, b) providing a dispersant that comprises
at least one agrochemical blended with at least one powder 120, c) providing an
overcoating material 130, d) applying the dispersant to the at least one fertilizer granule

to form at least one fertilizer granuie-dispersant particle 140, and e) applying the
6
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overcoating material to the at least one fertilizer granule-dispersant particle to form the

modified fertilizer material 150, which is shown in Figure 1.

The at least one fertilizer granule, the at least one agrochemical, the at least one
powder, the at least one dispersant and/or the at least one overcoating material may be
provided by any suitable method, including a) buying the at least one fertilizer granule,
the at least one agrochemical, the at least one powder, the at least one dispersant
and/or the at least one overcoating material precursor from a supplier; b) preparing or
producing the at least one fertilizer granule, the at least one agrochemical, the at least
one powder, the at least one dispersant and/or the at least one overcoating material in
house using chemicals provided by another source and/or ¢) preparing or producing the
at least one fertilizer granule, the at least one agrochemical, the at least one powder,
the at least one dispersant and/or the at least one overcoating material in house using
chemicals also produced or provided in house or at the location. It is contemplated that
the at least one fertilizer granule, the at least one agrochemical, the at least one powder,
the at least one dispersant and/or the at least one overcoating material are made of any

suitable material or combination of materials, such as those materials already described

herein.

Although some of the contemplated materials are in powder or wax form, it is
contemplated that the materials disclosed herein may be dissolved in at least one
solvent in order to formulate the particular compound, prepare the compound for the
application, or impart additional chemical properties to the compound. For example, a
solvent or solvents may be utilized to impart a rougher or porous surface to the fertilizer
granules, in order to naturally hold more of the applied agrochemicals. Contemplated
solvents include any suitable pure or mixture of organic molecules that are volatilized at
a desired temperature, such as the critical temperature, or that can facilitate any of the
above-mentioned design goals or needs. The solvent may also comprise any suitable
pure or mixture of polar and non-polar compounds. As used herein, the term “pure”
means that component that has a constant composition. For example, pure water is
composed solely of H,O. As used herein, the term “mixture” means that component

7
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that is not pure, including salt water. As used herein, the term “polar’ means that
characteristic of a molecule or compound that creates an unequal charge, partial charge
or spontaneous charge distribution at one point of or along the molecule or compound.
As used herein, the term “non-polar” means that characteristic of a molecule or
compound that creates an equal charge, partial charge or spontaneous charge
distribution at one point of or along the molecule or compound.

In some contemplated embodiments, the solvent or solvent mixture (comprising
at least two solvents) comprises those solvents that are considered part of the
hydrocarbon family of solvents. Hydrocarbon solvents are those solvents that comprise
carbon and hydrogen. It should be understood that a majority of hydrocarbon solvents
are non-polar; however, there are a few hydrocarbon solvents that could be considered
polar. Hydrocarbon solvents are generally broken down into three classes: aliphatic,
cyclic and aromatic. Aliphatic hydrocarbon solvents may comprise both straight-chain
compounds and compounds that are branched and possibly crosslinked, however,
aliphatic hydrocarbon solvents are not considered cyclic. Cyclic hydrocarbon solvents
are those solvents that comprise at least three carbon atoms oriented in a ring structure
with properties similar to aliphatic hydrocarbon solvents. Aromatic hydrocarbon
solvents are those solvents that comprise generally three or more unsaturated bonds
with a single ring or multiple rings attached by a common bond and/or multiple rings
fused together. Contemplated hydrocarbon solvents include toluene, xylene, p-xylene,
m-xylene, mesitylene, solvent naphtha H, solvent naphtha A, alkanes, such as pentane,
hexane, isohexane, heptane, nonane, octane, dodecane, 2-methylbutane, hexadecane,
tridecane, pentadecane, cyclopentane, 2,2,4-trimethylpentane, petroleum ethers.
halogenated hydrocarbons, such as chlorinated hydrocarbons, nitrated hydrocarbons,
benzene, 1,2-dimethylbenzene, 1,2,4-trimethylbenzene, mineral spirits, kerosine.,
isobutylbenzene, methylnaphthalene, ethyltoluene, ligroine. Particularly contemplated
solvents include, but are not limited to, pentane, hexane, heptane, cyclohexane,
benzene, toluene, xylene and mixtures or combinations thereof.
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In other contemplated embodiments, the solvent or solvent mixture may
comprise those solvents that are not considered part of the hydrocarbon solvent family
of compounds, such as ketones, such as acetone, diethyl ketone, methyl ethyl ketone
and the like, alcohols, esters, ethers and amines. In yet other contemplated
embodiments, the solvent or solvent mixture may comprise a combination of any of the
solvents mentioned herein.

In a contemplated example, an agrochemical, such as a nitrification inhibitor, is
blended with about 10 weight percent of an amorphous sodium aluminum silicate (J.M.
Huber Zeolex 80, for example). The resulting dispersant is applied to ammonium
sulfate in a suitable mixing device. Once the powder mixture has spread evenly over
the ammonium sulfate, a standard wax type dedustanti-cake is applied to seal the
product into place.
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C

EXAMPLE

A DCD/Zeolex mixture was prepared that comprised 90 weight percent DCD and
10 weight percent of Zeolex 80. The dry mixture was then applied to about 50 pounds
of ammonium sulfate in a drum blender. The mixture was allowed to spread and adhere
to the surface. A molten wax/oil based dedusting agent (as typically used on fertilizers
and readily available from suppliers like ArrMaz Custom Chemicals) was then applied to
the surface-coated fertilizer and allowed to spread and solidify on to the coated
ammonium sulfate. A set of similar mixtures were prepared according to Tabie 1.

Table 1
DCD Ammonium DCD Zeolex  DeDust
Nitrogen Sulfate 80 Coating
5% 50 Ibs 381 g 42.3 g 225 ¢
7% 50 Ibs 544 g 604 g 225 g
10% 50 Ibs 803 g 89.2 ¢ 225 ¢

Thus, specific embodiments and applications of chemically and physically
modified fertilizers and their methods of production have been disclosed. It should be
apparent, however, to those skilled in the art that many more modifications besides
those already described are possible without departing from the inventive concepts
herein. In particular,
the terms “comprises” and “comprising” should be interpreted as referring to elements,

components, or steps in a non-exclusive manner, indicating that the referenced
elements, components, or steps may be present, or utilized, or combined with other
elements, components, or steps that are not expressly referenced.

10
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CLAIMS
. A modified fertilizer material, comprising:
a dispersant, which comprises at least one agrochemical blended with at least
S one powder, the at least one agrochemical comprising nitrification
inhibitors that comprise dicyanodiamide and the at least one powder
comprising amorphous sodium aluminum silicate,
at least one fertilizer granule coated with the dispersant to form at least one
fertilizer granule-dispersant particle, and
10 an overcoating material that is applied to the at least one fertilizer granule-
dispersant particie.
2. The modified fertilizer material of claim 1, wherein the at least one fertilizer granule

comprises a nitrogen-based fertilizer, a potassium-based fertilizer, a phosphorus-based

15 fertilizer or a combination thereof.

3. The modified fertilizer material of claim 1, wherein the at least one fertilizer granule

comprises an ammonium fertilizer, a urea fertilizer or a combination thereof.

20 4. The modified fertilizer material of claim 3, wherein the ammonium fertilizer

comprises ammonium sulfate.

5. The modified fertilizer material of claim 1, wherein the overcoating material

comprises a wax-type dedust/anti-cake material.

25
6. A method of producing a modified fertilizer matenals, comprising:
providing at least one fertilizer granule,
providing a dispersant that comprises at least one agrochemical biended with
at least one powder, the at least one agrochemical comprising
30 nitrification inhibitors that comprise dicyanodiamide and the at least

one powder comprising amorphous sodium aluminum silicate,

providing an overcoating material,

applying the dispersant to the at least one fertilizer granule to form at least

one fertilizer granule-dispersant particle, and

11
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applying the overcoating material to the at least one fertilizer granule-

dispersant particle to form the modified fertilizer material.

7. The method of claim 6, wherein the at least one fertilizer granule comprises a
nitrogen-based fertilizer, a potassium-based fertilizer, a phosphorus-based fertilizer or a

combination thereof.

8. The method of claim 6, wherein the at least one fertilizer granule comprises an

ammonium fertilizer, a urea fertilizer or a combination thereof.

9. The method of claim 6, wherein the at least one fertilizer granule comprises an

ammonium fertilizer.

10. The method of claim 9, wherein the ammonium fertilizer comprises ammonium
sulfate.
11. The method of claim 6, wherein the overcoating material comprises a wax-type

dedust/anti-cake material.

12. The modified fertilizer material of claim 1, wherein the dispersant comprises a dry
mixture of the agrochemical blended with the at least one powder and s adapted to disperse

and spread the agrochemical onto the fertilizer granule.

13. The method of claim 6, wherein the dispersant comprises a dry mixture of the
agrochemical blended with the at least one powder and is adapted to disperse and spread the

agrochemical onto the fertilizer granule.

12
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