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(54) METHODS FOR ADDITION OF BENEFICIAL AGRICULTURAL, BIOLOGICAL, AND/OR 
DEDUSTING ADDITIVES TO GRANULAR FERTILIZERS

(57) A method for conditioning fertilizer granules for
improved dust control, agricultural benefits, or both, the
method comprising:
providing a plurality of fertilizer granules into a condition-
ing vessel, the fertilizer granules having a surface tem-
perature of 10°C (50°F) to 121.111°C (250°F);
introducing an aqueous conditioning agent comprising
water to an outer surface of the plurality of fertilizer gran-
ules in the conditioning vessel in an amount of 0.1 wt%
to 10 wt% of the total weight of the fertilizer granules, the
aqueous conditioning agent being in the form of liquid,
steam, or superheated steam;
subjecting the plurality of fertilizer granules with the aque-
ous conditioning agent thereon to a mechanical energy
exposure in the form of tumbling or mixing the plurality
of fertilizer granules in the conditioning vessel to condi-
tion the outer surface of the fertilizer granules; and
drying the plurality of fertilizer granules to remove mois-
ture added from the aqueous conditioning agent until a
final moisture content of the fertilizer granules is between
0 wt% to 6.5 wt% of the granules.
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Description

RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S. Provisional Application No. 61/867,334 filed August 19, 2013,
and U.S. Provisional Application No. 61/968,328 filed March 20, 2014, each of which is incorporated herein in its entirety
by reference.

FIELD OF THE INVENTION

[0002] The present invention is directed to a system and related method of reducing dust generated during handling,
transporting, and storage of granulated fertilizer. Specifically, the present invention is directed to a system and related
method for conditioning the granular fertilizer by a water-based treatment or aqueous conditioning agent for reducing
dust generation and/or for the addition of beneficial agricultural, biological, and/or dedusting additives.

BACKGROUND OF THE INVENTION

[0003] Agricultural inorganic fertilizers typically include a base comprising at least one of three primary inorganic
nutrients - nitrogen (N), phosphate (P), and potassium (K). These fertilizers are identified by their NPK rating in which
the N value is the percentage of elemental nitrogen by weight in the fertilizer, and the P and K values represent the
amount of oxide in the form of P2O5 and K2O that would be present in the fertilizer if all the elemental phosphorus and
potassium were oxidized into these forms. The N-P-K proportions or concentration vary across fertilizer types and user
needs.
[0004] For example, the base fertilizer can comprise a phosphate fertilizer (such as monoammonium phosphate
("MAP"), diammonium phosphate ("DAP")), a potash fertilizer (such as muriate of potash ("MOP")) or other potassium-
based fertilizer, or a nitrogen-based fertilizer such as a fertilizer containing urea. The fertilizers can also include any
combination of secondary nutrients and/or micronutrients. The secondary nutrients can include sulfur compounds, cal-
cium, and/or magnesium, and the micronutrients can include iron, manganese, zinc, copper, boron, molybdenum, and/or
chlorine. The micronutrients and/or secondary nutrients can be added to solution in their elemental form, or as compounds,
such as a salt.
[0005] Many of these agricultural fertilizers are granulated, dried, and treated with dust control agents after formulation
to provide the fertilizer in a stable and easily handled form. An inherent drawback of the conventional granulation process
is that a significant portion of the fertilizer may generate dust particulates either during manufacture, storage, or in
distribution, which is significantly more difficult to handle and distribute on the fields to be treated. In addition to wasting
otherwise useful fertilizer, the fertilizer may create undesirable fugitive particle emissions. Fugitive particulate emissions
can be mitigated, but in certain conditions mitigation costs can become uneconomical.
[0006] To reduce the dust generation, the fertilizer granules are often coated with an anti-dust coating that reduces
or entraps the dust created during the granulation or transport. The anti-dust coating can comprise, for example, petro-
leum, wax, or other oil-based liquids that are sprayed onto the fertilizer granules to adhere any dust particulates formed,
during granulation or transport, for example, to the larger fertilizer granules. The coating also encapsulates the dust
particulates to prevent or inhibit the dust particulates from becoming airborne.
[0007] While traditional coatings are effective at controlling the dust particulates, the inherent drawback of these
coatings is that the coatings have a limited effective shelf-life and can have diminishing effectiveness as the coating
ages. Prolonged storage or transport of the coated fertilizer can present a greater safety risk as the storage or transport
time may have exceeded the effective life of the coating resulting in unsafe fertilizer products, and/or undesirable flow
characteristics in storage bins, transportation equipment, and field application equipment. Furthermore, these traditional
coatings can potentially add significant cost to the end-product due to the cost of the coating composition and/or increased
manufacturing costs. Alternative dedusting agents with extended shelf life are commercially available but these products
tend to have substantially higher cost and for this reason have not been broadly adopted by the industry.
[0008] As such, there is a need for a means of efficiently and effectively reducing dust generated during the handling
of granular fertilizers and/or to increase the agricultural benefits of the fertilizer.

SUMMARY OF THE INVENTION

[0009] The present invention is directed to a method and related system for conditioning of granular fertilizers post-
manufacture to reduce the generation of dust during handling, transport, and storage of the fertilizers, and/or to increase
the agricultural benefits of the fertilizer. The method includes introducing a quantity of an aqueous conditioning agent,
such as by spraying, to a plurality of fertilizer granules having a surface temperature of about 50°F to about 250°F, and
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more particularly about 130°F to about 200°F, and a crude moisture content of about 0 to about 6.5 weight percent
(wt%), more particularly from about 0.5 wt% to about 3 wt% and more particularly from about 0.5 wt% to about 1.5 wt%,
in a conditioning vessel. The aqueous conditioning agent can comprise water only or a water-based solution in the form
of liquid, steam, and/or superheated steam, and with or without beneficial agricultural and/or dedusting additives. The
aqueous conditioning agent is introduced at a temperature of about 32°F to about 800°F depending on the form of the
agent, and more particularly from about 70°F to about 170°F when the agent is in the form of water, with or without
beneficial agricultural and/or dedusting additives.
[0010] Alternatively, one or more beneficial agricultural and/or dedusting additives are introduced onto the surface of
the granules separate from the aqueous conditioning agent (with or without additives). The one or more additives can
be added simultaneously or in series with the aqueous conditioning agent.
[0011] As mentioned above, the aqueous conditioning agent can optionally contain one or more beneficial agricultural
and/or dedusting additives, such as, for example, but not limited to, one or more acidifying agents (e.g., but not limited
to, citric acid, sulfuric acid, phosphoric acid, sulfamic acid, and combinations thereof), one or more drying agents (e.g.,
but not limited to, corn starch, and/or wheat starch), and/or one or more chelating agents (e.g., but not limited to,
ethylenediaminetetraacetic acid (EDTA), polyethylenimine (PEI)), or combinations thereof, in an amount of about 0.01
wt% to about 99.99 wt% of solution (i.e. weight of solute/weight of solution), and more particularly from about 0.01 wt%
to about 20wt% of solution for certain applications, from about 20 wt% to about 50 wt% of solution for other applications,
and from about 50 wt% to about 99.99 wt% for yet other applications.
[0012] In an alternative embodiment of the invention, in addition to or as an alternative to the additives listed above,
the aqueous conditioning agent can contain one or more beneficial agricultural additives selected from one or any
combination of secondary nutrients and/or micronutrients in an amount of about 0.01 wt% to about 99.99 wt% of solution,
and more particularly from about 20 wt% to about 50 wt% of solution. The secondary nutrients can include sulfur
compounds, calcium, and/or magnesium, and the micronutrients can include iron, manganese, zinc, copper, boron,
molybdenum, and/or chlorine. The micronutrients and/or secondary nutrients can be added to solution in their elemental
form, or as compounds, such as a salt.
[0013] In yet other embodiments, in addition to or as an alternative to the additives listed above, the aqueous condi-
tioning agent can contain one or more beneficial agricultural additives selected from one or any combination of herbicides
and/or pesticides.
[0014] In addition to or as an alternative to the additives listed above, other embodiments of the aqueous conditioning
agent can comprise one or more beneficial agricultural additives selected from one or any combination of biological
material. In some aspects, the biological materials, or "biologicals," can comprise, for example, one or more biological
chemicals, plant and other extracts, microbial agents, and/or other living organisms. In some embodiments, the biological
material can comprise microorganisms, including, but not limited to, bacteria such as Bacillus, Rhizobium, Azobacter,
and Azospirillum, fungi such as Aspergillus, Mycorhizzae, Beauveria, Metarhizium, and Trichoderma, and/or yeast such
as Saccharomyces, Schizosaccharomyces, Sporobolomyces, Candida, Trichosporon, and Rhodosporidium. In other
cases, the aqueous conditioning agent can comprise biological materials that are small molecule and peptide-based
compositions such as, but not limited to, metabolites, peptides, lipopetides, hormones, peptide hormones, siderophores,
glycopepetides, humates, surfactants, vitamins, enzymes, amino acids and amino acid derivatives, and nucleic acids
and nucleic acid derivatives. In some embodiments, biologicals included in embodiments of the aqueous conditioning
agent can be applied to fertilizers or fertilizer granules at a final concentration of about 103 to about 1012 CFU (colony
forming units)/g, and more particularly about 106 to about 109 CFU/g.
[0015] Biologicals applied accordingly have the potential to enhance the growth and development of plants as well as
treat plant diseases.
[0016] The granules with aqueous conditioning agent(s) applied thereto are then optionally subjected to a mechanical
energy exposure, such as in the form of tumbling or mixing, in the conditioning vessel to induce desired particle interactions
between particles. In an alternative embodiment, the granules and the aqueous conditioning agent are introduced into
a fluidized bed reactor such that the surface of each individual granule is subjected to surface conditioning described
above, without necessarily being subjected to particle to particle interaction or mechanical energy exposure. In yet
another alternative embodiment, the granules are exposed to a combination of particle to particle interactions (e.g.
tumbling or mixing) and introduced into a fluidized bed reactor in either order, or in any combination.
[0017] The added moisture from the aqueous conditioning agent is removed from the granules either naturally or with
the application of energy. This can be accomplished in the conditioning vessel itself either during the optional tumbling
and/or after tumbling of the granules. The drying can be done by drying via a dry airstream (heated or non-heated) such
as a fugitive dust air stream for removal of water vapor, dust, and air, a heated dryer such as a blower, until a final
moisture content of about 0 wt% to about 6.5 wt% of the granules is achieved, more particularly from about 0.5 wt% to
about 3.0 wt, and even more particularly from about 0.5 wt% to about 1.5 wt%, resulting in conditioned fertilizer granules.
[0018] The conditioning process can be placed in-line after granulation and/or drying of the fertilizer granules, or at a
remote location, i.e. off-line. For example, the conditioning process can be achieved in a warehouse, separate processing
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facility, at a transportation site, or any of a variety of locations.
[0019] The conditioning of the granular fertilizers by water treatment allows for the reduction in application of dust
control agents, such as the oil-based coatings described above, thereby reducing raw material costs. Also, reduction in
dust generated during distribution from the manufacturer to the grower results in improved industrial hygiene for the
manufacturers, transporters, customers, and/or customer employees, thereby reducing the costs and equipment other-
wise needed to mitigate potential industrial hygiene issues. Finally, when beneficial agricultural additives are incorporated,
the conditioned granules can have increased agricultural benefits compared to unconditioned granules.
[0020] The conditioning methods and systems described above are not limited to the treatment of fertilizer granules.
The methods and systems according to embodiments can be used on any granular or particular material that has the
propensity to produce unwanted or fugitive dust. Other uses can include, for example, the conditioning of coal, feed
products such as feed supplements or pellets, food processing, mining operations including ores and tailings, cured or
dried cement, dirt, gravel or sand, waste, asbestos, or any of variety of uses.
[0021] The above summary of the various representative embodiments of the invention is not intended to describe
each illustrated embodiment or every implementation of the invention. Rather, the embodiments are chosen and described
so that others skilled in the art can appreciate and understand the principles and practices of the invention. The figures
in the detailed description that follow more particularly exemplify these embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0022] Figure 1 is a process flow diagram of a conditioning method according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] Referring to Figure 1, a non-limiting exemplary embodiment of a system and method for conditioning fertilizer
granules for improved dust control and/or agricultural benefits generally includes the supply of a plurality of fertilizer
granules at 102. The fertilizer granules can be unconditioned or can be previously condition in which additional condi-
tioning is desired or required. The granules are not limited to fertilizer granules, and can comprise any of a variety of
granular or particular materials.
[0024] In this non-limiting embodiment, the fertilizer granules can be any of a number of fertilizer types including, but
not limited to inorgranic including nitrogen-based (e.g. ammonium nitrate or urea), phosphorous-based (e.g. phosphate
fertilizers including mono-ammonium and di-ammonium phosphates), potassium-based (e.g. potash or muriate of potash)
fertilizers, and any of a variety of N-P-K compound fertilizers, with or without secondary nutrients such as sulfur or sulfur
compounds, calcium, and magnesium, and/or micronutrients such as iron, manganese, zinc, copper, boron, molybdenum,
and chlorine. In one non-limiting embodiment, the fertilizer granules are formed using the granulation methods described
in U.S. Patent No. 6,544,313 entitled "Sulfur-Containing Fertilizer Composition and Method for Preparing Same," incor-
porated herein by reference in its entirety. In another non-limiting embodiment, the fertilizer granules are formed using
the granulation methods described in U.S. Patent No. 7,497,891 entitled "Method For Producing A Fertilizer With Mi-
cronutrients," incorporated herein by reference in its entirety.
[0025] Depending on the desired temperature and moisture content of the fertilizer granules before application of the
aqueous conditioning agent, optional application of heat and/or air 104 may be necessary or desired. For example, IR
heat, gas fired heat, or any of a variety of heat sources can be applied to the plurality of fertilizer granules to dry and/or
heat the granules to the target surface temperature and/or moisture content before application of an aqueous conditioning
agent at 108. In one embodiment, the target surface temperature of the granules is approximately about 50°F to about
250°F, and more particularly about 130°F to about 200°F, and the target moisture content is about 0 to about 6.5 weight
percent (wt%), more particularly from about 0.5 wt% to about 3 wt% and more particularly from about 0.5 wt% to about
1.5 wt%
[0026] Once the granules are at the target temperature and moisture content, they are placed into a conditioning
vessel at 106, such as a tumbling drum or bed, flighted drum or bed, or fluidized bed for application of the one or more
aqueous conditioning agents. In one embodiment, the conditioning vessel includes one or more sprayers or nozzles for
the spray application of one or more aqueous conditioning agents at 108, with or without beneficial agricultural and/or
dedusting additives. As discussed above, the aqueous conditioning agent can comprise water or a water-based solution,
in the form of liquid, steam, and/or superheated steam, and with or without beneficial agricultural and/or dedusting
additives. The aqueous conditioning agent is introduced at a temperature of about 32°F to about 800°F depending on
the form of the agent, and more particularly from about 70°F to about 170°F when the agent is in the form of liquid water
or a water-based solution, with or without beneficial agricultural and/or dedusting additives.
[0027] As mentioned above, the aqueous conditioning agent can optionally contain one or more beneficial agricultural
and/or dedusting additives, such as, for example, acidifying agents, drying agents, chelating agents, micronutrients,
secondary nutrients, biological materials, pesticides and herbicides.
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[0028] Acidifying agents can include, but are not limited to, citric acid, sulfuric acid, phosphoric acid, sulfamic acid,
and combinations thereof. Drying agents can include, but are not limited to, corn starch, and/or wheat starch. Chelating
agents can include, but are not limited to, ethylenediaminetetraacetic acid (EDTA), polyethylenimine (PEI), or combina-
tions thereof. Any of the agents can be added in an amount of about 0.01 wt% to about 99.99 wt% of solution, and more
particularly from about 0.01 wt% to about 20 wt% of solution for certain applications, from about 20 wt% to about 50
wt% of solution for other applications, and from about 50 wt% to about 99.99wt% for yet other applications.
[0029] In addition to or as an alternative to the additives listed above, the aqueous conditioning agent can contain one
or more beneficial agricultural additives selected from one or any combination of secondary nutrients and/or micronutrients
in an amount of about 0.01 wt% to about 99.99 wt% of solution, and more particularly from about 20 wt% to about 50
wt% of solution. The secondary nutrients can include, for example, sulfur compounds, calcium, and/or magnesium, and
the micronutrients can include, for example, iron, manganese, zinc, copper, boron, molybdenum, and/or chlorine.
[0030] In addition to or as an alternative to the additives listed above, the aqueous conditioning agent can contain one
or more beneficial agricultural additives selected from one or any combination of biological material. In some cases,
biological material, or "biologicals," can comprise microorganisms, including, but not limited to, bacteria such as Bacillus,
Rhizobium, Azobacter, and Azospirillum, fungi such as Aspergillus, Mycorhizzae, Beauveria, Metarhizium, and Trichode-
rma, and/or yeast such as Saccharomyces, Schizosaccharomyces, Sporobolomyces, Candida, Trichosporon, and Rho-
dosporidium. In other cases, the aqueous conditioning agent can comprise biologicals that are not microorganisms,
including, but not limited to, small molecule and peptide-based compositions such as metabolites, peptides, lipopetides,
hormones, peptide hormones, siderophores, glycopepetides, humates, surfactants, vitamins, enzymes, amino acids
and amino acid derivatives, and nucleic acids and nucleic acid derivatives.
[0031] In some embodiments, biologicals included in embodiments of the aqueous conditioning agent can be applied
to fertilizers or fertilizer granules at a final concentration of about 103 to about 1012 CFU (colony forming units)/g, and
more particularly about 106 to about 109 CFU/g 106 to about 109 CFU. For example, 4.1 mls of an aqueous solution
comprising biologicals can be added to 1 lb of fertilizer, or about 1012 to about 1015 CFU/L can be added to liquid
fertilizer to achieve the above target concentration. In some cases, biologicals included in embodiments of the aqueous
conditioning agent can be applied at temperatures ranging from about 70°F to about 210°F, or more particularly, from
about 70°F to about 180°F, or more particularly, from about 70°F to about 160°F. Biologicals applied accordingly have
the potential to enhance the growth and development of plants as well as treat plant diseases.
[0032] In an alternative embodiment, one or more of the beneficial agricultural and/or dedusting additives described
above are optionally introduced at 111 onto the surface of the granules separate from the aqueous conditioning agent
(with or without additives). The one or more beneficial agricultural and/or dedusting additives can be added simultaneously
or in series with (e.g. upstream and/or downstream from) the aqueous conditioning agent, such as by spraying, in
conditioning vessel 106.
[0033] In one non-limiting embodiment, the aqueous conditioning agent is added at 108 in an amount of about 0.1 to
about 10 wt% of the total weight of the fertilizer, and more particularly from about 2.0 to about 4.0 wt% of the total weight
of the fertilizer. This can be accomplished, for example, by the addition of aqueous conditioning agent at a rate of about
0 to about 22 gallons per ton of granular fertilizer, and more particularly about 5-10 gallons per ton of granular fertilizer,
depending on the composition or concentration of the aqueous conditioning agent, and the desired amount of aqueous
conditioning agent per granule.
[0034] In one embodiment, simultaneously with or after the application of the aqueous conditioning agent at 108, the
granules are optionally subjected to mechanical energy at 110 in the form of agitation, such as shaking and/or tumbling,
within the conditioning vessel 106 to promote or induce mechanical interaction between granules. The conditioning
vessel can further optionally include mixing equipment such as, a ribbon blender, paddle mixer, baffles, and/or can
comprise a rotating drum such that the application of the aqueous conditioning agent is spread evenly over the granules,
and to further induce mechanical interaction between the granules.
[0035] In an alternative embodiment, the granules and the aqueous conditioning agent are introduced into a fluidized
bed reactor such that surfaces of the granules are subjected to surface conditioning described above, without necessarily
being subjected to particle to particle interaction or mechanical energy exposure. Optionally, one or more beneficial
agricultural and/or dedusting additives can be added to the fluidized bed separately from the aqueous conditioning agent
(with or without additives).
[0036] During and/or after the optional application of energy at 110, the extra moisture from the application of the
aqueous conditioning agent is removed at 112. In one embodiment, removal of the moisture at 112 can be accomplished
without additional equipment and/or processing. For example, a previously established airflow, such as a ventilation
means or duct for removing fugitive dust, water vapor, or other ventilation such as a fluid bed dryer, moves air that is
sufficiently dry through vessel 106 to remove the added moisture.
[0037] In another embodiment of the invention, one or more gases are supplied to or moved through the vessel at
114 to remove the added moisture from the granules. The one or more gases can be, for example, recycled and/or fresh
air, and/or an inert gas such as argon or nitrogen. The gas can be completely dry, or have a low or negligible moisture
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content. In a particular embodiment, the gas includes one or more beneficial agricultural and/or dedusting additives or
agents as described above for application to the granule surface.
[0038] In yet another embodiment, the latent heat of the fertilizer granules is sufficient to dry the granules by evaporation
of the moisture to the surrounding atmosphere of the vessel 106. The air of the vessel 106 is removed and replaced as
needed. In yet another embodiment, the granules are subjected to the application of dry air and/or heat in a separate
drying vessel (not shown), such as a fluid bed dryer. In each of the embodiments, the added moisture is removed until
a final moisture content of about 0 to about 6.5 weight percent (wt%), more particularly from about 0.5 wt% to about 3
wt% and more particularly from about 0.5 wt% to about 1.5 wt% of the granules is achieved, resulting in conditioned
fertilizer granules.
[0039] The conditioned fertilizer granules are removed at 116 are then shipped to storage and/or end-use customers,
or are reconditioned or further conditioned or processed as desired.
[0040] As discussed above, the conditioning of the granular fertilizers by water treatment allows for the reduction in
application of dust control agents, such as the oil-based coatings, thereby reducing raw material costs and/or manufac-
turing costs. Also, reduction in dust generated during distribution from the manufacturer to the grower results in improved
industrial hygiene for the manufacturers, transporters, customers, and/or customer employees, thereby reducing the
costs and equipment otherwise needed to mitigate industrial hygiene issues.
[0041] Table 1 below lists breakage results comparing conditioned fertilizer granules conditioned with an aqueous
conditioning agent in the form of water in weight percent to unconditioned fertilizer granules. In this example, the base
fertilizer was monoammonium phosphate and the breakage was measured.
[0042] In particular, an accelerated performance measurement procedure used to measure this data consists of the
following steps: (1) Initially untreated fertilizer granules are split (with a riffler) to maintain comparable fractions; (2) The
baseline granules are not treated with an aqueous conditioning agent while the remaining granules coated with different
experimental treatments of different amounts of aqueous conditioning agent; (3) The coated samples are stored under
controlled environmental conditions reflecting potential product transportation and storage conditions; and (4) The ef-
fectiveness of dust control is measured after several (2, 4, 6, 8) weeks. To measure effectiveness of dust control, samples
are removed from the environmental chamber and exposed to a controlled energy input to simulate product handling.
Dust sized particles from each sample are then extracted and the dust level is determined by mass difference. The
reduction percentage is calculated as a percent change (in this case reduction) from the dust generation of the baseline
samples.

[0043] In other embodiments, such surface treatments and/or incorporation of additives or agents by the above methods
may result in reduced caking tendencies by means of inhibiting chemical and/or physical interactions between granules
in storage, during transport, or otherwise.
[0044] While the invention is amenable to various modifications and alternative forms, specifics thereof have been
shown by way of example in the drawings and described in detail. It is understood, however, that the intention is not to
limit the invention to the particular embodiments described. On the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended claims.
[0045] The following clauses, which are not claims, include as as-filed disclosure the subject matter of the claims of
the parent application.

Clause 1. A method for conditioning fertilizer granules for improved dust control and/or agricultural benefits, method
comprising:

providing a plurality of fertilizer granules having a surface temperature of about 50°F to about 250°F;
introducing a quantity of an aqueous conditioning agent with or without beneficial agricultural and/or dedusting
additives;
optionally subjecting the fertilizer granules with an aqueous conditioning agent thereon to a mechanical energy
exposure and/or a fluidized bed reactor; and

Table 1: Breakage results

Conditioning agent added (% of fertilizer 
weight)

Typical dust generation reduction Optimal dust generation 
reduction

2% 30% 55%

3.5% 55% 80%

5% 60% 85%
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removing added moisture from the aqueous conditioning agent from the granules until a final moisture content
of the granules is about 0 wt% to about 6.5 wt% of the granules.

Clause 2. The method of Clause 1, wherein one or more beneficial agricultural and/or dedusting additives is present
in an amount of about 20 wt% to about 50 wt% of solution of the aqueous conditioning agent.

Clause 3. The method of Clause 1, wherein the aqueous conditioning agent comprises a solution or suspension of
water and one or more beneficial agricultural and/or dedusting additives selected from the group consisting of one
or more acidifying agents, one or more drying agents, one or more herbicides and/or pesticides, one or more chelating
agents, one or more biological agents, and combinations thereof.

Clause 4. The method of Clause 3, wherein the one or more acidifying agents comprises citric acid, sulfamic acid,
sulfuric acid, phosphoric acid, or combinations thereof.

Clause 5. The method of Clause 3, wherein the one or more drying agents comprises corn starch, wheat starch, or
combinations thereof.

Clause 6. The method of Clause 3, wherein the one or more chelating agents comprises ethylenediaminetetraacetic
acid (EDTA), polyethylenimine (PEI), or combinations thereof.

Clause 7. The method of Clause 1, wherein the aqueous conditioning agent comprises a solution or suspension of
water and one or more secondary nutrients and/or micronutrients.

Clause 8. The method of Clause 7, wherein the one or more secondary nutrients are selected from the group
consisting of a source of sulfur, a source of calcium, and/or a source of magnesium.

Clause 9. The method of Clause 7, wherein the one or more micronutrients are selected from the group consisting
of a source of iron, a source of manganese, a source of zinc, a source of copper, a source of boron, a source of
molybdenum, and/or a source of chlorine.

Clause 10. The method of Clause 1, wherein subjecting the fertilizer granules with an aqueous conditioning agent
thereon to a mechanical energy exposure comprises tumbling or mixing in a conditioning vessel to provide particle
to particle interaction.

Clause 11. The method of Clause 1, wherein subjecting the fertilizer granules with an aqueous conditioning agent
thereon into a fluidized bed reactor is such that the surface of each individual granule is subjected to surface
conditioning described above, without necessarily being subjected to particle to particle interaction or mechanical
energy exposure.

Clause 12. The method of Clause 1, wherein introducing a quantity of an aqueous conditioning agent with or without
beneficial agricultural and/or dedusting additives comprises spraying the aqueous conditioning agent onto the fer-
tilizer granules in a conditioning vessel, wherein the aqueous conditioning agent is introduced at a temperature of
about 32°F to about 800°F.

Clause 13. The method of Clause 1, further comprising introducing one or more beneficial agricultural and/or dedust-
ing additives onto a surface of the granules in a separate step from or from a separate source than the aqueous
conditioning agent.

Clause 14. A method of introducing one or more agriculturally beneficial additives to fertilizer granules in a conditioning
vessel, wherein one or more agriculturally beneficial additives comprises one or any combination of biological
material.

Clause 15. The method of Clause 14, wherein the biological material comprises one or more microorganisms.

Clause 16. The method of Clause 15, wherein the microorganism is bacteria selected from the group consisting of
Bacillus, Rhizobium, Azobacter, Azospirillum, and combinations thereof.

Clause 17. The method of Clause 15, wherein the microorganism is fungi selected from the group consisting of
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Aspergillus, Mycorhizzae, Beauveria, Metarhizium, and Trichoderma, Saccharomyces, Schizosaccharomyces, Spo-
robolomyces, Candida, Trichosporon, and Rhodosporidium, and combinations thereof.

Clause 18. The method of Clause 14, wherein the biological material is selected from the group consisting of
metabolites, peptides, lipopetides, hormones, peptide hormones, siderophores, glycopepetides, humates, sur-
factants, vitamins, enzymes, amino acids, amino acid derivatives, nucleic acids, nucleic acid derivatives, and com-
binations thereof.

Clause 19. The method of any of the preceding Clauses 14-18, wherein the biological material is applied to fertilizers
or fertilizer granules at a final concentration of about 103 to about 1012 CFU/g.

Clause 20. The method of Clause 19, wherein the biological material is applied to fertilizers or fertilizer granules at
a final concentration of about 106 to about 109 CFU/g.

Clause 21. The method of claim any of the preceding Clauses 14-20, wherein the biological material is sprayed on
the fertilizer or fertilizer granules as an aqueous solution, and then dried leaving the biological material deposited
on the fertilizer or fertilizer granule.

Clause 22. A system for introducing agriculturally beneficial and/or dedusting additives to fertilizer granules according
to the method of any of the preceding claims.

Clause 23. The system of Clause 22, wherein the system comprises a conditioning vessel with mixing equipment
selected from the group consisting of a ribbon blender, paddle mixer, baffles.

Clause 24. The system of Clause 22, wherein the system comprises a rotating drum such that the application of the
aqueous conditioning agent is spread evenly over the granules, and to further induce mechanical interaction between
the granules.

Clause 25. The system of Clause 22, wherein the system comprises a fluidized bed reactor, wherein the granules
and the aqueous conditioning agent are introduced into the fluidized bed reactor such that the surface of each
individual granule is subjected to surface conditioning described above, without necessarily being subjected to
particle to particle interaction or mechanical energy exposure.

Clause 26. The system of Clause 22, wherein the system comprises any of combination of one or more rotating
drums, one or more condition vessels with mixing equipment, and one or more fluidized bed reactors.

Claims

1. A method for conditioning fertilizer granules for improved dust control, agricultural benefits, or both, the method
comprising:

providing a plurality of fertilizer granules into a conditioning vessel, the fertilizer granules having a surface
temperature of 10°C (50°F) to 121.111°C (250°F);
introducing an aqueous conditioning agent comprising water to an outer surface of the plurality of fertilizer
granules in the conditioning vessel in an amount of 0.1 weight percent (wt%) to 10 wt% of the total weight of
the fertilizer granules, the aqueous conditioning agent being in the form of liquid, steam, or superheated steam;
subjecting the plurality of fertilizer granules with the aqueous conditioning agent thereon to a mechanical energy
exposure in the form of tumbling or mixing the plurality of fertilizer granules in the conditioning vessel to condition
the outer surface of the fertilizer granules; and
drying the plurality of fertilizer granules to remove moisture added from the aqueous conditioning agent until a
final moisture content of the fertilizer granules is between 0 wt% to 6.5 wt% of the granules.

2. The method of claim 1, wherein drying the plurality of fertilizer granules comprises applying a gas to the fertilizer
granules remove the moisture added from the aqueous conditioning agent.

3. The method of claim 1, wherein drying the plurality of fertilizer granules comprises relying on latent heat of the
fertilizer granules to evaporate the moisture added from the aqueous conditioning agent.
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4. The method of any one of the preceding claims, wherein the aqueous conditioning agent further comprises an
additive present in an amount of 20 wt% to 50 wt% of solution of the aqueous conditioning agent, wherein the
additive is:

an acidifying agent selected from the group consisting of citric acid, sulfamic acid, sulfuric acid, phosphoric acid,
and combinations thereof;
a drying agent selected from the group consisting of corn starch, wheat starch, and combinations thereof;
a chelating agent selected from the group consisting of ethylenediaminetetraacetic acid (EDTA), polyethlenimine
(PEI); or
a combination thereof.

5. The method of any one of the preceding claims, wherein the aqueous conditioning agent further comprises a sec-
ondary nutrient, a micronutrient, or both,
wherein the secondary nutrient is selected from the group consisting of a source of sulfur, a source of calcium,
and/or a source of magnesium, and
wherein the micronutrient is selected from the group consisting of a source of iron, a source of manganese, a source
of zinc, a source of copper, a source of boron, a source of molybdenum, and/or a source of chlorine.

6. The method of any one of the preceding claims, wherein the aqueous conditioning agent further comprises a biological
in the form of a bacteria selected from the group consisting of Bacillus, Rhizobium, Azobacter, Azospirillum, and
combinations thereof or fungi selected from the group consisting of Aspergillus, Mycorhizzae, Beauveria, Metarhizi-
um, and Trichoderma, Saccharomyces, Schizosaccharomyces, Sporobolomyces, Candida, Trichosporon, and Rho-
dosporidium, and combinations thereof.

7. The method of claim 6, wherein the biological is applied to the fertilizer granules at a final concentration of 103 to
1012 CFU/g, or at a final concentration of 106 to 109 CFU/g.

8. The method of any one of the preceding claims, wherein the aqueous conditioning agent further comprises an
additive selected from the group consisting of metabolites, peptides, lipopetides, hormones, peptide hormones,
siderophores, glycopepetides, humates, surfactants, vitamins, enzymes, amino acids, nucleic acids, and combina-
tions thereof.

9. The method of any one of claims 1 to 3, wherein the aqueous conditioning agent consists of water.

10. The method of any one of the preceding claims, wherein introducing the aqueous conditioning agent comprises
spraying the aqueous conditioning agent onto the fertilizer granules in the conditioning vessel, wherein the aqueous
conditioning agent is introduced at a temperature of 0°C to 426.667°C.

11. The method of any one of the preceding claims, wherein the fertilizer granules are dried to a final moisture content
between 0.5 wt% to about 3 wt%.

12. The method of any one of the preceding claims, wherein providing the plurality of fertilizer granules into the condi-
tioning vessel comprises providing fertilizer granules having a crude moisture content of 0 wt% to 6.5 wt%.

13. The method of any one of the preceding claims, wherein the fertilizer granules comprise nitrogen-based fertilizer,
a phosphate-based fertilizer, a potassium-based fertilizer, or a combination thereof.

14. The method of any one of the preceding claims, wherein the dried fertilizer granules exhibit a measurable reduction
in dust generation under simulated product handling conditions compared to the plurality of fertilizer granules that
are not conditioned with the aqueous conditioning agent.

15. A fertilizer product produced by the method of any one of the preceding claims.
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