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ABSTRACT

Fertilizer granules containing elemental sulfur and a hydrogel which expands or swells in
the soil to more readily disperse the elemental sulfur surface throughout the soil, which increases
the elemental sulfur surface area available for oxidation, and ultimately uptake of sulfur by the
plant. The elemental sulfur and hydrogel can be added to a fertilizer composition as either an

exterior coating or co-granulated with the base fertilizer composition.
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SWELLABLE FERTILIZER GRANULES CONTAINING ELEMENTAL SULFUR WITH
INCREASED OXIDATION RATES

RELATED APPLICATION

The present application claims the benefit of U.S. Provisional Application No.
62/510,080 filed May 23, 2017, and is a divisional application of Australian Patent Application
No. 2023270222, which is divisional application of Australian Patent Application No.
2018273388, the entire disclosures of which are incorporated into the present specification by
this cross-reference.

FIELD OF THE INVENTION

The invention relates generally to fertilizer compositions. More specifically, the

invention relates to incorporation of elemental sulfur and a swellable material, such as a

hydrogel, for increased dispersion of the elemental sulfur to enhance oxidation in soil.

BACKGROUND

Essential plant nutrients include primary nutrients, secondary or macronutrients and trace
or micronutrients. Primary nutrients include carbon, hydrogen, oxygen, nitrogen, phosphorus,
and potassium. Carbon and oxygen are absorbed from the air, while other nutrients including
water (source of hydrogen), nitrogen, phosphorus, and potassium are obtained from the soil.
Fertilizers containing sources of nitrogen, phosphorus, and/or potassium are used to supplement
soils that are lacking in these nutrients.

According to the conventional fertilizer standards, the chemical makeup or analysis of
fertilizers is expressed in percentages (by weight) of the essential primary nutrients nitrogen,
phosphorous, and potassium. More specifically, when expressing the fertilizer formula, the first
value represents the percent of nitrogen expressed on the elemental basis as “total nitrogen” (N),

the second value represents the percent of phosphorous expressed on the oxide basis as
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“available phosphoric acid” (P,0s), and the third value represents the percent of potassium also
expressed on the oxide basis as “available potassium oxide” (K;0), or otherwise known as the
expression (N-P,05-K,0).

Even though the phosphorous and potassium amounts are expressed in their oxide forms,
there technically is no P,0s or K,0 in fertilizers. Phosphorus exists most commonly as
monocalcium phosphate, but also occurs as other calcium or ammonium phosphates. Potassium
is ordinarily in the form of potassium chloride or sulfate. Conversions from the oxide forms of P
and K to the elemental expression (N-P-K) can be made using the following formulas:

%P = %P,05 x 0.437 %K=% K,0 x 0.826
%P,05=%P x2.29 %K,0=%K x 1.21

In addition to the primary nutrients that are made available to plants via fertilizer added
to soil, micronutrients and secondary nutrients are also essential for plant growth. Secondary
nutrients include sulfur (S), calcium (Ca) and magnesium (Mg). Micronutrients are required in
much smaller amounts than primary or secondary nutrients, and include boron (B), zinc (Zn),
manganese (Mn), nickel (N1), molybdenum (Mo), copper (Cu), iron (Fe) and chlorine (Cl).

The secondary nutrient sulfur is an essential element for plant growth and where
deficiency occurs plants show yellowing leaves and stunted growth resulting in crop yield losses.
The most cost-effective way to introduce sulfur to soil is to use elemental sulfur, as it is 100% S
and therefore has low transport and handling costs. When sulfur is applied to soil in its
elemental form (S%), it needs to first be oxidized to its sulfate form by soil microorganisms to
enable uptake by the plant. Research has shown that smaller particles oxidize faster when

elemental sulfur particles are dispersed through soil, because of their high particle surface area.

2
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To provide the sulfur in a form suitable for application to soil, small sulfur particles
cannot be bulk blended with granular fertilizers such as phosphates, nitrates, ureas, and/or
potashes to form a physical blend, unless they are incorporated into a pastille or granule with a
similar particle size to the rest of the blend. This is because fine elemental sulfur itself presents
an explosion/fire hazard when airborne, especially in confined spaces such as spreading
equipment, augers, bucket elevators or where there are any potential ignition sources. One other
problem with blends containing elemental sulfur particles is that they can undergo size
segregation during handling and transportation as the particles settle, resulting in smaller
particles (i.e. sulfur) concentrating near the bottom of the bulk blend. Consequently, sulfur is not
uniformly distributed throughout the blend, resulting in uneven sulfur dosage when the blend is
applied to soil. For example, some treated areas may receive too much sulfur, whereas others
may receive too little sulfur.

Sulfur has also been incorporated in fertilizer compositions as a coating, but for a
different purpose. Specifically, sulfur has been used in the manufacture of slow release fertilizer
compositions as a relatively thick outer coating or shell firmly anchored to the surface of
fertilizer particles. In such compositions, the objective is to provide slow release of the
underlying fertilizer to the soil, and optionally, for the delivery of sulfur to the soil for
subsequent oxidation and plant utilization.

One method for delivering elemental sulfur more uniformly to soil than bulk blending or
coating, includes the incorporation of sulfur platelets embedded in the fertilizer portion of the
granule, as described in U.S. Patent No. 6,544313, entitled “Sulfur-containing fertilizer

>

composition and method for preparing same,” incorporated herein by reference in its entirety.

3
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The platelets provide a large surface area, thereby increasing the exposure of the sulfur for
oxidation. With these granules, it has been shown that the oxidation rate of elemental sulfur
depends on the surface area in contact with the soil after collapse of the granule when soluble
compounds diffuse away. As a result, the relative oxidation rate increases with decreasing
granule size, and with decreasing percent elemental sulfur in the fertilizer granule.

However, the rate of elemental sulfur oxidation from these granules is still slower than
for elemental sulfur dispersed through soil. As illustrated in FIG. 1, the soluble components
SOL, such as mono or di-ammonium phosphate (MAP or DAP), triple superphosphate, or urea,
of the granule diffuse away, and the insoluble materials including elemental sulfur ES are left in
the collapsed granule cavity. This can trap otherwise usable elemental sulfur particles which
remain unavailable for oxidation, and therefore unusable to the plant. There remains a need to
increase the surface area of elemental sulfur in fertilizer granules to maximize the sulfur

available for oxidation within the granule residue.

SUMMARY
Embodiments of the invention are directed to fertilizer granules containing elemental
sulfur which expand or swell in contact with soil moisture to more readily disperse the elemental
sulfur within the soil matrix, which increases the available elemental sulfur surface area for
oxidation, and ultimately uptake of sulfur by the plant.
In a first embodiment, elemental sulfur is blended with one or more hydrogel materials
and applied as a coating to an outer surface of the base fertilizer granule. For the purpose of this
application, hydrogels are polymeric networks capable of absorbing or imbibing large amounts

4
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of water. Furthermore, the hydrogel is biodegradable, nontoxic to plants, soils, microorganisms,
and humans. Suitable hydrogels can include, for example, gums, polysaccharides, and/or
polymers. When the hydrogel/elemental sulfur coated granule is introduced to the soil, the
hydrogel swells, resulting in dispersion of the particles or platelets of elemental sulfur away
from the base granule and into the soil, thus making it more available for oxidation.

In an alternative embodiment, elemental sulfur particles are blended with the hydrogel
material and added or homogenized with a base fertilizer composition. The homogenized
fertilizer composition is then granulated such that the hydrogel with elemental sulfur particles are
co-granulated with and throughout the base fertilizer composition. The co-granulation can also
be achieved by introducing the ES and hydrogel homogeneously into a base fertilizer
granulation, prilling or compaction circuit.

In embodiments, the base fertilizer composition can comprise any of a variety of suitable
NPK fertilizers, including, for example, a nitrogen based fertilizer (e.g. urea), a potassium based
fertilizer (e.g. potash or muriate of potash (MOP)), or a phosphate based fertilizer (e.g. mono or
di-ammonium phosphate (MAP or DAP), triple superphosphate (TSP)), or combinations thereof.
The base fertilizer composition can optionally contain or be co-granulated with one or more
sources of micronutrients and/or secondary nutrients, such as, micronutrients including boron
(B), zinc (Zn), manganese (Mn), molybdenum (Mo), nickel (N1), copper (Cu), iron (Fe), and/or
chlorine (Cl), and/or secondary nutrients including an additional source of sulfur (S) in its
elemental form, sulfur in its oxidized sulfate form (SO4), magnesium (Mg), and/or calcium (Ca),

or any of a variety of combinations thereof at various concentrations.
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The above summary of the invention is not intended to describe each illustrated
embodiment or every implementation of the present invention. The detailed description that

follows more particularly exemplifies these embodiments.

BRIEF DESCRIPTION

FIG. 1 depicts a sulfur-containing fertilizer granule according to the prior art.

FIG. 2 depicts an expandable sulfur-containing fertilizer granule according to an
embodiment in which the hydrogel and ES are coated on the granule.

FIG. 3 depicts an expandable sulfur-containing fertilizer granule according to another
embodiment in which the hydrogel an ES are cogranulated with the granule.

FIGS. 4A-4E depict dissolution in water of single granules with various formulations
according to embodiments.

FIG. 5 depicts the dispersion in moist soil of sulfur-expandable fertilizer granules with
various formulations according to the embodiments.

FIG. 6 depicts column oxidation of elemental sulfur in fertilizer according to the
embodiments.

While the invention is amenable to various modifications and alternative forms, specifics
thereof have been shown by way of example in the drawings and will be described in detail. It
should be understood, however, that the intention 1s 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.
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DETAILED DESCRIPTION

Embodiments of the invention are directed to fertilizer granules containing elemental
sulfur which expand in the soil to increase the elemental sulfur surface area exposed to soil,
thereby increasing the availability of the elemental sulfur for oxidation, and ultimately uptake by
the plant. The fertilizer granules contain an expandable material, such as a hydrogel, which
draws in moisture and swells when exposed to moist soil, pushing the elemental sulfur particles
or platelets away from the granule residue and out into the soil, thereby increasing their available
surface area exposed to microorganisms. By the incorporation of materials, and particularly
hydrogels, oxidation rates can be tuned or tailored for different crops to speed up oxidation in
climates where oxidation of elemental sulfur is too slow to meet early sulfur requirements of the
Ccrops.

In a first embodiment, and referring to FIG. 2, an expandable sulfur containing granule
100 includes particles or platelets of elemental sulfur 102 dispersed within or blended with a
hydrogel material 104 to form a coating material. The coating material can optionally contain a
clay material, such as sodium bentonite, to further aid in absorbing or otherwise taking on water.
The coating material is then applied, such as, but not limited to, in the form of a dry powder
coating , with or without a liquid binder, to an outer surface of a base fertilizer granule 106 in
one or more layers. The hydrogel material is soluble or biodegradable when applied to the soil
such that, upon introduction to the soil, the hydrogel disperses away from the granule, leaving
individual particles or platelets of elemental sulfur in the soil available for oxidation.

In this embodiment, base fertilizer granule 106 can comprise any of a variety of suitable
NPK fertilizers, including, for example, a nitrogen based fertilizer (e.g. urea), a potassium based

7
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fertilizer (e.g. potash or muriate of potash (MOP)), or a phosphate based fertilizer (e.g. MAP,
DAP, and/or TSP), or combinations thereof. The base fertilizer granule 106 can optionally
contain one or more sources of micronutrients and/or secondary nutrients, such as, but not
limited to, micronutrients including boron (B), zinc (Zn), manganese (Mn), molybdenum (Mo),
nickel (N1), copper (Cu), iron (Fe), and/or chlorine (Cl), and/or secondary nutrients including an
additional source of sulfur (S) in its elemental form, sulfur in its oxidized sulfate form (SQOs),
magnesium (Mg), and/or calcium (Ca), or any of a variety of combinations thereof at various
concentrations.

Hydrogel material 104 can comprise any of a variety of liquid or dry hydrogel materials
which expand with force and which have the potential to expand within the confines of the soil,
and can include, for example, gelatinous materials, gums, and/or polysaccharides. Hydrogel
materials 104 can comprise, for example, a material that provides one or more of the polymeric

network described in Table 1 below:
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Material

Description

Sodium bentonite

Clay, [(Sl A1)4(A1FeMg)2O10(OH)2]2'Na'H20

Corn starch

Carbohydrate, C27H43020

Calcium alginate

Edible gelling agent, (C12H14Ca012),

Rice starch Polysaccharide, (C¢H10O5)n
Inulin Fructose polymers from plants
Sodium polyacrylate Sodium salt of poly acrylic acid, [-CH,-CH(CO,Na)-

In

Carrageenan gum

Polysaccharides ex red seaweed (1,3-a-1,4-3
galactans)

Psyllium husk Edible fibrous husk from Pantago Ovata plant
Gum Arabic Glycoproteins and polysaccharides from Acacia
Chitosan Linear polysaccharide from NaOH on shrimp shells

Xanthan gum

Bacterial polysaccharide, (C35H49020)y

Carboxymethyl cellulose
(CMO)

Sodium salt of cellulose with (-CH,-COOH)groups

Guar gum Galactose and mannose polysaccharides ex Guar
beans
Barley husk Hemicellulose with (~4%wt) glucuronic acid

Carob —locust bean gum

Galactose and mannose polysaccharides ex carob
seeds

In embodiments, elemental sulfur particles 102 are present to obtain total elemental sulfur
in an amount of from about 0.1 weight percent to about 20 weight percent, more specifically
from about 1 weight percent to about 10 weight percent, and more particularly no more than
about 5-6 weight percent. Hydrogel material 104 is present in an amount of from about 0.1
weight percent to about 20 weight percent, more specifically from about 1weight percent to
about 10 weight percent, and more particularly no more than about 5-6 weight percent.

In an alternative embodiment, and referring to FIG. 3, an expandable sulfur containing
granule 200 contains co-granulated elemental sulfur particles or platelets 202 and hydrogel

material 204. More specifically, individual particles or platelets of elemental sulfur 202 are
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blended with a hydrogel material 204, and optionally sodium bentonite, which are then co-
granulated with an underlying base fertilizer composition to form the granules 200.

In this embodiment, the base fertilizer composition can comprise any of a variety of
suitable NPK fertilizers, including, for example, a nitrogen based fertilizer (e.g. urea), a
potassium based fertilizer (e.g. potash or MOP), or a phosphate based fertilizer (MAP, DAP,
and/or TSP), or combinations thereof. The base fertilizer granule can optionally contain or be co-
granulated with one or more sources of micronutrients, such as boron (B), zinc (Zn), manganese
(Mn), molybdenum (Mo), nickel (Ni), copper (Cu), iron (Fe), and/or chlorine (Cl), and/or
secondary nutrients including an additional source of sulfur (S) in its elemental form, sulfur in its
oxidized sulfate form (SO4), magnesium (Mg), and/or calcium (Ca), or any of a variety of
combinations thereof at various concentrations.

Hydrogel material 204 can comprise any of a variety of hydrogel materials which expand
with force, and have the potential to expand within the confines of the soil, such as by taking on
water or other mechanism, including those described in Table 1 above.

In yet another embodiment, granules formed from co-granulation of the sulfur containing
hydrogel material and fertilizer composition described above are then coated with the sulfur
containing hydrogel material also described above, combining both methods of making the
granules.

In embodiments, elemental sulfur particles 202 are present to obtain total elemental sulfur
in an amount of from about 0.1 weight percent to about 20 weight percent, more specifically
from about 1 weight percent to about 10 weight percent, and more particularly no more than

about 5-6 weight percent. Hydrogel material 204 is present in an amount of from about 0.1

10
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weight percent to about 20 weight percent, more specifically from about 1 weight percent to

about 10 weight percent, and more particularly no more than about 5-6 weight percent.

Examples and Testing

Both coated and co-granulated MAP granules were formed and evaluated for their
dispersion in both water and soil.
Preparation

The coated granules were prepared by the following method: MAP granules having a
particle size in a range of about 2.36-3.35 mm were pipetted with water and rolled for about 20
seconds. Elemental sulfur particles having a particle size in a range of about 20-65 um blended
with a hydrogel material having a particle size of about 0.15 um and sodium bentonite were
added to the wetted MAP such that the elemental sulfur, hydrogel material, and sodium bentonite
were each present in an amount of about 5 weight percent of the composition.

The co-granulated granules were prepared by milling MAP to sizes below 250 um.
Elemental sulfur particles having a particle size in a range of about 20-65 pm blended with a
hydrogel material having a particle size of about 0.15um and sodium bentonite were added to the
MAP and homogenized, such that the elemental sulfur, hydrogel material, and sodium bentonite
were each present in an amount of about 5 weight percent of the composition. Water was added
via a nebulizer to the powder to build granules. Undersized granules (i.e. <I mm) were recycled
to the granulation circuit until granules having a particle size in a range of about 1-2.8 mm were

produced.

11
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Another series of coated and co-granulated granules were made in the same way but

without any addition of sodium bentonite.

Testing — Dispersion in Water

Dispersion in water of the granules was tested by imaging, at various intervals, a single
granule’s dissolution in tap water over 60 or 120 seconds in Petri dishes. The following granules
were tested, as control samples depicted in FIG. 4A-C namely Microessentials® with zinc
(MESZ), which had 5% elemental sulfur incorporated, MAP, and MAP with 5 % elemental
sulfur coated on its surface. These control samples contained no hydrogel and/or bentonite
coating or co-granulation. All showed very little dispersion in water over 60 or 120 seconds.

FIG. 4D shows a coating dispersion comparison between the MAP coated with 5% ES
without hydrogel or bentonite (control) compared with MAP coated with 5% ES plus 5%
hydrogel and 5% bentonite in the coating. The hydrogels tested included rice starch, corn starch,
bentonite, to now include 10%, carrageenan, psyllium husk, and polyacrylate. The dispersion is
much more pronounced with these hydrogel coatings as seen in the images.

FIG. 4E shows differences in the dispersion in water of MAP granules with hydrogel, in
this case carrageenan/bentonite, either in the coating or granulated uniformly throughout the
granule, the wider dispersion for the co-granulated granule being clearly evidenced in these
images.

FIG. 5 shows stereomicroscope images using a Nikon SMZ25 with CCD camera of MAP

with 5% ES and 5% hydrogel (no bentonite) both coated or co-granulated and incubated in moist

12
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soil for 16 and 220 hours. These show granule swelling in soil and reinforce the need for a

hydrogel with swelling force.

13
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Testing — Column Oxidation

The oxidation of elemental sulfur in soil for the various compositions, both coated and
cogranulated with elemental sulfur and hydrogel (but without any addition of bentonite), was
measured over 72 days using a column oxidation technique. To do this, 50 g of a sandy soil
(pH(water) 8.5, 0.7% OC) was placed in a vertical column with 240 mg of fertilizer (for a total
elemental sulfur weight percent of about 12 mg) mixed through the soil.

Each column was leached immediately with de-mineralized water to remove sulfur in the
form of sulfate. The columns were then incubated at 25°C. The columns were leached weekly
and the leachate was analyzed for sulfate content to measure the amount of elemental sulfur
converted to sulfate over the course of the week. Each treatment was carried out with four
replicates. The results are shown in FIG. 6. Table 2 gives the amount of ES oxidized recovered in
the leachate at the end of the experiment:

Table 2: %ES oxidized for coated and uncoated MAP 5% ES with hydrogels in a soil column

study after 72 days. Different letters indicate significant (P< 0.05) differences within the column.

Hydrogel Coated Co-granules
%ES oxidized/72d

Xanthan gum 74.8 a 61.0 bc
Guar gum 66.2 ab 78.8 A
Carrageenan 529 bc 67.3 ab
Gum arabic 51.2 c 67.3 ab
CMC 479 c 52.6 cd
Chitosan 41.2 c n/a
Bean gum 37.4 c n/a
Control 425 c 44.2 D

14
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The results of both the water dispersion and column oxidation tests showed that although
most of the hydrogel materials promoted dispersion of the granules in water, only some of these
hydrogels, particularly xanthan gum, guar gum, and carrageenan, promoted the oxidation of
elemental sulfur in soil, possibly because the force from the hydrogel itself must be greater than
the counteracting force from the soil on the granule in order to promote dispersion of the sulfur
particles within the soil.

The invention may be embodied in other specific forms without departing from the
essential attributes thereof; therefore, the illustrated embodiments should be considered in all

respects as illustrative and not restrictive.

15
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CLAIMS
What is claimed is:
1. A swellable sulfur-containing granule comprising:
a base fertilizer composition;
a source of elemental sulfur; and
a hydrogel,
wherein the granule is configured to swell upon introduction to a soil environment to

disperse the source of elemental sulfur within the soil environment.

2. The granule of claim 1, wherein a rate of oxidation of the elemental sulfur of the granule

is greater than a rate of oxidation of elemental sulfur contained with a granule without hydrogel.

3. The granule of claim 1, wherein the hydrogel is selected from the group consisting of
bentonite or other water-absorbent clays, psyllium husk, corn starch, carrageenan gum, rice
starch, sodium polyacrylate, glucose, calcium alginate, inulin, chitosan, carboxymethycellulose,

fumed silica, guar gum, Xanthan gum, bean gum, gum arabic, and combinations thereof.

4. The granule of claim 3, wherein the hydrogel comprises a gum.

5. The granule of claim 1, wherein the hydrogel is present in an amount of from about 0.1

weight percent to about 20 weight percent of the granule.

16



25 Feb 2026

2026201411

10

15

20

WO 2018/217888 PCT/US2018/034125

6. The granule of claim 5, wherein the hydrogel is present in an amount of from about 1

weight percent to about 10 weight percent of the granule.

7. The granule of claim 6, wherein the hydrogel is present in an amount of about 5 weight

percent of the granule.

8. The granule of claim 1, wherein the elemental sulfur is present in an amount of from

about 0.1 weight percent to about 20 weight percent of the granule.

9. The granule of claim 8, wherein the elemental sulfur is present in an amount of from

about 1 weight percent to about 10 weight percent of the granule.

10. The granule of claim 9, wherein the elemental sulfur is present in an amount of about 5

weight percent of the granule.

11. The granule of claim 1, wherein the hydrogel material and elemental sulfur is applied as a

coating to an outer surface of a granule formed from the base fertilizer composition.

12. The granule of claim 11, wherein the dispersion coating further comprises sodium

bentonite in an amount of about 1 to about 10 weight percent of the granule.

17



25 Feb 2026

2026201411

10

15

20

WO 2018/217888 PCT/US2018/034125

13. The granule of claim 1, wherein the hydrogel material and elemental sulfur are co-

granulated with the base fertilizer composition to form the granule.

14. The granule of claim 1, wherein the base fertilizer composition is selected from the group

consisting of MAP, DAP, triple super phosphate, urea, MOP, or combinations thereof.

15. The granule of claim 15, wherein the base fertilizer composition comprises MAP.

16. The granule of claim 1, wherein the base fertilizer composition comprises a primary
nutrient, and one or more sources of micronutrients and/or secondary nutrients selected from the
group consisting of boron (B), zinc (Zn), manganese (Mn), molybdenum (Mo), nickel (Ni),
copper (Cu), iron (Fe), and/or chlorine (Cl), an additional source of sulfur (S) in its elemental
form, sulfur in its oxidized sulfate form (SO4), magnesium (Mg), and/or calcium (Ca), and

combinations thereof.

17. A method or forming swellable sulfur-containing granules, the method comprising:
dispersing or blending elemental sulfur particles or platelets within a hydrogel material to
form a coating material;
providing a plurality of fertilizer granules; and

coating the plurality of fertilizer granules with the coating material.

18. The method of claim 17, further comprising:

18
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dispersing or blending a clay material within the coating material.

19. The method of claim 18, wherein the clay material comprises sodium bentonite.
20. The method of claim 17, wherein the coating material is a dry powder.
21. The method of claim 20, wherein the coating material is dispersed within a liquid binder

before coating the fertilizer material.

22. The method of claim 17, wherein the plurality of fertilizer granules are is selected from

the group consisting of MAP, DAP, triple super phosphate, urea, MOP, or combinations thereof.

23. The method of claim 22, wherein the plurality of fertilizer granules comprises MAP.

24, The method of claim 17, , wherein plurality of fertilizer granules comprises a primary
nutrient, and one or more sources of micronutrients and/or secondary nutrients selected from the
group consisting of boron (B), zinc (Zn), manganese (Mn), molybdenum (Mo), nickel (Ni),
copper (Cu), iron (Fe), and/or chlorine (Cl), an additional source of sulfur (S) in its elemental
form, sulfur in its oxidized sulfate form (SO4), magnesium (Mg), and/or calcium (Ca), and

combinations thereof.

25. A method or forming swellable sulfur-containing granules, the method comprising:

19
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dispersing or blending elemental sulfur particles or platelets within a hydrogel material to
form a sulfur-containing hydrogel material;

providing a fertilizer composition; and

co-ranulating the sulfur-containing hydrogel material and the fertilizer composition to

form a plurality of fertilizer granules

26. The method of claim 25, further comprising:

dispersing or blending a clay material within the sulfur-containing hydrogel material.

27. The method of claim 26, wherein the clay material comprises sodium bentonite.

28. The method of claim 25, wherein the fertilizer composition is selected from the group

consisting of MAP, DAP, triple super phosphate, urea, MOP, or combinations thereof.

29, The method of claim 28, wherein the fertilizer composition comprises MAP.

30. The method of claim 25, , wherein the fertilizer composition comprises a primary
nutrient, and one or more sources of micronutrients and/or secondary nutrients selected from the
group consisting of boron (B), zinc (Zn), manganese (Mn), molybdenum (Mo), nickel (Ni),
copper (Cu), iron (Fe), and/or chlorine (Cl), an additional source of sulfur (S) in its elemental
form, sulfur in its oxidized sulfate form (SO4), magnesium (Mg), and/or calcium (Ca), and
combinations thereof.

20
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31.

claim 17.

The method of claim 25, further comprising:

coating the plurality of fertilizer granules with the coating composition made of

21
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