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© Abrégé :

The invention relates to a coated granular fertilizer, 
preferably wherein granules are sulfate-based or 
phosphate-based. When sulfate based granules, as in 
ammonium sulfate, the coating substance is an 
inorganic sait of alkaline earth éléments, preferably 
calcium, such that when applied to the surface of 
fertilizers, forms calcium sulfate, preferably a calcium 
sulfate-dihydrate, as a protective coating. For a 
reactive coating of a thiosulfate, free sulfuric acid 
présent on the granule reacts to provide an elemental 
sulfur coating. For ammonium phosphate-based 
granules, coatings may comprise compounds of 
Ca++, AI+++ and/or Fe+++ salts thereby forming a 
calcium, an aluminum, an iron, or mixed cation 
phosphate protective coating. Thiosulfate is also 
effective with phosphate based granules which are 
manufactured with sulfuric acid. Granules coated 
according to the disclosure hâve advantageous 
properties as the coating can be applied in a specified 
and sparing manner due to its tendency to adhéré to 
surfaces during the reaction. Coated fertilizer 
granules of the disclosure are also advantageous in 
that, with regard to the applied amount of coating, 
they provide increased résistance to dusting in long 
term warehouse storage, to moisture uptake and to 
oxidative heating. Coating components also add 
nutrients to plants that can provide nutrients over a 
longer period of time such as a slow-release 
characteristic.
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REACTIVE INORGANIC COATINGS FOR AGRICULTURAL FERTILIZERS 

Reference to Related Application

This application claims priority to United States Provisional Application No. 62/718,993 

filed August 16, 2018, the entirety of which is incorporated by reference.
Background

Field of the Invention

'This invention is directed to methods, Systems, and processes for the coating of 

granular fertilizers and to the coated granules. In particular, the invention is directed to the 

coating of fertilizers containing organic components.

Description of the Background

Granular fertilizers hâve traditionally employed surface coatings to control dusting and 

to some degree odors during storage, handling and application. Most commonly, various 

hydrocarbon oils, such as tall oils and or various oils mixed with waxes, such as paraffins, hâve 

been employed as coatings for granular fertilizers such as diammonium phosphate, 

monoammonium phosphate and ammonium sulfate. These oil coatings are sprayed onto the 

surface of the granule and cover ail or part of the exposed surface. They do not react with 

surface components by modifying the spécifie surface chemistry ofthe granule. They are very 

good for short-term dust prévention and are widely utilized. However, they also serve as an 

effective surface for the déposition of moisture condensation which then solubilizes and 

transfers plant nutrient salts from the granule through the oil coating forming crystals on the 

coating surface. These crystals are loosely organized and constitute a major portion of 

subséquent dust from said granules. Oil coatings slowly over time may absorb into the 

structure of the granule leaving the surface less protected against dusting. Other granular 

coatings may be used, such as urea formaldéhyde polymers, urethanes, sulfur and various 

organic compounds, some for the spécifie purpose of introducing a slow-release characteristic 

to the inorganic nutrients, e.g., nitrogen, into the fertilizer. Most of these coatings do an 

excellent job of preventing dust in the short term but some of these, especially the lighter weight 

oil coatings, do not protect well in the long term (greater than 1 month from the time of 

manufacture) and especially when they are exposed to daily changes in température and 

relative humidity. Also, exposure of the fertilizer granules to the higher températures and 

humidities of the summer months especially in the South typically generate a higher rate of 

dégradation.
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The problem with dusting over long term storage is exacerbated when the granules 

contain organic materials, again especially when there are cyclic changes in humidity and 

température. Surface crystal formation and coating oil absorption into the granular structure 

appears to occur faster when organics are a component of the fertilizer mass such as 

described in U.S. Patent Nos. 7,947,104; 8,992,654; and 9,856,178. Granules that are initially 

dust protected gradually lose that protection over long term warehouse storage. This 

protection is especially at risk when the environment of the warehouse expériences cycles in 

both température and humidity. Additionally, granular fertilizers can suffer from moisture 

uptake into the structure of the granule from storage in humid warehouse conditions. When 

this happens the granular fertilizers often become softened with reduced hardness. This can 

spoil perfectly good fertilizers to the point where they are no longer commercially useful as 

handling and controlled application to the field becomes impossible. A further conséquence 

of moisture absorption is the facilitation of crystal formation on the surface as well as 

adsorption of the coating into the granule. This process compounds the potential for poor dust 

protection, especially on cyclic moisture déposition on granular surfaces which occur during 

fertilizer storage. Idéal fertilizer coatings will help protect the granule structure from damage 

via this moisture absorption and or déposition.

Fertilizers that contain organics may be subject to autogenous oxidation causing 

granule heating in a warehouse environment due to oxidation of the organic components. The 

inorganic reactive coatings as per this invention will reduce this potential through the 

élimination of organic coatings and the introduction of a barrier coating which inhibits the 

transfer of oxygen into the granule. Further the granule coatings that form sulfates or 

phosphates are increasing the fire résistance or self-heating résistance of the fertilizers by the 

release of water from bound water in the crystal structure of the coating. This can assist in 

cooling the granules and extinguishing the oxidation reaction, since the déhydration of the 

barrier coating is an endothermie reaction.

Some fertilizer coatings can contain micronutrients, such as boron, calcium, copper, 

magnésium, manganèse, molybdenum, sulfur or zinc that can benefit the performance of the 

fertilizer. Generally, inclusion ofsuch nutrients increasesthecost ofthe coating forthefertilizer 

manufacturer. Moreover, a property manufactured organic-containing fertilizer will hâve an 

advantage in that much of its nutrient content, especially nitrogen, will be of the slow-release 

type. Slow-release fertilizers hâve been available for many years, but only a few are used with 

agronomie crops. Most are used in horticultural or turf applications where fertilizer cost is less

2
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of an issue. Enhanced efficiency fertilizers (EEF) is a newer term for new formulations that 

control fertilizer release or alter reactions that Iead to nutrient losses. The mechanisms or 

Products include fertilizer additives, physical barriers or different Chemical formulations. 

Fertilizer additives claim to improve fertilizer availability by reducing nitrogen losses from 

5 volatilization, dénitrification, leaching and immobilization. They may temporarily block bacterial

or enzymatic processes in the conversion of urea to ammonium or ammonium to nitrate. Most 

of the product development has been for nitrogen (“N”) compounds, although some are for 

phosphorus (“P”). The phosphorus products can either be polymer coatings or polymers that 

shield the P from reactions that create less soluble phosphates.

10 A slow-release fertilizer is one in which the nutrient, e.g., nitrogen as in ammonium

ions, phosphorus as phosphate and/or sulfur (“S”) as sulfate, becomes available in the soit 

column at rates slower than fast-available nutrients as from traditional fertilizers such as urea, 

ammonium sulfate and di-ammonium phosphate. Slow-release fertilizers are generally 

considered a form or type of Enhanced Efficiency Fertilizers, although the two are also

15 equated. This slower action and/or prolonged availability of the nutrient in the soil column is 

very désirable and provides nutrients to the plant throughout the plant growing cycle with the 

implication that less nitrogen needs to be applied to the soil or crop thereby reducing the 

potential of environmental contamination and reducing the cost of fertilizer usage. Further, 

slow-release fertilizers are much greener than traditional inorganic fertilizers. For example,

20 slow-release fertilizers not only provide nutrients to plants over much of their productive crop 

cycle, they also retain more ofthe contained nutrients in the soil column thereby avoiding loss 

of the nutrients via leaching into the ground water. The more advantageous slow-release 

fertilizers further, do not volatize their contained nutrients, especially nitrogen, into the 

environment upon application to the soil environment. Traditional inorganic manufactured

25 slow-release nitrogen fertilizers hâve a price much higher that of ordinary minerai nitrogen 

fertilizers.

Because the dusting protection afforded by many of the common fertilizer coatings 

diminish over time a need exists for a fertilizer coating or coatings to react with a granular 

fertilizer surface such that the reacted components are better bound or permanently located 

30 on the granular periphery.

Thus, a need exists for an effective, efficient, and economical coating for treating 

granular fertilizers. There also exists a need for a variety of coatings that can be specifically 

tailored for a particular fertilizer chemistry, such as sulfate- or phosphate-based granules, and 
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especially when these two basic nutrients contain or are bound with organics, and that has an 

enhancement effect on the slow-reiease/enhanced efficiency of some of the nutrients 

contained within the fertilizer granule.

Summary of the Invention

The présent invention overcomes the problème and disadvantages associated with 

current granule coating strategies and designs, and provides new tools and methods for the 

effective micro-surface coating of granular fertilizers.

One embodiment of the invention is directed to methods of coating fertilizer granules 

comprising: granulating fertilizer forming fertilizer granules, preferably containing an acid such, 

by way of example, residual acid from the manufacturing process; contacting the fertilizer 

granules at an acidic pH with an inorganic compound that chemically reacts with a compound 

on surfaces of the fertilizer granules forming a coating; and drying the coated fertilizer granules 

forming dried granules. Preferred acids include sulfuric acid, phosphoric acid, nitric acid, 

and/or hydrochloric acid. Also preferred inorganic compounds contain aluminum (Al), calcium 

(Ca), copper (Cu), iron (Fe), manganèse (Mn), molybdenum (Mo), sulfur (S), zinc (Zn), and/or 

an alkaline Earth métal, which includes at least magnésium (Mg), calcium (Ca), strontium (Sr), 

and barium (Ba), which naturally occurs as baryte or barite and as a hydroxide as baryta and 

as a carbonate barium carbonate. Preferred inorganic compounds that contain sulfur include, 

for example, thiosulfate. Examples of thiosulfates include ammonium thiosulfate, potassium 

thiosulfate, and sodium thiosulfate.

Preferably the fertilizer granules contain an anionic component and the inorganic 

compound contains a cationic component. Preferred cationic components include, for 

example, calcium ions, magnésium ions, aluminum ions, polyaluminum ions, strontium ions, 

and/or barium ions. Preferred anionic components include, for example, chloride ions (Cl·), 

nitrate ions (NO3 ), ammonium nitrate ions (NH4NO3), hydroxide ions (OH)·), and/or acetate 

ions (CH3COO ) as an anionic component.

Preferably the acidic pH of the Chemical reaction is at a pH of 6.8 or less, 6.0 or less, 

5.5 or less or even lower. Preferably the inorganic compound contains calcium ions as a 

cationic component and chloride ions as the anionic component. Contacting may also include 

a surfactant. Preferred surfactants include, but are not limited to dodecylbenzyl sulfonic acid 

(DBSA), an ethoxylated alcohol of C10-C16, sodium lauryl ether sulfate, amine oxide, methyl 

salicylate, coco betaine, an anionic, cationic, or nonionic surfactants, and mixtures thereof.
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Preferably the inorganic Earth métal compound contains calcium chloride and forms 

calcium sulfate on surfaces of the fertilizer granules. The calcium sulfate may comprise an 

anhydrite, a dihydrate, and/or a hemihydrate crystal structure. Preferably fertilizer granules 

that are phosphate-based are contacted with an inorganic compound that contains aluminum 

ions, calcium ions, polyaluminum ions, iron ions and/or combinations thereof as the cationic 

component, and/or chloride tons (CT), nitrate ions (NO3 ), ammonium nitrate ions (NH4NO3·), 

hydroxide ions (OH) ), and/or acetate ions (CH3COO) as an anionic component. Preferably 

contacting forms an aluminum, aluminum-iron complex, sulfur, and/or aluminum-calcium 

complex on surfaces of the fertilizer granules. Preferably contacting comprises spraying an 

aqueous solution of the inorganic alkaline métal compound on surfaces of the fertilizer 

granules. Preferably the coatings comprise from about 4 to 40 pounds per ton of dried 

granules, or more preferably from about 10 to 20 pounds per ton of dried granules. Preferably 

the dried granules comprise about 92% to 100% solids, more preferably about 96% to 99% 

solids, and more preferably about 98% to 99% solids.

Another embodiment of the invention is directed to methods of coating fertilizer 

granules comprising: granulating fertilizer comprising organic components comprising fertilizer 

granules; contacting the fertilizer granules in an acidic environment with an inorganic 

compound that chemically reacts with a compound on surfaces of the fertilizer granules 

forming a coating, wherein: the inorganic compound comprises Ca, Cu, Mg, Mo, Mn, Fe, Al, 

and/or Zn as a cationic component; the inorganic compound comprises chloride ions (Cl), 

nitrate ions (NO3), ammonium nitrate ions (NH4NO3), hydroxide ions (OH) ), and/or acetate 

ions (CH3COO) as an anionic component; and the coating comprises (Al)Ch, 

(Al)chlorohydrate, polyaluminum chloride, (Ca)NH4NO3, (Ca)CI2, (Fe)CI3, (Fe)3(SO4)2, sulfur 

(S), (Mg)SO4, (Mg)CI2, (Mn)Cl2, (Mn)NH4PO4, (Ca)3(PO4)2, monocal (Ca)(H2PO4)2 H2O, and/or 

dical (Ca2)(H2PO4)4; and drying the coated fertilizer granules forming dried granules. Fertilizer 

granules also may hâve additional coatings of the same or a different coating material, and 

thereby be multiply coated.

In a further embodiment of the invention, micronutrients, such as boron, calcium, 

copper, magnésium, manganèse, molybdenum, sulfur or zinc or combinations of these, can 

be added to the coatings such that the micronutrients become part of the final mass of the 

résultant fertilizer and that these micronutrients can benefit the performance of the fertilizer.

Another embodiment of the invention is directed to coated fertilizers. Preferably, 

fertilizers may contain organic or non-organic materials, and also preferably the coated 
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fertilizers may be made by, but not limited to, those made in accordance with the methods 

disclosed herein. Preferred coatings include one or more of the coatings as described in this 

disclosure.

Other embodiments and advantages of the invention are set forth in part in the 

description, which follows, and in part, may be obvious from this description, or may be 

learned from the practice of the invention.

Description ofthe Figures

Figure 1 Schematic of the reactive coating process employing calcium chloride (with 

surfactant) applied to the surface of an organically-enhanced ammonium sulfate containing 

granule as a first layer. The diagram also shows that granules may be coated with an optional 

outer protective coating.

Figure 2 Light micrograph and schematic diagram of cross section of a coated 

organically-enhanced ammonium sulfate containing granule showing surface coating with 

embedded ammonium sulfate crystals.

Figure 3 Graph showing reactive coating on sulfate-based granular fertilizer made 

according to the process of Example 1 showing enhanced dusting protection over time as 

compared to uncoated granules.

Description of the Invention

Conventional fertilizers granules utilize surface coatings to control dusting and to some 

degree odors during storage, handling, and application. Coatings commonly used include 

hydrocarbon oils, such as tall oils and or oils mixed with waxes, such as paraffins. These 

conventional oil coatings are sprayed onto the surface of granules and cover ail or part of the 

exposed surface. Although these coating demonstrate good dust prévention, and are widely 

used, they are only for short-term dust prévention.

It has been surprisingly discovered that surface coatings can be generated that provide 

protection of the fertilizer material and long-term dust control, without comprising fertilizer 

usefulness and applicability. In fact, it was surprisingly discovered that coatings can be 

provided that add important nutrients thereby expanding the usefulness and applicability of the 

fertilizer. According to invention, fertilizers granules to be coated are manufactured or 

otherwise exposed to an inorganic compound containing aluminum, sulfur, iron, phosphorous 

or another Chemical moiety on their outer surfaces. Preferably the inorganic compound 

contains the cationic component and fertilizer contains the anionic component. The granules 

6



20255

5

ΙΟ

15

20

25

30

are contactée! with an inorganic compound at an acidic pH that reacts with the Chemical moiety 

on surfaces forming a coating. Preferably the acidic pH is 6.8 or less. The coating acts as a 

shell protecting the fertilizer granules from exposure to humidity by reducing water absorption, 

provides increased hardness, and also serves as a fertilizer component. Coated granules are 

also résistant to self-heating and a hâve reduced odor, as compared to fertilizer granules that 

hâve not been coated. Coated granules may be manufactured with a slow-release or 

enhanced-release nutrient profile as desired. The slow-release nutrient profile comprises a 

reduced rate, reduced amount, and/or differential release of one or more nutrients from the 

dried granules. The enhanced-release profile comprises the expedited release of one or more 

nutrients.

Such coatings can be used on any form and/or type of fertilizer. Preferably, the 

coatings of the invention are utilized on fertilizer granules, which may be of any structure (e.g., 

round, oval, square, pellets, or of no particular or mixed structure), of any size (e.g., with 

diameters or cubic volumes from mm to cm’s as desired), and of any type (e.g., biosolids, 

organics, Chemicals), and are collectively referred to herein interchangeably as granules or 

pellets. Preferably, fertilizer granules to be coated may hâve a sulfur or phosphorous content, 

or sulfur or phosphorous may be added during manufacture or as a separate initial coating. 

Preferably, fertilizer materials to be coated are granules of organic-containing fertilizers such 

as, for example, those disclosed and described in U.S. Patent Nos. 7,513,927; 7,662,205; 

7,662,206; 7,947,104; 8,105,413; 8,557,013; 8,992,654; and 9,856,178 (which are specifically 

and entirely incorporated by reference). Granules to be coated are reacted with an inorganic 

compound such as, for example, compounds containing aluminum (Al), calcium (Ca), copper 

(Cu), iron (Fe), manganèse (Mn), molybdenum (Mo), sulfur (S), zinc (Zn), and/or an alkaline 

Earth métal, which includes at least magnésium (Mg), calcium (Ca), strontium (Sr), and barium 

(Ba), which naturally occurs as baryte or barite and as a hydroxide as baryta and as a 

carbonate barium carbonate. Preferred inorganic compounds that contain sulfur include, for 

example, thiosulfate. Examples of thiosulfates include ammonium thiosulfate, potassium 

thiosulfate, and sodium thiosulfate. The inorganic compound may contain an alkaline Earth 

métal such as those in Group IIA of the Periodic Table (the Béryllium Group). Preferably the 

alkaline Earth métal compound comprises magnésium, calcium, barium, béryllium, and/or 

strontium and serves as a cationic component in the reaction. Preferred cationic components 

also include, for example, calcium ions, magnésium ions, aluminum ions, polyaluminum ions, 

strontium ions, and/or barium ions.

7
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Preferably the anionic component comprises one or more of chloride ions (Cl·), nitrate 

ions (NO3), ammonium nitrate ions (NH4NO3), hydroxide ions (OH) ), and/or acetate ions 

(CH3COO), which is contributed by the fertilizer granules.

Preferably the inorganic compound is combined with the fertilizer granules at an acidic 

pH. Preferred pH values of the Chemical reaction include a pH of about 6.8 or less, about 6.0 

or less, about 5.5 or less, about 5.0 or less, about 4.5 or less, about 4.0 or less, or even lower. 

pH values can be easily maintained from about 6.8 to about 4.0, from about 6.5 to about 4.0, 

from about 6.0 to about 4.0, from about 5.5 to about 4.0, from about 5.0 to about 4.0 and from 

about 4.5 to about.0. Generally, the lower the pH, the faster the reaction but fertilizers are 

limited by the need to be physiologically compatible with soit ecology and plant requirements

Contacting may be by spraying, soaking, misting, sparging, or otherwise exposing 

fertilizer granules to the inorganic component. Preferably the inorganic component is présent 

in an aqueous form. Contacting may also include a surfactant. Preferred surfactants include, 

but are not limited to dodecylbenzyl sulfonic acid (DBSA), an ethoxylated alcohol of C10-C16, 

sodium lauryl ether sulfate, amine oxide, methyl salicylate, coco betaine, an anionic, cationic, 

or nonionic surfactants, and mixtures thereof.

Contacting is typically performed by spraying and upon exit of granules from a cooling 

apparatus which typically reduce manufacturing températures to between 100°F (37.8°C). and 

170°F (76.7°C) . According, the température of contacting is in that range as found 

inmanufacturing processes, such as, for exemple, from about 100°F (37.8°C) to about 200°F 

(93°C), although températures are typically from about 120°F (48.9°C) to about 170°F 

(76.7°C). Warmer or cooler are not harmful to the process, with warmer températures serving 

to increase the speed ofthe coating reaction.

Calcium and in the form of calcium chloride is generally preferred as inexpensive and 

easily dissolvable in aqueous solutions such as water. The calcium ions of the aqueous 

solution will react with the ammonium sulfate présent in and on the granule surface forming a 

sait, such as calcium sulfate as anhydrite, hemihydrate, or preferably a dihydrate as gypsum. 

The granule so treated then equilabrates with a surface layer of gypsum which is protective to 

the granule as well as providing nitrogen and sulfur nutrients for the fertilizer. The aqueous 

solution of calcium chloride to be reacted with granules is preferably at a concentration from 

about 10% to about 75%, and more preferably at a concentration of about 35% to about 50%. 

The température ofthe calcium chloride fluid itself can be ambient, e.g., commonly 60°F (15°C) 

to 90°F (32°C) or can be heated to a range of about 90°F (32°C) to about 160°F(71°C). If

8
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températures are above 90°F (32°C) then the concentration of the calcium chloride can be 

increased to above 40% up to 75%. The environmental température of application can range 

from about 120°F (49°C) to about 170°F (76°C), but more preferably is in the range of about 

130°F (54°C) to about 160°F (71 °C). Such application températures facilitate the reaction to 

5 calcium sulfate dihydrate on the granule surface with the subséquent loss of the carrier 

moisture of the calcium chloride such that the granule returns to its intended dryness of greater 

than about 97% solids and more preferably greater than about 98% solids. Application mass 

quantities of reactive coatings range from about 4 to about 40 pounds per ton with preferred 

application range of about 10 to about 20 pounds per ton. Such application results in a reacted 

10 surface in the range of about 1 pm up to about 50 pm dépendent upon the initial concentration

of the calcium chloride.

Coatings that can be applied to phosphate-based fertilizers include, for example, 

diammonium phosphate (DAP) or monoammonium phosphate (MAP). The cationic anion 

preferably comprises Al*3 and/or Fe*2, which may be included as a sait, to form aluminum and 

15 or iron phosphate salts forming protective coatings on the surface of granules. The cationic 

component may comprise Ca, Mg, Mn, Fe, Al, and/or Zn or mixtures thereof. These cations 

may be applied as: (AI)CI3; (Al)chlorohydrate; polyaluminum chloride; (Ca)NH4NO3; (Ca)Cb; 

(Ca)OH2; FeSO4-7H2O; (Fe)3(SO4)2; (Mg)SO4; (Mg)CI2; (Mg)OH2; (Mn)CI2; (Mn)NH4PO4; 

(Ca)3(PO4)2; monocal (Ca)(H2PO4)2 H2O; and dical (Ca2)(H2PO4)4 or mixtures thereof.

20 In a preferred embodiment, the alkaline earth compound may include a surfactant, such

as, for example, dodecyl benzyl sulfonic acid (DBSA). The surfactant acts as a dispersant in 

solution. When this surfactant-calcium chloride mix is sprayed on the heated granules the 

surfactant causes a better distribution of the calcium on the irregular surface of the fertilizer 

granules resulting in a superior calcium sulfate coating. Preferably, the mix also reacts into 

25 the surface of the granule. The depth of interaction may be from about 1 to about 200 pm, 

preferably from about 2 to about 50 pm, and more preferably from about 4 to about 20 pm. 

Other surfactants that can be utilized include, for example, DBSA, WOOLITER (cleaning 

préparations), ethoxylated alcohols of C10-C16, sodium lauryl ether sulfate, amine oxide, coco 

betaine, an anionic, cationic, or nonionic surfactants, and/or mixtures thereof. The surfactants

30 may be utilized at or above the critical micelle concentration for each dispersant. Surfactants 

can also impart a désirable hydrophobicity to the surface which may be one ofthe mechanisms 

causing less surface crystal formation and absorption of the surface coating into the granule 

with granule storage âge.

9
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An additional embodiment utilizes aqueous thiosulfate as the spray coating— 

preferrably as an ammonium thiosulfate, however other cationic éléments such as sodium and 

potassium work as well. The thiosulfate is an anion obtained from a potassium thiosulfate or 

a sodium thiosulfate or an ammonium thiosulfate or other compounds containing thiosulfate. 

The thiosulfate reacts with the ammonium ion on the surface of the ammonium sulfate or 

ammonium phosphate-based granules and is converted to elemental sulfur which then 

deposits on the granule surface. This sulfur provides a protective surface layer on the granule 

and can restrict the release of nitrogen (ammonium ion) from the interior granule. Further, this 

elemental sulfur is in itself a mechanism of providing a slow-release sulfur from the granular 

fertilizer to targeted crops. Optimally, the anion concentration range should be between about 

20% and about 40% with a preferred concentration range of about 25% to about 35%.

The coating process may occur in a coating or cooling vessel specifically for that 

purpose typically a rotary drum or a mixer. Altematively, cooling and coating may be 

accomplished in a single vessel which cools the material and mixes the coating agent with the 

granules. Coating is with a de-duster or glazing reactive Chemical compound which minimizes 

dust génération during transport, storage, especially long term storage—and application, The 

finished coated granule or pellet is then conveyed to storage as finished high nitrogen 

containing biobased-enhanced inorganic ammonium fertilizer until shipment from the 

manufacturing site. Properly coated and dried pellets or granules hâve a hardness range of 

greater than about 4 to about 12 pounds, preferably from about 5 to about 8 pounds, crush 

résistance to resist dusting and handing during transport, shipment and fertilizer application. 

Coatings also increase résistance to surface crystal formation thereby decreasing the dusting 

potential.

Another embodiment of the invention is directed to coated fertilizers. Preferred 

fertilizers include organic and inorganic fertilizers, which may be granulated, pelletized or of 

another form or structure. Coatings include any of the coatings as described in this disclosure 

and preferred coated fertilizers may be made, but are not limited to, those made in accordance 

with the methods disclosed herein.

The following examples illustrate embodiments of the invention, but should not be 

viewed as iimiting the scope of the invention.

Examples

Example 1

10
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To exemplify this disclosure, wet community waste organics comprised of digested 

food waste and manures (also referred to generally as biosolids or organic materials) are 

received at a fertilizer manufacturing facility with a percent solids of about 17.0 percent. The 

plant is set up to operate at an organics processing rate of 220 wet tons per day. In this 

example, the material is mixed with previously dried organic materials to yield a preferred 

percent solids of about 20% to 26%, or more preferably about 22% to 24% solids. This 

conditioned organics mix is pumped into thefirst vessel for hydrolysis. Atthe orifice ofthe first 

vessel, the conditioned organic mix is further mixed with 93% sulfuric acid in an amount pre- 

calculated to yield a degree of heat of hydration of about 110°C (230°F) and a total of about 

17% sulfur in the finished fertilizer. The contents of the vessel are mixed vigorously at a rate 

of 360 RPM for between about 30 seconds and ten minutes or, preferably for between about 

two minutes and six minutes. Within the vessel, the acidified mix gradualiy is forced to the 

upperquarter ofthevessel where it isdischarged afterthe reaction. In thisfirstvessel, proteins 

from the organics are hydrolyzed to various length of polypeptides or, preferably, to monomeric 

amino acids. Other macro-organic compounds that are présent are also hydrolyzed to smaller 

molecular forms. Hydrolysis increases the fluidity of the contents of the vessel, preferably to 

less than 1000 cP. This now fluidized, acidified mix is then transferred under pressure to the 

bottom orifice of a second pressure vessel for ammoniation, wherein it is mixed with vaporized 

anhydrous ammonia sufficient to raise the température of the mix to over 150°F (65°C) (or 

alternatively over 300°F (149°C)). The internai pressure of the second vessel can equal or 

exceed 35 psi and is sufficient to cause the concentration of nitrogen (N) in the final formulation 

of the résultant fertilizer to between about 16% to 17% nitrogen by dry weight of the finished 

product. The ammoniated mix is maintained in the second pressure vessel for six minutes of 

reaction time before it is discharged through an orifice to the granulator. The discharged mix 

(also referred to as a melt) is slightly increased in viscosity compared to the discharge of the 

first pressure vessel, but preferably has a viscosity of less than about 2000 cP. This 

discharged melt is under pressure and therefore enters the granulator to be sprayed onto a 

receiving bed of recycled fertilizer granules (e.g., crushed fertilizer material or undersized 

fertilizer material or fertilizer dust material collected from the various dust collectors contained 

in the process air treatment System). The spray coats the receiving fertilizer granules and 

gradualiy builds up a sériés of coatings or agglomerated material, such that the granular 

fertilizerisproduced inwhichthemajorityofthematerial isofthedesired productsize. Desired 

sizes may be, for example, about 07 mm to 3,5 mm (70 sgn to 350 sgn; “size guide number”) 
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diameter granules, suitable for use in commercial agriculture. Subséquent or simultaneously 

with application of the sprayed coating, an amount of a hardener is applied to the granules in 

the granulator. Preferably, the hardener amount is sufficient for the hardness of the finished 

granules to reach a range of about 5 Ibs. to 8 Ibs. crush strength. This material is then dried 

to about 98% or more solids, for example in a rotary drum dryer, and then screened to one of 

three commercial sizes of about 0.7 mm to 1.9 mm, about 1.2 mm to 1.4 mm, and to about 2.6 

mm to 3.5 mm. Smaller material is returned to the granulator as part of the recycle bed. AH 

larger material is crushed in a chain mill and also returned to the granulator as part of the 

recycle bed. A portion of the proper (standard for most agricultural crops) sized product, 

preferably about 2.4 mm to 3.0 mm for commercial product size, may also be returned to the 

recycle bed to maintain the mass balance ofthe production process. The steps ofthis process 

were performed under négative pressure to minimize dust and to prevent odors being released 

into the manufacturing environment. Process air was treated through a robust odor control 

system such that no noxious odors were perceived at the fence line of the manufacturing 

property. Scrubbed nutrients such as ammonium ion, in this example--ammonium sulfate, 

were returned to a process water tank wherein it was added to the first mixer to help control 

the solids content and the fluidity of the conditioned mix entering the first pressure vessel. This 

maximizes the efficiency of the manufacturing process so that the only discharges from the 

fertilizer manufacturing process are treated condensed water (from the municipal organic 

material and any cooling water that may need to be discharged from the cooling system) along 

with the treated process air. In the fertilizer manufactured in this example the slow release 

percentage of nitrogen was about 30% of the total nitrogen in the product. This slow release 

nitrogen is in the form of an organic matrix in which the positive charged ammonium ion is 

electrostatically bound to a négative charge on the organic compounds such as polypeptides 

and amino acids that comprise the core of the matrix. After exiting the rotary dryer, the product 

is passed through a product coder to reduce the température of the product to between about 

115°F (46°C) and 160°F (71 °C), and more preferably between about 130°F (54°C) and 150°F 

(65°C). According, the température of the coating process is in that range as found in 

manufacturing processes, such as, for example, from about 100°F (37.8°C) to about 200°F 

(93°C), although températures are typically from about 120°F (48.9°C) to about 170°F 

(76.7°C). with a spray of the reactive calcium chloride in the range of about 30% to 50% 

concentration in an aqueous solution mixed with dodecylbenzenesulfonic acid (DBSA) as a 

surfactant, in the range of about 0.1 % to 0.4%. The granules retain acid from the manufacture

12
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process are generally about pH 6.8 or less. The coating on the granules is about 6# to 40# 

per ton, but more preferably a coating application is about 10# to 20# per ton. The température 

of the sprayed granule is sufficient to cause the water from the sprayed coating to evaporate 

with the dryness of the granule returning to about 98% or greater. The resuit is a smooth 

5 coated granular fertilizer with enhanced protection against dusting in warehouse storage.

A schematic of the reactive coating process employing calcium chloride (in this case 

with surfactant) applied to the surface of an organically-enhanced ammonium sulfate 

containing granule as a first layer is shown in Figure 1. The diagram also shows that granules 

may be coated with an optional outer protective coating. This outer coating may comprise an 

10 oil based or another traditional coating, or a second reactive coating layer.

Figure 2 is a schematic showing a light micrograph and diagram of a cross section of 

a coated organically-enhanced ammonium sulfate containing granule showing surface coating 

with embedded ammonium sulfate crystals.

Figure 3 is a graph showing that the reactive coating on sulfate-based granular fertilizer 

15 made according to the process of this example has enhanced dusting protection over time as

compared to uncoated granules.

The product of this example contained a 98% dry granular fertilizer with a nutrient 

formulation of 17-1-0-20-1-16 (N-P-K-S-Fe-Organic) by dry weight ofthefinished granules.

Example 2

20 The conversion of thiosulfate to elemental sulfur is another example of a reactive

coating that enhances slow release of sulfur and nitrogen by migration inhibition. It further 

serves as a base coat that reduces surface area for subséquent placement of a final top seal 

coat for dust and abrasion control.

In this example, organic material was processed in accordance with the process of 

25 Example 1 through a rotary drum cooling apparatus. At the rotary drum, a different approach 

was taken to produce a reactive coating for the dry granules. A preferred anion concentration 

is between 20% and 40% with a more preferred concentration of 30%. A solution of potassium 

thiosulfate (50% in water) was sprayed on hot (140°F to 160°F; 60°C to 71 °C) granules such 

that thiosulfate reacted with free hydrogen ions présent on granule surfaces as sulfuric acid 

30 (see équation below):

(NH4)2S2O3 + H2SO (NH4)2SO4 + S(solid) + SO2 + H2O

When the acid is phosphoric, the formula is:

(NH4)2S2O3 + H3PO4 (NH4)2HPO4 + S(solid) + SO2 + 3H2O

13
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The ammonium sulfate or ammonium phosphate joins with other ammonium molécules that 

characterize the surface of these fertilizer granules. These reactions resuit in the déposition 

of the elemental sulfur on the surface of the granules providing a surface barrier to humidity 

during warehouse storage of said granules.

Example 3

In this example, organic material was processed in accordance with the process of 

Example 1 through a rotary drum cooling apparatus. At the rotary drum, a different approach 

was again taken to produce a reactive coating for the dry granules. At the rotary drum coating 

apparatus, a solution of iron sulfate (in water at a range of 15% to 40% with DBSA in a range 

of 0.2% to 3% as a surfactant) was sprayed on hot (140°F to 160°F; 60°C to 71 °C) granules 

such that the iron replaces one of the ammonium groups of the diammonium phosphate that 

is présent on the surface as sulfuric acid on said granules. This reaction results in the 

déposition of an iron ammonium phosphate coating.

The use of monohydrate or heptahydrate iron sulfate was used to produce the reactive 

coating for phosphate based granule. The use of iron sulfate results in the production of a 

coating of iron (+2) — ferrous ammonium phosphate. This is an insoluble sait found as a water 

insoluble fraction for both diammonium phosphate (DAP) and monoammonium phosphate 

(MAP) fertilizers. An équation showing this reaction with diammonium phosphate is shown 

below:

2FeSO4 +2 (NH4)2HPO4 2FeNH4PO4 + (NH4)2SO4 + 2H+

This is another example of a reactive coating that enhances slow release of nutrients 

contained in the core of the coated granules while preventing dust formation from granule 

attrition.

Other embodiments and uses of the invention will be apparent to those skilled in the 

art from considération of the spécification and practice of the invention disclosed herein. Ail 

référencés cited herein, including ail publications, U.S. and foreign patents and patent 

applications, are specifically and entirely incorporated by reference. It is intended that the 

spécification and examples be considered exemplary only with the true scope and spirit of the 

invention indicated by the following claims. Furthermore, the term “comprising of’ includes the 

terms “consisting of’ and “consisting essentially of.”

14
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Claims

1. A method of coating fertilizer granules comprising:

providing fertilizer granules containing organic material and an acid;

contacting the fertilizer granules at an acidic pH with an inorganic compound, wherein 

the inorganic component chemically reacts with the acid of the fertilizer granules forming a 

coating on the fertilizer granules; and

drying the coated fertilizer granules forming dried and coated granules.

2. The method of claim 1, wherein the fertilizer granules contain organic material.

3. The method of claim 1, wherein the acid comprises sulfuric acid, phosphoric acid,

nitric acid, and/or hydrochloric acid, and the pH is less than about 6.8.

4. The method of claim 1, wherein the inorganic compound comprises a compound 

which contains an alkaline métal, ammonium thiosulfate, potassium thiosulfate, sodium 

thiosulfate, and/or a cationic component wherein the cationic component comprises barium 

ions, calcium ions, magnésium ions, aluminum ions, polyaluminum ions, iron ions, and/or 

sulfur ions.

5. The method of claim 1, wherein the fertilizer granules contain an anionic component 

and the anionic component comprises chloride ions (Cl·), nitrate ions (NO3 ), ammonium 

nitrate ions (NH4NO3 ), hydroxide ions (OH) ), and/or acetate ions (CH3COO ).

6. The method of claim 1, wherein the coating comprises aluminum, iron, aluminum- 

calcium sulfate, ferrous ammonium phosphate, sulfur, and/or an aluminum-iron complex in 

an amount from about 4 to about 40 pounds per ton of dried granules, and contacting 

comprises spraying an aqueous solution ofthe inorganic compound on surfaces ofthe 

fertilizer granules.

7. The method of claim 1, wherein the dried and coated granules comprise about 92%

to about 100% solids.

8. The method of claim 1, wherein the dried and coated granules hâve reduced dust 

formation as compared to fertilizer granules that hâve not been so processed, less absorbent 

to humidity as compared to fertilizer granules that hâve not been so processed, résistant to 

self-heating as compared to fertilizer granules that hâve not been so processed, hâve a 

reduced odor as compared to fertilizer granules that hâve not been so processed.

9. The method of claim 1, wherein the dried and coated granules hâve a slow-release 

nutrient profile wherein the slow-release nutrient profile comprises a reduced rate, reduced 
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amount, and/or differential release of one or more nutrients from the dried and coated 

granules.

10. The method of claim 1, wherein the dried and coated granules hâve an enhanced 

release of one or more nutrients wherein the one or more nutrients comprise nitrogen, 

phosphorus, potassium, sulfur, iron, organics, or a combination thereof.

11. The method of cïaim 1, further comprising adding micronutrients to the fertilizer

granules wherein the micronutrients comprise boron, calcium, copper, magnésium, 

manganèse, molybdenum, sulfur, zinc and/or combinations thereof.

12. The method of claim 1, wherein the fertilizer granules contain organic materials that 

are chemically bound to inorganic nutrients by covalent bonds, noncovalent bonds, 

electrostatic bonds, hydrogen bonds and/or combinations thereof.

13. The method of claim 1, wherein the contacting further comprises a surfactant wherein 

the surfactant comprises dodecylbenzyl sulfonic acid (DBSA), an ethoxylated alcohol of CIO- 

CI 6, sodium lauryl ether sulfate, amine oxide, methyl salicylate, coco betaine, an anionic, 

cationic, or nonionic surfactants, or mixtures thereof.

14. Dried and coated granules made by the method of claim 1.

15. A method of coating fertilizer containing organic material comprising:

providing fertilizer comprised of organic materials that contain exposed chloride ions 

(Cl·), nitrate ions (NO3), ammonium nitrate ions (NH4NO3), hydroxide ions (OH) ), and/or 

acetate ions (CH3COO);

providing an inorganic compound that contains ions selected from the group 

consisting of Ca, Mg, Mn, Fe, Al, and Zn;

contacting the fertilizer at an acidic pH with the inorganic compound forming a coating 

on the fertilizer; and

drying the coated fertilizer.

16. The method of claim 15, wherein the coating comprises (AI)CI3, (Al)chlorohydrate, 

polyaluminum chloride, (Ca)NH4NO3, (Ca)CI2, (Fe)CI3, FeSO4-7H2O, (Fe)3(SO4)2, (Mg)SO4, 

(Mg)CI2, (Mn)CI2, (Mn)NH4PO4, (Ca)3(PO4)2, monocal (Ca)(H2PO4)2H2O, and/or dical 

(Ca2)(H2PO4)4, and/or elemental sulfur.

17. The method of claim 15, wherein the acidic pH is less than about 6.8.

18. The method of claim 15, wherein the coated fertilizer, as compared to fertilizer not so

processed:

has reduced dust formation;

16
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is less absorbent to humidity;

is résistant to self-heating; and/or 

has a reduced odor.

17
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Abstract of the Invention

The invention relates to a coated granular fertilizer, preferably wherein granules are 

sulfate-based or phosphate-based. When sulfate based granules, as in ammonium sulfate, 

the coating substance is an inorganic sait of alkaline earth éléments, preferably calcium, such 

5 that when applied to the surface of fertilizers, forms calcium sulfate, preferably a calcium 

sulfate-dihydrate, as a protective coating. For a reactive coating of a thiosulfate, free sulfuric 

acid présent on the granule reacts to provide an elemental sulfur coating. For ammonium 

phosphate-based granules, coatings may comprise compounds of Ca++, Al+++and/or Fe+++salts 

thereby forming a calcium, an aluminum, an iron, or mixed cation phosphate protective coating.

10 Thiosulfate is also effective with phosphate based granules which are manufactured with 

sulfuric acid. Granules coated according to the disclosure hâve advantageous properties as 

the coating can be applied in a specified and sparing manner due to its tendency to adhéré to 

surfaces during the reaction. Coated fertilizer granules of the disclosure are also 

advantageous in that, with regard to the applied amount of coating, they provide increased 

15 résistance to dusting in long term warehouse storage, to moisture uptake and to oxidative 

heating. Coating components also add nutrients to plants that can provide nutrients over a 

longer period of time such as a slow-release characteristic.



C' 20255

1/2

Figuré 1

Réactivé

©âiiufe Reactiw Calcium Coating Process

Figure 2

ReâcWe

eortlos

Embedded 
ammonium > 
" sulfate 

crysfals

Interfor 
of -

granulé



20255

2/2

Figure 3
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