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AN ENCAPSULATED PARTICLE 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an encapsulated particle, specifically to 

5 an encapsulated particle comprising a core particle and a polyurethane layer disposed about the 

core particle and comprising the reaction product of an isocyanate component and an isocyanate-

reactive component comprising a graft polyol 

DESCRIPTION OF THE RELATED ART 

[0002] Encapsulated particles, such as controlled-release fertilizers, are known in the 

10 agricultural art. Such encapsulated particles typically include one or more polyurethane layers 

disposed about a core particle, typically a fertilizer, such as urea. Thickness and integrity of the 

polyurethane layer limits dissolution rate of the encapsulated particles, specifically, a rate that 

the core particle degrades releasing itself, e.g. a "payload", into soil that includes moisture. 

[0003] Unfortunately, many conventional encapsulated particles include inconsistent 

15 thickness of the polyurethane layer, which results in acceleratcd dissolution rates. As known in 

the agricultural art, such accelerated dissolution rates lead to waste and phytotoxicity, i.e., toxic 

effect of the fertilizer on plant growth. Further, many conventional encapsulated particles have 

polyurethane layers with integrity problems, since the polyurethane layers include defects, such 

as cracks, pits, depressions, etc. When a polyurethane layer including such defects is disposed 

20 about the core particle, the cracks, pits, and/or depressions allow water and other liquids to per­

meate the polyurethane layer, thus prematurely contacting and dissolving the core particle. To 

cure such defects, multiple polyurethane layers must typically be disposed about the core particle 

resulting in a time consuming and expensive manufacturing process for forming the encapsulated 

particles. Yet further, many conventional encapsulated particles are prone to breakage, due to 

25 the polyurethane layer lacking adequate hardness and resiliency. Such breakage reduces shelf 

life of the encapsulated particles, and results in waste during storage, handling, and use of the 

encapsulated particles. 
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[0004] Accordingly, there remains an opportunity to provide encapsulated particles with 

improved moisture resistance, improved swelling resistance, improved hydrophobicity, reduced 

manufacturing cost, and improved resiliency and toughness. There also remains an opportunity 

to provide encapsulated particles with extended and more predictable dissolution rates. There 

5 also remains an opportunity to provide a method of forming such encapsulated particles. 

SUMMARY OF THE INVENTION AND ADVANTAGES 

[0005] An encapsulated particle comprises a core particle and a polyurethane layer dis­

posed about the core particle. The polyurethane layer comprises the reaction product of an iso­

cyanate component and an isocyanate-reactive component. The isocyanate-reactive component 

10 comprises a graft polyol having a continuous phase and polymeric particles. A method of form­

ing the encapsulated particle comprises the steps of providing the core particle, applying the iso­

cyanate and isocyanate-reactive components to the core particle, and reacting the isocyanate and 

isocyanate-reactive components to form the polyurethane layer. 

[0006] The present invention provides a unique combination of the isocyanate and isocy-

15 anate-reactive component. The graft polyol of the isocyanate-reactive component imparts the 

encapsulated particle with improved moisture resistance, improved swelling resistance, reduced 

manufacturing cost, and improved toughness. The polyurethane layer of the encapsulated parti­

cle provides for extended and more predictable dissolution rates of the encapsulated particle. 

The method of forming the encapsulated particle of the present invention generally results in a 

20 uniform, complete, and defect-free polyurethane layer disposed about the core particle. As such, 

a thinner and less expensive polyurethane layer disposed about the core particle can be em­

ployed. Furthermore, the encapsulated particle and the components thereof are shelf-stable 

thereby allowing for more effective storage and subsequent usage of the encapsulated particle 

and the components thereof. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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[0007] Other advantages of the present invention will be readily appreciated, as the same 

becomes better understood by reference to the following detailed description when considered in 

connection with the accompanying drawings wherein: 

[0008] Figure 1 is a cross-section of an encapsulated particle of the present invention; 

5 [0009] Figure 2 is a chart illustrating dissolution rates of comparative examples; 

[0010] Figure 3 is another chart illustrating dissolution rates of comparative examples; 

and 

[0011] Figure 4 is a chart illustrating dissolution rates of inventive examples of the pre­

sent invention. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0012] Referring to the Figures, wherein like numerals indicate like parts throughout the 

several views, an encapsulated particle of the present invention is shown generally at 10. The 

encapsulated particle 10 comprises a core particle 12. In certain embodiments, the core particle 

12 comprises a fertilizer. Typically, the fertilizer is selected from the group of nitrogen, phos-

15 phate, potash, sulfur, and combinations thereof. Suitable fertilizers, for purposes of the present 

invention, are commercial available from a variety of suppliers known to those of ordinary skill 

in the art. 

[0013] In one embodiment, the fertilizer is nitrogen based. Examples of suitable fertiliz­

ers that are nitrogen based, for purposes of the present invention, include anhydrous ammonia, 

20 urea, ammonium nitrate, urea ammonium nitrate, calcium ammonium nitrate, and combinations 

thereof. In another embodiment, the fertilizer is phosphate based. Examples of suitable fertiliz­

ers that are phosphate based, for purposes of the present invention, include phosphoric acid, 

mono-ammonium phosphate, ammonium polyphosphate, ammonium phosphate sulfate, and 

combinations thereof. In yet another embodiment, the fertilizer is potash based. Examples of 

25 suitable fertilizers that are potash based, for purposes of the present invention, include potash, 
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ammonium nitrate, and combinations thereof. In further embodiments, the fertilizer is sulfur 

based. Examples of suitable fertilizers that are sulfur based, for purposes of the present inven­

tion, include ammonium sulfate, sulfuric acid, and combinations thereof. 

[0014] In other embodiments, the core particle 12 comprises a biocide. Examples of bio-

5 cides, for purposes of the present invention, include herbicides, insecticides, fungicides, and 

combinations thereof. It is to be appreciated that alternative forms of core particles 12 can also 

be used, i.e., core particles 12 that are not fertilizers or biocides, such as flame retardants. Other 

core particles 12, suitable for the purposes of the present invention, include but are not limited to 

bulbs and seeds, such as grass seeds, flower seeds, etc. 

10 [0015] The core particle 12 is typically present in the encapsulated particle 10 in an 

amount of from about 75 to about 99, more typically from about 90 to about 99, and most typi­

cally from about 96 to about 98, parts by weight, based on 100 parts by weight of the encapsu­

lated particle 10. It is to be appreciated that the encapsulated particle 10 can include any combi­

nation of two or more of the aforementioned core particles 12. In such embodiments, the core 

15 particle 12 can comprise, but is not limited to, a blend of core particlc compositions, individual 

sub-particles of the core particle 12, and/or layers of different core particle compositions. For 

example, the core particle 12 can comprise an inner-core comprising urea with an outer-core 

disposed about the inner-core comprising sulfur. Typically, the core particle 12 is anhydrous, or 

at least anhydrous on its outermost surface (i.e., the core particle 12 is dry) to prevent premature 

20 reaction and/or degradation during manufacture and/or storage of the encapsulated particle 10. 

[0016] The core particle 12 can be of various sizes and shapes. Typically, the core parti­

cle 12 is substantially spherical, having an average diameter of from about 0.1 to about 5, more 

typically from about 0.1 to about 2.5, and most typically from about 0.25 to about 1, millimeters 

(mm). It is to be appreciated that other sizes and/or shapes of core particles 12 can also be used, 

25 such as irregular, oblong or platelet shaped particles. In one embodiment, the core particles 12 
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are quite large. For example, the core particle 12 can take the form of a conventional tree spike 

shape, such that the encapsulated particle 10 is an encapsulated tree spike (not shown). 

[0017] The encapsulated particle 10 further comprises a polyurethane layer 14 disposed 

about the core particle 12. For purposes of the present invention, it is to be understood that the 

5 terminology "disposed about" encompasses both partial and complete covering of the core parti­

cle 12 by the polyurethane layer 14. Typically, the core particle 12 is completely covered by the 

polyurethane layer 14, thereby protecting the core particle 12 from exposure to environmental 

conditions, such as from premature exposure to moisture. The polyurethane layer 14 typically 

has an average thickncss that mimics thicknesses of conventional encapsulation layers, e.g. con-

10 ventional fertilizer encapsulation layers, such as a thickness of from about 50 to about 200, more 

typically from about 100 to 150, most typically about 125 to about 150, microns. It is to be ap­

preciated that the polyurethane layer 14 can be formed into various thicknesses depending on 

one or more desired properties, such as dissolution rates of the encapsulated particles 10. 

[0018] The polyurethane layer 14 comprises the reaction product of an isocyanate com-

15 ponent and an isocyanate-reactive component. The isocyanate component is typically a polyiso-

cyanate having two or more isocyanate functional (NCO) groups. Suitable polyisocyanates, for 

purposes of the present invention include, but are not limited to, conventional aliphatic, 

cycloaliphatic, araliphatic and aromatic isocyanates. In certain embodiments, the isocyanate 

component is selected from the group of diphenylmethane diisocyanates (MDIs), polymeric di-

20 phenylmethane diisocyanates (PMDIs), and combinations thereof. Polymeric diphenylmethane 

diisocyanates are also referred to in the art as polymethylene polyphenylene polyisocyanates. 

Examples of other suitable isocyanates, for purposes of the present invention include, but are not 

limited to, toluene diisocyanates (TDIs), hexamethylene diisocyanates (HDIs), isophorone diiso­

cyanates (IPDIs), naphthalene diisocyanates (NDIs), and combinations thereof. 
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[0019] In certain embodiments, the isocyanate component is an isocyanate-terminated 

prepoiymer. The isocyanate-terminated prepolymer is a reaction product of an isocyanate and a 

polyol and/or a polyamine, as understood in the polyurethane art. The isocyanate may be any 

type of isocyanate known to those skilled in the polyurethane art, such as one of the polyisocy-

5 anates described above. If employed to make the isocyanate-terminated prepolymer, the polyol 

is typically selected from the group of ethylene glycol, diethylene glycol, propylene glycol, 

dipropylene glycol, butane diol, glycerol, trimethylolpropane, triethanolamine, pentaerythritol, 

sorbitol, and combinations thereof. If employed to make the isocyanate-terminated prepolymer, 

the polyamine is typically selected from the group of ethylene diamine, toluene diamine, diami-

10 nodiphenylmethane and polymethylene polyphenylene polyamines, aminoalcohols, and combi­

nations thereof. Examples of suitable aminoalcohols include ethanolamine, diethanolamine, 

triethanolamine, and combinations thereof. It is to be appreciated that the isocyanate-terminated 

prepolymer may be formed from a combination of two or more of the aforementioned polyols 

and/or polyamines. 

15 [0020] The isocyanate component may also be a modified isocyanate, such as, car-

bodiimides, allophanates, isocyanurates, and biurets. Other suitable isocyanates, for purposes of 

the present invention, include those described in U.S. Patent Publication No. 2005/0266245 to 

Mente et al., the disclosure of which is incorporated herein by reference in its entirety. 

[0021] Specific examples of suitable isocyanate components, for purposes of the present 

20 invention, are commercially available from BASF Corporation of Florham Park, NJ, under the 

trademark LUPRANATE®, such as LUPRANATE® M, LUPRANATE® MI, LUPRANATE® 

M20, LUPRANATE® M20SB, LUPRANATE® M20HB, and LUPRANATE® M20FB isocy-

anates. 

[0022] The polyurethane layer 14 is typically present in the encapsulated particle 10 in an 

25 amount of from about 25 to about 1, more typically from about 10 to about 1, and most typically 
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from about 4 to about 2, parts by weight, based on 100 parts by weight of the encapsulated parti­

cle 10. Generally, the present invention provides for less material use, e.g. less isocyanate com­

ponent use, relative to prior art encapsulated particles. 

[0023] The isocyanate component typically has a viscosity which is suitable for specific 

5 applications of the isocyanate component to the core particle 12, such as by spraying, fogging, 

and/or atomizing the isocyanate component to apply the isocyanate component to the core parti­

cle 12. Typically, the isocyanate component has a viscosity of from about 10 to about 5,000, 

more typically from about 25 to about 2,500, and most typically from about 50 to about 200, cps 

at 25°C according to ASTM D2196. Regardless of the application technique, the viscosity of the 

10 isocyanate component should be sufficient to adequately coat the core particle 12. 

[0024] In certain embodiments, the isocyanate component has a nominal functionality of 

from about 1 to about 5, more typically from about 1.5 to about 4, and most typically from about 

2.0 to about 2.7. In certain embodiments, the isocyanate component has an NCO content of from 

about 20 to about 50, more typically from about 25 to about 40, and most typically from about 

15 30 to about 33, wt. % based on 100 parts by weight of the isocyanate component. The aforemen­

tioned NCO contents generally provide a high molecular crosslink density of the isocyanate 

component that aids in the formation of a defect free polyurethane layer 14, and also provide the 

isocyanate component with more chemical bonds per unit of mass to improve cost efficiency. 

[0025] The isocyanate component is typically present in an amount of from about 1 to 

20 about 50, more typically from about 1 to about 25, yet more typically from about 1 to about 15, 

most typically from about 5 to about 10, and yet most typically about 7, parts by weight, based 

on 100 parts by weight of the reaction product. It is to be appreciated that the isocyanate com­

ponent may include any combination of the aforementioned isocyanates and/or isocyanate-

terminated prepolymers. 
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[0026] The isocyanate-reactive component comprises a graft polyol. In one embodiment, 

the graft polyol is a polymer polyol. In other embodiments, the graft polyol is selected from the 

group of polyharnstoff (PHD) polyols, polyisocyanate polyaddition (PIPA) polyols, and combi­

nations thereof. It is to be appreciated that the isocyanate-reactive component can comprise any 

5 combination of the aforementioned graft polyols. In certain embodiments, the isocyanate-

reactive component may also comprise other components including a supplemental polyol and/or 

other standard urethane resin components, as further described below. In another embodiment, 

the isocyanate-reactive component consists of the graft polyol. 

[0027] Graft polyols may also be referred to in the art as graft dispersion polyols or graft 

10 polymer polyols. Graft polyols are well known to those skilled in the polyurethane art and in­

clude products, i.e., polymeric particles 16, obtained by the in-situ polymerization of one or more 

vinyl monomers, e.g. styrene monomers and/or acrylonitrile monomers, and a macromer in a 

polyol, e.g. a polyether polyol. In one embodiment, the isocyanate-reactive component is a sty-

rene-acrylonitrile graft polyol. PHD polyols are typically formed by in-situ reaction of a diiso-

15 cyanate with a diamine in a polyol to give a stable dispersion of polyurca particles. PIPA poly­

ols are similar to PHD polyols, except that the dispersion is typically formed by in-situ reaction 

of a diisocyanate with an alkanoamine instead of a diamine, to give a polyurethane dispersion in 

a polyol. It is to be appreciated that the present invention is not limited to any particular method 

of making the graft polyol. 

20 [0028] The isocyanate-reactive component comprises a continuous phase. The continu­

ous phase of the isocyanate-reactive component is not generally miscible with the isocyanate 

component, which provides for increased coverage of the polymeric particles 16 with reactive 

groups, such as hydroxyl functional (OH) groups. Such reactive groups can further impart 

crosslinking in the polyurethane layer 14, once the reactive groups are reacted. The polymeric 

25 particles 16 are further described below. In certain embodiments, as alluded to above, both the 
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continuous phase and the polymeric particles 16 are reactive with the isocyanate component. 

These embodiments are described in greater detail below. 

[0029] Typically, the continuous phase of the isocyanate-reactive component comprises a 

polyol. The polyol is generally the polyol employed for forming the graft polyol, as described 

5 and exemplified above. Such a polyol can be referred to in the art as a "carrier" polyol; how­

ever, a distinct polyol separate from the polymeric particles 16 may also be employed in addition 

to or alternate to the carrier polyol. The polyol generally has at least two hydroxyl functional 

(OH) groups reactive with the isocyanate component. The polyol may be the same as or differ­

ent than the polyol previously described and exemplified above with description of the isocy-

10 anate-terminated prepolymer. The isocyanate-reactive component can comprise a polyester 

polyol, a polyether polyol, and combinations thereof. Further, the polyol can be selected from 

the group of, but is not limited to, aliphatic polyols, cycloaliphatic polyols, aromatic polyols, 

heterocyclic polyols, and combinations thereof. More specific examples of suitable polyols are 

selected from the group of, but are not limited to, glycerols, propylene glycols, sucrose-initiated 

15 polyols, sucrose/glycerinc-initiatcd polyols, trimethylolpropane-initiated polyols, and combina­

tions thereof. In certain embodiments, the polyol is (or is derived from) a "natural" oil, e.g. corn 

oil, cottonseed oil, castor oil, etc. Typically, in these embodiments, castor oil is used. In such 

embodiments, the continuous phase of the isocyanate-reactive component typically comprises 

castor oil. Castor oil is typically very hydrophobic and has a high hydroxyl number, which is 

20 useful for purposes of the present invention. Castor oil is also readily commercially available 

from a variety of suppliers. Employing natural oils, e.g. castor oil, provides an opportunity for 

natural and sustainable raw material use. 

[0030] In certain embodiments, the polyol is a hydrophobic polyol. In a specific em­

bodiment, the polyol is a hydrophobic polyether polyol In another specific embodiment, the 

25 polyol is a hydrophobic polyester polyol. The hydrophobic polyol contains alkylene oxides. In 
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these embodiments, the hydrophobic polyol typically has from about 0 to about 50, more typi­

cally from about 2 to about 20, and most typically from about 5 to about 15, parts by weight of 

ethylene oxide (EO), based on 100 parts by weight of the alkylene oxides of the hydrophobic 

polyol. In other embodiments, the hydrophobic polyol typically has at least 60, more typically 

5 at least 70, and most typically at least 80, parts by weight propylene oxide (PO), based on 100 

parts by weight of the alkylene oxides. Accordingly, in these embodiments, the hydrophobic 

polyol is a propylene oxide rich polyol, which imparts the hydrophobic polyol with hydrophobic-

ity, and therefore further imparts the polyurethane layer 14 of the encapsulated particle 10 with 

hydrophobicity. 

10 [0031] In certain embodiments, the alkylene oxides of the hydrophobic polyol comprise a 

mixture of ethylene oxide and propylene oxide. In another embodiment, the alkylene oxides of 

the hydrophobic polyol include only propylene oxide, i.e., the hydrophobic polyol does not in­

clude other alkylene oxides, such as ethylene oxide. In certain embodiments, the hydrophobic 

polyol comprises other types of alkylene oxides known in the polyurethane art, e.g. butylene 

15 oxide (BO), in combination with propylene oxide, and optionally, in combination with ethylene 

oxide. The alkylene oxides of the hydrophobic polyol may be arranged in various configura­

tions, such as a random (heteric) configuration, a block configuration, a capped configuration, or 

a combination thereof. For example, in one embodiment, the hydrophobic polyol comprises a 

heteric mixture of ethylene oxide and propylene oxide. 

20 [0032] In certain embodiments, the hydrophobic polyol is terminally capped with ethyl­

ene oxide. The hydrophobic polyol typically has a terminal cap of from about 5 to about 25, 

more typically from about 5 to about 20, and most typically from about 10 to about 15, parts by 

weight ethylene oxide, based on 100 parts by weight of the hydrophobic polyol. It is to be ap­

preciated that in certain embodiments, the ethylene oxide may only be present in the terminal 

25 ethylene oxide cap; however, in other embodiments, the ethylene oxide may also be present 
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along with the propylene oxide, and optionally, with other alkylene oxides, e.g. butylene oxide, 

in the alkylene oxides of the hydrophobic polyol. Generally, for purposes of the present inven­

tion, increased propylene oxide content of the hydrophobic polyol is preferred in order to impart 

increased hydrophobicity to the polyurethane layer 14 of the encapsulated particle 10. 

5 [0033] Suitable hydrophobic polyols, for purposes of the present invention include, but 

are not limited to, glycerine-initiated, trimethylolpropane-initiated, propylene glycol-initiated, 

and sucrose-initiated polyether polyols, and combinations thereof. In one embodiment, the hy­

drophobic polyol is a glycerine-initiated polyether polyol. In another embodiment, the hydro­

phobic polyol is a glycerine-initiated polyester polyol. The alkylene oxides of the hydrophobic 

10 polyol generally extend from the respective initiator portion of the hydrophobic polyol. 

[0034] As introduced above, the isocyanate-reactive component comprises polymeric 

particles 16. Such polymeric particles 16 may be referred to in the art as a discontinuous phase 

of the isocyanate-reactive component. The polymeric particles 16 are generally large in size due 

to their macromer constituents, i.e., the polymeric particles 16 have micrometer or larger dimen-

15 sions, such as micrometer or larger diameters. In certain embodiments, the polymeric particles 

16 have average diameters ranging from about 0.1 to about 10 microns, more typically from 

about 0.1 to about 1.5 microns. In other embodiments, the polymeric particles 16 have average 

diameters less than 0.1 microns, which imparts the isocyanate-reactive component with nano-

polymeric particles 16. It is to be appreciated that the polymeric particles 16 can include nano-

20 and micro- size (or smaller and/or larger) particles. 

[0035] As introduced above, the polymeric particles 16 typically comprise the reaction 

product of monomers selected from the group of styrenes, e.g. alpha-methyl styrene, acryloni-

triles, esters of acrylic and methacrylic acids, ethylenically unsaturated nitriles, amines, amides, 

and combinations thereof. In certain embodiments, the polymeric particles 16 comprise the fiir-

25 ther reaction of a macromer, such as a polyol having an unsaturation, e.g. one of more olefinic 
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groups, which permits chemical incorporation of the polymeric particle 16, as described above. 

In these embodiments, it is believed that the polymeric particles 16 can impart crosslinking in the 

polyurethane layer 14, due to reactive groups attached to the polymeric particles 16, e.g. OH 

groups imparted by the polyol, which can react with the isocyanate component. 

5 [0036] In one embodiment, the polymeric particles 16 comprise styrene acrylonitrile 

(SAN) copolymers, which are the reaction product of styrene monomers and acrylonitrile 

monomers, as understood in the art. Typically, the SAN copolymers have a weight ratio of sty­

rene to acrylonitrile of from about 30:70 to about 70:30, more typically about 40:60 to about 

60:40, yet more typically from about 45:55 to about 60:40, most typically about 50:50 to about 

10 60:40, and yet most typically from about 55:45 to about 60:40. In one embodiment, the SAN 

copolymers have a weight ratio of styrene to acrylonitrile of about 66.7:33.3. In another em­

bodiment, the polymeric particles 16 are urea, which are the reaction product of an amine 

monomer and an isocyanate functional (NCO) group, such as an NCO group of a diisocyanate. 

In yet another embodiment, the polymeric particles 16 are urethane, which are the reaction prod-

15 uct of an alcohol monomer and an NCO group, such as an NCO group of a diisocyanatc. 

[0037] Typically, the polymeric particles 16 are present in the isocyanate-reactive com­

ponent in an amount of from about 5 to about 70, more typically from about 15 to about 55, and 

most typically from about 25 to about 50, parts by weight, based on 100 parts by weight of the 

isocyanate-reactive component. In one embodiment, the polymeric particles 16 are present in the 

20 isocyanate-reactive component in an amount of about 65 parts by weight based on 100 parts by 

weight of the isocyanate-reactive component. Generally, increasing the amount of polymeric 

particles 16 increases water repellency of the polyurethane layer 14 of the encapsulated particle 

10. It is also believed that the polymeric particles 16 impart increased resiliency for the encapsu­

lated particle 10 relative to prior art encapsulated particles. 
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[0038] The graft polyol typically has a molecular weight of from about 400 to about 

20,000, more typically from about 500 to about 10,000, yet more typically from about 600 to 

about 5,000, and most typically from about 700 to about 3,000. In one embodiment, the graft 

polyol has a molecular weight of about 730. In another embodiment, the graft polyol has a mo-

5 lecular weight of about 3,000. 

[0039] Other suitable graft polyols and methods of making the same, for purposes of the 

present invention, include those described in U.S. Patent Nos. 4,522,976 to Grace et al.; 

5,093,412 to Mente et al.; 5,179,131 to Wujcik et al; 5,223,570 to Huang et al.; 5,594,066 to 

Hcinemann et al.; 5,814,699 to Kratz et al.; 6,034,146 to Falke et al.; 6,103,140 to Falkc et al.; 

10 6,352,658 to Chang et al.; 6,432,543 to Harrison et al.; 6,472,447 to Lorenz et at; 6,649,107 to 

Harrison et al.; and 7,179,882 to Adkins et al., the disclosures of which are incorporated herein 

by reference in their entirety. 

[0040] Specific examples of suitable graft polyols, for purposes of the present invention, 

are commercially available from BASF Corporation of Florham Park, NJ, under the trademark 

15 PLURACOL®, such as PLURACOL® 1365, PLURACOL® 4600, PLURACOL® 4650, PLU-

RACOL® 4800, PLURACOL® 4815, PLURACOL® 4830, and PLURACOL® 4850 graft poly-

ols. It is to be appreciated that the isocyanate-reactive component can include any combination 

of two or more of the aforementioned graft polyols. Detailed information on graft polyols is 

described on pages 104 and 105 of THE POLYURETHANES HANDBOOK (David Randall & Steve 

20 Lee eds., John Wiley & Sons, Ltd. 2002), which are incorporated herein in their entirety. An 

example of a suitable method for making a graft polyol dispersion, for purposes of the present 

invention, is free radical polymerization reaction of acrylonitrile, styrene, and a polyether polyol 

macromer, each of the aforementioned components having at least one olefin group, the poly­

ether polyol further including at least one hydroxyl group, and the reaction taking place in the 

25 presence of an initiator, e.g. a free radical polymerization initiator, and optionally, in the pres­
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ence of additional polyol, which may be the same or different than the aforementioned polyether 

polyol. 

[0041] The isocyanate-reactive component typically has a viscosity which is suitable for 

specific applications of the isocyanate-reactive component to the core particle 12, such as by 

5 spraying, fogging and/or atomizing the isocyanate-reactive component to apply the isocyanate-

reactive component to the core particle 12. Typically, the isocyanate-reactive component has a 

viscosity of from about 100 to about 10,000, more typically from about 500 to about 5,000, and 

most typically from about 500 to about 3,000, cps at 25°C according to ASTM D2196. Regard­

less of application technique, the viscosity of the isocyanate-reactive component should be suffi-

10 cient to adequately coat the core particle 12. 

[0042] Typically, the isocyanate-reactive component is present in an amount of from 

about 99 to about 50, more typically from about 99 to about 75, yet more typically from about 99 

to about 85, most typically from about 95 to about 90, and yet most typically about 93, parts by 

weight, based on 100 parts by weight of the reaction product. It is to be appreciated that the iso-

15 cyanate-reactive component may include any combination of the aforementioned polyols, poly­

meric particles, and/or graft polyols. 

[0043] The isocyanate and isocyanate-reactive components can be present in the polyure­

thane layer 14 in various weight ratios. Generally, the graft polyol must be present in an effec­

tive amount to impart hydrophobicity to the polyurethane layer 14, as well as other physical 

20 properties described herein, such as resiliency for the encapsulated particle 10. 

[0044] Typically, the isocyanate and isocyanate-reactive components are applied to the 

core particle 12 in a ratio of about 1.5 to 1, more typically about 1.25 to 1, and most typically 

about 1.1 to 1, based on the respective reactive sites of the isocyanate and isocyanate-reactive 

components as understood in the art. Such a ratio may be referred to in the polyurethane art as 

25 an isocyanate index, and is well understood by those of ordinary skill in the art. 
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[0045) As alluded to above, the reaction may further comprise an auxiliary polyol, dif­

ferent than the polyol employed as (or in) the isocyanate-reactive component. Suitable polyols 

for use as the auxiliary polyol are as described and exemplified above with description of the 

isocyanate-terminated prepolymer. The auxiliary polyol can be used for various purposes. For 

5 example, an auxiliary polyol having a higher functionality (relative to the polyol of the graft 

polyol) can be employed to provide additional reactive functional groups for reaction with the 

isocyanate component, or an auxiliary polyol can be employed to increase or decrease viscosity 

of the isocyanate-reactive component. If employed, the auxiliary polyol may be employed in 

various amounts. 

10 [0046] The reaction product may further comprise the additive component. If employed, 

the additive component is typically selected from the group of parting agents, catalysts, fillers, 

plasticizers, stabilizers, cross-linking agents, chain-extending agents, chain-terminating agents, 

air releasing agents, wetting agents, surface modifiers, moisture scavengers, desiccants, viscosity 

reducers, reinforcing agents, colorants, anti-oxidants, compatibility agents, ultraviolet light stabi-

15 lizers, thixotropic agents, anti-aging agents, lubricants, coupling agents, solvents, rheology pro­

moters, thickeners, anti-static agents, and combinations thereof. If employed, the additive com­

ponent may be present in various amounts. It is to be appreciated that the additive component 

may include any combination of the aforementioned additives, if employed. 

[0047] In certain embodiments, the additive component comprises a catalyst component. 

20 In one embodiment, the catalyst component comprises a tin catalyst. Suitable tin catalysts, for 

purposes of the present invention, include tin(II) salts of organic carboxylic acids, e.g. tin(II) 

acetate, tin(II) octoate, tin(II) ethylhexanoate and tin(II) laurate. In one embodiment, the or-

ganometallic catalyst comprises dibutyltin dilaurate, which is a dialkyltin(IV) salt of an organic 

carboxylic acid. Specific examples of suitable organometallic catalyst, e.g. dibutyltin dilaurates, 

25 for purposes of the present invention, are commercially available from Air Products and Chemi­
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cals, Inc. of Allentown, PA, under the trade name DABCO®. The organometallic catalyst can 

also comprise other dialkyltin(IV) salts of organic carboxylic acids, such as dibutyltin diacetate, 

dibutyltin maleate and dioctyltin diacetate. 

[0048] Examples of other suitable catalysts, for purposes of the present invention, in-

5 elude iron(II) chloride; zinc chloride; lead octoate; tris(dialkylaminoalkyl)-s-hexahydrotriazines 

including tris(N,N-dimethylaminopropyl)-s-hexahydrotriazine; tetraalkylammonium hydroxides 

including tetramet hylammonium hydroxide; alkali metal hydroxides including sodium hydrox­

ide and potassium hydroxide; alkali metal alkoxides including sodium methoxide and potassium 

isopropoxidc; and alkali metal salts of long-chain fatty acids having from 10 to 20 carbon atoms 

10 and/or lateral OH groups. 

[0049] Further examples of other suitable catalysts, specifically trimerization catalysts, 

for purposes of the present invention, include N,N,N-dimethylaminopropylhexahydrotriazine, 

potassium, potassium acetate, N,N,N-trimethyl isopropyl amine/formate, and combinations 

thereof. A specific example of a suitable trimerization catalyst is commercially available from 

15 Air Products and Chemicals, Inc. under the trade name POLYCAT®. 

[0050] Yet further examples of other suitable catalysts, specifically tertiary amine cata­

lysts, for purposes of the present invention, include dimethylaminoethanol, dimethylaminoeth-

oxyethanol, triethylamine, N,N,N',N'-tetramethylethylenediamine, N,N-

dimethylaminopropylamine, N,N,N,,N',N"-pentamethyldipropylenetriamine, 

20 tris(dimethylaminopropyl)amine, N,N-dimethylpiperazine, tetramethylimino-bis(propylamine), 

dimethylbenzylamine, trimethylamine, triethanolamine, N,N-diethyl ethanolamine, N-

methylpyrrolidone, N-methylmorpholine, N-ethylmorpholine, bis(2-dimethylamino-ethyl)ether, 

N,N-dimethyIcyclohexylamine (DMCHA), N,N,N',N',N"-pentamethyldiethylenetriamine, 1,2-

dimethylimidazole, 3-(dimethylamino) propylimidazole, and combinations thereof. Specific 
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examples of suitable tertiary amine catalysts are commercially available from Air Products and 

Chemicals, Inc. under the trade name POLYCAT® 

[0051] If employed, the catalyst component can be employed in various amounts. It is to 

be appreciated that the catalyst component may include any combination of the aforementioned 

5 catalysts. In certain embodiments, the encapsulated particles 10 are formed in the absence of 

catalyst. 

[0052] In certain embodiments, the additive component comprises a colorant, such as a 

dye and/or a pigment, for coloring the polyurethane layer 14. The colorant allows completeness 

of the polyurethane layer 14 to be visually evaluated and can provide various marketing advan-

10 tages. If employed, the colorant can be employed in various amounts. 

[0053] Typically, the polyurethane layer 14 is substantially free of water. By "substan­

tially free", it is meant that in these embodiments, water is present in an amount no greater than 

about 5, more typically no greater than about 2.5, yet more typically no greater than about 1, and 

most typically approaching or equaling 0, parts by weight, based on 100 parts by weight of the 

15 polyurethane layer 14. Those of ordinary skill in the art appreciate that if the polyurethane layer 

14 is completely free of water, the polyurethane layer 14 is anhydrous. It is generally preferred 

that the polyurethane layer 14 has little to no water to prevent the encapsulated particle 10 from 

prematurely degrading, such as by softening, rupturing, or sticking/agglomerating to other adja­

cent encapsulated particles 10 or surfaces. Such degradation can cause premature release of the 

20 core particle 14, and waste. Water can also be detrimental to the core particle 14 depending on 

the specific core particle 12 employed to form the encapsulated particle 10. 

[0054] In certain embodiments, the polyurethane layer 14 is substantially free of a wax, 

such as paraffin. By "substantially free", it is meant that in these embodiments, wax is present in 

an amount no greater than about 5, more typically no greater than about 2.5, yet more typically 

25 no greater than about 1, and most typically approaching or equaling 0, parts by weight, based on 
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100 parts by weight of the polyurethane layer 14. Typically, the polyurethane layer 14 has little 

to no wax to allow for a uniform polyurethane layer 14, which can prevent water from permeat­

ing the polyurethane layer 14. However, wax can be employed in the polyurethane layer 14 if 

compatible with the specific components employed. Alternatively, or in addition, wax can be 

5 used as a supplemental coating layer disposed over the polyurethane layer 14 (not shown). 

[0055] In certain embodiments, the polyurethane layer 14 includes a concentration of the 

isocyanate-reactive component proximal to the core particle 12 and a concentration of the isocy­

anate component distal to the core particle 12 and adjacent to the concentration of the isocy­

anate-reactive component. In other words, there is generally a concentration gradient in the 

10 polyurethane layer 14, with the concentration gradient having an innermost portion 18 compris­

ing mostly the isocyanate-reactive component and an outermost portion 20 comprising mostly 

the isocyanate component. Such a concentration gradient can be appreciated with reference to 

Figure 1. It is also to be appreciated that the encapsulated particle 10 and the concentration gra­

dient are not drawn to scale in Figure 1, as such what is depicted is merely for illustrative pur-

15 poses. In these embodiments, the polyurethane layer 14 provides a substantially uniform cover­

ing for the core particle 12, with the concentration of the isocyanate component imparting a resil­

ient coating for the encapsulated article 10, and the concentration of the isocyanate-reactive 

component imparting a uniform coating over the core particle 12 for the encapsulated particle 10. 

It is believed that the orientation of concentrations is beneficial, because the isocyanate-reactive 

20 component is (initially) "stickier" relative the isocyanate component, and therefore adheres to the 

core particle 12 better during manufacture, while the isocyanate component is free to subse­

quently react (after manufacture) with moisture in the atmosphere to impart a hard outer coating. 

Generally, this orientation also imparts the encapsulated particles 10 with excellent flow proper­

ties, i.e., they are free flowing, which can be useful during application of the encapsulated parti-

25 cles 10 to a substrate, e.g. to the ground. In other embodiments, the aforementioned concentra­
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tions are switched in orientation relative to the core particle 12, such that the concentration gra­

dient is reversed (not shown). In yet other embodiments, the polyurethane layer 14 is substan­

tially uniform, i.e., the polyurethane layer 14 does not generally include the concentration gradi­

ent (not shown). Methods of forming these specific polyurethane layers 14 are described further 

5 below. 

[0056] The isocyanate component and the isocyanate-reactive component of the reaction 

product may be supplied to consumers for use by various means, such as in railcars, tankers, 

large sized drums and containers or smaller sized drums, totes, and kits. For example, one drum 

can contain the isocyanate component and another drum can contain the isocyanate-reactive 

10 component. Providing the components to consumers separately reduces premature reaction of 

the components and provides for increased formulation flexibility for forming the reaction prod­

uct and therefore the encapsulated particle 10. For example, a consumer can select a specific 

isocyanate component and a specific isocyanate-reactive component, and amounts thereof, to 

prepare the polyurethane layer 14 therefrom. Various types of core particles 12 can also be em-

15 ployed. If other components are employed, such as the auxiliary polyol and/or the additive com­

ponent, e.g. the colorant, such components can be provided separately or premixed with one of 

or both of the isocyanate component and the isocyanate-reactive component. 

[0057] To form the encapsulated particle 10, the core particle 12 is provided. The isocy­

anate component and the isocyanate-reactive component are then applied to the core particle 12. 

20 Upon contact (and while under reaction conditions understood in the polyurethane art), the iso­

cyanate component and the isocyanate-reactive component begin to react to form the polyure­

thane layer 14 disposed about the core particle 12 to form the encapsulated particle 10. 

[0058] In one embodiment, the isocyanate-reactive component is applied to the core par­

ticle 12 prior to applying the isocyanate component to the core particle 12. As introduced above, 

25 and as illustrated in Figure 1, this embodiment is useful for forming the concentration gradient 
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having the concentration of the isocyanate-reactive component proximal, e.g. disposed about, the 

core particle 12 to form an isocyanate-reactive layer with the isocyanate component disposed 

about and reacting with the isocyanate-reactive layer. In another embodiment, the isocyanate 

component is applied to the core particle 12 prior to applying the isocyanate-reactive component 

5 to the core particle 12. As introduced above, this embodiment is useful for forming the concen­

tration gradient having the concentration of the isocyanate component proximal, e.g. disposed 

about, the core particle 12 to form an isocyanate layer with the isocyanate-reactive component 

disposed about and reacting with the isocyanate layer. 

[0059] In one embodiment, the isocyanate component and the isocyanate-reactive com-

10 ponent are pre-blended to form a mixture. The mixture is then applied to the core particle 12 to 

form the encapsulated particle 10. As introduced above, this embodiment is useful for forming a 

uniform polyurethane layer 14, i.e., the polyurethane layer 14 is substantially free of the concen­

tration gradients as described in the embodiments above, and instead, has a uniform dispersion of 

the polymeric particles 16 disposed throughout the polyurethane layer 14. 

15 [0060] The components can be applied by various methods known in the art. Examples 

of suitable methods of encapsulation, for purposes of the present invention, include bulk coating, 

tumbling, sheet coating, pan coating, fluidized-bed coating, co-extrusion, spraying and spinning 

disk encapsulation. Such methods and other encapsulation methods are well known to those of 

ordinary skill in the polyurethane and chemical engineering art. In certain embodiments, the 

20 components are sprayed, atomized, and/or fogged onto the core particle 12, typically core parti­

cles 12, while the core particles 12 are being agitated in suitable equipment. Typically, spraying, 

atomizing, and/or fogging the components onto the core particle 12 results in a uniform, com­

plete, and defect-free polyurethane layer 14 disposed about the core particle 12. Spraying, atom­

izing, and/or fogging the components also results in a thinner and less expensive polyurethane 

25 layer 14 disposed about the core particle 12. However, several application steps can be used to 
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build-up the thickness of the polyurethane layer 14, if so desired. Spraying, atomizing and fog­

ging of the components can occur via use of nozzles, such as one nozzle for each component 

supplied thereto, or nozzles that have two or more components premixed and supplied thereto. 

Generally, at least one nozzle applies the isocyanate component, and at least one nozzle applies 

5 the isocyanate-reactive component, to the core particle 12. As described and exemplified above, 

various orders of application can be employed to form the polyurethane layer 14. 

[0061] To maximize coverage of the core particles 12, the components are generally ap­

plied by spraying droplets or atomizing or fogging particles of the components onto the core par­

ticles 12 as the core particles 12 are being tumbled in a rotary blender or similar apparatus. As 

10 another example, the core particles 12 can be coated with the components in a rotary drum 

blender equipped with at least one, typically at least two spinning disk atomizers. Tumblers, 

drums, or rollers including baffles can also be used, as understood in the art. Alternatively, the 

core particles 12 can be provided directly to a carrier, e.g. a screened conveyor belt and the com­

ponents can be applied to the core particles 12, e.g. by spraying or sheeting, to form the encapsu-

15 lated particles 10. Further, at least one of the components, e.g. the isocyanate-reactive compo­

nent, can already be present on the core particles 12, such that the remaining components) of the 

reaction product, e.g. the isocyanate component, can then be applied to the core particles 12 and 

to the isocyanate-reactive component to form the polyurethane layer 14. Prior to the polyure­

thane layer 14 fully curing, the encapsulated particles 10 are typically kept moving to avoid ag-

20 glomeration. 

[0062] The amount of the components to be applied and mixed with the core particles 12 

is dependant upon several variables including the specific components employed, the size and 

type of core particle 12 used, the intended use of the encapsulated particle 10, desired thickness 

of the polyurethane layer 14, and the desired properties of the encapsulated particle 10. 
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[0063] The encapsulated particles 10 can be of various sizes and shapes. Typically, the 

encapsulated particles 10 are substantially spherical, having an average diameter of from about 

0.5 to about 7.5, more typically from about .5 to about 3, and most typically from about 1 to 

about 2, millimeters (mm); however, the encapsulated particles 10 can be of other shapes, such 

5 as irregular, pocked, oblong or platelet shaped encapsulated particles 10. 

[0064] Without being bound or limited by any particular theory, it is believed that the 

isocyanate-reactive imparts a certain degree of water repellency to the encapsulated particle 10. 

Specifically, it is believed that the graft polyol of the polyurethane layer 14 imparts such water 

repellency. One method by which the isocyanate-reactive component of the present invention 

10 imparts water repellency is by at least partially coating a surface of the core particle 12, thus de­

creasing surface tension of the surface. Another method by which the isocyanate-reactive com­

ponent imparts water repellency is that the isocyanate-reactive component at least partially fills 

capillaries within the core particle 12 and/or polyurethane layer 14 thus providing a barrier to 

capillary uptake of water. Further, it is believed that the isocyanate-reactive component reduces 

15 formation of micro- and/or nano-cracks from forming within the polyurethane layer 14, during or 

after cure to form the encapsulated particle 10. Yet further, if such cracks are already present in 

the core particle 12, the isocyanate-reactive component at least partially fills such cracks, as al­

luded to above with description of the capillaries. It is believed that the blocking of water and 

filling of cracks reduces degradation problems such as swelling and agglomeration when the 

20 encapsulated particle 10 is exposed to atmospheric moisture during storage and handling. This 

increases shelf life of the encapsulated particle 10, and increasing robustness and resiliency of 

the encapsulated particle 10 during transport (e.g. shipping) and handling. Such blocking and 

filling also better controls dissolution of the encapsulated particle 10, as described further below. 

It is further believed that such "filling" largely occurs due to the polymeric particles 16 of the 

25 graft polyol. Specifically, it is believed that the polymeric particles 16 of the isocyanate-
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reactive component at Least partially fill these cracks, if present. In addition to filling cracks, in 

certain embodiments, the polymeric particles 16 are reactive with the isocyanate component, 

which can increase strength and toughness of the polyurethane layer 14. Other benefits imparted 

by the graft polyol are described further below. 

5 [0065] The encapsulated particles 10 can be supplied to consumers in the same manner 

as the components employed to form them, as described and exemplified above for the isocy­

anate and isocyanate-reactive components. Typically, the encapsulated particles 10 are supplied 

in bags, such as paper and/or plastic bags containing about one (1) to about eighty (80) pounds of 

the encapsulated particles 10 for ease of handling and use. It is to be appreciated that such bags 

10 can include other nutrients and/or fillers in addition to the encapsulated particles 10, such as 

those typically included along with conventional fertilizers. In certain embodiment, the bags can 

include both encapsulated and non-encapsulated particles. It is also to be appreciated that the 

bags can included different grades of encapsulated particles 10, such as ones having different 

dissolution rates, which can be imparted by different polyurethane layer 14 thicknesses. 

15 [0066] It is to be appreciated that various types of the encapsulated particles 10 can be 

supplied to consumers in blends, such as encapsulated particles 10 having different core particles 

12, e.g. different types of fertilizers, such as nitrogen and potash, nitrogen and sulfur, etc. The 

encapsulated particles 10 can also be of different physical properties, such as different sizes and 

shapes, different dissolution rates, different hardness, etc. Such properties are described below. 

20 Generally, the encapsulated particles 10 do not agglomerate, such that the encapsulated particles 

10 are pourable for ease of use, i.e., are free flowing, and thereby do not clog apparatuses used to 

supplying and/or spreading of the encapsulated particles 10, such as by use of a fertilizer 

spreader. 

[0067] The encapsulated particles 10 can be of various hardness (or "crush" strength) 

25 depending on several variables including, the specific components and amounts thereof em­
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ployed, size and shape of the core particle 12, size and shape of the encapsulated particle 10, and 

thickness of the polyurethane layer 14. Typically, the encapsulated particle 10 has an excellent 

hardness relative to prior art encapsulated particles. Hardness of the encapsulated particles 10 

provides for longer life of the encapsulated particles 10, such that the encapsulated particles 10 

5 have excellent handling and storage/shelf life. Specifically, the polyurethane layer 14 of the pre­

sent invention provides for increased resiliency of the encapsulated particle 10, relative to con­

ventional encapsulated particles. It is believed that the polymeric particles 16 of the polyure­

thane layer 14 provide for such resiliency, by serving as a cushion/impact absorbers for the en­

capsulated particle 10. Typically, the encapsulated particles 10 have a shelf life of at least about 

10 1, more typically at least about 5, and most typically at least about 10, months. It is to be appre­

ciated that the encapsulated particles 10 can have a near infinite shelf life, more typically 20 or 

more years, based in part upon exposure (or lack thereof) to moisture. 

[0068] The encapsulated particle 10 of the present invention is also useful for providing 

the core particle 12, e.g. fertilizer, in a time-released manner. Time release, i.e., time required 

15 for the polyurethane layer 14 to be perforated such that the core particle 12 can be released to the 

surrounding environment, depends on several variables including, the specific components and 

amounts thereof employed, size and shape of the core particle 12, size and shape of the encapsu­

lated particle 10, and thickness of the polyurethane layer 14. Such a determination can be easily 

tested by placing the encapsulated particles 10 in a beaker full of water, such that the encapsu-

20 lated particles 10 are completely covered by the water. Perforations of the polyurethane layer 14 

can be evaluated upon visual inspection of the encapsulated particles 10, and/or by observing 

changes in clarity of the water. Perforations can range from pin-holing in or sloughing off of the 

polyurethane layer 14. It is to be appreciated that time release only applies if the polyurethane 

layer 14 fully envelops the core particle 12; otherwise, the core particle 12 is already at least par-

25 tially exposed to the surrounding environment. 
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[0069] Time release of the encapsulated particle 10 is also associated with dissolution 

rate of the encapsulated particle 10, as introduced above. As understood in the art, dissolution 

rate is a measurement of how much of the core particle 12 is dispersed into the surrounding envi­

ronment. For example, the amount of fertilizer released to the surrounding soil over time once 

5 the encapsulated particle 10 is exposed to moisture, e.g. from rain or irrigation. The encapsu­

lated particles 10 have excellent dissolution rates relative to prior art encapsulated particles, 

which can be appreciated with reference to Figures 2, 3 and 4, and the EXAMPLES section be­

low. Generally, the encapsulated particles 10 of the present invention have a uniform dissolution 

rate, i.e., a near steady-state release of the core particle 12 over a period of time. Alternatively, 

10 or in addition to, the encapsulated particles 10 of the present invention have a time-delayed re­

lease, e.g. the core particle 12 will begin to dissolve and therefore release some period of time 

after the encapsulated particles 10 are first exposed to a sufficient amount of moisture to perme­

ate the polyurethane layer 14. 

[0070] One way in which such dissolution works is by the polyurethane layer 14 becom-

15 ing permeated such that that water can enter into the encapsulated particle 10. After entry of 

water, the water can interact with the core particle 12, e.g. fertilizer. For example, if the core 

particle 12 comprises a nitrogen based fertilizer, after water migrates through the polyurethane 

layer 14, the nitrogen based fertilizer dissolves into solution inside the encapsulated particle 10, 

and the solution then migrates out through the polyurethane layer 14 into surrounding soil to 

20 deliver the nitrogen. When the core particle 12 is a fertilizer, water and/or other liquids gener­

ally cannot permeate the polyurethane layer 14 too quickly, thus preventing the water and/or 

other liquids from rapidly dissolving the core particle 12, thus preventing phytotoxicity, and pro­

viding for more predictable and controlled dissolution rates. 

[0071] The following examples, illustrating the encapsulated particles of the present in-

25 vention, are intended to illustrate and not to limit the present invention. 
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EXAMPLES 

[0072] Encapsulated particles are prepared in beakers. First, an isocyanate-reactive 

component, specifically a polyol, is heated and added drop-wise to a beaker containing core par­

ticles. specifically urea spheres (i.e., fertilizer), to form a polyol-urea mixture. The polyol-urea 

5 mixture is swirled gently using a foam mix blade to ensure distribution of the polyol around the 

urea spheres. Next, an isocyanate component is heated and added to the polyol-urea mixture and 

manually swirled to ensure complete contact between the urea spheres and the reaction product 

of the polyol and the isocyanate component. Complete contact results in a polyurethane layer 

disposed about the urea spheres. The urea spheres coated by the reaction product arc subse-

10 quently stirred with a foam mix blade to minimize agglomeration resulting in a free flowing 

group of encapsulated particles, i.e., encapsulated urea spheres. 

[0073] Overall, the polyurethane layers are applied at 2 wt% and 4 wt% based on total 

urea weight to measure differences imparted by varying thicknesses. Such differences are indi­

cated in tables 1-3 below. All of the polyurethane layers (or coatings) are applied at a 1.1 to 1 

15 (isocyanatc to polyol) ratio based on reactive sites, i.e., NCO to OH functional groups. Some 

comparative examples lack one or more of the aforementioned components, as indicated in ta­

bles 1 and 2 below. The same types of urea and isocyanate component are used for all of the 

examples, and are described in further detail below. 

[0074] A screening trial to measure dissolution rates of various encapsulated particles is 

20 conducted. The particles are placed in the bottom of a coarse-grade sintered glass funnel. Urea 

release is measured by washing 15 grams of the particles 5 times with 500 ml of cold tap water. 

The water is poured rapidly in the funnel corresponding to about 2 inches of rain for each rinse. 

The water is allowed to percolate through the encapsulated particles and at "its own rate" under 

the force of gravity, without applying any suction. Filtrate (or rinsate) is collected and placed in 
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sample vials. The samples of rinsate are analyzed for urea content using standard analytical 

methods. Results for dissolution rates for each of the particles is indicated in tables 1-3 below. 

TABLE 1 

Rinsate Core Iso. Comp. Comparative 1 Comparative 1 
Number Particle at 2 wt. % at 2 wt. % at 4 wt. % 

1 29.5 10.5 3.7 1.7 
2 1.1 10.5 7.3 2.7 
3 1.1 0.7 5.8 4 
4 1 0.5 5.1 4.4 
5 1.2 0.5 3.7 3.6 

5 [0075] "Core Particle" are just particles of the urea without any coating. The same urea 

is used in all the examples herein and is a conventional grade urea, which is available from a 

variety of suppliers. As shown above and in Figure 2, the urea (uncoated) essentially all eluted 

in the first rinse, which validates the method employed for determining dissolution rates of the 

particles. 

10 [00761 "Iso. Comp." are particles of the urea with a 2 wt.% coating of the isocyanate 

component only. The isocyanate component is a polymeric methylene diphenyl diisocyanate 

(pMDl) with a functionality of approximately 2.7, an NCO content of 31.5, and a viscosity of 200 

centipoise at 25°C. The isocyanate component is commercially available from BASF Corpora­

tion of Florham Park, NJ under the trade name of LUPRANATE® M20S. The same isocyanate 

15 component is used in all the examples herein (but for Core Particle). As shown above and in 

Figure 2, the urea quickly eluted in the first two rinses indicating that the isocyanate component 

alone does not provide adequate protection for the urea spheres. 

[0077] "Comparative 1" (Comp. 1) are particles of the urea with a 2 and 4 wt.% coating 

of the isocyanate component and a polyol reaction product. The polyol is castor oil and has a 

20 hydroxyl number of 162 and a nominal functionality of 3. As shown above and in Figure 3, disso­

lution rates of Comp. 1 can be appreciated. 
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TABLE 2 

Rinsate Comparative 2 Comparative 2 Comparative 3 Comparative 4 
Number at 2 wt. % at 4 wt. % at 2 wt. % at 4 wt. % 

1 0.6 15.3 9.5 18 
2 5.5 9.4 9.6 10.4 
3 5.4 2.9 7.5 1.4 
4 1 1.7 2.6 0.7 
5 - 0.9 2.6 6.5 

[0078] "Comparative 2" (Comp. 2) are particles of the urea with a 2 and 4 wt.% coating 

of the isocyanate component and a polyol reaction product. The polyol is a glycerine-initiated, 

5 propoxylated polyol and has a hydroxyl number range of 388-408, a nominal functionality of 3, and 

a viscosity of 360 centipoise at 25°C. The polyol is commercially available from BASF Corpora­

tion under the trade name PLURACOL® GP430. As shown above and in Figure 3, dissolution 

rates of Comp. 2 can be appreciated. The indicates that data was not collected for the rinsate. 

[0079] "Comparative 3" (Comp. 3) are particles of the urea with a 2 wt.% coating of the 

10 isocyanate component and a polyol reaction product. The polyol is a glycerine-initiated, propoxy­

lated polyol and has a hydroxyl number range of 222-237, a nominal functionality of 3, and a vis­

cosity of 270 centipoise at 25°C. The polyol is commercially available from BASF Corporation 

under the trade name PLURACOL® GP730. As shown above and in Figure 3, dissolution rates of 

Comp. 3 can be appreciated. 

15 [0080] "Comparative 4" (Comp. 4) are particles of the urea with a 4 wt.% coating of the 

isocyanate component and a polyol reaction product. The polyol is a polyol derived from an 

aromatic amine-based initiator including propylene oxide (PO) and ethylene oxide (EO) and has a 

hydroxyl number of 390, a nominal functionality of 4, and a viscosity of 10,500 centipoise at 25°C. 

The polyol is commercially available from BASF Corporation under the trade name PLURA-

20 COL® P824. As shown above and in Figure 3, dissolution rates of Comp. 4 can be appreciated. 
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TABLE 3 

Rinsate Inventive 1 Inventive 1 Inventive 1 Inventive 2 Inventive 2 
Number at 2 wt. % at 2 wt. % at 4 wt. % at 2 wt. % at 4 wt. % 

1 3.7 3.6 3.8 7.9 15.8 
2 5.4 5.4 4.7 5.2 11.4 
3 5.6 5.2 4.7 4 15 
4 6.6 4.7 4.3 1.8 0.7 
5 4.6 4.4 18.3 2.4 -

[0081] 'Inventive 1" (Inv. 1) are particles of the urea with a 2 and 4 wt.% coating of the 

isocyanate component and a polyol reaction product. The polyol is a graft polyol including cas-

5 tor oil as a continuous phase and SAN particles as polymeric particles. Two trials were run at 2 

wt.% for reproducibility purposes. As shown above and in Figure 4, dissolution rates of Inv. 1 can 

be appreciated. 

[0082] "Inventive 2" (Inv. 2) are particles of the urea with a 2 and 4 wt.% coating of the 

isocyanate component and a polyol reaction product. The polyol is a secondary hydroxyl-

10 terminated graft polyether triol having a hydroxyl number of 27-31, a nominal functionality of 3, 

and a viscosity of 4,340 centipoise at 25°C. The graft polyol includes 44 wt.% SAN particles as 

polymeric particles. The graft polyol is commercially available from BASF Corporation under 

the trade name PLURACOL® 4600. As shown above and in Figure 4, dissolution rates of Inv. 2 

can be appreciated. The "-" indicates that data was not collected for the rinsate. 

15 [0083] Generally, the encapsulated particles of the present invention had more uniform 

dissolution rates relative to the comparative examples of particles. While some points may indi­

cate fluctuations in dissolution rates of the inventive examples, it is believed that this is due to 

plugging in the filter which caused greatly extended contact time for each rinse, therefore in­

creasing the amount of urea present in the respective rinsate. Further, the encapsulated particles 

20 of the present invention were generally more resilient to breakage relative to the comparative 

particles. 
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[0084] The present invention has been described herein in an illustrative manner, and it is 

to be understood that the terminology which has been used is intended to be in the nature of 

words of description rather than of limitation. Many modifications and variations of the present 

invention are possible in light of the above teachings. The invention may be practiced otherwise 

5 than as specifically described within the scope of the appended claims. 
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1. An encapsulated particle comprising: 
a core particle; and 
a polyurethane layer disposed about said core particle and 

comprising the reaction product of 
an isocyanate component, and 
an isocyanate-reactive component comprising a graft 

polyol having a continuous phase and polymeric par­
ticles selected from the group of styrene copolymer 
particles, polyurea particles, polyurethane particles, 
and combinations thereof. 

2. An encapsulated particle as set forth in claim 1 wherein 
said graft polyol is a styrene acrylonitrile (SAN) polymer 
polyol. 

3. An encapsulated particle as set forth in claim 2 wherein 
said polymeric particles comprise SAN copolymers. 

4. An encapsulated particle as set forth in claim 3 wherein 
said polymeric particles are present in said isocyanate-reac­
tive component in an amount of from about 5 to about 70 parts 
by weight based on 100 parts by weight of said isocyanate-
reactive component. 

5. An encapsulated particle as set forth in claim 4 wherein 
said polymeric particles have a weight ratio of styrene to 
acrylonitrile of from about 30:70 to about 70:30. 

6. An encapsulated particle as set forth in claim 1 wherein 
said graft polyol is selected from the group of polyharnstoff 
(PHD) polyols, polyisocyanate polyaddition (PIPA) polyols, 
and combinations thereof. 

7. An encapsulated particle as set forth in claim 1 wherein 
said isocyanate component is selected from the group of 
polymeric diphenylmethane diisocyanates (PMDI), diphe­
nylmethane diisocyanates (MDI), and combinations thereof. 



32 

8. An encapsulated particle as set forth in claim 1 wherein 
said continuous phase comprises a polyol having at least two 
hydroxyl functional (OH) groups. 

9. An encapsulated particle as set forth in claim 8 wherein 
said polyol is a hydrophobic polyol. 

10. An encapsulated particle as set forth in claim 8 wherein 
said continuous phase comprises castor oil. 

11. An encapsulated particle as set forth in claim 1 wherein 
said polyurethane layer is substantially free of water. 

12. An encapsulated particle as set forth in claim 1 wherein 
said polyurethane layer is anhydrous. 

13. An encapsulated particle as set forth in claim 1 wherein 
said polyurethane layer has an average thickness of from 
about 50 to about 200 microns. 

14. An encapsulated particle as set forth in claim 1 wherein 
said polyurethane layer includes a concentration of said iso­
cyanate-reactive component proximal to said core particle 
and a concentration of said isocyanate component distal to 
said core particle and adjacent to said concentration of said 
isocyanate-reactive component. 

15. An encapsulated particle as setforthin claim 1 wherein 
said polyurethane layer includes a concentration of said iso­
cyanate component proximal to said core particle and a con­
centration of said isocyanate-reactive component distal to 
said core particle and adjacent to said concentration of said 
isocyanate component. 

16. An encapsulated particle as set forth in claim 1 wherein 
said core particle comprises a fertilizer. 

17. An encapsulated particle as set forth in claim 16 
wherein said fertilizer is selected from the group of nitrogen, 
phosphate, potash, sulfur, and combinations thereof. 

18. An encapsulated particle comprising: 
a core particle comprising a fertilizer; and 
a polyurethane layer disposed about said core particle and 

comprising the reaction product of 
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an isocyanate component selected from the group of 
polymeric diphenylmethane diisocyanates (PMDI), 
diphenylmethane diisocyanates (MDI), and combina­
tions thereof, and 

an isocyanate-reactive component comprising a graft 
polyol having a continuous phase and polymeric par­
ticles selected from the group of styrene copolymer 
particles, polyurea particles, polyurethane particles, 
and combinations thereof, the continuous phase com­
prising a polyol having at least two hydroxyl func­
tional (OH) groups. 

19. An encapsulated particle as set forth in claim 18 
wherein said graft polyol is selected from the group of styrene 
acrylonitrile (SAN) polymer polyols, polyharnstoff (PHD) 
polyols, polyisocyanate polyaddition (PIPA) polyols, and 
combinations thereof. 

20. An encapsulated particle as set forth in claim 18 
wherein said polyurethane layer is substantially free of water. 

21. A method of forming an encapsulated particle, said 
method comprising the steps of: 

providing a core particle; 
applying an isocyanate component and an isocyanate-re­

active component comprising a graft polyol having a 
continuous phase and polymeric particles selected from 
the group of styrene copolymer particles, polyurea par­
ticles, polyurethane particles, and combinations thereof 
to the core particle; and 

reacting the isocyanate component and the isocyanate-re­
active component to form a polyurethane layer disposed 
about the core particle to form the encapsulated particle. 
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22. A method as set forth in claim 21 wherein said isocy­
anate-reactive component is applied to the core particle prior 
to applying the isocyanate component to the core particle. 

23. A method as set forth in claim 21 wherein said isocy­
anate component is applied to the core particle prior to apply­
ing the isocyanate-reactive component to the core particle. 

24. Amethodas set forth in claim 21 further comprising the 
step of blending the isocyanate component and the isocyan­
ate-reactive component to form a mixture prior to said step of 
applying the isocyanate component and the isocyanate-reac-
tive component to the core particle. 

25. A method as set forth in claim 21 wherein the graft 
polyol is selected from the group of styrene acrylonitrile 
(SAN) polymer polyols, polyharnstoff (PHD) polyols, poly-
isocyanate polyaddition (PIPA) polyols, and combinations 
thereof. 

26. A method as set forth in claim 21 wherein the core 
particle comprises a fertilizer. 


