
WO 2010/006406PCT/CA2009/000110 CONTROLLED RELEASE FERTILIZER COMPOSITION
FIELD OF INVENTION [0001] This invention relates to controlled release
fertilizers. BACKGROUND OF THE INVENTION 5 [0002] Fertilizers have been
used for many years to supplement nutrients in growing media. In recent
years the art has focused on techniques to deliver controlled amounts of
plant nutrients to the soil or other growing media. It is recognized, for
example, that controlling the release of plant nutrients such as nitrogen
from highly soluble fertilizer granules is desirable because releasing the
nutrients over an extended period of time achieves advantages which include
10increased efficiency of fertilizer use by plants, reduced application
costs since fewer applications of fertilizer are required and reduced
nutrient loss caused by leaching and denitrification. The coating of sulfur
on the surface of the fertilizer granules may reduce the dissolution rate
of the granules and impart controlled-release characteristics. In essence,
the water in the soil, and rain water are kept away from the very soluble
fertilizer until a granule develops a flaw such as a 15crack or fissure in
the coating, or the coating is penetrated by microbial action. [0003] Due
to the inherent brittleness of the crystalline solid sulfur-coating which
forms on the granule, and the thin, or even non-continuous coating on many
of the granules, it is essential that some type of secondary outer coating
or sealant be applied onto the sulfur-coated surface. This sealant
conventionally is either a polymeric hydrocarbon, petroleum-based wax, or a
combination 20 of high viscosity polymeric paraffinic oil plus
polyethylene, which is spray applied as a hot melt liquid onto the hot, but
solidified sulfur-coating surface. Although these sulfur coated fertilizers
have received substantial uses, there are problems from the standpoint of
obtaining uniform coating thicknesses, predictable release characteristics
resulting from cracks in the sulfur coatings, essential abrasion and impact
resistance, and the complexity of the processing steps. 25[0004] More
recently, because of problems associated with sulfur coated fertilizers,
such as above defined, polymer coated fertilizers have received substantial
attention, particularly in view of the improved controlled release
properties obtained with certain polymer coated fertilizers at lower coat
weights. [0005] U.S. Pat. No. 5,538,531 (Hudson) teaches a controlled
release, particulate fertilizer 30 product having a water soluble
fertilizer central mass encased in a plurality of water insoluble,  WO
2010/006406PCT/CA2009/000110 abrasion resistant coatings. At least one
inner coating is a urethane reaction product derived from reacting recited
isocyanates and polyols. The outer coating is formed from an organic wax.
[0006] U.S. Pat No. 6,358,296 (Markusch et al.) teaches a slow-release
polyurethane encapsulated fertilizer using oleo polyol(s). U.S. Pat. No.
5,851,261 (Markusch et al.) provides a 5 process for the production of
polyurea encapsulated fertilizer particles comprising applying an
isocyanate-reactive component containing at least two amine groups to the
fertilizer particles, and applying a polyisocyanate to the amine coated
particles to form polyurea coated particles. [0007] Sulfur containing
isocyanate compositions and a process for the production of encapsulated
fertilizer compositions are described in U.S. Pat. No. 6,152,981 (Markusch
et al.). 



10 The fertilizer compositions are prepared by applying a mixture of sulfur
and an isocyanate to the fertilizer and then applying an
isocyanate-reactive material. U.S. Pat. No. 5,599,374 (Detrick) describes a
fertilizer composition wherein a sulfur coating is applied to a fertilizer
core, and thereafter a polymer coating is applied over the sulfur. [0008]
U.S. Pat No. 6,231,633 (Hirano et al.) teaches a granular fertilizer coated
with a 15 thermosetting resin coating that may be urethane and a
hydrophobic compound, which may be wax. U.S. Pat. No. 6,663,686 (Geiger et
al.) teaches a slow-release polyurethane encapsulated fertilizer using
polyurethane and wax.   [0009] It is also known in the art to pre-coat
particulate plant nutrient with organic oil and particles as a means to
improve the release profiles of the particulate plant nutrient (U.S. Pat.
No. 206,039,781; Goertz et al.) . [0010] U.S. Pat. No. 6,338,746 (Detrick
et al.) describes a process of first coating a fertilizer with a polymer,
then coating the polymer with sulfur and thereafter applying a polymer
coating. The polymers are described in U.S. Pat. Nos. 4,711,659 (Moore),
4,804,403 (Moore) and 5,374,292 (Detrick). These polymers require that the
substrate contains a minimum quantity of 25reactive --NH2 groups. Thus,
these are not applicable to all fertilizer compositions for which slow
release properties may be desirable. [0011] Although polymer coated
fertilizers as above described have received substantial attention, they
are expensive to manufacture. There is a need in the art to provide
controlled released fertilizer formulations that are abrasion resistant,
and that reduce the cost of fertilizer 30production.  WO
2010/006406PCT/CA2009/000110 SUMMARY OF THE INVENTION [0012] The present
invention relates to controlled release fertilizer. [0013] The present
invention provides a controlled release fertilizer composition that
comprises a water-soluble central core of a plant nutrient compound in
particulate form, a polymer coating 5 on the plant nutrient, an
intermediate layer (IL) on the layer of polymer, and a layer of elemental
sulfur on the intermediate layer. The controlled release fertilizer
composition may include an outer-water insoluble layer on the layer of
elemental sulfur. The central core plant nutrient may be urea. The polymer
layer may be a thermoset polymeric layer. The intermediate layer and the
outer -water insoluble layer may be the same or different, and be selected
from the group 10consisting of a petroleum product, a wax, a paraffin oil,
a bitumen, an asphalt, a lubricant, a coal product, an oil, canola oil,
soybean oil, coconut oil, linseed oil, tung oil, vegetable wax, animal fat,
animal wax, a forest product, tall oil, modified tall oil, tall oil pitch,
pine tar, a synthetic oil, a synthetic wax, a synthetic lubricant, an
ethylene-vinyl acetate copolymer, an ethylene-acrylic acid copolymer; an
ethylene-ethyl acrylate copolymer, an ethylene-vinyl alcohol copolymer,
ethylene- 15vinyl, alcohol-vinyl acetate terpolymers, a surfactant, soap
and a combination thereof. [0014] The present invention also provides a
controlled release fertilizer composition as described above, that
comprises the plant nutrient compound of from about 37% N to about 44% N on
a weight basis, the polymer layer of from about 1.2% to about 3.0% on a
weight basis, the intermediate layer of from about 0.1 to about 0.8% on a
weight basis, and the layer of elemental 20 sulfur of from about 1.7% to
about 15% on a weight basis. Furthermore, if the controlled release
fertilizer composition comprises an outer water insoluble layer, then this
layer comprises from about 0.1 to about 0.8% by weight. [0015] The present
invention also relates to a method of producing a controlled release
fertilizer 



composition that comprises, coating a plant nutrient compound with two or
more than two 25 precursor compounds reactive to form a polymer, applying
an intermediate layer onto the polymer, and spraying molten sulfur onto the
intermediate layer to form a sulfur layer. An outer water insoluble layer
may be applied over the sulfur layer. The polymer may be a thermoset
polymer, and the step of coating the plant nutrient compound with two or
more than two precursor compounds reactive to form a polymer may be at a
temperature sufficient to thermoset 30 the polymer.  WO
2010/006406PCT/CA2009/000110 [0016] The present invention pertains to the
process as described above, that comprises the plant nutrient compound of
from about 37% N to about 44% N on a weight basis, the polymer layer of
from about 1.2% to about 3.0% on a weight basis, the intermediate layer of
from about 0.1 to about 0.8% on a weight basis, and the layer of elemental
sulfur of from about 1.7% to about 15% 5on a weight basis. Furthermore, if
the controlled release fertilizer composition comprises an outer,
water-insoluble layer, then this layer comprises from about 0.1 to about
0.8% by weight. The polymer layer may be a thermoset polymeric layer.
[0017] The controlled release fertilizers described herein exhibit impact
and abrasion resistance, are manufactured at low cost, and undergo
controlled release of the fertilizer core in a manner 0consistent with the
requirements within the industry for a controlled release fertilizer
composition, and similar to controlled release formulation characteristics
as known in the prior art. By removing the outer layer of a thermoset
polymer as described in the prior art (for example US 6,338,746), and by
utilizing a thermoset polymer coating on the innermost layer that coats the
fertilizer core, a lower amount of the precursor monomer compounds that are
required 15 to form the thermoset polymer layer is required. Furthermore,
the combination of one or more than one intermediate layer in combination
with the sulfur layer that coats a polymer layer, ensures that the amount
of polymer coating can be reduced. The intermediate layer component and the
sulfur are relatively inexpensive compared to the polymer coating. This
provides a significant saving in the costs associated with producing the
controlled release fertilizer 20 composition, and permits an increase in
the amount of fertilizer component, on a weight basis, present in the final
fertilizer composition. Compositions comprising 37% N to 44% N, and having
desired controlled release properties, can be obtained using the methods
described herein. [0018] Furthermore, fertilizer compositions of the prior
art that comprise a polymeric outer coat require an amount of set or cure
time of the polymeric layer prior to handling and packaging the
25fertilizer. This requires a step of storing the fertilizer composition
following manufacture and prior to packaging. After the outer polymeric
layer is set, then the fertilizer composition may be packaged. By removing
the outer polymeric coating layer, the fertilizer composition of the
present invention can be packaged following production, and does not
require a step of setting or curing the outer coat. Therefore, the
controlled released fertilizer composition, and the methods 30to produce
this fertilizer, as described herein, increase production efficiency.
[0019] This summary of the invention does not necessarily describe all
features of the invention.  



WO 2010/006406PCT/CA2009/000110 BRIEF DESCRIPTION OF THE DRAWINGS [0020]
These and other features of the invention will become more apparent from
the following description in which reference is made to the appended
drawings wherein: [0021] FIGURE 1 shows a time course of fertilizer
release. Figure 1A shows the release of 5several examples of fertilizer
compositions prior to an impact test. Figure 1B shows the release of
several examples of fertilizer compositions after the impact test. DETAILED
DESCRIPTION [0022] This invention relates to controlled release
fertilizers. [0023] The present invention relates to a controlled release
fertilizer composition comprising a to particulate plant nutrient
surrounded by a series of coatings comprising in series from the inside
out, a polymer layer, an intermediate layer (IL), a sulfur layer and if
desired, an outer water-insoluble layer. [0024] The choice of particulate
plant nutrient material useful for the present controlled release
fertilizer material is not to be restricted. The present fertilizer
material has been described 15 primarily with reference to urea as the
plant nutrient. As will be apparent to one skilled in the art, however,
other nutrients, including micronutrients can be used to prepare the
controlled release fertilizer compositions in accordance with the present
invention. For example, the plant nutrient material may be selected from
the group consisting of nitrogen, phosphorus, potassium, sulfur,
micronutrients and mixtures thereof. Other fertilizer materials can be
utilized, for 20 example, but not limited to ammonium phosphate, ammonium
sulfate and mixtures thereof or granule mixture of basic fertilizer
materials. Non-limiting examples of useful micronutrients may be selected
from the group comprising of copper, zinc, boron, manganese, iron and
mixtures thereof. [0025] Urea is characterized as having functional
reactive groups at the surface of the urea 25 which may be used to react
with a diisocyanate when forming the polymer layer. This reaction causes
the polymer layer to be chemically bonded to the urea. However, according
to the present invention, it is not required that the polymer layer be
bonded to the urea material. [0026] The amount of fertilizer present within
the controlled release fertilizer composition as describe herein may vary
from about 37% N to about 45% N, by weight, or any amount  WO
2010/006406PCT/CA2009/000110 therebetween, based on the weight of the
fertilizer composition, for example 37% N, 38% N, 39% N, 40% N, 41% N, 42%
N, 43% N, 44% N, by weight, or any amount there between, based on the
weight of the fertilizer composition. Using the components of the
controlled release fertilizer composition and the method to produce the
controlled release fertilizer as described 5 herein, high yielding
fertilizers have been routinely produced comprising 42% N to 43% N nitrogen
(N). 



[0027] The fertilizer core of the controlled release fertilizer composition
of the present invention is coated with a polymeric coating. Examples of
polymeric coatings (see Concise Encyclopedia of Chemical Technology (CECT),
Wiley InterScience, 1985) include polyurethane or coatings 10 comprising
polyesters such as alkyd (pp. 70-71 of CECT), or a modified alkyd resin
(pp. 70-71 of CECT), epoxy resins (pp. 431-433 of CECT), aminoplastic
resins (pp. 90-91 of CECT), ureaformaldehyde thermosets (pp. 9-92 of CECT,
melamine-formaldehyde thermosets (pp. 90 of CECT), phenolic thermosets (pp.
867-868 of CECT), polyimide thermosets (pp. 932-933 of CECT), unsaturated
polyester thermosets (pp. 926-927 of CECT) and mixtures thereof. The 15
polymeric coating can be a thermosetting polymeric coating. [0028] The
polymeric layer of the controlled release fertilizer of the present
invention may for example be a polyurethane, and this coating may be
produced using two or more than two precursor compounds. For example, one
of the precursor compounds may be an isocyanate, for example a
diisocyanate, or a polyisocyanate. A non-limiting example of a diisocyanate
is 20 polymeric MDI (4,4 diphenylmethane diisocyanate), however, other
poly-functional isocyanates can be utilized as described in US 4,804,403
(Moore; see for example Column 8, line 64 to Column 9, line and Example 1;
which is incorporated herein by reference), and include aliphatic,
aromatic, and aliphatic aromatic polyisocyanates. Isocyanates contain two
or more -NCO groups available for reaction and, as known to one skilled in
the art, are widely used in the production of 25 urethane polymers.
Non-limiting examples of suitable isocyanates include: 1,6-hexamethylene
diisocyanate, 1,4-butylene diisocyanate, furfirylidene diisocyanate,
2,4-toluene diisocyanate, 2,6- toluene diisocyanate, 2,4'-diphenylmethane
diisocyanate, 4,4'-diphenylmethanie diisocyanate, 4,4'-diphenylpropane
diisocyanate, 4,4'-dipheny1-3,3'-dimethyl methane diisocyanate, 1,5-
naphthalene diisocyanate, 1-methy1-2,4-diisocyanate-5-chlorobenzene,
2,4-diisocyanato-s- 30triazine, 1-methy1-2,4-diisocyariato cyclohexane,
p-phenylene diisocyanate, m-phenylene diisocyanate, 1,4-naphthalene
diisocyanate, dianisidine diisocyanate, bitoluene diisocyanate, 1,4-
xylylene diisocyanate, 1,3-xylylene diisocyanate,
bis-(4-isocyanatophenyl)methane, bis-(3-  WO 2010/006406PCT/CA2009/000110
methyl-4-isocyanatophenyl)methane, polymethylene polyphenyl polyisocyanates
and mixtures thereof. [0029] The second of the two or more than two
precursor compounds used to form the polymeric coating as described herein,
may include a polyol, for example as described in US 4,804,403 5 (Moore;
see for example ;Column 9, lines 3-20, and example 1 which is incorporated
herein by reference). Non limiting examples of a polyol include diethylene
glycol polyol, ethylene glycol, polypropylene glycol, organic polyols, for
example as described in US 4,804,403 (Moore; which is incorporated herein
by reference), orthophathalate diethylene glycol based polyester polyols,
terephthalate-diethylene glycol based polyester polyols, castor oil and
oils modified to contain 10 amine or OH groups, for example modified tung
oil, soybean oil, canola oil, sunflower oil, linseed oil, (e.g. US
6,364,925 see for example Markusch et al; see for example Column 8 line 39
to Column 9, line 27 and the examples; and US 6,358,296, Markusch et al.
see for example Column 9 lines 1 to 13, and the examples; which are
incorporated herein by reference), oleopolyols, for example an epoxidized
castor oil, epoxidized sunflower oil, epoxidized linseed oil as 15described
in US 6,358,296 (Markusch et al.; which is incorporated herein by
reference), polyether polyols, castor oil derivatives for example partial
hydrolysates of castor oil, by reacting reacting castor oil with a polyol
selected from diols (e.g. ethylene glycol, propylene glycol, 1,4-
butanediol, neopentyl glycol, 1,6-hexanediol, diethylene glycol,
dipropylene glycol, polyethylene glycol, and polypropylene glycol),
glycerol, trimethylolpropane, and polyether polyol, or esters 20 formed by
reactions between ricinoleic acid and the polyol selected from these
compounds as described in US 6,176,891 (Komoriya et al.; see for example
Column 7 lines 4 to 16, Column 8, lines 49 to 62; which is incorporated
herein by reference), or combinations thereof. [0030] It is not required
that the polymer coating as used herein be based on an isocyanate or
polyol. The polymer can be virtually any polymer which is thermoset and
which can be applied to 25the plant nutrient and provide a controlled
release characteristic, or a portion of the controlled release
characteristic to the fertilizer composition. 



[0031] The polymer coating that surrounds the plant nutrient material is
present in an amount in the range of from about 0.5% to about 3.0 % by
weight, or any amount therebetween, of the final fertilizer composition.
For example, the polymeric coating may comprise from about 0.5% to 30 about
2.5% by weight, or any amount therebetween, of the final fertilizer
composition, from about 1.2 to about 1.8 % by weight, or any amount
therebetween, based on the weight of the  WO 2010/006406PCT/CA2009/000110
fertilizer composition, or from about 0.5, 0.7, 1.0, 1.2, 1.4, 1.6, 1.8,
2.0, 2.2, 2.4, 2.6, 2.8, 3.0% by weight, or any amount therebetween, based
on the weight of the fertilizer composition. [0032] The polymer coating as
described above is coated with a material that facilitates the application
of sulfur. This coating is herein referred to as intermediate layer (IL).
Preferred 5 materials that may be used for the intermediate layer include
but is not limited to a petroleum product, a wax, a paraffin oil, a
bitumen, an asphalt, a lubricant, a coal product, an oil, canola oil,
soybean oil, coconut oil, linseed oil, tung oil, vegetable wax, animal fat,
animal wax, a forest product, tall oil, modified tall oil, tall oil pitch,
pine tar, a synthetic oil, a synthetic wax, a synthetic lubricant, an
ethylene-vinyl acetate copolymer, an ethylene-acrylic acid copolymer; an 10
ethylene-ethyl acrylate copolymer, an ethylene-vinyl alcohol copolymer,
ethylene-vinyl alcohol-vinyl acetate terpolymers, a surfactant, a soap and
a combination thereof. [0033] The polymer coat and intermediate layer may
be applied as a pre-mixture, for example as described in US 6,663,686
(which is incorporated herein by reference; see Columns 2-6), prior to the
addition of the sulphur layer. In this example, the wax component of the
polymer -wax pre- 15 mixture may comprise from about 10 to about 60wt% (of
the total combination of polymer and wax) or any amount therebetween, of
the polymer-wax pre-mixture, for example 40-60wt% (of the total combination
of polymer and wax), or any amount therebetween or 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60wt% (of the total combination of polymer and wax), or any
amount therebetween. 20[0034] If the fertilizer composition is to comprise
an outer, water-insoluble layer then the inner intermediate layer, and the
outer water-insoluble layer may comprise the same or different components.
[0035] If a wax is used for the intermediate layer, the outer
water-insoluble layer, or both the intermediate layer and the outer
water-insoluble layer, then the wax may be a single type of wax 25 or a
mixture of different waxes. For example, the wax may be selected from an
intermediate petroleum wax, an alpha olefin wax, a polyethylene wax, a
paraffin wax, a silicon wax, a slack wax, a microcrystalline wax, and a
natural wax. Non limiting waxes that may be used in the compositions of the
controlled release fertilizer of the present invention include those
described in US 5,538,531 (Hudson; see for example Column 5, lines 13 to 27
and the examples; which is 30 incorporated herein by reference). The wax
may comprise a drop melting point temperature of  WO
2010/006406PCT/CA2009/000110 between about 60C and 80C, or any temperature
therebetween, for example 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80C, or
any temperature therebetween. [0036] The intermediate layer that surrounds
the polymer coated plant nutrient material may be present in an amount in
the range of from about 0.1% to about 1.0%, or any amount 5 therebetween,
based on the weight of the fertilizer composition. For example, the
water-insoluble layer may be present from about 0.2 to about 0.5% or any
amount therebetween, based on the weight of the fertilizer composition, or
from 0.1, 0.2, 0.4, 0.6, 0.8, 1.0% or any amount therebetween, based on the
weight of the fertilizer composition. A non limiting example of the amount
of the intermediate layer is about 0.3% by weight of the fertilizer
composition, in this 



10 example, the intermediate layer may be an intermediate petroleum wax.
However, an oil, a grease, a wax, or a blend thereof may be used as
indicated above. [0037] The intermediate layer may be applied to the
polymer coated fertilizer while the fertilizer core and the polymer coating
is still hot, for example from about 120F to about 250F, or any temperature
therebetween. As this temperature is above the melting point for some of 15
components that may be used for the intermediate layer, the intermediate
layer may form a coating around the polymeric layer in a liquid state. The
thickness and amount of the intermediate layer on the polymer coat may be
modified by the amount of intermediate layer applied, and by controlling
the temperature of the fertilizer core and the polymer coated core. [0038]
The intermediate layer material, the outer water insoluble layer material,
or both the 20 intermediate layer material and the outer water insoluble
layer material, may be selected from the group of a petroleum product, for
example but not limited to wax, for example but not limited to a petroleum
wax, paraffin oil, bitumen, asphalt, lubricants and a combination thereof.
The intermediate layer may also be selected from the group including but
not limited to a coal product, a coal-derived oil, a coal-derived
lubricant, a coal-derived bitumen, a coal-derived 25 wax, and a combination
thereof, or a natural product for example but not limited to vegetable oil,
for example but not limited to, canola oil, soybean oil, coconut oil,
sunflower oil, castor oil, linseed oil, tung oil, vegetable wax, animal
fat, animal wax, a forest product, such as tall oil, modified tall oil,
tall oil pitch, pine tar and combinations thereof. Synthetic products for
example but not limited to synthetic oils, synthetic waxes, synthetic
lubricants, and combinations thereof 30 may also be used for an
intermediate layer. Mixtures of materials from two or more classes listed
above may also be used, for example a petroleum product, a coal product, a
natural product, a  WO 2010/006406PCT/CA2009/000110 synthetic product and a
combination of these materials. Furthermore, the material may be available
as by-products from an industrial processe. The intermediate layer material
of the present -fertilizer may also be selected from a soap, a surfactant,
or a combination thereof. [0039] Without wishing to be bound by theory, the
intermediate layer may act as a lubricant 5 when applying the sulfur layer.
The use of an intermediate layer may ensure an even coating of sulfur
during production of the controlled release fertilizer composition, and may
minimize the amount of sulfur that needs to be applied to the controlled
release fertilizer composition. Therefore, materials that function in a
lubricating capacity may be used as a component of the intermediate layer.
10[0040] As noted above, the intermediate layer material may be oil, a wax
and an oil in combination, or another lubricating agent in combination with
a wax, an oil, or a combination thereof If an oil is to be used, either
alone or in combination with a wax or other lubricant, then it is preferred
that the oil be in a liquid state from about 120F to about 250F, or any
temperature therebetween, for example 120, 125, 130, 135, 140, 145, 150,
155, 160, 165, 170, 175, 180, 185, 15190, 195, 200, 205, 210, 215, 220,
225, 230, 240, 245, 250C, or any temperature therebetween. [0041] If an
outer, water-insoluble layer is used to surround the sulfur layer, then the
outer, water-insoluble layer is present in an amount of from about 0.1% to
about 1.5%, or any amount therebetween, based on the weight of the
fertilizer composition. For example, the water-insoluble layer may be
present from about 0.2 to about 0.8% or any amount therebetween, based 20on
the weight of the fertilizer composition, or from 0.1, 0.2, 0.4, 0.6, 0.8,
1.0, 1.2, 1.5% or any amount therebetween, based on the weight of the
fertilizer composition. 



[0042] A non limiting example of the amount of the water-insoluble layer is
about 0.5% by weight of the fertilizer composition, in this example, the
water-insoluble layer may be an intermediate petroleum wax. The wax may
comprise a drop melting point temperature of 25 between about 60C and 80C,
or any temperature therebetween. For example, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80C, or any temperature therebetween. [0043] The outer
water-insoluble layer may be used to minimize the amount of sulfur dust
that is produced during handling of the controlled release fertilizer
composition. The water-insoluble layer also increases the abrasion
resistance of the fertilizer composition, and functions in 30controlling
the release of the fertilizer within the controlled release fertilizer
composition when  WO 2010/006406PCT/CA2009/000110 the fertilizer
composition is exposed to water. The outer water-insoluble layer may act as
a hydrophobic layer which protects moisture from entering cracks in the
sulfur coating. [0044] The outer water-insoluble layer should contain less
than about 5% oil, in order to ensure that the layer hardens appropriately
to facilitate proper handling of the final fertilizer product. 5[0045] The
sulfur layer surrounds the wax coating of the polymer coated plant nutrient
material, in an amount in the range of from about 1.7% to about 15%, or any
amount therebetween, based on the weight of the fertilizer composition. For
example the sulfur coating may comprise from about 2% to 4%, or any amount
therebetween, based on the weight of the fertilizer composition, from about
2.2% to 3.8%, or any amount therebetween, based on the weight of the
fertilizer 10composition, or from about 1.7, 1.9, 2.0. 2.2, 2.4, 2.6, 2.8,
3.0, 3.2, 3.4, 3.6, 3.8, 4.0, 4.2, 4.4, 4.6, 4.8, 5.0, 5.2, 5.4, 5.6, 5.8,
6.0, 6.2, 6.4, 6.6, 6.8, 7.0, 7.2, 7.4, 7.6, 7.8, 8.0, 8.2, 8.4, 8.6, 8.8,
9.0, 9.2, 9.4, 9.6, 



9.8, 10.0, 10.2, 10.4, 10.6, 10.8, 11.0, 11.2, 11.4, 11.6, 11.8, 12.0,
12.2, 12.4, 12.6, 12.8, 13.0, 13.2, 13.4, 13.6, 13.8, 14.0, 14.2, 14.4,
14.6, 14.8, 15%, or any amount therebetween,  based on the weight of the
fertilizer composition. 15[0046] Therefore, the present invention provides
a controlled release fertilizer composition that comprises a plant nutrient
compound of from about 37% N to about 44% N on a weight basis, a polymer
layer of from about 1.2% to about 3.0% on a weight basis, an intermediate
layer of from about 0.1 to about 0.8% on a weight basis, and the layer of
elemental sulfur of from about 1.7% to about 15% on a weight basis. The
controlled release fertilizer composition may also comprise 20 an outer,
water-insoluble layer of from about 0.1 to about 0.8% by weight. [0047] The
present invention also provides a method of producing a controlled release
fertilizer 



composition that comprises, coating a plant nutrient compound with two or
more than two precursor compounds that react to form a polymer, applying an
intermediate layer onto the polymer, and spraying molten sulfur onto the
intermediate layer to form a sulfur layer. An outer, 25 water-insoluble
layer may be applied over the sulfur layer. If the polymer is a
thermosetting polymer, then the polymer is coated at a temperature
sufficient to form a thermoset polymer. [0048] The controlled release
fertilizer composition may be produced using a first rotating drum
comprising precursor components to produce a polymer layer over top of
fertilizer granules. In this procedure, fertilizer granules, having a size
range from about 1.0 mm to about 3.0 mm, or 30 any size therebetween, for
example about 1.5 mm to about 2.0 mm or any size therebetween, for  WO
2010/006406PCT/CA2009/000110 example 1.0, 1.2, 1.4, 1.5, 1.6, 1.8, 2.0,
2.2, 2.4, 2.5, 2.6, 2.8, 3.0 mm or any size therebetween, are fed from a
storage area, onto a conveyor and fed into a rotating drum, or a
pre-heater. If a drum is used, in a first section of the rotating drum, the
fertilizer granules, may be preheated to about a temperature between 120F
and 250F, or any temperature therebetween, for example 5from about 150F to
about 200F, or about 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, 180, 185, 190, 195, 200, 205, 210, 220, 240, 230, 240, 250F, or any
amount therebetween, for example about 170 F. The heated granules are then
coated separately with precursor compounds to produce the polymer coating.
For example if the polymer is a thermoset polymer, then polymeric MDI (4,4
diphenylmethane diisocyanate), and a mixture of TEA 10(triethanolamine) and
DEG (diethylene glycol) polyols, are blended and applied to the fertilizer
granules, and the polymer components polymerize on the surface of the
granules to form a polymer coating. [0049] In a second coating step the
polymer coated granules are brought into contact with am intermediate layer
material for example but not limited to a wax, an oil, a grease, or a 15
combination thereof, at a temperature of about 120F to about 250F, or any
temperature therebetween, for example from about 150F to about 200F, about
170 F, or about 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175,
180, 185, 190, 195, 200, 205, 210, 220, 240, 230, 240, 250F, or any amount
therebetween, for example about 160 F, which is applied onto the polymer
coated granule. 20 [0050] The polymer and intermediate layer-coated urea is
withdrawn from the first drum onto a conveyor and fed to a conveyor leading
into a second rotating drum. In a continuous process, the coated granules
are then brought into contact with molten sulfur at a temperature of from
about 240F to about 310F, or any temperature therebetween, for example from
about 240, 250, 260, 270, 280, 290, 300, 310F, or any amount therebetween,
for example about 290F which is 25 sprayed over top of the intermediate
layer coating of the polymer coated granule. The molten sulfur forms a
solid sulfur layer over the intermediate layer. [0051] If desired, an
outer, water-insoluble coating may be applied onto the polymer coated
granule through nozzles within the second drum. The outer, water-insoluble
layer, for example a wax may be applied at a temperature of about 120F to
about 250F, or any temperature 30 therebetween, for example from about 150F
to about 200F, about 170 F, or about 120, 125,  WO
2010/006406PCT/CA2009/000110 130, 135, 140, 145, 150, 155, 160, 165, 170,
175, 180, 185, 190, 195, 200, 205, 210, 220, 240, 230, 240, 250F, or any
amount therebetween, for example about 160 F. [0052] The present invention
therefore provides a process for producing a controlled release fertilizer
composition comprising coating a plant nutrient compound with two or more
than two 5 precursor compounds that react to form a polymer comprising from
about 1.2% to about 3.0% on a weight basis, applying a component or
composition onto the polymer to form an intermediate 



layer of from about 0.1 to about 0.8% on a weight basis, and spraying
molten sulfur of from about 1.7% to about 15% on a weight basis onto the
intermediate layer to form a sulfur layer. The plant nutrient composition
is from about 37% N to about 44% N on a weight basis of the 10total
ingredients of the controlled release fertilizer composition. If desired,
an outer water- insoluble layer may be applied over the sulfur layer
comprising from about 0.1 to about 0.8% by weight. If the polymer is a
thermosetting polymer, then the polymer is coated at a temperature
sufficient to form a thermoset polymer. [0053] The release rate and
durability of the controlled release fertilizer composition as described 15
herein may be determined for example, following an Impact Test or other
test used to determine the integrity of the coated fertilizer product. The
impact test may involve dropping for example, 60 grams of the coated
product through a 20 foot long, 3-6 inch diameter tube onto a metal plate,
followed by determining the release rate of the fertilizer component from
the abraded fertilizer product. To determine the aqueous release rate,
about 10-20 gams of the abraded fertilizer are 20 placed in 150-200 ml of
water, and samples are drawn at different time intervals - for example, at
2 hours, 1 day, 3 days 7 days, 14 days and 21 days, and the sample tested
using an appropriate test for the fertilizer material. For example, in the
case of a urea-based fertilizer, urea and ammoniacal nitrogen of the sample
may be determined using any suitable test, for example, the methods
outlined by the Association of Official Analytical Chemists (AOAC).
25[0054] Results from such testing demonstrate that the controlled release
fertilizer composition of the present invention comprising, in series, a
polyurethane layer that surrounds the fertilizer core, and having for
example 1.8% by weight of the total weight of the fertilizer composition, a
wax coat (0.3% by weight), a sulphur coat (3.8% by weight) which is coated
with a wax layer (0.5% by weight; see product 43 N-1.8PU-0.3W-3.8S-0.5W,
produced according to Example 3, Table 301, and Figures 1A, and 1B)
provides effective time release of the fertilizer component when compared
to prior art controlled release compositions comprising in series, a
sulphur layer that  WO 2010/006406PCT/CA2009/000110 surrounds the
fertilizer core (5% by weight of the total weight of the fertilizer
composition), a polyurethane layer (2.8% by weight) and a wax coat (0.5% by
weight see the product produced according to Example 1, 42N-5S-2.8PU-0.5W;
Table 1, and Figures IA and 1B). Increasing the amount of polyurethane on a
% weight basis from 1.8% to 2.5% (see the Product described in 5 Example 4;
43N-2.5PU-0.3W-3.8S-0.5W; Table 1 and Figures 1A and 1B), further decreases
the rate of release of nitrogen from the fertilizer composition. [0055]
Analysis of the costs associated with produced the controlled release
fertilizer of the present invention, for example the product described in
Example 3 (see Table 1; 43 N-1.8PU0.3W-3.8S-0.5W; and Figure 1, and 2)
indicate a significant cost saving, when compared with 10 the product as
described in Example 1 (see Table 1; 42 N-5S-2.8PU-0.5W; Figure 1 and 2),
or with other controlled fertilizer release properties with a polymer
coating that surrounds the fertilizer core and the exterior of the sulphur
coating for example, as described in US 6,338,746. A controlled release
fertilizer composition such as that described in Example 3 of the present
invention, (43 N-1.8PU-0.3W-3.8S-0.5W) has a cost index of: 8.63, compared
with a cost index 15 of 9.58 for the prior art product described in Example
1 (42 N-5S-2.8PU-0.5W). Where the cost index is determined by calculating
the cost to produce the controlled release fertilizer (including the cost
of each component, and production and handling costs to manufacture the
product) per unit nitrogen within the fertilizer product. [0056] The cost
index may be further reduced by reducing the amount of polymer used in the
20 polymer layer, while still maintaining desired release properties. For
example a product comprising 1.2% polyurethane has a cost index of 8.43.
Controlled release fertilizer product comprising 2.8% polyurethane (for
example the product described in Example 4; (43N-2.8PU0.3W-2.2S-0.5W) also
exhibits a lower cost index (9.43) when compared to prior art (Example 1;
42N-5S-2.8PU-0.5W) that has a cost index of 9.58. 25[0057] The controlled
released fertilizer of the present invention will be illustrated with
reference to the following examples. [0058] The controlled release
fertilizer compositions of the following examples were prepared essentially
as described in US 5,599,374 (see for example Column 5, line 21 to Column 6
line 33; which is incorporated herein by reference) but this method was
modified to apply the 



30 coatings in the order as described in the examples. The method
essentially involves preheating urea granules (size range from about 1.0 to
about 3.0 mm) with hot air to about 160F to about - 14 -  WO
2010/006406PCT/CA2009/000110 180F, and coating the heated granules with the
desired combination of components using a series of application nozzles
within one or more drums. [0059] If a polyurethane coating is to be applied
(as in Examples 2, 3 and 4), the heated granules are coated with precursor
compounds to produce the polymer coating. For example, a mixture of 5
polymeric MDI (4,4 diphenylmethane diisocyanate), TEA (triethanolamine) and
DEG (diethylene glycol) polyols are applied to the fertilizer granules, and
the polymer components polymerize on the surface of the granules to form
the polymer coating. [0060] If the polymer coating is covered with a wax
layer (as in Examples 3 and 4), then the polymer coated granules are
brought into contact with the wax at a temperature of about 120F to 10
about 250F, for example about 160 F, and the wax is applied onto the
polymer coated granule. The wax-polymer coated urea is then withdrawn from
the first drum and conveyed to a second rotating drum and brought into
contact with molten sulfur at a temperature of from about 280F to about
310F, for example about 290F which is sprayed over top of the wax coating.
A second wax coating is applied to the sulfur coated granule using
application nozzles within the 15 second drum and applied at a temperature
of about 120F to about 250F, for example about 160 F. [0061] If the
fertilizer core is first coated with a sulfur layer (as in Example 1), then
molten sulfur is applied to the heated fertilizer granule at a temperature
of approximately 280-310F. The sulfur-coated urea granules then are
transferred into a second rotating drum and coated with 20 precursor
compounds to produce the polymer coating including a mixture of polymeric
MDI (4,4 diphenylmethane diisocyanate), TEA (triethanolamine) and DEG
(diethylene glycol) polyols which is applied to the fertilizer granules,
and the polymer components polymerize on the surface of the granules to
form the polymer coating. The polymer coated granule is then coated with a
wax layer at a temperature of about 120F to about 250F, for example about
160 F. 25[0062] If the fertilizer core is coated with polyurethane, and
sulfur (as in Example 2), then the polyurethane coated fertilizer granule
is coated with a sulfur layer at a temperature of approximately 280-310F.
The sulfur-coated urea granules are then coated with a layer of wax using
application nozzles within the second drum and applied at a temperature of
about 120F to about 250F, for example about 160 F.  WO
2010/006406PCT/CA2009/000110 [0063] The fertilizer compositions as produced
above may then be cooled with cool air to a temperature in the range of
about 95F to about 115F, for example using a fluid bed cooler. The granules
may then be sized, stored, and packaged. Examples 5 Example I:
42N-5S-2.8PU-0.5W (Comparative Example) [0064] In this Example, a
controlled release fertilizer material was prepared according to the
teachings of US 5,599,374 by Detrick (see for example Column 2 line 65 to
Column 3, line 22; which is incorporated herein by reference), with
addition of an external wax layer applied as described above. The urea
granule (91.7% by weight of the total fertilizer composition; which 10
provides a 42% by weight nitrogen (42N) contribution) is first coated with
sulfur followed by a coating of thermoset polymer (DEG-TEA polyol and
diisocyanate, MDI) and a coating of wax. The sulfur coating has a thickness
achieved by a weight percentage application of about 5% (5S) based on the
total weight of the granule, a polymer layer of about 2.8wt% (2.8PU) based
on the total weight of the granule, and a wax layer of about 0.5 wt% (0.5W)
based on the total weight of 15 the granule (shorthand descriptor:
42N-5S-2.8PU-0.5W). 



Example 2: 42N-2.8PU-5S-0.5W (Comparative Example) [0065] The urea granule
(91.7% by weight of the total fertilizer composition which provides a 42%
by weight nitrogen (42N) contribution) has a first coating of thermoset
polymer (DEA-TEG with MDI; composition as described in Example 1), followed
by a layer of sulfur and then 20 followed by a layer of wax. The first
polymer coating has a thickness achieved by a weight percentage application
of about 2.8% (2.8PU) based on the total weight of the granule, the sulfur
layer of about 5% (5S) and wax layer of 0.5% (0.5W), either an intermediate
wax, a paraffin wax, or an alpha-olefin wax, based on the total weight of
the granule (shorthand descriptor: 42N2.8PU-5S-0.5W).  WO
2010/006406PCT/CA2009/000110 Example 3: 43N-1.8PU-0.3W-3.8S-0.5W [0066] In
this Example, a controlled release fertilizer was prepared in accordance
with the present invention, however it is to be understood that other
compositions may be prepared as described in the present invention. 5[0067]
The urea granule (93.6% by weight of the total fertilizer composition;
which provides a 43% by weight nitrogen (43N) contribution ) has a first
coating of thermoset polymer (DEA-TEG with MDI; composition as described in
Example 1), followed by a layer of wax, followed by a layer of sulfur and
then followed by a layer of wax. The polymer coating has a thickness
achieved by a weight percentage application of about 1.8% (1.8PU) based on
the total weight of 10 the granule, the first wax layer of about 0.3%
(0.3W), the sulfur layer of about 3.8% (3.8S) and wax layer of about 0.5%
(0.5W), either an intermediate wax, a paraffin wax, or an alpha-olefin wax,
based on the total weight of the granule (shorthand descriptor:
43N-1.8PU-0.3W-3.8S0.5W). Example 4: 43N-2.8PU-0.3W-2.2S-0.5W 15[0068] In
this Example, a controlled release fertilizer was prepared in accordance
with the present invention, however it is to be understood that other
compositions may be prepared as described in the present invention. [0069]
The urea granule (94.5% by weight of the total fertilizer composition;
which provides a 43% by weight nitrogen (43N) contribution) has a first
coating of thermoset polymer (DEA-TEG 20 with MDI; composition as described
in Example 1), followed by a layer of wax, followed by a layer of sulfur
and then followed by a layer of wax. The polymer coating has a thickness
achieved by a weight percentage application of about 2.5% (2.5PU) based on
the total weight of the granule, the wax layer of about 0.3% 0.3W), the
sulfur layer of about 2.2% (2.2S), and wax layer of about 0.5% (0.5W),
either an intermediate wax, a paraffin wax, or an alpha-olefin wax, 25
based on the total weight of the granule (shorthand descriptor:
43N-2.8PU-0.3W-2.2S-0.5W). Example 5- Rate of release of Nitrogen (N) from
controlled release fertilizer compositons [0070] The controlled release
fertilizer compositions prepared in Example 1-4 were tested for the rate of
release of the fertilizer core before, and after the impact test. The
results of this test are shows in Table 1 and Figures lA and 1B.  WO
2010/006406PCT/CA2009/000110 V 51YLOWIJ Table 1: %Nitrogen released of
example compositions before and after impact test. 



Before Impact test (20C) 2 hrs Day 1 %N released, cumulative Day 3Day 7Day
14 Day 21 Cost Index Comparative Example 1 1.3 4.3 11 24 45 59.4 9.58
(42N-5S-2.8PU-0.5W)      



Comparative Example 2 0.38 12 22.8 36.2 52.5 64.1  (42N-2.8PU-5S-0.5W)
Example 3 0.4 1.9 6.7 19.5 45.3 



63.6 8.63 (43N-1.8PU-0.3W-3.8S-0.5W)        Example 4 0.4 1.1 4.1 13.3 40.1
61 9.43 (43N-2.8PU-0.3W-2.2S-0.5W).      



After Impact Test (30C)        Comparative Example 1 7.2 14.6 29 48 73.6 85
9.58 (42N-5S-2.8PU-0.5W)      



Comparative Example 2 6.1 17.5 35.8 54.4 73.2 83.5  (42N-2.8PU-5S-0.5W)
Example 3 1.5 7.9 21.5 42.2 70.2 



83.7 8.63 (43N-1.8PU-0.3W-3.8S-0.5W)        Example 4 1.1 5.2 12.5 30.9
63.7 81.3 9.43 (43N-2.8PU-0.3W-2.2S-0.5W).      



[0071] As shown in Table 1, and Figure 1 and 2, controlled release
fertilizer products described according to the present invention comprising
a inner fertilizer core coated with, in series, a 5 polymer layer, an
intermediate layer, a sulfur layer and an outer, water-insoluble layer such
as 43N-1.8PU-0.3W-3.8S-0.5W (Example 3) or 43N-2.8PU-0.3W-2.2S-0.5W
(Example 4) exhibit a similar or slower fertilizer release rate (19.5%N
release or 13.3%N release over 7 days, before impact test, or 42.2% and
30.9%N release over 7 days after drop test) when compared to the prior art
product, 42N-5S-2.8PU-0.5W (Example 1), that comprises more polyurethane on
a per 10 weight basis (24%N release over 7 days before impact test, or 48%N
release after impact test). [0072] The costs associated with production of
the fertilizer products are determined by calculating the cost to produce
the controlled release fertilizer, including the cost of each component,
and production and handling costs to manufacture the product, expressed per
unit nitrogen within the fertilizer product, to obtain a cost index. As
indicated in Table 1, 43 N- 151.8PU-0.3W-3.8S-0.5W (Example 3) has a cost
index of 8.63, compared with a cost index of  9.58 for the prior art
product 42 N-5S-2.8PU-0.5W (Example 1), or a cost index of 9.43 for
43N-2.8PU-0.3W-2.2S-0.5W, Example 4. [0073] All citations are hereby
incorporated by reference. [0074] The present invention has been described
with regard to one or more embodiments. 5 However, it will be apparent to
persons skilled in the art that a number of variations and modifications
can be made without departing from the scope of the invention as defined in
the claims.  WO 2010/006406PCT/CA2009/000110 WHAT IS CLAIMED IS: 1. A
controlled release fertilizer composition comprising a core of a
water-soluble plant nutrient compound, the core coated with, in series
proceeding from the core outward, a polymer layer, an intermediate layer,
and a layer of elemental sulfur. 52. The control release fertilizer of
claim 1, wherein the water soluble plant nutrient is urea.  3. The control
release fertilizer of claim 1, wherein the polymer layer is a thermoset
polymer layer.  4. The control release fertilizer of claim 1 comprising an
outer, water-insoluble layer.   5. The control release fertilizer of claim
1, wherein the intermediate layer comprises a component 10selected from the
group consisting of a wax, an oil, a lubricant, a surfactant, or a
combination thereof. 



6. The control release fertilizer of claim 4, wherein the intermediate
layer and the outer, water-insoluble layer are the same or different, and
comprise a component selected from the group consisting of a wax, an oil, a
lubricant, a surfactant, or a combination thereof. 15 7. The composition of
claim 1, wherein the water soluble plant nutrient compound is from about
37% N to about 44% N on a weight basis, the polymer layer is from about
1.2% to 3.0% on a weight basis, the intermediate layer is from about 0.1%
to about 0.8% on a weight basis, the layer of elemental sulfur is from
about 1.7% to 15% on a weight basis and the outer, water-insoluble layer is
from about 0.1% to about 0.8% on a weight basis. 208. A method of producing
a controlled release fertilizer composition comprising,  i) coating a plant
nutrient compound with two or more than two precursor compounds reactive to
form a polymer,  ii) applying a intermediate layer onto the polymer, and
iii) spraying molten sulfur onto the intermediate layer to form a sulfur
layer. 25 9. The process of claim 8, wherein the plant nutrient compound is
urea.  WO 2010/006406PCT/CA2009/000110  10. The process of claim 8, wherein
after the step of spraying molten sulfur, an outer, water-insoluble layer
is applied over the sulfur layer.   11. The method of claim 8, wherein the
polymer is a thermoset polymer, and the step of coating the plant nutrient
compound with two or more than two precursor compounds reactive to form a 5
polymer is at a temperature sufficient to thermoset the polymer.  12. The
method of claim 8, wherein the two or more than two precursor compounds are
a polyisocyanate and a polyol.  13. The process of claim 8, wherein the
intermediate layer is selected from the group consisting of a wax, an oil,
a lubricant, a surfactant, or a combination thereof. 1014. The process of
claim 10, wherein the water insoluble layer is selected from the group
consisting of a wax, an oil, a lubricant, a surfactant, or a combination
thereof. 15. The process of claim 6, wherein the water soluble plant
nutrient compound is from about 37% N to about 44% N on a weight basis, the
polymer is from about 1.2% to 3.0% on a weight basis, the intermediate
layer is from about 0.1% to about 0.8% on a weight basis, the layer of
15sulfur is from about 1.7% to 15.0% on a weight basis and the outer,
water-insoluble layer is from about 0.1% to about 0.8% on a weight basis. 


