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1-
CONTROLLED RELEASE FERTILIZER AND METHOD
FOR PRODUCTION THEREOF
TECHNICAL FIELD

The present invention relates to a controlled release fertilizer and to a

method for production thereof.

BACKGROUND ART

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. This has been done
so that, on one hand, the growing plants are not adversely deprived of nutrients
and, on the other hand, an over supply of nutrients is avoided. An over supply of
nutrients can result in toxicity to the plants or losses from leaching. The resulting
improvement in FUE (fertilizer use efficiency) can reduce the rate and the
frequency of nutrient application.

United States paient 5,538,531 [Hudson et al. (Hudson)] and the prior art
cited therein provides a useful overview of methods of conveying controlled
release properties to a particulate plant nuirient. Specifically, Hudson teaches a
controlled release, particulate fertilizer product having a water soluble fertilizer
central mass encased in a plurality of water insoluble, abrasion resistant coatings.
At least one inner coating is a urethane reaction product derived from recited
isocyanates and polyols. The outer coating is formed from an organic wax having
a drop melting point in the range of from 50°C to 120°C. The general teachings
of Hudson and those of the Examples in Hudson make it clear that the Hudson
process involves cuting the urethane coating(s) around the particulate plant
nutrient and, thereafter, applying to the cured urethane coating(s) the outer layer
of organic wax.

Tt is also known in the art to pre-coat particulate plant nutrient with an
organic wax or similar material as a means to regularize or otherwise improve the
surface of the particulate plant nutrient prior to coating thereof with the urethane

forming reagents.

JP 2004-501855 A 2004.1.22

PCT/CA01/00923



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

WO 02/00573

an

2-

Despite these advances in the art, there is still room for improvement.
Specifically, it would be desirable to have a controlled release fertilizer and
process for production thereof which would allow for the ready customization of
the release rate profile of a given particulate plant nutrient having applied thereto
a given amount of urethane coating(s). It would also be desirable to be able to
achieve a desirable release rate profile for a given particulate plant nutrient using

significantly reduced amounts of coating materials.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a novel controfled

release fertilizer which obviates or mitigates at least one of the above-mentioned
disadvantages of the prior art.

Accordingly, in one of its aspects the present invention provides a
controlled release fertilizer material comprising a particulate plant mutrient
surrounded by a coating which is the reaction product of a mixture comprising:
a polyol, an isocyanate and an organic wax.

In another of its aspects, the present invention provides a process for
producing a controlled release fertilizer material comprising the steps of:

(a) contacting a particulate plant nutrient with a mixture comprising:
a polyol, an isocyanate and an organic wax to produce a coating surrounding the
particulate plant nutrient; and

(b) curing the coating to produce the controlled release fertilizer

material.

In yet another of its aspects the present invention provides a controlled
release fertilizer material comprising a particulate plant nutrient surrounded by
acoating comprising at least one substantially homogeneous layer of a urethane-
containing compound and an organic wax.

Thus, we have surprisingly and unexpectedly discovered that an improved
controlled release fertilizer material and process for production thereef may be
achieved from a coating which is the reaction product of a mixture comprising:
a polyol, an isocyanate and an organic wax. Specifically, while it is known use

wax as a pre-coat before application of the urethane layer and/or as post-coat after

PCT/CA01/00923
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application of the urethane layer, the advantages of incorporating the wax with
the urethane forming reagents has heretofore been unknown. This advantages

include:

(63} the ability to extend the release rate profile for a given
plant nutrient having a given amount of urethane coating

thereon;

(i)  the ability to achieve a desirable release rate profile using
significantly less coating that used with comparable prior
art coating techniques; and

(i)  the ability to obtain such a product via one-step process

_(i.e., compared to the multi-step processes of the prior art).

Other advantages will become apparent to those of skill in art having the present
specification in hand.

As stated hereinabove, the present contrelled release fertilizer material
comprises a coating derived from a mixture comprising: a polyol, an isocyanate
and an organic wax. The polyol and isocyanate are chemically reactive and form
aurethane. The organic wax is believed to be physically intermixed with the so-
formed urethane - i.e., the preferred organic wax for use herein is believed to be
substantially chemically inert to the polyol and the isocyanate components. The
resultant coating is a substantially homogeneous layer. In other words, unlike the
prior art approach tanght by Hudson and by others invelving multiple, distinct
coatings of urethane and wax, the coating produced in the present confrolled
release fertilizer incorporates urcthane and orgamic wax in at least one
substantially homogeneous layer (of course multiple such coatings are
contemplated within the scope of the controlled release fertilize material). In this
context, it will be understood that the term “homogeneous” is used in a somewhat

broad sense for the purpose of excluding a controlled release fertilizer material

PCT/CA01/00923
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comprising only distinct layers of urethane and wax (e.g., the fertilizer material
taught by Hudson).

As used throughout this specification, the term “urethane-containing
compound” is intended to mean a product obtained by reacting a polyol and an

isocyanate. Typically, the so-produced compound will be a polyurethane.

BRIEF DESCRIPTION OF THE DRAWING

Embediments of the present invention will be described with reference to
the accompanying Figure in which there is illustrated the release rate profile a
controlled release fertilizer in accordance with the present invention and the

release rate profiles of prior art controlled release fertilizers.

BEST MODE FOR CARRYING OUT THE INVENTION

Accordingly, in one of its aspects, the present invention relates to a
controlled release fertilizer material comprising a particulate plant nutrient
surrounded by a coating.

The choice of particulate plant nutrient material useful for the present
conrolled release fertilizer material is not particularly restricted and is within the
purview of a person skilled in the art.

For example, the plant nutrient material used may selected from those
disclosed in Hudson. Preferably, such a plant nutrient comprises a water soluble
compound, more preferably a compound containing at least one member selected
from the group consisting of nitrogen, phosphorus, potassium, sulfur and
mixtures thereof. A preferred such plant nutrient comprises urea. Other nseful
examples of plant nutrients are taught in United States patent 5,571,303 [Bexton]
- ©.g., ammonium sulfate, ammonium phosphate and mixtures thercof.

Preferably, the coating surrounds the plant nutrient material in an amount
in the range of from about 1.0 te about 10 percent by weight, more preferably
from about 1.5 to about 5.0 percent by weight, most preferably from about2.0 to
about 4.0 percent by weight, based on the weight of the plant nutrient material.

The coating is the reaction product of a mixture comprising: a polyol, an

isocyanate and an organic wax.

PCT/CA01/00923
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The choice of polyol is not particularly restricted and is within the
purview of a person skilled in the art. For example, the polyol may be a
hydroxyl-terminated backbone of a member selected from the group comprising
polyether, polyester, polycarbonate, polydiene and polycaprolactone. Preferably,
such a polyol is selected from the group comprising hydroxyl-terminated
polyhydrecarbons, hydroxyl-terminated polyformals, fatty acid triglycerides,
hydroxyl-terminated polyesters, hydroxymethyl-terminated polyesters,
hydroxymethyl-terminated perfluoromethylenes, polyalkyleneether glycols,
polyalkylenearyleneether glycols and polyalkyleneether triols. More preferred
polyols are selected from the group comprising polyethylene glycols, adipic acid-
ethylene glycel polyester, poly(butylene glycol), poly(propylene glycol) and
hydroxyl-terminated polybutadiene - see, for example, British patent No.
1,482,213, The most preferred such polyol is a polyether polyol. Preferably,
such a polyether polyol has a molecular weight in the range of from about 200 to
about 20,000, more preferably from about 2,000 te about 10,000, most preferably
from about 2,000 to about 8,000.

A particularly preferred class of polyols are those disclosed in Hudson.
Preferably, such a polyol comprises from about 2 to about 6 hydroxyl moieties.
More preferably, such a polyol comprises at least one C,,-C,, aliphatic moiety.
Most preferably, the polyol comprises castor oil.

Additionally, the polyol may be derived from natural sources such as
soybean, corn, canola, soybean and the like (i.e., to produce naturally occurring
modified oils). An example of such a synthetic polyol comprising a canola base
is commereially available from Urethane Soy Systems Corp. (Princetor, Illinois).

The isocyanate suitable for used in producing the coating is not
particularly restricted and the choice thereof is within the purview of a person
skilled in the art. Generally, the isocyanate compound suitable for use may be

represented by the general formula:

QCO);

JP 2004-501855 A 2004.1.22
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wherein i is an integer of two or more and Q is an organic radical having the
valence of i. Q may be a substituted or unsubstituted hydrocarbon group (e.g. an
alkylene or arylene group). Moreover, Q may be represented by the general

formnula:
Q-zqQ'

wherein Q' is an alkylene or arylene group and Z is chosen from the group
comprising -O-,-0-Q'-, -CO-, -8-, -5-Q'-S- and -SO,~. Examples of isocyanate
compounds which fall within the scope of this definition include hexamethylene
diisocyanate, 1,8-diisocyanato-p-methane, xylyl diisocyanate,
(OCNCH,CH,CH,0CH,0),, I-methyl-2,4-diisocyanatocyclohexane, phenylene
diisocyanates, tolylene diisocyanates, chlorophenylene diisocyanates,
diphenylmethane-4,4'-diisocyanate, naphthalene-1,5-diisocyanate,
triphenylmethane-4,4’,4” -triisocyanate and isopropylbenzene-alpha-4-
diisocyanate.

In another embodiment, Q may also represent a polyurcthane radical
having a valence ofi. In this case Q(INCO); is a compound which is commonty
referred to in the art as a prepolymer. Generally, a prepolymer may be prepared
by reacting a stoichiometric excess of an isocyanate compound (as discussed
hereinabove) with an active hydrogen-containing compound (as discussed
hereinabove), preferably the polyhydroxyl-containing -materials or polyols
discussed above. In this embodiment, the polyisocyanate may be, for example,
used in proportions of from about 30 percent to about 200 percent stoichiometric
excess with respect to the proportion of hydroxyl in the polyol.

Tin another embodiment, the isocyanate compound suitable for use in the
process of the present invention may be selected from dimers and trimers of
isocyanates and diisocyanates, and from polymeric diisccyanates having the

general formula:

[Q"(NCO)];

PCT/CA01/00923
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wherein both i and j are integers having a value of 2 or more, and Q" is a
polyfunctional organic radical, and/or, as additional components in the reaction

mixture, compounds having the general formnila:
LNCO),

wherein i is an integer having a value of 1 or more and L is a monofunctional or
polyfunctional atom or radical. Examples of isocyanate compounds which fatl
with the scope of this definition include ethylphosphonic diisocyanate,
phenylphosphonic diisocyanate, compounds which contain a =8i-NCQ group,
isocyanate compounds derived from sulphonamides (QSO,NCO), cyanic acid and
thiocyanic acid.

See also, for example, British patent No. 1,453,258.

Non-limiting examples of suitable isocyamates include: — 1,6-
hexamethylene diisocyanate, 1,4-butylene diisocyanate, furfurylidene
diisocyanate, 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, 2,4'-
diphenylmethane diisocyanate, 4,4'-diphenylmethane diisocyanate, 4,4'-
diphenylpropane dijsocyanate, 4,4 '-diphenyl-3,3'-dimethyl methane diisocyanate,
1,5-naphthalene diisocyanate, 1-methyl-2,4-diisocyanate-5-chlorobenzene, 2,4~
diisocyanato-s-triazine, 1-methyl-2,4-diisocyanato 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-isocyanatophenyljmethane, bis-(3-methyl-4-
isocyanatophenyl)methane, polymethylene polyphenyl po[yisocyanataé and
mixtures thereof.

A particularly preferred group of isocyanates are those described in
Hudson.

Preferably, the polyol and isocyanate are used in amounts such that the
ratio of NCO groups in the isocyanate to the hydroxyl groups in the polyol is in
the range of from about 0.8 to about 3.0, more preferably from about 0.8 to about
2.0, most preferably from about 0.9 to about 1.1.
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The wax used in the mixture to produce the coating may be selected from
those described in Hudson and from silicon waxes (commeércially available from
Dow Corning). Thus, the preferred wax comprises a drop melting point of at
least about 30°C, preferably in the range of from about 40°C to about 120°C,
more preferably in the range of from about 50°C to about 120°C. More
preferably, the wax is substantially non-tacky below a temperature of about 40°C.
The preferred wax comprises a C,,, alpha olefin, more preferably a Cy.y alpha
olefin.

Preferably, the organic wax is present in the mixture in an amount of up
to about 50 p;srcent by weight, based on the combined weight of the organic wax
and the polyol. More preferably, the organic wax is present in the mixture in an
amount in the range of from about 1.0 to about 25 percent by weight, based on
the combined weight of the organic wax and the polyol. Most preferably, the
organic was is present in the mixture i an amount in the range of from about 2.0
to about 10 percent by weight based, on the combined weight of the organic wax
and the polyol.

Step (a) in the present process comprises contacting a particulate plant
nutrient with a mixture comprising: a polyol, an isocyanate and an organic wax
to produce a coating surrounding the particulate plant putrient. The precise mode
of applying the mixture to the plant nutrient is not particularly restricted - see for,
example column 5, lines 31-63 of Hudson.

In the present process, it is preferred to conduct Step (a) at a temperature
in the range of from about 50°C to about 105°C, more preferably in the range of
from about 60°C to about 90°C, most preferably in the range of from about 70°C
to about 80°C.

Preferably, Step (a) comprises contacting the particulate plant nutrient
with a first stream comprising the polyol and a second stream comprising the
isocyanate, the first stream and the second stream being independent of one
another. More preferably, the first stream comprises a mixture of the polyol and
the organic wax. In this embodiment, the particulate plant nutﬁmt may be
contacted simultancously with the first stream and the second stream.
Alternatively, the particulate plant nutrient with the first stream followed by the
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second stream. In a further preferred embodiment, Steps (2) and (b) of the
present process are repeated at least once to produce a controlled release fertilizer
material having a plurality of coating layers.

Embodiments of the present invention will be illustrated with reference
to the following Examples which should not be used to limit or construe the

invention.

EXAMPLE 1

In this Example, a controlled release fertilizer material was prepared
according to the teachings of United States patent 5,538,531 [Hudson et al.
(Hudson)]. Accordingly, it will be recognized that this Example is provided for
comparative purposes only and is outside the scope of the present invention.

The apparatus used in this Example was capable of applying coating
components to a 7.5 kg batch. The apparatus consisted of a Plexiglas horizontal
drum 16 inches in diameter and 20 inches in length. The drum end plates had a
central 5 inch hole through which the coating components and the substrate are
added. The drum internals comsisted of four substantially evenly spaced
longitudinal baffles, each baffle being about 1 inch in height. The drum was
rotated at 75 fpm peripheral speed or about 18 rpm using a Separ™, variable
speed drive, horizontal drum roller. The internal temperature of the drum and
substrate was maintained at about 75°C using variable setting electric heating
guns. The heating guns were positioned to direct hot air through the holes in the
drum end plates.

The coating components were added ata substantially consistent rate
using individual Masterflex™ peristaltic pumps and 2 modified Amacoil™
Machinery auto-sampler. The sampler portion was removed and an individual
stainless steel tubing for each component was attached to the drive assembly.
This allowed the coating components to be distributed the full length of the drum
at a substantially constant travel speed.

The substrate used in this Example was granulated urea (46-0-0). This
substrate had a SGN (Size Guide Number) of 240. The substrate (7.5 kg) was
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preheated in an oven to about 75°C and was allowed to roll in the coating drum
until the temperature has stabilized to 75°C.

The polyol used in this Example was commercially available castor oil in
an amount of 42.95 g. The isocyanate used in this Example was polymeric
diphenylmethane diisocyanate (BASF PAPINo. 17) inan amount 0£19.52 g. The
two components are shuultaneopsly added to the coating apparatus through
individual lines or pipettes near the top of the rolling bed. The 2.5 weight percent
coat was applied to the substrate in three substantially equal layers with about six
minutes between application if each layer - i.e., the weight of the total coat was
2.5 weight percent based on the weight of the substrate.

A C,,, alpha olefin wax commercially available from Chevron was pre-
heated to about 150°C and then was applied in a single layer to the urethane
coated substrate. The wax was used in an amount to provide a weight of 1.5
weight percent based on the weight of the substrate. Six minutes after the wax.
was applied, the drum and contents are cooled with a controlled stream. of
pressurized air to about 35°C.

Thus, in this Example, the sum of the urethane coat and the wax layer was
4 weight percent based on the weight of the substrate.

The water release rate profile for the controlled release fertilizer material
was then determined. In the analysis, a Technicon AutoAnalyzer™ was
calibrated and used pursuant to the teachings of Automated Determination of
Urea and Ammoniacal Nitrogen (University of Missouri, 1980). The following

procedure was used:
1. Accurately weigh 15 grams (0.1 mg) of the sample into
aweigh dish. Record the weight of sample. Transfer the
sample to 125 mL Erlenmeyer flask.

2. Add 75 mL of demineralized water and stopper the flask.

3. Genily swirl the sample and water until all the particles

are submersed.. . N
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4. Let the sample stand for a specified time at a constant
temperature (typically at room temperature).

5. Gently swirl the flask to mix the solution and decant only
the solution to a 100 mL volumetric flask.

6. Rinse the sample with demineralized water adding to the

volumetric flask.
7. Bulk to volume of volumetric flask and mix thoroughly.

8. If the test is to be repeated for another time period, repeat
starting at Step 2.

9. Once the Technicon AutoAnalyzer II is on line, transfer
some of this solution (or perform the required dilutions if

necessary) to the Technicon sample cups for analysis.

10.  Record the results as parts per million N-NH, (read
directly from a Shimadzu Integrator).

EXAMPLE 2

The methodology in Example 1 was repeated with the exception that,
prior to application of the urethane forming polyol and isocyanate, the substrate
was pre-coated with
the Cyy, alpha olefin wax (pre-heated to about 150°C) applied as a single layer.
The wax was used in an amount to provide a weight of 0.3 weight percent based
on the weight of the substrate. Accordingly, it will be recognized that this
Example is provided for comparative purposes only and is outside the scope of
the present invention.

A three-layer polyurethane coating as applied to the pre-coated substrate
as described in Example 1 (4.0 g castor oil aud 18.4 g isocyanate). Again, the

JP 2004-501855 A 2004.1.22
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weight of the total polyurethane coat was 2.5 weight percent based on the weight
of the substrate. A 600 g portion of the urethane coated substrate was removed.

Thereafter, a three-layer coating of the Cyy, alpha olefin wax (pre-heated
to about 150°C) was applied to the remaining urethane coated substrate. The wax.
was used in an amount to provide a weight of 1.5 weight percent based on the
weight of the substrate (in this case, about 35 g was per layer of the three-layer
coating).

The water release rate profile for the controlled release fertilizer material

was then determined using the test procedure described above in Example 1.

EXAMPLE 3

In this Example, 2 controlled release fertilizer was prepared in accordance
with the present invention.

The apparatus used to apply the coating components was a SS horizontal
insulated drum having a 12 inch diameter a 5% inches in width. An enclosed back
plate was attached to a variable speed drive. The front plate had a central 8 inch
opening through which the substrate and the coating components are added. The
drum internals consist of four substantially evenly spaced longitudinal baffles,
each about ¥ inch high. The drum was rotated at 75 fpm peripheral speed or
about 24 rpm. The internal temperature of the drum and substrate was maintained
at about 75°C using a variable setting electric heating gun. The coating
components are added using individual automatic macro pipeites capable of
adding 1/3 the weight of each coating component in a single addition.

The same substrate (1 kg) as used in Examples 1 and 2 was pre-heated to
75°C in the (smaller) apparatus described above. Castor oil (5.63 g) at 140°C
was mixed with C,y, alpha olefin wax (0.33 g). A coating was applied to the
substrate consisting of three layers of 5.96 g (5.5 wt. % Cs,, in castor oil) of the
castor oil/wax mixture and 2.35 g isocyanate added simultaneously for a total
coating weight of 2.5%. The time period between application of successive
layers of urethane was approximately 6 minutes. Six minutes after the final

urethane layer was applied the product was cooled.
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The water release rate profile for the controlled release fertilizer material

was then determined using the test procedure described above in Example 1.

The water release rate profiles for the conirolled release fertilizer material
produced in Examples 1-3 are illustrated in the accompanying Figure.

As shown, when it is desired to have material with a release profile of
nitrogen extending over 6-8 months, the water release rate profile for the material
produced in Example 3 (the invention) is significantly better than that for the
material produced in Example 1 (the Hudson material). Further, this was
achieved using significantly less coating in Example 3 (2.5 weight percent based
on the weight of the substrate) compared with Example 1 (4.0 weight percent
based on the weight of the substrate).

With reference to Example 2 (wax pre-coat and post-coat), while the
water release rate profile is closer to that achieved in Example 3 (the invention),
this was achieved using a three-step process whereas the material of Example 3
was made using a one-step process.

Accordingly, the material of Example 3 and the production thereof is a
significant advance over the prior art.

While the present invention has been described in detail, including
reference to the Examples, it will of course be readily understood that a nuniber
of modifications to the exemplified embodiment will be apparent to those of skill
in fhe art with this specification in hand, which modifications do not depart from
the spirit and scope of the present invention.

Alj publications, patents and patent applications referred to herein are
incorporated by reference in their entirety to the same extent as if each individual
publication, patent or patent application was specifically and individually

indicated to be incorporated by reference in its entirety.
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‘What is claimed is:

1. A controlled release fertilizer material comprising & particulate plant
nutrient surrounded by a coating which is the reaction product of a mixiure

comprising: a polyol, an isocyanate and an organic wax.

2. The controlled release fertilizer material defined in claim 1, wherein the

plant nutrient comprises a water soluble compound.

3. The controlled release fertilizer material defined in claim 2, wherein the
water soluble compound comprises a compound containing at least one member
selected from the group consisting of nitrogen, phosphorus, potassium, sulfur and

mixtures thereof.

4. The controtled release fertilizer material defined in claim 1, wherein the

plant nutrient comprises urea.

5. The controlled release fertilizer material defined in any one of claims 1-4,

wherein the polyol comprises from about 2 to about 6 hydroxyl moieties.

6. The controlied release fertilizer material defined in any one of claims 1-4,

wherein the polyol comprises at least one C,,-C,, aliphatic moiety.

7. The controlled release fertilizer material defined in any one of claims 1-4,

wherein the polyol comprises castor oil.

8. The controlled release fertilizer material defined in any one of claims 1-7,
wherein the isocyanate is selected from the group consisting of diphenylmethane
diisocyanate, toluene diisocyanate, aliphatic isocyantes, derivatives thereof,

polymers thereof and mixtures thereof.
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9. The controlled release fertilizer material defined in any one of claims 1-7,

wherein the isocyanate contains from about 1.5 to about 3.0 isocyanate groups per

molecule.

10.  Thecontrolled release fertilizer material defined in any one of claims 1-7,

wherein the isocyanate contains from about 10% to about 50% NCO.

11.  Thecontrolled release fertilizer material defined in any one of claims 1-7,

wherein the isocyanate comprises polymeric diphenylmethane diisocyanate.

12.  The controlied release fertilizer material defined in any one of claims 1-
11, wherein the organic wax comprises a drop melting point of at least about
30°C.

13.  The controlled release fertilizer material defined in any one of claims 1-
11, wherein the organic wax comprises a drop melting point in the range of from

about 40°C to about 120°C.

14.  The controlled release fertilizer material defined in any one of claims 1-
11, wherein the organic wax comprises a drop melting point in the range of from
about 50°C to about 120°C.

15.  The controlled release fextilizer material defined in any one of claims 1-
12, wherein the organic wax is substantially non-tacky below a temperature of

about 40°C.

16.  The conirolled release fertilizer material defined in any one of claims 1-

15, wherein organic wax comprises a Cyy, alpha olefin.

17.  The controlled release fertilizer material defined in any one of claims 1-

15, wherein organic wax comprises a C,y 4 alpha olefin.
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18.  The controlled release fertilizer material defined in any one of claims 1-
17, wherein the coating is present in an amount in the range of from about 1 to

about 10 percent by weight based on the weight of particulate plant nutrient.

19.  The controlled release fertilizer material defined in any one of claims 1-
17, wherein the coating is present in an amount in the range of from about 1.5 to

about 5.0 percent by weight based on the weight of particulate plant nutrient.

20.  The controlled release fertilizer material defined in any one of claims 1-
17, wherein the coating is present in an amount in the range of from about 2.0 to

about 4.0 percent by weight based on the weight of particulate plant nutrient.

21.  The controlled release fertilizer material defined in any one of claims 1-
20, wherein the ratio of NCO groups from the isocyanate to the hydroxyl groups
in the polyol in the mixture is in the range of from about 0.8 to about 3.0.

22.  The controlled release fertilizer material defined in any one of claims 1~
20, wherein the ratio of NCO groups from the isocyanate to the hydroxyl groups
in the polyol in the mixture is in the range of from about 0.8 to about 2.0

23.  The controlled release fertilizer material defined in any one of claims 1-
20, wherein the ratio of NCO groups from the isocyanate to the hydroxyl groups
in the polyol in the mixture is in the range of from about 0.9 to about 1.1.

24.  The controlled release fertilizer material defined in any one of claims 1-
23, wherein the amount of organic wax in the mixture is up to about 50 percent

by weight based on the combined weight of the organic wax and the polyol.

25.  The controlled release fertilizer material defined in any one of claims 1-
24, wherein the amount of organic wax in the mixture is in the range of from
about 1.0 to about 25 percent by weight based on the combined weight of the

organic wax and the polyol.
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26. The controlled release fertilizer material defined in any one of claims 24,
wherein the amount of organic wax in the mixture is in the range of from about
2.0 to about 10 percent by weight based on the combined weight of the organic
wax and the polyol.

27.  Aprocess for producing acontrolled release fertilizer material comprising
the steps of:

(a)  -contacting a particulate plant nutrient with a mixture comprising:
apolyol, an jsocyanate and an organic wax to produce a coating surrounding the
particulate plant nutrient; and

(b)  curing the coating to produce the controlled release fertilizer

material.

28.  The process defined in claim 27, wherein the particulate material is

agitated during Step (a).

29.  The process defined in any one of claims 27-28, wherein Step (a) is
conducted at a temperature in the range of from about 50°C to about 105°C.

30.  The process defined in any one of claims 27-28, wherein Step (2) is
conducted at a temperature in the range of from about 60°C to about 90°C.

31.  The process defined in any one of claims 27-28, wherein Step (a) is

conducted at a temperature in the range of from about 70°C to about 80°C.

32.  The process defined in any one of claims 27-28, wherein Step (2)
comprises contacting the particulate plant nutrient with a first stream comyprising
the polyol and a second stream comprising the isocyanate, the first stream and the

second stream being independent of one another.

33.  The process defined in claim 32, wherein the first stream comprises a

mixture of the polyol and the organic wax.
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34, The process defined in claim 32, wherein Step (a) comprises contacting

the particulate plant nutrient simultaneously with the first stream and the second

stream.

35.  The process defined in claim 32, wherein Step (a) comprises contacting
the particulate plant nutrient with the first stream followed by the second stream.

36.  The process defined in claim 32, wherein Steps (a) and (b) are repeated
at least once to produce a controlled release fertilizer material having a plurality

of coating layers.

37.  Theprocessdefined inany one of claims 27-36, wherein the plant nutrient

comprises a water soluble compound.

38.  The process defined in claim 37, wherein the water soluble compound
comprises a compound containing at least one member selected from the group

consisting of nitrogen, phosphorus, potassium, sulfur and mixtures thereof.

39.  Theprocess defined in any one of claims 27-36, wherein the plant nutrient

comprises urea.

40,  The process defined in any one of claims 27-39, wherein the polyol

comprises from about 2 to about 6 hydroxyl moieties.

41.  The process defined in any one of claims 27-39, wherein the polyol

comprises at least one C,-C,, aliphatic moiety.

42. The process defined in any one of claims 27-39, wherein the polyol

comprises castor oil.
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43,  The process defined in claim 27-39, wherein the isocyanate is selected
from the group consisting of diphenylmethane diisocyanate, toluene diisocyanate,
aliphatic isocyanates derivatives thereof, polymers thereof and mixtures thereof.

44.  The process defined in any one of claims 27-43, wherein the isocyanate

contains from about 1.5 to about 3.0 isocyanate groups per molecule.

45.  The process defined in any one of claims 27-44, wherein the isocyanate
contains from about 10% to about 50% NCO.

46.  The process defined in any one of claims 27-42, wherein the isocyanate

comprises polymeric diphenylmethane diisocyanate.

47.  Theprocess defined in any one of claims 27-46, wherein the organic wax.

comprises a drop melting point of at least about 30°C.

48.  The process defined in any one of claims 27-46, wherein the organic wax

comprises a drop melting point in the range of from about 40°C to about 120°C.

49.  Theprocess defined in any one of claims 27-46, wherein the organic wax
comprises a drop melting point in the range of from about 50°C to about 120°C.

50.  Theprocess defined in any one of claims 27-49, wherein the organic wax

is substantially non-tacky below a temperature of about 40°C.

51.  The process definedin any one of claims 27-50, wherein organic wax

comptises a Cy, alpha olefin.

52.  The process defined in any ane of claims 27-50, wherein organic wax

comprises a Cy., alpha olefin.
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53.  The process defined in any one of claims 27-52, wherein the mixture is

used in an amount to provide a coating in an amount in the range of from about

1 to about 10 percent by weight based on the weight of particulate plant nutrient.

54.  The process defined in any one of claims 27-52, wherein the mixture is
used in an amount to provide a coating in an amount in the range of from about
1.5 to about 5.0 percent by weight based on the weight of particulate plant

nutrient.

55.  The process defined in any one of claims 27-52, wherein the mixture is
used in an amount to provide a coating in an amount in the range of from about
2.0 to about 4.0 percent by weight based on the weight of particulate plant

nutrient.

56.  Theprocess defined in any one of claims 27-55, wherein the ratio of NCO
groups from the isocyanate to the hydroxyl groups in the polyol in the mixture is
in the range of from about 0.8 to about 3.0,

57.  Theprocess defined in any one of claims 27-55, wherein the ratio of NCO
groups from the isocyanate to the hydroxyl groups in the polyol in the mixture is
in the range of from about 0.8 to about 2.0.

58.  Theprocess defined in any one of claims 27-55, wherein the ratio of NCO
groups from the isocyanate to the hydroxyl groups in the polyol in the mixture is
in the range of from about 0.9 to about 1.1.

59.  The process defined in any one of claims 27-58, wherein the amount of
organic wax in the mixture is up to about 50 percent by weight based on the

combined weight of the organic wax and the polyol.
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60.  The process defined in any one of claims 27-58, wherein the amount of
organic wax in the mixture is in the range of from about 1.0 to about 25 percent

by weight based on the combined weight of the organic wax and the polyol.

61.  The process defined in any one of claims 27-58, wherein the amount of
organic wax in the mixture is in the range of from about 2.0 to about 10 percent

by weight based on the combined weight of the organic wax and the polyol.

62. A controlled release fertilizer material comprising a particulate plant
nutrient surrounded by a coating comprising at least one substantially

homogeneous layer of a urethane-containing compound and an organic wax.

PCT/CA01/00923

JP 2004-501855 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/00573

40

@
8

% Nitrogen Cumulative Release @23C
= n
S B8

11

Figure

Q7

PCT/CA01/00923

7 14 21 28
TIME (Days)

+——+ = Example 1
+——+=Example 2
A——A =FExample 3

35

JP

2004-501855 A 2004.1.22



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(38)

uboobooboboobdooboooboooboaoadao

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

JP 2004-501855 A 2004.1.22

(19) World 1 Property Or
Intcrnational Burcau

(43) International Publication Date

3 January 2002 (03.01.2002) PCT

(10) International Publication Number

WO 02/000573 A3

(51) International Patent Classification™ CO05G 3/00,
COSC 9100, COSG 5/00

(21) International Application Number: PCT/CA01/00923
{22) International Filing Date: 27 June 2001 (27.06.2001)
(25) Filing Language: Bnglish
(26) Publication Language: Tinglish

{30) Priority Data:
09/604,161 27 June 2000 (27.06.2000)  US

(71) Applicant (for all designated States except US): AGRIUM
INC. [CA/CAT; 13131 Take Fraser Drive, Calgary, Alberta
T2T 7E8 (CA).

(72) Taventors; and

{75) Inventors/Applicants (for US only): GEIGER, Albert, J.
[CA/CAT; 121 - 23061 Twp Road 543, Fort Saskatchewan,
Alberta T8L 4A1 (CA). STELMACK, Eugene, G.
[CA/CA]; 7999 Centre Street, J'ort Saskatchewan, Alberta
TSI 4T35 (CA). BABTAK, Nicolette, M. [CA/CA]; 4506 -

(74) Agents: NASSIF, Omar, A. ct al.; Gowling Lafleur Ilen-
derson LLP, Commerce Court West, Suite 4900, ‘Toronto,
Ontario M51. 113 (CA).

(81) Designated States (rational): AL, AG, AL, AM, AL, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
7, DI, DK, DM, D7, TG, T, TS, TT, GB, GD. GT, GH,
GM, TIR, TIUJ, TD, IT., TN, TS, JP, KB, KG, KP. KR, K7, 1.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, M2, NO, NZ, PL, P1, RO, RU, 8D, SE, $G, 81, SK,
SL, TM, TR, 1T, TZ, UA, UG, US, UZ, VN, YU, ZA,
W,

(84) Designated States (regionai): ARIPO patent (GH, GM,
KL, LS, MW, MZ, SD, SL, 87, 17, UG, ZW). liurasian
patent (AM. AZ, BY. KG, K7, MD, RU, T1. TM), European
pateni (AT, BE, CII, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CL CM, GA, GN, GW, ML, MR, NL, SN, 'TD, TG).

Published:
—  with inrernational scarch report

(88) Date of publication of the international search report:

47 Avenue, Box 189, Gibbons, Alberta TOA TNO (CA). 1 August 2002
[Continued on next pagej

(54) Title: CONTROLLED RULEASE FERTILIZER AN MEETHOD FOR PRODUCTION THUREOL

8
@
H
£
= &
= H
—_— B0
= £
= 3
— H
£
H
<
a
“ o 7 " 2 » £
- TIME (Bays)
uw
<>
3
g +——+ = Example
o~ +——— = Example 2
[—} A——4& =Example 3
3 (57) Abstract: A controlled release fentilizer material comprising 2 particulate plant nutrient surrounded by a coating which is the
reaction product of a mixture comprising: a polyol, an isocyanate and an organic wax.



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/000573 A3

(39)

1000 OO O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing ai the begin-
ning of each regular issue of the PCT Gazetre.

JP 2004-501855 A 2004.1.22



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCH REPORT

(40)

al Application No

PCT/CA 01/00923

A. CLASSIFICATION OF SUBJECT M,
TPe T C0563/00  C0BL9/00

According fo. jonal Patent Cl (IPC) or to both national

C0565/00

and PC

B. FIELDS SEARCHED

IPC 7 CO5C

‘Minimum decumentation searched (classification systen followed by classification symbols)
56

D i hed other than minimum

10 the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

‘Electronic data base consuited during the Imernational search (name of data base and, where practical, search terms used)

€. DC G TO BE RELEVANT
Category © | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DATABASE WPI 1
Section Ch, Week 200018
Derwent Publications Ltd., London, GB;
Class A25, AN 2000-098055
XP002188710
& CA 2 272 480 A (SUMITOMO CHEM CO LTD),
22 November 1999 (1999-11-22)
abstract
X & CA 2 272 480 A (SUMIMOTO) 1-62
22 November 1999 (1999-11-22)
claims
page 4, line 20 - line 24
page 6, line 7 —page 17, line 2
X EP 0 867 422 A (CENTRAL GLASS CO LTD) 1-62
30 September 1998 (1998-09-30)
claims
page 3, line 49 -page 8, line 1
-

. Further documents are listed in thecontinuation of box G,

Patent family members are listed in annex.

© Special categories of cited documents :

*A* document defining the general state of the art which Is nol
considered to be of patticular relevance

"E" eatlr document but published on or afterthe international
filing

s chUmem which may throw doubts on {Xloniy claim(s) or
which is cited to establish the publication dale of another
citation or other special reason (as specified)

o dm:umsnt rsferrlnglc an oral disclosure, use, exhibition or

other
P ducumem uub\lshen pror o the intemational fiing date but
later than the priority date claimed

*T* later document published after the interational filing date
or priority date and not in conflict with the application but
GHed o understand the prncipl or theory underlying the
invention

*X* document of paricular relevance; the ciaimed invention

cannot be considered novel or cannot be considered to

involve an inventive step when the document is taken alone

“Y* document of parilcular relevance; the claimed invantion
cannot be considered lo invalva an inventive step when the
document is combined with ona or more other such docu—
ments, such combination being obvious to a_person skiled
inthe an,

18 dogument member of the same patent family

Date of he actual completion of the international search

30 January 2002

Dale of mailing of ths international search report

11/02/2002

Narme and mailing address of the ISA
European patent Omce. P.B. 5818 Patentlaan 2
NL - 2280 HY Rijswijk
Tel (+31-70) 3402040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

RODRIGUEZ FONTAO, M

Form PCTASA/210 (second shest] (July 1082)

JP 2004-501855 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTRRNATIONAL SEARCH REPORT

(41)

Inter | Application No

PCT/CA 01/00923

8 September 1998 (1998-09-08)
the whole document

C.Cx DC TO BE RELEVANT
Category ° | Gitation of document, with indication where appropriate, of the relevant passages Relevant to claim No.
A US 5 538 531 A (HUDSON ALICE P ET AL) 1-62
23 July 1996 (1996-07-23)
cited in the application
the whole document
A US 5 803 946 A (YANG XIAOMING ET AL) 1-62

Fom PCT/ISA210 {oontinualion of second sheet) (July 1962)

JP 2004-501855 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

Information on patent family members

INTARNATIONAL SEARCH REPORT ]_‘.————W
Intern§fal Appilcation No
P

(42)

CT/CA 01/00923

Patent document Publication Patent family . Publication

cited in search report date member{s) date

CA 2272480 A NONE

EP 0867422 A 30-09-1998 JP 10265288 A 06-10-1998
JP 10291881 A 04-11-1998
EP 0867422 A2 30-09-1998
KR 248285 B1 15-03-2000
NO 981350 A 28-09-1998
™ 442448 B 23-06-2001
us 6176891 B1 23-01-2001
us 6322606 B1 27-11-2001

US 5538531 A 23-07-1996  NONE

Us 5803946 A 08-09-1998 AU 711631 B2 21-10-1999
AU 3492297 A 07-01-1998
CA 2258832 Al 24-12-1997
EP 0906252 Al 07-04-1999
JP 2000501692 T 15-02-2000
Wo 9748664 Al 24-12-1997

Forn PCT/ISAIZ10 (patent family amex) (luly 1982)

JP 2004-501855 A 2004.1.22



(43) JP 2004-501855 A 2004.1.22

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EC, EE,ES,FI,GB,GD,GE,GH, GM,
HR,HU, 1D, IL, IN, 1S,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD, MG, MK, MN, MW ,MX ,MZ ,NO,NZ ,PL ,PT,RO,RU, S
D,SE,SG,SI,SK,SL, T3, TM, TR, TT,TZ,UA,UG,US,UZ, VN, YU, ZA, ZW

(72000 OOoODOOOoOooooOoOoOogo
gooooooooooobooobooooooooooooooobooooboooooooooooo
oooooooooooooboooogo

(72)000 OOoODOOO0OoOooOobOOoOoOooo
gooooooooooboboooobooooooooooooooboobooboboooooooooooo
ooooooo

(2)000 OOOOO0OOooODOO0OOo
oooooooooooooCooOo0o0o0ooooooooobooooooboooooogooooo
ooooooo

OO0OD0O0O (@ 0O) 4H061 AAO1 AA02 BBO1 BB21 BB31 DD18 EEO7 EE22 EE35 FF15

ooog oo HHO3 LLO2 LL26



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

