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INCREASED LONGEVITY OF NITROGEN CONTENT OF SOIL THROUGH IMPROVED
LIQUID DELIVERY FORMULATIONS OF NITRIFICATION INHIBITORS TO FERTILIZERS

The present application claims prionty to US Provisicmal Application No. 617987 761
5 filed May 2, 2014, the entire contents of which are incorporated by referance i its entirety.

Field of luvention

The present invention relates to increasing and/or maimtaming nitrogen content i soil
by aduunistration of an inproved hgud formulation. In one embodiment, the hquid
formulation comprises mirification inhibitors. In another embodiment, the hiquid fornmlation

10 comprises nitrification inhibitors andfor urease inhibitors that are co~dissolved or blended
solutions of each. In an embodiment, the liquid formulations are desizned to be used in
conpciion with wrea and/or manure based fertilivers.

BACKGROUND OF THE INVENTION

Agriculiure currently utilizes fertilizers to deliver the needed nutrients of witrogen,

15 phosphoras, potassium, selfir, calecaom, and magnesium to plants through the apphication of
fertihzers 1o the soil. Nitrogen generally is the most yield-hinuting and costly nuirient
clement i crop production. Fertilizers are based on nitrogen couternt, mainly urea and
additional plant nutnients and additives. Fertilizers can either be formulated as man-made
products or natural organic based antmal manure, Nitrogen i3 the primary nulrient in

20 fertilizers and urea is the primary nitrogen sowrce in fertilizers. Thus, fertlizers have become
one vehicle for increasing the nitrogen content in the soil to assist in maintaining the health,
overall quality, growth and vields of many of the plants mportant to agriculture and to
civilization. Nitrogen is usually formulated nto fertilizer by one or more of urea andfor
amniomoam nitrate and for ammontum suliate andfor manure andior smmomiam phosphate

25 andior the hke

Generally, the fertilizer is applied to the soil as etther a hguid or a solid. Mamigiming
a sufficient level of mirogen concentration in the soil proves difficult over time due to
nitrogen and nitrogen containing compounds (such as urea) solubilities in water,

When rain or water run-off contacts the sail, the nifrogen o nitrogen comaining

3¢ compounds may be carvied with the water {0 surrounding water-ways.

Alternatively, the degradation of nitrogen content may be atiributed 1o volatilization
{such as for ammonia and NOx where x is 1, 2 or 3} and water runoft due to the better water
solubility of nirites/mifrates. Loss due to volatilization is sometimes driven by a urease

enzyme that catalvzes hydrolysis of ures to ansnonia and carbon dioxide and to the hiological
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oxidation by sotl microbgs, such as Nitrosomonas bacteria, of NH3 o NH4 to NOXs such as
pitric oxide, an atmospheric greenhouse pas which, on a molecular basis, has 310 times the
global warming potential of carbon dioxide. This results i a substantial loss of nitrogen
content in the fertilizer impacting costs to the farmer. Moreover, the loss of mirogen from the
soil resulls not only n waler polletion but also atmospheric pollution,

Nutrogen in the soil is also lost by the attack of nitrogen and nirogen containing
compounds {such as urea} by enzymes hike the urease enzyme. Attack by the urease enuyvme
causes urea to degrade to carbon dioxide and ammonia. Biological oxidations by soil
nucrobes, such as Nitrosomonas bacterta, of anunoniacal mirogen to nitrate nitrogen are also
a cause of the diminishing nitrogen content in soil over ime.  While the conversion of urea
to ammonia and oxidation of ammonia to nitrates within the soil s beneficial to plams,
conversions occusring on top of the soil, where fertilizers are apphed, also resulis i 3 loss of
pirogen. To improve the longevity of nitrogen in the soil, ferblzers have been treated with
nitrification mwhibitors and urease infubitors. These inhibitors are vsually imparted onto the
surface of fertilizer graneles or added to hquid fertitizers through an aqueons solution.

Thus, 1t is desired that one increase the life expectancy of nitrogen in the soil to msure
more consistent levels of nitrogen during the growing season while alse decreasing the
munber of tirues the fertilizer is applied {o the soil. Increasing the life expectancy of nitrogen
m soif while simulianecusly decreasing the number of applications of fertilizer will lower the
overall cost o the agriculture industry while at the same time honting the amount of nitrogen
carried into the waterways. The present methods that are used create polluting conditions
that are beligved to have fueled the formation of the Guif Dead Zone, the formation of toxie
algal blooms as well as damage to drinking water supplies. Thas, finding delivery
formulations that are safe for the envivonment and for animals and that contain the proper
fevels of nurification inhibitors and/or urease mhibitors that may be apphed directly to the
soil in a hiquid fonm or imparted onto fertilizer granules as a one-step application would be
advantageous o the agricultural industry. Such a wreated fertiliver would also assist in
stowing two major biological processes that cause substantial loss of nitrogen in soil while
sinnftaneously assisting in controlling pollution of our water and aunosphere.

Pescription of the Related Art

Various methods gs disclosed in the patents below, which are incorporated by
reference m their entireties, have been proposed and developed for controlhing volatile

nurogen loses from wrea.
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Barth {US Patent No. 6 488,734) introduces the concept of the use of polvaads,
which contan witrification inhibitors, and pyravole devivatives for the teatment of inorganic
fertitizers:

Halpern (US Patent No. 5,100,984} shows how to prepare 1, 1-dichloro-2-propanone
and acrylonitrile by the formation and further reaction of 4, 4-dichlore-S-oxo-hexanenitrile,
which are vhilized as herbicides and as a munification inhibitor,

Evrard (US Patent No. 4,294,604} discloses the use of selected N-(2, 6-
dimethylphenyii-alanine methyl ester compounds as ammonium nitrification inhibitors.

Michaud (US Patent No. 4,234,332} deacnibes agueous solotions of commonly used
fertilizers which also contain dicyandiamide, in an amount to provide at least 10% by weight
of dicvandiamide nitrogen which is an effective nurification inhibitor.

Sutton et al. (118, Pat. No. 5,024 689} teach the use of ligpuud fertiliver that includes
urease indubitors such as NBPT (N-{n-baiyl} thiophosphoric trianude} and nitnficabon
inhibitor such as dicvandiamide 1 aqueons mixtures of wrea, aimmomum polvphosphate,
ammonium thiosulfate and potentially other plant growth improving compounds.

Sutton (L1.S. Pat. No. 8,562.711) provides a method for developing a dry, flowable
additive for aqueous urea-based fertilizers based on solid wrea formaldehyde polymer, N-(n-
buiyl) thiophosphoric triamude, and, optionaily, dicvandiamide that imparts reduced nitrogen
foss from the soil. Also, Sutton provides that the dry additive may be bended with molten or
solid urea to form a solid vrea-based fertilizer with reduced mitrogen loss from the soil.

While many of these techniques have a posttive impact of maintaining the level of
nirogen in the soil, they also have significant problems. For example, problems that have
adversely affected the agricultural industry incluade costs of improvement, loss of viability
upen storage, and the mability to deliver consistent levels of fartilizer due 1o poor coating of
the mnhibitors or clumping of granules. Some innovations utilize agueous delivery systems {o
granular fertilizer. However, aqueous delivery systems not only cause fertilizer to chump, but
if this fertifiver has also been coated with an alky! thiephosphoric triamide such as nBTP, the
presence of moisture will cause degradation of the alkyl thiophosphonic triannde. Thus, there
is a need for a composition, which addresses many of the shoricomings discussed above.
BRIEF SUMMARY OF THE INVENTION

Urea is g desiable starting material for fertilizers and fertiliver additives, which can

provide high nitrogen content and can be used in fertitizer products that provide phosphorus
or potassium as prumary mutrients, and calcium, magnesiom, or sulfur as secondary nutrients
or micronuirients such as boron, copper, iron, manganese, molybdeman and zine. These
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ferttizer producis can deliver the nuiriss o the soil and through numerous biclogical
processes can be converted to forns that ave capable of being absorbed by plants. The use of
a nitrification inhibitor such as cyanoamides, typically, dicyanoamide by wself or combined
with a wease mhibutor such as phosphoranudes are one embodiment of the lnvention. Inan
embodiment, the present vention relates to using N-alkyl thiophosphoric tniamude in
combination with a cyancanuide by either blending two separate dispersions containing each
material or combining the two inhubiiors by dissolving them together i an orgame quid
dispersing formulation. The resulting mixture can then be applied to the fertihizer, which will
nihithit biological oxidation by soil microbes, such as Nitrosomonas bacteria andfor, the
nuxiure may aid i enzymatic action of urease from smmoniacal nitrogen o nitvate nitrogen.

o one embodiment, improved delivery formulations have been developed that deliver
expected and effective levels of nitrification inhibitors that increase the nitrogen longevily in
the soil. It has been found that the delivery formulations of the present invention provide a
Hguid vehicle 1o deliver an even, non-clumping apphcation of the desived inhibuors to the
fertilizer granule. These new delivery formulations for nitrification inhibitors are nop-water-
containing organo-liquids that improve storage hife of urease inhubitors souch as alkvl
thiophosphoric triamides over those formulations containing greater than 1% water. In fact,
because of the present mvention, one can now combine both nitrification and ureass
whibilors w one product by either blending togsther the dispersions of each or by combining
the dispersions of both inhibiors in the same organo-hgueid delivery system.

To improve the longevity of nitrogen in the soil, it has been found that one can
meorporate both a mitrification inhibitor and also a ureass inhibitor to the fertilizer. The
mmproved delivery systems of the present invention can be utihized as a velicle to mnpart
nitrification inlubitors such as, but not limited o 2-chloro~6-{irichloromethylipyridine, 4~
Amiino- 1.2, 4-6-trgzole-HCL, 2 4-Dianuno-6-inichloromethyliriazine CL- 158,
Dheyandiamide (DOD), thiourea, 1-Mercapto-1,2 4-tiazole, and 2-Amino-d-chloro-6-
methylpyrimidine. The combined imipact of using a niinification inhibitor together with a
urease inhibitor 1o solution in the improved delivery system with enhanced storage stability
towers the cost of fertilizer by wtilizing a one-step application to granules and delivening
optinnized levels of both whibitors maproving the longevity of nifrogen in the soil

Thus, 11 one embodiment, the present invention relates (o improved compositions of

crgano-liquid mpredients in 3 solvating system that:

. Are environmentally safe;
. Have fashpoints above 145° F;
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. Are inherently rated safe for comtact with humans and animals;
. Maintain the nifrification infubitors at levels of § -30% in solation to storage

temperatures down to at least 10°C;

. Provides mproved even application to fertilizer granules of nitnfication inhibitors
while not causing chunping of the gramudes.

. Thus, 1w an embodnpent, the present invention relates to improved stability of wrease
wthubitors, for example alkyl thiophosphoramides in which N-(n-butyl) thiophosphonic
friarmde (INBPT) 15 one particularly effective wease infubitor. In one embodiment, the
present mvention relates to compositions having at least 0% greater urease inhibitor relative
to those standard solvating composition systems that contain water.

o one embodiment, 1t has also been discovered that while various organo-liquds
might meet some of the above crilena, the delivery system of the present mvention can be
optimired to provide a formmdation with o high concentration of inhibitors while mamtaining
a tow chill point by combining two or more organc-hguids i a solvating systent. In one
embodiment, one process for preparing the formulations of the present invention 1s o heat
the combined solvents to temperatures approaching about~ 80" C and charging the
nifrification inhubitor(s) in a combined level of 10-60% of the total formuls composition,
which can be dissolved in the solvent mixiure with moderate agiation

In one embodiment, the present inveniion relates to an effective solvent combination
that comprises dimethyl sulfoxide (DMSO), which can be used in combination with another
organo-higuid delivery system that has o low chill point and good solvating properties. QOne
advaniage of nsing DMSQ 1s that DMSQO can be a source of the mmportant nutrient of sulfw.

DETAILED DESCRIPTION

Improved delivery formulations have been developed that deliver effective levels of
mitrification whibitors that increase the nirogen longevity in the soil. These delivery
formulations not only provide a liquid vebicle {o deliver an even, non-clumping apphication
of the desired imhibitors 1o the fertilizer pranule, but it has been discovered that formulations
based on nou-agueous sobvating systems improve the storage life of the important urease
inhibitors, such as alkyl thiophosphoric triamides. Alkyl thiophosphorc {rianudes, i present
i combination with nitrification inlubitors as contained in the present formudations, have
been shown o be extremely elfective urease iuhibitors but suffer from degradation upon
storage if exposed to moisture. Thus, in one embodiment the present tnvention relates o

compositions that are substantially free of water.
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The delivery svstem of the presant invention s based on organo-liquid delivery

systemn(s) wd can contain one or wore of the following:

. Nitrification inhibior(s);
. Urease inhubitor{s);
. Addiiives such as bui not imited to swrfactants, buffers, fragrancefodor masking

agents, colorants, sucro-nutrients, andfor flow modifiers such as silica.

in one embodunent, the compositions of the present inveniion contam one or more
nitrification mhibtors, and one or more wrease inkubitors. These compositions optionally
coutain one or move of surfactants, buffers, fragrancefodor masking agents, colorants, micro-
nutrients, and/or Bow modifiers.

in one embodiment, the organo-liquid delivery system of the present invention or
biends of organo-hquids of the present invention meet one or more of the following critena:

They are:

. environmentaily sale;

. thermally sate because they have ashpoinis above 1457 F;

. mherently rated safe for contact with humans and animals;

. able to maintain nitrification inhibitors at fevels of 1 -50% in solution to temperatures

down to at least 10°C. This ability means that these compositions have relatively lony
storage hives.
. able to provide improved and even appheation 1o fertilizer grangles of nurification

mhibitors while not cansing clumping of the granules.

. They also provide improved stability of urease mbhubitors, primarily alkyl
thiophosphoramides such as N-{n-botvi) thiophosphoric triamide (INBPT) . In some

embodiments, the stability of the composition is at least 10% more relative o known
solvating sysiems coniaining water,

In one embodiment, the solvating sestem of the present invention is an organo-hguid
or a blend of organo~liquids, which may include bat are not linnted to one or more of the
following: Dimethyl sulfoxide, Dimethylacetanude, Dinethylformanude
Hexamethylphosphoramide, propylene carbonate, ethylene carbonate, butviene carbonate, N-
alkvl-2-pyrrolidons | 1 2-dimethvioxyethane, 2-methoxvathvl ether, cyclohesyipyirolidone,
ethyl lactate, and 1.3 dimethyl-2-imidazolidinone, imonene, ethylene glveol, propylene
giveol, butylene glveol, inimethylol propane, pentaeryihritol, glycenne, trinethylol ethane,

polyethylene glveol, polvpropylene glycol, polvethviene/polyvpropylene glveol co-polymer,
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Tripropyvigne glycol methyl ether, Tripropylene ghyeol buty! ether, acetate and/ar fumerate
capping of glycols which include but are not imited to the llowing ghecols:
ethylene glveol, propylene glyveol, butylene glveol, mmethyiol propane, pentaeryihritol,
uhycerine, trimethvlol ethane, polyethylene glycol, polypropylene glycol,
potvethylenepodvpropylene glveol co-polvmer, Tripropylene vlvcol methyl ether,
Tripropylene glycol butyl ether.

Additionally, the delivery formulations of the present mvention may comain one or
more of the following:
. a food coloring or dye that may be used to wmprove the visoal evidence of complete

coverage and serve as a visual marker;

. scents or masking agents to improve the odor of the formulations;
. Nonionic, amonic, cationic, rwitierionic, and /or amphoteric surfactants to improve

formula appheation performance of fertilizer granules; and
. Buflering agents,

In an embodiment, the formulation may contain one or more nitrification mhibitors.
Examples of mitrification inhibitors that may be used in the present wnvention include but are
not fimited o 2-chloro-6-(tiichloromethyhpyridine, 4-Amino-1,2,4-6-triazole-HCI, 2. 4-
Diamino-G-trichloromethylitniazing CL-1380, Dicvandiamide {DUD), thinwea, 1-Mercapto-
1.2 4-iriarole andfor 2-Amino-4-chiloro-6-methylpyrimidine.

In one embodiment, the formulations of the present Invention may use Dicvandiamide
at levels from between about 5-30% of the total composition. Using concentrations i this
ranze gives cost effective performance and provides the secondary benefit of bemnx a slow
release fertiliver. It is believed that this 1s doe 1o the velatively high 63% nitrogen content. In
one embodiment, the present invention provides for compositions that sre substantially free
of water, These compositions provide advaniages over the systems of the prior art that use
water as the delivery solvent. The present invention is also advantageous relative to other
systems that have used cost prohbitive coatingfadhesion technologies.

In one embodiment of the present fnvention, the utilization of gmbient temperature
organic solvent systems allows for non-clumping granules. Morecver, use of these ambient
lemperature oryanic solvent svstems prevents thermial degradation of these composttions, IN
one embodiment, urease inhibitors such as phosphoric tnamides are ideally suited for
providing fertilizer systems that are not suscepitble to degradation (or degradation of the

fertitizer systeny(s} the. In one erabodiment, the present invention allows for the additional
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benefit that coating or adhasion is not needed 10 maintain a consistent level of nitrification
sihithitor on the fertlizer,

in gn embodiment, the formudation(s) of the present inveniion may contain one o
more pinfication inhibitors i combination with one or more urease inhibitors. Urease
whibitors can be bai are not hinnted to phosphoric triamides. While phosphoric irlamides are
extremetly effective, thiophosphoric triamides have fonger term tmpact on soil nitrogen
content and also contribute the primary sutrient of sulfur to the sotl. The presence of an alkyl
group o thiophosphoric triamides, such as n-butyl thiophosphoric trianude, mmproves futher
the wease inhubitor’s longevity in the soil. In an embodiment, # has been found that effective
levels of urease indubitor in the delivery system are from about § ~ 50% or from about 10~
309 or from about 20-40% of the total concentration of the formulation(s).

in one embodiment, the present invention relates to using a low lemperature
dispersion procedare {arowund about 16°C) with one or more phosphoric tnamides in g
fornulanon. In one vangtion, this low temperature procedure and the spplication of the
formuglation to the surface of pre-formed fertilizer granules prevents thermal degradation of
these phosphoric tnamdes.

I an embodiment, Dicvandiamide (DCD) may be incorporated in amounts that ave
aboutl{-43% of a fornmlation mixture that also contains DMS0 aud propylens glveol at
vatios from abowd 80720 to 20680, In an embodiment, DCD may be added, ander agitation, to
the combined organic hguids that have been heated 10 3 mixing vessel at o temperature of

A

about 0°C to 100°C, or alternatively to a temperature of about 40°C to 100°C, or alternatively
o a temperature of about 60°C 1o 100°C, or aliernatively to a temperature of about 70°C to
100°C, and mixed until the DCD is completely dissolved. In an embodiment, the heated mix
vessel may be jacketed and the temperature carefully controlled. In a variation, the nuxing
action allows complete mixing without too much aeration. Heating can be accomphished
using hot water or low pressare steam to control any hot spots on walls of the vessel to
prevent hemt degradation to the DCD. Alternatively, the mixing may be done at reduced

pressuve to limit thermal degradation. At this stage (after the initial wmixing), the mixture may

be cooled to about 25°C or below and one or more of the following may be added, if desired:
. One or more urease mbibilors dispersed in an orgame hawmd dispersing svsteny,
. a food coloring or dye to improve the visual evidence of complete coverage and serve

as a visual marker;

. seents or masking agents to mnprove the odor of the formuda;
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. Nonionic, apionic, cationie, zwifterionie, and /or amyprhoteric surfactants o improve
formula application performance of fertthizer granules; andfor
. Buffering agents.

In an embodiment, Dicvandiamide (DCD) may be incorporated in an amount that is
between aboai 10-45% of the {otal formulation amount wherein the formulation also contains
a mixture of DMSO and one or more of ethvlene and or propylene glveol present at ranios
between about 820 to 20/%0. In an embodimen, DD may be added, under agitation, to the
combined organic hquids that have been heated i a mixing vessel at a temperature of about
4°C o 100°C or alternatively to a temperatire of about 40°C to 100°C, or alternatively to 3
temperature of about 60°C to 100°C, or alternatively to a temperature of about 70°C to 100°C,
and mixed until the DCD is completely dissolved. In an embodiment, the heated mix vessel
may be jacketed and the temperature carefally controlfed. In a variation, the mixing action
allows complete mixing without too much aevation. The heating can be accomphshed using
hot water or Jow pressure steam 1o control sy hot spots on walls of the vessel to prevent heat
degradation to the DCD. Alernatively, mixing may occwr at reduced pressure. After the
sitial puxing has ocowrred, the mixiure may be cooled to around about 35°C and N~{n-butyl)
thiophosphoric triamide (NBPT) can be added at about 5-45% by weight under agitabion to
the dissolved nitnification inhibitors and mixed uniil the NBPT is complately dissolved. At
this stage, the mixture can be further cooled o around about 25°C or below and one or more
of the following may be added, i destred:

«  afood coloring or dve that improves the visual evidence of complete coverage and

serves as 8 visual marker;

. scents or masking agents that improve the odor of the formuda;
. Nomjonic, anionic, cationic, zwitterronic, and /o amphoteric surfactanis o improve

formula application performance on insuring even distribution and of fertilizer granules in the
soil: andfor
’ Bullening agents.

In an embodiment, one or more additional urease inhibitors andior oue or nore
additional nitnfication mhibitors may be added to fonnulations of the presant invention. In
an embodiment, the additional ureass inhibitor andior miriiication inkubitor may be dissodved
m the mixture. In an embodiment, useful mixtures may be prepared etther by dilution or
mixture with higuid fertilizers,

Examples of the present formulation include Hyuid mixtures of urea or solid mixtures
that may be made by contacting the mixture with solid fertibzers such as granular wrea. Inan

i}
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embodiment, coated gramular urea can be prepared by using any commercially available
equapment in which gramdar prodact can be mixed or spraved with a ligud. A flow aid,
sihicas or surfactants such as soap or nontonic surfactants may be added prior to addition of
the Hoguid for improved dispersability,

The resulting produci(s) can be apphied o soil in etther & Hguid or granuiar form to
provide mmproved nitrogen retention in the soil for uptake for plant hife,

In an embodiment, the present relates (o a composition Comprising one oOr 1ore
nitrification inhibitors and one or more urease whibitors.

In one embodiment, the one or more nitrification inhibitors may be one or more of 2-chloro~
o-(richloromethyvDpyridine, 4-Anuno-1,2 4-6-triazole-HCL, 2 4-Diamino-6-
wichloromethyliriazine UL- 1384, Dicvandiamide, thiourea, 1-Mercapio-1.2 4-tniarole, and
2-Amino-4-chloro-6-methylpyrimidine.

In an embodiment, the one or more wrease fwhibitors may be one or more of
phosphoric pranudes, thiophosphoric triamides and atkylated thiophosphoric triamides,
wherein the alkylated thiophosphoric triamides has one or more alkvl groups that
mdependently contain between | and 6 carbon atoms.

In an embodiment, the one or more nitrification inhibitors comprises dicvanoamides
and the one or more urease inhibitors comprises phosphoramides.

In an embodiment, the composition may comprise one or more of surfactants, buflars,
fragrance/odor masking agents, colorants, micro~-nutnients, andfor fow modifiers.

In an embodiment, the one or more nitnification inhibitors comyprises dicyandiamide in
a fornmation wherein dicyandiamide is present in an amount that 1s between about 10-43%
of a total formulation amownt and the formwdation also contains a mixture of DMSO and
propylene glycol in ratios that are between abont 20/80 to 80:20.

fn an embodiment, the composiion comprises one or more nitrification inhibitors that
comprises dicyandiamide in a formmdation wherein dicyandiamide 16 present in an amount
that is between about 16-45% of a total formulation amount and the formulation alse
comprises N-(n-butyl) thiophosphoric trianide.

In an embodiment, the composition is substantially free of water.

in one embodiment, the composition {and the methods that use the composition and
fertilizer additives) may have a solvaiing agent. The solvating agent may have the
compourds of Formula I wherein
B-X-Y is Formuda §

wherem:
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Bis-H, CH»0- ar HO-,

- or  ~~={Hy = Hy—

wherein W is -H, -CHL-CH,, or -CH,
0

A S o R} Ao,
. | it H ) N il i X N N
Y S == CHp= A weCHay -8 N-RP 7 =R U NCHY), o L/
“ % ki i * - 2 bl e >

c{;:.u;s (t’:u;,,
wherein A is 0K, (OUHLCHLO-LAO-CH-CHo-3,O-M s or [FOCHUH- L AO-CH-CHy-3, JO-0
0

i
~ s
wherein K is -H, -UHs, or -C-R

wherein R is -1, -CHs, -CHOH-CH,
Q
wherein L s -H, ~CH;, or ——C—"AC"
10 wherein “AC™ is -H, -CH;, -CHOH)-CH;,
wherein a is 1~18

O
i

wherein M ig -H, -CH;, -C-R®
wheretn R is -H. ~CH;, -CHOHWCH;
wherein brig 1-10
O
-
15 wherein Q is H. -CH,, "OR
wherein R is -H, -CHy, -CHOH}-CH;
wheretn ¢ is 1-10
wherein d is 1-16
wherein I3 is ~O-"AB”, {OCHCH-07ADT,
i, CH,
26 {()-t‘!?H{?}—I:z- FCOHE o ;j(()%?:!—iz_j_-cz—ig-)g{'()ncifH-s:fnz-;,,}{) i
i
wherein “AB” is -H, -CH;, "¢ AGT
wherein “AG ™ s ~-H, -CH,, ~CH{OH)-CH,
O

i
wherein “AD g <H, -CH;, -C-MAHT
wherein “AH s -H, -CH;, -CH{QH)-CH;
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wheretn ¢ is 1-18
{3
l}‘ ¥ o)
wherein “AE™ is ~H, -CH,, LAY
wherein “A 35 -H, -CH, -CROH)CH,
wheremn {15 1-10

O
i

wherein “AF” is -H, -CH,, "C-"AT
wheretn YA is JHL -CHy, -CHOH-CH,

wherein g is 1-10

wherein his 1-10
whergin Iis ~CH; or -CH;-CH;

G
i
wherein G s -OHg, " FINCHRE
wherein T is -N{CHqn
wherein R’ is -H, O, -CHOH
O
T
wherein R is ~CH,, P INGCH:
wherein R is -H, ~OH, -CHOH
wherein R is -H, -OH, -CH.OH
wherein U is ~H, -CH-CH;, U, <CHOHL

i an embodiment, the present vention relates to fertilizer additives. In one
embodiment. the lertilizer additive comprises one or more nitrification mhibitors and one or
more urease inhibitors.

In an embodiment, the fertitizer additive comprises one or more nitrification inhibitors
that are selected from the group consisting of 2-chlore-6-(inchioromethyDpyridine, 4-Anuno-
1,2 4-6-trigzole-HCL, 2 4-Diamino-6-trichioromethyHriazive CL-1380, Dicyandiamide,
thiourea, -Mereapto~-1.2 4-trigeole, and 2-Amino-d-chloro-6-methylpyrinudineg,

I an embodiment, the fertilizer additive comprises one or more urease inhibitors that
are selected from the group consisting of phosphoric triamides, thiophosphoric triamides and
alkylated thiophosphoric triamides, wherein the alkviated thiophosphoric friansides has one or
more alkyl proups that independently contain batwesn 1 and & carbon atoms.

It an embodimend, the fertilizer additive has one or more niteification inhibitors that

comprises dicvanoaniides and one or more urease mhibitors that comprises phosphoramides,

12
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In an embodiment, the present invention relates to making compositions and {ertilizer
additives. T one embodiment, the present invention relates 1o a method of making a
composition to be added to a fertilizer, wherein the method compnises:

heating a prixture comprising one or move nitrification ihbitors and one or more
urease ilubitors 1o effectuate mixing of the nuxhure;

cooling the nuxture to a temperature that optionally allows addition of one or more of
surfactanis, buffers, fragrance/odor masking agents, coloranis, nucro-nuinients, andfor flow
modifiers.

I one vanation of the method, the method comprises further adding the composition
to a fertilizer.

in one varation, the method comprises 8 composition that has one or more
nirification inhibitors, the one or more nitrification inlubitors being selected from the group
consisting of 2-chloro-6-{richloromethyhpyridine, 4-Amino-1,2 4-6-triazole-HCL, 2,4~
Dramino-6-trichloromethylriazine CL~1380, Dicyvandiamide, thiourea, 1-Mercapto~-1.2 4-
triazole, and 2-Amino-d-chloro-6-methylpyrimidine.

In one embodiment, the composition bas one or more urease inhibitors. The one or
more urcase indibitors gre selected from the group consisting of phosphorie trimmides,
thiophosphoric triamides and alkylated thiophosphoric riamides, wherein the alkyiated
thipphosphoric trianudes has one or more alkyl groups that independently contan between 1
and 6 carbon atoms.

In one embodiment, the method has a composition that comprises one of more hifnficahion
miubitors containing dicvanoanudes and one or more urease inhibilors contamning
phosphoramides.

in one embodiment, the methed has a composition that is substantially free of water.
The following Examples are presented fo illusirate certain emtbodiments of the present
mvention.

Example }

65 grams of dimethyl sulfoxide was charged to a vessel and then placed under sivong
agitation and then heated to 60°C. 25 grams of dicvandiamide was then charzed to the vessel
and mixed untif completely dissolved. Once dissolved, the mixture was vooled 1o 38°C and
10 grams of tripropyiene glyco! methyl ether was added. The mixture was cooled to < 30°C
and then packaged off in an appropriate contaner.

Example 2
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69 grams of dimethyl sulfoxide was charged o a vessel and then placed under strong
agitation and then heated to 607C. 15 grams of dicyandianude was then chargad to the vessel
and mixed until completely dissolved. Once dissolved, the mixture was cooled to 40°C and
then 10 grams of 2-chloro-o-(irichioromethyDpyridine was as added and mixed vanl
dissolved. & grams of tripropyvlens giveo! methnd ether was added and the mixture was cooled
to < 30°C and then packaged off in an appropriate container.

Example 3

63 grams of dimethy! sulfoxide was charged to a vessel and then placed under sirong
agitation and then heated to 807C. 10 grams of dicyvandianude and 10 grams of thioures were
then charged to the vessel and mixed untit completely dissolved. Once dissolved, the mixture
was cooled to 38°C and then § grams of n-butyl thiophosphoric triamide was charged to the
vessel and mixed wtil completely dissolved. 13 grams of propylene glyeol was charged to
the vessel and the mixture was agitated for 30 minutes. The mixtore was then cooled to <
30°C and then packaged off in an appropriate container,

Example 4

571 grams of dimethyl sulfoxide was charged to a vessel and then placed under strong
agiiation and then heated (o 40°C, 20 grams of 2-chloro-6-(irichloromethyDpyridine was
then charged to the vessel and muxed wntil completely dissolved. Once disselved, 22.9 grams
of dipropyvlene glveol was charged the mixtwre was cooled to < 30°C and then packaged off in

an appropriaie contaner,

58.3 grams of dimethyl sulfoxide was charged to a vessel and then placed nnder strong

agilation and then heated to 607C. 235 grams of 3 4-dimethyipyvrazole phosphate was then
charged o the vessel and mixed witi] completely dissolved. Once dissolved, the mixture was
cooled to 3R7C and then 4.3 grams of tripropylene glveol methyl ether and 12.5 grams of
propylene carbonaie were Charged to the vesse! and the mixture was agitmad for 30 munutes.
Exarople ©

544 gprams of dimethy! sulfoxide was charged to a vessel and then placed wnder strong
agilation and then heated to 60°C. 10 graws of 2-chlore-6-(irichloremethypyridine and 15
wrams of thicurea were then charged to the vessel and mixed until completely dissolved,
Onee dissolved, the mixture was cooled to 38°C and then 10.6 grams of dipropylene glycol

and 10 grams of propylene glveol were charged o the vessel and the mixture was agitated for
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30 minutes. The mixture was then cooled to < 30°C and then packaged off i1 an appropriate

conlainer.

Exanusle 7

45 grams of dimethyi sulfoxide was charged to a vessel and then placed wnder strong
agitation and then heated 1o 60°C. 25 grams of 1H-12.4-triazole thiol was then charged to
the vessel and nuxed until completely dissolved. Once dissolved, the nuxture was cooled to
I8°C and then 30 grams of N,N-dimethyl 9-decenamide was added to the vessel and the
mixiure was agitated for 30 minutes. The mixture was then cooled to < 30°C and then
packaged off in an appropriate container.

Example 8

56 grams of dimethyi sulfoxide was charged to a vessel and then placed under strong
agitation and then heated to 60°C. 15 grams of 2-chloro-6-(trichloromethylipyridine was
then charged o the vessel and mixed vntil completely dissobved. Once dissolved, the mixture
was cooled to 38°C and then 3 grams of n-butylthiophosphoric triamide was and the resulting
product was mixed untif dissolved. 30 grams of dipropylene glyecol was charged to the vessel
and the mixture was agitated for 30 minutes. The mixtare was then cooled to < 30°C and

then packaged off in an appropriate container.

s grams of dimethyi sulfoxide was charged 1o 3 vessel and then placed under strong
agitation and then heated to BO°C. 20 grams of dicvandiamide was then charged 1o the vessel
and mixed until completely dissolved. Once dissolved, the mixture was cooled to 30°C and
packaged off i1 an appropriate container.

Example 10

RO grams of dimethyvi sulfoxade was charged to a vessel and then placed under strong
agitation and then heated to 38°C. 20 grams of n-butylthiophosphoric triamide was then
charged fo the vessel and mixed untif completely dissolved. Once dissolved, the mixtare was
cooled to 3°C and packaged off in an appropriate container.

Exarople 11

80 grams of propylene carbonate was charged to a vessel and then placed under strong
agilation and then heated to 38°C. 20 grams of n-batylihiophosphoric triamide was then
charged to the vessel and mixed until completely dissolved. Once dissolved, the mixture was
cooled to 30°C and packaged off in an appropriate container.

Example 12

15



5

14

20

25

WO 2015/168663 PCT/US2015/028961

80 grams of wipropylens plveol methyl ether was charged to g vessel and then placed under
strong agitation and then hested to 38°C. 20 grams of dicyandianide was then charged to the
vessel and mixed until completely dissolved. Once dissolved, the mixture was cooled to
Example 13

75 grams of dimethyl sulfoxide was charged to a vessel and then placed under strong
agitation and then heated to 60°C. 23 grams of d-anuno-4H-1.2 4-irinzole was then charged
for the vessel and mixed natd completely dissolved. Once dissolved, the mixhwre was cooled

to 30°C and packaged off in an appropriate container.

Example 14

34 prams of Example 9 and 50 grams of Example 10 were mixed together for 30 minutes and
then packaged off in an appropriate container.

Example 15

58.3 grams of dimethy] sulfoxide was charged 1o a vessel and then placed under strong
agitation and then heated to 60°C. 25 grams of 4-amino-4H-1 2 d-triazole was then charged
10 the vessel and mixed untid completely dissolved. Once dissolved, the mixture was cooled
1o 30°C, 16.7 grams of propylene glycol was added, and the formulation was mixed for 30
mimtes and then packaged off in an appropriate contamer.

Faample 16

80 grams of dipropylene glycol was charged to a vessel and then placed under strong
agitation and heated to 38°C. 20 grams of Z-chloro-6-(trichloromethyDpyridine was then
charged 1o the vessel and mixed unti} completely dissolved. The mixture was cooled 1o 30°C
and packaged off m an appropriate container.

Exanysde |

-
I
;

56 grams of dimethyi sulfoxide was charged to o vessel and then placed ander strong
agitation and then heated to 80°C. 20 grams of dicyandiamide was then charged (o the vessel
and mixed unti} completely dissolved. Once dissolved, the mixture was cooled 1o 30°C and
16 grams of propvlene carbonate, and 14 grams of propylene glveol were charged to the

vessel and then mixed for 15 minutes and packaged off i an appropriate container.

Example 18

RO prams of propylene ghyeol was charged to a vessel and then placed under strong agiiation
and then heated to 60°C. 20 grams of thiourea was then charped to the vessel and mixed until
completely dissolved. The mixtare was cooled to 36°C and packaged off in an appropriate

container,
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50 prams of dimethyl acetanude was charged to a vessel and then placed ander strong,
agiiation and then heated to 38°C. 20 grams of n-butvithiophosphate triamide was then
charged to the vessel and mixed unti! completely dissolved. Once dissolved, the mixture was
cooled to 30°C and 20 grams of propylene carbonaie and 10 grams of propylane glycol were
charged to the vessel and nmuxed For 15 nunotes and then packaged off in an appropriate
comainer,

Exanmle 20

73 grams of dimethy] selfoxide was charged 1o a vessel and then placed ander strong
agitation and then heated to 60°C. 25 grams of 3, $-dimethylpyrazole phosphate was then
charged to the vessel and mixed untit completely dissolved. Once dissolved, the mixture was
cooled < 30°C and then packaged off in an appropriate container.
Example 21
75 grams of dimethyl sulfoxide was charged o a vessel and then placed under strong
agitation and then heated to 60°C. 25 grams of 2-chloro-6~{trichloromethyDpyridine was
then charged to the vessel and nuxed unul completely dissolved. Once dissobved, the mixtare
was cooled < 30°C and then packaged off in an appropriate container,

The below table | summarizes the conyposiiions that eccur in gach of the examples.
The presence of an “X" w1 table | means that the particular example composition contains

that particular component.
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Txample | DMMG | DUD | IPGME | CIMD | fhisarea | NBRT | PG ] LG § UMBP [P0 ] 51 0D | AT | BMA
Tea, i

} X X X

2 X X X X

3 X X X X X

4 X X X

5 X X X X

& X X X X 1 X

7 X X iIX

# X X X X

4 X X

i X X

i1 X X

12 X X

i3 X X

14 X X X

i3 X X X

16 X X

17 X X X X

iR X X

19 X X X X
2} X X

Table |

DMSO -~ dimethvlsutfoxide DCD - dicyandiamide

TPGME ~ tripropyviene glveol methyl ether  CTMP - 2-chloro~-6-{trichloromethylpyridine
NBPT - n-butvl thiophosphoric triamide PG - propylene glveol

DPG - dipropylene glveol DMPP - 3, 4 dimethvipyrarole phosphate
PC - propylene carbonale 1T - 1H-1,2 .4, ~triazole thiol

DD - N N-dimethyl 9-decenamide AT - 4~aming-4H-1 2 d-trigzole

DMA - dimethy! acetanude

Samples from Examples 1-21 were evaluated for physical properties and the resulis are

show in the below Table 2:
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Sample Stability Chill Point | Human Health Flash Aguatic

# 24 hrs N 3 Rating Point 'F Toxicity

@ W°C Rating
Ex 1 | Stable < .59 1.0 ~ 1457 | Low
Ex2 | Stable < .5Y 1.0 > 1459 | Low
Ex 3 | Stable < .59 1.4 >145Y 1 Low
Ex4 | Stable BV F 1.4 ~143°% | Low
Ex$ | Stable < .59 1.0 ~ 1457 | Low
Ex6 | Stable g9 14 > 143Y | Low

Ex 7 | Stable 10" 2 > 1459 | Medium
,,,,,, Ex8 IStable ~ 1s% iy 448t Mlew
Ex 9 | Stable 25 { = 145Y | Low
Ex 10 | Stable 3Y 1 > 1459 | Low
Ex 11 | cloudy 729 1 > 1459 | Low
Ex 12 | Notsoluble | N/A 1 > 1459 | Low
Exi3 | Stable 17.4 i ~145Y | Low
Ex 14 | Stable .58 i > 145° Low
Ex 15 | Stable < -5 1 > 148Y | Low
Ex 16 | Notsohble | N/A 1 > 1439 | Low
Ex 17 | Stable .58 i > 145° Low
Ex I8 | Notsohihle NiA i =145 ¢ Low
Ex 19 | Stable < -3¢ 3 < 14589 | Medium

Ex 20 | Stable 55" 1 > 145Y | Low
Ex 21 | Stable 5% i > 145° Low

Table 2

rating on Health of any organo solvent component > 2%

The Human Health rating is based on the HMIS (Hazardous Materials Information Systen}

The Flash Point is based on the flash point of any organo solvent component > 3%,

The Aquatic Toxiciy Rating is based on any organo solvent component at any level.

It shonld be apparent from the above table 2 that a contbination of factors will produce an

organo-liquid delivery system that provides or gives a solution that includes at feast one of

the following characteristics:

a. soluhle

b Are environmentally safe;

¢. Have [ashpoints above 145°F;

d.  Are inherently rated safe for contact with humans and snimals;

¢, Maintain the nitnification inhibitors at levels of 1 -30% 1n solution to

storage temperatures down 1o at least 10°C;

£ Provides improved sven apphication to fertiliver granules of muvification

inhibitors whife not causing chanping of the granules
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in an embodiment, the composition results in a formulation that satislies more than
one of the above funchional properties. In a vanation, the formalations may have two of the
above functional properties, or alternatively, three of the sbove functional properties, or
alternatively, four of the above functional properties, or alternatively five of the above
functional properiies or alternatively all six of the above Fanctional properties. Tach of the
functional properties may be desired {or emphasized) relative to the other functionsl
properties based upon the intended use and transpott of the compositions of the present
ivention. For example, one functional property may be emphasired based upon storage
conditions of the formulations, or the shipping conditions of the formulations, or how the
formulation is wsed, or based upon some other desived property.  For example, if one knows
that the formulation is likely to be stored at high teruperatures for g long peniod of tinte, the
functional property that provides the greatest stability of the formulation is likely to be used.
Envivommental safety may be emphasized if the formulations of the present fnvention are 10
be used where any potential run-off of the formulation s to be used near 8 drinking source.

In one embodiment of the present invention, compositions were made that gave
favorable properties for most of the above listed functional properties. That i3, the
compaositions of the present invention attempted to emphasize solubility, environmental
satety, a low freeze clhull point, & high flash point, even coating of a fertilizer particle and a
composition ihat could be handied safely by both humans and/or ammals.

The results as shown in the above table 2 demonstrate that the usage of a single
organo-hquid solvent may in some instances show a much higher chill pomnt product versus
biends of the various solvents. For example. comparing examples 4, 21 and 16 shows that a
blend of DMSO with other organo-higuid solvents has a beneficial effect as i relates 1o the
lower chill point and improving solubility, Other trends can be observed by comparing a)
examples 9, example 1, example 12 and example!7, b} example 13 to example 15, and ¢}
example 5 and example 21

In one embodiment of the present fnvention, it is contemplated and therefore within
the scope of the invention that compositions such as examples 2, 3 and 6 that contain more
than one aitrification inhibitor will have superior performance i inhibiting the conversion of
ammona fo niivile anddniitaie over compositions containing only one mitrification inhibitor
due 1o the expected differences n mechanisms by which each nurification inhibitor operates,
the variation of enzymatic sifes and the fact that this conversion 15 basically orchestrated by
two groups of organisms, ammoma-oxidining bacteria (AOB) and ammeonia-oxidizing
archaea (AOA). The flexibility of the organo-hquid delivery system n solubilizing the
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various nitrification wnhibitors m certain smbodiments provides stable, environmentally
responsible and safe compositions. Thus, in certam embodiments, these compositions can be
added easily and economically 10 a broad range of manmade and natoral fertilizers. thus

mproving the longevity of these applied fextilizers,

Faample 22

To better visualize coating and penetration on the urea prills, Example 17 was dyed
with powdered *Rhodamine 6G° dye (Sigma-Aldrich). The powdered dye (20 mg) was added
iov 10 ml ol Example 17 and muned thovoughly, The resulting product was reddish-parple in
color. Tt was then topically applied to granulated wrea at an application vate equivalent 1o 3
griton. The resulting product was thoroughly mixed for three minutes, providing umform
coverage to the prills, The product was then allowed to sit for 3 hours.

Eight spherical prills of relatively uniform size were selected at random from the red-
dved covered wrea. The prills were split in half with a razor blade. One half of each prill was
glued to a piece of paper with the split face (middie) facing up, and the pnlls were
photographed.

The coverage on the urea prills was equally uniform as was the penetration of the
prills. The average prill diameter was 3.2 mn (1/8 inch). Example 17 penetrated the prills
approximately one-sixth of the diameter, or to a depth of 0.5 mm (1748 inch}. The
penetration depth of .3 mm is visually demonstrated m Figure 1. The average diameter 1of

each urea covered prifl 1s shown my fgure 1 as well as well as the average penetration depth 2.

X

An inhibition studyv was condacted as described below,
Experimental Quthine:
A 12 week laboratory expenment was conducted m an incubation chamber set 1o a constant
air temperatyre of 85°F, The experiment consisted of 4 replicate 1 quart disposal plastic tubs,
each filled with 250 grams of wetted soil {a Marvyn loamy sand, which is approxamately 80%
sand), each of which was submitied to the appropriate treatments. Prior to placing the soil in
the jar the sample was steved through a 2 mun screen and wetted to g uniform water content
(~70%: of field capacity). The background soul sanyple indicated the following parameters:
soil pH: 3.6, phosphorus 15 1A potassiunm 32 A, magnestuny: 20 1WA, and calciam: 139
/A, No lime or additions! fertilizers were added to this soil.

The following ¥ treatments were evaluated, and there were {our replications of each
treatmeant.
Sample Treatment
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1 4 quarts of Example 17 pear ton of area
2 6 quearts of Example 17 per ton of urea
3 8 quarts of Example 17 per ton of urea
4 Lirea only condrol

3 No fertilizer control

The correct amount of Example 17 to treat one pound of urea was calculaied, and that
amount was sprayed on to the urea using an air brash spraver. Exarple 17 was not diloied,
and & untform coating was achieved. The treated {and unirzated) weas weare ihen nuxed at an
N ratio of 120 pounds Nfacre.  The corresponding N ratio was calculated using the aves of
the plastic tub.

The soil-fertitizer mix was placed into the mcubator. Each week thereafier (for 12
weeks) the following ocourred: 1) sach bin was removed from the incobator, opened and
tightly mixed before sampling, 2) a 2 g subsample of sl was removed for soilwater content
determination, and, 3) 8 2 ¢ subsample of soil was removed for soil nitrate and ammoninm
concentration {via 2M KCl extraction). The bins were resealed and returned o the incubator
ol the next samphng date,

Conclusions:

Application of Example 17 at 4 qt/T significantly increased soil ammeonium-N at
weeks 4, 5 and 6. When Example 17 was applied at 6 qi/T there was mors soil ammonam-N
(as compared o the urea only treatment) 8t weeks 3 and 6. The best inhibition of nitrilication
was observed when the Example 17 wag applied at 8 qi'T, as soil amnomun: in that
freatment was greater than measured in the urea only treatment al weeks 2,3, 4, 5. 6 and 7.
This ratio gives the best inhibition of nitnification.

i nitrification is mhibited, the sitrogen content resulting from ammontany will
accumulate, as the animoniym to nitrate conversion s slowed. Since mtrate-N production is
stowed, the treatments to which an inhibitor should have reduced nitrate-N. This was
observed when the highest rate of Example 17 was applied (QquT) and the effect was
significant {as compared to the urea only treatments) i weeks 4, 5, 6 and 7. When lower
rates of Example 17 were applied, the effect was only significant at weeks S and 7.

I this one time 8 week incubation study, when Example 17 was appHed to wrea at 8
gi/Ten, it exhibued signiflicant nitrification inhibitory properties,

Example 24

A degradation study was performed using 2-chloro-6-(irichloromethyDBpyridine/nBPT

i DMSQ.
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A 2-chloro-6-{irichloromethyvlipyridine NBPT=1/ Hw/w) mixture was dissolved in
DMSO. LC (Hqued chromatography) was performed to analdyvee the content decrease versus
ume. All sumples were sealed and protected under N, All samples were stored S0°C.
Analysis condition:

A CIE columm was used, and measwred al 255mm. Retantion time: 40min.
Temperature:30°C, 15pL fnjection. Peak area percentages were calenlated to analyze the

concentration and are shown in below Table 3,

Suodvent DMSO
2-chloroe-6- n~butyitirophosphoric
sofaie | (inchloromethyDpvridine | irtannde
Week &
1 130 100
2 99 996
3 o 4 OR
4 983 97 .6
G 933 26.3
7 932 933
8 923 947
9 90.8 93
14 88 922
11 &6.7 92.1
12 864 917
13 45 94
14 54,33 93,88
15 83.56 S0.01
17 &1 83 06
18 &6 09 880

Table 3
Both actives show good stability m DMSO at 530°C for 18 weeks.

in an embodiment, the present invention relates 10 a composition comprising one or
more ninfication whibitors andfor urease inhibitors in an organo-hiquid or a blend of organo-
hquids comprising but are not hinuted to one or more of the following:

Dimethyl sulfoxide, Dimethvlacetamide, Dunethylormamide Hexamethvlphosphoramide,
propylene carbonate, ethylene carbomate, butylene carbonate, N-alkyl-2-pyrrohdone | 1,2~
dimethvloxyethane, 2-methoxyethyl ether, cyclohexylpyrrohdone, ethyl lactate, and 1,3
dimethyl-2-imidazolidinone, limonene, ethylene glycol, propvlens plveol, butylene glyveol,

trimethylol propane, pentaerythritol, glycerine, trimethylol ethane, polvethvlene glyeol,
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polvpropylene slyveol, polvethylene/polypropvlene glveol co-polvmer, Tripropylene ghveol
methy! ether, Tripropylene glyeo! butyl ether, acetate andfor famerate capping of alveols
which include but are not limited to the following glveols:
ethylene glveol, propvlene glveol, butylene glveol, inmethyiol propane. pentaeryihritol,
glvcerine, trimethylol ethane, polyethylene ghveol, polypropyiene glyeol,
polyethylene/polypropylene glveol co-polymer, Tripropylene glycol methyl ether,
Tripropylene glycol butyl ether.
whergin the organo-hiaquid delivery system meets the followmg oriteria;

a. sohuble

b Are environmentally safe;

¢. Have flashpoints above {450 F;

d. Are mherenily rated safe for contact with humans and animals;

Maintain the mitrification inhibitors at levels of 1-50%% 1w solution to storage

w

temperatures down (0 at least 100C;
f Provides improved even application to fertibizer granules of mtrification inhibitors

while not causing chomping of the granules

In an embodiment the composition comprises g niivification inhibitor that is one or
more of the following 1} dicyandianude, 2) 2-chiloro-6-(irichioromethyDpyridine, 3) 4-amino-
1.2 4-0-triarole-HCL 43 2 4-diammo-6-trichloromethylinazme, 3) thourea, 6) I-mercapto-
1.2 4-triazole and 2-amino-d-chloro-G-anethylpyrimidine, or 7} 3.4-dimethylpyrazole
phosphaie.

in an embodiment, the present invention relates 10 a composition comprising one oy
more mirification inhibitors andfor wrease inhibitors in an organo~liguid or a blend of organo-
hquids comprising but are not hmited 1o ong or more of the following in Formala I
B-X-Y is Formula 1
wherein;

B s ~H, CHO- or HO-,

)
Q ¢ O O
XS e Oy = g e 0~ CHy=—CHy—
» ¥ ® 2
W

wherein W is -H, -CH-OH;, or -CH;
X
CH, € G , ¢ B —~—— ~Hy
. PN 7 i i NN

Vs Oy~ A —CiD <88 GNGRA O R U NECH), o A

2 B * s ¥ s
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LHy
]

W

wherein K is -H, -CHa, or C-RY
shesein R’ s -H, -CH, -CHIOH)-CH

Q
wherein L is -H, -CHs, or —C—"AC"
wherein “ACT is -H, -CH;, -CROH)-CH
whergin aas [-16

O
i}

wherein M ig -H, -CH;, -C-R®
wherein R is -H, ~CH:, -CHOH-CH:
wherein b is 1-10
O
-
wherein Q is H, ~CHq, -C-RY
wherein R is -H, -CHy, -CHOH-CH,
whereln g is 1~10

wherein d v 1-10

wherein 13 15 -0-"ARY, {OCHCH-.07ADT,

Ly

o
(O-CHLH3OUE” or IO-CHy-CHy) (O-CHLUH - 1048

O
i

wherein “AR™ is —H. ~CH,, T AGH
wherein “AG" is -H. -CH;, -CH{OH}CH;

O
H

wherein “AD” is ~H, -CH,, “CAHT
wherein “AH" s -H, -CH,, -CHIOH-CH;
wherein ¢ i3 1-10
Q
R
wherein "AE" is —H, -CHs, -C-AL
wherein “AL” is -H, -CH,;, -CH{OH)-CH;
wherein fis 10
O
oo
wherein "AF s -, <CHs, H-TA
wherein “AT is -H, «CHs, <CH{OHRCH;
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whergln g is 110

whereis his 1-18
wherew § is ~-UHy o ~CHCHy

.
It
whereinn Gis ~CHy, ™7 PN H
wherein T is ~-N(CHz):
wherein R'is -H, -OH, -CHOH
0
i
wherein R s ~CHs, ™ FNCH )y
wherein R is -H, -OH, -CHOH
wherein R is ~H, -OH, -CH.OH
whergin Uls ~H, «CH»-CH;, -CH;, -CH-OH;
wherenn the organo-hiqaid dehivery system meetls the following critecia:
a. soluble
b Are environmentally safe;
Have flashpoints above 1457 F;
d. Are mherently rated safe for contact with launans and animals;
e, Mainigin the nitrdfication mhibuors at levels of 1 -30% n solution 1o
storage temperatures down 1o at least 107C;
£ Provides improved sven apphication to fertiliver granules of muvification
inhibitors whife not causing chanping of the gramaes.

In one variation, the composition conyrises an organo-Hauid dehvery system in the
mixiure that s dimethyl sulfoxide. In a vanation, dimethyvl sulfoxade comprises between
about 10 and 90% of the total composition.

In one embodiment, the nitrification inhubitor(s) 1s/are present in an amount that is
between about 5-45% of 3 total formulation amount and the composition also contains a
mixture of DMSO and one or more organo-liquid solvents in ratios that are between about
20/80 o 8020

In an embodiment, the composition further comprises: surfactants, buffers,
fragrance/odor masking agents, colorants, micro-nutrients, dispersed nitrification inhibuors,
dispersed urease nhibitor(s), crystallization mbabitors andfor flow modifiers.

B an embodiment, the nitrification inhibitor(s) is/are present in an amount that is

between about 5-45% of g total Tormulation amount and the formulation also comprises N-(1-
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buiv} thiophosphoric triamide 1n an amount that is between about 5-45% of the 1otal
formudation amount.

i one embodiment, the composition is sebstantially free of water,

I i smbodiment, the present invention relates to a fertilizer granule or liguid
additive, which comprises one or more nrnification inhibitors and/or urease whibitors i an
organo-hquid or a blend of organo-liquids comprisimg but are not limited to one or more of
the following:

Dimethyl sutfoxide, Dimethylacetamide, Dimethyiformannde Hexamethy lphosphoramide,
propylene carbonate, ethylene carbonate, butylene carbonate, Nealkylh-Z-pyrrolidone | 1.2-
dimethyloxvethane, 2-methoxyethyl ether, cyclohexylpyrrolidone, ethyl lactate, and 1.3
dimethyl-2-imidazolidinone, limonene, ethviene glyeol, propylene glycol, butviene glyveol,
trimethviol propane, pentaeryihritol, glycerine, rimethyiol ethane, polyvethylene glveol,
polvpropvlene glveol, polvethvlene/polypropylene elveol co-polymer, Tripropylene shveol
methyl ether, Tripropylene glvcol butyl ether, acetate andfor finmerate capping of glyeols
which meclude but are not limited to the following glyceols:

ethylene glveol, propylene glyeol, butvlene glyveol, trimethylol propane, pentaerythritol,
glycerine, rimethylol ethane, polvethylene glveol, polypropylene glveol,
polvethylene/polvpropviene glveol co-polymer, Tripropylene ghyeol mathyl ether,
Tripropylene glycot butyl ether,

In an embodiment, the fertiliver gramude or liquid addinve comprises one or more
nirificanon mhibitors such as 1) dicvandiamide, 2) 2-chlovo-6-({trichlovomethybipyridine, 3)

4-amino- 1,2 4-6-triazole-HOL 4) 2 d-disnmo-o-trichloromethvliriazine, 5) thiourea, 6) 1-
mercapto-1 2 4-triazole and Z-amino-$-chloro~6-methyipyrimidine, or 73 3 4
dimgthylpyrazole phosphate.

o a variation, the fertilizer granule or lupd additive may further comprise ong o
maore arease inhibitors such as phosphoric wiamides, thiophosphoric triamdes or alkylated
thiophosphoric riamudes, wherein the alkyvlated thiophosphoric trimmides have one or more
alkyl groups that ndependently contain hetween 1 and 6 carbon stoms,

In an embodiment, the fertilizer granule or hquid additive may contain one or more
nitrification mhibitors such as 1 dicvandiamide, 2} 2-chioro~-6-{trichloromethyDpvridine, 33
$-amino-1,2 4-6-iriazole-HCL, 4) 2 4-diamino-6-(richloromethylinazineg, §) thiourea, 6) 1-
mercapto-1,2 4-iriazole and 2-Ammo-4-chioro-6-methylpynimiding, or 7) 3.4
dimethylpyrazole phosphate; wherein the one or more wease inhibitors comprises

phosphorandes.
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In an embodiment, the present invention relates to making the campositions and
fertilizer granules and houid additives of the present invention. In one variation, the method
relates to making a composition to be added o g fertilizer comprising:
heating 3 mixture cCOmPrising one or more ninification inhilytors in an organn hgquid delivery
system comprising an organe-hguid or a blend of organo-liguids comprising but are not
limited to one or more of the following:

Dimethyl sulfoxide, Dimethviacetamide, DimethyHormamide
Hexamethylphosphoramude, propylene carbonate, ethylene carbonate, butylene carbonate,
N-glkyl-2-pyrrolidone | 1 2-dimethyloxvethane, 2-methoxvethyl ether,
cyclohexyipyrrolidone, ethyl lactate, and 1.3 dimethyl-2-imidazohdinone, Hmonene,
ethylene glveol, propylene glycol, butviene glyveol, trimethylol propane, pemtaerythritol,
alycerine, trimethylol ethane, polvethylene glveol, polypropylene glveol,
polvethylene/polypropyiene glyveol co-polymer, Tripropylene glveol methyl ether,
Tripropylene glycol butyl ether, acetate and/or fumerate capping of ghycols which include
but are not limited to the followmg glyeols:

ethylene ghycol, propyvlene glyeol, butyvlene glveol, trimethylol propane,
peatacrythritol, glyeerine, trimethylol ethane, polvethvlene glycol, polypropylene alyeod,
polvethvlene/podypropylene glveol co-polviner, Tripropylene glycol methyl ether,
Tripropviens glveol butyl ether.

In one variation. the cooling of the mixwre to a temperature that optionally alfows an
addition of one or more of®

surfactants, mdd¥ers, fragrance/odor masking agents, colorants, micro-nutrients,
dispersed mitrification mbnbitors, dispersed urease inhibitor(s}, crvstaliization mhibitors
andfor flow modifiers,

In @ varigtion, the method further comprises adding the composition to 3 fertihzer
granule or hguid as an additive.

In one variation, the method makes a composition wherein the one or more
nirification hibitors 1s selected from the group consisting of 1) dicyandiamide, 2) 2-chloro-
G-(trichloromethyhpyvadine, 3} 4-anuno-1,2 4-6-tniazole-HCL, 43 2, 4-diamno-6-
irichloromethyitriazine, §) thiourea, 6) l-mercapio-1.2 4-triazole and 2-amuino-4-chlore-6-
methylpyrimidine, and 7) 3 4 dimethylpyrarole phosphate.

in one variation, the method uses one or more wrease inhibitors selected from the

group consisting of phosphoric triamides, thiophosphoric triamides and alkylated
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thiophosphoric trianudes, wheremn the alkylated thiophosphoric tniamides have one or more

alkyl groops that independently contain between | and 6 carbon atoms.

dicyandiamide, 2) 2-chloro-6-{irichloromethyvipyriding, 3} 4-amino-1,2 4-6~trtazeie-HC, 4)
2 4-damino-6-tnichloromethyitriazine, 3} thiowrea, 6) l-mercapto-1,2 4-triazole and 2-
anuno~d-chloro~-G-methylpyrimidine, 7} 3.4 dimethylpyrazole phosphate; and the one or more
uregse inhibitors comprises phosphoramides.
in one vanation of the method, the method smplovs steps so a3 to make sure that the
composition 1s substantially free of water.
The following references are incorporated by reference m their entiveties.

US Patent No. 4,234,332 to Michaud
L35 Patent No. 4,294 ,6{(14 {0 Evrard
LIS Patent No. 5,024,689 1o Sutton ¢t al.
US Patent No. 5,106,984 1o Halpemn
LS Patent No. 6,458,734 to Barth
LIS Patent No. 8,562,711 to Sution, and
WO 2008000196,

{t is contemiplated and therefore within the scope of the present mvention that any feature
that 13 described above can be combined with any other featare that s described above.
When nuxtures, formulations andfor conpositions are discussed, it shoudd be understood that
those mixtures, formmulations andfor compositions are contemplated as being parts of igger
mixtures, formulations and/or compositions. H is also contemplated that any feature or
member of a group can be onnited from a list of possible features and/or members. Further,
if g composition 1 enumerated, methods using and methods of making that composition arg
contemplated and within the scope of the present invention. When a range s discussed, i is
contemplated and therefore within the scope of the invention that any number that falls within
that range is contemplated as an end point generating a pluvality of sub-ranges within that
range. For example if g range of 1-10 s given, 2,3, 4, § 6, 7, 8, and 9 gre contemplated as
end points to generate a sub-range that it within the scope of the emumerated range.
Moreover, it should be anderstood that the present invention contemplates nunor
modifications that can be made 1o the composttions and methods of the present invention. In

any event, the present invention is defined by the below clamms.
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We claim:

1. A composition comprising one or move witrification inhibitors audfor ove or more
urease inhibitors,

2. The composttion of claim 1, wherein the one or more nifrification mbibitors is
selected from the group consisting of 2-chioro-6-{inchioromethyvDpyniding, 4-Amino-1,2 4-6-
triazole-HCL, 2 4-Diamino-6-trichloromethylinanine CL-1580, Dicyandianmde, thiourea, -
Mercapto-1,2 4-triarole, and 2-Amino-4-chlovo-6-methvipyrinndine.

3, The composition of claim 1, wherein the one or move wrease mhbibitors i selecied
from the group consisting of phosphoric trianides, thiophosphoric triamides and atkylated
thiophosphoric riwmides, wherein the alkyiated thiophosphoric triansides has one or move
alky!l groups that independently contain between 1 and 6 carbon atoms.

4. The composition of claim i, wherein the one or more nitrification imhibiors
comprises one or more of 2-chioro-G-{trichloromethyDpyridine, 4-Amno~1,2 4-6-trigzole-
HCL 2 4-Dianuno-6-trichloromethyitriazine CL~15380, Dicvandiamide, thiowrea, 1-

Mercapto-1.2 4-triazole, and 2-Anuno-4-chloro-6-methvipyrimidine and the one or more

prease wnhibitors comprises phosphoramides.
5. The composition of claim 4, further comprising one or more of surfactants, buffers,

fragrance’odor masking agents, colorants, micro-nuirients, andfor How modifiers.

6. The composition of clam |, wherem the one or more nitrification mhubitors
compises one or move of 2-chloro-G-(trichloromethyDpyridine, 4-Anuno-~1,2 4-6-triazole-
HCI 2 4-Dianuno~-6-trichloromethyliriazine CL~15380, Dicvandiamide, thiourea, 1-
Mercapto-1,2 4-triarole, and 2- Amino-4-chioro-6-methyipyrimidine in a formulation wherein
the nitrification mhbitors ave present i an amound that is between about 10-43% of a {otal
formulation amount and the formulation also contams a mixture of DMSO and another
organo-tiquid solvent in ratios that are between about 20480 to K20,

7. The composition of claum 1, wherein the one or more nitrification inhibitors
comprises one or more of 2-chloro-6-(trichloromethyDpyridine, 4 Amino-~1,2 d-6-trigzole-
HCT, 2 4-Dianuno-6-richloromethyltriazine CL~1580, Dicvandiamide, thiourea, 1-
Mercapto-1,2 4-triazole, and 2-Amino-4-chloro-6-nrethylpyrimidine m a formulation wherein
the miirfication inhibitor (33 1s{are) prexent in an amount that 15 betwean about 1045% of 3
total formulation amount and the formelation slso comprises N-{n-butvl) thiophospharic
triamide.

B The composition of claim 4, wherein the composition is substantially free of water,
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9. The composition of claim 1, further comprising a sclvating agent, wheran the
solvating sgent i3 a compownd of Formala §:

B-X-Y is Formula 1

wherein:

3 15 -H, CH-0-, or HO-,

e or  ~=(Hy—CHy—

wherein W is -H, -UH-CH;, or -CH;
(8
CHy Q G Q w? - )j\ T
P ! “fse: 7 i ; N7 N

Yis Oy~ A 0D 8] ONRE T ——C=RY U NCH), or A

* ]

('{‘H_g (%'.‘IH;
aherein A is O (OFHCHm OLAOCH-CHy10-M » or [fOCHCH L 0-CHCH 3, J0-Q

O
il

wherein K is -H, -UHy, or -C
wherein R is -H, ~CHy, -CHOIOE-CH;,
Q

N

wherein L is -H, ~-CH. or —é—“f\c"
wherein ALY s -H, -CH;, ~CHEOH)WCH;
wherein a is {~10
1
wherein M is -H, -CH;, -C-RE
whersin RY is -H, -CHa, -CHOH}-CH;
wherein big 1410
Q
oo
wherein (O is H, -CHg, LR
wherein R is -H, <CH;, -CHOM-CH,
wherein o is 1-10
wherein d is 1-10
wherein D s ~0-"AB”, {OCHCH- 07 ADT,
CH, £
(()-(’.‘.H-ﬂny WOAR ox ;;(()-(:Hz-(:H;_-)g(o-firn-t:Hg- WIOAF

O
i

wherein SAR” is <H, -CH,, "0 AG
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wherein “AGT 8 ~H, ~CH;, ~CHEOH-CHY

O

i
wherein “AD i ~H, <CH,, ~C-"AH"

wherein “AH s -H, -CH;, -CH{OH)-CH;

wherein ¢ is 110
G
oo
whereln "AE” is —H, <CHa, -C-UAL
wherem “Al7 s ~H, -CH,, ~CHOH)CH:
wherein Fig {~10
O
ﬁ” t 01
wherein “AF” is -H, -CH,, ~©"Ad
wherein “AJ7 15 -H, -CH,, -CH{OH-CH;
wherein g ix 1-10
wherein h is 1-180
wherein §is -CH; or -CH-CHs
{3
i
whereln Gis ~-CHs, ™ PIN{EH b
wheren T is ~N{CHy);
wherein R'is -H, -OH, -CH.OH
O
.
e FIN{CH,)]

whergin B i ~CHy,
wherein B is -H, -OH, -CHOH
wherein R s -H, -OH, -CH,0H

wharein U is -H, ~CH-CHs, ~CH;, CHAOH;

PCT/US2015/028961

wherein the organo hquid delivery system meets the following criteria

a. envirommentally safe

b. has a flashpoint above 148°F

¢, inherently rated safe for contact with bumans and animals

d. able to provide mproved and even apphcation to fertilizer granules of

pitrification inhibitors while not causing clumping of the granudes

e, resudls w2 composition comprising at least one of nitrification inhibiior at

fevels of 1 -50% with a Chill Poimt < 407 F.

10, A fertihizer additive, which comprises one or more nirification ihibitors and one or

more wease mhibitors,
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i1 The fertilizer additive of claim 10, wherein the one or more nutrification inhibitors is
selected from the group consisting of 2-chloro-6-{trichloromethylipyridine, 4-Amino-1 2 4-6-
miazole-HCL, 2 4-Diammo-6-trichloromethyliniazine CL~1380, Dicvandiamide, thiourea, 1-
Mercapio- 1,2, 4-triazole, and 2-Amino-4-chloro-6-methylpyamidine.

12. The fertibizer additive of claim 10, wherein the one or more wease inhibitors is
setected from the group consisting of phospboric tnamides, thiophosphoric trianudes and
alkylated thiophosphotic trianudes, wherewn the alkylated thiophosphoric tniamides has one or
more alkyl groups that independently confain between 1 and 6 carbon atoms.

13, The fertthzer addiive of claim 10, wherein the one or more nitrification inhibitors
comprises one of more of 2-chiovo-O~(trichloromethyhpyridine, 4-Amino-1.2 4-6-triazole-
HCL, 2, 4-Dianuno-6-trichloromethyliriazine CL-1580, Dicyandiamude, thiourea, 1-
Mercapto-1,2 4-triazole, and 2-Amino-d-chloro-G-methyipyrimidine and the one or more
urease inhibitors comprises phosphoramides.

14, The composition of clamy 10, further comprising a solvating system which is an
organo-fiquid or a blend of organo~liquids, which includes one or more of the following:
Dimethyl sulfoxide, Dimethyvlacetamide, DimethyHormamide Hexamethylphosphoramide,
propylene carbonate, ethylene carbonate, butylene carbonate, N-glkyl-Z-pyrrolidone | 1.2-
dimethyloxyethane, 2-methoxyethy! ether, cyclohexyvlpyirolidone, ethyl lactate, and 1.3
dimethyl-2-nudazolidinone, limonens, ethyiene glycol, propylene glycol, butviene glveol,
trimethylol propane, pentacrythritol, glycerine, trimethylol ethane, polvethylene glveol,
polvpropylene glycol, polyethylene/polypropylene glycol co-polymer, Tripropylene glveol
methy! ether, Tripropviene zlveol butyl ether, acetate and/or fumerate capping of glycols
which include but are not limited to the following glycols:

a. ethylene glycol. propylene glveol, butylene glyeol, tnmethylol propane,
pentasrvihritol, ghycering, tnimethylol ethane, polyvethylene giveol,
polypropylene glycol, polvethylene/polvpropylene glycol co-polvmer,
Tripropyvlene glveol methyl ether, Tripropylene glyeol butyl ether.

wherein the organo hguid delivery systemn meets the following criteria

£ environmentally safe
o. has a tlashpoint above 145°F

h. inherently rated safe for contact with humans and animals
1. able to provide improved and even applicatton fo fertilizer granules of

mitrification inhibitors while not causing clonmping of the granules
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3. resalts in a composition comprising at least one of nitrification inhibitor at
levels of 1 -30% with a Chill Point < 40°F.
150 A method of making g composition to be added to a fertibizer comprising:
heating & mixture comprising one or mowe nitrification wlabitors and one or more
urease inhibitors to effectuate mixing of the mixture;
cooling the nuxture to a temperature that optionally allows addition of one or more of
surfactants, buffers, fragrance/odor masking agents, colorants, micro-nutrients, gndior
flow modiliers.
16, The method of claim 14, Turther comprising adding the composition to & fertilizer.
17. The methad of claim 14, wherein the one or move aitrification inhibitors is selected
from the group consisting of 2-chioro-6-{trichloromethylpyridine, 4- Amtino-1.2 4-6-triazole-
HCL 2. 4-Dianuno~-G-trichloromethyltniazine CL-1380, Dicyandiamide, thiourea, 1-
Mercapto~1,2 d-triazole, and 2-Amino-4-chloro-6-methylpyrinmdine.
L8 The method of claim 14, wherein the one or more urease inhibitors is selected from
the group consisting of phosphoric triamides, thiophosphoric triamides and alkylated
thiophosphoric triamides, wherein the alkyvlated thiophosphoric trianides has one or more
alkyl groups that independently contain between 1 and 6 carbon atoms.
19, The method of claim 14, wherein the one or more nifrificaion inhibiors comprises
dicvanoamides and the ong or more urease inhibitors comprises phosphoramides.

20, The method of claim 14, wherein the composition is substantially free of water.
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