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SOLVENT FOR THIOPHOSPHORIC TRIAMIDE OR DICYANDIAMIDE
SOLUTIONS, AND KELATID RMICTHODN

PRIORITY CLAIM
Tins apphication clams the benehit of U.LS. Provisional Palent Application Senal
Number 62/057,698 {iled September 30, 2014, entitled SOLVENT FOR
THIOPHOSPHORIC TRIAMIDE SOLUTIONS, AND RELATED METHODS, the
disclosure of which 1s mmcorporated heren by reference.

FIELD OF THE INVENTION

The tollowing description relates 1o compositions {especially solutions) that
contain thwphosphoric trianude and inicthy! phosphate as a solvent, dicyandianude
and triethyl phosphate as a solvent, or both thiophosphoric triamide and
dicyandiamide with triethyl phosphate as a solvent, the solvent optionally containing
One or more co-solvent; compositions made or denived therefrom; and related
methods of preparmg and using these compositions and derivative compositions.

BACKGROUND

The agricultural industry uses a variety of fertilizers to apply macronutrients
to crop plants, either by application to the soi or apphication 1o plant leaves.
Nitrogen, phosphorus, potassiam, calcium, magnesium, and sulfur are six
macronutrients commonly apphied to agricultural crops or soil. Nitrogen 18
commonly applicd in the form ot urea or as an anunonium sakt such as anumonmium
phosphate,

Urea, by some estimates, constitules forty-six percent of the worldwide
consumption of mitrogen n agriculiure and 18 the most widely used nitrogen
fertilizer. But after application to seil the urea compound 1s susceptible to
hydrolysis, which converts the urea o gaseous ammomia and carbon dioxide. The
reaction 1s catalysed by the enzyme urcase, which is produced by some bacteria and
fungi and can be present i soif. The gascous ammonia will volatiize to the
atmosphere resulting in substantial loss of matrogen from the total amount applied as
urca fertihizer to a ficld.

To prevent the hydrolysis reaction of urea in a urea-based fertilizer afier
appiication, a urcase inhibitor may be mncluded m or added to the urca-based

fertilizer. The urease mhibiior can prevent conversion of the grea by urease to
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gascous ammonia, preventing the loss of mitrogen from the {ertiizer {0 the
atmosphere. Preventing conversion of the urea {0 anumonia will mcerease the amount
of urea {and, necessartly, nitrogen) from the fertilizer that remains m the soil for
absorption by a crop plant, making the urea available to plants mw the soil for an
extended time period. Increasmng the amount of timie that the urea 18 available 10 the
plant increases the effectiveness of the fertilizer, which mmproves ¢rop yield and
quality,

Among ctiective urcase mhibitors are the thiophosphoric trianude
compounds disciosed wm the ULS. Pat. No. 4,530,714 (incorporated herem by
reterence), meluding alkyl thiophosphoric tnamide compounds such as N-alkyl
thiophosphoric trianmdes. The compound N-{n-butyDihiophosphoric tnamide
(NBPT) 1s the most common species of thiophosphoric triamide compounds
currently used in commercial agricuiture.

Thiophosphoric tnamide compounds, meluding N-{n-butyithiophosphoric
trianude, can be mn the form of a solid, waxy material that decomposes by the action
of moisture and clevated temperature. These materials are known to be ditficult to

process, such as 1o meorporate the material mnto a denvative composition such as a

urea-based fertilizer. Desirably, to facilitate processing, the throphosphoric friamide
material can be dissolved m a solvent to torm a solption that contains the dissolved
thaophosphonc fmapude. The solution should meet basic practical requirements
mcluding: lagh solubility and stabihity of the thiophosphoric tramide compound n
the solution; resistance of the solution to crystallization at low temperature; suitably
low viscosity of a solution for processing; low toxicity; low volatility; low

flammability; ounimum content of water; and preferably low cost.

Examples of solvents that have been identified as asehul for forming a
soiution of sglvent and urease inhibitor {e.g., NBPT) are described 1o patent
documents that include Unated States Patent Number 5,698,003 ; United States
Patent Number &, 163,058; United States Patent Number 8,617, 425; Untted States
Patent Application Publication Number 2013/3134806; and United States Patent
Apphication Publication Number 2014/0090432; the entirctics of these documents

being meorporated herein by reference.

N2
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Separately or in combination with a urcase inhibitor, a “mitrification
mmhibttor’” can be added to or apphied with a nitrogen-based fertilizer to prevent
denitrification 10ss. An example of a nitrification mhubitor 1s dicyandiamide (DCD),

When apphied with a mitrogen-based fertihizer, DCD can help prevent the loss of

-y

nitrogen through deniinification and leaching. But physical properties of DUD
create challenges 10118 use by apphication to crops or soil. Dicyvandianude m a solid
torm exhibits a very low solubility in water (about 41 grams per liter), making it
ditficult to directly mcorporate 1nto an aqueous end use fertilizer composition. One
method of using DCD 15 1 a crystalline torm, which can be added directly to an

{0 agqueous-based mitrogen fertilizer. However, the low water solubihity of DUCD makes

this technigque dithicult. Alternately, 1o bypass a step of solubmbizing DCD, DCD can
be added to molten urea and granulated. See, e.g., United States Patent 5,352,265,
This chiminates the need to disseive the DCD m a solvent.
The agriculture and agriculture chemical mdustries continue 10 search for
15 stifl more options for solvents usctul for dissolving and processing urease mhibitors
such as NBPT, and nutrification imubitors such as DCD, mto conunercial fertthizer
matenals and other products.

SUMMARY

Urease mhibitors and nitrification inbibitors are well known i the chenucal
20 and agnicultural chemical arts, and are described i myriad patent documents
mcluding United States Patent Number 4,530,714, the enfire contents of that
document being mcorporated herein by reference. Urcase mhibitors arc usetul in
fertilizer products, especially urca-based fertilizers, which may be liguid or solid
(¢.g., granules). Urease inhibitors may also be usetul to prevent nitrogen loss from
25 anirnal wastes (excrements, manure), which are caused by the enzymatic cleavage of
urea present m the wasies, {0 gascous ammonia, Stnilarly, urcase inhibitors may be
used 1 spray or other products designed 1o mask anmimal urine odor. Nitrification
mhabitors are also usetul with and may be meorporated mto nitrogen-based

tertilizers to help prevent the loss of nitrogen through denitrification and leaching

i
oMi
e’

{optionally in combination with a urease mhibitor).
To mcorporate a urcase inhibitor or a nifrification inhibitor into a fertilizer or

other usctul composition, the urease mhibitor or nitrification mbibitor can preterably
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be processed by use of a solvent i which the urease mhibitor or nitrification
mmhibitor will effectively dissolve. According to the present description it has now
been discovered that urease inhabitors such as thiophosphoric tmamides, especially
N-{(n-butylithiophosphoric triamide, as well as nitrification inhibitors such as
dicvandianude, can be dissolved in solvent that mcludes triethyl phosphate. The
solvent can be entirely (e.g., 100 percent) triethyl phosphate, or may mcelude tnethyd
phosphate 1n combination with a major or munor amount of one or Mmore co-selvent
such as an aikvi {¢.g., cthyl) lactate, dimethyl sulfoxide, triethyl phosphate, N-
methvi pyrrolidone, glycol, giveol dervative, propylene glycol, sultelane, or a
combination of two or more of these co-sofvents. Other exemplary solvents can
mclude tricthyl phosphate  combmation with a major or minor amount of a
mixture of two or more difterent co-solvents, such as a mixture of tricthyl and ¢thyl
lactate, a mixture of triethyl phosphate and dimethyl sulfoxade, or a mixture of

triethyl phosphate, ethvl lactate, and dimethyl sulfoxade.

Examples of useful sohutions can contain only the thiophosphoric triande
urcasc mhibttor compound and solvent, only the dicvandiamide and solvent, or a
combination of only the thiophosphoric trianude urcase mubitor and dicyandianude
and sclvent, with the solvent contaiming the tricthyl phosphate and optional co-
solvent,

Examples ot solutions as described herein can include at least one
thiophosphoric fnamide urease mhubitor (e.g., from about 15 to 50 weight percent of
the thiophosphoric frianude urease inhibitor based on total weight of the sohution) in
sofvent {¢.g., from 5{ to 35 weight percent solvent based on total weight of the
soiution} that contains iricthyl phosphate, and optionally one or more of an alkyl
lactate, dimethyl sulfoxade, triethyl phosphate, N-methyi pyrrolidone, glyeol, glycol
derivative, propyiene ghyeol, sulfolane, or a combination of two or more of these as
co-solvent.

(ther examples of sohutions as described heremn can include dicyandiamade
{c.g., from about 15 1o SO weight percent of the dicyandianide based on total weight
of the solution) m solvent (e.g., from 54 to 85 weight percent sclvent based on total
weight of the solution) that contamns tricthyl phosphate, and optionally one or more

ot an alkyl lactate, dimethyl sulfoxide, triethyl phosphate, N-methyl pyrrolidone,
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olvcol, glyeol dertvative, propylene glveol, sulfclane, or a combination of two or
more of these as co-soivent.

Any of the useful solutions as described may consist of the thiophosphoric
triamide compound (¢.g., N-{(n-butyhthiophosphoric triamide) and solvent, meamng
that the solution 15 100 percent thiophosphornic trianude compound and solvent, the
solvent bemg tnethyl phosphate optionally m combination with one or more ¢co-
solvent.

Usecful sohutions as described may consist of the dicyandiamide compound
and solvent, meaning that the solution 1s 100 percent dicyvandiamide and solvent, the
soivent being tricthy! phosphate optionatly m combination with one or more ¢o-
solvent.

Other usetul solutions as described may consist of the thiophosphoric
triamide compound {(e.2., N-{n-butyithiophosphoric triamade}, the dicyandiamide
compound, and solvent, meanmg that the solution 1s 100 percent thiophosphoric
inanude compound (¢.g., N-{n-butylithiophosphoric trianude), dicyandiamide, and
soivent, the solvent being tricthyl phosphate optionally 1n combination with one or
more co-solvent.

(Uther exemplary solutions may consist essentially of the thiophosphoric
triamide compound and sclvent (including co-solvent), dicyandianude and solvent
(including co-solvent), or the thuophosphoric triamide compound with
dicvandiamide and seolvent (including co-solvent). A solution that consists
cssentially of the thiophosphoric triamude compound and solvent, dicyandiamide
compound and sclvent, or the thiophosphoric trianude compound with
dicyandiamide and solvent, 18 a solution that contains not more than 5 weight
percent, e.g., iess than 2 weight percent, preferably less than 1, 0.5, or 0.1 weight
percent of material or mgredient {¢.g., water, adjvant, impurities) other than the
thuophosphoric fmamude compound, dicyandiamide, or a muxture thereof, and the
solvent (mcluding co-solvent),

Preferred sohutions can have a very low water or moisture content, such as
below 1 percent, e.g., below .5 or 0.1 weight percent moisture based on the weight

of the solution.

(A
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Preferred sohutions are suthicicntly stable to allow the solution to be stored
over an extended penod of time at stable or varied temperature (¢.g., at least two
weeks at or near room temperature (72 degrees Fahrenheit)) without experiencing

separation, crystallization, or chemical breakdown. Preferred sohutions can also

-y

serve as a vehicle 1o meorporate the thiophosphoric triamide urcase inhibttor,

dicvandiamde, or both, mto a urea-based sohid or igund fertilizer or other usetul

dertvative composition. The solution can be processed to form any useful
dertvative, such as a composition useful for coating onto or otherwise incorporating
mmto fertilizer products.

i As used herein, the term “alkyl” means a saturated straight chamn, branched
chain, or cyche hydrocarbon radical, meluding but not limited 1o, methyl, ethyl, n-
propyvl, iIso-propyl, n-bulyl, sec-butyl, t-butyl, pentyl, n-hexvyl, and cyclohexyl.

In one aspect, the mvention relates 1o a selution that meludes: thiophosphoric
triamide urease mhibitor, and tiethyl phosphate as solvent.

15 In another aspect, the invention relates to a method of preparing a urea-based
fertilizer. The method meludes providing a solution as described herein (¢.g.,
meluding thiophosphoric triamade urease mhibitor, and triethyl phosphate as
solvent) and mcorporating the solution mto the urea-based fertilizer.

In another aspect, the mvention relates to a solution that mehudes:

20 dicvandianude and tricthyl phosphate as solvent.

In another aspect, the mvention relates 10 a method of preparing a urga-based
fertilizer. The method mehides providing a solution as described herein {¢.g.,
mciunding dicyandiamide and tricthyl phosphate as solvent) and imncorporating the
solution nto the urea-based fertihizer,

25 DETAILED DESCRIPTION

Following 1s a description of solvents, solvent-contaming compositions such
as solutions, and agricultural products and dertvatives thereof, These compositions
and solutions can mclude urea-based fertilizer composttions that contain & urease

mhbitor from the group of thiophosphoric tnamide urease mhibitors. The

i
oMi
e’

compositions can alternately or additionally contain a nitrification inhibitor such as

dicyandiamide (DCD). A composition includes tricthyl phosphate as a solvent,

SUBMTITUTE SHEET (RULE 26)
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cither alone or as part of a solvent system containing tricthyl phosphate with onc or
more co-sotvent.

The thiophosphoric triamide urease inlubitor may be an alkyl thaophosphorie
triamide, .g., an N-alkyl thiophosphoric triamide, {or example N-{n-butyl}-thio-
phosphoric triamide, also referred to herem as NBPT, It 1s understood that the terms
thiophosphoric fmamide, atky! thiophosphoric triamde, N-alkyl thiophosphoric
triamide, and N-{(n-butyl)-thio-phosphoric triamide as used throughout this
application refer not only to the spectfic materials in a pure form, but also {0
commercial grades of such matenials, which may contam up to 50 percend,
preferably not more than 20 percent, of impunties, depending on the method of
synthests and purtfication scheme, if any, used in preparation of the material,

Industrial grade thiophosphoric triamides are often waxy and sticky materials
that arc difficult to handle and process to denvative products usmg conventional
mdustrial eqanpment and methods. Thiophosphoric triamides are also of low
soiubiiity 1 water, 1n aqueous solutions such as ammonnim hydroxide sohitions,
and 1 vartous common organic solvents such as tolucne, benzene, hexane,
dichloromethane, and others., Lower alcohols are good solvents for the N-alkyl
thiophosphoric trianmdes but are Hlammable, presenting satfety problems. Also, alkyl
thiophosphoric trianides are considered to be unstable in many agqueous and non-
aqueous solvents,

Dicyandiamide 18 a known chemical compound, effective as a nirification

mhibitor, and having the formula (I):

N
i

I
&

Uneyandiamide, also known as “Z2-cyanoguanidine,” can be made by known methods
of treating cyanamide with base, and 1s commercially available. Dicvandianude can

be provided in the form of a concentrated sohid ingredient, ¢.2., a flake, pellet, or

oranuie, that contains a high concentration of the DCD, e.g., at least 50, 75, or 90

weight percent DUCD. The dicyandiamide also preferably contams a low amount of
moisture, such as less than §, 2, or 1 percent water based on the total weight of the

DD composHion.
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According to the present description, triethyl phosphate can be a usehul
solvent for a mtrification wdubitor such as DCD; for a urease mhibiior such as a
thiophosphoric triamide, an alkyl thiophosphoric trianude, a N-alkyl thiophosphonic
triamides, or a N-{n-butyl)-thio-phosphoric triamide; or {or a combination of the

nitrification mhubtor {¢.g., BCD) and one or more of these urcase wdubitors.

-y

Triethyl phosphate, which 1§ the tniester of ethanol and phosphoric acid, can
alternately be referred to as phosphoric acid tricthyl ester, ethyl phosphate,
iriethyiphosphate, tris{ethyl) phosphate, or tricthoxyphosphine oxide. Triethyl
phosphate 15 a coloriess Liquid at room temperature and has the following chemical

i formula:

The relative amount of the nitrification mhibitor, the urease mhibitor, or
15 both, 1 a composition that contains tricthyl phosphate as a solvent, can be any
amount or amounts usctul to allow an effective amount of the nurification mbibitor,
urease indubitor, or both, to dissolve m the solvent to allow the resultant solution fo
be processed as desired.
Exemplary amounts of thiophosphoric triamide and triethyl phosphate, as a
20 solvent, i a sohution that does not contain co-solvent, can be, ¢.g., from 15 to 5O
werght percent thiophosphoric triamde, and from SO to 30 weight percent triethyl
phosphate, tor example tfrom 20 to 35 weight percent thiophosphoric triamide and
from 65 10 80 weight percent tniethyl phosphate. The solution may consist of ot may
consist essentially of the thiophosphoric triannde and trigthyl phosphate.

A

25 Exemplary amounts of

OCD, with triethyl phosphate as a solvent, i a
sopiution that does not contam co-solvent, can be, ¢.g., from 15 to 50 weight percent
3D, and trom 50 to 85 weight percent trniethyl phosphate, tor example from 20 to

35 werght percent DCD and from 65 10 80 weight percent triethyl phosphate. The

SUBMTITUTE SHEET (RULE 26)
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solution may consist of or may consist essentially of the DCD and tricthyl

phosphate.

Exermplary amounts of DCD and NBPT, with triethyl phosphate as a solvent,

in a solation that does not contain co-solvent, can be, ¢.g., from 15 to 50 weight

-y

percent DCD and NBFT, and from 50 to 85 weight percent tricthy! phosphate, for

example from 20 to 35 weight percent DUD and NBPT and from 65 to 50 weight
pereent triethyvl phosphate. The solution may consist of or may consist essentially of
the DCD, NBPT, and tricthyi phosphate.

Uptionally, the solution may also contain at least one additional solvent

{0 (referred to as a “‘co-sofvent”). The amount and type of co-solvent can be as deswed,
with certamn preferred co-solvents mehuding alkyl lactate (e.g., ethyl lactate),
dimethyl sulfoxade, trigthyl phosphate, N-methyl pyrrohidone, glycols, glycol
derivatives such as propyicne glveod, sulfolane, and combmations thercot.

The solution can imclude tnethyi phosphate as the only solvent, or may

15 contain a single co-solvent or a mixture of two or more co-solvents. Where a
mixture of co-solvents 1s used, examples of preferred co-solvent mixitures melude a
mixture of tricthyl and alkyl {e.g., ethyl) lactate; a nuxture of tricthy! phosphate and
dimethyl sulfoxide; and a mixture of tricthyl phosphate, alkyl (¢.g. ethyl) lactate, and
dimethyvi sulfoxide.

20 Excmplary amounts of thiophosphoric trianude, tricthyl phosphate, and co-
solvent (a single co-solvent or a muxture) m a solution that contams ¢o-solvent can
be, e.g., from 15 to 50 weight percent thiophosphoric trianuide, from S0 to 85 weight
percent fricthvl phosphate, and up to about 50 weight percent co-solvent, for
example from 20 to 30 weight percent thiophosphoric triamide, and from 70 to 80

25 weight percent tricthyl phosphate, and up to about 36, 25, 15, or 18 weight percent
co-solvent based on the weight of the solution. The solution may consist of or may
consist essenfialiy of the thiophosphoric triamaide, the tricthyl phosphate, and the co-

solvent.

Exemplary amounts of BCD and co-solvent (a single co-solvent or a
30 mixnure} 1o a selution that contains co-solvent can be, e.g., from 15 10 50 weight
3D, from 50 to 85 weight percent tricthyl phosphate, and up to about 75 or 80

weight percent co-solvent, for example from 28 to 30 weight percent DCD, and from

9
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70 to 80 weight percent tricthyl phosphate, and up to about 80, 75, 70, 60, 50, 30,
23, 15, or 10 weight percent co-solvent based on the weight of the solution. The
soiution may consist of or may consist essentially of the DCD, the tricthyl
phosphate, and the co-solvent,

Exemplary amounts of DCD, thwophosphoric triannde, tricthyl phosphate,
and co-solvent {a single co-solvent or a muxture) m a solution that contains ¢o-
solvent can be, e.g., from 13 to 50 weight percent DCD and theophosphoric triamade,
from 5{} to 85 weight percent tricthyl phosphate, and up to about 75 or 80 weight
percent co-solvent, for example from 20 to 30 weight percent DXCD and
thiophosphoric triamide, and from 70 to 80 weight percent triethyl phosphate, and
up to about 84, 75, 70, 60, 50, 30, 25, 18, or 1 weight percent co-solvent based on
the weight of the solution. The solution may consist of or may consist essentially of
the DCD, thiophosphornic triamide, the triethyl phosphate, and the co-solvent,

The amount of the co-solvent m the sohution may depend on the type of ¢co-
solvent. Exemplary levels of alkyvl (e.g., ethyl) lactate can be up to about 30, e.g., up
{0 about 25 weight percent based on total weight ot the solution; exemplary levels of
dimethyl sultoxade can be up to about 80, 75, 70, 50, 25, or 10 weight percent, e.g.,
up to about S weight percent based on total weight of the solution; exemplary levels
of a combination of cthyl lactate and dimethyl sulfoxide can be up to about 34, e.g.,
up to about 25 weight percent of the combination based on total weight of the
solution; exemplary levels of MN-methyl pyrrohdone can be up to about 10, e.g., up 1o
about 3 weight percent based on total weight of the solution; exemplary levels of a
giveol or glveol dervative {¢.g., propviene giveol) can be up o about 135, e.g., up 10
about 10 weight percent based on total weight of the solution; exemplary levels of
suitolane can be up to about 13, ¢.g., up to about 10 weight percent based on total
weight of the solution,

Optionally, though not required, a composiiton as described may contam

other additives or adjuvants such as, at least one dye, at lcast one surfactant,

stabthzer, etc. Exemplary embodiments of the solution do not contain any
additional added ingredient or material such as an additive or adjuvant, and can

specifically exclude a dye, surfactant, emuisificr, or stabilizer,

10
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Preferred solutions can be long-term storage-stable and capable of being
mcorporated into a liguid or solid urca-confaining fertilizer or other uschul denvative
composttion. Examples of solutions as described can remain stable {e.g., without
separation, crystallization, or undoae chemical breakdown) over extended periods of
time {e¢.g., 1 week, 2 weeks, 4 weeks) and at a temperature in a range from about 30
degrees F 1o about 120 degrees F. Example solutions can remam stable {e.g.,
without separation, crystaliization, or undue chemical breakdown) for at least 1
week, 2 weeks, or 4 weeks when stored at 72 degrees Fahrenhett,

Preferred solutions exhibit flow and viscosity properties that allow
processing of the solution to meorporate the solution mto a derivative product.
Preferred solutions can be processed to mmpregnate, coat, or gtherwise mcorporaic
thiophosphoric trianude urease mhibuor or DCD (or both) mnto or onto a urea-based
solid or hwpnd fertilizer. This may be accomplished by use of any ot a variety of
known fertilizer bulk blending, coating, or processing equupment. Preferably
mcorporation of the solution mio a solid fertilizer can resudt 1in thorough and
consistent impregnation of the solid fertilizer by the solution and the urcase mhibttor
or DCD (or both). Alternately, preferred solutions ¢an be mascible with a bgud
tertilizer, allowing the sohition to be uniformly mixed or biended mto the hquid
tertilizer.

Exemplary fertilizers into which the solution can be mcorporated can mciude
urea-based tertilizers such as: urea (46-0-0), urea ammonium nitrate solufions

'N‘

-(3-0-128), among others.

{ s

(LUAN}) (2832 percent), and urea ammonnim sulfate (3

xample Solgtions:

Following are examples of solutions of NBPT dissolved m solvent that containg

' General Formulation '
 NBPT 20-50%

Triethyl phosphate 20-75%

{dher solvents (- 50%

Examples

- Component % wiw

i1
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NBPT 26.70%
Tricthyl phosphate 73.30%
HO0.00%

Component
 NBPT
- Triethyl phosphate

Ethyl lactate

omponent
 NBPT

Triethyl phosphate
' DMSO

SUBMTITUTE SHEET (RULE 26)

% wiw
26.70%
438 .30%
25%
FOUL.0U%%

Yo wWiw
26.70%
58.30%
5.00%
1O0.00%

Component Yo wiw
 NBPT 26.70%
Triethyl phosphate 48.30%
Ethyl factate 20%
DMSO 5%

E 100.00%
Component Yo Wiw
 NBPT 26.70%
 Tricthy] phosphate 6R.30%

| N-mothy! pyrrolidone 5%

' 100.00%
Component Yo Wiw
 NBPT 26.70%
 Tricthy] phosphate 63.30%
Propvlene glycol 1%

' 100.00%
Component Yo Wiw
 NBPT 26.70%
 Tricthy] phosphate 63.30%
Sutiolane 109

' 100.00%
(Component Yowlw |
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 DCD 20%

- Tricthyl phosphate 10%

 DMSO 0%

Component Yo wiw

 DCD 20%

 NBPT 5%

- Tricthyl phosphate 10%

 DMSO 655%
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Clamms:
i, A sofution comprising:
thiophosphoric tnamide urease nhibitor, and

solvent comprising triethyl phosphate.

g

2, A solution as recited at claym | wheremn the thiophosphoric triamde 1s N-(n-

butyl}-thio-phosphoric triamide.

3. A solution as recited at claim 1 or 2 wherein the thiophosphoric triamide 18
1} present in the sohufion in an amount between about 15 and 50 weight percent, by

wetght of the solution.

4, A solution as recited at claym 1, 2, or 3 wherein the triethyl phosphate 1s
present m the solution 1n an amount between about S{U and 85 weight percent, by

15 weight of the solution.

3. A solution as recited at claim { or 2 wherein the thiophosphoric triamide 18
present i the selution in an amount between about 20 and 35 weight percent, by
weight of the solution.

20
5. A selution as recited at claim 1, 2, 3, of 5 wheremn the tnethyl phosphate 18
present in the sohution in an amount between about 65 and 80 weight percent, by

weight of the solution.

25 7. A sohition as recited at any of clanms 1 through 6 consisting of N-{N-butyl}-

thio-phosphoric triamide and triethyl phosphate.

3. A sohution as recited at any of clamms | through 6 consisting essentially of N-

(N-butyl)-thio-phosphoric triamide and the tricthy! phosphate.

i4
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9. A sohution as recited at clamm 1 or 2 comprising co-solvent selecied from
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alkyl lactate, dimethyi sulfoxude, tricthyl phosphate, N-mcthyl pyvrrelidone, a ghveol,

a ghycol derivative, propyiene glycol, sultolane, and combinations thereof,

13, A solution as recited at claim 1 or 2 comprising a co-solvent sclected fronu a
nuxture of tricthyl and ethyl lactate; a nuxture of trigthyl phosphate and dimethyl

sulfoxide; and a nuxture of trigthyl phosphate, ethyl lactate, and dimethyi sulfoxide.

i, A solution as rectted af claim 9 or 10 wheren the thiophosphoric frianude 18
present m the solution 1o an amount between about 15 and 50 weight percent, by

weight of the solution.

12, A solution as recited at claim Y or 10 wherein the thiophosphoric triamide 1s
present in the solution i an amount between about 20 and 30 weight percent, by

weight of the solution.

13, A solution as recited at any of claims 9 through 12 wherem the tnethyl
phosphate 18 present 1 the solution 1 an amoont between about 50 and 85 weight

percent, by weight of the solution.

{4, A sohution as recited at claim 13 wheremn the tniethyl phosphate 1s present 1n
the solution 1n an amount between about 70 and 80 weight percent, by weight of the

soiution.

15, A solotion as recited at any of claims 9 through 14 wherein co-solvent is
present in the sohition in an amount up 1o about 30 weight percent, by weight of the
solution.

16, A sohution as recited at any of clapms 9 through 15 consisting of N-{N-

butvi)-thio-phosphoric trianude, tricthyl phosphate, and co-solvent.
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17. A sohution as recited at any of claims 9 through 15 consisting essentially of

N-{N-butyl)-thio-phosphoric trianude, tricthy! phosphate, and co-solvent.

18. A sglotion as recited at any of clavms 1 through 17 comprising a dye.

19, A method of preparing a urea-based fertilizer, the method comprising
providing a solutton as specihied at any of claims 1 through 18 and meorporating the
solution mto the urea-based fertilizer,

20 A method according to clavm 19 wherein the urea-based fertihizer comprises
solid particies and the method comprises impregnating the solid particles with the

solution,

21, A method according to claim |19 wheremn the urea-based fertihizer comprises
a liguid and the method comprises mcorporating the solution uniformly mto the
quad.

22, A method according to claim 19 wherem the urea-based fertihizer 15 selected
from the group conststing of: urea (46-(-0), ureca ammoniom nitrate soluttons (28-32

percent), and urea ammonium sulfate (33-0-0-125).

23, A solution accordmg to any of clamms 1 through 1§, comprising

dicyandiamaide,

24, A solation according to any of claims | through 18, comprising from 5 6 30

weight percent dicyandiamide,

25. A solution conmprising dicyandianude and solvent comprising tricthy|

phosphate.

16
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26, A sohution as recited at claim 25 wherein the dicyandiamide 1s present 1o the
soiution m an amount between about 15 and 50 weight percend, by weight ot the

soigtion.

27, A solution as recited at claim 25 or 26 wherem the triethyl phosphate 1s
present in the solution i an amount between about 50 and 85 weight percent, by

wetght of the solution.

28. A solution as rectied at any of claims 25 through 27 wheremn the
dicyandiamide 1s present m the solufion in an amount between about 20 and 30

weight percent, by weight of the solution.

29. A solution as recited at any of claims 25 through 27 whercin the tricthyl
phosphate 1s present m the solution in an amount between about 70 and 80 weight
percent, by weight of the solution.

3, A solution as recited at any of claims 25 through 29 consisting of

dicyandiamide and trigthyl phosphate.

31. A sclution as recited at any of clamms 25 through 29 consisting essentially of

dicvandiamide the tricthy! phosphate.

32. A solution as reciied at clamm 25 comprising co-solvent selected from alkyl
lactate, dimethyl sulioxade, triethyl phosphate, N-methyl pyrrohidone, a glycol, a

glycol dertvative, propyiene glycol, sulfolane, and combinations thereot.
33. A solution as recited at claim 25 comprising a co-solvent selected trom: a
nuxture of tricthyl and ethyl lactate; a nuxture of trigthyl phosphate and dimethyl

sulfoxide; and a nuxture of trigthyl phosphate, ethyl lactate, and dimethyi sulfoxide.

34, A solution as rectied at clamm 25 consisting of dicyvandianude, tricthyl

phosphate, and dimethyl sulfoxade.
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33, A solution as rectied at clamm 25 consisting essentially of dicyandiamade,

tricthyl phosphate, and dimethyl sulfoxide.

-y

36. A solution as recited at claim 25 through 29 comprising co-solvent

comprising dimethyl sulfoxade.
37. A mecthod of preparing a urea-based fertilizer, the method comprising

providmg a solution as spectfied at any of clamms 1 through 18 and mcorporating the

0 soigtion mto the urea-based fertihizer.
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