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(54) COMPOSITIONS COMPRISING AMMONIUM NITRATE DOUBLE SALTS

(57) A composition comprising ammonium nitrate and at least a second compound selected from the group consisting
of ammonium sulfate, ammonium phosphate, calcium nitrate, potassium nitrate, magnesium nitrate, ammonium molyb-
denate, ammonium hexafluoralsilicate, neodymium hydroxynitrate and combinations of two or more of these.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to ammonium nitrate compositions, and more particularly to ammonium nitrate
compositions comprising one or more ammonium nitrate double salts. The compositions of the present invention are
generally useful as fertilizers and preferably have desirable levels of nitrate ions and relatively high resistance to deto-
nation.

BACKGROUND OF THE INVENTION

[0002] It is well known that, because of its high concentration of nitrate ions, ammonium nitrate has important uses in
the field of agriculture in general and fertilization in particular. However, it is also well known that ammonium nitrate, in
many of the forms in which it has heretofore been commonly used, is relatively difficult and potentially hazardous to
handle commercially in large amounts, and/or to store in great masses (such as occur in commercial warehouses and
storage bins), especially for relatively long periods of time. Furthermore, it has been known that many of the forms of
ammonium nitrate heretofore commonly used have had a tendency to detonate under relatively mild conditions, and
have therefore sometimes been abused and misused as an explosive material.
[0003] The use of ammonium nitrate in the form of a double salt with ammonium sulfate for the purpose of reducing
the hazardous properties of the ammonium nitrate has been suggested in United States Patent 6,689,181, which is
incorporated herein by reference. On the other hand, the use of ammonium nitrate in the form of a double salt diethyl-
enetriamine trinitrate has been suggested for use because of its increased explosive properties and detonation tenden-
cies. See, for example, United States Patent 4,481,048. Thus, it is difficult to predict in advance with any degree of
precision what impact, if any, a particular form of ammonium nitrate, particularly ammonium nitrate in the form of a double
salt, will have on the explosive properties of the material or the tendency of the material to detonate.

SUMMARY OF THE INVENTION

[0004] Preferred aspects of the present invention provide ammonium nitrate compositions comprising ammonium
nitrate and at least a second compound, said second compound being present under conditions and in amounts effective
to substantially reduce the detonation sensitivity of the composition and/or to otherwise improve a desired property of
the composition. In preferred embodiments, the second compound is selected from the group consisting of ammonium
sulfate, ammonium phosphate, calcium nitrate, potassium nitrate, magnesium nitrate, ammonium molybdenate, ammo-
nium hexaflouralsilicate, neodymium hydroxynitrate, and combinations of two or more of these. In preferred embodiments,
at least a substantial portion of the ammonium nitrate in the composition is in the form of a double salt with one or more
of said second compounds. In highly preferred embodiments, the present compositions consist essentially of one or
more double salts of ammonium nitrate and a second compound as described herein.
[0005] Another aspect of the present invention provides methods for reducing the sensitivity to detonation of compo-
sitions containing ammonium nitrate by including in such compositions one or more additional compounds effective to
substantially reduce the detonation sensitivity of the composition, said additional compound preferably being selected
from the group consisting of ammonium sulfate, ammonium phosphate, calcium nitrate, potassium nitrate, magnesium
nitrate, ammonium molybdenate, ammonium hexafluorosilicate, neodymium hydroxynitrate, and combinations of two or
more of these. Preferably, said one more additional compounds are incorporated into the composition under conditions
effective to produce at least one double salt of ammonium nitrate and one more of said additional compounds.
[0006] Another aspect of the present invention relates to a composition, and preferably a fertilizer, comprising ammo-
nium nitrate in combination with at least a second compound selected from the group consisting of ammonium sulfate,
ammonium phosphate, calcium nitrate, potassium nitrate, magnesium nitrate, ammonium molybdenate, ammonium
hexaflouralsilicate, neodymium hydroxynitrate, and combinations of two or more of these. In preferred embodiments,
said combination of ammonium nitrate and said at least a second compound comprises a double salt of ammonium
nitrate and at least one of said second compounds. The preferred compositions exhibit a reduced sensitivity to detonation
relative to compositions consisting essentially of ammonium nitrate.
[0007] Another aspect of the present invention relates to methods of handling fertilizer compositions comprising pro-
viding a substantially non-detonable fertilizer composition comprising ammonium nitrate in combination with at least a
second compound selected from the group consisting of ammonium sulfate, ammonium phosphate, calcium nitrate,
potassium nitrate, magnesium nitrate, ammonium molybdenate, ammonium hexaflouralsilicate, neodymium hydroxyni-
trate, and combinations of two or more of these. In preferred embodiments at least a portion, more preferably at least
a substantial portion, and even more preferably substantially all of said ammonium nitrate in said composition is present
in the form of a double salt with one or more of said second compounds. The present handling methods include methods
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of transporting fertilizer, methods of storing fertilizer and methods of applying fertilizer to soil or other growing material.
[0008] As used herein, the term "ammonium nitrate composition" refers broadly to compositions which contain am-
monium nitrate in any form, including as double salt with other compounds.
[0009] As used herein, the term "double salt" is refers to a salt made up of at least two different types of cations and
one type of anion or of at least two different types of anions and one type of cation. Thus, the term "double salt of
ammonium nitrate" is understood to mean a combination of ammonium nitrate and another compound in such a way as
to form new compound which is crystallocrystaligraphically distinct from the either of the constituents.
[0010] In preferred embodiments the compositions, including the fertilizers and other materials of the present invention,
have a relatively low concentration of single salt AN. As used herein the term "single AN" refers to a salt in which
substantially all of the cations are ammonium and substantially all of the anions are nitrate. In highly preferred embod-
iments the compositions and materials of the present invention have no substantial amount of single salt AN, and in
certain embodiments the compositions contain not more than trace amounts of single salt AN.
[0011] Preferably the present compositions, particularly in the form of fertilizers and when used in connection with
methods involving handling the fertilizers, are not considered hazardous materials under Title 49 of the Code of Federal
Regulations, "Transportation", Part 172, "Hazardous Materials Table", Oct. 1, 2000, and are also preferably not classified
as oxidizers under United Nations Recommendations on the Transport of Dangerous Goods, Manual of Tests and
Criteria, 1995", "Section 34, Classification Procedures, Test Methods and Criteria Relating to Oxidizing Substances of
Division 5.1 ".

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0012] One aspect of the present invention provides compositions preferably having desirable agricultural properties,
such as would be required for fertilizers and the like, and a high detonation resistance in comparison to single salt AN.
In preferred embodiments, the present invention provides fertilizer compositions comprising one or more double salts
of the formula (I):

 (M)·n(NH4NO3) ·m(H20) (I)

where

M is a cation-anion pair selected from the group consisting of ammonium phosphate, calcium nitrate, potassium
nitrate, magnesium nitrate, ammonium molybdenate, ammonium hexaflouralsilicate and neodymium hydroxynitrate,
n is from about 0.2 to about 3, and
m is from about 0 to about 10.

[0013] In preferred embodiments the present compositions are characterized as being comprised of, and preferably
consisting essentially of, components (preferably double salts) that are low exotherm components and/or that are resistant
to cohesion loss.
[0014] More specifically, in preferred embodiments the present compositions are characterized as being comprised
of, and preferably consisting essentially of, components of compound I that exhibit at least a 2 fold increase in reaction
stability over that of ammonium nitrate, where the reaction stability difference is determined by comparison of the reaction
exotherms of (I) to that of ammonium nitrate. The reaction exotherm as used herein is defined by the energy evolved
during the decomposition reaction of compound (I) into compositional parts which include (but are not all encompassing)
NO, NO2, N2O, N2, H2O, NH3 and HNO3. Preferably, the reaction exotherm of the preferred double salts of the present
invention, as used in the present composition and fertilizers, is substantially greater than about the reaction exotherm
of AN, and even more preferably is substantially greater than about the reaction exotherm of the 2:1 ANS double salt.
[0015] It is also preferred in many embodiments that the present compositions are characterized as being comprised
of, and preferably consisting essentially of, components, and particularly double salts, that exhibit a cohesive stability
temperature of at least about 500°K, and even more preferably at least about 600°K. As used herein, cohesion stability
temperature refers to the temperature at which the components of the double salt begin to show significant loss of
cohesion. It is also preferred that the present compositions are characterized as being comprised of, and preferably
consisting essentially of, components, and particularly double salts, that exhibit higher cohesion stability than that of
ammonium nitrate, where the cohesive stability difference is determined by comparison of the cohesive exotherms of
(I) to that of ammonium nitrate. In a preferred embodiment, the improvement in cohesion stability is a two-fold increase
in stability from ammonium nitrate. As used herein, cohesive exotherm means the thermodynamic free energy released
as the bulk material represented by [(M)·n(NH4NO3) ·m(H20)], (II), decomposes to the compositional parts represented
by (I) and where a cohesively unstable compound has a negative value of free energy and a more stable compound
has a positive value at a temperature of about 600 °K. Preferably, the cohesion exotherm of the preferred double salts
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of the present invention, as used in the present composition and fertilizers, is substantially greater than about the cohesion
exotherm of AN, and even more preferably is substantially greater than about the cohesion exotherm of the 2:1 ANS
double salt.
[0016] Another aspect of the present invention provides compositions and methods for reducing the sensitivity to
detonation of compositions containing ammonium nitrate by including in such compositions compounds, preferably
compounds in the form of double salts with ammonium nitrate, effective to provide a relatively low level the detonation
sensitivity of the composition as measured by at least one, and preferably both of: a) increase in onset temperature; or
b) increase in DTA heating rate, each relative to the value for same exhibited by ammonium sulfate nitrate 2:1 double
salt (2:1 ASN).
[0017] For example, a Thermal Gravimetric Analyzer (TGA), model number RT6220 sold by Seiko Instruments has
been used to evaluate 2:1 ASN for onset temperature, weight loss (to indicate the presence of a reaction), and the
approximate peak drop in heating rate. Those skilled in the art will appreciate that the particular results reported here
for these materials, while being generally indicative of the properties of these materials, are used herein primarily for
comparison purposes to illustrate the relative performance improvement achieved by compositions and methods of the
present invention.

[0018] In certain preferred embodiments, the compositions and methods of the present invention produce an onset
temperature, preferably as measured in accordance with know use of the TGA Model number RT6220 sold by Seiko
Instruments, that is not substantially below about the onset temperature of 2:1 ASN, and more preferably at least about
1°C above the onset temperature of 2:1 ASN, and more preferably at least about 3°C above the onset temperature of
2:1 ASN. In certain preferred embodiments, the onset temperature of the present compositions is at least about 220°C,
and more preferably at least about 223°C.
[0019] In certain preferred embodiments, the compositions and methods of the present invention produce a peak drop
in heating rate (PDHR), preferably as measured by differential thermal analysis (DTA) in accordance with know use of
the TGA Model No. RT6220 sold by Seiko Instruments , that is not substantially below about the PDHR of 2:1 ASN,
more preferably at least about 15 relative percent greater, more preferably at least about 50 relative percent greater
than the PDHR of 2:1 ASN, and even more preferably at least about 200 relative percent greater than the PDHR of 2:1
ASN. In certain preferred embodiments, the compositions and methods of the present invention produce a peak drop
in heating rate (PDHR), preferably as measured by differential thermal analysis (DTA) in accordance with know use of
the TGA Model No. RT6220 sold by Seiko Instruments , that is at least about 0.5 uV greater than, more preferably at
least about 1 uV greater than, and even more preferably at least about 2 uV greater than the PDHR of 2:1 ASN.
[0020] Preferably the present compositions contain a combined total of (NH4)2SO4·3(NH4 NO3) double salt and am-
monium nitrate (NH4NO3) of from about 0 to about 3 wt. %, and more preferably the ammonium nitrate is present in any
amount of from about 0 to 1 wt. % of the composition, and even more preferably in not more than a trace amount.

EXAMPLES

Comparative Example 1

[0021] Ammonium nitrate is tested using a quantum mechanics calculation to determine it characteristic properties
and is found to have a reaction free energyexotherm range of from about -0.5 to about -0.9 kcal/gm at temperatures of
about 200°K and 600°K, respectively and a cohesion free energyexotherm range of from about 0.06 to about -0.9 kcal/gm
at temperatures of about 200°K and 600°K, respectively. The AN is found to be cohesively unstable at temperatures
above about 200°K.

Sample Onset (C) Loss (wt.%) DTA (uV)

2:1 ASN 222.4 38.3 2.29
222.9 41.5 2.08
222.4 39.5 1.12
220.7 38.8 1.74
224.1 41.2 1.44

223.2 39.6 1.30
223.5 38.4 2.10

2:1 ASN Average 222.7 39.6 1.72
2:1 ASN Standard Deviation 1.1 1.3 0.45
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Comparative Example 2

[0022] Ammonium sulfate nitrate 2:1 double salt is tested using a quantum mechanics calculationto determine it
characteristic properties and is found to have a reaction free energy exotherm range of from about -0.15 to about -0.7
kcal/gm at temperatures of about 200°K and 600°K, respectively and a cohesion free energy exotherm range of from
about 0.06 to about -0.25 kcal/gm at temperatures of about 200°K and 600°K, respectively. The ASN is found to be
cohesively unstable at temperatures above about 500°K.

Example 1

[0023] A 1:1 double salt of calcium nitrate and ammonium nitrate (CAN) is evaluated to determine its characteristic
properties and is found to have a reaction free energy exotherm range of from about 0.65 to about 0.3 kcal/gm at
temperatures of about 200°K and 600°K, respectively and a cohesion free energy exotherm range of from about 0.01
to about 0.08 kcal/gm at temperatures of about 200°K and 600°K, respectively.

Example 2

[0024] A 2:1 double salt of ammonium nitrate:phosphate nitrate (APN) is evaluated to determine its characteristic
properties and is found to have a cohesion free energy exotherm range of from about 0.04 to about -0.07 kcal/gm at
temperatures of about 200°K and 600°K, respectively.

Example 3

[0025] A 2:1 double salt of ammonium nitrate:potassium nitrate (KAN) is evaluated to determine its characteristic
properties and is found to have a reaction free energy exotherm range of from about 0.17 to about -0.21 kcal/gm at
temperatures of about 200°K and 600°K, respectively and a cohesion free energy exotherm range of from about 0.12
to about 0.01 kcal/gm at temperatures of about 200°K and 600°K, respectively.

Example 4

[0026] A 2:1 double salt of ammonium nitrate:magnesium nitrate (MgAN) is evaluated to determine its characteristic
properties and is found to have a reaction free energyexotherm range of from about 0.4 to about -0.2 kcal/gm at tem-
peratures of about 200°K and 600°K, respectively and a cohesion free energyexotherm range of from about 0.1 to about
-0.025 kcal/gm at temperatures of about 200°K and 600°K, respectively.

Example 5

[0027] A 2:1 double salt of ammonium nitrate:ammonium hexaflouralsilicate (ASiFN) is evaluated using a quantum
mechanics calculation to determine its characteristic properties and is found to have a cohesion free energy exotherm
range of from about 0.09 to about -0.03 kcal/gm at temperatures of about 200°K and 600°K, respectively.

Example 6

[0028] A 2:1 double salt of ammonium nitrate: ammonium molybdenate (AMoON) is tested to determine its charac-
teristic properties and is found to have a cohesion free energy exotherm range of from about 0.05 to about -0.01 kcal/gm
at temperatures of about 200°K and 600°K, respectively.

Example 7

[0029] A 3:1 double salt of ammonium nitrate:neodymium hydroxynitrate (ANdOHN) is tested to determine its char-
acteristic properties and is found to have a reaction free energyexotherm range of from about -1.06 to about -1.07 kcal/gm
at temperatures of about 200°K and 600°K, respectively and a cohesion free energy exotherm range of from about 0.09
to about 0.5 kcal/gm at temperatures of about 200°K and 600°K, respectively. The ANdOHN is found to be cohesively
stable.

Example 8

[0030] A double salt of ammonium nitrate:potassium nitrate is prepared in a 1:1 molar ratio. The double salt is then
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tested for onset temperature and DTA in accordance with the procedures indicated above. In addition, weight loss in
the composition is monitored and reported. Weight loss is an indicator of the occurrence of a reaction. The test is then
repeated. Results are reported in Table 1 below.

As can be seen from the above results, this double salt produces a DTA and an onset temperature within certain preferred
embodiments of the present invention.

Example 9

[0031] A double salt of ammonium nitrate:phosphate nitrate is prepared in a 1:1 molar ratio. The double salt is then
tested for onset temperature and DTA in accordance with the procedures indicated above. In addition, weight loss in
the composition is monitored and reported. Weight loss is an indicator of the occurrence of a reaction. The test is then
repeated. Results are reported in Table 2 below.

As can be seen from the above results, this double salt produces a DTA and an onset temperature within certain preferred
embodiments of the present invention.
[0032] The subject matter encompassed by the following numbered embodiments also forms part of the present
invention, optionally in combination with the subject matter described above and/or defined in the numbered embodi-
ments.

1. Fertilizer comprising ammonium nitrate and at least a second compound, said second compound being present
under conditions and in amounts effective to substantially reduce the detonation sensitivity of the composition relative
to AN, said second compound being selected from the group consisting of calcium nitrate, potassium nitrate and
magnesium nitrate and combinations of two or more of these.
2. The fertilizer of numbered embodiment 1 wherein at least a substantial portion of the ammonium nitrate in the
composition is in the form of a double salt with one or more of said second compounds.
3. The fertilizer of numbered embodiment 2 consist essentially of one or more double salts of ammonium nitrate
and said second compound.
4. A method for reducing the sensitivity to detonation of compositions containing ammonium nitrate comprising
including in such compositions at least one double salt of ammonium nitrate and at least a second compound
selected from the group consisting of calcium nitrate, potassium nitrate and magnesium nitrate and combinations
of two or more of these.
5. A method of handling fertilizer compositions comprising providing a substantially non-detonable fertilizer compo-
sition comprising a double salt of ammonium nitrate and at least a second compound selected from the group
consisting of ammonium phosphate, calcium nitrate, potassium nitrate, magnesium nitrate, ammonium molybdenate,
ammonium hexaflouralsilicate, neodymium hydroxynitrate, and combinations of two or more of these.
6. The method of numbered embodiment 5 wherein substantially all of said ammonium nitrate in said provided
composition is present in the form of a double salt with one or more of said second compounds.
7. The handling method of numbered embodiment 6 comprising transporting said fertilizer.
8. The handling method of numbered embodiment 6 comprising applying said fertilizer to soil or other growing
material.
9. Fertilizer comprising ammonium nitrate and at least a second compound selected from the group consisting of
calcium nitrate, potassium nitrate and magnesium nitrate and combinations of two or more of these, the fertilizer
having no substantial amount of single salt AN. fertilizer compositions comprising one or more double salts of the

Table 1
Onset Temperature (C) Weight Loss (wt.%) DTA (uV)

222.4 44.0 5.10
219.9 42.7 1.98

Table 1
Onset Temperature (C) Weight Loss (wt.%) DTA (uV)

225.9 51.9 <<1.7
228.9 47.0 <<1.7
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formula (I):

 (M)-n(NH4NO3)-m(H2O) (I)

where

M is a cation-anion pair selected from the group consisting of ammonium phosphate, calcium nitrate, potassium
nitrate, magnesium nitrate, ammonium molybdenate, ammonium hexaflouralsilicate and neodymium hydrox-
ynitrate,

n is from about 0.2 to about 3, and

m is from about 0 to about 10.

10. Fertilizer comprising double salts of ammonium nitrate, said double salts consisting essentially of salts having
a reaction exotherm at about 600°K greater than about -0.5 kcal/gm.
11. The fertilizer of numbered embodiment 10 wherein said reaction exotherm at about 600°K is greater that about
-0.2 kcal/gm.
12. Fertilizer comprising double salts of ammonium nitrate, said double salts consisting essentially of salts having
a cohesive stability temperature of at least about 500°K.
13. The fertilizer of numbered embodiment 12 wherein said cohesive stability temperature is at least about 600°K.
14. The fertilizer of numbered embodiment 12 wherein said double salts consist essentially of salts having a cohesion
exotherm greater than about -0.25 kcal/gm.
15. The fertilizer of numbered embodiment 12 wherein said double salts consist essentially of salts having a cohesion
exotherm greater that about -0.1 kcal/gm.
16. Fertilizer comprising ammonium nitrate and at least a second compound, said second compound being present
under conditions and in amounts effective to substantially reduce the detonation sensitivity of the composition relative
to 2:1 ASN, said second compound being selected from the group consisting of phosphate nitrate, potassium nitrate
and combinations of these.
17. Fertilizer of numbered embodiment 16 wherein said fertilizer has an onset temperature greater than the value
of same exhibited by ammonium sulfate nitrate 2:1 double salt (2:1 ASN).
18. Fertilizer of numbered embodiment 16 having an onset temperature of at least about 1 °C higher than the value
of same exhibited by ammonium sulfate nitrate 2:1 double salt (2:1 ASN).
19. Fertilizer of numbered embodiment 16 having a peak drop in heating rate (PDHR) greater than the value of
same exhibited by ammonium sulfate nitrate 2:1 double salt (2:1 ASN).
20. Fertilizer of numbered embodiment 16 having a peak drop in heating rate (PDHR) at least about 50% greater
than the value of same exhibited by ammonium sulfate nitrate 2:1 double salt (2:1 ASN).

Claims

1. A fertilizer composition that comprises one or more double salts of the formula (I):

 (M).n(NH4NO3).m(H2O) (I)

where

M is a cation-anion pair selected from the group consisting of ammonium phosphate, calcium nitrate, potassium
nitrate, magnesium nitrate, ammonium molybdate, ammonium hexafluorosilicate and neodymium hydroxyni-
trate;
n is from 0.2 to 3, and
m is from 0 to 10.

2. The fertilizer composition of claim 1, wherein M is selected from the group consisting of ammonium phosphate,
calcium nitrate, potassium nitrate, magnesium nitrate.

3. The fertilizer composition of claim 1, wherein M is ammonium phosphate.
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4. The fertilizer composition of claim 1, wherein M is calcium nitrate.

5. The fertilizer composition of claim 1, wherein M is potassium nitrate.

6. The fertilizer composition of claim 1, wherein M is magnesium nitrate.

7. The fertilizer composition of any preceding claim that consists essentially of one or more double salts of the formula (I).

8. The fertilizer composition of any preceding claim, wherein said double salt of ammonium nitrate has a reaction
exotherm at 600°K greater than -0.5 kcal/gm.

9. The fertilizer composition of claim 8, wherein said double salt has a cohesion exotherm greater than -0.2 kcal/gm.

10. The fertilizer composition of any preceding claim, wherein said double salt of ammonium nitrate has a cohesive
stability temperature of at least about 500°K.

11. A method for reducing the sensitivity to detonation of compositions containing ammonium nitrate comprising providing
a composition as defined in any preceding claim.
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