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ABSTRACT

The present invention 1is directed to hardening ammonium
nitrate by combining ammonium nitrate with a functionally active
polymer. A functionally active polymer may be combined with
ammonium nitrate by itself as a shell or intermixed with the
ammonium nitrate. The invention is found useful in hardening
ammonium nitrate for use in explosives.
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HARDENED POROUS AMMONIUM NITRATE

BACKGROUND

The present invention 1is directed to hardening ammonium

nitrate prills and granules without affecting other important
physical properties.

A problem in the ammonium nitrate art is the competing need
for porosity versus the need for hardness. This is especially true
for prills or granules that are used for explosive applications.
Ammonium nitrate may be used for other applications such as
fertilizers, wherein porosity 1is not an important property, 1in .
fact, it is undesirable. Hardness is important for fertilizers
since hardness is related to the solubilization rate. Therefore,
hardness is important for both explosive and fertilizer
applications. Those skilled in this art know that, generally,
hardening prills for the purposes of storage and/or transportation
to their end-use destinations has been a problem in this art for
sometime. |

Hardness for ammonium nitrate prills is generally defined by
crushing strength, which is tested by providing a constant load on
the prill until the prill is crushed or cracked. The porosity is
generally determined in terms of particle density as can be
measured by mercury pyknometry.

The present invention advances the ammonium nitrate art with
the application of polymers, organic, inorganic and/or combinations
thereof to produce a hardened ammonium nitrate unknown to this art.
The ammonium nitrate of the present invention may be used for any
application where hardness is important. This is especially true
for the explosive and the fertilizers arts for use as prills.
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SUMMARY OF THE INVENTION

A hardened ammonium nitrate comprised of a combination of a
single and/or a plurality of functionally active polymers and
ammonium nitrate. The functionally active polymers may be
comprised of organic polymers with a range of average molecular
weights from about 200 to and through an upper range of 700,000,
Preferably, the molecular weight is about 10,000 to and through an
upper range of 200,000. Most preferably, the molecular weight is
about 60,000 to and through about 150,000. The polymers of this
invention may be combined as a homologous series and/or some
combination thereof and/or therebetween. Polymers from all organic
families are contemplated as useful and operative hereunder.
Folymers such as acrylics, vinyl polyners, styrenes,
polycarbonates, methacrylates, polypropylene, allyics, copolymers
thereof such as maleic anhydride and polystyrene, combinations
thereof and/or therebetween. Preferably, acrylics, styrenes
polystyrenes, combinations thereof and/or therebetween. Most
preferably, polystyrene. The polymers hereof may be cross-linked,

branched, linear, homopolymers, and/or combinations thereof and/or
therebetween.

The functional activity provided to the polymer groups may be
characterized as associated species. Associated species means any
group that is functionally operative within the polymer unit and/or
associated thereby which enables film forming with and/or on the
ammonium nitrate, ionic association with the ammonium nitrate,
sorption on the ammonium nitrate surface, physico-chemical activity
with the ammonium nitrate, combinations thereof and/or any chemical
or physical force which enables communication betweern the ammonium
nitrate and any of the polymers cited hereinabove.

The functional activity is directed to associate with the
ammonium nitrate crystallites. The association relies on the

operative mechanisms disclosed hereinabove, and provides the
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communication between the polymer and the ammonium nitrate. The
communication between polymer and ammonium nitrate need not be
continuous throughout the polymer/ammonium nitrate interfaces
thereby allowing for discontinuity between the two substances. It
has been observed that continuous, discontinuous, and combinations
thereof and/or therebetween of polymer and ammonium nitrate
communications occur in the present invention. Preferably, the
communication is a combination of discontinuous and continuous.

The functionally active groups enabling communication are
comprised of groups from inorganic species, organic species, and
combinations thereof and/or therebetwsen. The inorganic species
may be comprised of combinations of oxygen derived species such as
nitrates, sulfates, sulfonates, phosphates, phosphites,
phosphonates, and any operable oxyradical and/or oxygen derived
species from the first, second, and/or third transition series of
the Periodic Chart. Preferably, sulfates, sulfonates, phosphates,
and/or phosphonates. Most preferably, sulfonates and/or
phosphonates. Organic species may be comprised of carboxylates,
amines, hydroxyls, quaternary ammonium species, the di and/or tri
combinations thereof, and/or combinations <thereof and/or
therebetween. Preferably, carboxylates, amines, and/or quaternary

ammonium species. Most preferably, amines and/or quaternary
amines. Useful combinations of these groups are sulfonates and

amines, sulfonates and carboxylates, phosphonates and amines,
phosphonates and carboxylates, sulfates and carboxylates, and
combinations thereof.

The functionally active group may be introduced into the
polymer as radicals or may be formed thereafter, or may be
introduced as sonme ionic species, such as in a moiety, precursors
thereof, and/or combinations thereof and/or therebetween.
Preferably, the functionally active group is entered into the
polymer as a radical. The functionally active group is added from
about 0.0001 weight percent to about 10.0 weight percent of the
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ammonium nitrate, solubilized prior to the beginning of
crystallization. Preferably, the functionally active group is
added from about 0.0005 to 5.0 weight percent. Most preferably,

the functionally active group is added from about 0.01 to about 1.0
weight percent.

Salts of the functionally active groups, such as sulfate and
sulfonate salts, may be made as a combination of the polymer and
functionally active group. Preferred examples of these salts are
the monovalent salts, polystyrene sulfonate, polyvinyl sulfonate,
polystyrene sulfonate copolymerized with maleic anhydride.

Ooptionally, a connecting group may be inserted between the
polymer and the functionally active group. The connecting group
may be a hydrocarbon of up to 8 carbons. While the present
invention contemplates an upper limit of 8 carbons, preferably a
linear chain, larger connecting groups may be operable, as well.
The connecting group is a means to extend the distance between the
polymer and functionally active group. Advantages from that
extension may be realized by the addition of other kinds of
connecting groups, but functionally the groups provide similar
operability.

One of the present inventions more preferable embodiments may
be presented by the following formula:

Q-
I 1
(¥),

scyx m
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connecting group

Wherein

I

hydrogen or methyl groups
O up to 8

integer from 3 to 3000

x 8 3 A K
I

alkali metal, ammonium, hydrogen

Another advantage to the present invention is its film forming
capability. Ammonium nitrate bodies that have been formed by the
prior art, may be filmed with the present invention to form an AN
prill core/shell spherical or other shape with enhanced hardness.
The core may be comprised principally of AN or some combination of
AN and some other common explosive and/or fertilizer known to those
skilled in this art. Advantageously, the properties of the shell,
which are derived from the polymer, may be varied to produce a
shell with flexible density and/or hardness. Flexible density
means that a range of different densities, either single and/or a
plurality thereof, may be coated over a preexisting or as formed
prill. The density of the shell may be made to either match the
core density and/or increase or decrease the density of the shell
relative to the core. Density of the AN prill is an important
property in the ultimate product use as an explosive. Density
ranges of the shell may be from about .5 to about 1.7. The density
of the shell may be additionally varied by multi-filming the AN
prill to provide a shell of either several films of the same
density or a shell of films with a range of varying densities.

Thickness of the shell may be on the order of 0.1 up to
saveral millimeters thick. The shell composition may be either the
functionally active polymer or a combination of functionally active
polymer and AN. The shell composition may be combined with either
granules and/or prills. Additionally, there is no requirement that
the polymer shell be continuous. As stated hereinabove, it is
preferred that the shell Dbe a combination of continuous and
discontinuous film. Advantages to the addition of a polymer shell
to the preexisting AN core are realized by reconditioning an AN

5
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product to be able to withstand certain environmental factors which
heretofore would have made the AN body commercially unusable.
Certain environmental factors decrease the shelf-life of AN prill,
such as humidity and the mechanical abrasions associated with the

shelf and/or shipping environment. The present invention provides
enhanced hardness to prolong the shelf-life.

The present invention may also be used to manufacture the core
prill body. As those skilled in this art know, the AN prill body
is made by internal crystallization of the AN during the formation
of the prill. With the addition of the functionally active
polymer, the prill should be able to maintain its porosity and
increase its hardness throughout the prill body. This enhancement
should provide the same shelf-life advantages disclosed hereinabove
and additionally should provide the flexibility of density
variation imparted by the polymer to the prill body.

It is further found advantageous to mix the product of the
present invention with diesel fuel oil to form an emulsion. The AN
prills may be mixed with various ratios such as 30, 45, 60, and 75
percent of emulsion compositions comprising 80 weight percent
aqueous AN liquor, 0.7 weight percent PIBSA - diethanolamine
derivative, 0.7 weight percent sorbitan monooleate and 4.6 weight
percent diesel fuel oil. The emulsions can be made under low shear
mixing conditions and produced to an average size of about 5
microns.

Generally, the means of combining the present invention is to
place a polymer salt and ammonium nitrate ("ANY") in a carrier
solvent such as water to make a mixture, heat the mixture to
solubilization to form the combination, disperse the combination by
some means and slowly coocl over time to room temperature to form
prills and/or granules.
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DETAILED DESCRIPTION OF EMBODIMENTS

The following 1is a further description of the present
invention. The intent of this description is to further illustrate
the invention and is not intended to limit the scope thereof.

EXAMPLE 1

In Example 1, 950 grams of commercially available AN (ammonium
nitrate) was added to 40 grams of water and 10 grams of an aqueous
solution of sodium polystyrene sulfonate (SPSS) approximately 0.2
weight percent, with a molecular weight of about 75,000 (obtained
from Aldrich Chemicals, Milwaukee WI) subsequently charged into a
jacketed vessel and melted at 130 degrees centigrade forming a
liquor. The liquor was sprayed on to 1 kilogram of freshly made
hot (50 to 70 degrees C) AN prills over a period of 10 to 15
minutes in a thermally jacketed rotating pan. After completion of
spraying the pan was heated by steam for 30 to 40 minutes in order
to drive off moisture from the prills. The temperature decreased
to room temperature over a 30 to 40 minute time period. The AN

granules made from this method showed both porosity, enhanced
hardness, and low friability.

EXAMPLE 2

In Example 2, the same procedure was used as in Example 1,
except that 0.3 weight percent SPSS was added to the AN solution.
The resulting AN granules exhibited the same improvements.

EXAMPLE 3

In Example 3, the same procedure was used as in Example 1,
except that 1187.5 grams of AN, 50 grams of water, and 12.5 grams
of SPSS with a molecular weight of about 130,000 (obtained from

National Starch Chemical, New Jersey) was charged into the jacketed

vesse..
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EXAMPLE 4

In Example 4, the same procedure was used as in Example 1,
except 15 grams in 20% aqueous solution (0.3 weight percent) of
polyvinyl sulfonate (obtained from Air Products, PA) with a
molecular weight of approximately 70,000 was added to the mixture.

EXAMPLE 5

Example 5, is an example of the use of the present invention
in the manufacture of prill. A hot liquor containing 95 weight
percent AN, 1 weight percent SPSS (20 % aqueous solution) and 4
weight percent water may be made in a tank of 200 Kg capacity at
140 degrees C. The hot ligquor may be pumped to an overhead tank of
a prilling tower with a height of 8 meters and then may be sprayed

through a vibrated sieved plate to produce a shower of droplets
with an average diameter of 1.7 mm. The droplets so formed will
fall through a moving air stream and solidify during flight. The
solidified droplet is the prill.

The following methods were used to determine the properties of
the present invention.

Particle density of the granules/prill was measured by mercury
pyknometry measured in grams per cubic centimeter. This technique
provides semi-quantitative results of the voids present. It is a

good technique when comparisons are made on a sample to sample
basis. Samples are placed in a holder and mercury is pumped into
the holder with the sample. The resulting volume differential
between mercury with and without sample is used to determine the
sample density.

Crushing strength, which is a measure of hardness, is
determined by placing a constant load on a sample until the sample
either cracks or is crushed and is measured in pounds. The data is
taken on a TSDC Chatillon obtained from Digital Measurement
Metrology Inc. in Canada.
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Friability is a measure of the abrasion resistance of the
ammonium nitrate body which is dependent upon the compactness of
the crystal structure at the surface of the body. Friability 1is
determined by the percent fines (powder which comes off the body)
generated after the body is subjected to an air cyclone. This is
a standard method, known to those skilled in the art and gives a
measure of surface hardness.

The Table exhibits results from tests performed on the present

invention.
Example Crushing Friability Particle
Strength Density

1 5.7 - 6.8 0.5 - 3.5 1.17
3 6 - 6.72 0.5 - 3.5 1.18

Comparative
Example
1A 2.1 18 1.23

The Table indicates that hardness or crushing strength is
increased for the samples treated with the functionally active
polymers since the samples were able to withstand a larger crushing
weight. The increase in hardness is from two to three times the
hardness of the comparative examples. Note that the density of the
inventive samples is less than that of the comparative samples by
a significant amount, indicating that the inventive samples do not
derive their hardness from density considerations.
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CLAIMS:

1. A hardened ammonium nitrate prill which 1s suitable for use in an explosive and
which 1s formed by spraying and solidifying an aqueous solution of ammonium nitrate and
functionally active polymer, wherein said functionally active polymer 1s selected from
acrylics, vinyl polymers, styrenes, polypropylene, allylics, copolymers thereof, and
combinations thereof, said polymer having multiple pendant sulfonate groups.

2. The prill of claim 1 wherein the polymer is selected from polystyrene sulfonate,
polyvinyl sulfonate and polystyrene sulfonate copolymensed with maleic anhydride.

3. The pnll of claim 2 wherein the polymer is sodium polystyrene sulfonate.
4, The prill of claim 1 wherein said polymer has the formula:

R H .....

| |

- C = C -

]

j

I H

sox j

-

wherein

Y 1s a connecting group

R 18 hydrogen or a methyl group
m 15 an integer from 3 to 3000

n 1s au integer from 0 to 8, and

X 1s an alkali metal, ammonium or hydrogen.

5. The pnll of claim 4 wherein Y is a hydrocarbon group having up to 8 carbon atoms.

6. The prill of claim 1 wherein said functionally active polymer has an average
molecular weight of from 200 to 700,000.

R T I RO H PR T
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7. The prill of claim | wherein said fanctionally active polymer has an aversge
molecular weight of from 10,000 to 206,000,

5 8 The prill of claim 1 wherein said functionally active polymer has an average
molecular weight of from 60,000 to 150,000.

9. An ammonium nitrate body which is suitable for use as an explosive and which has

a.core/shell structu:ecompnsmg a core and an outer layer, wherem said core comprises an
10 ammonium nitwate prill; and s3ié outer layer comprises a hardened ammonium nitrate

formed by spraying and solidifying an aqueoﬁs solution of ammomum nitrate and

functionally active polymer, said functionally active polymer comprising polymer selected

from the group consisting of acrylics, vinyl polymers, styrenes, polypropylene, allyhc,

copolymers thereof, and combinations thereof, said polymer having multiple pendant
15 sulfonate groups

10. The ammonium nitrate body of claim 9 wherein said core is a pre-exisiting
ammonium nitrate prill which has been reconditioned by addition of said

outer layer to form said core/shell structure.

20 11. 7The ammoniwm nitrate body of claim 9 wherein s3id polymer is selected fiom the
group consisting of polystyrene sulfonate, polyvinyl sulfonate, and polystyrene sulfonate
copolymérised with maleic anhydride.

12. The ammonjum nitrate body of clasim 11 wherein said polymer is sodium
polystyrene sulfonate,

13,  The ammonium nitrate body of claim 9 wherein said polymer has the formula:
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R H ]
| |
— C —— T
| i
N
- SOsX ...i

wherein

Y is a connecting group

R is hydrogen or a2 methyl group
m 1$ an integer from 3 to 3000

n is an integer from 0 to 8, and

X is an alkali metal, ammontum or hydrogen.

14.  The ammonium nitrate body of claim 13 wherein Y 1s a hydrocarbon group having

up to & carbon atoms.

15. The ammonium nitrate body of c¢laim 9, wherein said polymer has an average
molecular weight of from 200 to 700,000.

16. The ammonium nitrate body of claim 9, wherein said polymer has an average

molecular weight of from 10,000 to 200,000.

17. The ammonium nitrate body of c¢laim 9, wheremn said polymer has an average
molecular weight of from 60,000 to 150,000,

18.  An cmulsion comprising a hardened ammonium nitrate prill as claimed in clam 1.

19.  An explosive comprsing a hardened ammonium nitrate prill as claimed in claim 1,

and diesel fuel.

20.  An emulsion comprising an ammornum nitrate body as claimed n claim 9.



10

15

20

25

PAOPERVLRCAIONI 7YY Jntns. 00 200603 CA 02093727 2003-06-30

:13«

21.  An explosive comprising an ammonium nitrate body as claimed in claim 9, and
diesel fuel.

22. A method for the production of hardened ammonium nitrate prill as claimed in
claim 1 which method comprises preparing a heated aqueous solution of ammonium nitrate
and the functionally active polymer, and spraying and solidifying the solution to form a

prill.

23. The method of claim 22 wherein the polymer 1s selected from polystyrene
sulfonate, polyvinyl sulfonate and polystyrene sulfonate copolymerised with maleic

anhydnde.

24.  The method of claim 23 wherein the polymer 1s sodium polystyrene sulfonate.

25. The method of claim 22 wherein the polymer said polymer has the formula:

n

wherein

Y is a connecting group

R 1s hydrogen or a methyl group

m is an integer from 3 to 3000 -
n is an mteger from O to &, and

X 1s an alkali metal, ammonium or hydrogen.

26.  The method of claim 22 wherein Y 1is a hydrocarbon group having up to 8 carbon

atoms.
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27.  The method of claim 22 wherein said functionally active polymer has an average
molecular weight of from 200 to 700,000.

28.  The method of claim 22 wheremn said functionally active polymer has an average
molecular weight of from 10,000 to 200,000.

29. The method of claim 22 wherein said functionally active polymer has an average
molecular weight of from 60,000 to 150,000.
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