Office de la Proprieté Canadian CA 2731093 C 2016/02/09

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 731 093
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2009/07/09 (51) CLInt./Int.Cl. C05C 7/02(2006.01),
(87) Date publication PCT/PCT Publication Date: 2010/05/14 CO7¢C 1/18(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2016/02/09 LEVY ALAN B. US.
(85) Entree phase nationale/National Entry: 2011/01/17 KWEEDER, JAMES A.. US:
(86) N° demande PCT/PCT Application No.: US 2009/049993 CARRAZZA, JOSE, US;
o o KUNZ, KENNETH, US
(87) N publication PCT/PCT Publication No.: 2010/053604 S
L o | (73) Proprietaire/Owner:
(30) Priorites/Priorities: 2008/0/7/15 (US61/080,8938); HONEYWELL INTERNATIONAL INC. US

2009/0/7/08 (US12/499,598)

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : MATERIAUX COMPOSITES DE NITRATE D'AMMONIUM S'OXYDANT FAIBLEMENT ET PROCEDES DE
PREPARATION DE TELLES COMPOSITIONS

(54) Title: WEAKLY OXIDIZING AMMONIUM NITRATE COMPOSITE MATERIALS AND METHODS FOR PREPARING
SUCH COMPOSITIONS

20.00
0.0HG 80.00
15.00 60.00
-50.0
40.00
-10.00 . -
DTG mg/min °.100.0 272:10 20.00 U1AUV
-99.9%
BTA
5.00 e 0.00
15000+ 790y 1288C 17020 7280
336UV -5, 96u\ 1 62ma/min 20.00
0.00 DTG
-200.00 100.00 200.00 300.00 400.00 -40.00

Temp. C

(57) Abréegée/Abstract:

A method forms a relatively stable ammonium nitrate composite material. The method includes (a) blending ammonium nitrate with
an average particle diameter greater than about 1 mm and a substantially non-oxidizing compound In fine particle form; and (b)
reducing the average size of sald ammonium nitrate granules in the presence of the non-oxidizing compound in fine partlcle form to
produce a substantially homogeneous blend of ammonium nitrate and the non-oxidizing compound having an average particle
diameter of about 1 to about 1,000 m to form a substantially non-explosive powder.

o
SSonEeAN S f
.l.!.\‘\-c.c..--.
- h.l‘s_ .\I {\A '
J & "'.

C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC ' CTIPO
OPIC - CIPO 191 SRR




010/053604 A3 I AP A0 R0 O RO 0 10

>
=y
C.'
=
= B.
=
=
o
z
=
2
2R
o
e
&
?
<)
o
=
&
B
@
o
~
]

WO

CA 02731093 2011-01-17

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
14 May 2010 (14.05.2010)

(10) International Publication Number

WO 2010/053604 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
CO5C 1/02 (2006.01) C01C 1718 (2006.01)

International Application Number:
PCT/US2009/049993

International Filing Date:
9 July 2009 (09.07.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/080,898 15 July 2008 (15.07.2008) US
12/499,598 8 July 2009 (08.07.2009) US

Applicant (for all designated States except US). HON-
EYWELL INTERNATIONAL INC. [US/US]; Law De-
partment AB/2B, 101 Columbia Road, Morristown, NJ
07962 (US).

Inventors; and

Inventors/Applicants (for US only). LEVY, Alan, B.
[US/US]; Honeywell International Inc., 101 Columbia
Road, P. O. Box 2245, Morristown, NJ 07962-2245 (US).
KWEEDER, James, A. [US/US]; Honeywell Interna-
tional Inc., 101 Columbia Road, P. O. Box 2245, Motris-
town, NJ 07962-2245 (US). CARRAZZA, Jose
[VE/US]; Honeywell International Inc., 101 Columbia
Road, P. O. Box 2245, Morristown, NJ 07962-2245 (US).
KUNZ, Kenneth [US/US]; Honeywell International Inc.,
101 Columbia Road, P. O. Box 2245, Morristown, NJ
07962-2245 (US).

(74)

(81)

(84)

Agent: BEATUS, Carrie; Honeywell International Inc.,
Law Department AB/2B, 101 Columbia Road, Morris-
town, NJ 07962-2245 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

[Continued on next page]

(54) Title: WEAKLY OXIDIZING AMMONIUM NITRATE COMPOSITE MATERIALS AND METHODS FOR PREPARING

SUCH COMPOSITIONS
20.00
0.0 e [s0.00
15.00 160.00
50.0 ' 99.8425%
40.00
. 10.00 I-TGO/ 297'5%0
DTG mg/min o 1000 272:1 Co 20.00 U1AUV
99,99
(
500 0.00
-150.00}F -1.79y QF_gC , .
.62mg/min 1.20.00
0.00 1
200.00 TG ' —.40.00
b 100.00 200.00 300.00 400.00
Temp. C
FIG. 1

(57) Abstract A method fo1

particle foi

rms a relatlvely stable ammonium nitrate composite material. The method includes (a) blendmg am-
' reater than about 1 mm and a substantially non-oxidizing compound in fine
'm; and (b) reducing the average size of said ammonium nitrate granules in the presence of the non-oxidizing compound

in fine particle form to produce a substantially homogeneous blend of ammonium nitrate and the non-oxidizing compound having

an average particle diameter of about 1 to about 1,000 m to for

'm a substantially non-explosive powder.



CA 02731093 2011-01-17

WO 2010/053604 A3 MMM A0W 0 AR 00 RO Y R

(88) Date of publication of the international search report:
26 August 2010



10

[S

20

23

30

CA 02731093 2015-09-01

WEAKLY OXIDIZING AMMONIUM NITRATE COMPOSITE MATERIALS AND
METHODS FOR PREPARING SUCH COMPOSITIONS

Technical Ficld
10002] This disclosure relates to ammonium nitrate composites comprising ammonium

nitrate and an oxidation reduction agent and processes for producing such composites.

Background

10003] It 1s well known that, because of the high concentration ol nitrate 1ons, ammonium
nitrate (including double salts comprising ammonium nitrate) has important uses in the field
of agriculture n general and fertihization in particular. However, 1t is also well known that
ammonium nitrate, in many of the forms in which 1t has heretofore been commonly used, 1s
relatively difficult and potentially hazardous to handle commcrcially in large amounts, and/or
to store In great masses (such as occur in commercial warchouses and storage bins),
especially for relatively long periods of time. Furthermore, it has been known that many of
the formis 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 cxplosive matcrial.

[0004] Scveral potential solutions to the problem of the explosiveness and/or the detonability
of compositions containing ammonium nitrate have been proposed. For example, the usc of
ammonium nitrate in the form of a double salt with ammonium sulfatc for the purpose of
reducing the hazardous propertics of the ammonium nitrate has been suggested in US
6,689,181 . However, the

processes used to formulate such double salt-based products are relatively complex. It could
therefore be helpful to provide ammonium nitrate composites that are comparatively safc to

handle and less complex methods of making such composites.
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Summary

[0005] We discovered that substantial and unexpected advantages can be achieved by
incorporating selected materials or agents into such compositions and similar compositions.
Moreover, we discovered that selected stabilizing agents which might otherwise likely not be
considered for use in connection with such compositions and, 1n particular, fertilizer
compositions, have a beneficial effect on the characteristics when incorporated into our
compositions.

[0006] We thus provide methods of forming stable ammonium nitrate composite material
including (a) blending ammonium nitrate having an average particle diameter greater than
about 1 mm and a substantially non-oxidizing compound in fine particle form; and (b)
reducing the average size of said ammonium nitrate in the presence of said non-oxidizing
compound to produce a substantially homogeneous blend of ammonium nitrate and the non-
ox1dizing compound having an average particle diameter of about 1 to about 1000 um to
form a substantially non-explosive powder.

[0007] We also provide a non-explosive composition including a substantially homogeneous

blend of solid state ammonium nitrate having an average particle diameter of about 1 to about
1000 um and non-oxidizing particulate matter having an average particle diameter of about 1
to about 1000 pm.

[0008] We further provide a method of forming stable ammonium nitrate composite material
including (a) reducing the average size of ammonium nitrate having an average particle
diameter greater than about 1 mm; and (b) blending said ammonium nitrate with a
substantially non-oxidizing compound having an average particle diameter of about 1,000 um
or less to produce a substantially homogeneous blend of ammonium nitrate and said non-
ox1dizing compound having an average particle diameter of about 1 to about 1,000 um to

form a substantially non-explosive powder.

Brief Description of the Drawings

[0009] Fig. 1 1s a thermogram of DTG and DTA as a function of temperature for a typical
ammonium nitrate.

[0010] Fig. 2 1s a thermogram of DTG and DTA as a function of temperature for ammonium

nitrate sulfate double salt.
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[0011] Fig. 3 1s a thermogram of DTG and DTA as a function of temperature for one of our
ammonium nitrate composites.

[0012] Fig. 4 1s a thermogram of DTG and DTA as a function of temperature for another one
of our ammonium nitrate composites.

[0013] Fig. 5 1s a thermogram of DTG and DTA as a function of temperature for yet another
one of our ammonium nitrate composites.

[0014] Fig. 6 1s a thermogram of DTG and DTA as a function of temperature for still another
one of our ammonium nitrate composites.

[0015] Fig. 7 1s a thermogram of DTG and DTA as a function of temperature for still another
one of our ammonium nitrate composites.

[0016] Fig. 8 1s a thermogram of DTG and DTA as a function of temperature for still another

one of our ammonium nitrate composites.

Detailed Description

[0017] It will be appreciated that the following description is intended to refer to specific
examples of tests selected for 1llustration m the drawings and 1s not intended to define or lmit
the disclosure, other than in the appended claims.

[0018] We provide methods for forming ammonium nitrate compositions comprising
ammonium nitrate and at least a second compound, wherein the second compound preferably
has the effect of substantially reducing the oxidative tendencies of ammonium nitrate.

[0019] The second compound may be a non-oxidizing salt which 1s preferably mcorporated
into the composite by intimately mixing fine particles of ammonium nitrate with fine
particles of the at least one second compound. As used herein, the term “fine particle” refers
to particles and collections of particles having an average particle size of about 1000 pum or
less.

[0020] We found that beneficial effects exhibited for ammonium nitrate:ammonium sulfate
1:2 double salt can be achieved by incorporating a non-oxidizing salt into ammonium nitrate,
without having to crystallize a double salt, by forming intimate mixtures of fine particles of
the two components. Such a fine mixing of fine particles acts as an effective non-oxidizing
diluent for the ammonium nitrate particles and approach the properties exhibited by the 1:2
double salt. However, the 1:2 double salt may be crystallized whenever desired. It is also

possible for the 1:3 double salt to be produced, although this 1s less desired.
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10021) Since our methods are adaptable lor usc with any non-oxidizing and/or weakly
oxidizing salts, 1t 1s possible to create composite materials having precisely tatlored nutrient
compositions [or use as fertilizer in particular.

(0022] We also provide for the subsequent processing of the fine particle composites such as
by compacting and/or granulating to produce a product having particle stzes and other
properties selected by the user/customer without losing the low-oxidation advantage of the
basic compositc material. The fine particles are preferably hine powders.

(0023] The methods may comprise forming {ing particles of ammonium nitrate, forming fine
particles of a sccond compound, mixing the fine particles to a desired substantially
homogencous composition, and then granulating the homogencous composition to produce a
matcrial comprising granules of the desired size.

(0024} The second compound may be sclected from at least from the group consisting of:
non-oxidative or low-oxidative ammonium salts such as ammonium sullate, ammonium
phosphate, ammonium molybdenate, ammonium hexaflourosilicate and the like; non-
oxidative or low-oxidative calcium salts such as calcium nitrate, calcium carbonate and the
like: non-oxidative or low-oxidative potassium salts such as potassium nitrate, potassium
phosphatc and the like; and other salts such as magnesium nitrate, ncodymium hydroxynitrate
and the hike.

(0025] As used herein, the term “ammonium nitrate composition™ refers broadly to
compositions which comprise ammonium nitrate in any form.

(0026] The composites may have a wide range of relative ammonium nitrate:second
compound concentrations. However, the mole ratio of ammonium nitralc (o the second
compound is preferably from about 0.8:1 to about 1.2:1, with a molar ratio of about [:1 being
morg¢ preferred.

[0027] The ammonium nitrate uscd 10 form the composties is preferably fertilizer grade
material of at least about 90 wi. % purity, more preferably, at least about 95 wt. % purity, and
even more preferably at least about 97 wt. % purity. Because of the hazards of mixing
organic materials with ammonium nitrate, it is highly desirable that neither the ammonium
sulfate nor the sccond compound contains more than about 0.2 wt. % organic IMpuritics.
10028] Onc method (or forming the composites comprises blending, with low cnergy mput,
ammonium nitrate particles of a size rcadily commercially available, preferably having an

average particle diameter of greater than about 1 mm, with fine particles of the low-oxidizing

4
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or non-oxidizing second compound, and then granulating the blend to produce a
homogeneous blend of fine particles of both ammonium nitrate and the second compound.
[0029] This process 1s preferred due to concern that handling and storage of fine particle size
ammonium nitrate, in the absence of the anti-oxidizing compounds, can create conditions 1n
which detonation, deflagration or explosion are relatively more likely. By use of the
preferred methods described herein, the ammonium nitrate 1s diluted with the second
compound 1n fine particle size as the fine particles of ammonium nitrate are formed. The
blend of fine particles can then be handled, stored and further processed much more safely.
[0030] Many known and available methods for granulating particles can be used. The
granulation process may comprise providing the blend of fine particles comprising
ammonium nitrate and the second compound and introducing the blend of particles to a
granulator containing a non-thermoreactive acids or mixture of acids such as sulfuric acid
and/or nitric acid, 1n an ammoniating environment, wherein ammonium sulfate at least
partially covers or coats particles or groups of particles forming the blend of fine particles.
This causes agglomeration or growth of particles that further include ammonium sulfate
coatings that can further improve the safety of the composite material. Those skilled 1n the
art, in view of these teachings, can adapt this granulation technique and other known
granulation techniques to produce materials having the properties, including the particle size,
desired for a particular fertilizer application.

[0031] Alternatively, our method can include (a) reducing the average size of ammonium
nitrate having an average particle diameter greater than about 1 mm; and (b) blending said
ammonium nitrate with a substantially non-oxidizing compound having an average particle
diameter of about 1,000 um or less to produce a substantially homogeneous blend of
ammonium nitrate and said non-oxidizing compound having an average particle diameter of
about 1 to about 1,000 um to form a substantially non-explosive powder.

[0032] Given the formation of a relatively stable ammonium nitrate composite particles, our
methods also include the step of compacting the particles.

Examples

Comparative Example 1

[0033] Fused ammonium nitrate (AN) was tested using Seiko Instruments SSC-5200 that
collects Differential Thermal Analysis (DTA) data simultancously with the

Thermogravimetric Analysis (TGA) data. The resulting thermogram 1n Fig. 1 1s very similar
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to a Differential Scanning Calorimetry (DSC) scan and can be used to identify thermal events
and the temperature of those events. Fig. 1 illustrates typical results from testing of AN,
showing its relative instability and oxidation potential.

Comparative Example 2

[0034] Fused ammonium nitrate sulfate (ANS) 1:2 double salt was tested using the same
analytical equipment described in connection with Comparative Example 1. The resulting
thermogram 1n Fig. 2 illustrates typical results from testing of 1:2 ANS double salt, showing
1ts relative stability.

Example 1

[0035] A series of four (4) of our substantially identical ammonium nitrate composite
samples (Spec #’s 1 — 4), which 1n this instance were substantially free of double salts, were
tested using the same analytical equipment described in connection with Comparative
Example 1. The thermogramic results are shown 1n Table 1 and Figs. 3 — 6 and illustrate that
these properties are similar to results from the 1:2 ANS double salt from Comparative

Example 2.
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Example 2
[0036] A series of two (2) of our ammonium composite samples (Run #’s 1 — 2) were formed
into pellets and then tested using the same analytical equipment. The thermogramic results

are shown 1n Table 2 and Figs. 7 — 8.
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CLAIMS

What is claimed 1is:

1. A method of forming stable ammonium nitrate composite material
comprising:

(a) blending ammonium nitrate having an average particle diameter greater than

about 1 mm and a substantially non-oxidizing compound having an average

particle diameter of about 1,000 um or less; and

(b) reducing the average size of said ammonium nitrate in the presence of said

non-oxidizing compound to produce a substantially homogeneous blend of

ammonium nitrate and said non-oxidizing compound having an average particle

diameter of about 1 to about 1,000 um to form a substantially non-explosive

powder.

2. The method of claim 1, wherein said non-oxidizing compound is at least
one selected from the group consisting of ammonium sulfate, ammonium phosphate,
ammonium molybdenate, ammonium hexafluorosilicate, calcium nitrate, calcium

carbonate, magnesium nitrate, potassium nitrate, and potassium phosphate.

3. The method of claim 1 , wherein the mole ratio of ammonium nitrate to

the non-oxidizing compound is from about 0.8: 1 to about 1.2:1.

4. The method of claim 1, wherein the non-oxidizing compound is less than

or equal to about 0.2 wt. % organic impurities.

5. The method of claim 1, further comprising contacting the substantially
non-explosive powder with a non-thermoreactive acid or a mixture of acid under
ammoniating conditions such that ammonium sulfate at least partially covers or coats

particles or groups of particles and causes agglomeration or growth of particles to further

stabilize the substantially non-explosive powder.

10



CA 02731093 2015-09-01

6. A non-explosive composition comprising a substantially homogeneous
blend of solid state ammonium nitrate having an average particle diameter of about 1 to
about 1,000 pum and non-oxidizing particulate matter having an average particle diameter

of about 1 to about 1,000 um.

7. The composition of claim 6, wherein said non-oxidizing compound 1s at
least one selected from the group consisting of ammonium sulfate, ammonium phosphate,
ammonium molybdenate, ammonium hexafluorosilicate, calcium nitrate, calcium

carbonate, magnesium nitrate, potassium nitrate, and potassium phosphate.

8. The composition of claim 6, wherein the mole ratio of ammonium nitrate

to the non-oxidizing compound is from about 0.8:1 to about 1.2:1.

0. A method of forming stable ammonium nitrate composite material
comprising:

(a) reducing the average size of ammonium nitrate having an average particle

diameter greater than about 1 mm; and

(b) blending said ammonium nitrate with a substantially non-oxidizing compound

having an average particle diameter of about 1,000 pm or less to produce a

substantially homogeneous blend of ammonium nitrate and said non-oxidizing

compound having an average particle diameter of about 1 to about 1,000 pm to

form a substantially non-explosive powder.

10.  The method of claim 9, wherein said non-oxidizing compound is at least
one selected from the group consisting of ammonium sulfate, ammonium phosphate,

ammonium molybdenate, ammonium hexaflourosilicate, calcium nitrate, calcium

carbonate, magnesium nitrate, potassium nitrate, and potassium phosphate.

11
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