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Blasting Compositions
TECHNICAL FIELD

The invention concerns blasting compositions, and methods of making and
using these explosive compositions. More particularly, the explosives of the
invention are a multi-component explosive formulations with a modified fuel
phase. These have versatile uses in blasting performance in, but not limited
to, mining operations and the like. Particularly, though not exclusively, the
present invention relates to the manufacture and use of various forms of

Ammonium Nitrate Fuel Oil (ANFO) based explosives which have been

~modified by the incorporation of a binding agent in the fuel oil.

BACKGROUND ART

ANFO mixtures are commonly used as explosives in mining and in other
applications. These mixtures provide effective blasting results, particularly
when low bulk density explosive grade ammonium nitrate (EGAN) prill is
used. Such EGAN is manufactured to have a porous outer surface, which
adsorbs sufficient fuel oil to provide a slightly negative oxygen balanced
explosive; and a porous inner volume, that lowers the density and provides
voids that act as “hot spots” during the detonation process.

High bulk density agricultural grade ammonium nitrate (AGAN) is also

‘useable in ANFO. AGAN is manufactured without introducing external and

internal porosity, and hence there are some technical problems that need to
be overcome so as to enable its use in ANFO.

Other sources of ammonium nitrate are also known, which have been
manufactured by a process similar to AGAN where the level of porosity is
minimal, but which have a bulk density similar to EGAN because of the

ihclusion of a large dimple or hole.

The main technical disadvantages of ANFO are that (i) the product is
damaged by the presence of relatively small amounts of water; (ii) the

explosive energy of the mixture per unit volume (the bulk strength) is fixed
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for a given ammonium nitrate prill, dependant only on its bulk density; and
(iii) the velocity of detonation (VOD) is limited to relatively moderate
values. These disadvantages may be overcome by mixing ANFO with an

ammonium nitrate based emulsion (ANE) in various proportions.

An ANE is a water-in-oil emulsion, where the dispersed water phase is
comprised of ammonium nitrate, water, and other minor components, and
the continuous oil phase is comprised of emulsifiers and carbonaceous
liquids or solids. As ANEs are more expensive than ANFO, the blend ratio
used in an explosive composition is generally the minimum needed to
provide the required water resistance, bulk strength, VOD, or combination
thereof.

Mixtures of ANE and ANFO that are comprised of 1% to 50% ANE and 99%
to 50% ANFO are known as heavy ANFO (HANFO) mixtures. HANFO
mixtures are used to provide a higher bulk strength product for use in
ground which requires a higher level of energy to be effectively blasted; and
at the higher levels (above 40% ANE) some water resistance. Mixtures with
50% to 100% ANE and 0% to 50% ANFO generally need to be sensitized by
addition of chemical gassing agents or solid sensitization in order to
detonate efficiently and are commonly referred to as “slurry”
emulsion/ANFO blends. Such ANE and ANFO mixtures that are sensitized
using chemical gassiyng agents are known as gassed blends. Emulsion/ANFO
blends, including gassed blends, provide explosive compositions with a
significant level of water resistance, and also allow a higher VOD to be
obtained. These blends are used for charging into wet blastholes, sleeping
the product in wet conditions, and for use in ground which is composed of
rock with a higher compressive strength, and requires an explosive with a
higher VOD (ie, more brissant) to blast it; or where a greater level of
fragmentation of the ground is required.

It is generally preferred to use EGAN in HANFO and in gassed blends.
However difficulties with the availability of the product, its cost, and its
quality often mean that the use of the other ammonium nitrate types in

explosive compositions will be attempted. There are some significant
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technical difficulties with this, arising from the lack of internal porosity of
the prill to provide sensitization of the mixture; and the lack of external
porosity to absorb the required level of fuel oil to provide the required
slightly negative oxygen balance. In particular, if non-EGAN is used to
manufacture ANFO, the fuel oil is not absorbed into the surface of the prill
and wicking may occur resulting in diesel oil seeping away and into the
ground, leaving behind the ammonium nitrate prill. The displacement of
diesel will also change the explosive properties, resulting in an explosive
with a positive oxygen balance and increased risk of post-blast fumes
occurring. If such ANFO is mixed with emulsion to form a HANFO or gassed
blend, the unabsorbed diesel will mix with and then dilute the emulsion. The
viscosity of the emulsion will decrease and the product may not maintain its
column integrity in the hole. The decreased viscosity emulsion can seep into
cracks and fissures in the hole, causing slumping of the product.

The standard methods of overcoming these shortcomings are to: (i) use a
mineral oil as the fuel component, which has a significantly higher viscosity
than diesel fuel oil, which is retained by the AGAN at a higher level, and
which leads to a smaller loss of viscosity in the emulsion phase should they
be mixed; and (ii) for emulsion blends, replacing the diesel used on the
ANFO by incorporating a higher level of fuel phase into the ANE. Using the
later described method means that the viscosity of the emulsion is not
compromised, and the increased fuel phase present accommodates for the
non-incorporation of diesel in the ammonium nitrate component. But both
of these methods are relatively expensive, in terms of the raw materials
used or the change in production parameters required.

One way to address these issues is to ensure that the fuel oil is retained by
the prill. By increasing the fuel oil absorption and adsorption capacity of the
non-EGAN prill, wicking and dilution are avoided. It has been known to use
additives with the fuel oil that aid in coupling the fuel oil to the surface of
the AGAN -prill. An example is described in Canadian Patent Application
2438161A1 which consists of epoxidized oils, vegetable oils, and esfer

derivatives of such being added to the fuel oil. Another example involves
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using solid fuel sources such as carbon black, as described in U.S. Patent
No. 3,540,953. However, using such materials requires the modification of
existing explosive delivery machinery and it use can result in a build up of
material that can clog key equipment. To avoid problems arising from such
a build up, it would therefore be advantageous to have a binding agent that
would dissolve in a fuel oil and would require no further modification to
current explosive delivery equipment. It can also be chemically different
than the known coupling agents described above to provide an alternative,
and it would also be useful if it could have improved functionality,
particularly in heavy ANFO type products and emulsion/ANFO blends.
Another potential advantage is to utilise new components that have a new
supply source, and which can be economically substituted for some of the
oil previously used in these blasting formulations.

Accordingly, it would be useful to provide a new solution that avoids or
ameliorates the disadvantages present in known approaches, or which
provides an alternative to these approaches.

DISCLOSURE OF THE INVENTION

One aspect of the invention provides a blended explosive composition
having an oxidizer component and a fuel component, wherein the oxidizer
cbmponent may preferably contain ammonium nitrate, and the fuel
component contains carbonaceous materials such as fuel oil as well as a
binding agent. The binding agent is selected from one or more of a long

chain carboxylic acid and its salts and the derivatives thereof.

Another aspect of the invention concerns a method of increasing the water
resistance, and/or increasing the sleep time, of a blended explosive
composition having an oxidizer component and a fuel component, wherein
the oxidizer component contains one or more oxidizer salts, and the fuel
component contains carbonaceous material and a binding agent, which
comprises the step of adding a binding agent that is selected from one or
more of a long chain carboxylic acid and its salts and the derivatives thereof

to a blended explosive composition.
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Preferably, the oxidiser salt may be in the form of separate discrete

particles, such as prill.

In one preferred form, the explosive composition is an ammonium nitrate /
fuel oil (ANFO) type of explosive composition. In another preferred form,
the explosive composition is an ammonium nitrate / fuel oil (ANFO) type of
explosive composition mixed with an ammonium nitrate based emulsion
type of explosive composition.

Preferably, the long chain carboxylic acid may be a C8 to C100 lohg chain
carboxylic acid. Also long chain carboxylic acid may preferably be stearic
acid or oleic acid or the di- or tri- oligomers thereof. The derivatives of the
long chain carboxylic acids may preferably be selected from any one or
more of the esters, lactones, amides, lactams, anhydrides, acid chlorides or
other halides, or imides of these acids. The binding agent may be selected
for example, from one or more of: dimer acid, trimer acid, polyisobutylene
succinic anhydride, oleic acid, stearic acid, sorbitan tristearate, and their

salts and esters.

Preferably, the binding agent may comprises from 5% to 50% by weight of
the fuel component, or more preferably from 10% to 20% by weight of the
fuel component. It is also preferred that the fuel component contains a
substantial portion of diesel oil, and the remainder being mineral oil. The
oxidizer component may contain a substantial portion of high density
ammonium nitrate prill and/or low density non-porous prill,4 and the

remainder being low density porous ammonium nitrate prill and/or water.
MODES FOR CARRYING OUT THE INVENTION

In one broad form, the invention concerns a blasting explosive composition
containing a solid inorganic oxidising salt as the oxidizer component, a
hydrocarbon liquid as the fuel component, and a binding agent. The
composition can also contain an ammonium nitrate based emulsion.

The binding agent is selected from one or more of a long chain carboxylic
acid and the derivatives thereof and the salts of such acids or derivatives.
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The derivatives may be the esters, lactones, amides, lactams, anhydrides,
acid chlorides or other halides, or imides, for instance. The salts may be
salts with common alkali metal or alkali earth metal cations, or with
ammonium or amine cations, especially long chain amine cations, for

example.

The binding agent is preferably selected so as to increase the water
resistance of the explosive composition. The binding agent may preferably
also or alternatively be selected to increase the fuel oil absorbency of the
solid inorganic oxidising salt. Furthermore, the binding agent may
preferably be selected to increase the sleep time of the explosive
composition.

The binding agent is selected from one or more of a long chain carboxylic
acid and its salts and derivatives. The carbon chain may preferably have
from about 8 to 100 carbon units, and more preferably from about 10 to 50
carbon units. The chain may be saturated or unsaturated, and unbranched
or branched. The long chain compound may have one carboxylic acid

functional group or multiple such groups; such as two or three groups.

The long carbon chain may have from about 8 to 100 carbon units,
preferably from 10 to 50. In one preferred form, the long carbon chain is
selected from stearic acid or oleic acid, or di- and tri- component derivatives
of such acids.

Preferably it may be selected from one or more of: dimer acid, trimer acid,
polyisobutylene succinic anhydride, oleic acid, stearic acid, and their salts
and esters. In one particularly preferred form it may be a dibasic acid such
as dimer acid or polybutylene succinic anhydride (PIBSA), or their
derivatives or may be a mixture thereof. Dimer acid is a C36 Dimer acid,
which is predominantly a dimer of (C18) stearic acid. Other suitable acids
are described below.

The solid inorganic oxidising salt is generally ammonium nitrate particles
and can be in the form of porous prill, high density prill, non-porous prill,
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crystalline ammonium nitrate, fines or a combination thereof. The porous
prill can have a particle size between 6 and 20 TYLER sieve size and a
particle density of about 1.35 g/cc to about 1.52 g/cc, a prill void volume of
10.0 to 18.5% and a bulk density of about 0.7 to about 0.85 g/cc. The high
density prill can have a bulk density of about 0.85 g/cc to 1.00 g/cc.
Ammonium nitrate particle fines normally have a particle size smaller than
20 TYLER sieve size.

The ammonium nitrate based emulsion (ANE) is of a water-in-oil type,
which has as its discontinuous phase an oxygen-releasing salt solution and
has as its continuous phase an organic water-immiscible fuel component.
The oxygen-releasing salt solution can be selected from the group
consisting of ammonium nitrate, sodium nitrate, calcium nitrate, urea and
water and mixtures thereof. The ammonium nitrate can comprise from 50%
to about 94% by weight, and preferably from 60 to 85%, by weight, of the
total composition of the ammonium nitrate based emulsion. The urea can
comprise from 0 to 20% weight and preferably from 0 to 9%, by weight, of
the total composition of the ammonium nitrate based emulsion. The organic
water-immiscible fuel component can comprise from 1 to 10%, by weight,
of the total composition of the ammonium nitrate based emulsion. The
organic water-immiscible fuel component can comprise an emulsifier agent.
The emulsifier agent can comprise at least one derivative of
poly(isobutylene) succinic anhydride and an amine or alkanolamine
emulsifier. The emulsifier agent can comprise from 0.3 to 3.5%, by weight,

of the total composition of the ammonium nitrate based emulsion

A process for producing an ammonium nitrate based emulsion composition
can comprise dissolving an oxygen-releasing salt solution at a temperature
above the fudge point of the oxygen-releasing salt solution. The acidity of
the oxygen-releasing salt solution is adjusted between about pH 2.0 to
about pH 7.0. The oxygen-releasing salt solution and organic water-
immiscible fuel component are combined and mixed until the ammonium

nitrate based emulsion is uniform.
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The oxygen-releasing salt solution can include a gassing catalyst. The
gassing catalyst can be selected from a group of thiocyanate or thiourea
compounds. The gassing catalyst can comprise from about 0.1% to 1%,
preferably 0.1% to 0.6%, by weight, of the total composition of the oxygen-
releasing salt solution.

The hydrocarbon liguid can be selected from the group consisting of #2
diesel, a petroleum hydrocarbon, aromatic hydrocarbon, glycol, fuel oil,
heating oil, jet fuel, kerosene, mineral oils, fatty acids, alcohols, vegetable
oil and mixtures thereof.

The explosive composition may be in the form of an ammonium nitrate /
fuel oil (ANFO) type of explosive composition, or an ammonium nitrate /
fuel oil (ANFO) type of explosive composition mixed with an ammonium
nitrate based emulsion (ANE) type of explosive composition, or as an
ammonium nitrate based emulsion (ANE) type of explosive composition.
With the blasting explosive compositions involving an emulsion (ie ANE),
then the binding agent should be selected among those long chain
carboxylic acid or its salts or derivatives that do not destabilise the
emulsion. This can be determined by simple trial, to observe the effect of
the binding agent utilised in the invention upon the stability of the emulsion.
It is advisable to select binding agents that do not cause premature
crystallisation of the components in the emulsion. It has been noted that as
a very general indication, that monostearates tend to make the emulsions
unstable, but di- and tri- stearates are stable with the emulsion, while all
three types improve the water resistance. Of course, this is not an issue
with ANFO blasting compositions that do not involve the presence of

emulsions.

Explosive compositions, particularly emulsion explosives, can include a
density reducing agent. The density reducing agent can be selected from
the group of materials consisting of fine gas bubbles, hollow particles or
microballoons, low density particles or mixtures thereof. The density of the

explosive composition is preferably in the range of 0.30 to 1.50 g/cc.
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In one preferred form, the explosive composition may be an explosive
mixture including an inorganic oxidizing salt, fuel oil (consisting of binding
agent and carbonaceous material), and may also contain an explosive

emulsion.

It is preferred that the binding agent is present in an amount about 5% to
about 50 wt% based upon the weight of the fuel component. More
preferably, the binding agent is present in an amount from about 10% to
about 20 wt%.

The binding agent binds the oxidizer component and the fuel component,
and is ideally selected so as to be dissolvable into the carbonaceous
material. The binding agent is selected from long chain mono- or poly-
carboxylic acids and/or their salts and/or derivatives, especially the ester
derivatives. It may preferably be a dibasic acid, such as dimer acid. In this
situation, the dibasic acid may be an oligomeric fatty acid, a fatty acid or

" derivative, or a mixture thereof. Preferably, the fatty acid is an oligomer of

octadecenoic acid, such as dimer acid or trimer acid. Another preferred such
binding agent is sorbitan tristearate.

Most preferably, the dibasic fatty acid is dimer acid (CAS: 61788-89-4). As
another example, the dibasic acid may be polyisobutylene succinic
anhydride (PIBSA) or a derivative, or a mixture, thereof. Oleic or trimer acid
are other preferred binding agents. Dimer acid is commonly a mixture of
dimer acid (75-82%), trimer acid (16-22%) and monomer acid (1-3%).

Other possible agents include stearic acid salts and/or derivatives. An
example of these is sorbitan tristearate, (CAS: 26658-19-5) which is a
mixture of the partial esters of sorbitol and its anhydrides with stearic acid.
Other such agents may especially be various di- and tri- stearates and their

salts and derivatives.

Another possible binding agent is “"Dodiflow”, which is manufactured by the
Clarient AG company of Switzerland. The product sold as “Dodiflow” is a

reaction product of an alkenylspirobislactone with one mole of



10

15

20

25

30

10

di(hydrogenated tallow) amine and one mole of (hydrogenated tallow)

amine, also known as N-stearyl maleimide octadecyl copolymer.

The counter ions to such stearic or other acid salts may include
diethylethanolamine, triethanolamine, ethanolamine, diethylethanolamine,
as well as alkali metal or alkali earth metal salts, or other metal salts, or
ammonium or long chain hydrocarbon tetra-ammonium salts, as some
examples. Salts such as sodium, ammonium, calcium, aluminium or the like
salts may be used. Other agents include stearic acid esters, eg, glycerol
monostearate and tetraglycerol tristearate.

The binding agents may be a derivative of the acids, as well as their salts,
particularly their esters, lactones, amides, lactams, anhydrides, acid
chlorides or other halides, or imides or sulfonic acid and its derviatives. If
the acid is used, it may be advantageous to adjust the pH of the mixture,
because too low a pH can result in destabilisation of the ammonium nitrate,
so adjusting the pH may be necessary in such instances, such as by adding

sodium hydroxide, or a similar base to the acid for instance.

The carbonaceous material according to the invention, is normally a fuel oil
or alternate component that may be used in ANFO, emulsion, or HANFO
blasting explosives. It is usually a long chain hydrocarbon oil, or derivatives
thereof.

The carbonaceous material may be selected from any fuel known in the art
(e.g. fuel oil, heating oil, diesel fuel, jet fuel, kerosene, mineral oils,
saturated fatty acids such as lauric acid and stearic acid, alcohols, vegetable
oil and the like). Preferably, the organic carbonaceous material comprises

fuel oil, such as No. 2 diesel oil.

The inorganic oxidizing salts are preferably selected from the group
consisting of ammonium, alkaline-earth nitrates and alkali metal nitrates.
Preferably, the oxidizer salts are ammonium nitrate (AN) in combination
with calcium nitrate (CN) or sodium nitrate (SN) and mixtures thereof. Most
preferably, the oxidizer salt is ammonium nitrate. The oxidiser salt(s) is in
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the form of separate discrete particles, such as prills, granules, pellets,
and/or fines as opposed to cast or powdered or solutions. The amount of
oxidizer salt(s) employed is generally from 9% to about 94%, by weight of

the total composition.

It is preferred that the fuel oil is present in an amount about 2 to about 10
wt% based upon the weight of the inorganic oxidizing salt and the fuel.
More preferably, the fuel oil is present in an amount from about 4 to about
8 wt% and, most preferably, the ratio of inorganic oxidizing salt to fuel oil is
about 94:6. The explosive composition when loaded into a borehole can be
ANFO, HANFO or a sensitized emulsion:ANFO slurry.

The blasting compositions made according to the invention that include long
chain carboxylic acids and their salts and derivatives as a binding agent
have been found to have good water resistance. The invention therefore
concerns a method of improving the water resistance of such compositions,

by including these binding agents in the explosive mixture.
EXAMPLES
Example 01 - Dimer acid

Dimer acid (36 carbon units) was tested as a binding agent, in an emulsion
blasting composition. The emulsion stability held up well, and there was
generally improved water resistance when compared to standard emulsions
without the addition of a binding agent. Around 10% to 30% of the fuel
component was replaced with the dimer acid. It readily dissolved in the
diesel oil. The explosives blend permitted 28 to 94% AN and 1.8 to 6% Fuel
Oil. Both HDAN and LDAN prill could be used.

Example 02 - Oleayl dimer monostearate

Oleayl dimer monostearate (C54) was tested. There was good emulsion
stability, and good water resistance. The binding agent replaced 10% to
30% of the fuel component, and it readily dissolved in the diesel, and 56 -
94% AN and 1.8 - 6% FO was blended, using both HDAN and LDAN prill.
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Example 03 - Oleay! dimer distearate

Oleayl dimer distearate (C72) was tested. There was good emulsion
stability, and good water resistance. The binding agent replaced 10% to
30% of the fuel component, and it readily dissolved in the diesel, and 56 -
949% AN and 1.8 - 6% FO was blended, using both HDAN and LDAN prill.

Example 04 - Dimer Acid / Genamin OL 500D

A mixture of Dimer Acid and Genamin™ OL 500D was tested. Genamin OL
500D is a distilled oleyl ammonium acetate salt compound. There was
average emulsion stability but with some slight crystallisation. The binding
agent replaced 20% to 50% of the fuel component, and it readily dissolved
in the diesel, and 56 - 94% AN and 1.8 - 6% FO was blended, using both
HDAN and LDAN prill.

Example 05 - Dodiflow

Dodiflow™ was tested, being an N-stearyl maleimide octadecyl copolymer
compound. There was good emulsion stability with good water resistance.
The binding agent replaced 10% to 20% of the fuel component, and it
dissolved in the diesel after some heating, and 56 - 94% AN and 1.8 - 6%
FO was blended, using both HDAN and LDAN prill prill.

Example 06 - PEG 600 distearate

PEG 600 distearate was tested, being a di-ester of stearic acid with
polyethylene glycol. There was some crystallisation in the emulsion. The
binding agent replaced 10% to 20% of the fuel component, and it dissolved
in the diesel after some heating, and 56 - 94% AN and 1.8 - 6% FO was
blended, using both HDAN and LDAN prill.

Example 07 - Sorbitan stearate

Sorbitan stearate (C24)was tested. There was very good water resistance.
The binding agent replaced 10% to 20% of the fuel component, and it
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dissolved in the diesel after heating, and 47 - 94% AN and 1.8 - 6% FO
was blended, using LDAN prill.

Example 08 - Sorbitan tristearate

Sorbitan tristearate (C60) was tested. There was good emulsion stability
observed and very good water resistance. The binding agent replaced 10%
to 20% of the fuel component, and it dissolved in the diesel after heating,
and 47 - 94% AN and 1.8 - 6% FO was blended, using LDAN prill.

Example 09 - Diethylenetriamine tristearate

Diethylenetriamine tristearate (C58) was tested. There was some
crystallisation in the emulsion, and fair water resistance. The binding agent
replaced 5% to 15% of the fuel component, and it dissolved in the diesel
after heating, and 56 - 94% AN and 1.8 - 6% FO was blended, using HDAN
prill.

Example 10 - Methylamine stearate

Methylamine stearate (C19) was tested. There was some crystallisation in
the emulsion, and fair water resistance. The binding agent replaced 5% to
15% of the fuel component, and it dissolved in the diesel after heating, and
56 - 94% AN and 1.8 - 6% FO was blended, using HDAN prill.

Examples 11 to 40 were carried out in a similar manner to Examples 1 to
10.

Example | Binder

11 3-methoxypropyl amine stearate

12 ethylamine stearate

13 dimethylethanolamine stearate
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|14 dimethylethyl stearate
15 dimethylethanolamine stearate / dimer acid half salt
16 Triethanolamine stearate
17 Triethanolamine stearate / dimer acid half salt
18 Diethylethanolamine stearate
19 Tetraglycerine tristearate
20 glycerol tristearate
21 Tetraglycerine stearate
22 Ethanolamine stearate
23 diethanol amine stearate
24 Genamin™ SPA (stearamidopropy! dimethylamine)
25 Genamin™ SPA stearate
(stearamidopropyl dimethylamine stearate)
26 ’dimer acid salt of Genamin™ SPA (mono)
27’ PIBSA salt of Genamin™ SPA (mono)
28 Tallow diamine distearate
29 Tallow diamine monostearate
30 C18 tertiary amine mono stearate
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31 C18 tertiary amine mono stearate / dimer acid
32 C14 tertiary amine mono stearate

33 C10 tertiary amine mono stearate

34 Octadecylamine / Dimer acid (1:1)

35 Octadecylamine / oleic acid

36 Octadecylamine ethylhexanoic acid |

37 Octadecylamine methylcanolate

38 Dodecylamine / dimer acid

39 PIBSA Tetrastearate

40 distearyl oleayl tetraglycerine

WATER RESISTANCE TESTING

Various comparison examples (ie, as Comparison Examples 1 to 5) were
prepared, as described below. In addition some examples of the explosives
composition according to the present invention (ie, Examples A to E) were

also prepared, as described below.

The relative effectiveness of the various formulations was determined
according to the following testing procedures.

GENERAL EMULSION MANUFACTURE PROCEDURE

The ingredients of the oxidizer phase were heated to 75 C to form an
agueous solution. Separately, the ingredients of the fuel phase were mixed
while heating to 65 C. The hot oxidizer phase was then poured into the fuel
phase slowly, with agitation provided by a Lightnin’ Labmaster™ mixer
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fitted with a 65 mm Jiffy™ stirring blade rotating initially at 600 rpm for 30
seconds. The crude emulsion was refined by stirring at 1000 rpm for 30
seconds, 1500 rpm for 30 seconds and 1700 rpm until the stated viscosity
was achieved. The quantity of product prepared in each sample was 2.00
kg.

FIRST GENERAL WATER RESISTANCE PROCEDURE

A 100 g homogenous blend containing 50 g of emulsion and 50 g of ANFO
was prepared in a 250 ml glass beaker, and this blend was maintained at a
known room temperature. A 100 g sample of water, at the same known
room temperature, was added to the emulsion:ANFO blend and the
temperature of the blend was immediately recorded as temperature initial
(To). A 5 minute timer was started and the contents of the beaker were
immediately hand mixed using a 10 mm glass rod by rotating for 20
revolutions at a rate of approximately 1 second/revolution. On completion
of the mixing the contents of the beaker were left to stand until the end of
the 5 minute interval, at which time, the temperature of the watery
component was recorded (Ts). A visual observation of the contents of the
beaker post mixing was additionally recorded. The difference between TO
and T5 indicates the proportion of endothermic ammonium nitrate
dissolution resulting from the degree of water resistance imparted on the

ammonium nitrate by the emulsion component.
GENERAL ROD RATING PROCEDURE

Emulsion and ANFO blends are prepared as either heavy ANFO blends or
gassed emulsion blends. A 10 mm glass rod is dipped into the blend at a 45
degree angle to a depth of approximately 20 mm to coat one side of the
glass rod with blend, the glass rod is then lightly tapped to remove excess
prill and/or emulsion. The glass rod is held toward a light source with side
coated with emulsion facing away such that the light can visually pass
through the glass rod. The emulsion is than lightly rubbed along the glass
rod three times and the proportion of crystals are measured as follows:
8 = no crystals,
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7 = small amount of crystals,
6 = half emulsion:half crystals,
5 = mostly crystals with some emulsion,
4 = All crystals with no emulsion.
The blend is continually rated for the proportion of crystal formation over

time at known intervals.
GENERAL FUEL ABSORBANCE PROCEDURE

The initial mass of ammonium nitrate (50 g) is weighed into a 250 mli
beaker. 100 ml of diesel is added to the ammonium nitrate prill. This is left
for 15 minutes to allow the diesel to fully absorb. Excess diesel is then
poured off and all the ammonium nitrate is poured onto absorbent paper. A
piece of absorbent paper towel is placed over the top of ammonium nitrate
and pressed to remove excess diesel. The ammonium nitrate is transferred
to another piece of absorbent paper towel and an additional piece of
absorbent paper towel is used to remove excess diesel. The final mass of
the ammonium nitrate is weighed and the fuel oil absorbency is determined
by deducing the final mass from the initial mass and dividing that value by

the initial mass.
SECOND GENERAL WATER RESISTANCE PROCEDURE

An alternative water resistance procedure can show the effect of different
additives on the water resistance ability of the blends.

A 55 ml container was filled to the top with a homogenous blend containing
50% of emulsion and 50% of ANFO by weight. The container was placed
into a 600 ml beaker. Then 250 ml of water was added to the beaker. A jiffy
mixer blade was positioned approximately 14 mm above the sample. The
jiffy mixer blade was turned on at 1000 rpm for approximately 30 minutes.

The conductivity was measured periodically.

COMPARISON EXAMPLE 1
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Comparison Example 1 represents a standard formulation to be used‘ as a
comparison example. The formulation is shown in Table 1. The emulsifier
was selected from the group of emulsifiers that result from condensation
reactions between PIBSA (polybutenyl succinic anhydride) and amines or
alkanolamines. The mineral oil used was predominantly paraffinic with some
aromatic and naphthenic constituent compounds. The emulsion was formed
with a viscosity about 25,000 cP. A gassed blend of 60 parts emulsion and
40 parts ANFO by weight was prepared and chemically gassed to the
desired density of 1.05 g/cc, which is a typical density for mixtures of this
type. The ammonium nitrate prill type used for the ANFO has a bulk density
of 0.82 g/cc and a fuel oil absorption of 6% and is imported from the
Louisiana Missouri Ammonium Nitrate plant owned by Dyno Nobel (herein
referred to as LOMO prill). As Table 2 shows, the water resistance of the
blend is good.

Table 1. Standard Emulsion Formulation

Oxidiser Component 94%
Ammonium Nitrate 75%
Water 25%
Fuel Component 6%

Emulsifier 15%
Mineral Qil/ Fuel Oil 85%

Table 2. Water Resistance Results of Gassed Emulsion Blend using
LOMO AN Prill ANFO

Temperature Initial (To) 14C

Temperature Final (Ts) 11 C
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Temperature Difference 3C

COMPARISON EXAMPLE 2

In Comparison Example 2, the process conditions were kept as close as
possible to those described in Comparison Example 1. Thus Comparison
Example 1 was repeated except that the ammonium nitrate prill type for the
ANFO was non-porous Acron ammonium nitrate prill. Although the prill was
non-porous the bulk density was 0.74 g/cc, which arises due to the dimple
in the centre of the prill. When fuel oil is mixed with the prill it is typically
retained in the dimple, and not adsorbed onto the surface or otherwise
absorbed. Upon contact with emulsion the fuel oil is available to mix with
emulsion and cause emulsion thinning. The same emulsion component used
in Comparison Example 1 was used in this example. A gassed blend of
60:40 parts emulsion:ANFO was prepared and chemically gassed to the
desired density of 1.05 g/cc. As Table 3 shows, the results for the water
resistance of this blend are poor, and it was observed in the water resistant
test that the Acron prill separates from the emulsion.

Table 3. Water Resistance Results of Gassed Emulsion Blend using
Acron AN Prill ANFO

Temperature Initial (To) 14 C
Temperature Final (Ts) 6C
Temperature Difference 8C
EXAMPLE A

An experiment was conducted to see how dimer acid works in different
formulations. In Example A, the same emulsion was used from Comparison

Example 1. The ammonium nitrate prill source was Acron AN prill. The fuel
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oil component for the ANFO consisted of 10% dimer acid and 90% diesel oil.
A gassed blend of 60:40 parts emulsion:ANFO was prepared and chemically
gassed to the desired density of 1.05 g/cc. As Table 4 shows, the water
resistance has improved compared to Comparison Example 2 and is

consistent with Comparison Example 1.

Table 4. Water Resistance Results of Gassed Emulsion Blend using
Acron AN Prill & dimer acid in diesel ANFO

Temperature Initial (To) 14 C

Temperature Final (Ts) 11 C

Temperature Difference 3C

COMPARISON EXAMPLE 3

Comparison Example 2 was repeated where the Acron ammonium nitrate
prill was replaced with Chempure ammonium nitrate. Chempure has no
coating agents added and is in a crystalline form. Water resistance of a
60:40 gassed blend was undertaken. As Table 5 shows, the water
resistance is poor and it was observed that the chempure separated from

the emulsion during the water resistance testing.

Table 5. Water Resistance Results of Gassed Emulsion Blend using
Chempure AN ANFO

Temperature Initial (To) 14 C

Temperature Final (Ts) 5C

Temperature Difference 9 C
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EXAMPLE B

Comparison Example 3 was repeated with the only difference that the fuel
oil component was replaced with a mixture of 10% dimer acid and 90%

diesel. As Table 6 shows, the water resistance of the blend is improved.

Table 6. Water Resistance Results of Gassed Emulsion Blend using
Chempure AN & dimer acid in diesel ANFO

Temperature Initial (T,) 14 C
Temperature Final (Ts) 8 C
Temperature Difference 6C

COMPARISON EXAMPLE 4

A blend of 60:40 parts emulsion:ANFO was prepared using KT technology
ammonium nitrate prill from Queenland Nitrates Pty Ltd, herein referred to
as “"QNP”, and chemically gassed, similarly to that used in Comparison
Example 1. The emulsion blend was evaluated for the degree of emulsion
crystallisation over time using the rod rating procedure. Table 7 shows the

degree of crystallization does increase over time.

Table 7. Rod Rating Results of Gassed Emulsion Blend using KT AN
prill ANFO

Number of Days Crystallisation Rating
0 7
4 6
14 5
20 5
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COMPARISON EXAMPLE 5

A HANFO blend of 40:60 parts emulsion:ANFO was prepared using LOMO
ammonium nitrate prill in the ANFO component. The degree of
crystallization of the emulsion component was measured over time using
the rod rating procedure. Table 8 shows that increased crystallization is
evident over time.

Table 8. Rod Rating Results of HANFO Blend using LOMO AN Prill
ANFO

Number of Days Crystallisation Rating
0 7

4 7

14 4

20 4

EXAMPLE C

A gassed emulsion blend (60:40 parts emulsion:ANFO) was prepared
similarly to Comparison Example 1, whereby the ANFO was prepared using
Acron ammonium nitrate prill and the fuel oil component consisted of 10%
dimer acid and 90% diesel. As Table 9 shows, a reduced rate of emulsion
crystallization over time, compared to the use of LOMO prill with no dimer

acid present, is evident.

Table 9. Rod Rating Results of Gassed Emulsion Blend using Acron
AN Prill & dimer acid in diesel ANFO
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Number of Days Crystallisation Rating
0 7

4 7

14 6

20 6

EXAMPLE D

A HANFO blend of 40:60 parts emulsion:ANFO was prepared whereby the
ANFO component consisted of Acron ammonium nitrate prill and fuel oil
component containing 10% dimer acid and 90% diesel. As Table 10 shows,
a reduced rate of emulsion crystallization over time, compared to the use of

KT prill with no dimer acid present, is evident.

Table 10. Rod Rating Results of HANFO Blend using Acron AN Prill &
dimer acid in diesel ANFO

Number of Days Crystallisation Rating
0 7

4 7

14 6

20 6

EXAMPLE E

Various dimer and diesel oil solutions were prepared consisting of 0%, 10%,
20% and 30% dimer acid with the remainder being diesel. The fuel oil
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absorbency was measured and Table 11 shows the results. The results show
a trend of improved fuel oil absorbency as the amount of dimer acid is
increased.

Table 11. Fuel Oil Absorbency of Acron AN Prill with different dimer

acid content in the diesel

% Dimer Acid Fuel Oil Absorbency
0 3.4%
10 4.1%
20 5.0%
30 5.4%

COMPARISON EXAMPLE 6

In Comparison Example 6, the process conditions were kept as close as
possible to those described in Comparison Example 1. Thus, Comparison
Example 1 was repeated except that the ammonium nitrate prill type for the
ANFO was low density ENAEX Prillex AN. A blend of 40:60 parts
emulsion:ANFO was prepared. Table 12 shows the results for the water
resistance, tested according to the Second General Water Resistance
Procedure described above. '

Table 12. Conductivity Water Resistance Results of Gassed Emulsion
Blend using ENAEX Prillex AN Prill ANFO

Time (min) Conductivity (mS/cm)

0 0

15 4.9
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Time (min) Conductivity (mS/cm)
30 7.0
EXAMPLE F

Comparison Example 6 was repeated with the difference that the fuel oil
component was replaced with a mixture of 20% dimer acid and 80% diesel.
As Table 13 shows, the conductivity is reduced when compared to the
results in Table 12 indicating an improvement in the water resistance of the
blend.

Table 13. Water Resistance Results of Gassed Emulsion Blend using
ENAEX Prillex AN & dimer acid in diesel ANFO

Time (min) Conductivity (mS/cm)
0 0

15 1.5

30 2.0

EXAMPLE G

Comparison Example 6 was repeated with the only difference that the fuel
oil component was replaced with a mixture of 10% sorbitol tristearate and
90% diesel. As Table 14 shows, the conductivity is reduced when compared
to the results in Table 12 indicating an improvement in the water resistance
of the blend.

Table 14. Water Resistance Results of Gassed Emulsion Blend using
ENAEX Prillex AN & dimer acid in diesel ANFO
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Time (min) Conductivity (mS/cm)
0 0

15 1.4

30 1.5

EXAMPLE H

Comparison Example 6 was repeated with the difference that the fuel oil
component was replaced with a mixture of 10% Dodiflow and 90% diesel.
As Table 15 shows, the conductivity is reduced when compared to the
results in Table 12 indicating an improvement in the water resistance of the
blend.

Table 15. Water Resistance Results of Gassed Emulsion Blend using
ENAEX Prillex AN & Dodiflow in diesel ANFO

Time (min) Conductivity (mS/cm)
0 0

15 1.1

25 _ 1.2

COMPARISON EXAMPLE 7

In Comparison Example 7, the process conditions were kept as close as
possible to those described in Comparison Example 1. Thus Comparison
Example 1 was repeated except that the ammonium nitrate prill type for the
ANFO was low density Tianji AN. A blend of 30:70 parts emulsion:ANFO was
prepared. The blend was detonated under unconfined conditions in 102 mm
diameter pipe and a velocity of detonation of 2,400 m/s was recorded.
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EXAMPLE 1

Comparison Example 7 was repeated with the difference that the fuel oil
component was replaced with a mixture of 20% sorbitol tristearate and
80% diesel. A velocity of detonation of 2,800 m/s was observed, indicating
that the additive does not affect the velocity of detonation.

EXAMPLE ]

In this example, a blend of 40:60 parts emulsion:ANFO was prepared. The
ammonium nitrate prill type for the ANFO was Rivho HDAN. The fuel oil
component was replaced with a mixture of 20% sorbitol tristearate and
80% diesel. The blend was detonated under unconfined conditions in 200
mm diameter pipe. A velocity of detonation of 3,200 m/s was obtained.

In this specification, unless the context clearly indicates otherwise, the term
“comprising” has the non-exclusive meaning of the word, in the sense of
“including at least” rather than the exclusive meaning in the sense of
“consisting only of”. The same applies with corresponding grammatical
changes to other forms of the word such as “comprise”, “comprises” and so
on. It will be apparent that obvious variations or modifications may be
made which are in accordance with the spirit of the invention and which are
intended to be part of the invention, and any such obvious variations or

modifications are therefore within the scope of the invention.
INDUSTRIAL APPLICABILITY

The invention can be utilised in the mining or construction industries for

blasting operations.
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CLAIMS:

1.

A blended ,explosi\/e composition having a particulate oxidizer
component and a fuel component, wherein the particulate oxidizer
component contains one or more oxidizer salts, and the fuel
component contains carbonaceous material and a binding agent
dissolved therein, and wherein the binding agent is selected from one
or more of a long chain carboxylic acid and its salts and derivatives
thereof characterised in that the binding agent binds the carbonaceous
material to the particulate oxidiser component, thereby increasing the
water resistance of the biended explosive composition.

The blended explosive composition of claim 1, wherein the oxidizer salt
is ammonium nitrate.

The blended explosive composition of claim 1, wherein the oxidizer salt
is in the form of separate discrete particles as a prill.

The blended explosive composition of claim 1, wherein the
carbonaceous material is fuel oil.

The blended explosive composition of claim 1, which is an ammonium

nitrate / fuel oil (ANFO) type explosive composition.

The blended explosive composition of claim 1, which is an ammonium
nitrate / fuel oil (ANFQO) type explosive composition mixed with an
ammonium nitrate based emulsion (ANE) type explosive composition.

The blended explosive composition of claim 1, wherein said long chain
carboxylic acid is a C8 to C100 long chain carboxylic acid. |

The blended explosive composition of claim 1, wherein said long chain
carboxylic acid is stearic acid or oleic acid or the di- or tri- oligomers
thereof.
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The blended explosive composition of claim 1, wherein said derivatives
of the long chain carboxylic acids are selected from any one or more of
the esters, lactones, amides, lactams, anhydrides, acid chlorides or
other halides, or imides of said acids.

The blended explosive composition of claim 1, wherein said binding
agent is selected froh one or more of: dimer acid, trimer acid,
po!yisobutylene succinic anhydridé, oleic acid, stearic acid, sorbitan
tristearate, and their salts and esters. |

The blended explosive composition of claim 1, wherein the binding

~agent comprises from 5% to 50% by weight of the fuel component.

The blended explosive composition of claim 11, wherein the binding
agent comprises from 10% to 20% by weight of the fuel component.

The blended explosive composition. of claim 12, wherein the fuel
component contains a substantial portion of diesel oil, and the
remainder being mineral oil.

The blended explosive composition of claim 1, wherein the oxidizer
component contains a substantial portion of high density ammonium
nitrate prill and/or low density non-porous prill, and the remainder
being low density porous ammonium nitrate prill and/or water.

A method of increasing the water resista’nte, and/or increasing the
sleep time, of a blended explosive composition having a particulate
oxidizer component and a fuel component, wherein the particulate
oxidizer component contains one or more oxidizer salts, and the fuel -
component contains carbonaceous mateﬁal and a binding agent
dissolved therein, which comprises the step of adding a binding agent
that is selected from one or more of a long chain carboxylic acid and
its salts and derivatives to a blended explosive composition
characterised in that the binding agent binds the carbonaceous
mateﬁal to the particulate oxidiser component, thereby intreasing the
water resistance of the blended explosive composition.
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The method of claim 15, wherein the binding agent being added
comprises from 5% to 50% by weight of the fuel component.

The method of claim 16, wherein the binding agent. being added
comprises from 10% to 20% by weight of the fuel component.

The method of claim 15, wh‘erein the binding agen't‘ being added is’
selected from one or more of: dimer acid, trimer acid, polyisobutylene
succinic anhydride, oleic acid, stearic acid, sorbitan tristearate, and
their salts and esters.
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