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Description
Field

[0001] The invention relates generally to burn rate modifiers and propellants comprising a burn rate modifier. The
invention also relates to methods of producing a propellant comprising a burn rate modifier as well as an ammunition
cartridge comprising the propellant.

Background

[0002] Propellant performance is determined from its ability to convert chemical energy into mechanical energy through
the evolution of heat and gases that apply pressure to the base of a projectile moving it down the bore of a barrel. Many
factors influence this process. Chemical composition is one important characteristic and another is grain morphology
(shape and size) which has a profound effect on the burning rate. To arrive at an optimised propellant design it must be
understood that the materials, processing conditions, physical properties and chemical properties are all interlinked to
determine propellant performance. The goal is to achieve efficient combustion with optimised loadability to deliver im-
proved ballistic performance. In addition, other aspects such as improving shelf life of the propellant or ensuring ballistic
consistency over temperature extremes are also important. It is also recognized that new propellant formulations and
production processes are required in order to improve efficiency and meet more stringent safety, toxicity and environ-
mental impact requirements.

[0003] To improve propellant performance, and to prevent dangerously high pressure build up, a burn deterrent (or
burn rate modifier) is typically added to the propellant to regulate the burn rate in the initial part of the ballistic process.
This is typically achieved by coating a chemical onto a propellant grain. The chemical can penetrate to some extent into
the grain matrix and acts to slow the burning reaction (by interrupting the chain reaction of burning) or the chemical is
cooler burning. Burn deterrents that function by interrupting the chain reaction of burning do so by stabilising free radicals.
This stabilisation extends the lifetime of the radicals, slows the rate of the radical processes and subsequently, there is
less, or slower, combustion.

[0004] An example of a free radical stabilising burn deterrent is dinitrotoluene (DNT). DNT is a good burn deterrent
because it is stable over long periods and is chemically compatible with propellants such as nitrocellulose which is the
major energetic component of most small arms propellants. However, it is highly toxic and a suspected carcinogen which
makes it a chemical of concern. Recent legislation (such as Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH) under the European Union) has resulted in the use of DNT being highly regulated with the potential
for DNT to be banned in Europe. Due to its characteristics, DNT has associated environmental problems in that it builds
up in and around factory buildings, migrates very slowly into the soil and breaks down slowly.

[0005] Other currently available burn rate modifiers, such as dibutylphthalate (DBP), are also on the substance of
concern list and are likely to be banned. It is anticipated that materials such as DNT and DBP will also have tighter
restriction applied as other countries adopt more stringent safety and environmental regulations.

[0006] V.R. Grassie et al., Can. J. Res., 28b(8), 1950, pp 469-484, disclose stabilizers for nitrocellulose comprising
ethylated vanillin and vanillin.

[0007] DE19831400A1 discloses an ammunition cartridge comprising a primer, a propellant, a projectile and an ol-
factory agent.

[0008] Theretherefore exists a needforalternative burn deterrents to DNT and other burn rate modifiers currently in use.

Summary
[0009] Accordingly, in a first aspect of the present invention, there is provided a propellant comprising:

an energetic material in the form of granules; and
a compound of formula 1
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wherein

R1is selected from the group consisting of -H, -C4_salkyl, -OC_4alkyl, -NH,, -NHC,_4alkyl and -N(C_4alkyl),; and
R2 is selected from the group consisting of -H, -C,_salkyl and -C(=0)C_4alkyl,

wherein the compound is in the form of a coating on the granules of energetic material that has diffused or
penetrated partly or entirely into the granules of energetic material.

[0010] The presentapplicant has conducted considerable research and development over an extensive period of time
to develop a new burn rate modifier having burn rate modification properties making it a suitable substitute for DNT in
propellants for ammunition. The applicant has developed this new burn rate modifier based on 3-ethoxy-4-hydroxyben-
zaldehyde, and derivatives thereof within formula 1. The applicant has found that this new burn rate modifier has burn
rate modification properties just as good as DNT, but without the drawbacks of toxicity and carcinogenicity. In fact, the
new burn rate modifier has surprisingly better burn rate modification properties than even the industry-preferred DNT,
making it suitable for use in propellants and ammunition cartridges.

[0011] Accordingtoasecond aspect, there is also provided the use of the compound of formula 1 as a burn rate modifier.
[0012] In some embodiments, the compound of formula 1 is 3-ethoxy-4-hydroxybenzaldehyde.

[0013] Inathirdaspect, thereis provided an ammunition cartridge comprising the propellant according to the first aspect.
[0014] Theammunition cartridge typically comprises a casing, the propellant described above, a primer and a projectile.
[0015] According to a fourth aspect, there is provided a method of preparing a propellant, comprising coating granules
of an energetic material with a compound of formula 1 so that the compound of formula 1 diffuses or penetrates partly
or entirely into the granules of energetic material, wherein the compound of formula 1 is:

O R

o
KX

HO OR?2

wherein

R is selected from the group consisting of -H, -C4_salkyl, -OC4_salkyl, -NH,, -NHC,_4alkyl and -N(C4_4alkyl),; and
R2? is selected from the group consisting of -H, -C,_salkyl and -C(=0)C_4alkyl.

[0016] These aspects are described more fully in the detailed description below.
Brief Description of the Drawings
[0017] The invention will be described in further detail with reference to the following Figures:

Figure 1 is a schematic illustration showing the composition of a propellant according to one embodiment of the
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invention.

Figure 2 is a graph showing ballistic comparison of variously deterred propellants with a compound of formula 1
fired from a .300 Winchester Magnum proof barrel.

Figure 3 is a graph showing a ballistic comparison of propellants deterred with DNT and a compound of formula 1
fired from a .308 Winchester proof barrel.

Figure 4 is a graph showing a ballistic comparison of a typical commercial propellant deterred with DNT when fired
from a .50 calibre proof barrel and a small grain propellant deterred with a compound of formula 1.

Figure 5 is a graph showing the coating efficiency trend for compounds of formula 1 when coated onto a single base
propellant granule in a laboratory scale sweetie barrel.

Detailed Description

[0018] The invention relates generally to burn rate modifiers and propellants comprising a burn rate modifier. The
invention also relates to methods of producing a propellant comprising a burn rate modifier as well as an ammunition
cartridge comprising the propellant.

[0019] Inthe following, we have described features of the method and the burn rate modifier and propellant. All features
described below apply independently to the methods and the products of the invention.

Compounds

[0020] The present invention involves the use of a compound of formula 1

0 R!

O<}< \

T

OR?
wherein

R1is selected from the group consisting of -H, -C4_jalkyl, -OC,_salkyl, -NH,, -NHC,_4alkyl and -N(C4_4alkyl),; and
R2 is selected from the group consisting of -H, -C,_jalkyl and -C(=0)C_4alkyl.

[0021] In some embodiments R' is selected from the group consisting of -H, -C4_4alkyl and -OC4_salkyl. In other
embodiments, R' is selected from the group consisting of -H and -C_4alkyl. In a particularly preferred embodiment, R?
is -H.

[0022] In some embodiments, R? is selected from the group consisting of -H and -C,_jalkyl. In other embodiments R2
is -C,_4alkyl. In particularly preferred embodiments, R? is -ethyl.

[0023] The substituent OR2 may be in any position around the aromatic ring. For example, OR2 may be in the ortho,
meta or para position. In some embodiments, OR2 is in the meta position. In a particularly preferred embodiment, R2 is
-ethyl and OR? is in the meta position.

[0024] The substituent OH may be in any position around the aromatic ring. For example, the OH may be in the ortho,
meta or para position. In a particularly preferred embodiment, the OH is in the para position.

[0025] The term C,_jalkyl refers to a branched or unbranched alkyl group having from one to four carbon atoms
inclusive. Examples of C,_4alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-
butyl. This definition applies to references to C,_4alkyl alone or as part of a substituent such as -O(C_salkyl), -NHC 1 _salkyl,
or -N(C_salkyl),.

[0026] The compound of formula 1 functions as a burn rate modifier. The burn rate modifier may specifically be a burn
rate deterrent. The burn rate modifier or burn rate deterrent may alternatively be referred to as a burn deterrent.
[0027] The compound of formula 1 preferably has a melting point of about 50 to about 90°C. For example, the melting
point may be about 55 to about 85°C, such as about 60 to about 80°C, or about 65 to about 75°C. In some embodiments,
the compound of formula 1 has a melting point of at least about 50°C. For example, the melting point may be at least
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about 60°C, such as at least about 65°C, or at least about 70°C.
[0028] In some embodiments, the compound of formula 1 is 3-ethoxy-4-hydroxybenzaldehyde:

O H

o N

OH

[0029] Tests were conducted by the applicant demonstrating the efficacy of 3-ethoxy-4-hydroxybenzaldehyde as a
burn rate modifier. The tests showed that 3-ethoxy-4-hydroxybenzaldehyde has surprisingly better burn rate modification
properties than even the industry-preferred DNT, but without the drawbacks of toxicity and carcinogenicity. In particular,
3-ethoxy-4-hydroxybenzaldehyde enhances small grain propellant performance to the point where ballistic performance
of the small grain is similar to a significantly larger granule that is coated with DNT. This enables more propellant to be
loadedinto a cartridge case, resultinginimproved performance. The application of smaller grains for larger loads improves
the efficiency of burning of the overall load, meaning less wastage of propellant, less flash from the muzzle and cleaner
burning propellant loads - a desirable outcome for military ammunition. Previous grain formulations reliant on DNT as
the burn rate modifier could not deliver these outcomes simultaneously.

Energetic material

[0030] The propellant of the present invention comprises an energetic material. The term energetic material includes
any material which can be burned to generate a propellant gas to propel a projectile.

[0031] Insome embodiments, the energetic material is selected from the group consisting of black powder, ammonium
perchlorate, hexogen, butanetrioltrinitrate, ethyleneglycol dinitrate, diethyleneglycol dinitrate, erythritol tetranitrate, oc-
togen, hexanitroisowurtzitane, metriol trinitrate, N-Methylnitramine, pentaerythritol tetranitrate, tetranitrobenzolamine,
trinitrotoluene, nitroglycerine, nitrocellulose, mannitol hexanitrate, triethylene glycol dinitrate, guanidine, nitroguanidine,
3-nitro-1,2,4-triazol-5-one, ammonium nitrate, propanediol dinitrate, hexamine, 5-aminotetrazole, methyltetrazole, phe-
nyltetrazole, polyglycidylnitrate, polyglycidylazide, poly[3-nitratomethyl-3-methyloxitane], poly[3-azidomethyl-3-methyl-
oxitane], poly[3,3-bis(azidomethyl)oxitane], nitrated cyclodextrin polymers, poly glycidylnitrate, and combinations thereof.
[0032] In some specific embodiments, the energetic material is selected from the group consisting of nitroglycerin,
nitrocellulose and combinations thereof.

[0033] In some embodiments, the propellant comprises a single energetic material. For example, the propellant may
only comprise nitrocellulose. In such circumstances, the energetic material may be referred to as "single base" and the
propellant may be referred to as "a single base propellant”. In other embodiments, the propellant may comprise two
energetic materials. For example, the propellant may comprise nitrocellulose and nitroglycerin. In such cases, the en-
ergetic material may be referred to as "double base" and the propellant may be referred to as "a double base propellant”.
In still other embodiments, the propellant may comprise more than two energetic materials. For example, the propellant
may comprise nitrocellulose, nitroquanidine and nitroglycerin. In such circumstances, the energetic material may be
referred to as "multiple base" and the propellant may be referred to as "a multiple base propellant”.

[0034] In one embodiment, the energetic material is nitrocellulose.

[0035] The energetic material may be in any form that is suitable for incorporation into an ammunition cartridge for a
firearm.

[0036] Insome embodiments, the energetic material is in the form of granules. The term "granule" may also be referred
to as "kernel" or "pellet".

[0037] The granules energetic material may be prepared by any method known in the art. For example, a slurry or
dough of energetic material may be extruded, or energetic material in particulate form may be compressed into a granule
of energetic material. In another embodiment, particulates of energetic material may be coalesced and shaped into
agglomerates by pumping a slurry through shaping tubes. In some embodiments, the agglomerates may be substantially
spherical in shape. The agglomerates may be referred to as particles.

[0038] In one embodiment, the energetic material is prepared by extruding a slurry or dough of energetic material to
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form an extrudate and granulating the extrudate. The term "granulating" refers to the process of dividing, or cutting, an
extrudate into granules. In some embodiments, the slurry or dough of energetic material is extruded to form an extrudate
cord and the extrudate cord is cut to the desired length to form granules. The granules may be of any size suitable for
use in ammunition.

[0039] As aconsequence of the processing steps described above, the granules may also be referred to as agglom-
erates, grains or particles.

[0040] Thegranulescanbe ofany shape.Insome embodiments, the granules have an axial dimension with a consistent
cross-section. For example, the granule may have a substantially circular cross-section or the cross-section may be
elliptical or any other similar shape. In some embodiments the granules are cylindrical in shape.

[0041] The granules may be of any size suitable for use in ammunition. In some embodiments, the granules are about
0.1 to about 25mm in length. For example, the granules may be about 0.3 to about 20mm in length, such as about 0.5
to about 12mm in length, or about 0.7 to about 5mm in length, or about 1 to about 2mm in length.

[0042] In some embodiments, the granules have a diameter of about 0.1 to about 20mm. For example, the granules
may have a diameter of about 0.2 to about 15mm, such as about 0.4 to about 12mm, or about 0.5 to about 10mm, or
about 0.6 to about 5mm, or about 0.7 to about 1mm.

[0043] The granules may have a greater length than diameter. In these embodiments, the granules may be referred
to as sticks. In some embodiments, the length of the sticks may be about 6 to about 14mm, such as about 8 to about
12mm. In some embodiments, the diameter of the sticks may be about 0.6 to about 1.2mm, such as about 0.7 to about
Tmm.

[0044] After granulation, the granules are dried during which they may contract slightly. This contraction can be taken
into accountwhen granulating the granules or compressing the particulates of energetic material. The contracted granules
may be of any size suitable to be used in ammunition. In some embodiments, the granules are about 0.1 to about 25mm
in length. For example, the granules may be about 0.3 to about 20mm in length, such as about 0.5 to about 12mm in
length, or about 0.7 to about 5mm in length, or about 1 to about 2mm in length.

[0045] When the contracted granules are sticks, the length of the sticks may be about 6 to about 14mm, such as about
8 to about 12mm. In some embodiments, the diameter of the sticks may be about 0.6 to about 1.2mm, such as about
0.7 to about 1mm.

[0046] In some embodiments, the granules have a diameter of about 0.1 to about 20mm. For example, the granules
may have a diameter of about 0.2 to about 15mm, such as about 0.4 to about 12mm, or about 0.5 to about 10mm, or
about 0.6 to about 5mm, or about 0.7 to about 1mm.

[0047] In some embodiments, the granules comprise a perforation to enhance burning rates later in the burning cycle
and to make the granules more progressive in burning. Expressed another way, in some embodiments, the granules
comprise one or more perforations. Perforations increase the surface area of the granule and can result in a further
moderated burn rate upon application of the compound of formula 1. In some embodiments, the perforations result in
further moderated burn rate in the early stages of the ballistic cycle.

[0048] The term "perforation" refers to an aperture in the granule. Alternative terms for "perforation" are channel, bore
and cavity. The perforation may extend all the way through the granule. In some embodiments, the perforation extends
axially through the granule.

[0049] The perforation may be of any diameter suitable for the size of the granule. In some embodiments, the perforation
has a diameter of about 50 to about 1000 um. For example, the perforation may have a diameter of about 50 to about
700 pm, such as about 50 to about 500 wm, or about 100 to about 300 pm.

[0050] There may be more than one perforation in each granule. In some embodiments, there is a single perforation.
In other embodiments, there are multiple perforations. In one particular embodiment, there is a single central perforation.
In other embodiments there are at least 2 perforations, for example, at least 3 perforations, or at least 4 perforations, or
at least 5 perforations.

[0051] When the energetic material is made by extrusion, the extrudate may be extruded with one or more perforations.

The propellant

[0052] The propellant comprises an energetic material and a compound of formula 1. The energetic material and
compound of formula 1 may be combined in any way. In some embodiments, the compound of formula 1 is in the form
of a coating on granules of the energetic material. Therefore, in one embodiment, there is provided a method of preparing
a propellant comprising coating granules of an energetic material with a compound of formula 1.

[0053] The propellant may comprise additional layers. Suitable layers include a finishing layer, an ignition layer and/or
a layer of a second energetic material.

[0054] In embodiments where there is a layer of second energetic material, the energetic material that forms the core
of the propellant will be referred to as a first energetic material. The layer of second energetic material can be selected
from the range of energetic materials described above. The layer of second energetic material is suitably different to the
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first energetic material.

[0055] In embodiments where the propellant comprises an ignition layer, the ignition layer comprises an ignition com-
ponent. The ignition component may comprise a group | metal salt of nitrate.

[0056] In embodiments where the propellant comprises a finishing layer, the finishing layer may be in the form of a
graphite layer. Surface-graphiting is typically the final finishing step, yet graphiting may be completed prior to or after
drying the propellant. In some embodiments, the graphite finishing layer may comprise an ignition component. Examples
of suitable ignition components include one or more group | metal salt of nitrate.

[0057] The finishing layer is generally the outermost layer on the propellant. The additional layers may be complete
layers around the propellant or they may be partial layers.

Coating

[0058] The coating of the energetic material may be performed by any method known in the art. For example, the
granules of energetic material may be immersed in the compound of formula 1, or the compound of formula 1 may be
tumble coated or spray coated onto the granules of energetic material. The compound of formula 1 may be applied as
a neat liquid, powder or as a solution.

[0059] In some embodiments, the energetic material is coated with the compound of formula 1 in a vessel. Suitable
vessels include, but are not limited to, a tumble coater, granulators, shaping tubes, augers and ribbon blenders based
on the half-pipe shape with sigmoidal or helical mixing blades.

[0060] In some embodiments, the coating is applied to the granules of energetic material in a vessel known in the art
as a "sweetie barrel" or "tumbler". This vessel may also be known as a rotating tumbler or a tumble coater. Such a vessel
will be referred to herein as a "tumble coater". In these embodiments, the granules of energetic material are added to
the tumble coater, the tumble coater drum is rotated to cause tumbling of the granules, and then the compound of formula
1 is added to coat the granules as they tumble. In some embodiments, the compound of formula 1 is added in one
portion. In other embodiments, the compound of formula 1 is added portion-wise so that the granules are coated gradually.
Heat may be applied as required to warm the ingredients in the tumble coater and melt the compound of formula 1. Heat
may be applied by any method known in the art. In some embodiments, steam heating is used. In other embodiments,
heating is effected by heat jacketing of the vessel. The application of heat enables the compound of formula 1 to coat
the granules, and may enhance diffusion of the compound of formula 1 into the surfaces of the propellant granules.
[0061] In some embodiments, the granules of energetic material and compound of formula 1 are mixed in a vessel
under ambient conditions. Preferably, the vessel is a tumble coater or a ribbon blender. The vessel may be of any size
suitable to coat a desired quantity of granules. For example, the vessel may be of a size suitable to coat several hundred
kilograms of granules per batch, or up to one or more tonnes of granules per batch. The vessel is then closed and
heated, for example by adding steam, or through use of a heat jacketed vessel. The heat (steam) softens and melts the
compound of formula 1 to enable it to form a coating on granules of energetic material. Any clumps forming are broken
up in situ through the process of tumbling and the presence of moisture or solvent. This process is continued until the
coated product is produced. Moisture or solvent may be present in sufficient quantity to reduce the stickiness of the
grains one to another while the compound of formula 1 is being melted onto the grains. In some embodiments the process
is continued for up to about 150 minutes ("run time"). For example, the process may be continued for up to about 120
minutes, such as up to about 90 minutes, or up to about 60 minutes, or up to about 30 minutes.

[0062] The temperature to which the vessel needs to be heated (and therefore the amount of steam that needs to be
added) depends upon the temperature required to soften and melt the compound of formula 1. In some embodiments,
the vessel is heated to a temperature of at least about 50°C. For example, the temperature may be at least about 60°C,
such as at least about 65°C, or at least about 70°C, or at least about 80°C. In some embodiments, the temperature is
at least about 85°C, for example, at least about 90°C, or at least about 95°C.

[0063] The coating of the compound of formula 1 need not stay as a separate outer layer on the surface of the energetic
material granule. The compound of formula 1 may diffuse, or penetrate, partly, or entirely, into a surface or sub-surface
layer of the energetic material. In such cases, the compound of formula 1 extends from within the grain to the surface
layer. The compound of formula 1 may be distributed evenly from the surface or may be distributed unevenly within the
granules. The compound of formula 1 may be in a band or region of the granule that is largely of uniform size per granule.
[0064] If the compound of formula 1 has been applied in a manner such that it diffuses into the energetic material, the
compound of formula 1 may come into contact with a number of the propellant components.

[0065] The term coating will be understood to refer to all such forms of coating including coating that remains on the
surface of the granule and coating that has diffused into the surface. In particular, the expression "coating on the surface
of the granules" includes coating that remains on the surface of the granule and coating that has diffused into the granule.
[0066] Where diffusion of the compound of formula 1 occurs into the granule of energetic material, the layer of diffused
compound of formula 1 may be referred to as a deterred band or deterred region. In the following, where we refer to a
thickness of a coating, this is the equivalent to the thickness of the deterred band for embodiments where the coating
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has diffused into the surface of the granule.

[0067] The thickness of the coating (i.e. the thickness of the deterred band) may be any thickness which allows the
compound of formula 1 to slow the burn rate of the energetic material in an appropriate manner. In some embodiments,
the thickness of the coating is about 10 to about 700 wm. For example, the thickness may be about 15 to about 500 pm,
such as about 20 to 400 pm, or about 50 to 300 pum.

[0068] The depth to which the compound of formula 1 diffuses into the granule of energetic material may depend on
how long the granule is in contact with the compound, the concentration of the compound being applied, the temperature
atwhich the coating is being performed and/or the chemical interaction between the propellant matrix and the compound.
For example, to obtain a thinner deterred band, a rapid initial temperature ramp can be used and/or a shorter run time
may be used. To obtain a thicker deterred band, a slower initial temperature ramp and/or a longer run time can be used.
Furthermore, changing the propellant matrix composition may change the depth of penetration, and therefore the thick-
ness of the deterred band, under predetermined operating conditions.

[0069] Additional means of managing diffusion of the compound into the granule are available, including the non-
limiting technique of solvation. During solvation, compounds of formula 1 may be dissolved in various organic solvents
and applied to the granules as a solution that diffuses into the granules, carrying with it the compound of formula 1 which
is deposited within the granules at a depth that is related to temperature, solubility and the concentration of solution.
The solvation techniques include the application to granules of propellant of solutions of compounds of formula 1, solvents
to manage the transport of compounds of formula 1 and emulsions of compounds of formula 1.

[0070] Preferably, the compound of formula 1 is diffused into the granules of energetic material with an exponential
concentration profile such that the exponential decay curve approximates the concentration profile. In other words, the
concentration of the burn rate modifier is at a maximum some point below the granular surface, and the concentration
decreases approximately exponentially as measured at increasing depth of penetration into the deterred region and
outward from the deterred region.

[0071] The compound of formula 1 is present in the propellant in an amount which is sufficient to retard the burn rate
ofthe outer surface of the granule of energetic material compared with the burn rate without the presence of the compound.
In some embodiments, the compound of formula 1 is present in amounts of from about 0.1 to about 10% by weight of
the propellant. For example, the compound of formula 1 may be present in an amount of about 0.2 to about 8%, such
as about 0.5 to about 6.5%, or about 0.7 to about 6%. Most preferably, the compound of formula 1 is present in an
amount of about 1 to about 5% by weight of the propellant.

[0072] The compound of formula 1 may coat the whole surface of the granule. Alternatively, the compound of formula
1 may coat part of the surface of the granule. For example, the compound of formula 1 may coat the outer surface of
the granule, or the compound of formula 1 may coat the surface of the granule within the perforated region, or the
compound of formula 1 may coat both the outer and inner surfaces of the granule.

[0073] The application of the compound of formula 1 as a coating does not preclude the inclusion of the compound
as a coolant throughout the composition. In some embodiments there may be no coating and the compound of formula
1is dispersed evenly throughout the granule. In this case, the compound of formula 1 can function as a burn rate modifier.
[0074] In some embodiments, the propellant may comprise a second layer of a different burn rate modifier. In some
embodiments, the second layer may comprise a compound of formula 1 which is different to the compound of formula
1 in the first layer. In other embodiments, the second layer may comprise any burn rate modifier known in the art.
Examples of suitable burn rate modifiers include, but are not limited to, dintirotoluene, Acetyl triethyl citrate, Triethyl
citrate, Tri-n-butyl citrate, Tributyl acetyl citrate, Acetyl tri-n-butyl citrate, Acetyl tri-n-hexyl citrate, n-Butyryl tri-n-hexylci-
trate, Din-butyl adipate, diisopropyl adipate, Diisobutyl adipate, Diethylhexyl adipate, Nonyl undecyl adipate n-Decyl-n-
octyl adipate, Dibutoxy ethoxy ethyl adipate Dimethyl adipate, Hexyl octyl decyl adipate Diisononyl adipate, Dibutyl
phthalate, Diethyl phthalate, Diamyl phthalate, Nonylundecyl phthalate, Bis(3,5,5-trimethylhexyl) phthalate, Di-n-propy-
ladipate, Di-n-butyl sebacate, Dioctyl sebacate, Dimethyl sebacate, Diethyl diphenyl urea, Dimethyl diphenyl urea, Di-
n-butyl phthalate, Di-n-hexyl phthalate, Dinonyl undecyl phthalate, Nonyl undecyl phthalate, Dioctyl terephthalate, Dioctyl
isophthalate, 1,2-Cyclohexane dicarbonic acid diisononylester, Dibutyl maleate, Dinonyl maleate, Diisooctyl maleate,
Dibutyl fumarate, Dinonylfumarate, Dimethyl sebacate, Dibutyl sebacate, Diisooctyl sebacate, Dibutyl azelate, Diethylene
glycol dibenzoate, Trioctyl trimelliate, Trioctyl phosphate, Butyl stearate, Methylphenylurethane, N-methyl-N-pheny-
lurethane, Ethyl diphenyl carbamate, camphor, gum Arabic, gelatin, rosin, modified rosin esters, resins of dibasic acids
and alkyl fatty alcohols, polyesters of molecular weight 1500 - 30,000 based on dihydric alcohols and dibasic acids, and
combinations thereof.

Additives
[0075] In some embodiments, the propellant further comprises an additive selected from the group consisting of

plasticisers, stabilisers, flash suppressants, barrel-wear ameliorants and combinations thereof.
[0076] Insomeembodiments, the additive is incorporated within the energetic material granules. In other embodiments,
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the additive is incorporated with the compound of formula 1. In still other embodiments, the additive may be incorporated
within the energetic material granules and with the compound of formula 1. Incorporation of the additive within the
energetic material granules can be achieved by adding the additive to the slurry or dough of energetic material, which
is then formed into granules.

[0077] Theterm "plasticiser" refers to any compound whichimparts homogeneity and plasticity to the energetic material.
In some embodiments, the plasticiser may be selected from the group consisting of diethylphthalate, camphor, dibutyl-
phthalate, di-n-propyl adipate, methylphenyl urethane, calcium stearate, butyl stearate, nitroglycerin and combinations
thereof.

[0078] The term "stabilizer" refers to any compound which can be used to stabilize the energetic material. In some
embodiments, the stabilizer may be selected from the group consisting of sodium hydrogen carbonate, calcium carbonate,
magnesium oxide, akardites, centralites, 2-nitrosodiphenylamine, diphenylamine, N-methyl-p-nitroaniline and combina-
tions thereof.

[0079] The term "flash suppressant", refers to any compound which can be used to suppress the muzzle flash of a
firearm. In some embodiments, the flash suppressant may be selected from the group consisting of potassium salts of
organic acids, potassium sulphate, potassium carbonate, potassium bicarbonate and combinations thereof.

[0080] The term "barrel-wear ameliorants" refers to any compound which can be used to reduce barrel-wear. In some
embodiments, the barrel-wear ameliorant may be selected from the group consisting of bismuth, bismuth oxide, bismuth
citrate, bismuth subcarbonate, lead, lead carbonate, other salts of lead and bismuth and combinations thereof.

Ammunition

[0081] In one embodiment, there is provided an ammunition cartridge comprising the propellant. The ammunition
cartridge typically comprises a casing, the propellant described above, a primer and a projectile.

[0082] The propellant of the present invention is suitable for use in a wide range of firearms. It is particularly suitable
for use in .22 - .224 calibre firearms, .243 calibre firearms, .27 calibre firearms, 6mm calibre firearms, 7mm calibre
firearms .30 calibre firearms, 8mm calibre firearms, .338 calibre firearms up to .50 calibre firearms and is even suitable
for medium to large calibre firearms.

[0083] The casing may be made of any material which is tough enough and thick enough to not rupture during burning
of the propellant. The casing may be of any size and the size will depend upon the firearm in which the cartridge is to
be used. Conventional casing materials and construction is well known in the art and applies to the present application.
[0084] The primer, or priming compound, may be comprised of any substance which is capable of producing heat to
ignite the propellant. Examples of priming compounds include but are not limited to lead azide (dextrinated), lead sty-
phnate, mercury fulminate and combinations thereof. In some embodiments, the priming compound is ASA (aluminium,
lead styphnate, lead azide).

[0085] The projectile may be any object which can be projected from the muzzle of a firearm system (or gun) upon
burning of the propellant. Examples of projectiles include, but are not limited to, bullets, shot, pellets, slugs, shells, balls,
buckshot, bolts, rockets and cannon balls. In some embodiments, the projectile is selected from the group consisting of
a bullet, pellet, slug and ball.

Advantages

[0086] The compounds of formula 1 contain only carbon, hydrogen, oxygen and in some cases nitrogen molecules
and do not contain any potentially toxic or hazardous elements such as halogens. The compounds are less toxic than
DNT, are compatible with energetic materials such as nitrocellulose and are stable over time (both chemically and
ballistically). The compounds of formula 1 have burn rate modification properties just as good as DNT, but without the
drawbacks of toxicity and carcinogenicity. In fact, the compounds of formula 1 have surprisingly better burn rate modi-
fication properties than even the industry-preferred DNT, making them suitable for use in propellants and ammunition
cartridges.

Examples

[0087] The invention will now be described with reference to the following Examples.

Table 1
Burn rate modifier % wiw | Propellant oxygen balance | Gas @ STP Gas @ 2950K
% (L/g) (L/g)
DNT 6.5 -34.0 0.96 9.47




10

15

20

25

30

35

40

45

50

55

EP 3 044 190 B1

(continued)
Burn rate modifier % wiw | Propellant oxygen balance | Gas @ STP Gas @ 2950K
% (L/g) (L/g)
3-ethoxy-4- 1.0 -30.0 0.93 9.22
hydroxybenzaldehyde

[0088] The burn rate modifier 3-ethoxy-4-hydroxybenzaldehyde was subjected to comparative tests against DNT. The
results of one set of tests are set out in Table 1 above. The comparative test work involved preparing granules of
nitrocellulose energetic material having an average length of about 1.4 mm and an average diameter of about 0.7 mm.
The granules had a single central perforation of approximately 50 um diameter. The granules were coated with DNT or
3-ethoxy-4-hydroxybenzaldehyde in the amounts outlined in the Table to form propellant. The test results showed that
the propellant oxygen balance for the 3-ethoxy-4-hydroxybenzaldehyde propellant was -30.0% compared with -34.0%
for the DNT propellant. The test results also showed that the gas at standard temperature and pressure for the 3-ethoxy-
4-hydroxybenzaldehyde propellant was 0.93 L/g compared with 0.96 Ug for the DNT propellant and the gas at 2950K
for 3-ethoxy-4-hydroxybenzaldehyde propellant was 9.22 L/g compared with 9.47 Ug for the DNT propellant.

[0089] These data demonstrate that 3-ethoxy-4-hydroxybenzaldehyde is a good substitute for DNT. In fact, 3-ethoxy-
4-hydroxybenzaldehyde can be used in lower amounts than DNT and achieve a similar result.

[0090] The propellants were subsequently loaded into cartridges and fired under test conditions in an indoor range
measuring case-conformal chamber pressure with electronic piezometers and projectile velocity with electronic shot-
traverse-detection screens connected to an analytical apparatus that processes the raw sensor data for each shot. The
ballistic comparisons are seen in Figures 2, 3 and 4.

[0091] Figure 1 is a schematic illustration showing the composition of a propellant according to one embodiment of
the invention. The propellant shown in Figure 1 is in the form of a granule having a single, central perforation. The
energetic material (1) has been coated in a layer of the burn rate modifier of the invention (3). The propellant may
comprise a second layer of a different burn rate modifier (2) or this region may represent more energetic material. In
this embodiment, the burn rate modifier is coated on the outside surface of the granule and the surface of the granule
within the perforated region. The propellant further comprises an ignition layer (4), which is optionally covered with a
surface glaze of graphite, but may contain other materials known to those familiar with the art - for example metal salts
of nitrate.

[0092] The propellant granule of Figure 1 may be prepared by extruding a dough or slurry of energetic material with
a single central perforation to form an extrudate cord, and by then cutting the extrudate cord to the required length. The
granule may then be dried during which it may contract slightly. The granule may then be coated in a first layer of burn
rate modifier (and optionally a second layer of a different burn rate modifier) and finally coated with the ignition layer.
[0093] Figure 2 shows a ballistic comparison, in a .300 Winchester Magnum proof barrel, of nitrocellulose propellant
granules having one perforation (1.5mm long, 0.8mm diameter and 140 micron perforation) and including a coating of
3-ethoxy-4-hydroxybenzaldehyde at various levels (2.8% to 3.9%). The pressure-velocity trends show that additional
amounts of 3-ethoxy-4-hydroxybenzaldehyde in the propellant formulations has a marked effect on interior and exterior
ballistics. For example, the more 3-ethoxy-4-hydroxybenzaldehyde used, the lower the pressure in the system to achieve
the same projectile velocity. The ammunition build included case and primer of Winchester manufacture and the projectile
was a 180 grain Sierra hollow point boat tail design.

[0094] Figure 3 shows a ballistic comparison, in a .308 Winchester proof barrel, between a DNT-coated nitrocellulose
propellant (6.5% DNT) and a nitrocellulose propellant including a coating of 3-ethoxy-4-hydroxybenzaldehyde at a level
of 1.5%. The propellants were made from equivalent granules having one perforation (1.5mm long, 0.8mm diameter
and 140 micron perforation) and so the similarity of the outcome shows the deterrent efficiency difference between 3-
ethoxy-4-hydroxybenzaldehyde as compared to DNT. The ammunition build included case and primer of Winchester
manufacture and the projectile was a 168 grain Sierra hollow point boat tail design.

[0095] Figure 4 shows a ballistic comparison, in a .50 calibre proof barrel, between AR2218, a large granule (approx-
imately 1.9mm long by 1.4mm diameter and a perforation of 180 microns) coated with about 8% DNT, with a small
granule (1.5mm long, 0.8mm diameter and 140 micron perforation) coated with 6.8% 3-ethoxy-4-hydroxybenzaldehyde.
The Figure shows the much smaller granule was able to outperform the larger granule, proving the impressive progres-
sivity gains obtainable through the application of a compound of formula 1. The case and primer were supplied as a unit
by Australian Munitions and the projectile was the Australian 655 grain ball (F1).

[0096] Figure 5 shows the coating efficiency curve for 3-ethoxy-4-hydroxybenzaldehyde (expressed as a percentage)
onto single base nitrocellulose propellant granules (approximately 1.5mm by 0.8mm), in a laboratory scale sweetie
barrel. This graph shows that an increased applied deterrent results in improved coating efficiency.

[0097] The use of the terms "a" and "an" and "the" and similar referents in the context of describing the invention
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(especially in the context of the following claims) are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context.

[0098] In the claims which follow and in the preceding description of the invention, except where the context requires
otherwise due to express language or necessary implication, the word "comprise" or variations such as "comprises" or
"comprising” is used in an inclusive sense, i.e. to specify the presence of the stated features but not to preclude the
presence or addition of further features in various embodiments of the invention.

Claims
1. A propellant comprising:

an energetic material in the form of granules; and
a compound of formula 1

§/\OR2

X
HO

wherein

R1is selected from the group consisting of -H, -C_4alkyl, -OC_salkyl, -NH,, - NHC,_salkyl and -N(C4_salkyl),;
and

R2 is selected from the group consisting of -H, -C,_4alkyl and -C(=0)C,_4_alkyl, wherein the compound is
in the form of a coating on the granules of energetic material that has diffused or penetrated partly or entirely
into the granules of energetic material.

2. The propellant according to claim 1, wherein the granules comprise a perforation.

3. The propellant according to any one of claims 1 to 2, wherein the energetic material is selected from the group
consisting of carbon black powder, ammonium perchlorate, hexogen, butanetrioltrinitrate, ethyleneglycol dinitrate,
diethyleneglycol dinitrate, erythritol tetranitrate, octogen, hexanitroisowurtzitane, metriol trinitrate, N-Methylni-
tramine, pentaerythritol tetranitrate, tetranitrobenzolamine, trinitrotoluene, nitroglycerine, nitrocellulose, mannitol
hexanitrate, triethylene glycol dinitrate, guanidine, nitroguanidine, 3-nitro-1,2,4-triazol-5-one, ammonium nitrate,
propanediol dinitrate, hexamine, 5-aminotetrazole, methyltetrazole, phenyltetrazole, polyglycidylnitrate, polyglyci-
dylazide, poly[3-nitratomethyl-3-methyloxitane], poly[3-azidomethyl-3-methyloxitane], poly[3,3-bis(azidomethyl)ox-
itane], nitrated cyclodextrin polymers, poly glycidylnitrate, and combinations thereof.

4. The propellant according to any one of claims 1 to 3, wherein the energetic material is nitrocellulose.
5. The propellant according to any one of claims 1 to 4, further comprising a graphite layer.

6. The propellant according to any one of claims 1 to 5, wherein the compound of formula 1 is 3-ethoxy-4-hydroxy-
benzaldehyde.

7. Use of a compound of formula 1

1"
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o) R

=

S e

X
HO

wherein
R1is selected from the group consisting of -H, -C4_jalkyl, -OC,_4alkyl, -NH,, - NHC_salkyland -N(C_4alkyl),; and

R2 is selected from the group consisting of -H, -C,_salkyl and -C(=0)C_4_alkyl;
as a burn rate modifier.

8. Amethod of preparing a propellant, comprising coating granules of an energetic material with a compound of formula
1 so that the compound of formula 1 diffuses or penetrates partly or entirely into the granules of energetic material,
wherein the compound of formula 1 is:

o R’
S < \‘
HO X NoR2
wherein
R'is selected from the group consisting of -H, -C4_salkyl, -OC_4alkyl, -NH,, - NHC_salkyl and -N(C_4alkyl),; and
R2 is selected from the group consisting of -H, -C,_jalkyl and -C(=0)C_4_alkyl.

9. The method of claim 8, wherein the coating involves applying the compound of formula 1 as a neat liquid or as a
solution.

10. The method of claim 8 or claim 9, wherein the coating involves the application of heat to enhance diffusion of the
compound of formula 1 into the granules.

11. The method of any one of claims 8 to 10, wherein the granules of energetic material are formed by extruding a slurry
of the energetic material to form an extrudate cord and cutting the extrudate cord.

12. The method according to claim 11, wherein the energetic material is extruded with a perforation.

13. An ammunition cartridge comprising a propellant according to any one of claims 1 to 6.

14. The ammunition cartridge according to claim 13, comprising a casing, a primer and a projectile.

Patentanspriiche

1. Ein Treibmittel, umfassend:

12
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ein energetisches Material in Form von Granulat;
und eine Verbindung der Formel 1

X

HO OR?
wobei

R' ausgewanhlt wird aus der Gruppe bestehend aus -H, -C4_4alkyl, -OC4_4alkyl, -NH,, -NHC,_4alkyl und
-N(C4_4alkyl),; und

R2 ausgewahlt wird aus der Gruppe bestehend aus -H, -C,_4alkyl und -C(=0)C,4_4alkyl , wobei die Verbin-
dung in Form einer Beschichtung auf dem Granulat des energetischen Materials vorliegt, die teilweise oder
vollstandig in das Granulat aus energetischem Material diffundiert oder eingedrungen ist.

Das Treibmittel nach Anspruch 1, wobei das Granulat eine Perforation aufweist.

Das Treibmittel nach einem der Anspriiche 1 bis 2, wobei das energetische Material ausgewahlt wird aus der Gruppe
bestehend aus Ruf3pulver, Ammoniumperchlorat, Hexogen, Butantrioltrinitrat, Ethylenglykol Dinitrat, Diethylengly-
kol-Dinitrat, Erythritoltetranitrat, Octogen, Hexanitroisowurtzitan, Metrioltrinitrat, N-Methylnitramin, Pentaerythritol-
tetranitrat, Tetranitrobenzolamin, Trinitrotoluol, Nitroglycerin, Nitrocellulose, Mannitolhexanitrat, Triethylenglykoldi-
nitrat, Guanidin, Nitroguanidin, 3-Nitro-1,2,4-triazol-5-on, Ammoniumnitrat, Propandioldinitrat, Hexamin, 5-Amino-
tetrazol, Methyltetrazol, Phenyltetrazol, Polyglycidylnitrat, Polyglycidylazid, Poly[3-Nitratomethyl-3-methyloxitan],
Poly[3-Azidomethyl-3-methyloxitan], Poly[3,3-bis(azidomethyl)oxitan], nitrierte Cyclodextrinpolymere, Polyglycidyl-
nitrat und Kombinationen davon.

Das Treibmittel nach einem der Anspriiche 1 bis 3, wobei das energetische Material Nitrocellulose ist.
Das Treibmittel nach einem der Anspriiche 1 bis 4, welches auerdem eine Graphitschicht enthalt.

Treibmittel nach einem der Anspriiche 1 bis 5, wobei die Verbindung der Formel 1 3-Ethoxy-4-hydroxybenzaldehyd
ist.

Verwendung einer Verbindung der Formel 1
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wobei
R ausgewahlt wird aus der Gruppe bestehend aus -H, -Cq_alkyl, -OC4_salkyl, -NH,, -NHC,4_4alkyl und
-N(C4_4alkyl),; und
R2 ausgewahlt wird aus der Gruppe bestehend aus -H, -C,_jalkyl und -C(=0)C_4alkyl;
als Verbrennungsraten-Modifikator.
Verfahren zur Herstellung eines Treibmittels, umfassend das Beschichten von Granulat eines energetischen Ma-

terials mit einer Verbindung der Formel 1, so dass die Verbindung der Formel 1 teilweise oder vollstandig in das
Granulat des energetischen Materials diffundiert oder eindringt, wobei die Verbindung der Formel 1 ist:

0 R1

=

-~
HO@ORE

wobei
R' ausgewahlt wird aus der Gruppe bestehend aus -H, -C,_4alkyl, -OC,_4alkyl, -NH,, -NHC,_4alkyl und
-N(C4_4alkyl),; und
R2 ausgewahlt wird aus der Gruppe bestehend aus -H, -C,_salkyl und -C(=0)C_4alkyl.

Verfahren nach Anspruch 8, wobei die Beschichtung das Auftragen der Verbindung der Formel 1 als reine Flissigkeit
oder als Losung umfasst.

Verfahren nach Anspruch 8 oder 9, wobei die Beschichtung die Anwendung von Warme beinhaltet, um die Diffusion
der Verbindung der Formel 1 in das Granulat zu verbessern.

Verfahren nach einem der Anspriiche 8 bis 10, wobei das Granulat aus energetischem Material durch Extrudieren
einer Aufschlammung des energetischen Materials zur Bildung eines Extrudatstrangs und Schneiden des Extru-
datstrangs gebildet wird.

Verfahren nach Anspruch 11, wobei das energetische Material extrudiert wird mit einer Perforation.

Munitionspatrone mit einem Treibmittel nach einem der Anspriiche 1 bis 6.

Munitionspatrone nach Anspruch 13, bestehend aus einer Hilse, einem Ziindhitchen und einem Projektil.

Revendications

1.

Propulseur comprenant :

un matériau énergétique sous forme de granulés ; et
un composé de formule 1

14
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0 R

=

\\/XORz

X
HO

ou

R1 est sélectionné dans le groupe consistant en -H, -C,_4alkyle, -OC,_4alkyle, -NH,, - NHC,_4alkyle et
-N(C_4alkyl), ; et

R2 est sélectionné dans le groupe consistant en -H, -C, 4 alkyle et -C(=0)C4_4 alkyle , ol le composé est
sous la forme d’'un revétement sur les granulés de matériau énergétique qui s’est diffusé ou a pénétré
partiellement ou entierement dans les granulés de matériau énergétique.

Propulseur selon la revendication 1, ou les granulés comprennent une perforation.

Propulseur selon I'une quelconque des revendications 1 a 2, ou le matériau énergétique est sélectionné dans le
groupe consistant en poudre de noir de carbone, en perchlorate d'ammonium, en hexogéne, en butanetriohrinitrate,
en dinitrate d’éthyléneglycol, en dinitrate de diéthyleneglycol, en tétranitrate d’érythritol, en octogéne, en hexani-
troisowurtzitane, en trinitrate de métriol, en N-Méthylnitramine, en tétranitrate de pentaérythritol, en tétranitroben-
zolamine, en trinitrotoluene, en nitroglycérine, en nitrocellulose, en hexanitrate de mannitol, en dinitrate de triéthy-
leneglycol, en guanidine, en nitroguanidine, en 3-nitro-1,2,4-triazol-5-one, en nitrate d’ammonium, en dinitrate de
propanediol, en hexamine, en 5-aminotétrazole, en méthyltétrazole, en phényltétrazole , en polyglycidylnitrate, en
polyglycidylazide, en poly[3-nitratométhyl-3-méthyloxitane], en poly[3-azidométhyl-3-méthyloxitane], en poly[3,3-
bis(azidométhyl)oxitane], en polyméres de cyclodextrine nitrés, en polyglycidylnitrate et des combinaisons de ceux-
ci.

Propulseur selon I'une quelconque des revendications 1 a 3, ou le matériau énergétique est la nitrocellulose.
Propulseur selon I'une quelconque des revendications 1 a 4, comprenant en outre une couche de graphite.

Propulseur selon 'une quelconque des revendications 1 a 5, ou le composé de formule 1 est le 3-éthoxy-4-hydroxy-
benzaldéhyde.

Utilisation d’'un composé de formule 1

S

X
HO

ou

R est sélectionné dans le groupe consistant en -H, -C4_jalkyle, -OC,4_jalkyle, -NH,, - NHC,_4alkyle et
-N(C4_4alkyl), ; et
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R2 est sélectionné dans le groupe consistant en -H, -C,_, alkyle et -C(=0)C,_4 alkyle ; comme un modificateur
de taux de combustion.

Procédé de préparation d’'un propulseur, comprenant le revétement de granulés d’'un matériau énergétique avec

un composé de formule 1 de sorte que le composé de formule 1 se diffuse ou pénétre partiellement ou entierement
dans les granulés de matériau énergétique, ou le composé de formule 1 est :

0 R

=

SO

\
HO
ou
R! est sélectionné dans le groupe consistant en -H, -C4_jalkyle, -OC4_jalkyle, -NH,, - NHC,_salkyle et
-N(C1_4a|ky|)2 et

R2 est sélectionné dans le groupe consistant en -H, -C,_4 alkyle et -C(=0)C4_4 alkyle .

Procédé selon la revendication 8, ou le revétement consiste a appliquer le composé de formule comme un liquide
pur ou de solution.

. Procédé selon la revendication 8 ou la revendication 9, ou le revétement implique I'application de chaleur pour
améliorer la diffusion du composé de formule 1 dans les granulés.

. Procédé selon 'une quelconque des revendications 8 a 10, ou les granulés d’'un matériau énergétique sont formés
par extrusion d’une suspension du matériau énergétique pour former un cordon d’extrudat et en coupant le cordon
d’extrudat.

. Procédé selon la revendication 11, ou le matériau énergétique est extrudé par perforation.

. Cartouche de munitions comprenant un propulseur selon I'une quelconque des revendications 1 a 6.

. Cartouche de munitions selon la revendication 13, comprenant une douille, une amorce et un projectile.

16



EP 3 044 190 B1

FIGURE 1

$2.8% of {1]
63.0% ot 1)
*3.2% of [1)

©3.4% of {1

§: 83.5% of [1]
&} 5{)‘30{3 P .
a 013.9% of [1]
s.: <<<<<<<<<<<<<<<<<<<<<<<<
>R
3
Ko
5
= 56,000 i
& 20 o A
8'*‘3: P * ﬂ“
-~
30,500 | ;
2,500 2,708 2,800 3100

Projectils Veloctty (it 5%

FIGURE 2

17



o Prosgeure (psn

"

Chaming

FLR LT

%
T
&
<y

BGHE

400000

440
ot
s
2

w2

EP 3 044 190 B1

&7
g
b o

i - =

: i - Cal /’i
-

; o
3 & 1 __‘_.w"’t
= : o
Spves o g ﬁx}’fﬁr

3R

Chambrer Pressurs (MPa)

3004

22('(‘ 2368 2400 2588 2803 ZE

Projoctife Veloohy (R e

FIGURE 3

~ARI243

P ©oks% oty

3¢

SRy R w2 Q3¢ Al SR i)

Weienity s

FIGURE 4

18




Measursd Deterrent Appliag Daterrent

ol

EP 3 044 190 B1

*Lab scale costing curve

Pa

o

(g, A A

Xg 40 oRe3

Applied Detorvent {Swiw dry propetiant}

FIGURE 5

19

g
<

89



EP 3 044 190 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» DE 19831400 A1 [0007]

Non-patent literature cited in the description

«  V.R.GRASSIE etal. Can. J. Res., 1950, vol. 28b (8),
469-484 [0006]

20



	bibliography
	description
	claims
	drawings
	cited references

