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BURN RATE MODIFIER

Field

The invention relates generally 1o burn rate modifiers and prapeliants
comprising a bum rate madifier. The invention also relates to methods of producing a
propeliant comprising a bum rate maodifier as well as an ammunition cartridge
cormprising the propefiant.

Background

Prapeliant performance is determined from its ability to convert chamical energy
into mechanical enérgy through the evolution of heat and gases that apply pressure o
the base of a projectiie moving it down the bore of a barrel. Many factors influance this
process. Chamical composition is one important characteristic and another is grain
maorphology (shape and size} which has a profound effect on the burning rate. To
arrive at an optimised wopetiant design it must be understood that the materials,
processing conditions, physical properties and chemicat properties are all inferlinked o
determine propellant performance. The goal is {o achieve efficient combustion with
optimised loadability fo deliver improved ballistic performance. in addition, other
aspects such as improving shell iife of the propeliant or ensuring ballistic consistency
over temperature extremes are also important. i is also recognized that new propsliant
formulations and production processeas are reguired in order 1o improve sfficiency and
meet more stringent safely, toxicity and snvironmental impact requirements.

To improve propeliant performance, and fo prevent dangerously high pressure
huild up, a burn deterrent (or burn rate modifier) is fypically added lo the propellant {o
regulate the bum rate in the inttial part of the ballistic process. This is typically achisved
by coating a chemical onto a propetiant grain. The chernical can penstrate {o some
extent into the grain matrix and acts {o slow the burming reaction {by interrupting the
chain reaction of burning) or the chemical is cooler burning. Burn delerrents that
function by interrupling the chain reaction of burning do so by stabilising free radicals.
This stabilisation extends the lifelime of the radicals, slows the rale of the radical
processes and subsequently, there is less, or slower, combustion,

An example of a burn rate deterrent is dinifrotoluene (BNTYL DNT is an sffective
burn deferrent because it is relalively easy (o apply, stable over long periods and is
chemically compatible with materials such as nitroceliulose which is the major
enargetic componeant of most small anms propeliants. However, it is highly toxic and a
suspected carcinogen which makes it a chemical of concern. Recent legislation {such
a5 Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
under the European Union) has resulted in the use of DNT being highly regulated with
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the potential for DNT to be banned in Europe. Due 1o iis 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.

Other currently available burn rate modifiers, such as dibutyiphthalate {(DBP)L

5 are glso on the substance of concem list and are fikely t© be banned. } is anticipated

that materials such gs DNT and DBP will alzo have lighter restriction applied as other
couniries adopt more stringent safety and environmental reguiations.

There therefore exists a nesd for altemative bum rate modifier to DNT and
other burn rate maodifiers currently in use.

1w Summary

Accordingly, in a first aspect of the present inventian, there is provided a burn

rate modifier comprising a8 compound of formula 1
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wherein

R is selected from the group consisting of H, -OH, -O(C, alkyl}, -Craalkyl, -NHC
saliyt, -N(Cqaatkylly, -NQ, -NHNH,, -N{CsatkyNH,, and -ON;

R is selectad from the group consisting of <M, -OH, -O~{Csalkyl), -C.alkyl, -NHC,.

20 galkyl, ~N{Caatkylle, -NQy, -NHNH,, -N{CalkyhiNH,, and ~CN;

R is selected from the group consisting of ~H and -G galkyl; and

R is selected from the group consisting of -H, ~-OH, -G{C, salkyl}, -Cyaalkyl, -NHC,.
salkyl, -N{C aalkyl)s, ~NG,, NHNH,, -N(CoaalkyliNH,, and -CN;

and wherein at least one of R', R® and R* is OH.

25 The present applicant has conducted considerable research and development
over an exiensive periad of ime to develop a new burn rate modifier having burm rate
madification properties making it a suitable substitute for DNT in propellants for
ammunition. The applicant has developed this new burn rate modifier based on 4-(4-
hydroxyphenylibudan-2-oneg, and derjvatives thereof within formula 1. The applicant

30 has found that this new bumn rate modifier has bum rete modification properties just as
good as DNT, but without the drawbacks of toxicily and carcinogenicity, In fact, the
neaw burn rate modifier has surprisingly befter burn rate modification properties than
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aven the industry-preferred DNT, making it sultabde for use in propeliants and
ammunition cartridges.

According to a second aspect, thers is also provided the use of the compound
of formula 1 as a burn rate modifier.

5 According to a third aspedt, there is provided a compound of farmula 1 for use
as g burn rate modifier.

In some embodiments, the compound of formuda 1 is 4-{4-hydroxyphenylibutan-
2-one. Although this compound is preferrad, § s appreciated that dosely structurally
and physical propery-related compounds may also provide further alternative burn rate

10 maodifiers o DNT.
According to a fourth aspect, there is provided a propeilant comprising an

engrgetic material; and a compound of formula 1
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15 wherein
R' is selected from ihe group consisting of H, -OH, -O{C, 4alkyl), -Cyaalkyl, -NHC,.
aalkyd, -N{Cqalkyl)s, -NO,, -NHNH;, -N{C_atkyl)NH,, and -CN;
R? is selected from the group consisting of -H, -OH, -O-(Cyalkvl), -Ciatkyl, -NHC
salkyt, R{C L alkyily, -NOy, -NHNH;, -N{C, ,alkylIiNMH,, and -CN;
20 RYis selected from the group consisting of -H and -Cyalkyl; and
R’ is selected from the group consisting of ~H, -OH, -O(Calkyl), -Cysalky, ~NHC
satkyl, R{Cyqafkvi)y, “NQ;, -NHNH,, -NC satkyliNH,, and -CN;
and whersin at least one of RY, R¥ and R is OH.
Test work conducted by the pressent applicant shows that the propeliant is
25 chemically stable. The test work also shows that the propellant is ballistically stable.
in g fifth agpect, there is provided an ammuniiion cartridge comprising the
propefiant according o the second aspsot.
The ammunition cariridge typically comprises a casing, the propeilant described
above, a primer and a projectiie.
h According o a sixth aspett, there is provided a method of preparing a
propeilant, comprising coating granules of an energetic material with a compound of
formula 1
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whereain
R is selected from the group consisting of H, -OH, -O(C.alkyl), -Cyaliod, -NHC,.
5 galkyl, -N{Cyaalkvi)y, -NQGa, -NHNH,, -N(C . alkyINH,, and ~CN;

R* is selected from the group conaisting of -H, -OH, -0-{Cy.alkyl), -Calkyl, -NHOC,.

salkyl, -N{Cqaalkylly, -NO;, -NHNH;, -N{Calkyl)NH., and ~-CN;

R is selected from the group consisting of -H and -Calkyl; and

R? is selected from the group consisting of -H, -OH, -D(Cealkyl), -Craaliyl, -NHC,.
10 salkyd, -N{Cqaalkylly, ~NO;, -NHNH,, -N{CaalkyNH,, and -GN;

and wherein ai least one of R', R and R* is OH.

These aspects are described mors fully in the detailed description below,
Brief Description of the Drawings

The invention will be described in further detall, by way of example only, with

1% reference o the following Figures:
Figure 1 is a schematic llustration showing the composition of a propeliant
according to one embodiment of the invention.
Figure 2 18 g graph showing the coating efficiency for 4-(4-
hydroxyphenylbutan-2-one on granules of enargetic material at different processing
o scales,

Figure 3 is a graph showing pressure v velocity for a8 cartridge comprising an
energetic material granude coated at 84°C with 4-{d-hydroxyphenyiibutan-2-one fired
from a3 .308 Winchester proof bamst.

Figurs 4 is a graph showing pressure v velocily for g cartridge comprising an

25 energelic material granule coated at 78°C with 4-{(d-hydroxyphenylibutan-2-one fired
from a 308 Winchester proof bairsl,

Figure § is g graph showing pressure v veloaity for energetic material of small
granule size coated with 4-{d-hydroxyphenylibutan-2-one performing similarly to an
established larger granule costed with DNT, when fired from a 308 Winchaster proof

3y barrel
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Figure 6 is a graph showing pressure v veloclly performance extension of a
small grain coated with 4-(d-hydroxyphenylibulan-2Z-one into calibres such small grains
would otherwise not be used in, when fired in a 30/06 Springfleid.

Figure 7 is a graph showing pressure v velacily perfformance gains of the
medium sized propeilant granule when fired in g ,.30/08 Springfield proof barrel.

Figure 8 is g graph showing pressure v veloaity for energetic materisl coated
with various amounts of 4-(4-hydroxyphenyiibutan-2-ane, when fired in the 308
Winchester.

Figure 9 is a graph showing pressure v velocity for the same energetic material
coated used to develop Figure 8 with various amounts of 4-{4-hydroxyphenyhibntan-2-
one, bl in the 300 Winchester Magnum,

Figure 10 is a graph showing Heat Flux for propsliant formulations based on the
same grain dimensions incorporating 4-(d-hydroxyphenyl} butan-2-one compared with
a standard DNT type propeliant.

Figure 11 is a series of graphs showing the ballistic stability of propeliant
formulations bassd on the same grain dimensions incorporating 4-{4-hydroxyphenyl)
butan-Z-one comparad with a standard DNT type propeliant.

Figure 12 presents two graphs showing the ballistic thermal spread of pressure
and velocily of aged ammunition fired in a 5.58 mm tesi platform.

Detailed Description

The invention relates generally 1© burn rate modifiers and propsiiants
comprising a bumn rate maodifier. The invention alse relates to methods of producing a
propellant comprising a bun rate modifier as well as an ammunition cartridgs
comprising the propeliant.

int the following, we have described features of the method and the bum rate
madifier and propellant. All features described below apply independently 1o the
methods and the products of the invention.

Compounds
The present invention involves the use of a compound of formula 1

Rz ;;33 9]
r‘f/&/’: \%
L @x



WO 2015/035457 PCT/AU2014/000902

wharain
R’ is selected from the group consisting of H, -OH, ~O{Co salioyl), -y aalieyl, -NHC,
salkyt, -N{Cqalkylly, -NG;, -NHNH,, -N{C/.alkyliNH,, and -CN;

5 Ris selected from the group consisting of -H, -OH, -0-{Cyalkyl), -Coaalkyt, -NHC,.
sallvl, -N{C s qalkyile, ~NOg, -NHNH,, -N{C . ialkyl)NH,, and -CN;
R is selected from the group consisting of -H and -C..qalkyl; and
R is selected from the group conslsting of -H, -OH, -O(C.alkyl), -Cealkyl, -NROG,.
sallyd, -BC allopl),, NGOy, SNENH, -NCalkyNML, and ~CN;

10 and wherein at least ane of R', R% and R* is OH.

in some embodiments R is selected from the group consisting of O, 0-(Cy.s
atkyl) and Cyqalkyl. In other smbodiments, R' is selected from the group consisting of
OH and O-{Cratkyl). In a particularly preferred embodiment, R' is OH.

R’ may be in any position around the aromatic ring. For example, R’ may be in

15 the ortho, meta or para position. In some embadiments, R’ is in the para position.

in some embodiments, R® s selected from the group consisting of H, OH, O-
{Coaalkyl) and Craatkyl. In other embodiments, R? is selected from the group consisting
of H, OH and O-(C..alkyl). In a particularly preferred embodiment, R% is H.

in some preferred embodiments, R is H.

Z0 in some embodiments, R? is selected from the group consisting of H, OH, O-
{Cyalkyl) and Coalkyl. In other embodiments, R is selected from the group cansisting
of H, OH and O-{C.atkyl). In a particularly preferred embodiment, R'is H.

R may be in any position around the aromatic ring. For example, R* may be in

the ortho, meta or para position. In some embadiments, R® is in an ortho or meta
25 position.

in one embodiment, R'is OH, R is H, RPisHand RV is H.

The ferm Cy.altkyl refers o a branched or unbranched alivyl group having from
one to four carbon atoms inclusive. Examples of G, salkyl groups includs methyl, sty
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl and tert-bulyl. This definition applies to

30 references {o Caiky! alone or as part of a substifuent such as ~O{Cysaliol), ~NHC .
aalkyl, NG qalkylle or -N{C ealkyhNH,.

The compound of formula 1 functions as a burn rate modifier. The bum rate
modifier may specifically be a bum rate deterrent. The burn rate modifier or burn rate
deterrent may alternatively be referred 1o as a burm deterrent.

35 The compound of formula 1 preferably has a melting point of about §0 1o about
80°C. For example, the maelting poind may be about 55 to about 85°C, such as about 80
to about 80°C, or about 85 to about 75°C. In some embodiments, the compound of
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formula 1 has a melting point of at least about 50°C. For example, the melting point
may be at least about 60°C, such as at least about 65°C, or af least about 70°C.

in some embodiments, the compound of formula 1 is 4-{d-hydroxyphenyiibutan-
2-ong.

'S}
N4
t

) HOG

Although this compound is preferred, i is appreciated that closely structurally
and physical property-related compounds may also psrform as per 4-(4-
hydroxyphenylbulan-Z-ona.

14 Tests were conducted by the applicant demonstrating the efficacy of 4-(4-
hydroxyphenyhbutan-2-one as a burn rate madifier. The tests showsd that 4-(4-
hydroxyphenybutan-Z-one has surprisingly betler burn rate modification properties
than even the industry-preferred DNT, but without the drawbacks of toxicity and
carcinogericity. in particular, 4-{d-bvdroxyvphenyhibutan-2-one enhances small grain

15 propellant performance 1 the poinl where ballistic performance of the small grain s
similar to a significantly larger granule thatl is coated with DNT. This enables more
propeliant to be loaded inte a cartridge case, resulting in improved performance. The
appitcation of smaller grains for larger icads Impraves the efficlency of burning of the
overall load, meaning less wastage of propsiiani, less flash from the muzzle and

20 cleaner burping propeliant loads — a desirable outcome for commercial and mititary
ammunition. Previous grain formuiations refiant on DNT as the burn rate modifier could
not deliver these outcomes to the same sxisni.

Tests conducted by the present applicant also revealed that propellants
comprising 4-{(4-hydroxyphenyiibutan-2-ons wers more stable o thermal degradation

25 than the standard DNT variant. Furthermors, tesis revealed that the stability of the
propellants increassd relative lo the amount of 4-(4-hydroxyphenyiibutan-2-one ysed.
Ballistic testing of ammunition comprising 4-{4-hydroxyphenylibutan-Z-one containing
propefiant shawed ballistics performance consistent with DNT containing ammunition.

Based on the above, in one embodiment, a propellant comprising 2 compound

A
dort

of formula 1 has a higher stabilily against thermal degradation than an equivalent
propellant having DNT in place of the compound of formula 1.
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Energetic malerial

The propellant of the present invention comprises an energetic material. The
tarm energetic material includes any material which can be burned o generale a
propaiiant gas (o propel a projectiie.

In some embodiments, the ensrgetic material is selected from the group
consisting of black powder, ammonium perchiorate, hexogen, butanstrioltrinitrate,
athyleneglyeot dintrate, disthyleneglyool dinlirate, erithritol tetranitrate, octogen,
hexanitraisowurizitgne, metriol ininitrate, N-Methyinitramine, pentasrythritol telranitrate,
tetranitrobenzolaming, trinifrofoluene, nitroglesrine, nitrocsiiudoss, mannitol hexanitrats,
iristhviene glyoot dinlirate, guaniding, nitroguanidine, 3-nitra-1,2,4-trigzol-5-one,
ammonium nitrate, propanediol dinitrate, hexamine, S-aminotetrazole, methylletrazole,
phenyitstrazole, polyglvcidyinitrate, polvghycidylazide, polvi3-nitratomethy-3-
methyloxitang], poly[3-azidomethyl-3-methyvloxitane], poly[3,3-bis{azidomethyloxitane],
nitrated cyclodexinin polymers, poly glvcidyinitrate, and combinations thereof,

in some specific embodiments, the energetic matedal is selectad from the
group consisting of nitroglycerine, nitroceliulose and combinations thersof,

in some embodiments, the propellant comprises a single energetic material. For
axamipie, the propsitant may only comprise nitroceliulose, In such crcumstances, the
energetic material may be referred o as “single base” and the propellan{ may be
reforred to as “a single base propeilant”. In other embodiments, the propellant may
commise two energaetic materials, For example, the propaliant may comprise
nitrovelitdose and nitroglycerin. In such cases, the energetic material may be referred
to as “double base” and the propetllant may be referred to as "a double base
propeliant”. in still other embodiments, the propeliant may comprise more than fwo
gnergetic materials. For example, the propeliant may comprise nitrocsiiuioss,
nitroguanidine and nitroglyeerin. in such circumslances, the energetic material may be
referred to as "muitiple bass™ and the propellant may be referred to as “a muitipls base
propetant”,

in one embodiment, the ensrgatic malerial is nitrocellulose.

The energetic material may be in any form that is suitable for incorporation info
an ammunition carbridge for a firsarm.

in some embodiments, the energetic material is in the form of granules. The
term “granule” may also be referred o as "kemel” or “peallet’”.

The granules energetic material may be prepared by any msthod known in the
arl. For example, a slurry or dough of energetio material may be exitruded, or energetic
material in particulate form may be comprassed info s granule of energetic material. in
anather embaodiment, pariculates of energstic material may be coslesced and shaped
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into agglomerates by pumping a slurry through shaping lubes. In some embodiments,
the aggiomerates may be substantially spherical in shape. The aggiomerales may be
referred 10 as particles.

in one embodiment, the energetic malerial is prepared by extruding a slurry or
dough of energetic material {o form an extrudate and granulating the extrudate. The
term “granulating” refers to the process of dividing, or cutting, an exirudale into
granudes. In some embodiments, the slurry or dough of energetic material is extruded
o form an exttrudate cord and the extrudate cord is o 1o the desired length to form
granules. The granules may be of any size suitable for use in ammunition.

As a consequence of the processing steps described above, the granules may
alsc be referred {0 a5 agglomerates, grains or particles.

The granudes can be of any shape. In some embodiments, the granules have
an axial dimension with a consistent cross-section. For example, the granude may have
a substantially ciroular cross-section or the cross-section may be elliptical or any other
similar shape. In some embodiments the granules are cylindrical in shape.

The granules may be of any size sullable for use in ammunition. In some
embodiments, the granules are about 001 to about 25mm in length. For example, the
granues may be abowt 0.3 {0 about 20mm in length, such as about 8.5 © about 12mm
in length, or about 0.7 to about Smm in length, or about 1 {o about Zmm in length.

in some embodiments, the granules have a diameter of about 0.1 to about
20nm. For example, the granuies may have a diameter of about 0.2 1o about 15mm,
stch as about §.4 1o gbout 12mm, or about 0.5 (o about 10mm, or ahowt 0.6 {o about
Smm, or about 0.7 to about 1mm.

The granules may have a greater length than diameter. In these embodiments,
the granules may be refarred to as sticks. in some embodiments, the fength of the
sticks may be about & to about 1dmm, such as about 8§ to about 12mm. In some
gmbodiments, the diameter of the sticks may be about 0.6 to about 1.2mm, such as
about 8.7 to about Tmm,

After granulalion, the granitles are dried during which they may contract slightly.
This confraction can be taken info account when 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 28mm in length. For example, the granules may be about 0.3 to
ahout 20mm indength, such as sbout 0.5 to about 12mm in length, or about 0.7 1o
aboud Srmm in length, or about 1 10 about mm inlength,

In some embodiments, the granules have a dismeter of about 0.1 to about
20mm. For example, the granudes may have a dlameter of sbout 0.2 to about 18mm,
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such as aboul 0.4 t© about 12mm, or about 0.5 to about 10mm, or about 0.6 to about
Smm, or about 0.7 o about Tmm,

When the contracted granules are sticks, the length of the sticks may be about
8 to about tdmm, such as about 8 to about 12mm. It some embodiments, the
diameler of the sticks may be about 0.8 to about 1.2mumn, such as about 0.7 o about
Trvirn,

In some embodiments, the granules comprize a perforation o enhance burning
rates later in the burning cycle and o make the granules more progressive in burming,
Expressed another way, in some embodiments, the granules comprise one of more
perdorations. Perforations increase the surface area of the grantle and canresuftin g
further moderated burn rate upon application of the compound of formuia 1. Int some
embodiments, the perforations resulf in further moderated burn rate in the early stages
of the ballistic cycle.

The term “perforation” refers to an apetdure in the granule. Allemative terms for
"perforation” are channsl, bore and cavity, The perforation may exiend all the way
through the granule. In some embodiments, the perforation sxtends axially through the
granule.

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 ym. For
axample, the perforation may have a diameter of about 50 to about 700 um, such as
about 50 @ about 500 um, or about 100 o about 300 um.

There may be more than one perforation in sach granule. In some
embodiments, there is a single perforation. In other embodiments, there are mudliple
perforations. In one particular embodiment, there is a single central perforation. In
other embodiments there are at isast 2 perforations, for example, at least 3
perforations, or at least 4 perforations, or at least & perforations.

Whean the energetic material is made by exfrusion, the extrudate may be
exiruded with one or more perforations.

The propeiiant

The propellant comprises an energetic material and a compound of formula 1.
The ensrgetic 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 3 coating on granules
of the energatic material. Thereforg, 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,

The propellant may comprise addifional layers. Suitable layers include 3
finishing layer, an ignition layer andior a layer of a second energetic material.
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In embodiments where there is a layer of second energetic material, the
energetic material that forms the core of the propeliant will be referred 1o as a first
energetic material. The layer of second energetic material can be selected from the
range of energelic materials described above. The layer of second energetic material
is suitably different to the first energetic material,

in embodiments where the propellant comprises an ignition layer, the ignition
fayer comprises an ignition component. The ignition component rmay comprise a group
I metal salt of nitrate.

in embodiments where the propellant comprises a finishing layer, the finishing
fayer may be in the form of a graphite layer. Surface-graphiting S typically the final
finishing step, yvet graphiting may be completed prior to or after drying the propeliant.
in soms embodiments, the graphite finishing layer may comprise an ignition
component. Examples of suifable ignition components include one or more group |
metal salt of nitrate.

The finishing layer is ganerally the outermast layer on the prapeliant. The
additional layers may be complate lavers around the propellant or they may be partial
{ayers.

int one particuiar embodiment, the propellant is chernically stable. In another
particdar embodiment, the propellant is ballistically stable. In one embodiment, the
propeliart is chamically and/or ballistically more stable than an eguivalent propeliant
containing DNT in place of the compound of formula 1.

Coagling

The coating of the energstic material may be performad hy any method known
in the arl. For example, the granules of energetic material may be immaersed in the
compound of farmula 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 iquid, powder or as a solution.

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

In some embodiments, the coating is applied {o the granules of energetic
materisl in g vessel known in the art as a “swestis barrel” or “tumbler”. This vessel may
also be knowry as a rotating tumbler or a tumble coater. Such a vessel will be referred
to herein as a “umble coater”, In these embodiments, the granules of energetic
material are added to the tumble coater, the tumble coater drm is rotaled {o cause
tumbling of the granules, and then the compound of formula 1 ts added to coat the
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granules as they tumble. In some embodiments, the campound of formuda 1 is added
in one portion. In gther embodiments, the compound of formula 1 is added portion-wise
so that the granules are coated gradually. Heal may be applied as reqguired o warm
the ingredients in the tumble coater and meit the compound of formula 1. Heal may ke
applied by any method known in the arl. In some embodiments, steam heating s used.
in other embodiments, heating is effected by heat jackeling the vessel. The application
of heat enables the compound of formula 1 to coat the granules, and may enhance
diffusion of the compound of formuda 1 into the surfaces of the propeliant granules.

In some embodiments, the granules of energetic material and compound of
formula 1 are ftixed n a vessel under ambient conditions, Preferably, the vessel is o
tumble coater or a ribban blender. The vessel may be of aoy size suitable to coat &
desired quantity of granules. For exampls, the vessel may be of a size suifabls {o coat
several hundred kilograms of granules per batch, or up to one or more tonnes of
granuies per balch. The vessel is then dosed and heated, for example by adding
steam, ar through use of a heat jacketed vessel The heal (steam) soflens and mells
the compourd of formula 1 {o enable it o form a coating on granules of energetic
matarial, Any clumps forming are broken up i situ through the process of tumbling and
the presence of moisture of solvent, This process is continued untll the coated produdt
is produced. Moeisture or solvent may be present in sufficient quantity o reduce the
stickiness of the grains one o another while the compound of formuia 1 is baing
medted anto the grains. In some embodiments the process is continued for up o about
150 minutes {"run time”™), For example, the process may be continued for up to about
120 minutes, such as up o about 80 minutes, or up to about 80 minutes, or up to about
30 minutes.

The femperature o which the vessel nesds 1 be heatsd (and thersfore the
amount of steam that needs o be added) depends upon the temperature required 1o
soften and mslt the compound of formuia 1. In some embodiments, the vessel is
heated 1o a temperature of at lsast about 50°C. For example, the temperature may be
at least about 80°C, such as at least about 85°C, or at least about 70°C, or at least
about 80°C. In some embodiments, the temperature is al least about 85°C, for
example, st least about 90°C, or at least about 95°C.

The coating of the compound of formula 1 nesd not stay as a separgte ouler
laver on the surface of the energetic material granule. The compound of formuds 1 may
diffuse, or penetrate, pastly, or entirely, into & surface or sub-surface layer of the
angrgetic material. 1n 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 uneventy within the granules. The compound of
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formuda 1 may be in a band or region of the granule that is largsly of uniform size per
granule.

if the compound of formula 1 is applied in a manner such that it diffuses into the
engrgelic material, the compound of formula 1 may come into contact with a number of
the propellant components.

The term coating will be understood to refer lo all such forms of coating
including coating that remains on the surface of the granude and coating that has
diffused inlo the surface. In particular, the expression “coaling on the surface of the
granules” includes coating that remains on the sutface of the granule and coating that
has diffused into the granule,

Where diffusion of the compound of formuda 1 ooours inte the granule of
ensrgetic material, the layer of diffused compound of formuda 1 may be referred fo a5 a
deterred band or deterred region. In the following, where we refer fo g thickness of a
cpating, this is the equivalent 1o the thickness of the delerred band for embodiments
where the coating has difused into the surface of the granuls.

The thickness of the coating (L.e. the thickness of the delerred band) may be
any thickness which sllows the compound of formula 1 1o slow the burn rate of the
engrgetic material in an appropriate manner. in some embodiments, the thickness of
the coating is about 10 to about 700 um. For example, the thickness may be aboul 15
o about 580 wm, such as about 20 to 400 pm, or about 50 {o 300 pm.

The depth to which the compound of formula 1 diffuses into the granute of
enargetic material may depend on how long the granule is in contact with the
compound, the concentration of the compound being applied, the lemperature at which
the coating is being performed andlor the chemical infsraction between the propellant
matrix and the compound. For sxampie, o obtain a thinner deterred band, a rapid
initial temperature ramp can be used and/or a shorter run fime may be used. To oblain
a thicker deterred band, a slower initial temperature ramp and/or a longsr run time can
be used. Furthermore, changing the propeliant matrix composition may change the
depth of penetration, and therefore the thickness of the deterred band, under
predetermined operating conditions.

Additional means of managing diffusion of the compound into the granude are
available, including the non-imiting technigue of solvation, During solvation,
compounds of formula 1 may be dissolved in various organic solvents and applied o
the granules as a solution that diffuses into the granules, carrying with it the compound
of formuta 1 which is deposited within the granules at a depth that is related o
temperaturs, solubility and the concentragtion of solution. The solvation technigues
include the application fo granules of propellant of sclutions of compounds of formula
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1, solvents to manage the transport of compounds of formula 1and emulsions of
compounds of formula 1.

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
hurn rate modifier is al 8 maximum some point below the granular surface, and the
concentration decreases approximately exponentially as measured at increasing depth
of penstration into the deterred region and outward from the deterred ragion,

The compound of formula 1 is prasent in the propellant in an amount which is
sufficient to retard the burn rate of the outer surface of the granule of energetic maternial
compared with the burn rate without the presence of the compeound. In some
embodiments, the compound of formula 1 is present in amounts of from about 0.1 1o
about 10% by weight of the propellant. For example, the compound of formula 1 may
be presertt in an amount of about (1.2 10 about 8%, such as about 0.5 {o about 8.5%, or
about 0.7 o about 6%. Mast preferably, the compound of formula 1 is present in an
amount of about 1 to about 5% by weight of the propsliant.

The compound of formula 1 may coat the whole surface of the granule.
Alternatively, the compound of formula 1 may coat part of the swrface of the granuie,
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, of the compound of formula 1 may coat both the outer and inner surfaces of the
granue,

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 1
is dispersed svenly throughout the granude. In this case, the compound of formula 1
can function as a burn rate modifier.

i some embodiments, the propeliant may comprise a second layer of a
different burn rate modifier. in some smbodiments, the second layer may comprise 3
compound of formula 1 which is different to the compound of formula 1 in the first
faver. In other embodiments, the second layer may comprise any bum rate modifier
known in the art, Examples of suitable burn rate modifiers include, but are not Bmited
i, dintirotoluene, Acetyl friethyl citrate, Triathyl citrate, Trisn-butyt citrate, Tributyl aceiyl
citraty, Acetyl trin-butyt ditrate, Acetyl tri-n-hexyl citrate, n-Butyryl tri-n-haxylcitrate, Di-
n-buty! adipate, diisopropy! adipate, Dilsobutyl adipate, Disthythexyt adipate, Nony
undeoyl adipate n-Decyl-n-octyt adipate, Dibutoxry ethoxy sthyl adipate Dimethyl
adipate, Hexyl ooyl decyl adipate Diisonony adipate, Dibutyl phihalate, Disthn
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phihalate, Diamyl phthalate, Nenylundecy! phthalate, Bis{3,5,5-trimethyihexyl}
phthalate, Di-n-propyladipate, Di-n-butyl sebacate, Dioctyl sebacate, Dimethy
sebacate, Diethyl dipherny! urea, Dimethyt diphenyl urea, Di-n-butyl phthalate, Di-n-
hexyi phthalate, Binonyl undecyl phthalate, Nomyd undecy! phithalate, Dloctyl
lerephthalale, Dioctyl isophthalate, 1,2-Cyclohexane dicarbonic acld dilsononylester,
Dibutyl maleats, Dinonyl maleate, Diisooctyl maleate, Dibutyl fumarale, Dinonyt
fumarate, Bimethyl sebacate, Dibutyl sebacate, Dilscoctyl sebacate, Dibutyl azelate,
Diathylene glycol dibenzoste, Trioctyl rimelilate, Triootyl phosphate, Buly! stearale,
Methyiphenylurethane, N-methyl-N-phenvurethane, Ethyl diphenyl carbamate,
camphor, gum Arabic, gelatin, rosin, modified rosin esters, resins of dibasic acids and
alky! falty alcohols, polyesters of molecular weight 1500 - 30,000 based on dihydric
alcohols and dibasic acids, and combinations thaereof,

Additives

In some smbodiments, the ropellant further comprises an additive selacted
from the group consisting of plasticisers, stabilisers, flash suppressants, barrel-wear
amaliorants and combinations thereof.

In some embaodiments, the additive is incomorated within the energetic material
granues. In othar embodiments, the additive is incorporated with the cormnpound 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 ¢an be achieved by adding the additive
io the slurry or dough of energetic material, which is then formed into granules.

The term “plasticiser” refers to any compound which imparts homogeneity and
plasticity to the energetic material. In some embodiments, the plasticiser may be
selected from the group consisting of diethyiphthalate, camphor, dibutyiphihalate, di-n-
propyl adipate, methylphenyl urethane, calcium stearate. bulyl stearate, nifroglycernn
and combinations thereof.

The term “stabilizer” refers {o any compound which can be used fo stabilize the
ensrgetic material. In some embodiments, the stabilizer may be selected from the
group consisting of sodium hydrogen carbonate, calcium carbonate, magnesium oxide,
akardiles, centralites, Z-nitrosodiphenyiamine, diphenyiamine, Nemethyl-p-nitroaniline
and combinations thersof,

The term “flash suppressant”, refers {o any compound which can be used to
suppress the mustle flash of a firearm. In some embodiments, the flash supprassant
may be selecied from the group consisting of potassium salls of organic acids,
potassium suiphate, polassium carbonale, polassium bicarbonate and combinations
theraof.
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The term "parrel-wear ameliorants” refers to any compound which can be used
o reduce barrel-wear. in some embodiments, the barrelwear ameliorant may be
selected from the group consisting of bismuth, bismuth oxide, bismuth citrate, bismuth
subcarbonate, lead, lead carbonate, other salts of lead and hismuth and combinations
thereof.

Antmnunition

in one embaodiment, there is provided an amrnunition cadridge comprising the
propeliant, The ammunition carridge typically comprises a casing, the propelant
described above, a primer and a projectile.

The propeliant of the present invention is suitable for use in a wide range of
firearms. i is particudarly suitable for use in .22 - 224 calibre firearms, 243 cglibre
frearms, (27 calibre firearms, Smm calibre firsarms, 7mm calibre firearms 30 calibre
firearms, 8mm calibre firearms, 338 calibre firearms up to .50 calibre firearms and is
even sultable for medium to largs calibre firearms.

The casing may be made of any material which is fough enough and thick
erough to not rupture during burning of the propeliant. The casing may be of any size
and the size will depend upon the firearm in which the cariridge 5 to be used.
Conventional casing materials and construction is well knowrn in the art and appliss o
the present application.

The primer, or priming compound, may be comprised of any substance which is
capable of producing heal o ignite the propeliant, Examples of priming compounds
include but are not limited {o lead azide {dexdrinated), lead styphnate, mercury
fulminate and combinations thereof. In some embodiments, the priming compound s
ASA (sluminium, lead styphnate, lead azide).

The projectile may be any object which can be projscled from the muzzis of
firearm system {or gun} upon burning of the propeliant. Examples of projectiles include,
but are not limited to, bullets, shot, peliels, slugs, shslls, balls, buckshot, bolts, rockets
and cannon balls. In some embodiments, the projectile is sslected from the group
gensisting of a budlet, psllet, slug and ball.

Advantages

The compounds of formuta 1 contain only carbon, hydrogen, oxygen and in
some cases nitrogen molecules and do not contain any potentially toxic or hazardous
glements such as halogens. The compounds are less foxic 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
carcinagenicity. in fact, the compounds of formula 1 have surprisingly better burmn rate
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madification properties than even the industry-preferred DNT, making them suitable for
use in propeliants and ammunition cartridges.
Examples

The invention will now be described with reference to the following nan-limiting
Examples.

Burn rate modifier % wiw | Propellant oxygen Gas @ 8TP | Gas @

| balance % (L) 2950K {Lfa)
DNT 65 -34.0 0.96 9.47
4-{d-hydroxyphenyl) | 1.0 -30.5 0.94 9.26
butan-g-ong |
Tabie 1

The burn rale modifier 4-{4-hydroxyphenyl) butan-2-one was subjected to
comparative tests against DNT, The results of one set of tests are sef out in Table 1
above. The comparative test work involved preparing granulss of nitrocellidose
enargetic material having an average length of about 1.4 mm and an average diameter
of about 0.7 mim. The granuiss had a single cantral perforation of approximately 58 um
diametsr. The granules were coated with DNT or 4-{4-hydroxyphenyly butan-Z-one In
the amounts outlined in the Table (o form propeliant. The test results showed that the
propellant oxygen balance for the 4-(4-hydroxyphenyl} butan-2-one propeilant
was -30.5% compared with -34.0% for the DNT propeliant. The test results also
showed that the gas at standard temperature and pressure for the 4-{(4-hydroxyphenyi)
hidan-Z-one propeliant was 0.84 L/g compared with (.86 Lig for the DNT propeilant
and the gas at 2850K for 4-{4-hydroxyphenyl} bidan-2-one propellant was 9.26 Lig
compared with 8,47 Lig for the DNT propellant.

These dafa demonstrate that 4-{4-hydroxyphenyl} butan-2-one is a good
substitute for DNT. In fact, 4-(d-hydroxyphenyl) butan-2-one can be used in lower
amounts than DNT and achieve a similar resuit.

The propeilants were subsequently loaded into carlridges and fired under test
conditions in proof barrels in an indoor range measuring case-conformal chamber
pressire with slectronic plezometers and projectile velacity with electronic shot-
traverse-detection screens connacted to an analytical apparatus that processes the
raw sensor dala for each shol. The ballistio comparisons are seen in Figures 5t0 7.

Figure 1 is g schematic Hlusiration showing the composition of a propaliant
according 1o one embodiment of the invention. The propellant shown in Figure 1is in
the form of a granule having a single, central perforgtion. The energetic material {1}
has beerr coated in a tayer of the burn rate modifier of the invertion {31, The propsliant
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may comprise a second layer of a different burn rate modifier {2) or this reglon may
represent more energetic material. in this embodiment, the burn rate madifier is coated
on the outside surface of the granule and the surface of the granule withiy the
perforated region. The propeliant further comprises an ignition laver {4}, which is
optionally covered with a surface glaze of graphite, but may contain other materials
known to those familiar with the arl ~ for example metal salts of nitrate.

The propellant granule of Figure 1 may be prepared by extruding a dough or
sturry of energetic material with a single central perforation o form an extrudate cord,
and by then culting the exitrudate cord to the reguired length. The granule may then be
dried during which it may contract slightly. The granule may then be coated in a first
taver of burn rate modifier (and optionally a second layer of a different burn rate
madifier) and finally coated with the ignition layer,

Figure 2 shows the coating efficiency of 4-(4d-hydroxyphenyl) butan-Z-one
{expressed as a parcantags) in a standard nitroceliulose propeliant (approximately
1.8mm ong, G.7rmm digmeter and 140 micron perforation) of 13.15% nitrogen at a
manufaciuring scale of kg (lab scale low volume) and kg {ab scale high volums).
This graph shows that an increased volume results in improved coating efficiency,

Figure 3 is an overlay plot for ballistic pressure and velocity trends for
propeiffant samples faken at various times from a production coating run with 4-{4-
hydroxyphenyl) butan-2-one onto nitrocsliulose energetic material granulss of
approximately 1.5mm long, 0.8mm diameter and 140 micron perforation at a
temperature of 84°C. The ammunition build included the Winchester case and large
rifle primer along with the 168 grain Sierra hollow point boat {ail projectile.

Figure 4 shows an overlay plot for ballistic pressure and velocity trends for
propeifant sampies taken at various times from a production coating run with 4-{4-
hydroxyphenyl) butan-2-one onto nitroceliulose energetic material granudes of
approximately 1.5mm long, 0.8mm diameter and 140 micron perforation at a
temperaturs of 78%C. The ammunition build included the Winchestsr case and large
rifle primer along with the 168 grain Sierra hollow point boat {all projectile.

Figure 5 shows a performance comparison between a prior arl commaercially
available DNT-coated nitroceliulose propeliant (approximately 1.5mm long, 0.8mm
diameter and 140micron perforation — AR2200H) against an experimental
ritroceliviose propelflant {1.5mm long, 0.7mm diameter and 50 micron perforation)
including a coating of 4-{d-hydraxyphenyl) butan-2-one. The ammunition build included
the Winchesler case and large rifle primer along with the 168 grain Sierra hollow point
boat {ail projectiie.
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Figure 6 shows a performance comparison plot for pressure and velacily of &
priar art commercially available DNT-coated nitroceliulose propeliant {approximately
1.5 mm long, 1.0 mm diameter, 180 micron perforation — AR2208) against a
nitroceliulose propeliant (1.5mm long, 8.7 mm diameter and 50 micron perforation)

5 including a coating of 4-{4-hydrostyphienyl} butan-2-one. The ammunition comprised
Winchester case, Tulammao large rifle primer and the 168 grain Sierra hollow point boat
tall projectile. The chart shows a performance advaniage oblained with the
gxperimental propellant that can only be achieved by replacing DNT in the composition
of propefiant with a compound of formula 1.

1D Figtre 7 shows a performance comparison plot for preéssure and velocity of a
priar art commercially available DNT-coated nitroceliulose propeliant {approximately
1.8 mm long, 1.15 mm diameter, 180 micron perforation} against a nitroceliulose
propeiflant {1.5mm long, 0.8mm diameter and 140 micron perforation) including a
coating of $-{4-hydroxyphenyl} butan-2-one. The ammunition comprised Winchester

15 ecase, Tulammo largs rifle primer and the 168 grain Sierrg hollow point boat tail
projectife. The chart shows that for the same volumetric load of propellanis of the
different type, a significant performance advantage is possible with propetliants made
with the compound of formula 1.

Figure 8 shows an overlay plot of experimental nitroceliulose propeliants

zo {1.5mmlong, 0.7mm diameter and 50 micron peroration} including a coating of 4-(4-
hydroxyphenyl) butan-2-ane ("HPK™) at various tevels {0.3% to 3.8%} in a .308
Winchesier calibre system. The ammunition bulld included the Winchester case and
large rifle primer along with the 168 grain Sierra hollow point boat tail projectile.

Figure 8 shows an overlay plot of experimental nitroceliulose propatiants

25 {1.5mm long, 0.8mm diameter and 140 micron perforation) including a coating of 4-(4-
hydroxyphenyl) butan-2-one ("HPK") at various levels (2.8% to 4%) in 2 .300
Winchester Magnum calibre system. The ammunition was built with the Winchester
case, Winchestsr large rifle primer and the 180 grain Sierra holiow point boat tail
projectiie. The Figure shows how progressive the propsliant becomes with more 4-(4-
30 hydroxypheny) butan-2-one applied.

Figure 10 shows g Heat Flow Calorimetry frace, according o the accepted
STANAG 4582 method, for three samples of small nitraceliulose-based propeliants
{1,238 mm long, 0.7 mm diameter, 50 micron perforation } including a coating of 6%
ONT, 2% 4-{4-hydroxyphenyiibutan-2-one and 6% 4-{¢-hydraxyphenylibutan-2-aneg,

35 respectively. The Figure shows that the propellants comprising 4-(4-
hydroxyphenylbulan-Z-one were more stable to thermal degradation than the standard
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DNT varfant. The lesis also revealed that the stability of the propediants increased
relative fo the amount of 4-(4-hydroxyphenylibutan-2-one used.

Figure 11 shows ballistic stability of two samples of nitroceliulose-based
propellants (1.38 min long, 8.7 mm diameter, 50 micron perforation) including a coating
of 6% DNT and 2% 4-{4-hydroxyphenyhibutan-2-one, respectively. The Figure shaws
that the ballistic varialions relative {o unaged samples were similar for sach burn rale
rradifier in the 5.56 num test platform. The ammunition was configured in the 35108
stvle with 3 Nammo BNT projectiie The Figure also shows that the aclual ballistic
variation across the three weeks of artificial aging was low,

Figtire 12 shows baliistic thermal spread of two samples of nitroceliviose -
based prapeliants (1.39 mm long, 0.7 mm diameter, 50 micron perforation} including a
coating of 6% DNT and 2% 4-{4-hydroxyphenyiibutan-2-ane, respectively, measured
at-15°C, 21 °C and 52 °C, in the 5.56 mm test platform. The ammunition was
configured in the S2108 style with a Nammio BNT projectiie. The Figure shows that the
ballistic thermal spread over the three weeks period was not significantly affected by
aging.

it will be appreviated by persons skifled in the art that numerous variations
andior modifications may be made o the invention as shown in the spedific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments arve, therefore, to be considered in all respects
as #lustrative and not restrictive.

The use of the terms "a” and “an” and “the” and similar referents in the context
of describing the invention {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.

in the claims which follow and in the preceding description of the invention,
gxcept where the context requires otherwise due 10 sxpress |anguags of NeCessary
imiplication, the word “comprise” or variations such as "comprises” or "camprising” is
usad in an inclusive sense, Le. {0 specify the presence of the stated featurss bul not {o
preciude the presence or addition of further features in various embodiments of the
invention.
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Claims
1. & propellant comprising:
an energetic material; and
) a compound of formuda 1
R= =S Q
\/
M’
%v Y
o
R! RY ()

2.

3.
20 4,
)

wherein

R’ is selected from the group consisting of H, -OH, -O(C.salkyl), -Craaiky, -
NHC Lsatkyl, -N{Crsatkyl)s, -NOy, -NHNH,, -N{CysalkyliNH,, and -CN;

R? iz selected from the group consisting of -H, -OH, -O-(C salkyl), -G eatkyl, -
NHC  galkyl, -N{Calkyl), -NGy, -NHNH,, -N{C,aalkyhiNH,, and -CN;

RY is selected from the group consisting of -H and -Caalkyl and

R® iz selected from the group consisting of ~H, ~OH, ~-O{C,salkyl}, ~C,.satkyl, ~
NHOC satkyl, -N(Cealionl)y, -NO,, -NHNH,, -N(CaalkyliNH,, and -CN;

and wherein at least one of RY, R and R' is OH.

The propellant according to claim 1, wherein the energetic material is in the
form of granudes,

The propeliant according to claim 2, whersin granules comprise a perforation.
The propedtant according to any one of claims 1 to 5, wherein the energetic
material is selecled from the group consisting of black powder, ammonium
parchlorats, haxogen, bulanstriolirindirate, ethyleneglycol dintrate,
disthvisneglycol dinitrate, erithritol tetranitrate, oclogen, hexanitroisowurtzitane,
mestriol frinitrate, N-Methyinitramine, pentaerythritol telranitrate,
tetranitrobenzolaming, trinitrofoluene, nitrogloerine, nitroceliulose, mannilol
hexanitrate, iriethylene glyeo! dinftrate, guanidine, nitroguaniding, 3-nitro-1,2.4-
triazol-5-one, ammonium nitrale, propanedial dinitrale, hexamine, 5-
aminolsfrazole, methylistrazole, phenylisirazole, polvglycidyinitrats,
polyglveidylazide, polyf3-nitratomethyl-3-methvioxitans], polyl3-azidomethyl-3-
methyoxitang], polyl3, 3-bis{azidomethyhioxitang], nitrated cyclodexinin
polymers, poly givcidyinitrate, and combinations thersof,
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The propeliant according 1o any one of claims 1 {0 4, wherein the energetic
material is nitroceliviose.

The propeliant according 1o any one of claims 2 to 5, wherein the compound of
formula 1 is in the form of a coating on the surface of the granules.

The propeliant according to any one of claims 1 to 6, further comprising a
graphite layer.

Use of a compound of formula 1

RQ R3 8]
/ ’
"y
R/\\\/ RY

wherein
R’ is selecied from the group consisting of H, -OH, -O(Cr.salkyl), -Cy.qalkyl, -
NHC atkyl, ~N{Cy.qatkyl)a, -NO,, -NHNH,, -N{Cyialkyl)MH,, and -CN;



WO 2015/035457 PCT/AU2014/000902

§

9

1i&

3%
w

39

10.

11.

12.

13.

14.

~23-

R? is selected from the group consisting of -H, -OH, -O-{C4atkyl), -Ciaalkyt, -
NHCatkyl, -N{Cy..alkyl)a, -NQy, -NHNH,, -N(C1salkyl)iNH,, and -CN;

R* is selected from the group consisting of -H and -Cysalkyl; and

R* is selected from the group consisting of -H, -OH, ~O{Cy.salkyl), -Cisalkyl, -
NHC qaikyl, ~-N(Cysalkyl)a, -NO;, -NHNH,, ~N(CssalkyliNH,, and -CN;

and wherein at least one of R', R? and R* is OH;

as a burmn rate modifier.

The use according to claim 8, wherein the compound is 4-(4-
hydroxyphenytjbutan-2-one.

A method of preparing a propeliant, comprising coating granules of an ensrgetic
material with a compound of formula 1

RQ‘ R3 G

wherein

R} is selected from the group consisting of H, -OH, -O{C+.4alky}), -Cialkyl, -
NHC salkyl, -N{Csalkylle, -NO,, ~NHNH,, -N{Calky)NH;, and -ON;

R? is selected from the group consisting of -H, ~OH, -O-(Cyualkyl), ~Cialkyl, -
NHC . gatkyl, -N{Crqalkylja, -NO;, -NHNH,, ~N{Csalky)NH,, and -CN;

R is selected from the group consisting of -H and -Cy4alkyl; and

R'is selected from the group consisting of -H, ~OH, -O{Cy.qalkyl}, -Cy.calkyl, -
NHC,.qatkyl, -N{Cr.galkyl)a, -NOy, -NHNH,, -N{C,.salky)NH;, and -CN;

and wherein at least one of R', R? and R* is OH.

The method of claim 10, wherein the granules of energetic material are formed
by exiruding a slurry or dough of the energetic material {o form an extrudgle
cord and cutling the extrudate cord. ‘

The method according to claim 11, whersin the energetic material is extruded
with a parioration.

The method according to any one of claims 10 to 12, wherein the compaund of
formula 1 is diffused into the granules of energetic material.

The method according fo any one of claims 10 to 13, wherein the compound of
formula 1 is dispersed evenly throughout the granules of enargstic material.
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15.  An ammunition carfridge comprising a propellant according to any one of claims
{0 7.

16.  An ammunition cartridge comprising a casing, a propeliant according to any one
of claims 1 to 7,2 ptimer and a projectiie.

7



