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(57) ABSTRACT

A shaped charge liner including a composition of powders.
The composition may include one or more of an aluminum
metal powder and a titanium metal powder, a bronze metal
powder, a tungsten metal powder and a graphite powder.
Each powder of the composition may include grain size
ranges that are different from one or more other powder
grain size ranges. The bronze metal powder may include two
or more different grain size ranges, and in some instances
three or four different grain size ranges. A method of making
the shaped charge liner and shaped charge with such liner
having the composition of powders is also disclosed, as is a
shaped charge including such shaped charge liner.
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SHAPED CHARGE LINER AND SHAPED
CHARGE INCORPORATING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and is a con-
tinuation of U.S. application Ser. No. 15/499,408 filed Apr.
27, 2017, which claims the benefit of U.S. Provisional
Application No. 62/445,672, filed Jan. 12, 2017 and U.S.
Provisional Application No. 62/488,182, filed Apr. 21, 2017,
each which is incorporated herein by reference in its entirety.

FIELD

[0002] The present invention relates generally to a shaped
charge liner having a composition including metal powders.
More specifically, the present invention relates to a shaped
charge having a shaped charge liner including a composition
of metal powders.

BACKGROUND

[0003] As part of a well completion process, cased-holes/
wellbores are perforated to allow fluid or gas from rock
formations (reservoir zones) to flow into the wellbore.
Perforating gun string assemblies are conveyed into vertical,
deviated or horizontal wellbores, which may include
cemented-in casing pipes and other tubulars, by slickline,
wireline or tubing conveyance perforating (TCP) mecha-
nisms, and the perforating guns are fired to create openings/
perforations in the casings and/or liners, as well as in
surrounding formation zones. Such formation zones may
include subterranean oil and gas shale formations, sandstone
formations, and/or carbonate formations.

[0004] Often, shaped charges are used to form the perfo-
rations within the wellbore. These shaped charges, serve to
focus ballistic energy onto a target, thereby producing a
round perforation hole (in the case of conical shaped
charges) or a slot-shaped / linear perforation (in the case of
slot shaped charges) in, for example, a steel casing pipe or
tubing, a cement sheath and/or a surrounding geological
formation. In order to make these perforations, shaped
charges typically include an explosive/energetic material
positioned in a cavity of a housing (i.e. a shaped charge
case), with or without a liner positioned therein. It should be
recognized that the case or housing of the shaped charge is
distinguished from the casing of the wellbore, which is
placed in the wellbore after the drilling process and may be
cemented in place in order to stabilize the borehole prior to
perforating the surrounding formations. Often, the explosive
materials positioned in the cavity of the shaped charge case
are selected so that they have a high detonation velocity and
pressure. When the shaped charges are initiated, the explo-
sive material detonates and creates a detonation wave, which
will generally cause the liner (when used) to collapse and be
ejected/expelled from the shaped charge, thereby producing
a forward moving perforating material jet that moves at a
high velocity. The perforating jet travels through an open
end of the shaped charge case which houses the explosive
charge, and serves to pierce the perforating gun body, casing
pipe or tubular and surrounding cement layer, and forms a
cylindrical/conical tunnel in the surrounding target geologi-
cal formation.

[0005] Typically, liners include various powdered metallic
and non-metallic materials and/or powdered metal alloys,
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and binders, selected to generate a high-energy output or jet
velocity upon detonation and create enlarged hole (com-
monly referred to as “big hole”) or deep penetration (“DP”)
perforations. These liners, however, may leave undesirable
slugs/residuals of the liner material in the perforation tunnel,
which may reduce and/or block flow of the fluid/gas in the
perforation tunnel. Additionally, the perforating jet formed
by typical liners may form a crushed zone (i.e., perforation
skin, or layer of crushed rock between the round perforation/
slot-shaped perforation tunnel and the reservoirs) in the
surrounding formation, which reduces the permeability of
the surrounding formation and, in turn, limits the eventual
flow of oil/gas from the reservoir.

[0006] Liners having high quantities of tungsten are
known, which may help to increase the depth of the perfo-
ration tunnel formed upon detonation of shaped charges, as
exemplified in U.S. Pat. No. 5,567,906. A disadvantage of
these liners is that in order to create a deep penetrating
perforation the shaped charge jet may be extremely narrow
in geometry and require a large quantity of high density
powdered metallic materials.

[0007] Efforts to reduce slug formation, further clear the
perforation tunnel, and/or remove the crushed zone have
included the use of reactive liners. Such reactive liners are
typically made of a plurality of reactive metals that create an
exothermic reaction upon detonation of the shaped charge in
which they are utilized. Powdered metallic materials often
used by the reactive liners include one or more of lead,
copper, aluminum, nickel, tungsten, bronze and alloys
thereof. Such liners are, for instance, described in U.S. Pat.
No. 3,235,005, U.S. Pat. No. 3,675,575, U.S. Pat. No.
8,075715, U.S. Pat. No. 8,220,394, U.S. Pat. No. 8,544,563
and DE  Patent Application Publication No.
DE102005059934. Some of these powdered metallic mate-
rials may be heterogeneous or non-uniformly distributed in
the liner, which may lead to reduced performance and/or
non-geometric perforation holes. Another common disad-
vantage of these liners is that they may not be able to
sufficiently reduce slug formation, clear the perforation
tunnel, and/or remove the crush zone formed following
detonation of the shaped charge.

[0008] Some metallic liner materials include powdered
metallic materials having grain sizes that are less than 50
micrometers in diameter, while others may include larger
grain sizes. Difficulty mixing the metals during the liner
formation process may result in imprecise or inhomoge-
neous individual liner compositions with heterogeneous
areas, (e.g., areas where the liner composition is predomi-
nantly a single element, rather than a uniform blend), within
the liner structure. Efforts to improve mass producability of
liners are sometimes met with compromised performance of
the liners.

[0009] In view of the disadvantages associated with cur-
rently available methods and devices for perforating well-
bores using shaped charges, there is a need for a device and
method that provides a composition including metal pow-
ders for use in a shaped charge liner that is capable of
generating an energy sufficient to initiate an exothermic
reaction upon detonation of the shaped charge. Additionally,
there is a need for shaped charge liners capable of forming
an exothermic reaction to generate a thermal energy that
creates a uniform perforating jet. Further, there is a need for
a liner and/or a shaped charge including a liner, having a
homogenous composition of metal powders having distinct
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grain size ranges. Finally, there is a need for a shaped charge
liner in which its components allow for a more effective
perforating jet, without adding significantly to overall
shaped charge costs.

BRIEF DESCRIPTION

[0010] According to an aspect, the present embodiments
may be associated with a shaped charge liner having a
composition including metal powders. The composition
includes one or more of an aluminum metal powder and a
titanium metal powder, wherein each of the aluminum metal
powder and the titanium metal powder includes grains
ranging in size from about 50 micrometers to about 150
micrometers. The composition may further include a bronze
metal powder having two or more different grain size ranges,
the grain size ranges being selected from the ranges com-
prising about 50 micrometers to about 150 micrometers,
about 100 micrometers to about 124 micrometers, about 125
micrometers to about 159 micrometers, about 160 microm-
eters to about 179 micrometers, and about 180 micrometers
to about 250 micrometers. According to an aspect, the
composition also includes a tungsten metal powder having
grains having sizes up to about 200 micrometers, and a
graphite powder having grains having sizes up to about 100
micrometers.

[0011] More specifically, the present embodiments relate
to a method of forming a shaped charge liner. The method
includes providing a composition including metal powders,
mixing the composition to form a homogenous metal pow-
der blend, and compressing the homogenous metal powder
blend to form a desired liner shape. The composition may
include the metal powders substantially as described here-
inabove. The composition may include non-metal materials
such as graphite. According to aspect, a lubricant, such as a
lubricating oil, is intermixed with the composition to assist
in the formation of the shaped charge liner.

BRIEF DESCRIPTION OF THE FIGURES

[0012] A more particular description will be rendered by
reference to specific embodiments thereof that are illustrated
in the appended drawings. Understanding that these draw-
ings depict only typical embodiments thereof and are not
therefore to be considered to be limiting of its scope,
exemplary embodiments will be described and explained
with additional specificity and detail through the use of the
accompanying drawings in which:

[0013] FIG. 1A is a cross-sectional view of a conical
shaped charge liner having a composition of metal powders,
according to an embodiment;

[0014] FIG. 1B is a cross-sectional view of a hemispheri-
cal shaped charge liner having a composition of metal
powders, according to an embodiment;

[0015] FIG. 1C is a cross-sectional view of a trumpet
shaped charge liner having a composition of metal powders,
according to an embodiment;

[0016] FIG. 2 is a cross-sectional view of a slot shaped
charge having a shaped charge liner, according to an
embodiment;

[0017] FIG. 3 is a perspective view of a conical shaped
charge having a shaped charge liner, according to an
embodiment;

[0018] FIG. 4 is a flow chart illustrating a method of
forming a shaped charge liner, according to an embodiment;
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[0019] FIG. 5 is a flow chart illustrating a further method
of forming a shaped charge liner, according to an embodi-
ment; and

[0020] FIG. 6 is a flow chart illustrating a method of
forming a shaped charge including a shaped charge liner,
according to an embodiment.

[0021] Various features, aspects, and advantages of the
embodiments will become more apparent from the following
detailed description, along with the accompanying figures in
which like numerals represent similar components through-
out the figures and text. The various described features are
not necessarily drawn to scale, but are drawn to emphasize
specific features relevant to some embodiments.

DETAILED DESCRIPTION

[0022] Reference will now be made in detail to various
embodiments. Each example is provided by way of expla-
nation, and is not meant as a limitation and does not
constitute a definition of all possible embodiments.

[0023] For purposes of illustrating features of the embodi-
ments, embodiments will now be introduced and referenced
throughout the disclosure. Those skilled in the art will
recognize that these examples are illustrative and not lim-
iting and are provided purely for explanatory purposes.
[0024] In the illustrative examples and as seen in FIGS.
1-3 aliner 10 for use in a shaped charge 20, 30 is illustrated.
As illustrated in FIGS. 2-3, the shaped charge 20, 30 may
include a case/shell 40 having a plurality of walls 42. The
plurality of walls may include a side wall 44 and a back wall
46', 46", that together define a hollow interior/cavity 50
within the case 40. The case 40 includes an inner surface 47
and an outer surface 48. An explosive load 60 may be
positioned within the hollow interior 50 of the case 40, along
at least a portion of the inner surface 47 of the shaped charge
case 40. According to an aspect, the liner 10 is disposed
adjacent the explosive load 60, so that the explosive load 60
is disposed adjacent the side walls 44 and the back walls 46',
46" of the case 40. The shaped charges 20, 30 have an open
end 22, through which a jet is eventually directed, and a back
end (closed end) 24, which is typically in communication
with a detonating cord 70.

[0025] The illustrative liners 10A/10B/10C, as seen for
instance in FIGS. 1A-1C, may be formed of a single layer
(as shown). In an alternative embodiment, the liner 10A/
10B/10C may also include multiple layers (not shown). An
example of a multiple-layered liner is disclosed in U.S. Pat.
No. 8,156,871, hereby incorporated by reference to the
extent that it is consistent with the disclosure. In an embodi-
ment, the shaped charge liner 10A/10B/10C has a thickness
T ranging from between about 0.5 mm to about 5.0 mm, as
measured along its length L. The thickness T is, in one
embodiment uniform along the liner length L, but in an
alternative embodiment, the thickness T varies in thickness
along the liner length L, such as by being thicker closer to
the walls of the case 40 and thinner closer to the center of
the shaped charge 20, 30 (or apex 18 of the liner). Further,
in one embodiment, the liner 10A may extend across the full
diameter of the cavity 50 as shown. In an alternative
embodiment, the liner 10A/10B/10C may extend only par-
tially across the diameter of the cavity 50, such that it does
not completely cover the explosive load 60 (not shown). The
liner 10A/10B/10C may be present in a variety of shapes,
including conical shaped as shown in FIG. 1A, hemispheri-
cal or bowl-shaped as shown in FIG. 1B, or trumpet shaped
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as shown in FIG. 1C. The conical, hemispherical and
trumpet liners 10A, 10B, 10C, respectively, may collectively
be referred to as a liner/(s) 10. The composition 12 of the
liner 10 may be substantially uniform when measured at any
position along the length of the liner 10. For instance, a
measurement of the constituents of the liner 10 taken at a
first end 14 of the liner 10 may be identical to another
measurement of the constituents of the liner 10 taken at a
second end 16 or an apex (i.e., a midpoint between the first
and second ends 14, 16) 18 of the liner 10.

[0026] The shaped charge liner 10 includes a composition
12 having a plurality of powders. The powders may be
formed by any powder production techniques, such as, for
example, grinding, crushing, atomization, and various
chemical reactions. Each powder in the composition 12 may
be one of a powdered pure metal, and a metal alloy.
According to an aspect, each powder and/or type of powders
of the composition 12 is present in an amount that is less
than 80% w/w of the composition 12. Alternatively, each
powder and/or type of powders of the composition 12 may
be present in an amount that is either less than 70%, 50%,
or 40% w/w of the composition 12. The plurality of powders
includes one or more metal powders. According to an aspect,
the composition 12 includes one or more of an aluminum
metal powder and a titanium metal powder. The liner 10 may
further include a bronze metal powder, a tungsten metal
powder and a graphite powder. Each type of powder
includes a grain size range or distribution that may be the
same or different from the grain size ranges of another
powder. For example, a metal powder may include grain size
ranges from between about 50 micrometers to about 150
micrometers, while another metal powder includes grain
size ranges from about above 150 micrometers to about 300
micrometers. The differences in the grain size ranges of the
powders in the composition 12 may help facilitate a uni-
form/homogenous mixture of the powders, (and in particu-
lar, of the metal powders) throughout the liner structure,
which may aid in improving the high velocity/energy jet
formed by the liner 10 upon detonation of the shaped charge
20, 30. As used herein, the term “homogenous powder
blend” refers to an even/uniform particle size distribution of
all the powders of the composition, as measured along the
length of the liner and along the cross-wise portion (or
width) of the liner. A liner having a homogenous powder
blend may include a powder distribution variance, i.e., a
standard deviation in the grain size distribution, of 1 to 5%.
A liner having a homogenous powder blend includes an even
distribution of grain size ranges and types of powders
throughout both the width and the length of the liner. The use
of different grain size ranges in the composition 12 may help
to increase consolidation of the metal powders, increase
uniformity/homogeneity of the resultant composition 12
following mixture and compression, and ultimately enhance
jet formation of the shaped charge liner 10. Such homoge-
neity within the liner composition may also produce a more
uniform hydrodynamic jet upon detonation of the shaped
charge 20/30. The distribution of the grain sizes in the liner
10 may also help facilitate a consistent collapse process of
the liner 10, thereby helping to enhance performance of the
shaped charges 20, 30 within which they are used. In an
embodiment, the thermal energy formed upon detonation of
the shaped charges 20,30 may melt some of the powders of
the composition 12, and/or at least reduce internal stress in
the individual grains of the powders, which may also
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improve jet formation and enhance its uniformity. Addition-
ally, the different grain size ranges or distribution utilized
can also improve the density or porosity of the liner 10.
According to an aspect, the shaped charge liners 10 includ-
ing the composition 12 may have a density ranging from
between about 8 g/cm® to about 14 g/cm?, alternatively,
between about 10 g/cm® and about 12 g/cm®.

[0027] The shaped charge liner may further include a
binder and/or a lubricant that aids with enhancing the
producability and the homogeneity of the composition 12 of
the liner 10. According to an aspect, the binder and lubricant
may serve as a carrier agent that helps facilitate the homo-
geneity of the composition 12. The binder may include a
polymer resin or powder, or wax or graphite. According to
an aspect, the binder can also be an oil-based material. Other
binders may include soft metals such as lead or copper. The
lubricant may enhance processability of the powders in the
composition 12. The lubricant may help to bind one or more
of the powders in the composition 12 having low grain size
ranges, such as, for example graphite powder, so that during
the mixing process, the risk of loss of powders due to their
fineness or low granularity and/or potential contamination of
the work environment is reduced. According to an aspect,
the graphite powder may function as the lubricant. In an
embodiment, the shaped charge liner 10 additionally
includes an oil, which may function as the lubricant, and
prevent oxidation of the liner 10. The oil may be uniformly
intermixed with each of the metal powders and the graphite
powder. The oil may also enhance the homogeneity of the
powders along the length L (and across the thickness T) of
the liner 10. The oil, even when present in trace amounts,
aids with thorough blending/mixing of the powders (having
various grain size ranges) of the composition 12. It is
envisioned that each of the powders, the binder and the
Iubricant will be uniformly interspersed throughout the liner
10, so that the liner 10 will have the same properties along
any portion of its length L.

[0028] As used herein “grain size distribution” or “grain
size range/(s)” refers to the range of diameters of each grain
of a powder, such as a metallic/metal powder having gen-
erally spherical shaped grains, and also refers to irregular
(non-spherical) shaped grains. One or more of the metal
powders may include grains of two or more different grain
size ranges. While it is possible to have individual grains
present within a sample that vary in size, the predominant
number of grain sizes (or the particle size distribution)
within the sample will be in the stated range/(s). As would
be understood by one of ordinary skill in the art, manufac-
turers of metallic powders traditionally sell powders in
stated ranges or grain size distributions, and it is understood
that variability within a stated grain size range may vary by
about +/-1 to 5%, and in an embodiment, +/-1-3%.

[0029] It is contemplated that the aluminum metal powder
and the titanium metal powder may each have a grain size
range from about 50 micrometers to about 150 micrometers
within the composition 12. In an embodiment, a bronze
metal powder includes two or more different grain size
ranges selected from about 50 micrometers to about 150
micrometers, about 100 micrometers to about 124 microm-
eters, about 125 micrometers to about 159 micrometers,
about 160 micrometers to about 179 micrometers, and about
180 micrometers to about 250 micrometers. For the pur-
poses of this disclosure, the bronze metal powders are
understood to be a copper-tin alloy, encompassing the ele-
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ments of copper and tin. The embodiments of the present
disclosure contemplates an exemplary bronze metal powder
that consists essentially of 90% copper and 10% tin. The
bronze metal powder (copper-tin alloy) may be present in
the composition in an amount up to about 35% w/w of the
composition 12, alternatively up to about 30% w/w of the
composition 12.

[0030] In an embodiment, the tungsten metal powder
includes a grain size range of up to about 200 micrometers.
The tungsten metal powder may include two or more
different grain size ranges from between about 1 micrometer
to about 49 micrometers, about 50 micrometers to about 99
micrometers, about 100 micrometers to about 149 microm-
eters, and about 150 micrometers to about 200 micrometers.
Tungsten may be present in the composition in an amount
less than 90% w/w of the composition 12, in an amount less
than 70% w/w of the composition 12, in an amount less than
50% w/w of the composition 12, or in an amount less than
40% w/w of the composition 12.

[0031] According to an aspect, the graphite powder
includes grain sizes of up to about 100 micrometers. The
graphite powder may include two or more different grain
size ranges from between about 1 micrometer to about 24
micrometers, about 25 micrometers to about 49 microm-
eters, about 50 micrometers to about 74 micrometers, and
about 75 micrometers to about 100 micrometers. According
to an aspect, the graphite powder is present in the compo-
sition in an amount between 0.5% to about 5.0% w/w of the
composition 12.

[0032] The composition 12 of the liner 10 undergoes an
exothermic reaction, which may occur even at lower ener-
gies, such as in shaped charges 20, 30 including when a
small or decreased amount of explosive materials, or lower
energy explosive materials, is used in the explosive load 60.
As illustrated in FIG. 2, and according to an aspect, the
explosive load 60 utilized in the shaped charges 20, 30 may
include a primary explosive load 62 and a secondary explo-
sive load 64. The primary explosive load 62 may be posi-
tioned between the secondary explosive load 64 and the
back wall 46' of the shaped charge 20, adjacent an initiation
point 49 arranged at the back wall 46'. While FIGS. 2 and 3
each illustrate a single initiation point 49, it is envisioned
that two of more initiation points 49 may be provided in the
shaped charge 20, 30. Alternatively, as illustrated in FIG. 3,
the explosive load 60 may only encompass one layer. A
detonating cord 70 (optionally aligned by guiding members
80), may be adjacent the initiation point. While not illus-
trated in the conical shaped charge 30 of FIG. 3, it is
contemplated that such conical shaped charges may also
include primary and secondary explosive loads 62, 64, as the
application may require. To be sure, the liner 10 described
herein may be utilized in any shaped charge.

[0033] Additionally, while there are numerous grain sizes
that can be used, it has been found that the aforementioned
grain sizes and ranges in the composition 12 help provide a
more homogenous mixture of the powders in the composi-
tion 12, thus enhancing the shaped charge liner’s 10 ability
to create a reproducible high-energy output or jet velocity
upon detonation of the shaped charge 20, 30. Each of the
selected metal powders (and nonmetal powders as appro-
priate) may be present within the liner 10 in different grain
size ranges. According to an aspect, one of the metal
powders may include two or more grain size ranges, and one
of those grain size ranges may be the same as the grain size
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ranges of another metal powder. Additionally, each metal
powder may be included in different proportions of a total
weight of the composition 12. According to an aspect, the
shaped charge liner 10 includes three metal powders and a
graphite powder. According to one aspect, the shaped charge
liner 10 includes multiple metal powders and a nonmetal
powder.

[0034] According to an aspect, the composition 12 of the
shaped charge liner 10 may help the liner 10 produce an
energy through a chemical and/or intermetallic reaction
between two or more of the components. Such reactions may
also occur between one or more of the constituents of the
composition 12, and portions of the surrounding formation
(such as, the well bore fluid and/or formation fluids). The
composition 12 may include one or more of an aluminum
metal powder and a titanium metal powder, a bronze metal
powder, a tungsten metal powder, and a graphite metal
powder. One or more of the powders may exothermically
react with another of the powders. The reaction may occur
at a relatively low temperature, and may help to produce
additional energy, that is, energy that is not formed by the
activation of explosive loads 60 of a shaped charge 20, 30 as
described in more detail hereinbelow. The additional energy
produced by the composition 12 may raise the total energy
of the shaped charge liner 10 to a temperature level that
helps facilitate a second reaction within the perforation
tunnel. This second reaction may be an exothermic reaction
and an intermetallic reaction that produces less, the same, or
more energy than the initial explosion that forms the per-
forating jet. In other words, the second reaction may require
a higher ignition temperature, but the end result may be a
more consistent collapse of the liner 10, which leads to more
reliability of the performance of the shaped charges 20, 30.
For instance, for compositions 12 including titanium and
aluminum (i.e., Ti—Al), or alternatively titanium and car-
bon (i.e. Ti—C), the reactions that occur are represented by
the following chemical formulas:

Ti+2Al=TiAl, (Formula 1)

Ti+C=TiC (Formula 2)

where, Ti represent titanium, Al represents Aluminum, and
C represents Carbon. In the reaction according to Formula 1,
the ignition temperature is 40° C. and the heat generated by
the reaction is 520 cal/g. In the reaction according to
Formula 2, however, the ignition temperature is about 600°
C. and the heat generated is about 860 cal/g.

[0035] According to an aspect, compositions 12 having
both the copper metal powder and the aluminum metal
powder may include a copper-aluminum reaction, such as
the reaction represented by the following chemical formula:

Cu+Al=CuAl, (Formula 3)

where, Cu represents copper and Al represents aluminum. In
the reaction according to Formula 3, the ignition tempera-
ture is 545° C. and the heat generated by the reaction is 108
cal/g.

[0036] Typical reactions may be formed according to the
data presented in a technical report titled “Incendiary Poten-
tial of Exothermic Intermetallic Reactions™ prepared by
Lockheed Palo Alto Research Laboratory, designated as
Technical Report AFATT.-TR-71-87, and dated July 1971.
Without intending to be bound by the theory, it is also
contemplated that additional reactions may occur between
three or more of the powders of the composition 12, such as,
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for example, between copper, aluminum and titanium, and
between copper, titanium and carbon.

[0037] According to an aspect, when the composition 12
includes the aluminum metal powder rather than the tita-
nium metal powder only, or both the aluminum and the
titanium metal powders, the aluminum metal powder
includes grain size ranges from about 50 micrometers to
about 150 micrometers. In an embodiment, the grain size
ranges of the aluminum metal powder is from about 50
micrometers to about 125 micrometers. The aluminum metal
powder may be present in an amount less than about 10%
w/w of the total weight of the composition 12. According to
an aspect, the aluminum metal powder may be present in an
amount of between about 5% and about 10% w/w of the total
weight of the composition 12. In an embodiment, when the
aluminum metal powder includes grain size ranges of
between 50 micrometers and 125 micrometers, it is present
in an amount less than about 5% w/w of the composition 12.
[0038] According to an aspect, when the composition 12
includes the titanium metal powder rather than the alumi-
num metal powder only, or both the aluminum and the
titanium metal powders, the titanium metal powder includes
grain size ranges of from about 50 micrometers to about 150
micrometers. The titanium metal powder may be present in
an amount less than about 10% w/w of the composition 12.
In an embodiment, the titanium metal powder is present in
an amount of about 5% to an amount of about 10% w/w of
the composition 12. According to an aspect, the titanium
metal powder is present in an amount of about 8% w/w of
the composition 12.

[0039] According to an aspect, the composition 12
includes both the aluminum metal powder and the titanium
metal powder. The aluminum metal powder may be present
in an amount of less than about 5% w/w of the composition
12, while the titanium metal powder is present in an amount
of about 5% to about 10% w/w of the composition 12. In an
embodiment, the aluminum metal powder is present in an
amount of about 3% w/w of the composition 12 and the
titanium metal powder is present in an amount of about 6%
w/w of the composition 12. The aluminum may include
grain size ranges of up to about 150 micrometers. According
to an aspect, the aluminum metal powder includes grain size
ranges of between about 50 micrometers and about 125
micrometers. In an embodiment, the aluminum metal pow-
der grain size ranges between about 50 micrometers and
about 75 micrometers. The aluminum metal powder may
include grains having a size of about 63 micrometers.
[0040] Inan embodiment, the composition 12 includes the
bronze metal powder having two or more different grain size
ranges. According to an aspect, the bronze metal powder
includes three or more different grain size ranges. In an
embodiment, the bronze metal powder includes four or more
different grain size ranges. The grain sizes may include grain
size ranges of from about 50 micrometers to about 99
micrometers, about 100 micrometers to about 124 microm-
eters, about 125 micrometers to about 159 micrometers,
about 160 micrometers to about 179 micrometers, and about
180 micrometers to about 250 micrometers. The grain size
ranges of the bronze metal powder may be selected based on
the needs of the particular application, and in some embodi-
ments, according to the other metal powders of the compo-
sition 12. According to an aspect, the bronze metal powder
includes two or more different grain size ranges. It has been
found that the grain size distributions described herein may
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help to facilitate mixing homogeneity of the bronze metal
powder, and the overall composition 12.

[0041] According to an aspect, the bronze metal powder is
present in an amount less than about 30% w/w of the
composition 12. In embodiments including the bronze metal
powder and the aluminum metal powder, the bronze metal
powder is present in the amount less than about 30% w/w of
the composition 12, while the aluminum metal powder is
present in an amount up to about 8% the composition 12.
The bronze metal powder may be less than about 27% w/w
of the composition 12. In a further embodiment, at least
about 5% w/w of the composition 12 is the bronze metal
powder having grain size ranges of between about 100
micrometers to about 125 micrometers. According to an
aspect, at least about 2% to about 15% w/w of the compo-
sition 12 is the bronze metal powder including grain size
ranges of between about 180 micrometers to about 250
micrometers, at least about 2% to about 10% w/w of the
composition 12 is the bronze metal powder including grain
size ranges between about 160 micrometers to about 179
micrometers, and at least about 2% to about 10% w/w of the
composition 12 is the bronze metal powder including grain
size ranges between about 125 micrometers to about 159
micrometers. The bronze metal powder may, in still a further
embodiment, be included in an amount of about 9% w/w and
having grain size ranges between about 180 micrometers to
about 250 micrometers, at least about 5% w/w, with grain
size ranges between about 160 micrometers to about 179
micrometers, and alternatively, in an amount of at least about
5% w/w and of having a grain size ranging between about
125 micrometers to about 159 micrometers.

[0042] The composition 12 of the shaped charge liner 10
may include up to about 5% w/w of aluminum metal
powder. The aluminum metal powder may be present in an
amount of about 3% w/w of the composition 12. The
aluminum metal powder may react with the copper compo-
nent of the bronze metal powder (copper-tin alloy), thereby
helping to facilitate more effective jet formation through the
hydrodynamic process by the shaped charge liner 10. In an
embodiment, the copper component of the bronze metal
powder is present in amount up to about 25% w/w of the
composition 12.

[0043] According to an aspect, the tungsten metal powder
may include grain size ranges of up to about 200 microm-
eters. As described in further detail hereinabove, the tung-
sten metal powder may include two or more different grain
size ranges, ranging from between about 50 micrometers to
about 99 micrometers, about 100 micrometers to about 149
micrometers, and 150 micrometers to about 200 microm-
eters. In an embodiment, the tungsten metal powder is
present in an amount between about 40% to about 90% w/w
of the composition 12. According to an aspect, the tungsten
metal powder is present in an amount less than 40% w/w of
the composition 12. When the composition 12 includes the
tungsten metal powder and the aluminum metal powder, the
aluminum metal powder may be present in an amount of
about 5% to about 10% w/w of the composition 12. Accord-
ing to an aspect, the aluminum metal powder is present in an
amount up to about 8% w/w of the composition 12.
[0044] According to an aspect, the graphite powder may
include a grain size up to about 100 micrometers. As
described in further detail hereinabove, the graphite powder
may include two or more different grain sizes ranging from
between about 25 micrometers to about 49 micrometers,
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alternatively grain size ranges of 50 micrometers to about 74
micrometers, and alternatively 75 micrometers to about 100
micrometers. The graphite powder may be present in an
amount of less than about 5% w/w of the composition 12.
According to an aspect, the graphite powder is present in an
amount of less than about 2% w/w of the composition 12. In
embodiments including the graphite powder and the tita-
nium metal powder, the titanium metal powder may be
present in an amount of about 5% to about 10% w/w of the
composition 12, or in an amount up to about 8% w/w of the
composition 12. The graphite powder included in the com-
position 12 may demonstrate a carbon content of between
about 90 wt % and about and 92 wt % of the graphite
powder.

[0045] According to an aspect, the composition 12 of the
shaped charge liner 10 may include a lead metal powder. As
described hereinabove, such lead metal powder may also act
as a binder. The lead metal powder may include one or more
of a first grain size and a second grain size. In an embodi-
ment, the first grain size ranges from between 150 microm-
eters to about 300 micrometers. The second grain size may
be up to about 120 micrometers. In an embodiment, the lead
metal powder comprises the first grain size and the second
grain size, thus helping to form the homogenous metal
powder blend. By mixing lead metal powders having dif-
ferent grain sizes, it has been found that homogenous mixing
was more easily achieved. According to an aspect, the lead
metal powder is present in an amount between about 10%
w/w and about 30% w/w of the composition 12. Alterna-
tively, the lead metal powder may be present in an amount
of'about 12% w/w to about 24% w/w of the composition 12.
[0046] Embodiments of the liners of the present disclosure
may be used in a variety of shaped charges 20, 30, which
incorporate the described shaped charge liners 10. As noted,
the shaped charge of FIG. 2 is a slot shaped charge 20,
having an open end 22, and a closed end 24 formed in its flat
back wall 46'. In contrast, the shaped charge of FIG. 3 is a
conical shaped charge having an open end 22, and a conical
shaped back wall 46". The shaped charges are detonated via
a detonation cord 70 that is adjacent an area of the back walls
46', 46" and is in communication with an explosive load
positioned within a cavity (hollow interior) of the shaped
charge.

[0047] FIGS. 2-3, illustrate the shaped charges 20, 30
including a case 40 defining a cavity 50. According to an
aspect, the shaped charges 20, 30 include an explosive load
60 disposed within the cavity 50 of the case 40. A shaped
charge liner 10 may be disposed adjacent the explosive load
60, thus retaining the explosive load 60 within the cavity 50
of the case 40. The liner 10A, while shown in a conical
configuration in the shaped charges of FIGS. 2-3, may also
be present in a hemispherical configuration 10Bas shown in
FIG. 1B. The liner 10 may include a composition 12 that
includes metal powders. Therefore, the shaped charge liners
10 of the present disclosure may serve multiple purposes,
such as, to maintain the explosive load 60 in place until
detonation, and to accentuate the explosive effect on the
surrounding geological formation.

[0048] For purposes of convenience, and not limitation,
the general characteristics of the shaped charge liner 10 are
described above with respect to the FIG. 1, and are not
repeated here.

[0049] According to an aspect, the liner 10 of the shaped
charges 20, 30 includes the composition 12 substantially as
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described hereinabove. For instance, the composition 12
may include one or more of an aluminum metal powder and
a titanium metal powder. The aluminum metal powder
and/or the titanium metal powder may include a grain size
that ranges from about 50 micrometers to about 150
micrometers. In an embodiment, the titanium metal powder
and/or the aluminum metal powder is present in an amount
less than about 10% w/w of the composition 12.

[0050] The composition 12 may further include a bronze
metal powder. In an embodiment, the bronze metal powder
is present in an amount less than about 30% w/w of the
composition 12 of the liner 10. According to an aspect, the
bronze metal powder includes two or more different grain
size ranges. The grain sizes of the bronze metal powder may
range from about 50 micrometers to about 150 micrometers,
about 100 micrometers to about 124 micrometers, about 125
micrometers to about 159 micrometers, about 160 microm-
eters to about 179 micrometers, and about 180 micrometers
to about 250 micrometers. According to an aspect, the
bronze metal powder includes up to four different grain
sizes. In an embodiment, at least about 5% to about 15%
w/w of the composition 12 is the bronze metal powder
having a grain size ranging between about 180 micrometers
to about 250 micrometers, at least about 2% to about 10%
w/w of the composition 12 is the bronze metal powder
having a grain size ranging between about 160 micrometers
to about 179 micrometers, and at least about 2% to about
10% w/w of the composition 12 is the bronze metal powder
having a grain size ranging between about 125 micrometers
to about 159 micrometers. According to an aspect, the
composition 12 of the liner 10 of the shaped charges 20, 30
includes a tungsten metal powder having a grain size up to
about 200 micrometers, and a graphite powder having a
grain size of up to about 100 micrometers.

[0051] The liners 10 of the shaped charges 20, 30 may be
formed to a desired shaped prior to being placed/installed
within the shaped charges 20, 30. In an embodiment, the
liners 10 are pre-pressed to their desired shape, and are
thereafter installed in the shaped charge 20, 30 by being
machine or manually placed onto the explosive load 60.

[0052] Turning now to FIG. 4, a flow chart is provided that
illustrates a method 100 of forming a shaped charge liner 10.
According to an aspect, the method 100 includes the steps of
providing 120 a composition that includes a variety of metal
powders each having distinct grain size ranges, mixing 140
the composition of metal powders to form a homogenous
metal powder blend by utilizing the different powder grain
size ranges/distributions to enhance homogeneity, and form-
ing 160 the homogenous metal powder blend to form a
desired liner shape. The forming 160 may include compress-
ing the homogenous powder blend under a specified force,
such as a force of about of up to about 1,000 kilonewtons
(kN) to form the desired liner shape. During the forming 160
step, the homogenous powder blend may also be subjected
to one or more of a vibrational and a rotational force. The
composition may include the various embodiments of the
composition as substantially described hereinabove. The
method may, optionally, include sintering 180 the homog-
enous powdered blend to form a pressed metallic shaped
geometry and forming 190 the pressed metallic shaped
geometry into the desired liner shape. The shaped charge
liner 10 described herein may, optionally, be formed by a
molding process, whereby the composition of metal pow-
ders are combined with a binder and placed into an injection
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mold having a negative imprint of the desired shape of the
liner. According to an aspect, in an alternative embodiment
of the method, as shown in the steps of FIG. 5, the mixing
includes separately mixing 142 the bronze metal powder
having the two or more different grain size ranges, prior to
mixing the composition. The mixing step may be optionally
accomplished by a mixer that mixes the powders at a mix
speed of about 2 revolutions/second (revs/sec) to about
4,000 revs/sec, alternatively between about 1,000 rev/sec
and 3,000 revs/sec, and alternatively between about 2 revs/
sec to about 2,000 revs/sec. This step of mixing may be
performed for about 500 seconds, alternatively between
about 30 seconds to about 200 seconds. Optionally, bronze
metal powders having two or more grain sizes are mixed
separately. Optionally, the homogenous powder blend is
subjected to vibrational and/or rotational forces 144, and the
liner is compressed to form the desired liner shape. In licu
of only applying a compression force with the optional
vibration and rotation forces, the homogenous metal powder
blend may be compressed 180 to form a pressed metallic
geometry having the desired liner shape, and sintered to
increase adhesion between the powders and enhance the
overall performance of the liner 10.

[0053] In an embodiment of a method 200, a shaped
charge 20, 30 is formed having a liner/shaped charge liner 10
utilizing the steps described in FIG. 6. The method 200 of
forming the shaped charge may include forming a case 220
having a side wall, a back wall, a hollow interior defined by
the side wall and the back wall, and an initiation point
positioned adjacent to (or within) the back wall. The method
further includes disposing an explosive load 240 within the
hollow interior of the case, so that the explosive load is
adjacent the back wall, the initiation point, and at least a
portion of the side wall. According to an aspect, the explo-
sive load includes one or more explosive powders that are
arranged within the hollow interior. The explosive powders
may be loosely place in the hollow interior. In an embodi-
ment, the explosive load is compressed 242 within the
hollow interior of the case at a force of between about 20 kN
to about 1,000 kN. In an alternative embodiment, the explo-
sive load is compressed at a force of between about 30 kN
to about 600 kN. According to an aspect, the method further
includes mixing 260 a blend of metal powders having a
variety of grain size ranges, and optionally non-metal pow-
ders and a lubricant. The method further includes compress-
ing 280 the blended composition to form a shaped charge
liner. The composition contemplated is substantially as
described hereinabove with respect to the shaped charge
liners 10 illustrated in FIGS. 1A-1C, and 2-3. According to
an aspect, the shaped charge liner is homogeneous along its
length, i.e., no individual portion of the liner includes more
or less of any individual constituent (powders or lubricant)
of the composition. The method may further include install-
ing the shaped charge liner 290 adjacent the explosive load
and compressing it into the explosive load, such that the
explosive load is positioned between the back and side
walls, and the shaped charge liner.

[0054] The present invention may be understood further in
view of the following examples, which are not intended to
be limiting in any manner. All of the information provided
represents approximate values, unless specified otherwise.
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EXAMPLE 1

[0055] Various compositions 12 for use in shaped charge
liners may be made according to the embodiments of the
disclosure. The percentages presented in the Example shown
in Table 1 are based on the total % w/w of the powders in
the composition 12 and exclude reference to deminimis
amounts of processing oils or lubricants that may be utilized.
Such oils or lubricants may be present in a final mix in an
amount of between about 0.01% and 1% of the total % w/w
of the powders in the composition 12. The composition 12
may include the following powder components, each com-
ponent having a selected grain size range.

TABLE 1

Grain Size Range(s)

Shaped Charge Minimum Grain Maximum Grain

Liner - Sample Size (micrometers Size (micrometers Liner Blend
Composition (nm)) (nm)) (%) w/w
Bronze 1 180 250 0-15.5
Bronze 2 160 179 2-10
Bronze 3 125 159 2-10
Bronze 4 75 124 0-10
Lead 1 >0 120 10-15
Lead 2 150 300 10-30
Tungsten >0 200 39-74.5
Aluminum 63 125 0-10
Titanium 50 150 1-10
Graphite >0 100 0.5-5
[0056] The composition 12 presented in Table 1—Sample

Composition—may include a bronze metal powder, a lead
metal powder, a tungsten metal powder, an aluminum metal
powder and/or a titanium metal powder, and a graphite
powder. In at least an embodiment, the Sample Composition
may include two or more grain size ranges/distributions of
the bronze metal powder. The bronze metal powder may
have grains ranging in size from between 180 pm to 250 pum,
160 pm to 179 pm, 125 um to 159 um, and 75 pm to 124 pm.
The lead metal powder may include two different grain size
ranges, such as, from between an amount larger than 0 pm
to 120 um, and from 150 pm to 300 um. The Sample
Composition may include either aluminum metal powders or
titanium metal powders. In at least one embodiment, both
the aluminum and the titanium metal powders are included,
the aluminum metal powder ranging from between an
amount larger than 0% to 10% w/w of the composition 12,
and the titanium metal powder ranging from between an
amount larger than 0% to 10% w/w of the composition 12.
The tungsten metal powder may be provided in an amount
ranging from between about 39% to about 70% w/w of the
composition 12. Graphite powder may be included in grain
size ranges from between an amount larger than 0 pm to 100
um. Notably, nickel metal powder was not included in the
Sample Composition, which may help reduce potential
toxicity levels of the shaped charge liner 10 content.

[0057] Various powders may be utilized in the composi-
tion 12. For example, powders having a spherical shape/
configuration, and powders having an irregular shape may
be utilized. For the particular powders in the composition 12
having two or more grain size ranges, in an embodiment, at
least one grain size range may include spherically shaped
powders, while one or more of the other grain sizes range/(s)
include/(s) irregular shaped powders. For instance, bronze
metal powders with grain size ranges between 75 pm to
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about 124 um may include irregular shaped powders, while
bronze metal powders of grain size ranges between at least
one of 180 pm to 250 pm, 160 pm to 179 pm, and 125 um
to 159 um may include spherically shaped powders. The
powders of the composition 12 may be obtained from
various suppliers. For example, graphite powders sold under
the trade name GP 90/92, and available from Graphit Kropf-
mithl GmbH, Langheinrichstr. 1, 94051 Hauzenberg, Ger-
many may be utilized. Titanium metal powders available
from Tropag GmbH, Bundesstr. 4, 20146 Hamburg, Ger-
many may also be utilized.

[0058] Without being bound by theory, it is believed that
there is synergy between grain size ranges, and the % w/w
ranges for the powders of the composition 12. The grain size
range data presented in Table 1 was generated through
extensive testing, and analysis of material specifications and
data sheets, as may be measured by the measuring principle
of dynamic image analysis ISO 13322-2 titled “Particle size
analysis—Image analysis methods” and prepared by the
Technical Committee ISO/TC 24. Although various grain
size ranges are provided for each powder, it is envisioned in
an alternative embodiment that two or more of the powders
may include identical grain size ranges.

EXAMPLES 2-3

[0059] Sample shaped charges were generally configured
to demonstrate the performance of shaped charges incorpo-
rating liners made according to embodiments described
herein. Each shaped charge included a case/casing, and an
initiation point formed in the back wall of the case. An
explosive load was arranged within the hollow interior, and
liners of different compositions and grain size ranges of
powders were positioned adjacent the explosive load. A
detonating cord was positioned adjacent the initiation point.
The shaped charges were detonated, measurements of the
entrance hole diameters and lengths of the perforation jets
were taken, and productivity ratio evaluations were made.
The values presented in Tables 2 and 3 represent the results
of the measurements taken and evaluations made upon
detonation of the shaped charges.

[0060] Three sets of commercially available (or estab-
lished liners) were utilized in samples A-1/A-2, B-1/B-2,
and C-1/C-2, the liners each including various powders.
Samples D-1/D-2, E-1/E-2 and F-1/F-2, however, each
included liners having at least one powder with two or more
grain size ranges, and at least one powder included a grain
size range that was different from the grain size range of
another powder. In samples D-1 and D-2, the liners included
bronze having five different grain size ranges, lead having
two different grain size ranges, and tungsten having one
grain size range. In samples E-1 and E-2 the liners included
bronze having three different grain size ranges, lead having
two different grain size ranges, and tungsten and aluminum
each having one grain size range. In samples F-1/F-2, the
liners included lead, tungsten, aluminum, and nickel pow-
ders.

TABLE 2
Average Stressed Relative
Average Entrance Rock Target Produc-  Produc-
Hole Diameter Penetration tivity tivity
Samples (millimeters (mm) (millimeters (mm)) Ratio  Ratio (%)
A-l 9.3 261 1.26 100
B-1 8.1 304 1.40 111
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TABLE 2-continued

Average Stressed Relative
Average Entrance Rock Target Produc-  Produc-
Hole Diameter Penetration tivity tivity
Samples (millimeters (mm) (millimeters (mm)) Ratio  Ratio (%)
C-1 9.4 222 1.26 100
D-1 11.0 223 1.36 108
E-1 9.8 270 1.42 113
F-1 9.2 158 1.00 79
[0061] To obtain the data shown in Table 2, the shaped

charges were tested in an API 19b Section IV set-up using
steel casing coupons having a thickness of 0.50 inch. The
steel coupons were positioned adjacent a cement/concrete
sheath or layer having a thickness of 0.75 inch, and the
cement sheath was adjacent a natural sandstone target (Rock
A) having high strength and low porosity. The shaped
charges were detonated so that a perforating jet penetrated
the steel coupon, the concrete sheath and Rock A, and the
perforation tunnel formed in Rock A and productivity ratio
were measured according to the API 19b Section Test
requirements. The results in Table 2 indicate that increases
in target penetration depth are not necessarily equivalent to
increases in productivity ratio. On the other hand, the
geometry of the perforating tunnel plays an important role in
increasing productivity ratio. Notably, samples D-1 and E-1
both showed improvements in productivity ratio over
samples A-1 and C-1. Sample F-1 showed no improvements
as compared to samples A-1, B-1, and C-1. The results
further indicate that the exothermic reaction of Samples D-1
and E-1 creates perforating tunnels, which provide a geom-
etry that is conducive to favorable flow performance, as
compared to Samples A-1, B-1, C-1 and F-1.

TABLE 3
Average Stressed Relative
Average Entrance Rock Target Produc-  Produc-
Hole Diameter Penetration tivity tivity
Samples (millimeters (mm) (millimeters (mm)) Ratio  Ratio (%)
A-2 9.4 331 1.42 100
B-2 8.6 392 1.7 120
C-2 8.9 305 1.60 113
D-2 10.0 295 1.38 97
E-2 9.8 318 1.83 129
F-2 9.6 254 1.42 100
[0062] To obtain the data shown in Table 3, the shaped

charges were tested in an API 19b Section IV setup using
steel coupons having a thickness of 0.5 inch. The steel
coupons were positioned adjacent a cement/concrete sheath
or layer having a thickness of 0.75 inch, and the cement
sheath was adjacent a natural sandstone target (Rock B)
having high porosity and lower strength (as compared to
Rock A). The shaped charges were detonated so that a
perforating jet penetrated the steel coupon, the concrete
sheath and Rock A, and the perforation tunnel formed in
Rock B and the productivity ratio were measured according
to the API 19b Section Test requirements. The results in
Table 2 demonstrate that increases in target penetration
depth are not necessarily equivalent to increases in produc-
tivity ratio. On the other hand, the geometry of the perfo-
rating tunnel plays an important role in increasing produc-
tivity ratio. Notably, sample E-2 showed improvements in
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productivity ratio over samples A-2, B-2, and C-2. Sample
F-2 showed no improvements over the other samples. As
described above in relation to Table 2, the results presented
in Table 3 further indicate that the exothermic reaction of
Sample E-2 creates perforating tunnels which provide a
geometry that is conducive to favorable flow performance
compared to samples A2, B2, C2 & F2.

[0063] The components of the apparatus illustrated are not
limited to the specific embodiments described herein, but
rather, features illustrated or described as part of one
embodiment can be used on or in conjunction with other
embodiments to yield yet a further embodiment. It is
intended that the apparatus include such modifications and
variations. Further, steps described in the method may be
utilized independently and separately from other steps
described herein.

[0064] While the apparatus and method have been
described with reference to specific embodiments, it will be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted for ele-
ments thereof without departing from the scope contem-
plated. In addition, many modifications may be made to
adapt a particular situation or material to the teachings found
herein without departing from the essential scope thereof.
[0065] In this specification and the claims that follow,
reference will be made to a number of terms that have the
following meanings. The singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise. Furthermore, references to “one embodiment”,
“some embodiments”, “an embodiment” and the like are not
intended to be interpreted as excluding the existence of
additional embodiments that also incorporate the recited
features. Approximating language, as used herein through-
out the specification and claims, may be applied to modify
any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which
it is related. Accordingly, a value modified by a term such as
“about” is not to be limited to the precise value specified. In
some instances, the approximating language may corre-
spond to the precision of an instrument for measuring the
value. Terms such as “first,” “second,” “upper,” “lower” etc.
are used to identify one element from another, and unless
otherwise specified are not meant to refer to a particular
order or number of elements.

[0066] As used herein, the terms “may” and “may be”
indicate a possibility of an occurrence within a set of
circumstances; a possession of a specified property, charac-
teristic or function; and/or qualify another verb by express-
ing one or more of an ability, capability, or possibility
associated with the qualified verb. Accordingly, usage of
“may” and “may be” indicates that a modified term is
apparently appropriate, capable, or suitable for an indicated
capacity, function, or usage, while taking into account that
in some circumstances the modified term may sometimes
not be appropriate, capable, or suitable. For example, in
some circumstances an event or capacity can be expected,
while in other circumstances the event or capacity cannot
occur—this distinction is captured by the terms “may” and
“may be.”

[0067] As used in the claims, the word “comprises” and its
grammatical variants logically also subtend and include
phrases of varying and differing extent such as for example,
but not limited thereto, “consisting essentially of” and
“consisting of.” Where necessary, ranges have been sup-
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plied, and those ranges are inclusive of all sub-ranges
therebetween. It is to be expected that variations in these
ranges will suggest themselves to a practitioner having
ordinary skill in the art and, where not already dedicated to
the public, the appended claims should cover those varia-
tions.

[0068] Advances in science and technology may make
equivalents and substitutions possible that are not now
contemplated by reason of the imprecision of language;
these variations should be covered by the appended claims.
This written description uses examples to disclose the
devices, compositions, and methods in accordance with the
disclosure, and also to enable any person of ordinary skill in
the art to practice these, including making and using any
compositions, devices incorporating the compositions, and
performing any incorporated manufacturing methods. The
patentable scope thereof is defined by the claims, and may
include other examples that occur to those of ordinary skill
in the art. Such other examples are intended to be within the
scope of the claims if they have structural elements that do
not differ from the literal language of the claims, or if they
include equivalent structural elements with insubstantial
differences from the literal language of the claims.

What is claimed is:

1. A shaped charge liner having a composition comprising
metal powders, the composition comprising:

one or more of an aluminum metal powder and a titanium

metal powder, wherein each of the aluminum metal
powder and the titanium metal powder comprise a grain
size range from 50 micrometers to 150 micrometers;

a first bronze metal powder comprising a grain size range

of 160 micrometers to 179 micrometers;

a second bronze metal powder comprising a grain size

range of 125 micrometers to 159 micrometers; and

a tungsten metal powder comprising a grain size up to 200

micrometers; and

a graphite powder comprising a grain size up to 100

micrometers.

2. The shaped charge liner of claim 1, wherein at least one
of the titanium metal powder and the aluminum metal
powder is present in an amount up to 10% w/w of the
composition.

3. The shaped charge liner of claim 1, wherein the first and
second bronze metal powders combined, is present in an
amount up to 35% w/w of the composition.

4. The shaped charge liner of claim 1, wherein the
composition further comprises a third bronze metal powder
having a different grain size range than the first and second
bronze metal powder grain size range.

5. The shaped charge liner of claim 1, wherein at least 2%
to 10% w/w of the composition is the first bronze metal
powder and at least 2% to 10% w/w of the composition is the
second bronze metal powder.

6. The shaped charge liner of claim 1, wherein the
tungsten metal powder is present in an amount up to 70%
wi/w of the composition.

7. The shaped charge liner of claim 1, wherein the
composition further comprises a lead metal powder.

8. The shaped charge liner of claim 2, wherein the
aluminum metal powder is present in an amount up to 5% to
10% w/w of the composition and the first and second bronze
metal powders, combined, are present in an amount up to
35% wiw of the composition.
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9. The shaped charge liner of claim 1, wherein the
titanium metal powder is present in an amount of 5% to 10%
w/w of the composition.

10. The shaped charge liner of claim 1, wherein the
graphite powder is present in an amount between 0.5% to
5% wi/w of the composition.

11. A shaped charge liner having a composition compris-
ing metal powders, the composition comprising:

one or more of an aluminum metal powder and a titanium

metal powder, wherein each of the aluminum metal
powder and the titanium metal powder comprise a grain
size range from 50 micrometers to 150 micrometers;

a bronze metal powder comprising two or more different

grain size ranges;

a lead metal powder comprising one or more different

grain size ranges;

atungsten metal powder comprising a grain size up to 200

micrometers; and

a graphite powder comprising a grain size up to 100

micrometers,

wherein the shaped charge liner is free of a nickel metal

powder.

12. The shape charge liner of claim 11, wherein the bronze
metal powder is present in an amount up to 35% w/w of the
composition.

13. The shaped charge liner of claim 11, wherein the
bronze metal powder comprises a first grain size range and
a second grain size range, wherein

the first and second grain size ranges are selected from the

ranges comprising 50 micrometers to 150 micrometers,
100 micrometers to 124 micrometers, 125 micrometers
to 159 micrometers, 160 micrometers to 179 microm-
eters, and 180 micrometers to 250 micrometers,

the first grain size range is at least 5% to 15% w/w of the

composition and the second grain size range is at least
2% to 10% w/w of the composition, and

the first grain size range is different from the second grain

size range.

14. The shaped charge liner of claim 11, wherein at least
one of the titanium metal powder and the aluminum metal
powder comprises a grain size range between 50 microm-
eters and 125 micrometers.
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15. The shaped charge liner of claim 11, wherein at least
one of the titanium metal powder and the aluminum metal
powder is present in an amount of 5% to 10% w/w of the
composition.

16. A shaped charge comprising:

a case having a cavity;

an explosive load disposed within the cavity of the case;

and

a liner disposed adjacent the explosive load and config-

ured for retaining the explosive load within the cavity

of the case, the liner having a composition comprising

metal powders, wherein the liner being free of a nickel

metal powder and the composition comprises:

one or more of an aluminum metal powder and a
titanium metal powder, wherein each of the alumi-
num metal powder and the titanium metal powder
comprises a grain size range from 50 micrometers to
150 micrometers;

a first bronze metal powder comprising a grain size
range of 160 micrometers to 179 micrometers;

a second bronze metal powder comprising a grain size
range of 125 micrometers to 159 micrometers;

a tungsten metal powder comprising a grain size up to
200 micrometers; and

a graphite powder comprising a grain size up to 100
micrometers.

17. The shaped charge of claim 16, wherein at least 2% to
10% w/w of the composition is the first bronze metal powder
and at least 2% to 10% w/w of the composition is the second
bronze metal powder.

18. The shaped charge of claim 16, wherein at least one
of the titanium metal powder and the aluminum metal
powder is present in an amount up to 10% w/w of the
composition.

19. The shaped charge of claim 16, wherein the first and
second bronze metal powders, combined, is present in an
amount up to 35% w/w of the composition.

20. The shaped charge of claim 16, wherein the compo-
sition further comprises a lead metal powder.
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