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BULLET COMPRISING A COMPACTED MIXTURE OF COPPER POWDER

188611 This application claims the benefit of priority to U.S. Provisional
Application Nos, 62/280,936 filed Januvary 20, 2016, and 62/431,818 filed December 8, 2018,

both of which are incorporated herein by reference in their entireties.

TECHNICAL FIELD

{8002} The present disclosure relates generally to g bullet comprising a compacted
mixture of copper powder. The present disclosure also relates to methods of making and a

cartridge contatning such a bullet,

BACKGROUND

{0003} Compressed powder metal bullets are bullets comprised of powdered
metal that are made using powdered metallurgy technigues. Such lechniques include
compressing powdered metal to form s green solid, then subsequently heat treating to obiain
a desired metaliurgical strength. These bullets can then be jacketed, plated or made to size in
a centerfive or rimfire cartridge. Bullets made from compressed metal powder can be made
“frangible” by altering the process to achieve a brittle microstructure. Such bullets are
characterized by the use of metal powder consolidated into a bullet that has sufficient sirength
to maintain its integrity during firing while fragmenting on impact with a solid object.

{004} Unlike, conventional, full-densily, cast, swaged, copper plated or copper
tacketed lead bullets, frangible bullets protect the shooter from ricochets. For this reason, the
walls of traditional shooting rangss were often covered with a projectile absorbing material,
such as rubber. In addition, shooting lead bullets necessarily causes the emission of airbome
lead dust, which not only requires the implementation of elaborate ventilation systems in
shooting ranges, but the proper disposal of spent lead bullets and bullet fragments.
Government regulations on the use and exposure o lead are making it a banned element in
bullets. Recently, the state of California has banned hunters from using lead bullets,

6005} I view of these problems, there has been a long-standing search for a
material to use as a bullet that does not contain lead and does not ricochet, Oue problem in
replacing lead in ammunition is that the replacement material must be sutficlently beavy such
that ammunition using such bullets, when used in automatic or semi-automatic weapons, will

be able to cyele the weapon properly. Further, a lead-free, training round should break up

.
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into small particles when it hits a hard surface, such as when vsed for low costs “plinking”
rounds. The individual particles are then too Hght to carry enough energy to be dangsrous.

[8086] One problem associated with the use of frangible bullets is that typically
do not exhibit appropriate ductility for use in large scale manufacturing. Traditional
powdered metal projectiles are too britile to withstand the forces that allow them to be loaded
and crimped iuto a cartridge and subsequently chambered, fived and ejected from arifle
cosresponding to its caliber.

{B667Y The disclosed bullet is directed to overcoming one or more of the problems
set forth above and/or other problems of the prior art, specifically providing beneficial
duetility properties that allow it to withstand crimping and high vohume production using
existing capital and tooling.

SUMMARY

186088} In one aspect, the present disclosure is divected to a bullet formed with a
base material of pure copper powder in which the copper powder particles are partially
sintered, and physically bonded to each other to form a cohesive and ductiie microstruchure.

{009 Tn another aspect, the present disclosure is directed to a method of making
a builet having the steps of pressing copper powder in a mold to form a green compact. The
method further comprises heating the green compact to a temperature that partially sinters the
copper particles 1o achieve physical bonding of the copper particles to form a consolidated
compact. This method resalts in a copper bullet having a cohesive microstructure.

8616} In vet another aspect, the present disclosure is directed to a cartridge which
includes a metal cartridge case, a primer, a propeliant within the cartridge case, and a bullet
comprised of a compacted mixture of partially sintered copper powder described herein,

{0011 Aside from the subject matier discussed above, the present disclosure
includes a number of other features such as those explained hereinafier. Both the foregoing

description and the following description are exemplary only

BrRIEY DESCRIPTION OF THE DRAWINGS
B2} FIG. 14 is a photograph of a pistol cartridge and FIG. 1B s a
representation of a bullet used in the cartridge of FIG. LA,
18013} FIG. 2A is a photograph of a rifle cartridge and FI&. 2B is a
representation of a bullet used in the cariridge of FIG. 2A.
{0014] FIG. 3 is a flow chart illustrating steps of an embodiment of 2 method of

making a bullet as described herein.
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DETAILED DESCRIFTION

Tieseription of the Bullet

{6015} In accordance with the present disclosure, a metal bullet, such as a copper
bullet, is provided as described and claimed herein. In one erbodiment, there is disclosed g
lead-free bullet comprising a compacted mixture of copper powder, whereln the copper
powder comprises particles that are physicslly bonded to each other to form & cohesive and
ductile microstructure. A cohasive and ductile microstructure allows for crimping and rifling.
While the copper powder particles can be sintered, alternative or additional embodiments
include copper powder particles that are bonded by pre-sintering or partial sinfering. This
ability to vary the bond strength between particles from sintered to pre-sintered states altows
for flexibility in the frangibility properties of the resulting bullet. As used herein, “partial
sintering” or “pre-sintering” is intended 0 mean that some neck growth has developed
between particles; however, porosity remains between adjacent particles.

{6016} Inn one embodiment, the physical bond between the copper powder
particles generally comprises metallic bonds,

8017 In an embodiment the copper powder can be mixed with at least one
additional metal powder comprising an alloy of copper. When alloying elemests are prosent,
the resulting bullet may comprise intermetatlic alloys (also simply referred to as
“intermetallics”} of the varicus alloying elements. Examples of such alloying elements that
can be included in addition to copper are fron, nickel, chromium, tin, zinc, and their alloys,
and intermetalilic compounds of these metals. Non-limiting examples of alloys that can be
gsed in addition to copper powder are brass, bronze, snd combinations thereof. In one
embodiment the copper powder includes a sintering aid, In another embodiment the sintering
aid is phosphorous or boron,

818} In ancther embodiment the bullet is comprised of pure copper, and thus is
substantially free of intermetallics. As used herein, “pure copper” 18 intended to mean at least
98.50% by weight copper. Whether containing pure copper or additional alloying elements,
the bullet described herein generally exhibits 2 density ranging from 7.0 to 8.2 g/oe, such as
from 7.2 to 8.2 glee, from 7.5 to 8.2 glee, or even from 7.8 to 8.2 gloc. Pistol products
typieaily have ranges less than 7.6 g/oe while rifle and rimfire products typieally have ranges
greater than 7.6g/cc up to 8.2g/cc.

{6619 In an embodiment the bullet may comprise an admixed lubricant that aids
in processing, primarily in the pressing steps that allows in ease of pressing and refease from
the mold. Non-limiting examples of the lubricant that can be used include molybdenum

<3



WO 2017/127301 PCT/US2017/013438

disulfide, zinc stearate, lithium stearate, carhon, synthetic wax, such as NI Ethylene Bis-
Stearamide or N,N” Distearovicthylencdiaming (sold as Acrawax™ by Lonza),
pobvtetraflucroethylene (sold as Teflon® by DuPont Co.), polyethylene, polyamide, and
potyviny! alcohol, and combinations of any of the foregoing.

3020} In one embodiment, the bullet described herein is used in a pistol product.
To exemplify this product, reference is made to FIGS. 1A (160) and 1B (101). Focusingon
FIG. 1B, there is shown pisto! product (101} comprising a heel or base (105}, a driving band
(110}, and a noss portion (112), which comprises a meplat (1133, which is the tip portion of
the nose, and an ogive (120}, which is the radius portion that connects the body to the budlet
ROSE.

{821} in one embadiment, the bullet described herein is used in a rifle product,
To exemplify this product, reference is made to FIGS. 2A (200} and 2B (201}, Focusing on
FIG 2B, there is shown rifle product (201) comprising a heel or base (203), a driving band
(210), and a nose portion (212}, which comprises a meplat (215}, which is the tip portion of
the nose, and an ogive (220), which is the radius portion that connects the body to the bullet
nose. In one embodiment, an optional knurled cannelure, as shown in FIG. 2B (230), may be
added to the bullet, The ability to add a cannelure is a function of the ductile nature of the

bullet made according to this disclosure.

Deserviption of the Method

{8022} An additional emnbodiment of this disclosure is directed towards a method
of making a bullet comprising, pressing copper powder in a mold to form a green compact,
Pressing is generally performed to achieve a uniform density ranging from 7.0t0 8.2 g/cc,.
such as from 7.2 to 8.2 g/ee, from 7.5 10 8.2 giee, or from 7.8 to 8.2 g/ec. Pistol products
typically have ranges less than 7.6 g/ee while rifle and rimfire products typically have ranges
greater than 7.6g/ce up to 8.2g/cc.

18023 Next, the process includes heating the green compact to below the melting
point of copper to achieve physical bonding of the copper particles in the green compact, and
to form a copper bullet comprising cohesive microstructure. Heat treating typically ocours
below the melting point of copper, and in some cases, below the sintering temperature of
copper. For example, non-limiling temperature ranges which may be used in the described
method include from 1200 °F to 1600 °F, such as from 1250 °F to 1450°F, or from 1350 °F
t0 1450 °F, Heat treating may oocuy in a reducing stmosphere, such as in Ny, for a time

sufficient to achieve desired metallurgical properties. Such times typically range from 15 fo

o
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90 minutes, such as 20 o 60 minutes, with 20 1 40 minutes being noted as useful. In various
embodiments, the heat treating step is performed in reducing atmosphere. For example, in
non-limiting embodiments the reducing atimosphere may comprise any oxygen reducing gas,
such as hydrogen (e.g., Hy), nitrogen, or carbon monoxide. Pistol products typically have
ranges from 1,250 to 1,450 °F, such as from 1300 °F o 1400° ¥ with time at temperature
from 20 o 30 minutes. In contrasi, rifle and rimfire products have ranges from 1,300 to
1,450 °F, such as 1350 °F to 1450° F with time at temperature from 60 to 90 minutes.

{0024} The described method may include treating the surface of the copper bullet
by performing at least one tumbling process, which might by dry or wet tumbling, For
example, in one embodiment, the method may include tumbling of finished buliets together
followed by or instead of a dry tumbling process using an additional media, such as corn cob,
walnut, stainless steel, and combinations thereof, These tumbling steps may each ocour for a
thme sufficient to remove scale and bring the heel of the bullet info size, as well as burnish the
surface 1o remove bures and to generally improve surface appearance. Such times typically

range from § to 60 minutes, with 13 to 30 minutes being noted as useful,

Industrial Anplicability

[6625] The disclosed copper bullet comprising a compacted mixture of partially
sintered particles that are physically bonded to each other, and method of making i are
applicable to the making loaded ammunition, such as a rifle cariridge, including a 22 caliber
cartridge or a 223 caliber or any pistol/rifle cartridge, 8 5.56 caliber rifle cartridge, ora 7.62
caliber cartridge. In another embodiment said rifle cartridge is a rimfire cariridge or &
centerfire cartridge.

66263 The disclosed method is described with reference to FIG. 3, Here the
particular steps of an embodiment of 8 method 300 for preparing a bullet as disclosed are
shown. The bullet is produced from a copper powder following principles of the present
disciosure. For example, the required copper powder is provided, and optionally mixed with
a lubricant, examples of which were previously described {step 310).

6027} The powder is then pressed which is compacted, under pressure using
known compacting techniques, such as die compaction, rotary serew compaction, isostatic
pressing, to form a shaped green compact of uniform density (step 320}, In an embodiment,
the compacting step is performed at room temperature, which may be referred 1o as “cold
compaction.” In another embodiment, the compacting step is performed under heating

conditions, Tn this embodiment, the powder is heated before pressure is applied to the

¥
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material. It is understood that this heating step is done at a tomperature that does not
adversely affect other components present in the powder, such as the previously described
lubricants, Alternatively, the heating step is performed at a high enough temperature that
allows for sufficient compaction with a reduced amount of lubricant.

BO28] The green compact is then heat treated at a temperature below the melting
point of copper, and in some embodiments, below the sintering point of copper {step 330},
(ither optional processing steps that can be performed on the bullet described herein. For
exarnple, in various embodiments, the builet can be processed to include one or more
cannelure grooves, a tipped point, 8 hollow point, boat-tatled, a ring (multiple groves), and
combinations thereof (step 335), OD size qualification, nose markers, customer specific
requirements, etc.

{6029} The heat treated bullet can then be exposed o multiple optional processing
steps, including one or more twrmbling steps to affect the surface (step 340). In addition, the
bullet can be loaded into a casing, such as 8 brass casing, to make ammunition of various

calibers (step 350} A more detailed discussion of the cariridge is provided below.

Description of the Cartridgs

[8038] As indicated, in one embodiment, the disclosed copper bullet can be
foaded in a cariridge. A conventional centerfire cartridge can be used with the disclosed
bullet, however, a rimfire cartridge can also be used for pistol and rifle rounds. For example,
the disclosed bullet can be inserted in the case mouth, which can then be crimped o assist in
retaining the bullet at the desired depth of insertion. The bullet described herein has sufficient
strength and ductility to withstand the crimping operation without fracturing during crimping.

80331 in an embodiment, the case further includes a primer pocket o which a
separate primer can be inseried, As mentioned, the case can be a straight walled case typical
of pisiol ammunition. Alternatively, bullets described hereln are also useful as rifle
ammunition and for such ammunition the case may be a “botile necked” cartridge, with the
case mouth having a diameter less than the body of the cartridge case.

[8032] In an embodiment, the propeltant (gun powder) can be placed in the body
of the cartridge case. In an embodiment, the primer, like the bullet, is lead-free. However, it is
understoad that any conventional primer may be used. The described cariridge may comprise
a metal cartridge case, a primer, a propellant within said cartridge case, a bullet comprising a
compacted mixture of copper powder, wherein the copper powder comprises particles that are

physically bonded to cach other to form a cohesive microstructure.

-
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{033 The bullet disclosed herein exhibits characteristics sufficient o withstand
circumferential crimping. For example, the disclosed bullet exhibits density and malleability
properties that allow it to be lnaded into a cariridge and crimped. Such properties include a
density ranging from 7.0 to 8.2 g/ce, snd metailic bonds between a majority of the copper
powder particles in the bullet,

{3034} in one embodiment, the resulting loaded bullet has a pull-out force ranging
from 23 to 38 ibs, such as from 30 o 50 ths, 35 to 50 or even 40 to 50 Ibs. of pull-ount force
for a pistol bullet. The pull-put force for a rifle cartridge is typically twice that of a pistol
bullet, often being over 100 lbs.

83351 in various embodiments, the resultling loaded cartridge is a rimtire or
center fire cartridge. Non-limiting embodiments of rifle cartridges that can be made
according to the present disclosure include the following calibers: .22, including a 22 long
vifle, 223, 308, 338, or any pistol/rifle cartridge. In addition, 5.56 mm, 7.62 mum rifle

cartridges can be produced according to the present disclosure.

EXAMPLES
8836} The following non-limiting examples are intended to be exemplary, and

are provided to further clarify the present disclosure.

Example 1

{8037} Copper bullets according to the present disclosure were formed in the
following manner, With reference to FIG. 3, commercial copper powder described in Table
{Atomized Copper Powder per MPIF Standard 35, material grade C-0000) was mixed with a
lithium stearate (Step 310}, The lubricant assisted in compaction and ejection of the green
compact and was substantially removed during subsequent heat treatment. The premix had
particle sizes ranging from less than 45 pm to greater than 125 wm, with particles sieved
through a nomingl 150 mesh (<1038 um). The mixture was compacted using a standard shelf
die in a mechanical press at a compaction pressure ranging from 35 to 55 tons per square inch
{tsi), to achieve a pressed copper powder having a uniform density of about 8.0 g/oe (Step
320). Next, the green compact was hest treat in a dry Ny atmosphere for 30 minutes at 1600
°F to form molded parts (Step 330). The molded parts were dry tumbled pari-on-part for 30

mimndes (Step 340). This dry tumble step is optional.
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Table 1

Total Coppar, % 9950 min,
Hydrogen Loss, % {3,253 max,
Asid Insolubles, % $.05 max,
o, % (.05 max.
Lead, % 0.05 .
Zi}’icg Q/O .............. 5 B
Tin, % -
- Apparent Density, Hall, glom 281038
Flow Rate, &/50g 1 30 max.

SBieve Analysie USS, % L
+115 (>125 pon)

118 +140

~140 +200 ) -
-2 4328 .
325 (<45 i) 1070

Example 2

[0838] This Bxample describes a jacketed bullet to form a rifle cartridge. The
bullet made in Example 1 were loaded into brass rifle cartridges and crimped. (Step 350},
Projectiles will be ductile enough to withstand circumferential crimping forces imposed on it,
once it is joaded into g cartridge, o achieve a minimum pull-out force of 10 ibs, The resulting
ammunition was tested from several different weapons, including semi-automatic and bolt
operated. The ammunition operated without malfunction, including feeding, fiving and

cjecting without problems,

Examuple 3

18639} This Example describes a projectile according to the present disclosure
that was prepared by blending 99% pure Copper powder with 8,375% Lithium Stearate
lubricant. The powder and lubricant were blended to produce projectiles according to the
present disclosure. Multiple lots were tested for apparent density and flow.

{3 The average apparent density and flow of the lois are provided in Table 2.
As shown, apparent density the average of these lots shows an apparent density of
approximately 3.38 g/ec and a flow of 455/50g. Multiple lots were tested for apparent density

and flow. The resulis of this testing are provide in the Table 2.
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Table 2
Lot Apparent Density (g/ee) ) Flow (s/50 g)
1 342 %0
5 3.440 3
3 3.26 39
4 31.38 4
5 3.34 40
P 3.60 48
. 341 42
g 338 -

[6841]  Mexi, the copper powder was pressed in both a conventional compaction
press {20-ton Elmen) and a high-speed rotary tablet press (Elizabeth-Hata, 18-station) with
cyhndrical bullet-shaped tooling. The pressed projectile had a compacted density of 7.2 g/ec.
Measurements of driving band diameter {see, for sxample, Figs, 1B 161 and 2B at 201},
overall length, welght and density were recorded, Thirty (30) samples were measured for
further statistical analyais,

{00421  The green projectiles were then loaded onto a belt furnace 12 in. wide {115
in, useable) by 33 £ long. A 6 fi. section of serap parts was deployed betfore and after the
projectiles to maintain a consistent furnace temperature. The belt furnace used had an inert
atmosphere of 100% Nitrogen flowing at a total of 450 SCFH. The furnace had three heat
zones set al 1400°F and the belt speed was set for 4.8 inches per minute to give the parts 30
minutes in the heat zones.

6043} It will be apparent o those skilled in the art that various modifications and
variations can be made to the disclosed alloy and method of forming the alloy into a finished
part without departing from the soope of the disclosure.  Alternative implementations will be
apparent to those skilled in the art from consideration of the specification and practice
disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope of the disclosure being indicated by the following claims

and their equivalents.
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[6844]  Other embodiments of the Invention will be apparent to those skilled in the
art from consideration of the specification and practice of the fnvention disclosed herein, Itis
intended that the specification and examples be considersd as exemplary only, with the true

scope of the invention being indicated by the following claims,
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What Is Claimed Is:

i. A bullet comprising a compacted mixture of pure copper powder, wherein the
copper powder comprises partially sintered particles that are physically bonded to each other

to form a cohesive and ductile microstructure.

2. The bullet of claim 1, wherein the cohesive microstructure is substantially free
of intermetallics.

3. The bullet of ¢laim 1, which exhibits a density ranging from 7.0 to 8.2 gfee.

4. The buliet of claim 1, wherein the physical bond between the copper powder

particles comprise metallic bonds.

s, The bullet of claim 1, further comprising an admixed lubricant.

&, The bullet of claim 3, wherein said lubricant comprises molybdenom disulfide,
lithium stearate, zinc stearate, carbon, synthetic wax, a polymer selected from
polyvietraflucroethylene, polysthylene, polyamide, and polyvinyl alechol, and combinations
of any of the foregoing,

7. The bullet of clalm 6, wherein the synthetic wax comprises N,N' Ethylene
Bis-Sicaramide or N, N’ Distearcvlethylenediamine.

8. The bullet of claim 1, wherein the bullet is lead free.

9. The bullet of claim 1, wherein the bullet firther comprises at least one
component chosen from a heel, driving band, nose, ogive and a meplat.

10, The bullet of claim 9, wherein the heel further comprises a concave base {0 aid
in compaction in the nose of the projectile.

11, The bullet of claim 9, further comprising a fixed-fill section which has no
further increase in density as bullet is compacted,

i2. The bullet of claim 10, wherein the fixed £ill section is the nose section or the
ogive,

13, The bullet of claim 1, which further comprises gt leasi one cannelure groove, a
tipped point, a hollow point, boat-tailed, ring, grooves, and combinations thereot,

i4. A method of making a bullet comprising:

presaing copper powder in a mold to form 2 green compact;

heating the green compact 1o a temperature that partially sinters the copper particles to
achieve physical bonding of the copper particles and achieve a consolidated microstructure,

and to form a copper bullet comprising cohesive microstructure.

il -
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15.  The method of claim 14, whereln the copper powder is substantially free of
intermetallics.

16,  The method of claim 14, further comprises treating the surface of the copper
bullet by performing at least one tumbling process.

17.  The method of claim 14, further comprising at least one step to introduce into
the bullet at least one design chosen from a cannelure groove, a tipped point, 8 hollow poiat,
boat-iail, ring, 8 grove, and combinations thereof.

18.  The msthod of claim 14, further comprising at least one post processing step
to size the copper bullet to achieve a desired diameter.

19.  The method of claim 14, wherein the copper powder is pressed to a density
ranging from 7.0 to 8.2 g/ce.

20, The method of claim 14, wherein heating ocours at a temperature ranging from
1286 °F 1o 1600 °F,

21, The method of claim 20, wherein the green compact is heated to a temperature
ranging from 1350 °F 1o 14507 F,

22.  The methed of claim 20, wherein the green compact is heated 10 a ternperature
ranging from 1300 °F to 1400° F.

23, A cartridge comprising:

a metal cartridge case;

a primer;

a propellant within said cartridge case;

a bullet comprising s compacted mixture of copper powder, wherein the copper
powder comprises partially simtered particles that are physically bonded to each other o form

a cohesive microstruciure,

24.  The cartridge of claim 23, wherein the bullet exhibits characteristics sufficient
to withstand circumferential crimping.

25, The cartridge of claim 23, wherein the characieristics sufficient to withstand
circumferential crimping include a density ranging from 7.0 to 8.2 g/ee, and metallic bonds
between a majorily of the copper powder particles in the bullet.

26.  The cartridge of claim 23, wherein sald cartridge is a rimfire carlridge or a
cenierfire cartridge.

27, The cartridge of claim 23, wherein cartridge is a rifle cariridge, or a pistol

bullet/cartridge.

-12-
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