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LEAD- FREE FRANG BI E BULLETS AND PROCESS FOR MAKI NG SAME 5 Background of the
Invention: Traditionally bullets for small arnms amuniti on have been

manuf actured from | ead and | ead alloys. The najor advantages of |ead as a
bul | et mat eri 3O %f%246ts rel atively | ow cost, high density andf{UsR706970

ductility. The high density of |ead has been particularly inportant to
bul | et design because the MWRMQBIEBWM a bullet is 10
critical to the proper fuRNDPROCESSFOR WVMAKING'SAME ¢ and autonatic
weapons, the in-flight stability of the round, and the term nal effects of .
the bullet. The highly toxic nature of |ead, however, and its propensity to
fume and 9eNREGLE ' , [cul ate, place the shooter at an extrene
heal th ri skK. “TH e d rany S used, the nore |ead residue builds up, and
the greater the resulti I funme..and | ead .15 dust pol | ution _
(particularly forﬁ’aﬁﬁ@ﬁ“&tﬁﬁ%g 9?%@5%?’,“”’9’”8“3%"& A maractured fiom leadk ¢
t he earthen be f outdgor ranges can |leach intg the sail and_contan nate
wat et t abl es"i‘“‘{%%ﬁf HEET 1o %é@iﬁéaﬁ cematgnal|age its prigtivelydow e
extensive and expensive air filtration systens, and both indoor and outdoor
ranges requi astcush damgityrnd kighiidngilithe skhedhigh density ogfdlead hasnbeenr particulasly
consunm ng costly and repetitive. Accordingly, there is a

important to bullet design because the energy generated by the weight of a bullet is

10 critical to the proper functioning of modem semi-automatic and automatic weapons, the

in-flight stability of the round, and the terminal effects of the bullet.

The highly toxic nature of lead, how&_zver, and its propensity to fume and generate
airborne particulate, place the shooter at an extreme health risk. The more a range is
used, the more lead residue builds up, and the greater the resulting lead fume and lead

15 dust poliution (particularly for indoor ranges). Moreover, the lead bullet residue left in
the earthen berm of outdoor ranges can leach into the soil and contaminate water tables.
In order for indoor ranges to operate safely, they require extensive and expensive air
filtration systems, and both indoor and outdoor ranges require constant de-leading. These
clean up operations are time consuming, costly and repetitive. Accordingly, there is a
20 great need for lead-free bullets.

Additionally, personnel at range operations are concemned with the ricochet
potential and the likelihood of causing "back-splatter” of the training ammunition. Back-
splatter is a descriptive term for the bullet debris that bounces back in the direction of the
shooter after a bullet impacts on a hard surface, such as steel targets or backstops.

25 Ricochets present a significant hazard to ind_ividuals, equipment and structures in and
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somewhere. Since the target material or backstop is impenetrable, the mass bounces back
in the direction of the shooter.
It is believed that a key way to minimizing the risk of both ricochet and back-
splatter is to maximize the frangibility of the bullet. By designing the bullet to fracture
10 into small pieces, one reduces the mass of each ﬁ'agment, in tum reducing the overall
destructive energy remaining in the fragments.
Several prior art patents disclosé materials and methods for making non-toxic ot
frangible bullets or projectiles. For example, United States Paent No. 5,442,089 to
Anderson discloses projectiles wherein the casing is frangible and made out of molded
Is stainless steel powder or a stainless steel + pure iron powder mix with up to 2% by
weight of graphite. The casing encloses a penetrator rod made of a hard material such
as tungsten or tungsten carbide. This projectile is mainly for 20 - 35 mm cannons to
engage targets such as armored vehicles, trucks, buildings, ships, etc. Upon impact
against the target, the casing produces fragments which are thrown in all directions with
20 great energy while the penetrator rod pierces the target.

United States Patent No. 4,165,692 to Dufort discloses a projectile with a brittle
sintered metal casing having a hollow interior chamber defined by a tapering helix with
sharp edge stress risers which provide fault lines and cause the projectile to break up into



splatter is to maximze the frangibility of the bullet. By designing the
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Dufort discloses a projectile w th™a bri ttle sintered neta aca5| ng having a
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"2 - from tungsten, tungsten carbide, ferrotungsten, etc., and a lower density constituent
selected from tin, zinc, iron, copper or.a plastic matrix material. These composite
powders are pressed and sintered. The high density constituent allows bullet densities
approaching 9 g/cnr’.

10 United States Patent No. 5,078,054 to Sankaranarayanan et. al. discloses a
frangible projectile comprising a body formed from iron powder with 2 to 5% by weight
of graphite or iron with 3 to 7% b) weight of A1,0,. The powders are compacted by cold

pressing in a die or isostatic pressing, and then sintered.

United States Patent No. 5,237,930 to Belanger et. al. discloses a frangible practice

15 ammunition comprising compacted mixture of fine copper Wda and a thermoplastic

resin selected from nylon 11 and nylon 12. The copper content is up to about 93% by

weight. The bulleis are madc by injection molding and are limited to densities of about
5.7 g/em®. A typical 9 mm bullet only weighs about 85 grains.

None of the above discussed patents disclose or suggest lead-free, frangible bullets

20 made of predominately copper with densities approaching that of conventional bulets.
An objective of this invention is to provide a range of lead-free frangible bullets,
optimized for frangibility, which will eliminate the lead fumes and dust hazard to the
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fragnments upon inpact against a hard surface. The casing is made of pressed
i ron powder which is then sintered. This projectile is also designed for

| arge cal i ber rounds such as 20 mm cannon shots. United States Patent No.
5,399, 187 twadsawiee et. al. discloses a |ead-free bullet 5PamUSH7/SOMPri ses
si'-ntered conposite having one or nore high density powders selected from

tungsten, Ll eGRd thHfmiZAf thOHIRUE! A8 badl $platteP Rikafis! AVBFheOHjdctive
constituent selected fromtin, zinc, iron, copper or a plastic nmatrix
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of fine copper powder and a therrmpl astic resin selected fromnylon 11 and
nyl on 12. Phicadapsiducsdeashingtintodhe poil encawaia tableoinsnd around shooting ranges.

Summary of the Invention:
The invention relates to bullets having increased frangibility (or which can be
easily fragmented) and to powder materials and processes for the manufacture of such
10 bullets, The bullets of thel present invention are made from copper or copper alloy
powders, including brass, bronze and dispersion strengthened copper. In preferred
embodiments of the invention, the bullets also contain several additives that increase or
decrease their frangibility. Additionally, the invention provides a simple low cost process

to make bullets that is amenable to mass production via automation.

15 Brief Descrintion. of the Drawings:
Figure 1 - shows a side elevation view of a typical 9 mm bullet.

Figure 2 - shows a side elevation view of a typical 40 caliber bullet.

Figure 3 - shows a frangible bullet test setup.

20 - The embodiments described in this section and illustrated in the drawings are
intended as examples only and are not to be construed as limiting. In fact there are
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bul l et as posaitdineths dicldfat addisonabael detailed itforndtion ion bulltanamifeiirs thd 6ther
closely 5 resenble those of conventional |ead bullets. Yet another

obj ective i § abgectsesfyparticing thé Bivetfon] ead resi dues | eaching into the soil and
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havi ng increased fiangibility (or which can be

Referring to Figures 1 and 2, typical bullets have a cylindrical body (1) with a
tapered nose portion (2). The tip of the nose (35 can have various shapes, €.g., it can be
flat as shown in Figure 2, radiused as in Figure 1 or spherical for better asrodynamics.
'Ihc base (4) can be flat or have a boat tail on it or be in other shapes.

10 Copper is the preferred material of choice for making the bullets of this invention.
It is non-toxic and has a reasonably high density - 8.96 g/em® vs. 11.3 glom? for lead.
Copper powder technologies offer ways to make the bullets frangible; the metal is
otherwise very ductile and will deform excessively and ricochet upon impact against a
hard surface. The preferred process to make the bullets of this invention involves first

15 blending the powder with a suitable lubricant, typically a stearate or wax, and then cold
compacting the powder in a die at a pressure that produces a part having a green strength
sufficient to permit handling of the part without chipping. The density of the compacted
part is adjusted to provide sufficient interconnected porosity to allow for the lubricant

vapor to escape during subsequent sintering treatment.

20 The bullets are then preferably sintered by heating in a protective atmosphere to
prevent oxidation. The sintering can be done in a belt fumace which has three zones.
'The first zone called the "preheat zone" is set to a temperature sufficient to burn the
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manuf acture of such 10 bullets. The bullets of the present invention are
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15 Brief Description of the Drawings: Figure 1 - shows a side elevation

view of a bR gdlsirferip tlibérature, B9 tRe 1500NO0MBOF %gétﬁé%é‘tt pfy of a
typical 40 caliber bul'let. Figure 3 = shows a frangibl'e bullet test setup.
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using the, mat e fncatiidint M protective atmosphere. The sintering time is adjusted by
controlling the belt speed. The bullets may be repressed or coined afer the sintering
treatment to increase their density further. This allows production of heavier bullets by
using a longer preform and yet keeping the overall dimensions of the final bullets the
same. Optionally, the bullets may be resintered if necessary to provide higher ductility

10 or reduced frangibility.

Copper powder pressed to a density between 7.5 to 8.5 g/, preferably about 8.0
g/em® and sintered at 1500 to 1900°F, preferably about 1700°F, has been found to have
excellent firing characteristics and frangibility. Lower density and lower sintering
temperature increase the frangibility while higher density and higher sintering temperature

15 increase the ductility. A delicate balance must be struck between frangibility and
ductility. The bullets must have sufficient ductility to withstand the firing operation
without breaking up in the barrel of the gun or in flight up to the target. The bullet must
also have sufficient frangibility so that it breaks up into small pieces upon impact against
a hard surface.

20 It must be noted that different users of ammunition may prefer different degrees
of frangibility. Some prefer to have complete breakup into powder to eliminate any
ricochet or back-splatter and minimum penetration of the steel backstop while others will

_require retention of base pieces sufficiently large to preserve the rifling marks to assist
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processes described in this disclosure. Mreover, the present disclosure is
not intended as a treatise on bullet manufacturing and readers are referred
to appropriate, available texts in the field for additional and detail ed

i nformation QPOQMHz?(s manuf acture and other 5 aspects of practici n(r% t he
I nvention. Referring to Figures 1 and 2, typical bullets hav%c'ﬂuw PHr i cal
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Figure 1 or spherical for better aerodynanm cs. The base (4) can be flat or
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preferred material of choice for making the bullets of this invention. It
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copper powder to increase or decrease frangibility and reduce penetration of and damage

o

to range backstops. One of the objects of these additives is to coat the copper powder

10 particles with inert second phases and thus partially impede the sintering process so that
the bonds formed between the particles are embrittled. One group of additives are oxides
such as Al1,0;, Si0Q,, TiO,, MgO, MoQ;, etc. These may be added in powder form and
blended or mechanically milled with the copper powder, or chemically formed by
processes such as internal oﬁddation. One particutar embodiment of this invention is to

15 use a commercial A1,0; Dispersion Strengthened Copper (DSC) produced by the internal
oxidation process. As the examples will show, the DSC material and copper with mixed
SiO, powder produced bullets with excellent firing characteristics and increased
frangibility. Surprisingly, MoO, addition decreased frangibility.

Another group of additives is solid lubricants such as graphite, MoS,, MnS, CaF,,

20 etc. As the examples will show, the bullets made using graphite as an additive showed

good firing characteristics and increased frangibility, while MoS, addition decreased
frangibility.



20 The bullets are then preferably sintered by heating in a
protective atnosphere to prevent oxidation. The sintering can be done in a
belt furnace which has three zones. The first zone called the "preheat
zone" is set to a tenperature sufficient to bumthe - 5- WO 98/ 02266
PCT/ US97/ 069%0 98/0d266 cant of f, typically 1000 - 1200[ err] F. PKFUSSBEe zone
called the "high heat" zone is set to the sintering tenperature, typically

the 1500 - 1900 vétr dfotHer pdup 6MaddRIRS lis hRARS! suth 26 BIeBINIATY, 6. t Béron
material and the frangibility required. The third zone called the "cool

zone" typi Cailide NFexazonal @YstalRipteaphicSofrh PUBH) Ribrbferrdl bCthishehNS rinite 1ike! | et's

to be cooled to 5 roomtenperaure in a protective atnosphere. The sintering

time is adj ﬁg%%%%rﬂoﬁam, tﬁ&kﬁﬂﬁﬁ%ﬁﬁﬁﬁ%'&%ﬁiﬁ%ﬁ%ﬁwgensi ty

repressed or toln ter the sintering treatment to Increase

further. Thi . i yher bullets by using a | onger

preform and%%ﬁégﬁggﬁ%ﬁlﬁgﬁg sions of the final bullets the

same. Optionally, the bullets may be resintered if necessary to provide

hi-gher ducti 1Tty L0 O ives TS oheli 5B 3l b £ in combinations as well. For example,
bullets made with graphite and SiO, additions show good firing characteristics and
increased frangibility.

Additionally, carbides such as WC, SiC, TiC, NbC, etc., and borides such as TiB,,
Z1B,, CaB4 may also be used to increase the frangibility.

10 Common copper alloy powders such as brass and bronze can also be used to make
the bullets of this invention. These alloys are harder than copper and thus need to be
pressed at higher pressures. Lower sintering temperatures must be used for these alloys,
as brass loses zinc by vaporization while the bronze produces lower melting phases.
Recommended sintering temperatures for the bullets of this invention are 1500 to 1700°F.

15 Some of the additives described above for copper can also be used for brass and bronze
powders if necessary to increase the frangibility. Mixtures of copper and zinc or copper
and tin powders may also be used instead of prealloyed brass and bronze powders.

Examples:
20 The following examples illustrate embodiments of the process and the lead-free
frangible bullets of the present invention.

Example I:  Five different grades of copper powder produced by SCM Metal
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Copper powder pressed to a density between 7.5 to 8.5 g/cnferr], preferably
about 8.0 g/cnferr] and sintered at 1500 to 1900[err]F, preferably about
1700[ err] F, has been found to have excellent firing characteristics and
frangibility, Lower density and | ower sintering tenperature j he
frangi bili ty"‘(/é;?s\flgg”ﬁi gher density and higher sintering terrpel;ré::t‘tgl?JérgZB%’g6

i ncrease th uctility. . A del]j e bal ange, must be.stru bet ween,
frangibilit as,dae-téﬁmewﬁmlw'{ci@blmﬁmﬁ@q“HE@elue@nam-c- Wik BSSigned to
w thstand the firing operation w thout breaking up in the barrel of the gun
or in flighfollowingblendnumberet . The bull et nust al so have sufficient
frangibility so that it breaks up into small pieces upon inpact against a
hard surface. 20 DIt rass15% éSORXM+ k00 dicfawaxdht users of ammuni tion
may prefer different degrees of frangibility. Sonme prefer to have conplete
breakup into powder t2) el i98.75% ¢56RNHr+ 0Q8%eAcawaback- spl ater and m ni num

penetration of the steel backstop while others will require retention of
base pieces sufficiem)y |9515% 100RXNELE% ARrdwak!C Ng nmarks to assist - 6-
WD 98/ 02266 PCT/ US97/ 06970

4) 99.75% 100RXH + 0.25% Acrawax C
5)  99.75% FOS-WC + 0.25% Acrawax C

About 115 grain (7.5 £) samples of the powder blend were pressed (molded) in

a die to make the 9 mm bullets shown in Figure-1. The bullets were sintered in a belt

10 furnace under nitrogen. Density of bullets was determined using the water immersion
technique.

The sintered bullets were loaded by Delta Frangible Ammunition LLC (hereinafter

"Delta") into 9 mm Luger® primed cartridge cases using sufficient commercial smokeless
propellant to produce velocities and pressures within the range normally encountered for
15 9 mm Luger® ammunition. The completed rounds were test fired. The test setup is
shown in Figure-3. Both instrumented test barrels and commercially available 9 mm
pistols and sub-machine guns (5) were used. The absence of breakup in the barrel or in
flight was determined by placing paper witness cards (6) along the flight of the bullet.
Frangibility was determined by allowing the builets to impact a thick (5/8 inch) steel
20 backstop (7) placed perpendicular to the bullet's line of flight at the rear end of a wooden
collection box (8). The bullets entered the collection box through a hole covered with a
paper witness card. The fragments generated from the impact of the bullets against the
steel plate were collected. Any imtact "bases” were pulled out and the rest of the
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in identifying the weapon which fired the bullet Sone others may prefer
breakup into small pieces rather than powder to m nim ze airborne
particles, and at the same tine also mnimze the ricochet potential. The
technol ogy disclosed in this invention can accommodate nost, if not all, of
5 the frangivi 842966 equi renents. As nmenti oned above, one WaBCHUSIZBFH ol
frangibility is through control of density, sintering tenperture and
sintering tiagientdWéd aycresasd ioSerl 8 @ B4 dhdsh (@ $9010n)t ¥feeROPThE cpapBEsEnt
Several elenents or conpounds can be added to the copper powder to increase

or decr eas@ofigcionr 'thd Yordé (F13901aR) Mas GibeRHi "ehurkE" amithe aemaRdéropdssing e

backstops. One of the objects of these additives is to coat the copper
powder 10 g %q*ea?' 1196)irh) $ECRBEled '?"Ecﬁ&&hﬁxﬂéﬁtt' Weicedngde the
sintering E‘rﬁgc%‘gis}ﬁso t gkt tﬁ'gh)oonds torred between tHe par‘i’]ﬁ(ﬁ'e%ﬂ are
enbrittled f L hiyes de Al

S rerr] . echeer BeuRiec o] Vi oaluledie ity 8P ol SsBliiRet o1
and bl end or chani cal illed.wth.the copper powder Lchem.cally
For ed by i st LB ditteted! compheifons b M nGtiba s REFE FanbitiSL R0ate e
of this inyentionis to 15 _g_;se a commer ci al 203 Di spersion Strengthened
Copper (DS@“%F&YR]%@??‘%‘?&% &} thieg CAMPORRRAIS A% OHOWHr ocess. As the exanpl es
will show, the DSC material and copper with m xed SigJerr] powder produced
bul lets with excellent fi Ppwdere@¥eert®60 stics and increased frangibility.

Surprisingly, MoQerr] addition decreased frangibility.
P oY derr] Chunks: 30% or 0.30 o Y

Bases: 10% or 0.10 |
10 The "score" for each composition was calculated by multiplying the weight % of each
component by its weight factor and adding the three numbers as follows:
Score = 0.60 X Wt.% Powder + 0.30 X Wt.% Chunks + 0.10 X Wt.% Bases

Frangibility ratings were then developed based on the score for each composition

as follows:
15 Score Frangibility Rati
<15 1 |
16-25 2
26-35 3
36-45 4
20 >45 ' 5

The rating of 1, representing the lowest frangibility, had the highest weight % of bases
while the rating of 5, representing the highest frangibility, had the highest weight % of

powder.
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Anot her group of additives is solid lubricants such as graphite, MSerr],
WS, CaF[err], 20 etc. As the exanples m Il show, the bullets nmade using
graphite as an additive showed good firing characteristics and increased

frangibility, while MoS[err] addition decreased frangibility, - 7- WO
08/ 02266 WO 9BI02266 Pc¥'fﬁ§b*;7’66€§“7o Yet

another group of additives is nitrides such as BN, SiN, AIN, etc. Boron
nitride i n hexagdkeble-k shewstheqpartinent processipg(dasnpn the pullstss pnd: theafiring test
behaves nmuch |ike graphite and acts as a solid lubricant. Bullets nmade with
HBN as an addsultsy @htdate saecthati densiesaivar $12 ghn’ swereachiened; ithis cermgares to 5.7
frangibility. 5 The additives nentioned above can be used in

conbi nat i onsg/ag’ weickl offtamnserdialnihiectidnLinblded copperenylon bullptsogfithe eypaidesciibéd err ]
addi tions show good firing characteristics and increased frangibility.

Addi-tional | yin Unitdd SeesSPaéht AN0.\V6237030 (the Wischdatwe 6ff GhichaiRdinbepindeed Bgich as
TiBlerr], ZrB[err], CaBlerr] nay also be used to increase the frangibility.
5 reference into the present disclosure). The higher densities aliow heavier bullets fo be
produced without changing the overall dimensions; in fact it is possible to produce 120
grain bullets in the geometry shown in Figure-1 which compares to 80-85 grain bullets
typical of the copper-nylon type described above. These bullets thus more closely

resemble the firing characteristics of conventional lead bullets now used in the field.

10 None of the bullets broke up in the gun barrel or flight, indicating good integrity.
The data in Table 1 shows that the bullets made from the above copper powders had
satisfactory frangibility. The 1SORXH grade of copper had higher frangibility than the
other grades examined. All these bullets did very little damage to the steel backstop.

Example II:  This example illustrates the effect of oxide additions on frangibility.
15 Copper powder grade 150RXM was used as the control material and all results were
compared to the bullets made from this powder. Additions of oxides were made to this
powder to determine their effects. In one expenmcnt the FOS-WC copper powder was
used. GlidCop® dispersion strengthened copper AL-25 (copper + 0.5 wt.% A1,0;) grade
powder produced by SCM was also used in one of the experiments. The following
20 powder blends were made:
6)  99.70% 150RXM + 0.05% SiO, + 0.25% Acrawax C
7D 99.65% 150RXM + 0.10% SiO; + 0.25% Acrawax C
8)  99.65% 1SORXM + 0.10% MoO; + 0.25% Acrawax C
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10 Common copper all oy powders such as brass and bronze can al so be
used to make the bullets of this invention. These alloys are harder than
copper and thus need to be pressed at higher pressures. Lower sintering
tenperatures nmust be used for these alloys, as brass |oses zinc by
vapori zat i owops/d2esst he bronze produces | ower nelting phaseseCTRessonsnded
sintering tenperatures for the bullets of this invention are 1500 to

1700[err]F. 15 §pne of seREARIWE FUESA K +-esopRempak@ copper can al so be

used for brass and bronze povvders I f necessary to increase the

frangi bility. My urg@ /39_? %5% copper and tin powders may
al so be used instead o real T oyed brass an bronze powders. Exanples: 20

The foll t dth
I egd- ?r eg angﬁﬁ@bﬁﬁf'{ﬁdtéﬁﬁ &Wpr esent | n\%ﬁe‘ prEggrens)lsealn F?ve

di fferent grades of copper powder produced by SCM Metal - 8- WO 98/ 02266
T L8311 05070 By A TR . HETEE A
5 addition of SiO, does indeed increase frangibility. Blend 7 containing 0.10% SiO, made
significantly more frangible bullets than the comparable Blend 1, while the addition of
0.05% SiO, in Blend 6 did not appear to have a significant effect on frangibility. The
addition of 0.25% SiO, in Blend 9 coupled with the lower compaction pressure (lower
density) and lower sintering temperature, on the other hand, made the bullet too frangible
10 and it broke up before hitting the target. A higher compaction pressure (higher density)
and higher sintering temperature may produce a bullet with sufficient integrity to survive
firing. GlidCOp“’ AL-25 which contains 0.5% A1,0, (Blend 10) also made a bullet that
survived the firing and broke up when it hit the target This bullet was not as frangible
as the control bullets of Blend 1, but this is believed to be due to the high sintering
15 temperature normally used for GlidCop®. The frangibility of GlidCop® bullet could be
increased further by reducing the sintering temperature or lowering the density.
Surprisingly, the addition of MoO; (Blend 8) decreased the frangibility significantly; there
was almost no powder recovered in the fragments. It is possible that the high partial
pressure generated at sintering temperature by the dissociation of MoO; could have aided
2¢ in the vapor transport of copper étoms, thus activating the sintering process and creating
stronger more ductile bonds.

Example ITI: This example illustrates the effect of solid lubricants on frangibility'.
Graphite and MoS, were used as solid lubricants. Following blends were made:

-12 -



foll ow ng bl end nunbers: 1) 99. 75% | 50RXM + 0. 25% Acr awax C 2) 99. 75%
150RXH + 0. 25% Acrawax C 5 3) 99. 75% 100RXM + 0. 25% Acrawax C
4) 99. 75% 100RXH + 0. 25% Acawax C 5) 99. 75% FOS-WC + 0. 25% Acrawax C
About 115 grain (7.5 g) sanples of the powder blend were pressed (nol ded)
in adeto nm@eseNnes 9 mmbullets shown in Figure 1. The bul PETASHEEE0
sintered in a belt 10 furnace under nitrogen. Density of bullets was

determ ned usingifhe 9R7E% ISORBM HWO03% hitele.0,.7316 Axrdvwar@d bul lets were
| oaded by Delta Frangi ble Amunition LL hereinafter "Delta") into 9 nm

Luger [er 1] pri eghyargg bsac SRRE +URI( ghihité 3 PMe00mpiE al smokel ess
propellant to produce velocities and pressures within the range normally

Lest ”If“? ?éﬁ: The 12st SRURITS G CRIAhAL + 3% AR C Enéﬁt‘QSstﬁ’i[ °
_ _ _ AStF t
vere used. The af Zhi%ﬁ*'%?%é?Q%%OﬁllW h?’f?%-?s%aﬁ?‘%f"% Font vas det et m ned
[ | . 1d ght t t.
Y ahoi bi | 11 DUl "t BRAPE R o Rl a B rHR RO EAREy | mpact & i ck (518

i nch) steel

Table 3 shows the relevant processing and firing test data. The data shows that
0.05% graphite (Blend 11) does not change the frangibility, while 0.10% graphite (Blend
12) increases frangibility somewhat, as indicated by the higher score for this material.
However, a higher amount of graphite is needed to increase frangibility significantly.
10 Addition of 0.25% graphite to FOS-WC copper in Blend 13 made the bullet so frangible
it broke up in the barre], although this may have been due to the lower density and lower
sintering temperature used. Higher density and higher sintering temperature would most
likely produce a bullet with sufficient ductility to withstand firing. The addition of 0.10%
MoS, (Blend 14) had the same surprising effect as observed with MoQO; in that the
15 frangibility decreased significantly. Here again, some effect of the additive on the
sintering kinetics of copper is suspected

Example TV: This example illustrates the effect of combined addition of an oxide
and a solid lubricant. Blends were made with two different levels of SiO, and graphite
added to the 150RXM powder. A blend was also made with graphite addition to AL-25

20 as follows:
15) 99.70% 150RXM + 0.025% SiO;, + 0.025% Graphite + 0.25% Acrawax C
16) 95.65% 150RXM + 0.05% SiO, + 0.05% Graphite + 0.25% Acrawax C
17) 99.50% AL-25 + 0.25% graphite + 0.25% Acrawax C

-13-



20 backstop (7) placed perpendicular to the bullets line of flight at the
rear end of a wooden collection box (8). The bullets entered the collection
box through a hole covered with a paper witness card. The fragnents :
generated fromthe inpact of the bullets against the steel plate were

col l ected. Agy4 t "bases" were pulled out and the rest gfrtEf 090 VO
98/ 02266 seltiAE PCT/ US97/ 06970

fragnents re screened over Tyler 1 ) 119Qm n) screen. The
conponent \é\glﬂﬁ%ﬂ’v&ﬁ' a“@ﬁ@“?’f?%@nd?@ df‘wqwas | abel ed "chunks", and
t he remai nder passing through the screen (<1190[err]n was | abel ed
"powder". Each cgnponent was wei ghed and th I ght percent age of each was
cal cul ated as a B@%éﬁh@%%ﬁ%‘@%ﬂ%@ éé%g t‘gﬁ: ﬁ‘el hous B ate
the different conpositions of the invention as to their frangibility,
wei ght f act acembiaed addition abgraphite and Si0; bed an aliech similar 40 theaddibiar of er:
60% or 0.60 Chunks: 30% or 0.30 Bases: 10%or 0.10

of the components at the same level. A level of 06.05% (Blend 15) did not have a

5 significant effect on the frangibility while a level of 0.10% (Blend 16) did have a
significant effect. Addition of 0.25 graphite to GlidCop® AL-25 (Blend 17) made a bullet
with sufficient ductility to survive firing, but significantly higher frangibility than plain

Al-25 as in Blend 10.

Example V: This example illustrates the effect of a nitride addition on
10 frangibility. A blend was made with an addition of hexagonal boron nitride (HBN) as
follows:
18)  99.65% 150RXM + 0.10% HBN + 0.25% Acrawax C
Bullets were produced and test fired as d&scriBed in Example [.

Table 5 shows the relevant processing and test firing data. HBN is not only a
15 nitride, it has a crystallographic structure identical to graphite in that the hexagonal
platelets slide over each other readily. Therefore, it is used as a solid lubricant. The
frangibility data shows that an HBN addition had the same effect to that of graphite at the
same level. At 0.10% addition (Blend 18), the frangibility was increased somewhat, but
higher additions would be required to make 2 more significant impact on frangibility.
20 Other nitrides including the cﬁbic form of boron nitride (CBN) could also be used
although the latter may be too abrasive to the tooling.

Example VI: This example illustrates that copper alloy powders can also be used

-14 -



10 The "score" for each conposition was cal culated by nmultiplying the
wei ght % of each conponent by Its weight factor and adding the three
nunbers as follows: Score 0.60 X W. % Powder + 0.30 X W % Chunks + 0.10
X W . % Bases Fran{%l bility rat| ngs were then devel oped based gn /bhe score

for each comp¥9¥6as fol l ows: 15 Score PCT/USIT06970
Frangibility Rating <15 1 16-25

2 26-35 to make bullets according to this inventign. 38- B30 brass (copper:zinc) powder and a

4 20 >45 5 The rating of 1,

r epr esent i ng99:h@ bkanze s¢oppereting ipowtert were nsedl. t Tree follgwingtblendls g¥ere #tadd: bases
while the rating of 5, representing the highest frangibility, had the .
hi ghest wei ght % pj) po3giPs% 70:80-Brass + 0.25% Acrawax C

20)  99.75% 90:10 Bronze + 0.25% Acrawax C

5 Bullets were made and test fired as described in Example-1.

Table-6 shows the relevant processing and test firing data on these bullets. The
data shows that the 70:30 brass powder is much harder than the 150RXM powder and
gives a lower density. Both brass and bronze are very sensitive to sintering temperatures
used. In both cases a 1500°F sintering temperature (Blends 19A and 20A) produced a

10 builet that was too frangible and broke up before hitting the target and almost completely
went back to powder. At 1600°F the brass (Blend 19B) just slightly broke up before
hitting the target and was still quite frangible. The bronze (Blend 20B), on the other
hand, was quite ductile at this temperature and had a fairly low frangibility. At 1700°F
the brass (Blend 19C) bullet survived the firing and had a frangibility similar to the

15 150RXM bullet. It appears that the best sintering temperature for 70:30 brass bullets is
in the 1600-1700°F range and that- for the 90:10 bronze bullet is between 1500-1600°F.

Other brass and bronze compositions may require different sintering temperatures. Also
if the additives mentioned above or other additives are used, the bullets may need

different sintering temperatures or pressing conditions.

20 The invention has been described with respect to preferred embodiments. However,
as those skilled in the art will recognize, modifications and variations in the specific
details which have been described and illustrated (including blend compositions, sintering

temperatures and compacting pressures, and bullet manufacturing techniques) may be

-15-
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Tabl e-1 shows the pertient processing data on the bullets and the firing
test results. The data shows that densities over 8.2 g/cnferr] were
achieved; this conpares to 5.7 g/cnferr] typical of comrercial injection
nol ded copperWRyPi6Ghul | ets of the type described in United StmsRso83 ent
No. 5,237,930 (the disclosure of which is incorporated by 5 reference into
the present mbartedaswithput doperting Sl thdep &oﬁé i s Lo be
produced wi t hout changi ng the %verall d?%%ﬁg bPti ac?&i?g#ikg%gé le to
produce 120 appemdedidldigks i n the geonetry shown in Flgure-l whi ch conpares
to 80-85 grain bullets typical of the copper-nylon type described above.
These bullets thus nore closely resenble the firing characteristics of
conventional |ead bullets now used in the field.. 10 None of the

bull ets broke up in the gun barrel or flight; indicating good integrity.
The data in Table 1 shows that the bullets nmade fromthe above copper
powders had satisfactory frangibility. The 150RXH grade of copper had

hi gher frangibility than the other grades exam ned. All these bullets did
very little damage to the steel backstop. Exanple Il: This exanple
illustates the effect of oxide additions on frangibility. 15 Copper powder
grade 150RXM was used as the control material and all results were conpared
to the bullets nmade fromthis powder. Additions of oxides were nade to this
powder to determne their effects. In one experinent the FOS-WC copper
powder was
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used. didCop[err] dispersion strengthened copper AL-25 (copper + 0.5 w. %

Al[err]Jerr]) grade powder

produced by SCM was al so used in one of the

experi nents. The foll owing 20 powder bl ends were made: 6) 99. 70% 150RXM

+ 0. 05% Si  ewblostizdds 25% Acrawax C 7)
0. 25% Acrawax C 8)

98/ 02266

99. 50% FOS- WC + 0%3325% Siger [J + 0. 25% Acr awax

Acr awax C Bull et

wer e produfed @nd Test™fi fid

3=

£9

99. 65% 150RXM + 0. 1@%rRisthgotel +
99. 65% 150RXM + 0. 10% Mo err] + 025% Acr avvaxl%C WO

PCT/ US97/ 06970 9)
99. 75% AL- 25 + 0. 25%
scribed in Example I.

Tabl e 2 shows the rel evant processing and firing test data. The data shows
that 5 addition of SiJerr] does indeed increase frangibility. Blend 7
containing 0.100% SiJerr] nade significantly nore frangi ble bullets than
t he conparabl e B:Eg 1, while the addition of 0.05% SiJerr] in Blend 6 did
vE
‘BFe

not appear to ha

0.25% SiJerr]

signi fi gantRef f@ct n fyan@ bitity. The addition of
nd 9 coupled with the | ower conpaction pressure (| ower
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density) and |lower sinting tenperature, on the other hand, made the bull et
too frangible 10 and it broke up before hitting the target. A higher
conpaction pressure (higher density) and higher sintering tenperature my
produce a buly®bsishdsh sufficient integrity to survive firi ng} didCopl[err]
AL- 25 whi ch contains 0.5% A1203 (Bl end 10) al so nade a bul | SCHYRIPEH vi ved
the firing and broke up when it hit the target. This bullet was not as
frangi ble as the®ontrol bullets of Blend 1, but this is believed to be due
to the high si ntgi ng 15 tefPer & ure nofPnalfy used for @idCop[err]. The
frangibility of i dCop[err] bullet could be increased further by reducing
the sintering tenperature or |owering the density. Surprisingly, the
addition of Mo err] (Blend 8) decreased the frangibility significantly;

t here was al nost powder recovered in the fragnents. It is possible that
t he high partial 9%%ssure gemer edvat i neering tenperature by the

di ssoci ati on of err] could ave ai d 20 in the vapor transport of
copper atons, thus activating the sintering process and creating stronger

nore ductile bonds. Exanple Il11: -This exanple illustrates the effect of
solid lubricants on frangibility. Gaphite and MbS2 were used as solid
lubricants. Foll & ng bl endg, were ngde. - 12 -
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11) 99. 70% 150RXM + 0. 05% graphite + 0.25% Acrawax C 12) 99. 65% 150RXM
+ 0.10% graphite + 0.25% Acrawax C 13) 99. 50% FOS-WC + 0. 25% graphite +
0. 25% Acr awax 99. 65% 150RXM + 0. 10% MoS[err] + 0. 25% 5

Bul l ets were B‘r%o%ﬁ%zggl and test fired as described in Exanpl e?’e%%?gg%
shows the rel evant processing and firing test data. The data shows that
0.05% graphite (Bkend 11) does not change the frangibility, while 0.10%
graphite (Blend 1B) increase§ fr2ngihility sonewhat, as indicated by the

hi gher score for This material. However, a higher ampbunt of graphite is
needed to increase frangibility significantly. 10 Addition of 0.25%
graphite to FOS-WC copper in Blend 13 nade the bullet so frangible it broke
up in the barrel, ,abkt hough this may have been due to the | ower density and
| owet sintering t erature egsedq Hghent density and hi gher sintering

t enperat ure woul d2rgst | i kely produce a bullet with sufficient ductility to
withtand firing. The addition of 0.10% MoS[err] (Blend 14) had the sane
surprising effect as observed with MoQerr] in that the 15 frangibility
decreased significantly. Here again, sone effect of the additive on the
sintering kinetich of coppergs Suspgctgd.
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Exanple 1V: This exanple illustrates the effect of conbined addition of an
oxide and a solid lubricant. Blends were nade with two different |evels of
SiJerr] and graphite added to the 150RXM powder. A blend was al so nade

wi th graphit '2 jon to AL-25 20 as follows: 15) 99.70% 150RXM + 0. 025%
Sigerr] + 0. o G aphite + 0.25% Acrawax C 16) 99. 65% 150FBAWUSID0§38/
SiJerr] + 0.05% G aphite + 0.25% Acrawax C 17) 99.50% AL-25 + 0. 25%
graphite + 0. 25%g8crawax C - 13 - WO 98/ 02266

PCT/ US97/ 06970 Bfi | ets were Maderanth test fired as described in Exanple I.
Table 4 shows thE rel evant processing and firing test data. The data shows
that a conbined addition of graphite and Sierr] had an effect simlar to
the addition of either of the conponents at the sane level. A level of
0.05% (Bl end 15) ,diegl not have a 5 significant effect on the frangibility
while a | evel of &310% (Blers 169 dpd have a significant effect. Addition
of 0.25 graphite ai dCop[‘\érr ALS25 (Bl end 17) made a bul | et
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with sufficient ductility to survive firing, but significantly higher
frangibility than plain AL-25 as in Blend 10. Exanple V. This exanple
illustrates the effect of a nitride addition on 10 frangibility. A blend
was nmade with i.tion of hexagonal boron nitride (HBN) a . 18)
99.65%)150Rxwr@n§%%%a)HBN + 0.25% Acrawax C Bullets were pro%ﬁ&@%bﬁﬁﬁﬂ%est
fired as described in Exanple |I. Table 5 shows the rel evant processing and
test firing data.2HBN is not only a 15 nitride, it has a crystall ographic
structure identicﬁl to graphf™e in that the hexagonal platelets slide over
each ot her readiﬁ?. Therefore, it is used as a solid lubricant The
frangibility data shows that an HBN addition had the sane effect to that of
graphite at the same level. At 0.10% addition (Blend 18), the frangibility
was increased songwwat, but higher additions would be required to nmake a
nor e significantzgﬁgact on fgangibility. 20 QGther nitrides including the
cubic form of bo nitride (CBN) could al so be used although the latter
may be too abrasive to the tooling. Exanple VI: This exanple illustrates
t.hat copper alloy powders can al so be used - 14-
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to make bullets according to this invention. A 70:30 brass (copper: zinc)
powder and a 90: 10 bronze (copper:tin) powder were used. The foll ow ng

bl ends were pade: 19) 99. 75% 70: 30 Brass + 0.25% Acrawax C 20) 99. 75%
90: 10 Bronze P B"3%% Acrawax C 5 Bullets were made and test PCTAISEN/$870
described in Exanple-1. Table-6 shows the rel evant processing and test
firing data on téese bullets. The data shows that the 70: 30 brass powder is
much harder thangthe 150RXMpowder candwvgi vv&s a | ower density. Both brass
and bronze are VBry sensitive to sintering tenperatures used. In both cases
a 150[err]F sintering tenperature (Bl ends 19A and 20A) produced a 10 bull et
that was too frangi ble and broke up before hitting the target and al nost
conpletely went pagk to powder. At 1600[err]F the brass (Blend 19B) j ust
slightly broke BDefore hiﬂ]i rlg t be tg{]ge\g and was still quite frangible.
The bronze (Ble 0B), on e Ot hé& h¥nd,~was quite ductile at this
tenperature and had a fairly lowfrangibility. At 1700[err]F the brass
(Blend 19C) bullet survived the firing and had a frangibility simlar to
the 15 150RXM bullet. It appears that the best sintering tenperature for
70: 30 brass bul Igts IS
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in the 1600-1700F range and that for the 90:10 bronze bull I ) T neen ]
1500- 1600[ err] F. Ot her brass an(”nu'mm'm Wi oNns may r qm'$ #Weﬁfm
sintering tenperatures. Al so if I8 oy wfusflnmtntioned abdve or REPHAGED
additives are he bull ets may "need Mifferent sintering es
or pressing CE#]JSI 8?206%15. 20 The invention has been descringg}égj/%W
respect to preferred enbodi nents. However, as those skilled in the art wll
recogni ze, di fjcations and variations in the specific details which have
been descrwg}%?‘dsﬁ {Mil%:| ustrated (including blend conpositions, sintering

t enperatures and conpacting pressures, and bullet manufacturing techni ques)
may be o o drangible bullet comprising copper or a copper alloy powder and manufactured by

PCT/ US97/ 06970 resorted to w thout departing fromthe spirit and scope of
t he i nventprespingsaidgrowslerlin a dictand aphsequbntly sintérimg it wkisr conditions so as to produce a

bullet capable of fragmenting upon impact with a target.
2. The bullet of claim 1 wherein the bullet is lead-free.
3. The bullet of claim 1 wherein the powder comprises an oxide additive.

4. The bullet of claim 3 wherein the oxide additive is selected from the group consisting of
Si0,;, Al,0,, TiO,, MgO, MoO, and combinations thereof.

5. The bullet of claim 4 wherein the oxide additive is Si0,, Al,0, TiO, MgO or a

combination thereof and the amount of oxide additive is from 0.05 to 1.0 percent by weight.

6. The bullet of claim 4 wherein the powder comprises from 0.05 to 0.50 percent by weight
of MoQ,.

7. The bullet of claim 1 wherein the powder is a dispersion strengthened copper powder.

8  The bullet of claim 7 wherein the dispersion strengthened copper powder is made by

internal oxidation of a dilute solid solution alloy of copper and-a reactive element selected from

-23-
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the group consisting of Si, Al, Ti, and Mg,
9. The bullet of claim 1 wherein the powder comprises a solid lubricant additive.

10.  The bullet of claim 9 wherein the solid lubricant additive is selected from the group

consisting of graphite, MoS,, MnS, CaF, and combinations thereof.

11.  The bullet of claim 10 wherein the solid lubricant additive is graphite, MnS, CaF, or a
combination thereof and the amount of solid lubricant additive is from 0.05 to 1.0 percent by

weight.

12.  The bullet of claim 10 wherein the powder comprises from 0.05 to 0.50 percent by weight
of MoS,. '

13.  The bullet of claim 1 wherein the powder comprises a nitride additive.
14.  The bullet of claim 13 wherein the nitride additive is selected from the group consisting
of HBN, SiN, AIN and combinations thereof and the amount of nitride additive is from 0.05 to

1.0 percent by weight.

15.  The bullet of claim | wherein the powder comprises an oxide additive and a solid
lubricant additive.



WO 98/ 02266

PCT/ US97/ 06970 [err] WO mg w
PCT/ US97/ 06970 [err] V\ha’?H! c MJ cﬂ"u”ml A frangi bl e bull et
conprising at | east 60 percent by wei Ejhtsco*pper and manuf act ur ed \%@
pressing a copPéMBbhtaining powder in a die to forma presded powdere
conpact and subsequently sintering said pressed powder conpact, wherein said
si nt eri nglé.s phhe bullet ¢f Flajre 48 avhereirhihe oxide additivg is selected fram tig grpup consisting
frangibility effecting additive to said powder, or

of SiQ,, Al,0,, TiO,, and MgO and the solid lubricant additive is selected from the group

consisting of graphite, MinS, and CaF, and the combined amount of oxide and solid lubricant
additives is from 0.05 to 1.0 percent by weight.

17.  The bullet of claim 1 wherein the powder comprises a carbide additive.

18.  The bullet of claim 17 wherein the carbide additive is selected from the group consisting
of WC, SiC, TiC, NbC and combinations thereof and the amount of carbide additive is from 0.05

to 1.0 percent by weight.
19.  The builet of claim 1 wherein the powder comprises a boride additive.

20.  The bullet of claim 19 wherein the boride additive is selected from the group consisting
of TiB,, ZrB,, CaB, and combinations thereof and the amount of boride additive is from 0.05 to

1.0 percent by weight.

21.  The bullet of claim 1 wherein the powder is a prealloyed brass containing from 5 to 40

percent by weight of zinc.

22.  The bullet of claim 1 w}meinthe‘powder is a mixture of copper powder and from $ to

40 percent by weight of zinc powder.



t hrough control of S|nt or sintering ti

(1) t hrough contr ol MWIM pressed powder c mﬁi’@tSHEET HAS BREN

conbi nati on of the above * sa as e a bullet capabl mf f Iﬁpl ng
upon inpact with a target. The bullet of claim 1 wherein the bul | et
i s | ead- f r eavO 98/02266 The bul I et of claim1l wherein the powde?CHBHIOFY¥Rs an
oxi de additive. 4. The bullet of claim3 wherein the oxide additive is

sel ect ed®3{ r offhehmlieroficiaimanwhatinnhe pdwdsc @ ®prealloydt beonzg Chrenining Trdmh 2no RO
MyO, Mo(J err] and conbi nations thereof. 5. The bullet of claim4 wherein

the oxi derceddtiby weipht f hJ err], Al[err]Jerr], Tierr], MO or a

conbi nation thereof and the anpbunt of oxide addltlve iIs from0.05 to 1.0
percent by weight. 6. The bullet of claim4 wherein the powder conprises
fromO0.05 to 0.50 percent by wei ght of MoJerr]. 7. The buIIet of claim

éumq:'[ ° E:Ihgh%q%\%r}]erel n ?W’gﬁl Spersi o?gﬁ@%ﬁgen%%r po mlzsto-rl;gge
Pgag?;{ SEWKWW%&?’EHSPW tSBSeI id solution alloy of copper and a

25. Ammumition comprising the bullet of claim 1.

26.  Amethod of making a frangible bullet which comprises pressing copper or a copper alloy
powder in a die and subsequently sintering it under conditions so as to produce a bullet capable
of fragmenting upon impact with a target.

27.  The method of claim 26 wherein the sintering is performed in a protective atmosphere at

a temperature ranging from about 1500 to about 1900°F for a length of time ranging from about

10 to about 120 minutes.

28.  The method of claim 26 wherein the pressing of the powder is performed at a pressure
ranging from 50 to 120 ksi.

29.  The method of claim 28 wherein the pressing is done at a pressure ranging from 60 to
100 ksi.
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the group consisting of “g The bull et of '
wherein the powder conprmu“mm;m W\! cant additive. 1 .rci@yg(?qom

of claim9 wherein the solid¢l ubritant additive is select ed 962@9 % roup
consi sting o}"og‘%sﬂﬁ’r?ﬁte MoS[err], MS, CaF[err] and conbi nati SR erEo
11. The bullet of claim10 V\/nerel n the solid |ubricant additive is

gr aphi t e 30MvhSThearthodrof daima27cwhasein the steringis done atrademperaranfri600 to LI0PK

| ubricant additive is fromO0.05 to 1.0 percent by weight. 12. The bul | et
of cl ai mvi@nuhe pewdertib eopmendsatweanitlisnd 1700 Whébthe podvd&isbeass and bbtyveen
wei ght of MdS[err]. 13. The bullet of claim1l wherein the powder

conpri sed560 and 16Q0°F awlstint the powde is brobae bul | et of claim 13 wherein the

nitride additive is selected fromthe group consisting of HBN, SiN, AIN and
conbi nati ons thereof and the anmpbunt of nitride additive is fromO0.05 to 1.0
percent by wei ght. 15. The bullet of .claim1l wherein the powler conprises

an oxi de 33ddi trhyendiisll 8f Siint 97 Wik B prdfdelive Mfosphefe is nitrogen or a mixture of
nitrogen and hydrogen or reaction products of a combusted hydrocarbon,

32.  The method of claim 27 wherein the sintering time is between 15 and 45 mimutes.

33.  The method of claim 26 wherein the bullet is repressed after the sintering step.

34.  The method of claim 33 wherein the bullet is resintered after repressing.

35. A copper or copper alloyed powder useful for manufacturing a frangible item, said powder
comprising copper powder and an additive selected from the group consisting of an oxide, a solid
lubricant, a nitride, a carbide, a baride, and combinations thereof.

36. A powder of claim 35, wherein the amount of the additive is from 0.05 to 1.0 percent by
weight of the powder.

37. A powder of claim 35, wherein the additive is an oxide selected from the group consisting
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16. The bullet of cli allrm@“mi"#ﬂﬂ w’ﬂ oxide additive is selected from
thé group consisting of Si(cert[;s M| Jerr], Tiderr], and MJO and the
solid lubricant additive is selected fromthe group consisting of graphite,
MhS, and CAWpaesmizéand t he conbi ned anount of oxide and sol PET/PSAOFYANt

additives is fromO0.05 to 1.0 percent by weight. 17. The bullet of claim

1 wher eipp Sithe ANEYITH CM%DJM&ss,an@acsrbﬁidaionﬁlmme. 18.  The bullet of
claim 17 wh(gzrei n theoz’car ide additive is selected fromthe group consisting
of WC, SiC, TiC, NbC and conbinations thereof and the anount of carbide
additive is fromO0.05 to 1.0 percent by weight. 19. The bullet of claiml

wher ei n ;phe Oﬁ@%erc i alel Y ¢t Q i€ iPEbIe8.09%0 gl M
19 where3|%'n t%e orT de a%‘gf??’v‘ghl S s@f%@?‘g{é d\‘fﬁ?not gag‘?louplcon‘?i s't?ng of
TiBlerr Zr Bl err] er nd conbi nations thereof and the anount of
bori de %E‘EF?H ew@%%ﬁg&o@aﬁo 1.0 percent by weight. 21. The bull et of
claiml1l wherein the powder is a prealloyed brass containing from5 to 40
percent by wei ght of zinc.

39. A powder of claim 35, wherein the additive is a solid lubricant selected from the group
consisting of graphite, MoS,, MnS, CaF,, and combinations thereof.

40. A powder of claim 39, wherein the amount of the solid lubricant additive is from 0.05
to 1.0 percent by weight of the powder.

41.  Apowder of claim 35, wherein the additive is a nitride selected from the group consisting
of HBN, SiN, AIN, and combinations thereof.

42. A powder of claim 41, wherein the amount of the nitride additive is from 0.05 to 1.0
percent by weight of the powder.

43. A powder of claim 35, wherein the additive is a carbide selected from the group
cansisting of WC, SiC, TiC, NbC, and combinations thereof.

44. A powder of claim 43, wherein the amount of the carbide additive is from 0.05 to 1.0
percent by weight of the powder.
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22. The bull et of clai mmum ' wder is a m xture of copper
powder and from5 to 40 p mmm Eﬂﬂnof zinc powder. -25 - 23. The
bull et of claim1l wherein the¢powder iss a preall oyed bronze containing from

2 to 20 percgpt ight of tin. 24 The bull et of clai mpdraengRbA t he
powder is a @nﬂxgts@%’zg)f‘gf copper powder and from2 to 20 percent by we?ght of

tin powdegr. 25. Lk onprising.the hul.l.et .0 aiml. 26. . £

et hod ofSraik PP PEABTL TS YRGS ARAEYE § arprne s inendh i ot saasising
cont ai nin | east 60 percent hy i ght copper in a die to forma pressed
powder c@gﬁgé’ Zﬁéﬂ@%bs@alféﬂlgml @FPng sai d pressed powder conpact,
wherein said sintering is partially inpeded either (i) by the addition of
a frangibility effecting additive to said powder, or (ii) through control

of density of said pressed powder conpact, or (iii) through control of
si nt er i ng6t empepeowvdaref olaims45, wdeteiny thei anaount of the bonide additive is from 0.05 to 1.0

percent by weight of tﬁe powder.

47. A powder of claim 35, wherein the additive is a combination of an oxide and a solid

tubricant.

48. A powder of claim 47, wherein the oxide additive is selected from the group consisting
of Si0,, ALO,, TiO, and MgO and the solid additive is selected from the group consisting of
graphite, MnS, and CaF, and the combined amount of the oxide and solid lubricant additives is
from 0.05 to 1.0 percent by weight.

49. A powder of claim 35 further comprising from 5 to 40 by weight of zinc powder.

50. A powder of claim 35 firther comprising from 2 to 20 by weight of tin powder.
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any conbl Ra SO as to producg @”burr“g:t;”ca abl.e of .- v Ay,
fragmefit i nglﬂﬁmmlll'rm& mmﬂ a target. 27. TPII—:“JIE’E-?'“ ,ofvgﬁi YR m 26-whefern

t he S|nter|ng i § perf'ondd i'n a protective atm)$phere ataw tenpierature

rangi ng from about 1500 to about 1900[err]F fof 2 3 éuptiyoof ’tl {Me rangi ng
from about Wifx tie aleamed 20 m nutes. 28. The et hod of cl ai? m‘26 wher ein
the pressing of the powder is perforned at Lressur*e**an@ng ‘from50 to
120 ksi. 29. The met hod of claim 28 wher the pressing i$ done at a

pressure rangi ng\ frainieBullq c@)ﬁ\?nkﬂ%b at 188 60 percedPby wefﬂﬂ?c fehadh of claim 27

wherein thesint ‘ﬁ’fdnﬂ&ciu?e FE&&H fﬁ owli(ég 4 §e150LEL 11 F when
between 1500 and e Q‘L WS‘WQ § g P Do ot hod of
cl ai m 27 wher ei ﬁolpﬁ%cg (% 3316 %m B¢ O or a nmixture of
nitrogen and hy&? ogenP¥Heddition gha Bﬁﬂ?ét%c petgadabiystie aaif pardenobon.

(1) through control of density of said pressed powder compact, or

(1ii) through control of sintering temperature, or sintering time, or
any combination of the above; so as to produce a bullet capable of
fragmenting upon impact with a target.

2. The bullet of claim 1 wherein the bullet is lead-free.
3. The bullet of claim 1 wherein the powder comprises an oxide additive,

4. The bullet of claim 3 wherein the oxide additive is selected from the group consisting of
Si0,, A1,05, Ti0,, MgO, MoO, and combinations thereof.

5. The bullet of claim 4 wherein the oxide additive is SiO, ALQ;, TiO, MgO or a
combination thercof and the amount of oxide additive is from 0.05 10 1.0 percent by weight.

6. 'Ihebulletofclaixn4whaeinthepowdercompﬁs&ﬁ‘om0.0Stoo.SOpemembyweight
of MoQ,;.

7. The bullet of claim | wherein the powder is a dispersion strengthened copper powder.
8. The bullet of claim 7 wherein the dispersion strengthened copper powder is made by

internal oxidation of a dilute solid solution alloy of copper and a reactive clement selected from

223
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The wherein the sintering tingf
45 m ndt es. WEH "m ,m; ,of claim 26 wherein the buljef is represse%

after the sintertnge St The nethod of claim33 whefrep® tiie paggl

is resintered after repressing. 35. A powder useful f manuf act uri ng {a
frangi ble itemby pressing i'n a die and subsequently sintering, sard-pewdgr
conprising at |east about 60 percent by wei ght copper a a frangibility
ef fecti ng-addi tive, . gel e(;ted fmmt LQUP i€ % ,Qdeg ) rl‘jd
Iubrlcan? a nltrlag a carbll dé; a‘bo de QQW%TQ%%?%nst ereo “?0[ =
A powder of Cl?TXe ereln t he armunt of the additive is from 0.05 to
1.0 per c&TBYy 'f"ﬁ‘l?r%“ U-he powder. 37. A powder of claim 35, wherein
the additive is an oxide selected fromthe group consisting -27- WO

98/ 02266 PCT/ US97/ 06970 of
Sigerr], Aferr]Jerr], TiJerr], MJgO MJerr], and conbi nati ons thereof.
38. A @wdermé bali& dPcBfm MRBERIN the IRvREP Y mBihule S QPP bhi Frdrs 2-to

fromO0.05 to
20 percent by weight of tin powder.

25.  Ammunition comyprising the bullet of claim 1.

26. A method of making a frangible bullet which comprises pressing a powder
containing at least 60 percent by weight copper in a die to form a pressed
powder compact and subsequently sintering said pressed powder compact,
wherein said sintering is partially impeded either
) by the addition of a frangibility effecting additive to said powder, or
(i)  through control of density of said pressed powder compact, or
(iii)  through control of sintering temperature, or sintering time, or
any combination of the above; so as to produce a bullet capable of fragmenting
upon impact with a target.

27.  The method of claim 26 wherein the sintering is performed in a protective atmosphere at
a temperature ranging from shout 1500 to about 1900°F for a length of time ranging from about
10 to about 120 mimtes.

28. Thcmedmdofélaim%mhceinﬂxepx&ingofthepowdaisperfcmdataprssum
ranging from 50 to 120 ksi.

29, The method of claim 28 wherein the pressing is done at a pressure renging from 60 to
100 ksi.
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percent by wei ght M‘M\E A powder of cl al CE .ENI .S.H
additive is asol ‘m cted fromthe group o 21 %hﬂ
grapite, l\/bS[err] LCal‘—*[e r], and conbi nations thefep Bpo
of claim 39, whereln the anount of the solid Iubricantfa dlflve ls fr
0.05 to 1.0 percent by weight of the powder. 41. A pbwder of claim 35,
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HBN, Si N, AN, and eahs ebeiaond’ vharedhc suemng sxigsewdeicroprsivat oh U900 1o 1 800°F
wherein the anount of the nitride additive is fromO0.05 to 1. 0 percent by
wei ght of when g derfi8 -cop pe%&ﬁ%@l@xrlﬁvi)@ﬁalm%mﬁd‘i%@?ﬂvé NbC I dn¥Bdriedh

an

car bi de sel ect ed romthe group consisting of W, SiC

comnbi natl of}zg:l : aim43, wherein the anpbunt of the
carbide a t|ve |s fo @EW%%@%M by wei ght of the powder. -28 -
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31.  The method of claim 27 wherein the protective atmosphere is nitrogen or a mixture of
nitrogen and hydrogen or reaction products of a combusted hydrocarbon.

32.  The method of claim 27 wherein the sintering time is between 15 and 45 minutes.
33.  The method of claim 26 wherein the bullet is repressed after the sintering step.

34.. The method of claim 33 whercin the bullet is resintered after repressing.

35. A powder useful for manufacturing a frangible item by pressing in a die and
subsequently sintering, said powder comprising at least about 60 percent by
weight copper and a frangibility effecting additive selected from the group
consisting of an oxide, a solid lubricant, a nitride, a carbide, a boride, and
combinations thereof.

36. A power of claim 35, wherein the amount of the additive is from 0.05 to 1.0 percent by
weight of the povider. | |

37. ApowderofdannSS,whamﬂteaddﬂvemdeesdeetedﬁmﬂwgmng o
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45. A powder of claim35, wherein the additive is a boride selected from .
the group consisting of TiB[err], ZrB[err], CaB[err], and conbi nations O
t hereof . 46. A powder of claim45, wherein the anount of thedei de
additive is from0.05 to 1.0 percent by weight of the powder. g38fte
powder of cl ai mpg%'pmerei n wheoaddiibdrva rrépervoRmiNizansN on of Nggg® de and a
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(54) Title: LEAD-FREE FRANGIBLE BULLETS AND PROCESS FOR MAKING SAME /
(87) Abstract

The invention relates to bullets having increased frangilibity (or which can be easily fragmented) and to materials and processes for
the manufacture of such bullets, The bullets of the present invention are typically made from copper or copper alioy powdess (including
brass, bronze and dispersion strengthened copper) which are pressed and then sintered under conditions so as to obtain bullets with the
desired level of frangibility. In preferred embodiments of the invention, the bullets also contain several additives that increase or decrease
their frangibility.




