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_ expended in indoor ranges are said by some medical
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experts to pose a 51gn;f1cant_hea1th hazard.
Ingestion by birds, particularly water fowl, has
- been said to pose a problem in the wild. In indoor
shooting ranges, lead vapors due to vaporized lead
10 from lead bullets is of concern. Disposal of the
_ lead-contaminated sand used in sand traps in
-lconjunction with the backstops in indoor ranges is
also-expensive; since lead is a hazardous material.
Reclamation of the lead from the sand is an
15 operation which is not economically feasible for
;most target ranges. o
Accordingly, various attempts have been made to
produce effective lead-free bullets. .
Density differences between bullets of the same
20 size, find using the same power charges result in
' differences in long range trajectory and differences
in firearm recoil. Such differences are undesirable
as the shooter needs to have a trajectory con51stent _
‘with that of a lead bullet so the shooter knows '
25 where to aim and a recoil consistent with that of
.shooting'a lead bullet so the "feel" of shooting is
' the same as that of shooting a lead bullet. If
these differences in trajectory and recoil are large
o enough, experience gained on the practice range will
30 degrade,'rather'than improve, accuracy when firing a
' lead bullet in the field. |
Varlous approaches have also been used to
produce shot pellets that are non toxic. - U.S.
Patent Nos. 4,027,594 and 4,428,295 assigned to the"
35 applicant disclose such non-toxic shot. Both of
these patente disclose pellets made of metal powders



in firearmrecoil. Such differences are undesirable as the shooter needs
to*have a trajectory consistent with that of a |l ead bullet so the shooter
krifows 25 - where to aimand a recoil consistent with that of shooting a
_Iead bull et so the "feel" of shooting is,the same as that of shooting a
‘lead bullet. |If these differences in tr%Jectory and recoil are |arge
~enough, experience gained on the practice range will 30 degrade, rather
than i nprove, accuracy when firing a lead bullet in the field. Various
approaches have al so been used to produce shot pellets.that are non toxic.
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- 5 bullets are said to disintegrate upon target 1mpact.
The main drawback of these bullets is their density,.
- which is significantly less than that of a lead
bdllet. Although, thése are not entirely lead free,
_ the composition of the shot or bullets is designed
10 to reduce the effects of the lead. U.S. Patent No.
4,881,465 discloses a shot pellet made of lead and
ferro-tungsten, which is also not lead free. U.S.
Patent Nos. 4,850,278 and 4,939,996 disclose a -
‘projectile made of ceramic zirconium which also has
15 a reduced density compared to lead. U.S. Patent No.
4,005,660 discloses ancther approach, namely a
polyethylene matrix which is filled with a metal
powder such as bismuth, tantalum, nickel, and
, copper. - Yet another known approach is a frangible
20 projectile made of a polymeric material which is
filled with metal o: meta1_oxide. ' U.S. Patent No.

. 4,949,644 discloses a non toxic shot which is made
of of bismuth or a bismuth alloy. However, bismuth
is in such short supply that it is of limited -

25 utility for projectiles. U.S. Patent No. 5,088,415

'discloses.a plastic covered lead shot. However, as
with 6thei.examples discussed above, this shot
‘material still contains lead, which upon backstop

- impact, will be exposed to'the envirdnment. Plated

30 lead bullets and plastic-coated lead bullets are
also in use, but they have the same drawback that
upon target impact the lead is exposed and this
creates spent bullet disposal difficulties.

' None of the prior bullets nqted above has

35 proved commercially viable, either due to cost,
density differences, difficulty of mass production



5 bullets are said to disintegrate upon target inpact. The mai n drawback
of “these bullets is their density, which is significantly I ess than that of
aslead bullet. Al though, these are not entirely |lead free, the conposition
~of"the shot or bullets is designed 10 _40 reduce the effects of the |ead.
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- 4: 939, 996 disclose a projectile made of ceramic zirconi umwhich also has 15
a reduced density conpared to lead. - U.S. Patent No. 4,005,660 discloses

anot her approatid thadlike pmqmdﬂﬂdmmrmawv&pphoaehfiélndede&h a netal
“powder such a 0, t er_known
approach is aq:foba% e az%m@in ec:'fﬂ:Tl e nadtgﬂfef Q&Fétlg o (?%gl éf whi ch i s

filled with mfoa hﬂnﬁﬁRQNuSEGWhachJ¥§ ¢an%st¢ky QSUQQdGQﬂ Yead| oses a non

' toxi.c shot Whiggly | mspfbﬁ]_g@mgﬁ rsﬁnﬁ&ﬁi‘}hté‘l 1&¥a. However, bisnuth
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~as with ot her basrealay d dusbefrabduel léthivhidlotcomprises a solid - .
body comprising a sintered composite having one or
more, high—density'cbnstituént powder materials
selected from the group,conéisting of tungsten
10 éarbide, tungsten, ferro-tungsten and carballoy, and
a second, lower-density constituent consisting
essentially either of a metallic matrix material

' selected from the group of consiéting of tin, zinc,

iron and'ccpper, or a plastic matrix material
15 selected from the group consisting of phenolics,

- epoxies, dialylphthalates, acrylics, polystyrenes,

. polyethylene, or polyurethanes. 1In addition,.thé
compoéite'df either type may contain a filler metal
such as iron powder or zinc powder. The bullet of

20 the.inveﬂtion comprises a solid body having a

' density of at least about 9 grams“per cubic
centimeter (80 percent that of pure lead), and a
yield strength in compréssion greatér than about 31
MPa(4500ps1) o

25 Other constituents. could also be added in small
amounts for special purposes such as enhancing _

| frahgibility. ‘For example, carbon could be added if .
iron is used as one of the composite componénts to
result in a brittle or-ffangible microstructure

30 after suitable heat treatment processes. Lubricants
and/or solvents could also .be added to.the metal

" matrix components to enhance powder flow properties,
campaction properties, ease die release etc.

~ The invention stems from ﬁhg understanding that
35 ferrotungsten and the other high-density,
' tungsten-containing materials listed are not only



material still contains |ead, which upon backstop. inpact, will be exposed
tothe environnment. Plated 30 | ead bullets and plastic-coated | ead

b lets are also in use, but they have the sane drawback that upon target

i npact the |lead is exposed and thi s- creat es spent bul |l et disposal
di-fficulties. None of the prior bullets~#oted above has 35 proved
commercially viable, either due to cost, density differences, difficulty of
mass production -3- and the |iKke. Accordingly, a new approach is needed
to obtain a projectile for target shooting ranges or for huntlng use whi ch

i's conpletely é@g§§§%#g%i§ %ng98r§8%”EP9§E#sStbﬁ@|E&a%' @rly to | ead.

5 The inven oW I's basically~“a | ead-free

bul I et whi ch cerprikEsan %%P?@lbbéy thaperghnpekaldlnrgicalcamgosi t e havi ng
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rou con5|st| of tungsten 1 carb t ungst en erro- tu sten and
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5  free bullets. o
The invention further stems from the
realization that ballistic performance can best be
measured by actual shooting experiences since the
extremes of acceleration, pressure, temperature, '
10 frictional forces, centrifugal acceleration and
deceleration forces, impact forces both axially'and
laterally, and performance against barriers typical
of bullet stops in current usage impose an extremely
complex set of requirements on a bullet that make
15 accurate theoretical prediction virtually |
impossible. '
The invention will be better understood by
referring to the attached drawing, in which:
N FIG. 1 is a bar graph of densities of powder
20 composites; ' o
FIG. 2 is a bar graph of maximum englneerlng
stress attained with the powder composites; '
FIG. 3 is a bar graph of the total energy
absorbed by the sample durlng deformation to 20%
25 strain or fracture; .

' "FIG. 4 is a bar graph show1ng the maximum
stress at 20% deformation (or max1mum) of 5
'conventlonal bullets;. and

'FIG. 5 is a bar graph show1ng the total energy
30 absorbed in 20% deformation or fracture of the five
| conventional bullets of Flgure 4. '

. There are at least six (6) requlrements for a
successful lead-free bullet. First, the bullet must
closely approximate the recoil of a lead bullet when

35 fired so that the shooter feels as though he is
firing a standard lead bullet. Second, the bullet



a second, lower-density constituent consisting essentially either of a
metallic.matrix material selected fromthe group of consisting of tin,

zifnc, iron and copper, or a plastic matrix material 15 .selected fromthe-
.group consisting of phenolics, epoxies, dialylphthalates, acrylics,

. pol'ystyrenes, polyethylene, or  polyurethanes. In addition, the conposite of
reither type may contain a filler nmetal such as iron powder or zinc powder.

. The bullet of 20 the invention conprises a solid body having a density of
rat |east about 9 grans per cubic centinmeter (80 percent that of pure |ead),

and a yleld stre gth _in conpressi.on, greater than about .31 MPa (4500
plsii.). st Efﬁ&flyc ?Fl f‘&@ﬁ‘?g ggﬁl FrAIES S5 Yadde® i n smal | anount s
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matrix CogpOngstfaloleabanatlrewdernikay RHQPHUN1RE MDY ON prOpert i es,
ease die r6|eag§egrate or damage the normal steel plate backstop
on the target range and must not ricochet
significantly.  Fourth, the bullet must remain
intact during its travel through the gun barrel and
10 while in flight. Fifth, the bullet must not damage
'~ the gun barrel. Sixth, the cost of the bullet must
be reasonably comparable to other alternatives.
In order to meet the first two requirements,
 the lead-free bullet must have approximately the
15 - same density as lead. This means that the bullet
must have an overall density of about 11.3 grams per
cubic centimeter.
The third requirement above, that of not
penetrating or damaging the normal steel backstops
20 at target shooting ranges, dictates that.the bullet .
' must either (1) deform at stresses lower than those
which would be sufficient to pehetrate or severely
damage the backstop, or (2) fracture intp'small
pieces at low stresses or'(3) both deferm and
25 fracture at low stress.
_ . As an example, a typical 158 graln lead (10.3
gm 0.0226 1lb.) .38 special bullet has a muzzle
kinetic energy from a 10.2 cm (4 inch) barrel of 272
. joules (200 foot pounds) and a density of 11.35 |
30 gm/cms(o 41 pounds per cubic inch). This
corresponds to an energy density of 296 joules/cm®
(43,600 inch-pounds per cubic inch). The deformable
- lead~-free bullet in accordance with the invention
must absorb enough of this energy per unit volume as
35 strain energy (elastic plus plastic) without
imposing on the backstop stresses higher than the



The i nvention stens fromthe understandlng that 35 ferrotungsten and the

ot her hi gh-density, tungsten-containing naterials listed are not only

-4- econom cally feasible for bullets, but that they can, by an especially

“thorough netal lurgical and ballisti-c anaIyS|s be aIoned I n proper anounts
under proper conditions to becone usefUul®as lead 5 free bul-lets. The

i nvention further stems fromthe realization that ballistic performance can
best be measured by actual shooting experiences since the extrenes of

accel eration, pressure tenperature, 10 frictional forces, centrifugal-

~accel eration ?ﬁﬂf ﬁprbji_qﬁff% s*g@fcta{,&gge oﬁ% 5?5 ¥ and

‘laterally, or man agal nst arrrers typica stops in-
. current usagquaﬁﬂﬁaRﬂikwd#ﬁnﬁ#@e%oﬁﬁreﬁh%ebugleteﬁel$§ﬁEnV3tbﬁu bull et
that make 15 pefaiat fng GOT£dvapb1 P Sshh441RG ¥het dathyti npossible.
: | backstop. In the dase of a frangible bullet or a
s 5  deformable frangible bullet respectively, the
fracture stress of the bullet must be below the .
stresées experiénced by the bullet upon impact with -
the'tafget backstop énd_below the yield strength of
_ mild steel.

10 The requirements that the bullet remain intact
as it passes through the barrel and that the'bullet
not cause exce551ve barrel erosion, are more |
difficult to quantlfy. Actual shootlng tests are

.normally required to deterﬁine this quality.
15 However, it is clear that the bullet of the
~ invention must be coated with metal or plastic or
-jacketed in a conventional manner to protect the -
\ - barrel.
The cost of ferrotungsten is generally

20 reasonable in comparison to other high-density
alternatives, as are the costs of each of the
“alternatives noted in the claims below. .

‘The metal-matrix bullets in accordance with the
preferred embodiments of the present'invention would
- 25 be fabricated by powdef metallurgical techniques.
| ‘For the more frangible materials,ethe-powdefs
~of the individual constituents would_be blended,
compacted under pressure to near net shape, and
sintered in that shape. If the bullets are jacketed,

30 compacting-dould be done in the jacket and -sintered

' therein. Alternatively, the bullets could be
compacted and sintered before being inserted into
the jackets. If the bullets are coated, they would
be coated after compacting and sintering. The

35 proportions of'the several powders would be those
required by the rule of mixtures to provide a final



The invention will be better understood by referring to the attached
drawing, in which: FIG 1 is a bar graph of densities.of powder. 20
coenposites; FIG 2 is a bar graph of maxi num engineering stress attained
‘wi'tth the powder conposites; FIG 3 is a bar graph of the total energy
absorbed by the sanple during def ormati G to 20% 25 strain or fracture;
FIG 4 is a bar graph showi ng the maxinmum stress at 20% deformation (or

maxi mun) of 5 conventional bullets; and FIG- 5 is a bar graph showi ng the’

total energy 30 absorbed in 20% def or mation or fracture of the five

conventi onal a{a{.,?r]égg %ngguggiugl TRefad %fatlbéeﬁast B eHi requirenents

for a successfu Fi_r st et nust. cl osely

appr oxi mat e th€°FEBéPF18P'atP€a&nEH 1dt¥fen edgdningte aldy RIEASIHE shoot er.

feel s as thoughube be takiehdintd ardautht edd RdnpEnsaieeDEbr the dawl | et
approprlate increase 1n the proportion of the denser
- 5 constituent, tungsten, ferro-tungsten, carballoy, or
' tungsten carbide or mixtures thereof. The optimum
mixture is determined by the tradeoff between raw
material cost and bullet performance. |
For the more ductile matrix materials such as
10 the metals mentioned above, the bullets may be made
by the above process or alternatively, compacted
into rod or billet shapes using conventional
pressing or isostatic pressing techniques. After
sintering, the rod or billet could then be extruded
15 into wire for fabrication into bullets by forging
using punches and dies as is done with conventional
lead bullets. Alternatively, if the materials are
too brittle for such fabrication, conventional
fabrication processes could be used to finish the
20  bullet. | | | o
| The metal matrix bullets could be given an
optiénal embrittling treatment to enhance |
frangibility after final shape forming. For
 example, an iron matrix bullet having a carbon
25 addition could be embrittled by suitable heat
| treatment. _
A tin matrix bullet could be embrittled by
 cooling'it into and holding it within a temperature
_ range in which partial transformation to alpha tin
30 occurs. This method can provide precise control of
the degree of frangibility. '
A third example of embrittlement would be the
use of.select'impurity additions such as bismuth to
- a. copper matrix composite. ‘After fabrication, the
35 bullet could be heated to a temperature range in



must cl osely approximate the trajectory, i.e. exterior ballistics, of ‘a

| ead bul |l et of the same caliber and wei ght so that the practice shooting is
dikrectly relevant to shooting in the field with an 5 actual |ead bullet.
Third, the bullet nust not penetrate or damage the normal steel plate
backstop on the target range and nust rmd~ricochet significantly. Fourth,
the bullet nust remain intact during its travel through the gun barrel and
10 while in flight. Fifth, the bullet nust not damage.the gun barrel.
Sixth, the cost of the bullet nust be reasonably conparable to other

al ternatives. rqer.t { | t | S,,t | ead-free
“bull et nust hg}&echipgcﬁ%ai%@t* goﬁééééssaégefdes nsE | %?ggjsgl %%djaﬁeThi S means.
that the bul | soppen grain doundanies dehergbyfenbolttling ghems per cubic

- centinmeter. The thiffl JRL4ISHEEvaPAYPrhdbet ebr POEL etrating or
damagi ng t he nornal, steel backstops 20 at target shogoting ranges,
di ctat es t hat 3d39d-%iyast #ﬁﬁﬂg¥9%ikﬁy(93nckﬁd? _Ef°§}?§s§¥s | ower than

" those whi gh wewlitaia ysuidrwimnttieo pbnedrhie oimscandpby dinsgeihge
;_backstop, or Q%%qkﬁ%ﬁﬂﬂ&g i nto snall o |
. - In the case of the thermoplastic or
thermosetting plastic matrix materials, the powders
are to be blended as described abdve using the same
10 considerations as to mass and density and the
mixture then directly formed into the final part by
any of the conventional processes used in the field
of polymer technology such as injection molding,
"transfer molding,'etc. '
15 In the case of jacketed plastic-matrix bullets,
compacting under heat can be.done with the
. composite powder inside the jacket. Alternatively,
the'powders can be cdmpadted using pressure and heat
to form pellets for use in such:procésses;
20 Finally, in order to protect the gun:barrel,.-
from damage during firing, the bullet must be
'jacketed or coated with a soft metallic coating or
plastic coating. The coatings for the metal-matrix-
:builets would preferably be tin, zinc, copper, brass
25 or plastic. In the case of plastic matrix bullets,
P plastic coatings would be preferred and it would be
most desirable if the plastic matrix and coating
could be of the same material. In both cases, '
" plastic coatings could be applied by dipping,
30 spraying, fluidized bed or other conventional
' plastic coating processes. The metallic coatings
could be applied by electroplating, hot dipping or
other conventional coating processes. ' :

.;“



pi eces at |ow stresses or (3) both deformand 25 fracture at | ow stress.
As ‘an exanple, a typical 158 grain lead (10.3 gm 0.0226 |b:) .38 speci al
bul-l et has a nuzzle kinetic energy froma 10.2 cm (4 inch) barrel of 272
joules (200 foot pounds) and a density of 11.35 30 gmcnB8 (0.41 pounds
per cubic.inch). This corresponds to af®Znergy density of 296 Joules/an
(43,600 inch-pounds per cubic inch). The deformable | ead-free bullet in
accordance with the invention nust absorb enough of this energy per unit
vol une as 35 strain energy (elastic plus plastic) w thout inposing.on the
backst op stresses higher than the ggﬁﬂg%égrength of mld steel, about
310 MPa (about 45,000 psi), in order bullet to stop mﬁthout
penetrati'ng or severely damaging the target backstop. |In the case of a
frangi bl e bul I g1 Qplasélgeﬁgﬁgggle frangi bl e bull et respectively, the
ffacture stress of the bullet nust be below the stresses experlenced by t he
buIIet upon inpact with :

Frangible plastic matrix comp051te bullets were

made of tungsten powder with an average partlcle

5 size of 6 microns. Iron powder was added to the |
tungsten powder at levels of 0, 15, and'30-pércént
by weight. After blending with one of two polymer
powders, phenyl formaldehyde (Lucite) or
polymethylmethalcrylaté (Bakelite) which acted as

10 the matrix, thé mixtures were hot compacted at a-

' temperature within the range of from about 149°C to

about 177°C (300°F - 350°F) and a pressure of about
241 MPa - 276 MPa (35 - 40 ksi) into 3.18 cm (1.25
inch) diameter cylinders which were then cut into

15 rectangular parallelepipeds for compression testing
and drop weight testing. 1In all, six (6) samples
were made as shown in Table I below:

| TABLE I
[ SAMPLE # | = COMPOSITION
20 _"' 1 Lucite - Tungsten.
:" 2 - chite - 85% Tungsten - 15% Iron
“' 3 | Lucite - 70% Tungsten - 30% Iron
" 4 Bakelite - Tungsten
" 5 | Bakelite - 85% Tungsten - 15% Iron
25 “ - 6 | Bakelite - 70% Tungsten - 30% Iron -
. R S — |

The bullet materials so formed were very
'frangiblé in the compression test. Their behavior
in the drop weight test was similarly highly
frangible. 'The'densities relative to that of lead
30 for these samples are as shown in Table II below:



the target backstop and below the yield strength of mld steel. 10

The requirements that the bullet remain intact as it passes through the
barrel and that the bullet not cause excessive barrel erosion, are nore
difficult to quantify. Actual shoottng tests are normally required to
determine this quality. 15 However, iT193 clear that the bullet of the
~invention nust be coated with netal or plastic or.jacketed in a
“conventional manner to protect the barrel. The cost of ferrotungsten is
~generally 20 reasonabl e in conparison to other high-density alternatives,
~as, are the costs of each. of the alt Lves noted in the clains bel ow
~The netal -matrix bullets in accordan?@g%?éﬁﬁghe preferred enbodi nents of
‘the present invention would 25 - be fabricated by powder netall urgical
~techni ques. Fo ' e=frangibire—rater es——tre—mrerers—ot——tire— =rfli vi dua
constituents mAMHnEEIEMNEEEYCnnpaCteﬂTRMSSr pr esE ENERG¥ near net] shape,
aqd S|ntered ip that shape. I'f the bullets are JaCKEKEQORggn; conpa#tlng
could be done fn the jdcket and $intered = :

1 81% 29.6MPa (4.3ksi) [ 0.34J/cm’
' | (49in-1b/ind®)

2 - 78% 23.4MPa (3.4ksi) | 0.28J/cm’
| (40 in-1b/in?)

5 3 | 753 |18.6MPa (2.7ksi) |0.15J/cw’ I
| (21 in-1b/in%)

-4 84% | 32.4MPa (4.7ksi) | 0.283/cnm’)
N ' (40 in-1b/in%)
5 80% 9.65MPa (1.4ksi) | 0.069J/cm®

(10 in-1b/in?)

o0
s
L]

0
o

13.1MPa (1.9ksi) | 0.062J/cm®
' | (9 in-1b/in’)

The maximum stress in the compression test and the
10 energy absorbed in the compression test for these _
materials is also recorded in Table IT. The maximuﬁ.
stress before fracture was below 34.5 MPa:(S ksi).
which is well within the desired range to avoid
backstop damage. | '

'15 . Metal Matrix Composites

Figure 1 shows the densities attained with .

- metal matrix composites made of tungsten powder;
tungsten carbide powder or ferro-tungsten powder
blended with powder of either tin, bismuth, zinc,

20 iron (with 3% carbon), aluminum, or copper. The
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the bullets could be conpacted and sintered before
béing inserted into the jackets. If the bullets are coated, they would be

conmpacting and sintering. The 35 proportions of the several
-powders woul d be those required by the rule of mxtures to provide a final
-7- density about equal- to that of |leadddmn this formulation, the inability

all porosity nmust be taken into account and conpensated for
e increase in the proportion of the denser 5 constituent,
tungsten, ferro-tungsten, carballoy, or tungsten carbide or m xtures

by

h deof f. b -
TP P70, SRR cehrbr CORE WERASGREPRI EPRat 11 x mat orial s

tdensmtyﬂqfrﬂsadonﬁdthbneewashaobpbresityayfbernade by the
above process éinéﬂffﬁéf“'iﬁ% &88P§C&£Qe'889dr88 Ecébk'ﬁhtéhapes using

pressi ng |sost ressing techniq
half-inch dlameter cy inders us1ng pressures of 690

MPa (100 ksi). They were then sintered for two -
hours at appropriate temperatures, having been -
sealed in stainless steel bags. The sintering
temperatures were_(in degrees Celsius) 180, 251,
350, 900, 565, 900 respectively.

Figure 2 shows the maximum axial internal
stresses attained in the compression test. Figure 3
shows the energies absorbed up to 20 percent total
strain (except for the copper tungsten compact which
reached such high internal stresses that the test
was stopped before 20 percent strain was achieved).
All of the materials exhibited some plastic
deformation. The energy adsorptions in the
compression test indicate the relative ductilities,
with the more energy absorbing materials being the

‘most ductile.

- Even the most ductile samples suchuas'the tin

and bismuth matrix composites showed some fracturing'

during the compression test due to barreling and
secondary tensile sfresSes which result from this.
In thesdrop_weight test using either 326 Joules (240
foot pounds) or 163 Joules (120 foot pounds), the
behavior was similar to but an exaggeration of that
obserVed_in the.compression test. '

. Control Examples

30

Figure 4 shows, for comparisoh, a lead slug,
two standard 38 caliber bullets, and two commercial
plastic matrix composite bullets tested in
compression. Figure 4 shows that maximum stresses
of the lead slug and lead bullets were significantly



sintering, the rod or billet could then be extruded 15 into wire for
fabrication into bullets by forging using punches and dies as is done with
conventional lead bullets. Alternatively, if the naterials are too brittle
for_such fabrication, conventional fabrication processes could be used to
finish the 20 buIIet The metal matrid%sullets could be given an optional
enbrittling treatment to enhance frangibility after final shape form ng.
For exanple, an iron matrix bullet having a carbon 25 addition coul d be
enbrittled by suitable heat treatnment. A tin matrix bullet could be
enbrittled by Plakt d I thipa t re range in
whi ch partial" ?ransfg?%aF#Q%thg FH% g?ggt§% Whlﬁe@s. IF‘J%rr]rtgthod can
provi de preC|s@lkdﬂ?¥©I°§fthﬁeséE§r§§d6¢ ﬁﬁaﬁ@PEﬁlﬁﬁFa¥me@hmwht8¥anple of

embrittlement yoead Retihe Hﬁﬁp@éssiheﬁhe' Rl tf!e%diiltds%l% W43 bismuth
to a. copper matrix conpgsite. fter fabrication, the 35 bul |l et coul d be

heated to a teﬁﬁ%?%?ﬁre Féﬁ&ge > shows the energy absorptlon for
5 these materials. Values are generally less than

that of the metal matrix samples shown in Figure 3.
and much higher than that of the franqible plastic -

matrix samples.
All of these materials deformed 51gn1ficantly
10 in the 326 Joules (240 ft.-1b.) drop weight test.
'The lead samples did not fracture, whereas the
plastic matrix bullets did.

Jacketed Composite Bullets

: As another example, 38 caliber metal-matrix

15 ° bullets and plastic-matrix bullets with the

- compositions listed in Table III were fabricated

inside standard brass jackets (deep-drawn cups) -

. which had a wall thickness varying from 0.25 mm
(0.010 inch) to 0.64 mm (0.025 inch). The '

20 plastic-matrix (“Lu01te" or "Bakellte" llsted as
code 1 and code 2 in the Table) samples were
compacted at the temperature described in the first

- example. The metalématrix'samples (Codes 3-11) were
compacted at room temperature and sintered as .
25 ‘described above while they were encased in the
jackets. ' '



which the inpurity collects preferentially at the copper grain boundari es,
thereby enbrittling them In addition, even wthout enbrittling additives,
frangibility can be controlled by 5 suitably varying the sintering tine
and/or sintering tenperature. tn the case of the thernoplastic or
thernmosetting plastic matrix material¥; the powders are to be bl ended as
-.descri bed above using the sane 10 considerations as to mass and density
~and the mxture then directly formed into the final part by any of the
“conventional processes used in the field of polyner technol ogy such as
~injection molding, transfer nolding, etc. 15 In the case of jacketed
plastic-matrix bullets, conpacting under heat can be done with the
conposi te powder inside the jacket. Alternatively, the powders can be
conpacted using pressure and at to formpellets for use in such
processes. 20 Final Iy, @i ngerder 40 got;gctgt_hg;gug;r bgrrgl- from
damage during firing, the buI-Eetgrmss b,‘;,’ O’ o N v ¥ N '
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j acketed or coaied with a soft nmetallic coating or plastic coating. The
codtings for the nmetal-matrix bullets would preferably be tin, zinc,

copper, brass 25  or plastic. |In the case of plastic matrix buIIets,
pl astic coatings would be preferred-and _it would be nost desirable if the
pl astic matri x and coating could be of'ﬂﬁe sanme material. In both cases,

pl astic coatings coul d be applied by dipping, 30 sprayi ng, fluidized bed
or other conventional -plastic coating processes. The netallic coatings
could be applied by electroplating, hot dipping or other conventional

cqating processes. heé%“ﬁﬁ} é‘w@l&skiﬁe&hihté BT BBY Blee sBLARLEC MBLTiX

conposite bullets were of tungsten th an average particle 5
si ze -of 6 n1cﬂyﬁgngI?oﬁppbﬁﬂ@roﬁaBOHGGEd ?&PPﬁénguﬁggweﬁOpomder at levels

of 0, 15, and ﬁ&@ﬁiﬁ@@tlﬁyeswegbtofAiiasrmbaemdbngow bBuﬁEQ pert wo pol ymer
_pomders, phenyl fé?é“ﬁﬁ@ﬂy hgkgcige he barrel. Examination and
' 5 weighing of the samples before and after firing
revealed that the iron-matrix, copper-matrix and
zinc-matrix bullets lost no weight and no material
ffom the end of the composite core that had been
exposed to the hot:gases'in the barrel.
10 Miérostructural examination revealed that only the
| ' pure bismuth bullet had internal cracks after being
 fired. ' o '
These bullets were also fired at a standard
"steel plate backstop 5.1 mm (0.2 inch) thick,

15 hardness of Brinell 327 at an incidence angle of 45
degrees and a distance typical of indoor pistol
ranges. None of the bullets damaged the backstop or
ricocheted. _

While the invention has been described above

20 and below with references. to ‘preferred embodiments

' and specific examples, it is apparent that many '
changes, modifications and variations in the
materials, arrangements of parts and steps- can be
made without departing from the inventive concept

25 disclosed herein. Accordingly, the spirit and broad
scope of the appended claims is intended to embrace
all such changes, modifications and variations that
may occur to one of skill in the art upon a reading
‘of the disclosure. '



bol yrrethyha%i—haJ—ewLaLe;(\akehte) whi ch acted as 10 the matrix, the

MsXxt ur es hot conpacted at a tenperature within the range of fron1about
149C to ﬂ!@mm &:‘mr,m,’err] - 350[err]) and a pressure of about 241 MPa -
276 MPa 0 3.18 cm (1.25 inch) dianeter cyllnders whi ch
were then cut |nto 15 rectangular par¥?T el epi peds for conpression: testing
and drop weight testing. In all, six (6) sanples were made as shown in
Table | below TABLE | SAMPLE # . COVPCSI TI ON 20 1
Lucite - Tungsten 2 Lucite - 85% Tungsten - 15%Iron 3 Lucite -

70% Tungsten - 2&92 gEE akelite - Tungsten 5 = Bakelite - 85%
Tungsten - 15 %MED IéB Bakelite - 70@6Tungsten - 30% I1ron

The bullet materials so forned wer e very frangible in the conpression test.

Their behavior in the drqpaeighe (Ripoditesivil Bt erltddtedi2e@i bl e. The

densities relative to t at of |ead 30 for these
Tabl e 11 bel oRY a compacted composite of one or mé;”ﬁhléhegghastﬁhomn in

constituents selected from the group consisting

5 essentially of tungsten, tungsten carbide, and
ferro-tungsten and a second constituent selected
from the group consisting essentially of tin, zinc,

aluminum, iron, copper, and bismuth.

2. A lead free composite bullet characterized
10 by a composite having 6ne or more constituents
seleéted from the group consisting essentially of
tungsten, tungsten éarbide,'ferro-tungsten, and
carballoy and a second constituent selected from the
group con51st1ng essentially of thermosetting and
15 thermoplastlcs polymers.

3. The bullet according to claim 2
‘characterized in that said second-ccnstituentxis
selected from the group consisting essentially of
phenolics, epoxies, dialylphthalates,'acryiics,

20 polystyrenes, polyethylenes and polyurethanes.

i



TABLE IL_SAMELE—AQQ%HJPF——‘ STRESS ~ ENERGY ABSORBED 1 81%)

29'6MPa (4. 3ks (49|n | b/in3) 2 78% 23. 4MPa (3. 4ksi )
0. 28J/cn3u“ﬂmmllmmlﬁjnﬂ 75%  18.6MPa (2. 7ksi)

0. 153/ cnB 84@6 32.4VPa (4. 7ksi) 0.28J3/cnB) (40 -
in-1b/in3) 5 80% 9. 65MPa (1. 4k%$7 0.069J/cnB (10 in-1b/in3) 6

- 1.9% 13. 1MPa (‘1. 9ksi) 0.062J3/cnB (9 in-1b/in3) The maxi mum stress in

the conpression test and the 10  energy absorbed in the conpression test
~for these materials is also recorded in Table Il. The maxi num stress .

before fracture WaESt gl og‘e%ﬁo% 'pran{a%dﬁat&%&&‘ A slé/ga& If%é hin the desired

range to avoi d bac
bullet, characterlzed by the steps of:

a) blending one or more dense metal powders
_ with a second less dense metal matrix powder,

5 . the firsé dense powders selected from the group
consisting essentially of tungsten, tungsten
carbide, and ferro-tungsten and the second
powdér sélected'from the group donsisting
essentially of tin, zinc, aluminum, iron,

10 copper, and bismuth, increasing the percentage
by weight of the dense powder to compensate for
‘any porosity; B
b) compacting the blended powders to near net
shape and '

15 ¢c) sintering the powders in that-shape;

5. The method of Claim 4 characterized by the
‘further step of putting a quantity of the blended
powders into a bullet'jacket.prior'to.sintering and
then inserting the sintered core into: a jacket.

20 6. The method of claim 4 characterized by the
further step of coating the sintered powder'shape '
with a plastic coating at least 0.10 mm (0.004 inch)
in thickness to prevent subsequeht barrel erosion.

7. A lead free composite bullet characterized
25 by a compacted composite of one or more first
.constituents selected from the group consisting
_essentially oftungsten, tungsten carbide, and
ferro-tungsten and a plastic binder material and a
plastic coating of the same material as the binder;
30 ‘and ' | B

-a plastic coating dlfferent from the binder

materlal.

This Sheet Has Been R,
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15-
netal

Met al

ferro- tungstﬁj
iron (wth 39

that they would Have the

X Cbnp05|tes Figure. 1 shows the den5|t|es attained with

|
natrlgh%gﬁBEETt§§‘wade~eﬁ-tungsten powder, tungsten carbi de powder or

sintering. The powders were cold conpacted into half-inch dianeter
cylinders using pressures of 690 5. MPa (100 ksi). They were then

sintered for two hours at appropriate tenperatures,.

W th pomder of either tin, bismuth, zinc, 20
,, ﬁ m or-’ c The. proportions were such

ty of |f there was no porosity after

havi ng been sealed in

stai nl ess steel bags. ihﬁegh@ueufngtat;@mgeraatltga@ e limgtegr ees Cel si us)

180, 251, 350,.900, pecti vel Figure 2 shows
maxi mum axi al © PﬁF@Fﬁ&FIZF% g’é’e?’ﬁ éﬁ%l?éd%’h t he conpresgl oh test.

shows the energi esajbsbileadimg ttun2@tesr @ itdrelpoiders) (@xcepe for the
copper tungsten coHng§ @thQnggggg@fgﬂﬂ&Iﬂéﬁ}déyeggyaefnresses t hat the

- test

5

10

15

20

25

30

selected. from the group con51st1ng essentlally
of phenyl formaldehyde and
polymethylmethalcrylate as the matrix,

b) hot compactlng the blended powders at a
temperature within the range of from about
149°C to about 177°C (300°F - 350°F) and a
preésure within the range of about 241 MPa to
about 276 MPa (35 ksi - 40 ksi) into suitable
pro;ectlle shapes.

9. 'The method of claim 8 characterized in that
the iron powder was preblended with the tungsten
powder prior to blending them with the polymer

. powder.

. 10. The method of claim 9 characterized in
that the iron powder comprises up to 30% by weight
of the tungsten-iron preblend. '

11. The method of claim 8 characterized by the

further step of coating the bullet with a plastic

coating at least 0.10 mm (0.004 inch) thick.

'12. . The method of claim 8 characterized by the
further step of introducing a quantity of the
blended powders into a metal bullet jacket prior to
compacting the powders.

' 13. The method of claim 8 characterized by the
further step of placing the compacted powders into a

. bullet jacket at least 0.10 mm (0.004 inch) thick..

t he
Figure 3

ThlS Sheet Has Been Re
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15 S stoppe . _ Al'l of the
nﬁierial 'i me plastic deformation. The .energy adsorptions in the.
a

éonpress the relative ductilities, with the nore energy
absor bi ng* mat eru th 20 -nost _ductile. Even the nost ductile
sanpl es such as the tin and bismuth nmatT+# % conposites showed sone
fracturing durlng t he conpression test due to barreling and secondary
tensile stresses which result fromthis. 25 In the drop wei ght test using
.either 326 Joul es (240 foot pounds) or 163 Joules (120 foot pounds), the

behavi or was sim | fa to#ﬂ% r d n t he
corrpreSS| on test. ntro arrp| es % é’ﬁﬁ{‘ é) ﬁ%raéecegéﬁég& -
conpari son, ‘athedd they penapntagmdat W%Jalm%?ualﬁl%‘%s‘:hﬁaeﬂ%

commerci al pl agt Ftﬁﬂ%ttféri( l:fd%m&s' i 100 |aﬁid§ ﬁw ¢én€ r@ESiQBn Figure 4
shows t hat HBX|mgnstresses oférghlea ad bu ts fere
SI gnl f I cant | y er 1s zexro an . e po yme C pOW exr 1s ph

v 5 @ formaldehyde.

15. The method of claim 8 characterized in
that the percentage of iron powder is zero and the
polymeric powder is polymethylmethacrylate.

16. The method of claim 8 characterized in
10 that the density of the portion of the bullet other
than the jacket, if any, is more than about 9 grams
‘per cubic centimeter (i.e. greater than about 80% of
the density of lead).

17. The method of claim 8 characterized in
15 that the powders are compacted to a sufficient
extent to achieve a compression_strength.of 9.65 MPa .
(1400 psi) and an energy absorption in compression
test of at least 0.062 Joules/cm® (9 inch-pounds per
in®) and a yield strength in compression of at least
20 about 31 MPa (4500 psi). |

eet Has Been Reﬁaced
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-12- less than those of the plastic bullets. However, all were of the sanme
order as those attained by the netal matrix sanples in the iron free
~pkastic matrix sanples. Figure 5 shows the energy absorption for 5 these
materials. Values are generally less than that of -the netal matrix sanples
.shown in Figure 3 and nuch higher t han~tRat of the frangible plastic matrix
sanples. Al of these materials deforned significantly 10 in the 326
Joules (240 ft.-1b.) drop weight test. The | ead sanples did not fracture,
whereas the plastic matrix bullets did. Jacketed Conposite Bullets As

apot her exanple, 38 -caliber netal-matrix 15 bull ets and plastic-matrix
bullets with the conpositions listed in Table Il were fabricated inside
standard brass jackets (deep- dramm cups) which had a wal |- thickness varying
fromO0.25 mm (0. 010 inch) tgB8rRActmofFO 1ﬁ§59¢3@@§suﬁme 20 plastic-matrix
("Lucite" or "Bakelite" listed as code 1 and code 2 in the Table) sanples
.mere conpacted at the tenperature described in the first

: A composite lead— free bullet is disclosed

comprising a heavy constltuents selected from the
group of tungsten, tungsten carbide, carballoy, and

5 ferro~tungsten and a second binder constituent
consisting of either a metal alloy or a plastic'
blend. (Drawing Figure 1) |

_
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eéxanpl e. The netal -matrix sanples (Codes 3-11) were conpacted at room
ténperature and sintered as 25 descri bed above while they were encased in
the Jackets - - - -14- , These bullets were fired
i nto a box of samdust using a +P Ioad of powder, exp03|ng themto pressures
in excess of 138 MPa (20,000 pounds pefsgquare inch) while in the barrel.
Exam nation and 5 wei ghing of the sanples before and after firing reveal ed
that the iron-matrix, copper-matrix and zinc-matrix bullets |ost no wei ght
and no materi al fron1the end of the conposite core that had been exposed to
the hot gases in the barrel. 10 M crostructural exam nation reveal ed that
only -the pyre brsnutn bual T et had 1nternal cracks arter pern
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fired. These bullets were also fired at a standard steel plate backstop 5.1
nh (0.2 inch) thick, 15 har dness of Brinell 327 at an incidence angl e of
45 degrees and a distance typical of indoor pistol ranges. None of the
bul I ets danmaged t he backstop or ricocheted. Wile the invention has been
descri bed above 20 and below with refgygnces to preferred enbodi nents and
specific exanples, it is apparent that many changes, nodifications and
variations in the materials, arrangenents of parts and steps can be made -
‘Wi t hout departing fromthe inventive concept 25 di scl osed herein.

. Accordingly,—the spirit and broad scope of the appended clalpng is intended

to enbrace gl such changes, nodifications and variations that} may occur to
one of skilll in the art upon a reading of the disclosure. = 15-
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17 .A lead free bullet, conprising: a conpacted conposite containing a

hi gh-density first constituent selec¢ted fromthe group consisting of
tungsten, tungsten carbide, ferro-tungsten and m xtures thereof; and a

| ower density second constituent selected fromthe group conS|st|ng of tin,
zinc, aluminum iron; copper, bisnuth gy m xtures thereof, wherein the

-density of said lead free bullet is in excess of 9 granms per cubic _
Centl n'et er d cai d |Ach 'FJ'DQ 4h_LILl Q"‘ HQ'F SHHE5—OF r~|| cl r\t ngr at ng at a yl el d

Prrrorm—oerr—r T ~ T T

~stress of |pss-than about 45,000 psi. 2. The lead free bulle} of claim1l
~further including a polynmer binder. 3. The lead free bU||eé£3f claim?2

;. wherein saifl polyner binder is selected fromthe group consdpti ng of -
Facrylics anfl polystyrenes. 4. The lead free bullet of claiﬁx coated with a
i jacket sel efted fron1the group conS|st|ng of t|n zi nc, cogpaﬁ, brass and
,plastlc 5. The 3 3 VTR pr@ass | acket. 6.

' The lead frge buPTE & \ : : il fromthe
gr-oup consi gting of tin, zinc, copper brass and plastlc 7.1The | ead free
bullet of claim®6 mhereln sald jacket ‘is plastic. -8. The leafl free bull et

of claim7 wherein said jacket is formed fromthe same MEﬁBEc"as sai d

| pol ymer bi nger. |
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77

SN\
ESAannaaaaawg
Kivsvses)
S\
=)

. _ S I _
. o -§=\<>\\ \\x
' i 1 S ' 1 L 1
© ~ <O w < v2) ~N ~— o

Energy Absorbed, in—~Ib/cubic inch
- Thousands




s v ¢ o nre e w6 mihe s v n

47 A met hod of manufacturing a |l ead-free bUIIet,

of:
net al

‘a) bl ending one or
matri x powder, 5

nore dense netal

characterized by the steps

powders with a second | ess dense

the first dense powders selected fromthe

group consisting essentially of tungsten,
ferro-tungsten and the second powder sel

essentially of tin,

Zi nc,

al um num

i ron,

tungst en car bi de,

and

ed fromthe group consisting

10

copper,

.and bi snmut h,

T TV S S P RN e fen el

- Engineering Stress, psi
Thousands

i ncreasi ng {the percentage by wel ght of the dense powder to conpgensate for
any porositly; b) conpacting the bl ended pomders to near net sh e and 15
- Cc) -sinterijng the powders in that shape. RE het—~e e 4
‘characteriged by the further step of puthiRg\a QU3 ~f e pl ended
; powders intto a bullet jacket prior to siimherM\ny aQA\t ReM\ NSy T pg t he
isintered cqre into a jacket. 20 ‘) hex et DO\ OK_ B &
- characteried by the further step of coftiNg X hd S\nhehed\ ps s-rnshape with
‘& plastic doating at least 0.10 mm (0. 0Q4N M)\ i R _DiskBRe LOf pr event
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7.~ A lead free conposite bullet characterized 25 by a conpacted conposite
of one or nore first constituents selected fromthe group consisting
essentially oftungsten, tungsten carbide, and ferro-tungsten and a. plastic:
. binder material and a plastic coati-ng of the sane material as the binder;

! 30 and a plastic coating different.frorf£5e binder naterial. 8. A

| method of nmaking a lead free bullet, characterized by the steps of: a)

i bl endi ng tungsten and iron powders, as the heavy constituent |with a pol yner
| powder 5 selected fromthe group consisting essentiallly of phenyl

i fornal dehydef and pol ynet hyl met hal cryl ate as t conpacting

. the bl ended powders at a tenperature within h about 10 =
i 149[err] C to| about 177[err]C (300F - 350[err & within the

i range of about 241 MPa to =

<

38SWC

38MR
Lighter Constituent

“FIG. 5

Otec9mm

Otec38
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1000 F
800 -
600 |-
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Energy Ab;orbed, in-Ib/cubic inch |



about 276 MPa (35 ksi - 40 ksi) into suitable projectile shapes. 9. The

met hod of claim8 characterized in that 15 the iron powder was prebl ended .. .

with the tungsten pomder prior to blending themw th the polyner powder.

10. The nethod of claim9 characterized in that the iron powder conprises
up to 30% by wei ght 20 of the tungsten-iron preblend. 11. The nethod of
claim8 characterized by the further step of coatingsuistibute Ghest t-hos8/96
plastic coating at |least 0.10 mupSTRARY i0FC IPHE tdTSEL.od4@rEThe net hod of
claim8 characterized by the 25 further step of introducing a quantity of
t he bl ended powders into a netal bull ¢EapGeeds HOIOERO conpacting the
powders. 13. The nethod of claim8 characterized by the further step of

pl aci ng the conpacted powders into a 30 bull et jacket at |east 0.10 mm
(0.004 inch) thick. A c¢mposhgendehdd Oteel dublatchss atisclasedin

. comprising a heavy constituents saelected from the
group of tungsten, tungsten carbide, carballoy, and
ferro—-tungsten and a second binder constituent
consisting of either a metal alloy or a plastic
blend. (Drawing Figqure 1).
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t hat t-he percenp f allic constituent) i's
100 and the pe ﬁ rAnng ggﬁﬁ pwder is zero and t ﬂ mm ﬂ'lﬁmﬂ
phenyl 5 formlldéhyde. 15. The}ngt hod of claim38 ch at the

percentage of ijrdn pawsléd 1999 z¢r¢ and the pol yneric powder is
pol ynmet hyl net hgcrlyl ate. 16. The nethod of claim8 characterized in 10 that

the density of { poTtT O Of the bullist otsgbsﬂtb@rsﬁéa_} %m;‘gustﬂgwy i's
nore than about] 9 grams per cubi g centineter—{t—e—greater ttam apout 80%

of" the density Of [ead). 17. The nethod of claim8 characterized in 15

that the p%&m@%ed to a sufficient extent to achieve a
conpressi o . MPa (1400 psi) and an energy. absorption in
conpression test of at |east 0.062 Joules/cn8 (9 inch-pounds per in[err])
and a yi el d_sprngadtee bulleeoongsidingt of at |east 20 about 31 MPa (4500 psi).

a compacted composite containing a high-density first constituent selected

from the group consisting of tungsten, tungsten carbide, ferro-tungsten and
mixtures thereof; and

a lower density second constituent selected from the group consisting of tin,
zinc, aluminum, iron, copper, bismuth and mixtures thereof, wherein the
density of said lead free bullet is in excess of 9 grams per cubic centimeter
and said lead free .bullet deforms or disintegrates at a yield stress of less
than about 45,000 psi.

2. The lead free bullet of claim 1 further including a polymer binder.

3. The lead free bullet of claim 2 wherein said polymer binder is selected from
the group consisting of acrylics and polystyrenes.

4. The lead free bullet of claim 1 coated with a jacket selected from the group
consisting of tin, zinc, copper, brass and plastic.

5. The lead free bullet of claim 4 coated with a brass jacket.

6. The lead free bullet of claim 3 coated with a jacket selected from the group
consisting of tin, zinc, copper, brass and plastic.

7. The lead free bullet of claim 6 wherein said jacket is plastic.

8. The lead free bullet of claim 7 wherein said jacket is formed from the same
plastic as said polymer binder.



