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10 1. Field of the Invention

The present invention relates generally to the fields of polymers and high density
compositions. More particularly, it concerns materials that may act as a replacement for
lead in applications requiring lead’s high density, but where the toxic effects of lead are
undesirable. Further, the high density composites of the present invention may be

15 employed in any application where a high density material is required.

2. Description of Related Art

Each year, approximately 689 million rounds of small arms ammunition (.22

20 caliber through .50 caliber) are fired during training by the Army, Navy, Air Force,
Marine Corps, National Guard, and Reserves in the United States. An additional 10
million rounds are fired annually by the Department of Energy. The ammunition
projectiles used for this training consist of lead antimony cores, or cores, encased in a
copper alloy jacket. Use of these projectiles results in approximately 2,000 tons of lead
25 per year being introduced into the environment. Lead contamination of soil, sediments,
surface and groundwater have been confirmed through investigations conducted at Army,
Navy, Air Force, Marine Corps, Coast Guard and private small arms ranges throughout
the United States and Europe. Lead uptake in vegetation at a Marine Corps small arms

range in Quantico, Virginia showed lead levels as high as 23,200 parts per million.

30 Remediation of contaminated ranges has proven to be extremely expensive and provides
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10
In order for firing ranges to remain open, expensive cleanup procedures must be
employed that provide only a temporary solution to the problem. A non-toxic, lead-free,
environmentally safe, cost effective replacement projectile core material is required to
enable firing ranges to remain open and to eliminate costly cleanup procedures. The
15 density of the projectile should be close to that of a lead projectile for realistic
performance simulation. Materials of a lower density decrease projectile range and

penetration.

In addition, there 1s mounting concern over the use of lead shot for bird hunting,

20 due to ingestion of the shot by birds and other animals as well as contamination of
wetland areas. Indeed there has been legislation in the United States and other countries

which bans the use of lead shots in waterfowl] shots. Moreover, such a lead substitute or

high density material will find many other applications, such as for weights, acoustic
dampening or vibration dampening, and in radiation shielding applications, including

25 protective clothing, medical clothing and clothing for use in nuclear reactors.
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80% of the composite. In other embodiments, the tungsten comprises between about
15% and about 70% of the composite. In alternate embodiments, the tungsten comprises
15 between about 25% and about 50% of the composite. In other embodiments, the
tungsten comprises between about 35% and about 40% of the composite. Of course these
are exemplary percentages and the tungsten may comprise any percentage between these
figures, for example, about 5%, 6%, 7%, 8%, 9%, 12%, 14%, 16%, 20%, 21%, 22%,
23%, 24%, 26%, 28%, 30%, 32%, 34%, 36%, 38%, 42%, 44%, 46%, 48%, 52%, 54%,
20 56%, 58%, 60%, 62%, 64%, 66%, 68%, 72%, 74%, 76%, 78%, 82%, 84%, 86%, or

88% of the composite weight.

In other aspects of the present invention the tungsten powder particle size is

between about 2 and about 40 microns in diameter. In an alternative embodiment the

25 tungsten powder particle size is between about 4 and about 8 microns in diameter. In yet
another embodiment, the tungsten powder particle size is between about 20 and about 40

microns diameter. Of course these are exemplary measurements and the powder may
comprise a particle size of about 4, 5, 6, 7, 9, 10, 11, 12, 14, 16, 18, 21, 22, 23, 24, 25,

28, 30, 31, 32, 33, 34, 35, 36, 37, 38 or 39 microns in diameter. In certain embodiments,

30 it may be desirable to have tungsten powder comprised of particles having varying sizes of
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conpr i sesaspects the ﬁber comprises between about 10% and about 20% of the composite weight.

In alternate embodiments, the fiber comprises between about 15% and about 18% of the
10 composite weight. Of course these are exemplary percentages and the fiber may comprise
any percentage between these figures, for example, about 4%, 5%, 6%, 7%, 8%, 9%,
10%, 12%, 14%, 16%, 19%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28% or 29% of

the composite weight.

15 In yet another aspect of the present invention the binder is a polymeric binder. In
particular aspects the polymeric binder may be selected from the group consisting of
cellulose, fluoro-polymer, ethylene inter-polymer alloy elastomer, ethylene vinyl acetate,
ionomer, nylon, polythermide, polyester elastomer, polyester sulfone, polyphenyl amide,
polypropylene, polyvinylidene fluoride or thermoset polyurea elastomer.

20

In more particular embodiments, the polymeric binder is Nylon 12® and polyester
elastomer. In more specific embodiments the polymeric binder comprises between about
1% to about 30% weight ratio of the composite. In other embodiments, the polymeric
binder is at a concentration of about 2% to about 20% weight ratio. In still further

25 embodiments, the polymeric binder comprises between about 5% to about 15% weight
ratio of the composite. In other embodiments, the polymeric binder comprises between

about 8% to about 12% weight ratio of the composite.

The present invention further provides a high density plastic composition
30 comprising a mixture of a base metal powder, fiber and binder. In particular
embodiments, the base metal powder may be osmium, iridium, platinum, rhenium,

tungsten, gold, tantalum, rhodium, palladium, thallium, silver, molybdenum, bismuth,
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uni fi@r M of the invention, are given by way of illustration only, since various changes and
modifications within the spirit and scope of the invention will become apparent to those

skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

15
The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the
detailed description of specific embodiments presented herein.
20
FIG. 1 shows a picture of compression molded tungsten powder/polymeric binder

flexural test bars.
FIG. 2 shows a picture of the three point bend flexural test fixture and a flexural
25 test bar installed in an Instron testing machine. A- support pins, B- center pin with
cylindrical tap; C- flexural test bar; D~ support base.

FIG. 3 shows the maximum flexural load (Ib) for various polymeric binders.

30 FIG. 4 shows the flexural strength (psi) for various polymeric binders.
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wei ght ratio. In still further
FIG. 9 shows the elongation at break of Nylon 12®/Stainless Steel fiber
composite, Nylon 12® composite , polyester elastomer composite and lead.
15 FIG. 10 shows the tensile modulus (ksi) of Nylon 12®/Stainless Steel fiber
composite, Nylon 12® composite, polyester elastomer composite and lead.
FIG. 11 shows a test specimen four cavity model injection mold. A- ASTM D638
Type 1 tensile bar; B- impact disc; C- impact bar; D- ASTM D638 Type V tensile bar.
20
FIG. 12 shows a picture of the injection molded composite material tensile test
bars. A- broken tensile test bar after tensile test;
FIG. 13 shows a picture of a tungsten powder polymer binder injection molded
25 projectile core (C), a lead projectile core (B), and a copper jacketed lead projectile core

(A).

FIG. 14 shows a vertical drop compressive impact test that provides a gualitative
assessment of the impact performance of the TPP composite material projectile cores and

30 lead projectile cores.
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FIG. 18 shows vertical drop (6 inch drop height) impact test results for Nylon

10 12® tungsten powder with stainless steel fiber composite projectile core.

FIG. 19 shows vertical drop {12 inch drop height) impact test results for Nylon

12® tungsten powder with stainless steel fiber composite projectile core.

15 FIG. 20 shows vertical drop (18 inch drop height) impact test results for Nylon

12® tungsten powder with stainless steel fiber composite projectile core.

FIG. 21 shows vertical drop (6 inch drop height) impact test results for polyester
elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile

20 core.

FIG. 22 shows vertical drop (12 inch drop height) impact test results for polyester

elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile

core.
25
FIG. 23 shows vertical drop (18 inch drop height) impact test results for polyester
elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile
core.
30 FIG. 24 shows non-toxic lead-free fishing weight prototypes and their lead

counterparts.
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FIG 2 shows a picture of the three point bend flexural test fixture and a
f | 8xur al Tixblead-free tragsweighis araped¢ pengsiempowvaertand maves tensiy whd hidgse. A-

support pins; B- center pin with cylindrical tap; C flexural test
bar; D- support base. _ - FIG 3 shows the maxi mum fl exur al

| 'oad (1b) forgygri®uzwpd a8 &Gailidd5757.62 maPprojectile core (slug) | G 4 shows the
fl exural strength (psi or Vvarious polyneric blJ nciers.

FIG. 27 shows a design drawing of a 7.62 mm bullet.
10
FIG. 28 shows a design drawing of a 7.62 mm MB80 Nato Ball Cartridge.

FIG. 29 shows a design drawing of prototype 7.62 mm projectile core single
cavity injection mold.
15
FIG. 30A, FIG. 30B and FIG. 30C show inspection results depicting slug weight
(FIG. 30A), slug length (FIG. 30B) and slug diameter (FIG. 30C) for tungsten/Nylon 12®

and tungsten/Nylon 12®/stainless steel composites.

20 FIG. 31 shows an illustration of penetration depth, length and height of the
temporary cavity made by firing of projectiles of the present invention into ballistic

gelatin.

FIG. 32 Set up for toxic fume test (top view).
25
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contaminate water tables. Indoor ranges require extensive and expensive air filtration
systems to operate safely as lead is introduced into the atmosphere as the projectile exits
the barrel. Improved bullet traps are also required to permit lead collection and recycling.
Qutdoor ranges require constant soil remediation.

10

The present invention provides compositions that may be used as lead substitutes,

having a density similar to or greater than lead and being substantially less toxic to the
user. The compositions of the present invention thus provide a new, relatively non-toxic,
high performance replacement for metallic lead that can play a part in the ongoing

15 transition from environmentally hazardous materials to ecologically acceptable ones. The
compositions of the present will be useful not only in the manufacture of ammunitions but
also in any applications requiring the use of a high density material. For example, the
materials are useful as weights, such as counterweights, fishing weights, wheel weights,
flywheels or for use in model applications, such as in model railroading. Other similar

20 applications include use as an acoustic dampening or vibration dampening material. Also,
the high density material will find use in radiation shielding applications, for example, in
radiotherapy and routine X-ray examinations and those applications requiring a radiation
shielding compound that may be placed in small spaces, such as cracks. As defined herein
"high density" refers to a density that is near to or higher than the density of lead.

25

As stated earlier, the compositions of the present invention may be used in the

manufacture of practice ammunition for all types of rifles and pistols. If the lead-free
projectiles are also frangible, they have applications when ricochet poses a danger to
innocent parties. Applications for frangible non-toxic projectiles includes indoor/outdoor

30 firing ranges; police and military training and qualification; commercial institutions;
industrial installations; banks; prisons/jails; nuclear power plants; chemical processing

plants; hospitals; and universities.
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D638 Type V tensile bar. 20 FIG 12 shows a picture of the
i njection nolded conposite nmaterial tensile test bars. A- broken
tensile test bar after tensile test; -10- - FIG 13 shows a

pi cture of a tungsten powder pol yner binder injection nolded 25
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98/ 00462 being used as a replacement for lead shot. Bismuth is also used but this material is not as
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dense as lead, making it an undesirable material in lead shot replacement. Rifled slugs for
shotguns and air rifle pellets may also be manufactured utilizing the non-toxic tungsten

formulations according to the present invention.

Further, the compounds may be formed into sheets or blocks useful in radiation

10 shielding applications. Also it is contemplated that the high density materials of the
present invention can be machined to form complex shields, housings or assemblies.

Other radiation shielding applications include use in clothing worn by personnel exposed

to radiation sources. Such dense, and non-toxic materials may further be formulated to be

flexible and will find applications in protective clothing and other protective gear for

15 medical and dental personnel, persons involved in the nuclear power or defense industries,

and any other application where such clothing or apparel is worn. Lead is a soft, toxic

and structurally weak metal and is therefore unsuitable for certain such applications.

The material may be injection or compression molded into a variety of shapes.
20 Injection molding fabrication using the material allows for high volume, low cost
fabrication. Products utilizing the high density materials of the present invention may also
be fabricated using thermoset and thermoplastic extrusion, thermoset and thermoplastic
pultrusion, compression, centrifugal molding, rotational molding, blow molding, casting,

calendering, liquid fill thermoset molding or filament winding to form a variety of shapes.

25
The material of the present formulations comprises a tungsten powder as a high
density component. Tungsten powder is relatively non-toxic and is suitable for
commercial applications. Because solid metallic tungsten is a very hard material and melts
at an extremely high temperature (approx. 3410°C, the highest melting point of all
30 metals), the present formulations allows injection and compression molding and other

previously mentioned methods, thus avoiding difficulties that may be encountered with

working with pure tungsten.



FIG 15 shows vertical drop (6 inch drop height) inpact test results for
Nyl on wooesmmeds2 12[err] tungsten powder conposite projecectesemnsrand | ead

for conparison. FIG 16 shows vertical drop (12 inch drop
hei ght) inpact test results for Nylon 12 tungsten powder
conposite projectile core and | ead for” Uorrparl son. 5

FIG 17 shows vertical drop (18 inch drop height) inpact test results for
Nyl on A novel aspagisifahe pmderfoumniptwmtietfpm}e @étﬁbtre te doren andmpesid f or
conpari son sho vertic dro

h d
el ht ) | BsEE! PRUBRTIF BRESteP HONAF oRP B ® DIndersn STILADATS, (HBCRISRS BBNper
W th stai ]E}Er?ﬁe?s steel orf b@x@f SRNROH R BRI %Eb%ﬁercﬁfcﬁei niobium, or titanjum.

FIG 19 shows vertical drop (12 inch drop hel | npact test results for
Nyl on Alternativelp, hemgsetaéllm hbedersuch tals sibs fibess Kevies®, fSpbera®,0ppphits.e
projectile core. FIG. 20 shows vertj cal drop .(18_inch
drop hei gharpom, r%ahﬁmlﬁ d8Y Peyad 1 mgreapg therfensile strength ofjthe cpripositienys diel§

powder Wit %gbﬁémco %x‘ﬁﬁlﬁfé gfé O%h){sjéglﬁérgﬁggi%g%lfttﬁe 8@8&:&%6& §¥ g?ﬁzg vanou @ber; or

FIG 21 sRoWe &r e ea p herg resu
pol yest er gither singly or in combination with each other. For example, use of fibers softer than

steel, such as glass, cellulose, cotton, nickel or copper fibers, may result in reduction of
barrel wear in projectile applications.

10

Another aspect of the invention is the use of thermoplastic and thermoset
materials as a polymeric binder. Each type of binder may be used to vary the physical
properties of the composite, for example from very hard to soft and flexible. As used
herein, “TPP” means tungsten powder/polymeric binder composite materials. In certain

15 embodiments, the binder may be a hot melt or thermosetting type of glue. In particular
embodiments, the thermoset may comprise a single component whereas in other

embodiments, the thermosets comprise a plurality of components.

The properties of the composition may be varied as well by the use of tungsten
20 powders of different particle sizes. A composition may comprise a powder of a single
particle size, or the composition may comprise a tungsten powder blend with a

distribution of different particle sizes.

In certain aspects, equal portions of a tungsten powder with size distributions of
25 about 2-4 microns, about 4-8 microns, and about 20-40 microns which are mixed with
fibers and polymeric binder. Stainless steel fibers are added, for example, at about 5% by

volume with the composition to improve tensile strength.

As previously mentioned, the compositions of the present invention may be used
30 as ionizing radiation shielding that is relatively non-toxic and easy to apply. In this aspect,

tungsten powder is mixed with the bulk component of a two-part curing resin system,



el astonmer (TEXIN 480A) tungsten powder with stainless steel fiber conposite
proj ect Fosifdasz core. FI G 22 showscwesdriigeds drop
(12 inch drop height) inpact test results for polyester el ast oner
(TEXIN 480A) tungsten powder with stainless steel fiber conposite
projectile core. 25 -12- FIG 23 shows vertical drop
(18 inch drop height) inpact test results for polyester el ast orer
(TEXIN 488#&h tdingstpexypmsder Thet tes@taat nhiease,shaa\éhg fthdeiscositypofia eaulking
projectile re. 3q , 24 shows non-toxjc
| ead- f r eece RNy ‘%/\E?%Sg}ﬁts‘%?do%‘%‘f VR fochseirior @ agplcation, & ca hisoisEf s,
\Ié\gl_/gglsggf%ﬁds% mixture is thoroughly stirred. The material may then be applied to any surface,

for example into cracks, and allowed to cure. The resulting cured material could, for

5 example, then serve as a patch for radiation leaks in a radiation shielding system. In other

applications, the composition may be used as radiation shielding in clinical applications,

for example to form shields for use in radiation therapy procedures. Alternatively it will

be possible to employ the compositions of the present invention in making aprons, gloves

or other apparel and shields for use in applications such as, for example, X-ray

10 examinations.

In other aspects, the formulations of the present invention are useful in making a
lead-free projectile, which comprises, for example, a powder material that may be
tungsten, tungsten carbide, ferrotungsten, and the like. The formulation also comprises a

15 fiber material that may be, for example. stainless steel, copper, glass, zinc, and the like.
Additionally, the formulation comprises 2 binder material that may be a two-part curing
resin, such as epoxy resin, polyurethane or polyester resin, or other polymer material.
One-component thermosets are often cure initiated by air or moisture.

20 In certain other aspects of the invention, methods are provided for molding
articles of the present invention into a variety of shapes, including projectiles, shot,
radiation shielding blocks, custom radiation shields with complex geometry, and the like.

Also provided are methods of preparing the formulations into a putty-like consistency that
may be applied into cracks or holes to block radiation passage. The compositions of the

25 present invention and methods for making and using such compositions are described in
further detail herein below.

Metal Powders
Table 1 presents a list of elemental metals that were considered as potential
30 candidates for use as lead substitutes in high density compositions . From the list of

metals with a specific gravity greater than lead, it is evident that tungsten meets the



FIG 25 shows nodel train weights. A commercially available | ead nodel
train wo 98/00463dd- on wei ght is shown on the left and a | §g8v§de9R1573

pr ot ot ype conpressi on nol ded by of the present invention I's shown
in the center. Lead-free bar-stock is shown on the right. 5 The

| ead-free train weights are nade of tung§@en powder and have a density. of
11 .0g/cc. FIG 26 shows a design drawing of a 7.62 nmm

proj ecti | e physigal(refiurggments of high density. Furthernfolr &G tuigteminws lawdegiciy rﬁ'zﬂé‘r\!g g
of a7.62 mmbullet. 10 . . FIG, 28 shows a design draw ng of
a 7.62 mm Wéx(pxﬁal{l%;t Bitgl ofgheipe nglggd substitutes and other high depsity magriglions a

desi gn drawi ng of prototype 7.62 mmprojectile core single cavity
injection nold. 15 FIG 30A, FIG 30B and FIG 30C show

i nspection results depicting slug weight (FIG 30A), slug length
(FIG 30B) and slug dianeter (FIG 30C) for tungsten/ Nylon 12[err]

and tungsten/ Nylon 12[err]/stainless steel conposites. 20

FIG 31 shows an illustration of penetration depth, |ength and hei ght of

t he tenporary cavity nade by firing of projectiles of the present

invention into ballistic gel ati n.



FIG 32 Set up for toxic fune test (top view). 25 WO 98/ 00462

PCT/ US9 PCT/USOTNISTE - 9-
DESCRI P#@Q@G% LLUSTRATI VE EMBODI MENTS Lead from spent

| ead bull ets represents a mgjor source of environnental pollution

as well as posing a potential health risk-to both shooters and range
personnel alike. Lead 5 bullet residue left in the earthen berns of
out door ranges can | each into the soi lfaghdl cont am nat e wat er

tabl es. Indoor ranges require extensive and expensive air filtration

systenms to operate sdfos¢ntigdanslidpte BasaMesatscad Alheyang Metalsnosphere as the

projectile exits the barrel. Inproved bullet traps are al so
required to permt | ead-ecollecti-on—and—+reeyeng—————— Qutdoor ranges
require constant soil renBléinghizdMethd Specific Gravity The present

i nvention provides conpostttons—that—may beused—as—t+ead—substitutes,

having a density simlar to or. greater than | ead and being substantially

less toxic to the Potentipd Base Malsonposi ti ons of the present invention
t hus provide a new, rel atiQ®mymon-toxic, 2248 hjgh performance
repl acenent for netallic l,egd that can play a t in the ongoing 15
transition from envi ronrrerf‘g}ulw hazar dous mat 3&?{31 s to ecologically
acceptabl e ones. The Platim@®posi tions of Ay present will be useful
not only in the manufacture of ammunitions but

Rhenium 20.53

Tungsten 19.35

Gold 18.88

Tantalum 16.60

Hafnium 13.31

Rhodium 12.40

Ruthenium 12.30

Palladium 12.02

Thallium 11.85

Lead 11.43

Potential Alloying Metals

Silver 10.50
Molybdenum 10.20
Bismuth 9.80
Copper 8.92
Cobalt 8.90
Nickel 8.90
Cadmium 8.64
Niobium 8.57
Iron 7.86
5 The great advantage of tungsten as a lead substitute material is that, in addition to

being comparatively non-toxic, it has a very high density (19.25 g/cc). Commercially



also in any applications requiring the use of a high density material. For
exanpl e,.wdBbgoo4s2 materials are useful as weights, suebrase11s73
counterwei ghts, fishing weights, wheel weights, flywheels or for
use in nodel applications, such as in npdel railroading. O her simlar 20
applications include use as an acousticlaanpening or vibration danpening
material. Also, the high density material will find use in

radi ati on ashiablediungstem poiclatsi cansthefafprecheampted, aridnpressed with spfieli atchbghipy and
routi ne X-ray exam r]ati ons and those a‘gﬁl i cati.ons requi riE!rélag a.gladi ati op

shi el di ng "OBTHHHEMF R HaCRAEY B OT FINGc BUEYIF ARefad SuBsiituie malprgls Wah & TaBR& O As
defined h : il . YA to a density that is near to
or hi gher%{eﬁ%pﬁestaﬁem%le%séﬂ gveg;][}uggéggx{&nzglali B fhd As stated earlier,

t he conpositions of the present invention rmay be used in the

manuf acture of practice ammunition for all types of rifles and pistols. If
the 3 ead-free Of course, ipwll et possiblent PERdsISe f4 Higgi drnaity cCR@posig /@aterial in

appl i cations en ri het poses_a.danger. to i nngcent. ties.
Aop i cat | areoaice Va3 BteRi e fic® P Skt ot hecrealoBRAanr Tt door 20
firing rangesoulPR dreRrdRek fnbitb@mnat bisahui, nGpp&ad ok, kdnkfahi MokelCORNERAL al

I nstitutions; I ndustrial installations; banks; prisons/jails;

nucl ear powdortibcamalse behsadi cal processi ng pl ants; hospitals; and
uni versities. WD 98/ 00462

PCT/ US97/ 11573 - 10 -

The;qion- t oxi ¢ Hﬁ%ﬁg’giiﬁﬁa&% QobSEWA RUNd A nENE: RERSSINE Al IRl 90 TREDE

used to r ace |l ead shotgun pellets, now prohibited for use in
wat er f oWl nrteridingit i helativehgsbsmexic and is widelhaseebtgbby ebs shodtingheonemsiity | ar

performance to |l ead shot, unlike steel shot that is current]
bei ng usedhmoysh i SxtensHReite i Jackeinesmat Tog Qﬁ%tpﬁowﬂ%%s 0@@89?%&6&%% s

materi al iréasBQ&bi)aﬁigh density of 8.96 g/cc, which is about 80% of that of lead.

15 A survey of the periodic table of elements shows that metals with densities higher
than copper {(such as silver, gold, tungsten, bismuth) are considerably more expensive than
copper and have previously been rejected as possible replacements for lead on grounds of
affordability, however the methods and compositions of the present invention make these
materials a useful and affordable alternative to lead and copper in some applications.

20 Finally, the high melting and boiling points of copper ensure that very little of the copper
metal will vaporize into an easily breathable form (so called copper fume) either at the

firing point or on bullet impact with indoor range steel baffling on bullet traps.

Copper in the metallic and powder form is not a severe pollutant. It is widely used

25 in military stores. Nearly all small arms cartridge cases are made from brass {(an alloy of
copper and zinc). Its excellent lubricating and flow characteristics also make it the metal

of choice for jacketing lead cores in small arms bullets. The price of copper is also
sufficiently high to ensure that brass cartridge cases are always either reused or recovered

for scrap. Expended copper bullet jackets also have value and can be recovered and

30 recycled as scrap copper, further assisting reclamation of waste materials and protection

of the environment. Copper alloys such as brass and bronze can also be used to make



5 dense as lead, making it an undesirable material in | ead shot

repl acaygogoodsd f 1 ed sl ugs for shot guns and ai rpetAkernsts ets may
al so be manufactured utilizing the non-toxic tungsten

fornmul ati ons according to the present invention.

Further, the conpounds may be forned i o sheets or blocks useful in

radi ation 10 shielding applications. Also it is contenplated that

t he hi ghbdiatsi Thesentiboys ateshaflert then copper and nepd ¢ batpréssedkat highercarmssbees
machined to formc | ex shi el ds, housings or assenblies. O her
radi at i oﬁ“gﬁ’f“&qﬂga ?’fgggﬁﬁ)’ief“é’ﬁﬁt‘éf% i ncl ude use in clothing worn by personnel
exposed to radi ation sources. Such dense, and non-toxic materials
may further be fornulated to be flexible and will find

appl i cati ons iNvrtoaiccattalsauch a hinognarid a0é hies ppreatisichndidatgear rephice ek

medi cal and dental personnel, persons involved in the nuclear power or
defSense PHEPsing less dense than coppgnand iynastene may pfipc EpmoproRlserersingnremot hi ng

or appar lwérs P%@%c@i%e 'Tr?a@g s'ugh aasgf?c;er}x?at%oﬂé%cwith commeﬁci%@{;%iv%lgat%%égk}s’gp%hir%s,mak

nmetal and’ TS ore-unsuita or certain suc _ :
The mat epdjablemBycliBg Y €sedin@n o IwEDOBE, eRaliafe e ShelglbP a8d ViakicBiny Gk
shapes. 20 I njection nolding fabrication using the material all ows

f or hi ghtrasictome of leadvprajeiles. However, th¢ afeserdanvention Firouenents thisiproblémdgyt he

hi gh density.materials of the present invention al so, . be
(abri cat SO ATREPER{oBEER SO PRER o PR B ARE i Haieral Mo fensig

t hgyr mopl @?6 Cyolatile metals fhdh tEdbPbiNeuch OfWPFif SO Binc, C AL hlkb Udbhe 0! dhfilg
rotational nolding, blow nolding, casting, cal’endering, lrquid
fill theinpestitle madods mgthe highitbmpenatured grabieraged duringrbwilet ivpactednysted pbespes. 25
The material of the present formnulations conprises a tungsten powder as a
hi gh density conponent. Tungsten powder is relatively non-toxic

and is suitabl r 4 G AL : j+dl
ol 112 L ume et = gl AOUTREEBh FROMIAS TR 186 SRt Shihr

ext r enmel ylobke gh ot grqaearahan the(deapitoxf le3d b6 evauldthetdferehbglseisdblavad tategalsoi nt
Of} Sal | for the composites of the present invention. The drawback with these metals is that they
are expensive; however, the present invention combines metals of a high density with, for
example, Nylon 11® or Nylon 12® in order to make such composites more cost effective.
Further other non-metallic components may be used in combination with the disclosed
compositions to form a material of the requisite density in a relatively cost effective

20 manner. Such non-metallic components may include mineral ores for example, hematite.

In certain applications where projectiles are made, employing tungsten, or any of

the other non-toxic metals listed herein as a component, it is possible to demonstrate a

uniform blending of the metal powders, essential to ensure consistent projectiles and other

25 articles described in the present invention. Furthermore, the composite projectiles match
standard ball ammunition, both in weight and trajectory, over realistic training distances.

Lead substitutes using tungsten powder as a component are frangible but they tend to be

much more penetrating against metal plates than other metal loaded polymer projectiles.



30 nmetal s), the present fornulations allows injection and conpression

ol di ngvash QLber previously mentioned methods, p&pRugeA4eidi Ng
difficulties that may be encountered with wor king with pure

t ungst en. WO 98/ 00462

PCT/ US97/ 11573 A novkl -aspect of the present
formulations is the use of fibers to forma conposite mat eri al
conpri si n@dangdee) powder, pol yneric binders, and fibers. The fibers may
be stainless steel, or other netallic fibers such as copper,

ni ckel, niobium Qpetid ?é?%iuﬂénthescost and add tsﬁ'%xlﬁ?fé itge%%négpéﬁ' E@%@%’#o?yé{:é.rger S,

such as glass fibers, Kevlar, Spectra, grap oron,

may be usg@dbOcdmgdsaastatéme, thepsésest Bveogilavohdddiemeanfiogs ki 9fow Mblubg
possi bl e to enhance the physical properties of the conposition by adding
various ffipetian. The inventorepernienmesl hghyewio identbnpitableiraeralfibess &icysedn er .
For _exanpl e,. e of fibers softer t steel.,, such .gl ass

cel Pul osePrisstibRore PRRGIB; iBer Mhoeresd ingoReS e SRR St
barrel wegfayit) aRE BhGCA Idve caRP e aLinRDSevedRd that the most cost effectvd PR TAbR/PECT
of the invention is the use of thernobplastic and thernoset

mat eri al swith faglpeirgmgth iand bperder graFuy hrd yimeped stimieksrstehfibbm. Stelesosteelr y

AR TR T TR TOROR S ENICTRC,
powder / pof iRk Gp bl BGes, CANRRSLES f&eetl&'hjoﬂlaﬁnetlcnsh?e%ikgiaﬂplications. Fiber made
10 from 316 stainless steel with a length of 0.125 inches, a thickness of 75 microns, a specific
gravity of 8.0 was selected as a representative tungsten powder/polymeric binder material
additive. In other embodiments, any of the metals listed in Table 1, may further be

formulated into fibers for use in the present invention.

15 Polymeric binders

Once tungsten was selected as the candidate metal powder, a survey was
performed to identify potential polymeric binders for the tungsten powder. As used
herein a "binder” is a material that is used to provide cohesion between the high density
metal powder and the fibers such that the integrity of the metal and the fiber is maintained.

20

Table 2 presents a summary of selected properties for polymeric binders
considered for mixing with tungsten powder. The selection criteria used to form this list
of potential polymeric binder materials included good ductility (high elongation values),

25 high strength, high modulus, high melting temperatures, high impact strength, low water
absorption and low cost. The Nylon 6® and Nylon 6,6® resins were found to ha\;e high
water absorption values. The polyethersulfone and polyphthalamide had low elongation
values. The cellulose resin was retained even though it also has low elongation because it
is a biodegradable projectile core material. After consulting with U.S. Army ARDEC

30 engineering personnel, it was determined that all of these candidate materials should be

chemically compatible with the cartridge propellants. All of the selected candidate



15 enbodi ments, the binder may be a hot nelt or thernosetting type of

gl ue. I n paddagay ar enbodi ments, the thernoset MeKGPRLLISHE A

si ngl e conmponent whereas in other enbodi nents, the thernosets
conprise a plurality of conponents. The properties of the
conposition may be varied as well by thd3use of tungsten 20 powder s

of different particle sizes. A conposition may conprise a powder of a
single  solymer P&dids! skenfetideh Mdiﬁ%grmmsémifeﬂ tHERSheBRO | b3t @ndrUNTat en
powder blend with a distribution of different particle sizes,

I n cert ai npalgwee tthermagefatlagomen s TexasaResenrigh tlastipisldstin YDl Polangne 1000

di stributiogns of 25 about. 2-4.m craon about 4-8 m crons ngd . ut
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Stai nl ess }‘s‘;ﬁ.@%%ﬁdvmm@(aen@a%s difHRhy|@%a1RE GiiscRlarRS ind S0BYPolamine 1000
volume with t conposition to inprove tensile strength. )
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such as an epoxy resin. The resultant m xture, having the viscosity of a
caul ki O 98/00462 corrpoynd, is easily stored until read;pcfmsgu,sg73Pri or to
application, a catalyst is added and the m xture is thoroughly
stirred. The material may then be applied to any surface, - for
exanpl e into cracks, and allowed to cdPe. The resulting cured nateri al
could, for 5 exanmpl e, then serve as a patch for radiation leaks in a
radi ati on shi el di nggsys¢em | n ot her applications, the
conposition may beg gsed“ds radi ation shielding in clinical appllcatlons

for exanple to foﬁng_ i-2lids for2use iniradiation t her apy pnocedufes
Alternatively it &nEha S “be pOSSIb|e to enploy t he conpo§“t|ons of

t he present |nvent| |§ maki ng aprons, gl oves or other appare
and shields for use |n*applications such as, for exanple, X-ray 10

exam nati ons. In other aspects, the formul ations of the
pr esent |nvent|onua _:u§eful i n.maki ng a | ead-free projectile,

whi ch conpri ses, Bok & Ml e, égpomderinaterial that may bg —

tungst en, tungsteé'gaebrce, ferrotungsten, and the |ike. e formul ation

al so conprises a 155« fiber material that may be, for exanple,

st ai nl ess steel, er, {glass, zinc, and the I|ike. Addi tionally,
the formulation cogpgizsegea blnder nmaterial that aay be a two-past curing
resin, such as epq@ E ebsilR, pohyurethane or polyester resif, or ot her

m

t

t

polyner natebial One- conponent thernosets are often cure
initiated byBair or 4oistjure. 20 In certain other aspects
of the invendi on, ’ﬁﬁihﬁdcuare provi ded ,f or nDIdlng , artiwles of the

present inve@tion $r@ela|fariety of shapes, including projéctil &8, shot,
radi ati on sh@eldlﬁéﬁblocks, customradi ati on shields with conpl ex geonetry,
and the Ilkeg Aljso provi ded are nethods of preparing the
fornulatlonsmlnto.%.wuity-llketgon3|stgncy that ngy be applled
into cracks Jr hol®gs 80 BFock r@di ati ofx passage. Ehe conpoSi ti o of the 25
pr esent inveﬁtlonigag tthods for maki ng and using such conpositions are
descri bed i nz further detail herein bel ow
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Potential Alloying Metals Silver

10.50  wo 98/00462 Mol ybdenum pcThése?Mi573

Bi srmut h 9. 80 Copper

8.92 Cobal t 8. 90 _

Ni ckel 8. 90 -22- Cadmi um

8. 64 Ni obi um 8. 57

| ron Methods of Tn@léng Bojectiles, shieldinghdegcaatnddythat agelicfions

I bstitut terial,is that, .in addition to . _be
Comoar ot el SR BRHPR. arp (el BRp, 6 Jhas it dihdt fye g0, BoF ghileq artisan is

Cormrer ci al | Yreferred 1o US PateWONBY 9988422; 5399187, 5,189.252; 4,949,645, and WO
PCT/ US97/ 11573 .

9316349 for details on the use of alloys in the preparation of projectiles, each of the

5 aforementioned publications is incorporated herein by reference. US Patent No.

5,081,786 and WO publication No. 9208346 (both incorporated herein by reference)

describe methods of constructing fishing lures from metal alloys, such methods may be

employed in combination with the compositions of the present invention. Methods of

making radiological shielding devices and clothing or other apparel are well known to

10 those of skill in the art.

The following examples are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by the inventor

15  to function well in the practice of the invention, and thus can be considered to
constitute preferred modes for its practice. However, those of skill in the art should, in
light of the present disclosure, appreciate that many changes can be made in the
specific embodiments which are disclosed and still obtain a like or similar result
without departing from the spirit and scope of the invention.

20
EXAMPLE I
Material Testing

The material testing consisted of performing flexural three point bend tests on

compression molded tungsten powder/polymeric binder flexural test bars and

25  performing tensile tests on injection molded tungsten powder (and stainless steel fiber)

polymeric binder tensile test bars. The flexural testing was used to screen the large

number of candidate polymer mixtures and to select several optimal materials for

injection molding. The tensile testing was performed to compare the material
properties of each candidate injection molded composite mixture and lead.

30
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- 15 - avai |l abl e tungsten powders can therefore be m xed and

pressed WolRpaphter and |ighter non-toxi ¢ net al crueBaystin or
zinc, to generate lead substitute naterials with a range of

densities as high as, or even higher than, that of |ead 5

O course, it will be possible to produc&3a high density conposite materi al
in accordance with the present invention by using any of the
met al s showFilexurhiTlestidg Particularly preferred is tungsten, but
bi snmut h, copper, cobalt, tantalum nickel, silver and so forth

can al so be used.gieyenGindidate thermopéasltjilgg)fo&ﬁﬁér@i %de@%@r@%%ms%ﬁ?ﬁixé{%@itﬁ ound

to have a nunber I(ijll‘av\ladvant ages as mat eri al .

rel ativel y nongstexpowdeadin s Brasbabiyr mbeeptEathipolyrheicshioddr wes ennetunithythe
through its extensive use as a jacketing netal for |lead projectiles. Salid
copper has dungsten powder dadoRA¥l yolmgnradionsixcy of tugesen gﬂ%’t‘%ervﬁﬂdcﬁs?fso bout

80% of that of dy. 5 ryve i Qdi.c.: of
el enent stgshcf)v?/sly 'Jf’%gﬁ blr?g?él sTl\j/ﬁ Phngatg_ﬁsaotvfdee@ }%?g%e%(qugr dfs{}%u%ﬁ t@na%ééggkezgs
(such as silMgging GIndl abbt Y36 @Bouth2 G Midrbhs. aFRcKk oNshalRnalby pBher/palpRBEE Ve
t han copper and have gr evi ousl y been rejected as possible

repl acenent ifdar mixauredwagrsmedsd dfom the Brabenderf fnbred il groynd Hotgeparticiehe
Tt or 2l o 8 OB G PERIO B P BT P A B AP P DT o RR ahd e a4 TPuthe
appl i cati onsest kA8 using a hiddlid YompB&idi ABIdWR] hbkénantghei | iEvsPPbRtbse OF
copper ensure that very little of the copper
10  compression molded tungsten powder/polymeric binder flexural test bars. One
thermoset polymeric binder (TRI/Austin MDI/Polamine 1000 formulation) was mixed
with tungsten powder in a standard rotary mixer using a 50% volume ratio. The
tungsten powder thermoset polymeric binder mixture was placed into a flat plate
compression mold. The mold was put into a hydraulic compression molding machine
15 and was allowed to cure overnight at room temperature under clamping pressure.
Flexural test bars were punched from the flat plate using a flexural test bar stamping
die. All of the flexural test bars had the following dimensions; 2.5 inch length by 0.5
inch width by 0.125 inch thickness. Table 3 provides the average measured specific

gravity for each of the polymeric binders used. The flexural test bars had a specific

20  gravity ranging from 10.00 to 10.63.



metal will vaporize into an easily breathable form (so called copper fune)

ei t her firing point or on bullet inpact r range
st eel bg\&‘?{’% %n bul | et traps. Copperﬂﬁllﬁ? h;el%nét allic
and powder forn1|s not a severe pollutant. It is widely used 25 in
mlitary stores. Nearly all small arnms c&tridge cases are nade from brass
(an all oy of copper and zinc). Its excellent |ubricating and

fl ow characteristics also make it the §RpRI3 of choice for

jacketing lead cores in small arns bullets. The price of copper is also
sufficiently $peaific GrevisyoCompiressicaslobdad: Tirvigrterc pewderdpdymeniapsndsirt her
reused or recovered for_scra ﬁended copper bullet jackets

al so have val ue and can be recover ElfXur} Lsst Bars recycl ed as scrap copper,
further assisting reclamation of waste materials and protection

of the enviroment—Copper —altoys—such—as—brass—and—bronze—canatsobe used

to make WO 98Papmepic binder Speciﬁc Gravity

PCT/ US97/ 115 = 16-
1 jul 1 3 02

bul | ets. The}ééde?mdagegfleu %er é%netﬁoxmggs%lérc g%’r%eed to be pr essed at

hi gher pr €SSHEREE Fiouropolyme?@guﬁrlngﬁte}{ﬁgr %Olh@ﬁ\er tenperaturgges

Ethylene Interpolymer Alloy Elastomer (DuPont Alcryn 10.15
2070NC)

Ethylene - Vinyl Acetate Elastomer (DuPont Elvax 360) 10.48
Ionbmer (DuPont Surlyn 8220) 10.00
Nylon 11® (Atochem BMFQO) 10.10
Nylon 12® (EMS Grilamide L20GHS) 10.08
Polytherimide (G.E. Ultem 1000) 10.43
Polyester Therrrioplastic Elastomer (Bayer Texin 480-A) 10.43
Polypropylene (AMOCO ACCTUF 3434) 10.15
Polyvinylidene Flouride (Ausimont Hylar 461) 10.00
Thermoset Polyurea (TRI/Austin MDI/Polamine 1000 10.33
Formulation)

Six compression molded flexural test bars of each tungsten powder/polymeric

binder mixture from Table 3 were subjected to a three point bend flexural test. Figure

2 shows a picture of the three point bend flexural test fixture and a flexural test bar
installed in an Instron testing machine. Each of the flexural bars was tested to failure

10 using a modified ASTM D790 standard flexural test method. Figures 3 through 6
present the results from the flexural testing. The test results indicate that a wide range

in flexural strength, displacement and modulus can be obtained by mixing different
polymeric binders with tungsten powder. The elastomeric polymeric binders

(ALCRYN 2070NC, ELVAX 360, TEXIN 480A and the polyurea thermoset) showed



Non-toxic nmetals such as zinc and tin are also potential candidates to

r epl acewathosé2 but, being |ess dense than copper afg/bssrgssen, nay
suffer from problens arising from | ower projectile nmass such as
conpatibility with comrercially avail abl e propel |l ants, reliable

cycling and feeding of weapons, reali sti® Tecoil ener gi es and mat ching the
trajectory of lead projectiles. However, the present invention circunvents
t hi s probl ethebyost ductile behapmmadinlggthﬁdbmdsﬂmrMenghcmﬂpmsﬁmles redetheal s

t hat ke th teri d . Mo latil ITE'[
co(|;pe;n,a1 guchggﬁgt r{“%h]dhsf aﬁﬁmg&?gTQFgﬁg}bFlfﬁeteF{?%f%&ﬁla Iyeeﬂ‘enm‘ Uf‘ﬂ%@étl bl e
vapors at thgody @ikul8NRA Ak :ﬁé@ﬁbﬁﬂﬁgﬁ{r nng gﬁ'cg “pciﬁvleu?tbdt fblted®" d{F\S'

pI at es. als suc I num an

pal | adi um absiavivawditde isé fleasal dil@;blac&‘ernﬁam The Nylon ¢B®S(Q}RIQAMID;E £206HSY han
the density of |ead and would therefore, be suitable as materials 15

for the Tonpeubitedsthersecond Biehewieural ciength. arrmt&ledhlahmékxwat Hisplaesreentet al s

::g rr{)ihﬁtest rr;g%{)éﬁlud:% the qllas?%rr?e réoﬁﬁér\x/ce?zﬂggr]s,o Ut ad tahrglap veef% '%1\4'& nt | cﬁ)ﬂus
11[err] or I\thcza&hwl afd @@éndtR aa@lée pik&tlib&@ RESHARS AR e&%ﬁngetJnggtEh ve.
Further other non-netallic conponents nmay be used in conbination wth the

di scl osed powder/polymestepbiniier progectite foresy theniyleni RI® dGRINAMIBFILEDGHS)
density in a relative t .effectiv ne ch non-netallic
conponent s ﬁ’&{/ ‘?lﬁ‘?ﬁﬂ&@éfﬁoﬁ té“? 318?t8§‘ef g}‘ég}gﬁﬁép@ pﬂ&ﬁ’&f‘ﬁb ers were selected

In certgin Po?@xlgb&ﬁ)tn'rﬁé‘!&n@’@ﬁ'b%xﬁ)s'ﬂ@lbﬁz%tdnh?o@f E&%@ enpl oyi ng tungsten, or
any of he ot her non-toxic mnet S} st herein as a conponent, it
is possible to denonstrate a uni form bl endi ng of the netal
powders, essential to ensure consistent projectiles and other 25

articles desgﬁglgepgshﬂgt he present invention. Furthernore, the conposite
projectiles match standard baI I anmuni tion, both in weight and

Lohectory, v rLaghi bR SLARE R yine LS, S LA
much nore pgRRIAVIIDE I&@&}}I&)tanﬂqio&}}estbﬁ' alie@moblaaiic aﬁﬁemeﬂﬂtmm 280 repi@k y mer
proj eCtII l eswere prepared in a Brabender mixer. 700 cc mixtures were prepared for each
polymeric binder with a tungsten powder volume ratio of 54%. The tungsten powder
had evenly distributed particle sizes ranging from 2 to 20 microns. An additional 700
cc mixture was also prepared for each polymeric binder by adding stainless steel fibers
at a 10% volume ratio to the Nylon 12® tungsten powder/polymeric binder material.
20  Each mixture was removed from the Brabender mixer and ground into particles using a
grinder. Table 4 shows the volume and weight ratios for each mixture. ASTM D638
Type V "dogbone"” tensile test bars (2.5 inch length by 0.125 inch width by 0.06 inch
thickness) were injection molded from each mixture using a Master Precision Mold

Test Specimen Four Cavity mold. Figure 12 shows a picture of the injection molded

25  composite material tensile test bars.
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Met al Fi bers In order to reduce the cost and add strength
to a tungsten powder/polynmneric bi nder conposite material, the

present inventors have added netal fi bef€-at a | ow vol ure
fraction. The inventors performed a survey to identify suitable netal

fibers for use i n a proj ect fablechre application. The metal fibers
need to possess stre vity and have a
| ow cost. The surV {)]mf"’e% ‘ag‘eﬁﬁfé?p%@r ﬁlﬁgfl?%ﬁg’f C@frfpé’éltf’%atr‘?ﬁ'ﬁzﬂ fibers

wi th high strength and speC| fTC gravity are chopped stainl eSgrgy aNapEPe’ S-

St I I di |
be?lng gfifiefit tegoM]teCt i on LAﬁﬁﬁEr o %ﬁyﬂ kg‘?’iégl ﬁsrf%l EESW! le%i%%g/

volume ratio f U+t r ormex g@ﬁ%ﬁ—ﬁe&iﬁ%—F

from 316 stainless steel wwth a | ength of 125 inches, a thlckm of 75
m crons, a spdcerdstiguent VOlUglleavﬁg’yigbt g Volume sdVeighed ¥olwme Weight
representative tungsten poRskes (0| Ratar (%) RBatief%hRdid @) Ratio (%) Radai (Chye.
| n ot her enpgﬂgﬁgmueany ofsgthe meteg @ |istehin Tasle 1, @y furt3grp be
formulated into fibers for use in the present invention.

Polymeric binder 46.0 4.0 46.0 5.0 44.0 4.0

Stainless Steel Fiber - - - —- 10.0 8.0

Six tensile bars of each mixture were tested using an Instron tensile testing
5 machine. The tensile tests were performed as per ASTM standard D638 test method.
Figure 7 shows a picture of a fractured tensile test bar after being pulled in the Instron

_ tensile testing machine. Figures 8 through 10 show the results from the tensile testing.

Figure 8 compares the tensile strength of the composite projectile core

10 materials to lead. The Nylon 12®/tungsten powder/stainless steel fiber composite had
the highest tensile strength of the three composite materials. The addition of stainless

steel fibers increased the strength of the Nylon 12® tungsten powder composite
approximately 4.5% from 6,769 to 7,074 psi. Both of the Nylon 12® composite
materials had much higher tensile strengths than lead, while the polyester elastomer

15 composite was approximately one third of that of lead. Figure 9 compares the
elongation at break values. None of the composite materials showed elongation values

as high as the 50% value for lead. The polyester elastomer composite showed the

most elongation of the composite showed the most elongation of the composite
materials tested with a value of 5.9%. Figure 10 presents the tensile modulus results

20  for the composite materials relative to lead. The addition of stainless steel fiber
provided an 8.6% improvement in tensile modulus from 974 to 1,058 ksi for the Nylon

12® composite material. The polyester elastomer had an extremely low modulus of

31.5 ksi compared to the 2,340 ksi modulus of lead.



15 Pol ymeri c bi nders Once tungsten was sel ected as
t he candiygagspseet al powder, a survey was per f or medriusor/oent i fy
potential polyneric binders for the tungsten powder. As used

herein a "binder" is a material that is gzed to provi de cohesi on between

t he high density nmetal powder”anhd the fibers such that the
integrity of the netal and the fiber is maintained. 20

Tabl e 2 present s Thestensiigrtgstofeselts wvedh%rlﬁqdem tli2@scoroposgel el drsaeseras

consi dered for mxmgwlthtun(gﬁtenlp h’\é{ ghe se ect ncriteri ﬁrg to
formthis | Faerior ienstle strength ahd ReVeA TSRINPRIY LN t5PH éPO %?‘?ra?%re‘ii 2 Hred
good ducti | bh@/arfe%m Rbongd %V@J&ueﬁae addon of stamﬂagmﬁatq %&%hhe Riytth
nodul us, high nmelting tenperatures, high inpact strengt ow wat er

absorpti on ap@® ¢tmupasitetmatdiiad sipstentidbly anceddgt die @ndleetrehgthemidnmodelue wWidund

to have hig er. absorption val ues. The pol yet hersul f one and
pol ypht hal ami@l%aedwm%ﬁa%ﬁh%npfhe polyester elagiomes wam%e 3%&%0 & n

was retaine omp6it txﬁ%‘éﬁgﬁls %t%&é%eﬁ%ekt‘%}éﬁ&kﬁ{}g@d& oy uﬁ@&‘l‘d?e 't 's

a bi odegrada projectife core nmaterra g with U.S. Arny
ARDEC 30 engi neering personnel, it was determned that all of these
candi date material s shoul d be chemcally conpatible with the
cartridge propel T3t binderpgampstsitehwith specfiegravagsiniaiesange of 10 to 11 may be

formulated to produce a variation in physical properties, depending on the type of
10 polymeric binder employed. Moreover, the incorporation of fibers, such as stainless
steel fibers, into the tungsten powder/polymeric binder composite materials

demonstrates an improvement in physical properties of the material.

Over 150 7.62 mm projectile cores with specific gravities ranging from 10.2 to
15  11.0 were injection molded using tungsten powder and stainless steel fibers and mixed

in a Nylon 12® and polyester elastomer polymeric binder.

EXAMPLE 11
Molding Projectile Materials

20  Projectile Materials

The polymeric binders, such as Nylon 12®, polyester elastomer, and
polyetherimide were compounded with tungsten powder in the ranges of 2 to 4
microns, 4 to 8 microns and 20 to 40 microns, followed by physical evaluation of
composite. Larger particle sizes have less total surface area than smaller particle sizes

25  for a given mass of tungsten powder, therefore it is possible to add more of the larger
particle size powder with the polymeric binder to produce a more dense TPP
composite. In addition, fibers, such as stainless steel fibers, were added to the
composite. Fibers may be added in volume ratios such as 10, 20, and 30%. The effect
of fiber volume on the physical properties of the TPP composite is evaluated.

30
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pol ymer. resins are injection nolding grades except for the thernoset

el astonmer. The pol yurea thernoset el astoner is a Texas Research

I nstitute/Austin NMDI/Pol ami ne 1000 -28 -fornul ati on. The Pol ami ne 1000
pol yurea el astonmer fornulation is prepared by m xi ng 38. 029 Dow
2143L (a nodnfedctidn dMpldeSpdcimrédsane di i socyanate) and 150g Pol anmine 1000 5
(an amine term nated polytetramethyl ene ether nade by Air Products) with
Tel edyne C-8 i pemdsr ] .

10. 335/ cc. This r?gte gﬁeglpglﬁg%r@é@gr r edm%fgred ol Qgéhhdgtgggg?t%r%@?w?%{e /ilusst I n
MDI / Pol anmi neomhPO@ndedr arublatvieonMolding of te¥le9BIDQAFRt bars may be accomplished

-19 - [err
PCT/ US97/ 11?;&%& for example, the Master Precision Molrg Tes! Specimen Four Cavity Model

5 injection mold. See FIG. 11. The mold produces the following test specimens:

1. 0.04 inch thick by 2.5 inch diameter impact test disc;

2. 0.125 inch by 5.0 inch impact test bar;

3. 0.125 inch by 0.5 ASTM D638 Type I “dogbone”; and
10 4, 0.06 inch by 0.125 ASTM D638 Type V “dogbone”

FIG. 12 shows an injection molded TPP composite tensile bar. It is
contemplated that the methods of the present invention will be utilized to mold ASTM
D638 Type 1 “dogbone” tensile bars for tensile testing and impact test bars will be

15 molded to Izod impact testing.

Materials Properties Testing

Materials properties tests are performed on each selected candidate TPP

composite material to evaluate the physical behavior of the material and to compare

20  the material properties of the composite material to lead. These tests were used to
screen TPP composite materials demonstrating inadequate physical properties
performance, such as low specific gravity, low ductility, low impact strength or low
tensile strength. The physical properties testing consists of determining the specific
gravity, performing tensile and Izod impact tests, and thermal expansion tests on each

25  of the candidate TPP composite materials. The average specific gravity of each
material is calculated by measuring the mass and volume of the tensile and impact bars

injection molded as above.
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Tensile Testing

Tensile testing has been performed on Nylon 12®, Nylon 12® with 10%
stainless steel fibers, and polyester elastomer TPP composite materials. The tensile
tests consisted of testing six ASTM D638 Type V tensile test bars of each TPP

5  composite material in an Instron tensile testing machine. FIG. 7 shows a picture of a
fractured TPP composite tensile test bar in the Instron testing machine. The average
tensile strength, elongation at break and modulus were calculated for each material.
FIGS. 8-10 present representative tensile test results that may be used to assess the
tensile properties of each material and compare these tensile properties to lead.

10
Thermal Expansion Testing

The coefficient of thermal expansion is determined for each candidate TPP
composite material. The thermal expansion is measured by attaching strain gauges to
impact test bars. The strain gauges are oriented parallel and perpendicular to the long

15  axis of the bar to measure the thermal expansion in the flow and cross flow mold
directions. The testing is performed in a temperature controlled environmental
chamber and thermocouples are attached to the bar to accurately measure temperature.
An automated data acquisition system records both the temperature and strain in real
time during the test. The TPP composite thermal expansion results are compared to

20  the coefficient of thermal expansion for the copper jacket material to predict thermal
stresses that would be applied to the TPP composite projectile core by the copper
jacket due to differential thermal expansion. The coefficient of thermal expansion for
copper is about 9.2 parts per million degree F, 2.55 for tungsten and 70 for Nylon
12®. Using the rule of mixtures, the estimated coefficient of thermal expansion for a

25  tungsten powder/Nylon 12® composite with a specific gravity of 11.0 would be about
33.6 parts per million degree F.

Injection Molded Projectile Cores
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Met hods of naking projectiles, shielding devices and ot her applications
descri bed herein are well known to those of skill in the art. The skilled
artisan is referred to US Pat 8t Nos 5, 264, 022; 5, 399, 187;

5,189, 252; 4,949, 645, and WO 9316349 for details on the use of K
all oys in theOm epahed iofnmakinpr cpmet i jaclsestededgactain tivdded Bnetalapowéesrent i oned
publications is incorporated herein by reference, US Patent No.

5, 081, 76 ERAICVENARILFIBRASIE rPTRIGCTIG 20588 65 [ Flase | the SPpBI aleekert HBloeths by
refereng . ' | L.ShiF f.rom net al
i1 oye, Bkeien el ER Rl HEhBRMBoRlaT BURHEE blodth beitAld b i

conposi tthopsk@fcabite Mhesedtindiadeiitiefrad MEhdD S oGhjection moltiedkk Rgngsedi ol ogi cal
shi el ding devices and clothing or other apparel are wel|l known to 10

t hosé ofposider/polymetipdinger projectile core, insert thghaoldsd| prgjastleeseippniestigr e

i ncl uded to, denonsty at referred.embodi ment s, of the invention. It
shoul d' e Ep R P BRdh Bo G Sareama JRRRI I e is W8S, echit ques

di scl osed in the exanples which follow represent techni ques di scovered by
the i nventor to function well in the practice of the invention, and

15
t hus can be i dere 0 . constit ref erred nodes for_it.s

bract | ce.  bovdus gy e curripE Pk S Ll S PRI bl or ¢ e
present o€ l50bictilaRBFBGIdE tnjbdinth HBIA¥d GRANERH SFaRe RtdIaRde/den (dnlie

speci fic enbodiments which are disclosed and still obtain a like or simlar..

resuPt stainlessvgiachbersppameiiabinflerosaniposite piixiuresshows awpedlof. tHH&. i1dvent i on.
20 shows a picture of an injection molded projectile corel,E a feaé“ %rcl)jcctile core, and a

copper jacketed lead projectile core.

The single cavity 7.62 mm projectile core injection mold may be modified into

15 a multi-cavity mold to allow for more economical production of larger quantities of
TPP composite projectile cores. It is also recognized that high volume production
projectile core injection molds may be utilized with the formulations of the present

invention. Such molds, for example, may contain about 32 cavities.

20 Currently, a copper jacket is cold formed onto the core. While this method
may be suitable for the present compositions, another method is to heat the projectile
core above room temperature but below the meld temperature of the polymeric binder
(approximately 100 to 150 degrees C) prior to insertion of the core onto the copper
jacket. This in effect would change the cold forming process into a hot (or warm)

25  forming process. Because the polymeric binders are thermoplastics they will become
much more ductile at the warmer temperature allowing for improved forming of the
projectile core into the final desired bullet shape. The second method is to change the
shape of the injection molded core to more closely resemble the final copper jacketed
bullet shape. This allows the molded projectile core to be cold formed into the final

30  copper jacketed bulled shape with less deformation of the TPP composite material.



Material Testing The material testing consisted of performng
f | exur alyg é@megs2poi nt bend tests on conpr essi on nol decrtsrgesan
powder / pol ynmeri c binder flexural test bars and 25 performng tensile
tests on injection nolded tungsten powder. (and stainless steel fiber)

pol ynmeric binder tensile test bars. Thé Flexural testi ng was used to screen
the | arge nunber of candi date polyner m xtures and to sel ect several
optimal materials for i nj ecti BXAMIPLENHI The tensile testing was
performed to conpare the materi al properties of each candi date

i njection nolded conposite m xture paofctiR8Cordd WO 98/ 00462

PCT/ US97/ 11573 - 23 -

Fl exural TestiNgp aians: : ' ' : '
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50% vol une ratio (25cc of tungsten powder and 25cc of 5 polyneric

bi nder) .5 Thand dAgelieer. pdfwde 26hdld amndasiptiadradings fbb iR onmodmpanitios| andsirges

used in design studies. Such design studies identify appropriate TPP composite

materials to use for each type of lead projectile core replacement.

Table 5 shows the average projectile core weight and specific gravity, and -

10 Table 6 shows the average dimensional measurements for the TPP composite projectile

cores.
Table S
Average Weight and Specific Gravity of Injection Violded
i5 Composite Projectile Cores
Composite Projectile Core Material Average. Projectile  Average. Specific
Core Weight (g) Gravity
Nylon 12® - Tungsten Powder - 576 11.0
Polyester Elastomer - Tungsten Powder 5.57 10.4
Nylon 12® - Tungsten Powder with 5.25 10.2
Stainless Steel Fibers
Table 6

Composite Projectile Core Dimensional Measurements

Composite Projectile Core Material Average Diameter ~ Average Length

{(inches) (inches)
Nylon 12® - Tungsten Powder 0.240 1.26
Polyester Elastomer - Tungsten Powder 0.242 1.27
Nylon 12® - Tungsten Powder with 0.241 1.26

Stainless Steel Fibers




rangi ng from about 2 to about 20 microns. Each of the tungsten

powder / powWQrasiob4s2 bi nder m xtures was renoved from t hepBraisendsgys m xer
and ground into particles using a laboratory grinder. Each m xture was
t hen conpression nolded into flexural test bars using a hydraulic

conpressi on nol ding machine. Figure 1 sh?\lﬁ/s_ a picture of 10 conpr essi on
nol ded tungsten powder/ pol yneric binder exural test bars. One

t hermoset pol yneric binder (TRI/Austin | / Pol am ne _1090 formul ati ?n% was
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hydraul i ¢ cosgeoed deppiaterttdeing trakdicmeshtad of hwdnavhscalibevelitt projectiieeore to

overni ght at_room t enperature_under clanping pressure. Fl exural test
bars were pubtReUPTEYH herkean) the typplaes By Hig aStnsaneghine. « Bhe PIgctls @iping

o by, BRSO RSB R W LT

aver age neasthe€DPBREbbdie cores, albwiista/ cdBparRas BeRfech ROnPRENREB stren@h NERY S
used. The flexural test bars had a specific 20 gravity ranging from 10. 00

to 10. 63. modulpoberchgasy
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Table 3 Specific Gavity of Conpression Ml ded Tungsten

powder / pol ymeri ¢ hi nder ) o Fl exural Test
Bar s F1G. 14 shows a vertical drop compressive impact test that provides a

10 qualitative assessment of impact resistance for each of the TPP composite material
projectile cores and lead projectile cores. The projectile core 1 is placed in a stand 2
mounted on a concrete floor 3. An impact mass 4 of 16.5 Ib. which is attached to
cable 6 that passes around pulley 7 is released from calibrated height positions 5 of 6,
12, and 18 inches. FIGS 15-23 show side-by-side comparison pictures of each

15  candidate TPP composite material compared to lead. A visual comparison material
showed the greatest impact resistance of the composite materials tested. This
qualitative assessment indicates that the addition of stainless steel fibers substantially
increases the impact resistance of the Nylon 12® tungsten powder composite
materials. The Nylon 12® composite material with and without stainless steel fibers

20  appear to perform as well or better than the lead projectile cores (retain the same or
more of their original shape) at each drop height. The lead projectile cores show more
deformation than the Nylon 12® composite cores, but the Nylon 12® cores tend to
shed material at higher impact levels. The polyester elastomer projectile cores show
about the same deformation as the lead cores but fragment at all drop heights.

25

Ballistic testing of projectile cores is accomplished by testing the velocity and
pressure (ANSI/SAAMI method) from test barrels. Chamber pressure and velocity
measurements are made simultaneously, and individual values, mean values, extreme

variation of individual values, and standard deviation are measured. Also measured is

SUBSTITUTE SHEET (RULE 26}



Pol ymeri ¢ bi nder Specific Gavity Bi odegr adabl e

Cel | ul osgo(Rlegdset Pol yners PT- C300ZT) 10.02 pcEdob11573

Fl our opol yrmer (‘Ausi nont Hal ar 500 |LC) 10. 63

Et hyl ene Interpol ymer Alloy El astomer (DuPont Alcryn 10. 15
2070NC) Et hyl ene - Vinyl Acetate-BBastoner (DuPont Elvax 360)
10. 48 | ononmer (DuPont Surlyn 8220)

10. 00 acblylaoy filckh etest] biri¢lgc belldBMn€dgrity and fouling, function and casualty of
10. 10 Nylaon 12[err]. (EMS Gil am de LZOGHS)

10. 08 ARt A rHERFIERE NGRS teOIRERARIECRRPYLLY -

10. 43 Pol yester Thernopl astic El astoner (Bayer Texin 480-A)

10. 43 Pol ypropyl ene (AMOCO ACCTUF 3434)

10. 15 Pol yvi nyl i dene Fl ouri de (Ausinmont Hylar 461)

10. 00 "Ph%ftt%g%fe B8ttng ea (TRI/Austin MDI/ Pol ani ne 1000

10. 33 For mul ati on) 5 Si x conpression nol ded fl exural

test bar$ of eachPrelimgsteaxgmunstien pal tesenmg was performed on the prototype injection
molded projectile cores to compare their material behavior to that of the lead cores.

Visual examinations were made of sections of projectiles to determine if any voids or

porosity problems existed. None of the examined projectiles showed any void or

porosity problems. Dimensional measurements were made to determine the
10 dimensional stability of the tungsten powder/polymeric binder composite materials.

Length and diameter measurements were made on randomly selected projectile cores

from each of the projectile core composite materials. Table 6 presents the dimensional

measurement results.

15 All three of the composite materials showed excellent dimensional stability after
injection molding. The diameter and length measurements were consistent with only a
I to 2 mils difference between individual projectile cores. Each of the three composite
materials had similar diameter and length measurements with the polyester elastomer
having slightly larger dimensions than the Nylon 12® composites. All of the materials
20 showed mold shrinkage having smaller dimensions than the design drawing
specifications of 0.245 inches in diameter and 1.033 inches in length. This indicates
that the projectile core injection mold will have to be adjusted accordingly once a final
composite materal is selected. The mass and volume of the injection molded projectile
cores were measured and the specific gravity of each composite materials was
25  determined. Table S presents the weight and specific gravity of the candidate metal

powder (and fiber) polymeric binder composite projectile cores.

Eleven thermoplastic injection moldable and two thermosetting polymers were
successfully mixed with tungsten powder producing projectile core composite

30  materials with specific gravities ranging from 10.0 to 10.63. A wide range in physical



bi nder m xture from Table 3 were subjected to a three point bend fl exural
test. Figgdo462 2 shows a picture of the three point ReAghdhaxassal test
fixture and a flexural test bar installed in an Instron testing

machi ne. Each of the flexural bars was tested to failure 10 using a
nmodi fi ed ASTM D790 standard flexural test nethod. Figures 3 through 6
present the results fromthe flexural testing. The test results indicate
that a w depxrcmag'e:s was achievedf depradiag osttheetmb fof pdiysmha(b@tbnsysmm emplhyedis can
be obt ai ned mX|n di fferent ynmeric bi ders th tu ten
powder - ThEN e orclBe Y Rers SingerpRoe matp iR SOHORE BPURR 360,
gg} B Sgg?'i‘ 1€a$gxntgi}?on? Bliyidr S %@}ﬂe BORREL rns ROVRY: strength cW?hg @6(919615_@& é'gatgnals

the nost dupdigk®fioehs0d @ 111280 py, theembamast flddue Wisplacemheanghgedaficm ool us,

and the hi ghest fl exura di spl acement. The high nelt tenperature
pol yet hex i mafe4f @LC!FEM"md the flexprdmogiies angen &em he2 9 gﬁéétksf | exural strength
and nodul us but exhibited a brittle behavior with a | ow fl exural

di spl acenent. The Nylon 12[err] (GRILAMDE L20GHS) 5 exhibited the
second hi ghest flexural strength and the highest flexural displacenent
excl udi ng the el atmMessr i #eol $ | VEEndBICESSSRlY hadded @ atwoel RngHon

flexural mg&l\lgérfpoiymerlc binder composite projectile core materials to improve physical

properties and reduce cost. Both tensile bars and projectile cores were successfully
10  injection molded using 46% by volume tungsten powder and 10% by volume stainless

steel fibers in a polymeric binder.

Tensile test results show that the Nylon 12® tungsten powder composite
materials possess the required tensile physical properties for projectile core
15  applications. The addition of stainless steel fibers produced a significant increase in

tensile strength and modulus of the Nylon 12® tungsten powder composite material.

A qualbtative assessment of vertical drop impact results showed that the Nylon

12® tungsten powder composite materials with and without stainless steel fibers bhad

20 equal or superior impact strength when compared to lead. The Nylon 12® tungsten
composite material with stainless steel fiber showed the highest impact resistance of

the composite materials tested.

Both tungsten powder/polymeric binder composites and tungsten powder and

25  stainless steel fiber polymeric binder composite materials can be easily mixed together

and injection molded using standard mixing and molding equipment. No mixing

problems were encountered with tungsten powder volume ratios as high at 54% and a

stainless steel fiber ratio of 10%. Visual examination of the molded projectile cores
showed excellent surface finish and no void or porosity problems were identified.

30  Although no formal procedure was used to measure the balance of the projectile cores,



Since ductility and strength are of paranount inportance in cold formng
tungst en éﬁg\/\der/ pol ymeric binder projectile cores, theriéonsms2lerr]
(GRI LAM B@ﬁsé%) and pol yester thernoplastic el astoner (TEXIN 480A)
pol yneric binders were selected 10 for injection nolding into tensile bars
and projectile cores. Tensil e Tedting Tungst en
powder/ pol ynmeric binder mxtures wusing the Nylon 12[err]

(GRILAM DE LgOGhiR) exashipgioyest elie tsb@ioned| @séd chelab theappéamdeNoft 80 A¢ven
resins 15 were prepared in a Brabender mxer. 700 cc m xtures were
prepar ed f or distighmtion of megd poweer anchfibedem the pplymer MAGEt en powder vol ume

rati o of 54% The tungsten powder nly distributed particle
sizes ranging from2 to 20 m crons. M%@ﬂ‘}rﬁﬁ 700 cc mxture was

al so prepar eqi,0tteRAFIoRILBBRId Tuhgé’téﬁ/‘Nyli% aztgiswm%sasmeeé:%nﬁﬁo@ﬁks fokaes
at a 10% volume~ratio to the Nylon"12[err] tungsten powder/polymeric binder
mat eri al .5 20 Each m xt ures Ragectdmvﬁdia‘tnksmmhly Brdobestoher m xer and ground

i nt ticl Tahl e 4 h th J d
o on? o Cbaon" mTth fampacien PRI trere QeFIRpe 1OG Gi5h R 6 OIEHE: FECTIE (b s
(2.5 inch 'e[r%gtgat sQ}f]tﬁé LAGH 11 dbd Qg{n&s%ﬁr/ahggresgu mven&lahc%%gé)mw%@

I njection no rom eac m Xxture u recl sion

Speci nen Fouinchiaeil taﬁ@bt@nﬂﬁﬂc@ﬂﬂ@@l&yrﬁﬁmws addp aingsenOiyldhe2@tsinlessosteel

nol ded 25 conposite material tensile test bars. WD 98/ 00462
PCT/ US97/ 1159@mposite. Stainless steel fibers (O 125" long, 75 micron diameter) were used in the

Test

10 second composite to provide a 4% increase in flexural strength and 8% increase in
tensile modulus. The process for manufacturing the materials consists of mixing each
component in a Brabender-type mixer and then grinding the materials into particles.
The tungsten/nylon composite is ground much finer than the stainless steel composite
which is left as a more coarse material so as not to damage the steel fibers. Once the

15  materials are mixed, they are put in a drier for 24 hrs. After the drying process, the
material is fed into a hopper and injection molded to final shape. Cores were molded
by Gate Mold, Inc.,, Round Rock, TX. Processing time for each slug was
approximately 20 seconds. This time may be significantly reduced if a multi-cavity
mold is used. In addition, the amount of waste material (material that cures while in

20  the runner system) may also be eliminated, substantially reducing unit cost, if a hot
runner system or valve-gate mold is used. However, this type of mold was not

considered economical for the limited number of projectiles required for this

evaluation.
Table 7
25 . Candidate Projectile Materials
MANUFACTURER DESIGNATION COMPOSITE MATERIALS

Texas Research Inst.  Non-Toxic Material #1 Tungsten/Nylon 12®
Texas Research Inst.  Non-Toxic Material #2 Tungsten/Nylon 12®/ Stainless Steel

Initial post mold quality control inspections of the cores yielded some

significant findings. The cores manufactured by TRI demonstrated excellent



- 26 - Tabl e 4
Vol une %E%Mﬂéght Ratios for Tensile Bar Conposite Materpahpfiyseriisys

GRI LAM GRI LAM DE TEXI N 480A
L20GHS Nyl on 12[err] M xt ure L20GHS Nyl on 12 Pol yester
El astoner with Stainless Steel -36-

Fi ber Consti t uent Vol une Wi ght Vol une Wei ght Vol une
Wi ght uniformity in terms of core leng¥ht bl d¥4meRat i Ho@?@leﬁ&hhl@ 8 stimiflcant %9
Ratio (% Ratio (% Tungst en Powder 4.0 96.0 54.0
95. 0 azm)ugt of variatpg gpted in the mpwhtc ,f,yqﬁ@gg wexghts oﬂgot@) compositesq. 0
46.0

e ere Betow the Z}é '+0.3 orﬁsx geqmreme%t 0 The ) ung SNy Il%@ gfré%osftf e bars

of each m %ﬂtHé WeloSe 6 the GedifitetbnBNaveRddel O § 78ihd Gavﬂu%Séhlen@mgéen-thl ne.
The tensile tests were perfornmed as per ASTM standard D638 test nethod.

Fi gure ¥ sH@®sstainghss sigelecapipasité mastsigndtantnigliter, amgzbgma‘i‘ grimsbdlanigofpul | ed
in the |nst estin res hrog%g 10 show t he

results fr 65#?%&“% @)ﬁé}‘?eg’%% lé’g"ﬁ%ﬁé" ab e E5E 8% lgg ABORgRFonssienthe
NP i M R S ?‘q@“ t“fé‘%‘%rpé‘? e palye
t he hi ghestshtisitage! elf she etaglidss ateel bempbsitecaresrpesd trwldwt ©r thel cohmendeddi ti on
of stainless steel fibers increased the strength of the Nylon 12[err]
tungst en potEsh theoppisesppading weight would be 30.8 grains, much closer to megting the
10 requirement. The primary cause for the variation in weight, however, was the use of
regrind material during the molding process. Regrind material comes from the excess
material which cures in the runner system of the mold for each part produced. This
excess i1s then reground, mixed, and reintroduced into the molding process. Durng
- this process the physical properties of the nylon, such as density, are altered
15 significantly, resulting in variations in the final product. Both of the problems noted
with these cores (length and weight) may easily be corrected. By modifying the mold
cavity, overall length may be increased as required, and by using only virgin nylon
-material, the variation in weight will be reduced or eliminated. Also, if a mold with a
hot runner system or a valve-gate type mold were used, although initially more
20  expensive, would help to eliminate any excess (waste) material during the molding
process. However, if these cores are to be recycled, the tungsten and nylon may be
separated and only the tungsten re-used. Inspection results for both core materials are

shown in FIG. 30A, FIG. 30B and FIG. 30C.

25 Table 8 shows a comparison of the average measured weights and dimensions
for each sample as compared to the dimensions shown on the core drawing. The
Score Factor in the far right column is a cumulative total of the percentage difference
between the average sample dimension and the corresponding drawing (requirement)
dimension. Therefore, the lowest scoring factoring represents the closest similarity to

30  the desired weight and dimensions.



approximately 4.5%from 6,769 to 7,074 psi. Both of the Nylon 12 conposite
mat er i alyy bpghagaich higher tensile strengths than | ead, whpteubdeiipm yest er
el astonmer 15 conposite was approximately one third of that of | ead.

Figure 9 conpares the el ongati on at_break val ues. None of the
conposite materials showed el ongati on vab lies as high as the 50% val ue
for |l ead. The pol yester el astoner conposite showed the nost

el ongati on of the conposite showed theTabkt8 el ongati on of the conposite
materials tested with a value_of 5.9% . Fi gére 10 presents the tensile
modul us results 20 for the C¥gfoistensional Chpsdengicst i ve to | ead. The.

addi ti on ofstaEmEss steel TR . PROYG 'an‘,ﬁﬂ G- TTPT O N
tensile md&?ﬁiﬁ?@% 974 to 1]3% le') fo?‘%@%l on IE‘*'ﬁrr12[ef§ri conposite
material. The polyester el astoner had an eghhenely l@wapdul uFRETOR 31.5

ksi conpared to the 2 340 ksi mndulus of |ead WD 98/ 00462

PCT/ US97/ 118#8uirement ’ 0.180 0.510 2074+0 019 - 27 -
The tensile test results show that Nylon 12[err] conposite projectile
possess a superior tensile strength and ve a reasonably high
tensi | e nodul us conpared to | ead, BEYETagEMEARITeMERS ductii e t han
llead. The agdid (@Rl stai nl esspgyeel fibgysod n the Nydgn 1%

conposite materral substantially increases the tensile strength and nodul us
with 5 nélpini Dot Blatedtéd i on Dri8ducti |l i tO457The pol Rdtber el asti@ner was

the nost ductile of _the
I\}on—Tox?c l\éateriai #2 0.181 0.459 1.789 243

* Length and diameter are given as basic dimensions. Final configuration is

determined by core weight.

Bullet Assembly
One-thousand (1,000} 5.56 mm MB855 projectile cores manufactured from each
of the materials described above were delivered to Lake City Army Ammunition Plant
in June 1996. These cores were assembled into 5.56 mm cartridges. Assembly
10 included jacketing the cores, forming the bullets, and loading into cartridge cases.
Assembly was conducted on a Waterbury-Farrel Bullet Assembly Machine (BAM)
currently being used for M855 projectile production. Core samples were initially hand
fed and the BAM adjusted until a dimensionally correct bullet was produced. The
remaining cores were then put into the hopper and fed automatically into the assembly
15  process. Samples of assembled bullets were randomly collected and inspected for

weight and dimensions throughout the assembly process.

Another sample used was the tungsten-nylon composite, TRI#1, developed by

the inventors. No adjustments were made to the BAM from the previous sample. This

20  sample ran exceptionally well, meeting all dimensional requirements while presenting
no feed or assembly problems. The TRI#2 sample, the tungsten-nylon-stainless steel
composite, was then used. Again, no adjustments were made to the BAM and no feed

or assembly problems were encountered. Bullets met all dimensional requirements,



conposite materials, but had the | owest tensile strength and nodul us.
TPPwhoy sadh@gs2conposites with specific gravities in thepcangs7ofs740 to 11 may

be formul ated to produce a variation in physical properties,
depending on the type of 10 pol ynmeri c bi nder enpl oyed. Mreover, the

i ncorporation of fibers, such as staitrl ess steel fibers, into the
tungst en powder/pol yneric binder conposite materials denonstrates an

i npr ovehevgver.rthphveight a1f the JRArE isewmpish weane approsymasgly 3-4 grains below the Qyer 150
7.62 nukﬁro%ectile cores with specific gravities ranging from10.2 to 15
110 guiﬁ?gction nol ded usi ng tungsten powder and stainl ess steel

fi bers and m xed in a Nylon 12 and pol yester el astoner polyneric

bi nder. EXAMPLE | |

Mol di ng Pr oj Ppomn lcompletioni &fl ulleR @ssemBhypjae 6% mspdatien ivalk performed on a The
pol yneric . binders, such as l.on 12[err], polyester el ast r, a

pol yet hBPANPF2 aken frpavrRsBdO éHh?tﬁrYbf‘é? w%@a@aé m%sqrﬁg?ﬁ?raﬂ\geégfjof 2 to 4
m crons t ' 4 LT I | cal

cval ua; o, fobtedl Rngls BRMER ollve RIE PRRpIIIGANRE PP BRIER,

sur f acebeutiai prdtide) asvadlll Brpoparahd dbetts] aesebcity.f or a gi ven mass of tungsten
powder, therefore it is possible to add nore of the | arger particle
size powder with the polyneric binder to produce a nore dense TPP

composi te. 4f. 44kt i hoicl i REHEY e Testb@oR e Vafihor | BRI marer e added
10 TRI#1, 7% of the inspected parts weighed 60.2 grains, 0.1 grains below the minimum
weight while the TRI #2 sample had only 5% within requirements. The remainder of
the latter sample fell below the minimum weight, averaging 58.2 grains which was

expected due to the use of regrind material during the molding process.

15 Overall length measurements revealed that samples cf each material contained
between 6 to 21 parts that were 0.0005" to 0.005" above the overall length
requirements. Boattail lengths on the other hand were all within Government control
limits, with each sample showing about as much variation as the control. Other
dimensional characteristics such as diameter, ogive and boattail profile, cannelure

20  Jocation, and point diameter typically are measured with various go/no go gauges.
Upon inspection, 100% of each sample met the ogive profile and cannelure location

reguirements.

A summary of the weight and dimensional characteristics are shown in the

25  Tables below. Again, the score factor shown at the bottom of each table is the
cumulative total of the percentage difference between the average measured dimension

and the corresponding drawing dimension. In Table 9, the avérage values for point

and boattail concentricity were added to this cumulative total since the desired
concentricities are 0.0 in. and not the values shown in parentheses, which represent

30  the acceptable maxima. In Table 4, only a go/no-go criteria was used during the

inspection. The percentage of samples of each material that fell in the no-go category



conposite.

Fi bers may be added in volune ratios such as 10, 20, and 30%

The ef f qgp ogos62 Of fiber volume on the physical properti eerafsot/ing7sPP

conposite is evaluated. 30
PCT/ US97/ 11573
I nj ection Mol d Speci nens

fromeach of the TPP conposite material s

WD 98/ 00462
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Sﬁ%cinens may be injection nol ded
conpounded as above. Mbl di ng

of tensile anshdwpadis ixdors, Hegylobestassoomficiarhredresents theuslosgy) simlaritsx tfiiee,

the Master Precisian M

| .d.Test Specinen Four Cavity Mbdel

5 i nj ection

mol d. See FIgsiref VeI BeRt B uces the fol | owing test speci mens:

1. 0.04 inch thick by 2.5 inch di a'TﬁBEe@ | npact test disc;
2. 0. 125 inch by 5.0 inch inpact test bar; 3. 0. 125 inch
by 0.5 ASTM D638 Type | "dogbone"; Iaspikctibn Results 4. 0.06 inch by 0.125
ASTM D638 . . ElG—12 shows M j | ded
TPP conposi ttgnieaBmnke bar. |t i TRI#L cont empiiad ed that tlgenm@t hods of
t he present—-Avepton—w be—tt-Hzed-to—not-t-ASTM D638—Type
"doghone” t &¥€BMe bars for tensile P-Hp2 B4A0Wi 11 be 15
nol ded to | £6H8iFnhadrairyst i ng.
- QOver-All Length 0.916 0.914 0.908

(0.923 -0.030in.)

Length of Boattail 0.106 0.106 0.107

(0.110-0.0101in.)

Point Concentricity 0.004 0.003 0.004

(0.005 in.)

Boattail Concentricity 0.001 0.000 0.000

(0.003 in.)

Score Factor 5.06 10.73 5.72

5
Table 10
Fixed Gage Inspection Results
Percentage of Sample Out of Specification Limits

Characteristic TRI#1 TRI#2 Control

Diameter 31 53 0.0

(0.2245 - 0.0006 in.)

Ogive Profile 0.0 0.0 0.0

Cannelure Location 0.0 0.0 0.0

(0.485 - 0.0101in.)

Point Diameter 2 3 7

(0.040-0.022 in.)

Boattail Profile 100 100 0.0

{0.2245 - 0.0006 in.)

Score Factor 1.33 1.56 0.07

Cartridge Loading

10 Prior to final cartridge loading, a sample of 15 cartridges were loaded using

each core type to confirm that the selected charge weights would be effective under

the production assembly conditions.

This is standard procedure for all loading

operations. After the initial pre-load, pressures and velocities were found to be high.

Charge weights were then adjusted and a second pre-load showed the pressures and



Materials Properties Testing Material s properties tests are
per f or nggh po@ch sel ected candi date TPP conposi t e gr@igidhAls7k 0

eval uate the physical behavior of the naterial and to conpare 20 the
material properties of the conposite material to lead. These tests were
used to screen TPP conposite nmateri4dl-s denonstrati ng i nadequate
physi cal properties performance, such as |ow specific gravity, |ow
ductility, veuciiiepacbesiccepatid okll bollets were ttbers bdsembledeingt iVI85Bhearpidgss cal

properties testing consists of determning the specific
per f or mi ng ¥8Msithe staidald; glats depdine eawpmentyAed tMg?%ﬁﬁaﬁé‘%‘éﬁ@F‘ﬁn t%@gé‘i on

each 25 | fic
gravity of %m%ﬁﬁan?ai%g 499%&%%’ usl%gr@gl?%eu%‘a{wg&{gmw ggsratﬁ}? %}( e naélgptgﬁk
vol une of tériensigh® aadshdwipsgdéwbar s i nj ection nol ded as above.

WD 98/ 00462 _

PCT/ US9?/ 11573 - 29 -

Tensil e Testing Tensi | e;",t gietf ng has been performed on Nyl on
12[err], Nylon 12 with 10% st ai NP8 St eel fibers, and pol yester

el astomer TPP conposite materi ghgpellif iRl Mei hts tests consisted of
testing six ASTM D638 Type V tenS| | e test Dars f each TPP

Propellant: WCS844, Lot 49924

Primer: Lot LC96D704-435
Propeliant Charge Weights (Grains)
Projectile Hand Load 1st Pre-Load 2nd (Final) Pre-Load
TRI#1 275 27.5 273
TRI#2 273 27.3 27.1
Control _ 27.2 27.2 None Fired

10
Upon completion of loading, all cartridges were subjected to a 100% gage and

weigh inspection. This includes weighing each cartridge, measuring overall length, and
measuring head to shoulder length. The inspection showed no defects with the TRI#1
composite. Inspection of the TRI#2 composite showed approximately 50% of the
15  cartridges to be under weight, which was due to the low projectile weight. Ten
cartridges of each type were also weighed on an electronic scale for weight

verification.

TEST PROGRAM
20 Cartridges made from lead and each of the composites TRI# 1 and TRI# 2
were then subjected to a series of tests to assess the interior, exterior and terminal
ballistic performance of each material candidate. Throughout Phase I, the current 5.56
- mm MBR55 cartridge was used as the baseline (control or reference) for assessing
performance. Testing was conducted at three locations: Lake City Army Ammunition
25  Plant, Naval Surface Warfare Center, Crane, and the Armament Technology Facility
(ATF), Picatinny Arsenal. Testing conducted by LCAAP included Electronic Pressure,
Velocity and Action Time (EPVAT) as well as dispersion at a 600 yard range. Both of

these tests were conducted at hot (+125°F), cold (-65°F), and ambient (70°F)



5 conposite material in an Instron tensile testing machine. FIG 7 shows a

pi qg,grgg,opj&a fractured TPP conposite tensil e tegira®driigrst he I nstron
testing nmachi ne. The average tensile strength, elongation at break
and nodul us were cal cul ated for each material. FI GS. 8-10 present

representative tensile test resul t s 4mat may be used to assess the

tensile properties of each material and conpare these tensile properties to’

| ead. I®mperatures. TREMYEN tdskpgvaisoned esidengfy the pressures the prbjeetitaseddreci ent  of

t her mal expanS|on i s determ ned for each candldate osite
mat er i abIevife PHERFlauasANEP IR BYN ettt wall By the F‘éfé?ﬁpﬁﬁdlggr"éi%ng‘éuges to

| mpact cﬁ&'i/ecggfhﬁe dﬂﬁ%rsﬁ:{nrt%htﬁhg%@té ﬁl%daart?ué){ﬂd?cghgrg{)ﬁ ﬁéﬂe}rﬁlrmm Hempendi cul ar

to the axrs o to nmeasure t expansion in the

flow aﬂduﬁcﬂﬁﬁ&eﬁnﬁﬂvﬁ'gﬂﬁﬂﬂdy during flifihe esd LgitsgmithiRribg ffahiificiuse perforned in a
tenperature controlled environnental chanber and thernocoupl es are
attached to the bar to accurately rreasure terrperature An aut omat ed

data acqui siti syst record erature and strain in real
tine d ﬁtﬁof“r‘f?}te%%\’ e{%‘ilg bﬁ“@&fg f‘énet expansion results are
conpared t o Rékuits b theCPY ATGER e g{ov&mﬁrmhe ﬁxpgaﬁldmuﬁéarfrmemi@@wer j acket
material to predict thernal stresses that would be applied to the TPP

conposiitdugedpasctiohth pesmirhyparheraseppdthe pressurg aczkend—mm tothti pdrealent i al
ion, The coefficient of thernmal ion copper is

th |
about 96%%5@5?%%&6 phat ﬁwd@@r%a%ométl%svemnsfJﬁ[}mﬁt bR semise SNl o
L2010 o Nt R QU X UhEtmd DBnPSHEPELRIC NI SOk pfnthermal

expansi on t ungsten powd l'on™12[ er conposi t by
speci flpres;nm/tst ybtained 1. BothoTRA domp@bmst met all thBEecﬁur[aaiehs foerpragsiitd, on degr ee:
F

| nj ecti on Mol de(ljl g jectile Cores
t each of the three temperatures. It is also interesting to note

velocity and action time a
that the TRI#2, which had the largest weight variation, demonstrated a velocity
variation similar to that obtained with the control sample. In addition to recording
15  pressure and velocity, a rolling witness paper, which was scrolled after each shot; was
placed 25 fi. in front of the weapon in order to record any instances of projectile
break-up or yaw. Throughout the test there was no evidence of projectiles yawing or
becoming unstable. This indicates that the thermal expansion and contraction of the

materials at the extreme temperatures is negligible. Also, the TRI composites showed

20  no evidence of projectile/core break-up.
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One et éﬁé%élgémakl ng copper jacketed injection nolded net aFngﬁg?73

pol ymeri c binder conposite projectile cores is to place the copper jacket
into the injection nold and inject4lhe netal powder polyneric binder
conposite material into the jacket cavity. The second and preferred
method is to injection mold the tungstespled2z powder/polyneric binder
projectile core, insert the nolded projectile core into the j acket,

and cold formboth the core and JMTlTﬂSmehétSdem red bul I et georetry.
FIGS. 29 an ft : P67 et f—nol d.
About 50 projectile cores %@m@—gtl PFI)(# ed W%ﬁ“ @f t‘%‘n@tﬂé&

powder (and 10 SANMPLEss steelHf| bers?R&ﬂS}f‘Brl c bi Nder composT¥Eni xt ures
shown in Table 4. FIG 13 PRESSSRNEs a Bi(psiire of affp$inj ecti on(m8) ded
projectile core, a |ead projedpsi)e core, and a copper jacketed | ead
projectile core. The single cavity 7.62 mmprojectile core

i njection nmoRdqiiB¥meatnodified into 15 a multi-cavity mold to allow for

more economi CaAnR{QQUCtIOI’I of od R8N quam bbb es of3 goo+ 40TPP cofpaght e
projectile cores. 1It Is al so recognrzed t(%) hi gh Vol une producdtjr?‘gn)

Hot/Cold < 7,000 psi 12,700 < 250 fps var.
var. from amb. {(min) from amb. avg.
avg.

TRI#1 (Average of 20 rounds fired at each temperature)

Ambient 49,531 13,861 3,021 0.897

Hot 53,592 14,215 3,103 0.883

Cold 44,192 13,461 2,380 0.932
TRI#2 (Average of 20 rounds fired at each temperature)

Ambient 46,864 13,752 3,009 0.892

Hot 45,984 14,140 3,089 0.884

Cold 42,464 13,340 2,860 0.937
Controi {(Average of 20 rounds fired at each temperature)

Ambient 48,927 13,584 3,008 0.891

Hot 54,105 13,816 3,101 0.870

Cold 43,427 13,029 2,86€ 0.933

Dispersion Testing
5 Dispersion tests were then conducted using a M700 receiver and two accuracy
barrels mounted in a v-slide. Each of the barrels had approximately 1,250 rounds fired
prior to this test and were qualified with M855 reference ammunition. Two record
targets consisting of 10 rounds each were fired from each barrel at ambient, hot
(+125°F), and cold (-65°F) temperatures with both TRI samples and the control
10 sample. Ammunition was temperature conditioned for 4 hours prior to firing.
Weather conditions were clear, approximately 53°F with 3 to 8 mile per hour winds.
After qualifying the barrels, each of the four test samples were fired, followed by the
control sample. This procedure was followed at each temperature. The control lot

was fired last to serve as a final check to assure there were no equipment malfunctions



projectile core injection nolds may be utilized with the formul ati ons of

the presanls: i nvention. Such nolds, for exanple, ?%nl g0 about 32
cavities. 20 Currently, a copper jacket is co flormad onto
the core. Wiile this nethod may be suitable for the present
conpositions, another method is to heBt- the projectile core above

roomtenperature but below the neld tenperature of the polyneric binder
(appr oxi aimtrgl yxelcﬁﬁhrseooﬂﬁfh degyeiesndits o MISGodispesasit iafingfsidtbehaohe ont o
the cop . This in effect would change the cold formng

process li“?ﬂzémﬁl I‘%B@ V(aﬁrcah/éﬁaﬁ‘faf Q@eva‘aapmrwgst Pedessidan el Hus for hé"opf@lu?ﬁer ic

bi nders g n%et (&! g l6@ a(r;éS E[“n%gy P"&r tlrmg\t}gtg}okrgweveh IOO%ou{xa étarge vglgr%tﬁrS? at the

war mer termperature aI rm ectile

core i ntigstefe of Boajouﬁf@%rg@dd dmsltbeche shaiRdility e cﬁﬁﬁ@gh@ NEtdeehatiSort ¥aghange
t he shape of the 1 njection nolded core to nore closely resenble the

final5 cotppemadadiebrest each of thasdmple §h!:§p®65‘ﬁmdsihalr¢gym M8%S patritiges po oj ectil e
core o B chdhietmt et he el G0 o comper LaRksl o4 pulled shape
EXCI\{VLPAEENV&H-%Z& barrel were averaged separately (Tables 7 through 9) and then tOrhbined to
obtain an overall average. These overall values, shown in Tables 10 through 12 were
then used as the basis for comparison. The score factors shown in these tables were
10  determined by calculating the percent difference between the best performer and each
other sample. In this case, the best performer was whichever sample showed the
smallest dispersion in the category being evaluated. These categories included mean
radius, horizontal standard deviation, vertical standard deviation, and extreme spread
at each of the three temperatures. Results obtained at each temperature were then
15  combined in order to identify the best overall performer. This was accomplished by
adding the score factors calculated at each temperature (Table 19). Each sample was
then ranked according to this final score with the lowest score receiving the highest
ranking. It is interesting to note that both TRI samples which showed the largest
dimensional variation during manufacture, also exceeded the performance of the
20  standard M855 cartridges. More importantly, the extreme temperatures (-65°F and
+125°F) had no significant effect on the performance of the samples. This would

indicate that the thermal expansion or contraction of the cores was not enough to

adversely affect the fit between the core, jacket, and penetrator.



Projectiles Cores Projectile cores suitable for the present
i nventi %ngd“gge but are not limted to, for exarrpi,@rmggr;mm 9mm
and .50 caliber amunition. Al so suitable are 7.62 mm 5 :
caliber. FIGS. 26-28 are design drawi ngs for 7.62 mﬂammnltlon and are
used in design studies. Such design stuttes identify appropriate TPP

conposite materials to use for each type of |lead projectile core
repl acenent . Tabl e 5 shopgble hd average projectile core wei ght
and specific gravit and 10 Tabl e 6 _shows the average di nensi onal
neasur ements for GPH)&A@B I’CWT EWBF&%TUBE DISPI%B$ N RESULTS
Table 5 Average W ||u 1 Ty tTon
Mol ded 15 y m Pr 01 iégém
Conposite Pr §ﬁ%ﬂ‘ﬂe Cor eN%Bé}S -al RAR{ age j ect? éD (S‘be\,m fic
Core Wi ght _(q) (my) on 12@“Tunast@n)P0\Ad_e_r__
5.76 11. 0 PoI yester El astonmer - Tungsten Powder
5. 57 TRI#1 10. 4 Nyl on 12 - Tungsten Powder with
5.25 Barrel 3524200.2 10 Stai nlsess St ee4 361 ber s5.47 21.85
Table 6 Cqmjp05| te Brwy ectl | £360re Dugensi onal 2370
Measur enent s ConpOSTLE; g Cligl& 503 Byaneter
Aver age Length
Barrel 352723 10 5.01 5.11 2.93 16.25
10 6.44 4.90 5.27 17.35
Average: 5.73 5.01 4.10 16.80
TRI#2
Barrel 352420 10 7.45 7.28 4.17 2245
10 6.84 5.58 5.25 20.00
Average: 7.15 6.43 4.71 21.22
Barrel 352723 10 6.79 4.43 6.29
10 7.56 4.97 7.09 24.25
Average: - 7.18 4.70 6.69
Control
Barrel 352420 10 9.82 7.60 8.63 29.55
10 4.86 4.06 4.38 16.30
Average: 7.34 5.83 6.49 22.92
Barrel 352723 10 7.27 451 7.42 25.15
10 6.72 5.27 6.96 27.95

Average: 6.99 4.89 7.19 26.55




(i nches) (i nches) Nyl on 12 - Tungsten Powder

0.240 o 9s/00462 1.26 Pol yester El astoner - TungstgRefrawser

0. 242 1.27 Nyl on 12[err] - Tungsten Powder with
0.241 1.26 Stai nl ess Steel Fibers WO 98/ 00462
PCT/ US97/ 11573 -45 - - 32 -
Conpression tests are perforned by placing the projectile core on a flat
plate in an Instron testing nachi‘:rtﬁe(bni ented vertically with the tip

of the projectile core | at plate attached to the

crosshead of t &0 M%EFI)GH EW?EWWE&W%’Q&@PERSION Rﬂﬁgnergﬁpressed
?et}tl\,egntthfe Lrvu pt out:la Ué the Ftlrb[ill Illltia? ;ZC lrIU g F
este O Tall ure, ea ectll e on or
L% he TPI%{& % r%g

compari son toS Si t és X Bwi ng orrpa t ween
conpressi ve st rengtJL and Dhodul &b _eacfindore.  (in.) (in.) FI G
14 shows a vertical drop corrpreSS| ve inpact test that provides a
TRI#1
Barrel 352420 10 8.20 8.61 4.90 30.30
10 9.37 7.31 7.23 24.10
Average: 8.78 7.96 6.07 27.20
Barrel 352723 10 5.22 4.09 4.33 14.35
10 5.30 5.42 2.93 17.20
Average: 5.26 4.76 3.63 15.77
TRI#2
Barrel 352420 10 10.32 8.29 8.52 30.15
10 5.74 5.07 4,01 15.55
Average: 8.03 6.68 6.27 22.85
Barrel 352723 10 4.89. 4.05 3.85 15.10
10 5.49 4.71 4.42 10.85
Average: 5.19 4.38 4.14 12.97
Control
Barrel 352420 10 11.64 13.20 7.03 45.65
10 14.64 8.93 15.44 46.45
Average: 13.14 11.06 11.23 46.05
Barrel 352723 10 7.38 7.15 5.00 23.30
10 7.86 6.46 5.97 21.00

Average: 7.62 6.80 5.48 22.15




10 qualitative assessnment of inpact resistance for each of the TPP

conposi twwoRk§dsh al projectile cores and | ead projechilris60{@s The
projectile core 1 is placed in a stand 2 nounted on a concrete floor
3. An inpact mass 4 of 16.5 Ib. which is attached to cable 6 that

passes around pulley 7 is released fronrté8librated hei ght positions 5 of 6,
12, and 18 inches. FIGS 15-23 show si de-by-side conparison pictures of each
15 candi date TPP conposite material TebldsSed to | ead. A visual conparison
mat eri al showed th&)%r eat est _inpact resistance of the co%osi te

material s testef90 YARE D TEMPERMTYBEL TR PARPERJIPBRESULES t he

addition of staimtess steet fTbers ' 1 mtT gt et CINET the—inpact
resi stance of eﬁt‘{kﬁ%gn 1%&3 tuﬁﬁfﬁ po%ﬁ&%o%ﬁe . Si al s.
The Nyl on 12] osi t i a andPhi%t hout PE&Vai nIFRES .

fibers 20 appear to perfFHER we| (k) hett din} han (e | ead projectile
cores (retain the sane or nore of their original shape) at each drop
hei ght. The | dR#3roj ectil e cores show nore def ormati on than the

Nyl on 12[ err] Baorghd§2429 cored0 but th&l0lyl on TZZ8%rr] gdr7es tendBLDS

shed material at higher inpaab | evel s7.90he poleygest er gli@stonmer prog ectile
cores show about theasanp.deforgigpl on as gde Tegg4Cores b pd ragnent
at all drop heights. 25 Ballistic testing of projectile cores

: lish b : | i d ANS] M
= oo TR 1 (g vl ocpgeans” o, pregare ()

measur enents are nade si multafeaousl \113-2%(1 i ndidvA%ual ¢8ues, nmekh’Yal ues,

extreme vari ation oAvemgevi dual.5§al ues4.¥nd sté&®dard devi7a?d on are
neasured. Al so neasured is WO 98/ 00462
PCT/ US97/ 11573 Ri#2
Barrel 352420 10 7.09 5.54 6.07 22775
10 5.15 4.67 4 84 21.60
Average: 6.12 5.10 5.46 22.17
Barrel 352723 10 5.67 3.56 5.77 20.30
10 6.91 538 6.08 21.70
Average: 6.29 4 .47 592 21.00
Contrel
Barrel 352420 10 6.58 6.11 414 18.80
10 7.53 6.24 6.26 23.55
Average: 7.06 6.17 520 21.17
Barrel 352723 10 6.58 3.45 7.10 24 .50
10 8.50 7.20 5.97 20.80
Average: 7.54 5.33 6.54 22.65
Table 16
5 CUMULATIVE AMBIENT TEMPERATURE DISPERSION RESULTS
MEAN HORIZ. DEV. VERT.DEV. SCORE
SAMPLE RADIUS (in.) (in.) {in.) FACTOR
TRI#1 6.10 541 4,56 4.03
TRI#2 7.16 5.56 5.71 4.59

Control 7.16 5.36 6.84 482



- 33 - accuracy fromtest barrels, bullet integrity and fouling,
functi onwargd/masual ty of anmuni tion, penetration, amCTERIELIFEBuUre
stability. Projectile Core Testing 5 Prelimnary

exam nation and testing was performed on Hm pr ot otype injection

nol ded projectile cores to conpare thei r haterial behavior to that of the
| ead cores. Vi sual exam nations were nmade of sections of projectiles
to determine if any voids or por@é’ﬁbﬂ‘yl'f)robl ens exi sted. None of the

exam ned proj eCt'éﬁi«ﬁpﬁ“k‘?%‘"ﬂ éP‘rﬁgﬁfégM ﬁ&%ﬁ@ﬁl%sﬁlg%fé@ TS

D nensi onal neasurenents were mnma i'nensi onal

stability of the tungsten papEgN pol YROREZ. Darder vmqutv matsrtamms
Lengt h and dlmﬁEneas & RIS on randont y; gctile

cores Gt ; } i abte 6
resents the '-n5|onal '

Phree of the posite naterﬁéﬂs showed é&%%llent dlnéﬁg%onal stégpllty

after iEalj mol di niP-3 di a ale ) ) peT &

consistent with only a l1to2mls dlfference betmeen |nd|V|duaI
projectile cores. Each of the three Conpmﬁél& materials had simlar

di aneter and | ength neasurenents with the pol ter el astoner havi ng

slightly darger ﬁﬂMﬁLéﬂ‘iVMQHDIEEMPEM"EU @EB@ION\IRE%ELH]%

t | 20 hov f BS) +h
ggs?gnad?awjg{; Uh;us;;c?f M%%:gbow B#yc E’W?’Q‘?{e 131.833

inches in | s i niARRES CTOR
TRI#1 6.’79 5.84 5.75 3.69
TRI#2 6.20 4.78 5.69 333
Control 7.30 5.75 5.84 3.77
Table 19

Overall Dispersion Test Results

CUMULATIVE SCORE FACTORS

SAMPLE AMBIENT HOT COLD TOTAL RANK
TRI#1 4.03 3.36 3.69 11.08 2
TRI#2 4.59 3.20 3.33 11.12 3
Control 4.82 5.12 3.77 13.71 5

10 Terminal Ballistic Testing
The Naval Surface Warfare Center, Crane, IN, conducted testing to assess the
terminal performance of the cartridges incorporating TRI# 1 and TRI#2 composites
against simulated hard and soft targets. Data obtained from these tests was used to
identify any shortfalls or improvements of the candidate cartridges as compared to the
15  standard MB855 cartridge. The terminal ballistic tests conducted included the

following:



that the projectile core injection nold will have to be adjusted
accyvalpsigidgz once a final conposite material | PCEABVTIBW The nass
and volune of the injection nolded projectile cores were measured
and the specific gravity of each conposite nmaterials was 25 det er m ned.
Table 5 presents the weight and speggfic gravity of the candi date netal
powder (and fiber) pol yneric binder conposite projectile cores. o
El even t astic injection noldable and two thernosetting pol yners were
successf Pthﬁgﬁﬁd with tungsten powder producing projectile core conposite
30 mateyi algwg\ngtanlﬁpggﬁd gt I@r,ﬁyﬂe;sl es ranging from10.0 to 10.63. A w de
range i n physi cal

PCT/ US97211573% Ballistic gelatm at 300 meters - 34 -

properti S eved dependln on the type of polyneric binder system
enpl oyed(§§ "% Dﬁ%ﬁ Sft‘%ﬁﬁ%tifb%e ‘PBB‘B? r?é% e nder conposite material s
showed p Si o r I " Iy uctile. The
fl exural &t rﬁg/f ?ﬁﬁl?%{é gelaté:no?rep%qsdl %29 g&? e{ﬁsg{%pﬂu %ﬂq%u%gar%geg%ér{%rﬁ] 509 to

12,990 ps)h, 302, Bakistidigelitebahiml 2 PASGTacsm®mB00msiged from 0.02 5 to 0.46
I nches, and the flexural nodulus ranged from16.2 to 2,531 ksi.

Hard Targets

1)  Determine R50 range against 12.7 mm aluminum plate

2)  Determine R50 range against 3.5 mm NATO plate
3)  Keviar® Helmets at 1,000 meters*
4) 8" concrete blocks at 100 meters

* Test was conducted at 50 meters with downloaded cartridges.

Ballistic Gelatin at 10 Meters
Soft target testing against 20% ballistic gelatin blocks 10 positioned at 10
S meters from the weapon was conducted with each sample. Prior to testing, blocks
were temperature conditioned to SO°F for 36 hours and calibrated using the BB
penetration criteria. This criteria states that a .177 caliber BB at a velocity of 595 £ 15
fps should penetrate the block to a depth of 1.5 £ .25 in. The weapon used for the test
was a M16A2-E3 rifle which was shoulder fired. Velocity for each round fired was
10 recorded at a distance of 15 ft. from the muzzle. After firing each test round,
penetration depth 11 as well as the length 12 and height 13 of the temporary cavity 14
were measured. Four valid rounds of each cartridge type were fired. A round was
considered valid if the projectile fragments and the entire cavity were contained within
the block and did not contact the cavity formed from a preceding shot. These

15 measurements are illustrated in FIG. 31.
Results showed the TRI#1 cartridges most closely matched the performance of

the reference M855 cartridge in terms of cavity dimensions while the TRI#2 provided

the closest match in terms of penetration depth. The TRI#1 and TRI#2 samples

SUBSTITUTE SHEET (RULE 25)



Stainless steel fibers were successfully added to two tungsten
powder / paioyasmepdse bi nder conposite projectile core materi alRCRESHH(pi8ve
physi cal properties and reduce cost. Both tensile bars and projectile
cores were successfully 10 injection rmllg)ed using 46% by vol ume tungsten
powder and 10% by vol une stal nl ess steel fibers in a polyneric

bi nder. ensjle test results show that the Nylqgn 12

t ungst en pomﬁ@?a&?énﬁ)gllﬂe and 12.2ni o Pf HEBCFRIO8e SSPEFY ehe qHCPE facrTs i Wae

physi cal pro i n of

bt nless st geg xtn]ng%d EgEotﬁﬁng}%%gbér%%& 9515#@5 eR&P éxroggcfseg&l Zid Jﬂﬁy%@rﬂééslq%@

st rengt h andafipgheh @glcefatxh@aud%rmt Eﬁfe@ér{c]e Hewa@slttﬁe 128¥ @btal ANPASAL €or the

mat eri al . A qualitative assessnent of vertical drop inpact

r esul ts showeethaitieg sahplesly Tos method apsumasrigist the lptgreietavy dipsisiensrindiestt al s
th and w t hout stainl ess steel fibers had 20 equal or superior inpact

st rengt h Saheffeds G ead. The Nyl on 12 tungsten conposi te

material wth stal nl ess steel fiber shguygg 3dre hi ghest inpact resistance of

the conposite materials tested. Bot h tungsten

powder / pol yneri c b| nder ~ conpiésViets Eaiﬂstiuﬁ@atxarﬁ‘qsbﬁdmltsand 25 st ai nl ess

steel fiber

t oget her and i nj ectl on m)l ded usi ng st aruiﬁi_lsﬁanyxjamgyand m)l d| ng
o una S DS SRotos A0 STEndBLoS W= AL oL g poncer
Depth {in.) Dia. (in.) Depth Factor
(fpS) (in.)
TRI#1 1 3081 13.9 42 8.0
2 3098 15.4 4.4 8.2
3 3080 145 5.0 5.5
4 3074 9.8 5.2 7.3
AVG: 3083 13.4 4.7 7.2 1.18
TRI#2 i 3041 13.0 5.8 7.8
2 3090 10.8 . 5.4 7.0
3 3059 12.5 6.0 8.7
4 3025 12.4 6.2 8.4
AVG: 3054 12.2 5.8 7.9 1.16
Lead 1 3073 12.9 5.C 6.5
2 3070 9.0 4.7 7.0
3 3085 11.9 5.1 6.8
4 3104 12.4 5.0 8.1
AVG: 3083 11.5 4.9 7.1 1.28

* Bullet core broke skin of gelatin at back end of block

10 Ballistic Gelatin at 300 Meters
This test was conducted in the same manner as the 10 meter gelatin test with
the exception of the target range which was increased to 300 meters. In addition, this
test consisted of only three valid rounds per cartridge type and projectile velocity was
obtained with a WEIBEL Doppler Radar system. Results of the test are shown below
15 in Table 21.



stainless steel fiber ratio of 10% Vi sual exam nation of the nol ded

pr oywexigigh#s2COr s showed excell ent surface fini gorasd7/ne7yvoi d or
porosity problens were identified. 30 Al t hough no formal procedure was
used to neasure the bal ance of the %rooj ectile cores, WO 98/ 00462

PCT/ US97/ 11573 T - 35 - a

vi sual exam nation of the sectioned cores showed the appearance of an even-
distribution of netal powder and TrBEr& in the pol ymer matrix.

EXAMPLE |V Tung | 12 and T n/ Nyl on 12/ St ai nl ess St eel
Conposites for Use 5 S0 Neber! Bhhisiie ee‘t'nui)%ﬁ%?‘blf ctiles: Bullet Assenbly
and Testing Two conposite naterrals were _developed for use in
projectile assenbly as illustrations OF™PREAYSA I the conpositions
of the pfgpRNt Ravenvel@ These Minefrda@ibf  Max. | NCl ulBE. a t st en/ Nyl on
L2[err] composing angs ! ungalen’ B @ik £l bial (B2 DESHS(i) © Hactor
conposite. Stainless e;el ers (0.125" long, 75 mcron dianeter) were
used i i i %._i i ur al

st rengt iREHd 8% ncr 8868 i n2162 t éagi | e nodukus. TheB.process for

manuf acturing the matepbal s2i66nsi st 346f m xi n0each 58 conponent in a

Br abender-type m xer 3gnsgl t heEmogri ndiigg the maggrials imgo particles.

The tungsten/ NYkGH Ca@PPS! (/@S Jf O§AE Nuch T4 per thamy ghe stginl ess steel
conposite ' ' " ' '

TRI#2 1 3038 2003 12.0 2.7 8.0
2 3027 2040 12.0 2.7 8.7
3 3037 2143 14.5 3.5 5.2

AVG: 3034 2062 12.8 3.0 7.3 1.21
Lead 1 3040 2129 15.8 4.0 8.0
2 3045 2082 16.3 35 8.5
3 3070 2177 15.6 3.8 8.1

AVG: 3052 2129 159 3.8 82 1.00

Ballistic Gelatin at 300 Meters Protected by PASGT Vest

5 This test was conducted in the same manner as the 300 meter gelatin test with
the addition of 2 PASGT Kevlar® vest which was positioned directly in front of the
gelatin block. The results of this test are summarized below it Table 22. In this test,
the maximum average penetration depth of the lead core projectile was met or

exceeded by each of the samples tested.
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Texas Research | nst. No p‘“i‘)om (,( f?\fﬁt erial #1 Tungsten/ Nyl Bﬂ)12[ err]

Texas Researm@i#inst. 1 Nops7oxi @Ovbt eri ali2#82 Tung8ien/ Nyl grs 12/ St ai nl ess

St eel bni tigdogostypaml d quakigty contsal inspections of the
cores yiel ded sone 3 §¢gp| figanpt findyngs. The cores ¢gnanuf act ured by
TRl denonstrated ex en '
KVE °hog7 2088 13.5 3.7 4.9 1.13
TRI#2 1 3017 2102 12.0 20 5.0
2 3028 2173 13.6 2.0 6.5
3 3019 2174 13.0 2.5 8.0
AVG: 3021 2150 12.9 2.2 6.5 1.17
Lead 1 3031 2097 11.0 43 4.1
2 2988 2053 14.5 4.0 10.6
3 3001 2086 13.3 2.7 4.1
AVG: 3007 2079 12.9 3.7 6.3 1.09

Auto Glass {(0° Obliquity) with Ballistic Gelatin at 300 meters
5 The purpose of this test was to document the effects of automobile windshield
glass on bullet integrity and penetration depth. Initially, the glass was positioned at a
range of 300 meters at 0 degrees obliquity, or perpendicular to the line of fire. The
windshield consisted of single layer autoglass, 0.219" thick. In addition, a gelatin
block was placed 18 in. behind the glass. Three valid rounds were fired with each
10  cartridge type. For this test, a round was considered valid when the point of impact
was not less than 2.5 in. from another bullet impact and the temporary cavity did not
impact any part of a cavity formed from a previous round. Results of this test are
summarized in Table 23. The TRI#1 samples achieved the greatest penetration depth
while the cavities produced by the lead projectiles were slightly larger than the cavities
15 produced with the other samples. It was also noted that one or two projectiles of each
type fragmented upon impact with the glass. Cavities in the gelatin block were then

based on the impact of these fragments.
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Lead 1 2981 2015 10.4 4.0 8.5
2 3017 2055 10.0 3.0 8.0
3 3058 2062 12.0 2.5 10.0
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G:

10



25 Tabl e 8 shows a conparison of the average neasured wei ghts and
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core drawi ng. The Score Factor in the far right colum is a cumul ative
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di mensi on and the correspondi ng draw ng -(¥equi r enent ) di mensi on.

Therefore, the |lowest scoring factoring represents the closest simlarity
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Table 8 Auto Glass (45° Obliquity)oyith BllisticG eJatip atR9P 2atersi stics

MATERI AL %amg!e Rd Dl\é&%" nIr)lpactL é_lratlon\AEl Fikx. Max. 5 & CORE
a

gl gl%) 2 074 0 § 29 Vel %%lh Emr’se Dia. (in.) Depth
Aver age Measurenents faskd (Avrol) 0. 175 () 0. 503
2. 067 TRIAG. 8 1 3004 2048 52 3.0 4.0
2 3002 2065 6.0 35 4.5
3 3042 2057 9.0 2.7 6.0
AVG: 3016 2057 6.7 3.1 48 1.00
TRI#2 1 3021 1963 5.0 20 3.5
3011 2006 4.7 14 35
3 3019 1996
AVG: 3017 1088 48 1.7 35 1.46
Lead 1 3021 2069 6.0 4.0 50
2 3021 2041 5.7 2.2 5.0
3 3028 2056 6.0 24 53
AVG: 3023 2055 5.9 2.9 5.1 1.05

R50 vs. 12.7 mm Aluminum Plate
5 Set-up for this test included a 5.56 mm accuracy barrel and Remington M700
receiver mounted in a v-slide. The target plate was rigidly mounted at 0 degrees
obliquity to the weapon. A Doppler radar tracking system was also used to record
projectile velocity, acceleration, and time of flight from the muzzle to target. For this
test, Army penetration criteria was used which states that any cracking of the target
10 plate qualifies as a complete penetration. Initial results showed all samples achieved
complete penetration (CP) of the target at 350 meters so the target was repositioned at
355 meters. At this range, the TRI#1 sample achieved 5 CPs for 5 rounds fired while
the M855 cartridge achieved 3 CPs for 6 rounds fired. The target was then moved
back to 360 meters. At this range, the TRI#2 sample had no CPs after four rounds
15 fired. The TRI#1 sample achieved CPs for 6 rounds fired. The target plate was then
moved back to 365 meters where the TRI#1 sample achieved 2 CPs for 6 rounds fired.
Based on these results, the R50 range for each sample was determined. The TRI#2
and M855 cartridges each achieved an R50 range of 355 meters. The TRI#1 sample
had the greatest R50, 363 meters. Muzzle velocity and V50 velocity, which is the
20  impact velocity at the R50 range were also determined for each sample. Results of this

test are shown below in Table 25. The score factors in the right side column were
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R50 vs, 3.5 mm Mild Steel Plate
The set-up and equipmént used for this test was the same as used for the
previous test against the aluminum plate. The target plate was originally positioned at
10 600 meters from the weapon. Cartridges were ther loaded and fired single shot. After
each shot the target was inspected and the shot was determined to be valid or invalid.
To be considered valid, a shot had to hit the plate not less than 1 in. from the nearest
hole, support, or edge of the plate. For each valid shot, the penetration, either full or
partial was assessed. This procedure was repeated with each sample. After firing the
15 test rounds, the target range was increased until the R50 range was established. Again,
the score factors in the right side column were determined by calculating the
percentage difference between the farthest R50 range and the R50 range for each other

sample. As in the previous tables, a lower score factor indicates betier performance.

Table 26
20 R50 vs. 3.5 mm Mild Steel Plate
Sample R50 Range Score Factor
TRI#1 710 m 1.25
TRI#2 620 m 1.43

Lead 680 m 1.30
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10  target. The only projectiles to completely penetrate the block were the standard lead
projectile; 2 of the 6 rounds fired achieved complete penetration. On average TRI#2

sample produced the least damage.

Kevlar® Helmet Penetration at 1,000 Meters

15 This test was conducted to compare the performance of the test projectiles and
standard projectiles when fired at Xevlar® lined combat helmets at a range of 1,000
meters. For this test however, targets were positioned at a reduced range of 50 meters
in order to increase the hit probability and reduce the number of rounds required for
this test. Cartridges were then downloaded to simulate the 1,000 meter velocity at a

20 50 meter range. It was determined that the 5.56 mm M85S5 type bullet would have a
residual velocity of approximately 261 mps (856 fps). To achieve this velocity,
cartridges were loaded with 3.8 grains of Bullseye powder. However, due to the large
amount of free case volume resulting from the reduced propellant load, projectile
velocities showed slightly more variation than the standard cartridges. Five valid

25  rounds of each type were then fired at the helmet. One round of each sample was fired
at the front, top, back, left side, and right side of the helmet. Impact velocities for each
of the samples were within 3.5% of the desired velocity of 261 mps. Overall, the TRI
#1 and TRI#2 samples achieved the best results, penetrating the helmet at each of the
five orientations. The lead projectiles on the other hand, achieved penetration on only

30 3 of 5 shots even though all impact velocities were within 3.5% of the desired velocity.
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aver age val ues for point ta|I caonce were added to this
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Tabl e 9 Front 272 1 nspegéd on Resul ts Yes
AVG: 267 256
TRI#2 Top 277 268 Yes
Back 278 268 Yes
Rt. Side 262 252 Yes
Lft. Side 292 278 Yes
Front 270 260 Yes
AVG: 276 265
Lead Top 280 270 Yes
Back 276 265 Yes
Rt. Side 268 260 No
Lft. Side 279 267 Yes
Back 262 252 No
AVG: 273 263
Soft Recovery Test
5 This test was conducted to obtain information on the condition of the

projectiles after being fired into a simulated target berm. The target berm in this case
consisted of sandbags which were positioned 100 meters from the gunner. A witness
panel was placed behind the sand bags to determine if the projectiles completely
penetrated the sand bags. After firing 15 to 20 rounds into the berm, the sand was
10 sifted through a screen and the projectile fragments were recovered and photographed.

New sandbags were used for each sample tested.

The TRI#1 and TRI#2 cores did not demonstrate the same high degree of
fragmentation after impact. A larger percentage of these cores were recovered both

15 within the jackets and in pieces separate from the jackets. The TRI#2 cores



Di nensi ons TR #1 TRI #2 Contr ol

Wei ght WO 98/60462 61. 700 58. 200 PCI/USRTGTB

(61.8 1.5 grains) Over-All Length 0.916 0.914
0. 908 (0.923 - 0.030 in.) Length of Boattail 0. 106

0. 106 0. 107 (0. 110 - 0.910 in.) Poi nt Concentricity
0. 004 0. 003 0. 004 (0.005 in. Boatt ai |

IC(r)]n;: entri Clstcglemo a?eao Bt least amount of frgnggﬂ& of all the sampigs Oggleral samg)ﬁl,s Q3
5.72 5 these cartridges were recovered while reasonably still idiaby. e 10

Fi xed Gage | nspection Results Per cent age of Sanple Qut
of Specification Limts Characteristic TRI #1

TRI #2 ntrol. . Di.anet er. . . .

53 Legé)grmecnle fragrﬁﬂg consbst%agmfiﬂlv of jacket Eﬁec%se r%%g?.c} f:léunks

0.0 5  which 9}0@': closely resembled thé)’I@d#l fraggﬂeﬂﬂsm Uhe thBleMdl®N shows the
0.0 - 0.010 in.) Poi nt
Di anet er average wezght gf the seven laroesL reccgzered core fragments of egch type. (ThO40 -
8 822 'n. %0. gﬂ%ﬁ %?%%%B%%%rno;\ﬁerage retained the Iaréeosgc) mass of all the sampgas tested.

Although this test was conducted with a limited number of rounds under tightly
controlled conditions, this may be an indication of how easily recoverable the materials
10 will be for recycling purposes. A mass comparison of the recovered projectile
fragments is shown in Table 28.
Table 28

Average Mass of Recovered Projectile Fragments (Grains)

Sample Average Mass of Recovered Fragments Scere Factor
{Grains)

TRI#] 294 1.68

TRI#2 49.4 1.00

Lead 37.9 1.31

15 Toxic Fumes Test
Toxic fumes testing was conducted at the ARDEC Armament Technology
Facility. This test assessed the gaseous and particulate emissions from the cartridges
when fired. For this test, an M16A2 rifle was mounted in 2 hard stand enclosed in a
sealed chamber. Five firing trials were conducted using each of the five cartridge
20  samples. For each trial, 30 rounds of ammunition were loaded into the magazine and
fired into water trap 21 in ten 3-round bursts with 3-5 seconds between bursts. Gas
and metal concentrations were monitored during the firing and for a 30-minute period
after the firing of each trial was completed. Sampling points were located 6 in. to the
left and right of the buttstock as well as directly behind the buttstock. These locations

25  which are illustrated in FIG. 32, were chosen to simulate the position of the gunner's

SUBSTITUTE SHEET (RULE 26)
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Car t rywvehde/obsgadi ng 10 Prior to final cartridgeprcomdsmgs7za sanpl e of
15 cartridges were | oaded using each core type to confirmthat the
sel ected charge wei ghts woul d be effective under t he production
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operations. After the initial pre-Iloa pressures and veIOC|t|es wer e found

to b i gh.
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vel oci ti {e%éﬁgﬁibélmétccvg%tesaquTLXPI asbljile eér{usnGS\er e t%ejrsﬁmggcsagmg:logderf}%f oof\/BSS
cartri dg&®vernment Indgstrigl lygergétandar d pl at e | oadi ng equi pment and MB55
cartridge cases. WC844 propel l ant, |ot 49924, was used for the
entire | oading operation. Pre-load and final charge weights are

E?g‘gﬂ? F:L?ng}%%ruw aﬂ%lgncai data showed some significant findings. FarstT@fbalHe e
lead emissions from each of the four test cartridge samples were reduced to
approximately one half that of the standard service cartridge. The MTLV for lead 1s
0.05 mg/m’. Results showed the lead concentrations from the service cartridges
averaged approximately 0.5 mg/m’, 10 times the MTLV. The concentrations emitted

10 from the test cartridges averaged approximately 0.25 mg/m’.  Although this still
exceeds the MTLV, there is a noticeable reduction of lead emissions. Also, silica,
which is a primary component of the nylon used in the TRI samples, was detected at
concentrations of less than 1% of the MTLV. Laboratory data also showed that

concentrations of sulfur dioxide, iron, and nickel fell well below the MTLV for each

15  sample.

Non-Lead Core Materials Evaluation Conducted by Department of Energy -
Oak Ridge National Laboratory (ORNL)
The objective of this effort was to evaluate, in detail, the properties,
20  formability, and stability of non-toxic materials proposed to be used as projectile cores.
A laboratory study was conducted at ORNL to compliment the larger manufacturing
and testing effort described in this report. Issues such as density hardness, elastic
behavior, and chemical compatibility were examined. The following presents a
summary of the results from this study.
25
Mechanical Properties
Samples of each material were tested in compression to determine strength,
modulus, and elastic behavior. A load was applied to the ends of the core samples at a
rate of 0.02 in/min. Load versus displacement information was recorded along with
30 information about the deformation and failure of the material. Hardness was then

measured in Brinell B using a drop hammer technique with a large diameter ball. Four

SUBSTITUTE SHEET (RULE 26)
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PROGRAM 20 Cartridges made frdmbled¥ and each of the conposites

t he

TRI #1 d TRI #2 t h b t to.a s sts to assess
i n? gl‘l or, exteri oﬁweg{{‘gate‘ﬁmflﬁé}f&qg&ﬁgﬁg?”f%P?@I"Bzﬁ“f%@ﬁ‘i’%ﬂ%f each

mat eri al cand| e Thro hout Phgsecé the current 5. 50, mm_IVB55
?Pgaa R

cart

€as th ’Eﬁig’qu/ PEESSIEE | cepmpressiver or Zlardressng

ri dge was

per f or mance. Iesting was conducted aﬁtﬁeﬁggb(mﬁcaMQﬂﬁﬂs (Mgip G (Brineling)
Ammuni tion 25TRI#D ant, N&GS + S@®1f acel 9 fare2 Centldl], +Orkne, aB8 7ths0.2
Ar mament TechriBRI#gy FaC| 18.8¢+ 1.13 9.74 + 0.41 0.79 + 0.08 145.8 +39.1

Pb-6% Sb* 10.9 4.1 4.0 90 (approx.)

* Used a reference material
In addition to these tests, the effects of compressing the materials to a larger

diameter at different pressures were studied. Three specimens of each material were
10 pressed to a diameter of 0.224" at pressures of 50, 60, and 75 ksi. Each specimen was
weighed and measured prior to compression. Parts were inserted into a die and a load
was applied to both ends of the sample. The load was applied until the punch
movement stopped and was then held for 5 seconds. When the load was removed the
part was immediately ejected, weighed and measured. Samples were measured again
15 four weeks later to assess the time dependent elastic response of the materials. The
diameters of the TRI#1 samples expanded 0.02 to 0.04 in. while the TRI#2 sample

diameters increased approximately 0.02 in. over the four week period.

Table 30
20 Recompression Densities
Sample Density Density Density
(50 Ksi) (60 Ksi) (75 Ksi)
{g/cc) (g/cc) (g/cc)
TRI#1 10.36+0.36 10.55+0.28 10.43+0.17

TRI#2 8.57+0.31 9.02+0.31 8.51+0.58
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Of S 0111 o0 B 0 il QR AU 1 00dTBAL APRAE Sroludby o

El ectroni c Pressure cit Actl on”Ti ne ts of
t he EPVAT t esttoat e iopoopyl mhcoTxabI endl ZthyDaicetabt aimddﬁarlomr*ehmefeewtmghed
i ncl uded casermuth pressure, port pressure (the essure at a md-point in
the barré| measure cmép‘éwﬂy@xarwn@%éﬂgw ﬁmosuneocﬁm Heéna 15

the time fr ot pakef bofRseha hATAL A o Bhipe sEBR an8"8 O%ir% PEsirEidhirge. °
Both TRl conp@giek 8serdBemabéd, tdied! %’glfeﬂ@l@t Sisd a0l é?cﬁﬁxﬁfeb!.r eSamples were then
quickly resubmerged for an additional 4 days after which time the samples were again
weighed and examined. Overall, in terms of weight change and surface texture,
10 solvents had little effect on the TRI#1 and TRI#2 samples. A summary of the chemical

compatibility test results are provided below.



velocity and action tine at each of the three tenperatures. It is also
I nt er est yRYodida4dtot € that the TRI#2, which had the |g&gesdymersght
vari ation, denonstrated a velocity variation simlar to that obtained
with the control sanple. In addition to recording 15 pressure and
velocity, a rolling w tness paper, whichQeas scrolled after each shot, was
pl aced 25 ft. in front of the weapon in order to record any instances of
projectile break-up or yaw. Throu@habl#3t he test there was no evidence
of projectiles yaw ng or ecofmi n unstable. This indicates that the
t her mal expansi on and cont r act $Bamie! frmpatibility RessS 51 s at the extrene
tenperatures | D[%Fgl ble. Also, the TRI conposites showed 20 no

ec

evi dence of prOj e/ core break-up. WO 98/ 00462
PCT/ US97/ 1157Shmple Imtlal Weight  Weight Weight SurfZce Change
Table 12 24 hrsi (5 dayﬁPVAE Results
r LU N OOUIN\L
E ( pSI ) TRI#(lf pS) 2048 (Zn%)S 2.048 No chang(epSI )
TRI#2 1811 1.811 1.811 0.0 No change
ETHYL ACETATE:
Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (5 days) Change
{grams)  (grams) {grams) (grams)
TRI#] 2.013 2.014 2.013 0.0 Slight discoloration
TRI#2 1.775 1.775 1.776 +0.001 No change
ISOPROPYL ALCOHOL:
Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (5 days) Change
(grams)  (grams) (grams) (grams)
TRI#1 1.918 1.919 1.920 +0.002 Surface washed out
TRI#2 1.849 1.849 1.849 0.0 No change
WATER:
Sample Initial Weight Weight Weight Surface Change
Weight (24 hrs.) (5 days) Change
{erams) (grams) {grams) (grams)
TRI#1 2.016 2.015 2.016 0.0 No change
- TRI#2 1.832 1.831 1.832 0.0 No change

Conclusions & Recommendations

5 Projectile performance was evaluated based on existing requirements, where
applicable, or on the basis of the best overall performer during a particular test. Score
factors were then assigned to each candidate for each test. No score factors were

given for the Kevlar® helmet penetration test due to the variation in projectile



Requi r enent Ambi ent 55, 000 (max) 13, 000 3,000 40

3.0 (max (m /US9TI115T3
o oy O sI0ds 7,000 psi 12, 700 < 250 fps Taroer

var from anb. (m n) fromanb. avg. - avg.
TRI#1 (Average of 20 rounds fired at eaclZ-enperature) Anbi ent

49, 531 13, 861 3,021 0. 897 Hot

53, 592 veldedicdl besulting froﬁm, ﬂ(h?»reduced propellaBt &Bé}ges which affekell terminal
44,192 13, 461 0. TR #2 (Aver age

of 20 roundsPEfarEEngs éﬁéhtetswﬁoaaatcamebeted the scoresmpéwtaled and are presenfgd 864

}-2 ]7-2(2) in gle?’éag)?e% below. The ﬁgszztable provides cl_%tcgmpanson of the dxmggs %%i

13, 340 uniforB89 of the cores afld 93bembled profeeiiick Olith A‘é%s%ﬂetoOfspMdaﬁblxﬁldS
fired at each tenperature) Ambi ent , 92

13,584 5 dm@ngg&l requirements. oT!m }econd table shems a companson of the t@Histo5

13, 816 Ab t2

13. 029 pe rgwé%ce of each cand a1§33 In genera%j gﬁe %sit d?‘?{?é@ﬁsnﬁl tlgs allistic

Di spersion t Fo?m\éﬁéee c%hz%@gp%gu&ftk?éﬂ ey E‘zﬂal?esiwé? ef RELIOfChCIRARAL YR AgSsyr acy

barrel s nmoun d In a v-s e. Each of the barrels had approximately 1,250

rounds fi redsignificanprdrget dffectshn sertne off sefih terpetrdamgpabr hard danget peaeB oo ef er ence

ammuni tion. Two record targets consisting of 10 rounds each were

fired fromeach barrel at anbient, hot (+125[err]F), and cold

(- BSLerrioF) t enpepaldyr s i felishioh BBl a SATR, SR nthEIG0RY Hokd, 1 TRIATP! €

Ammuni tion was tenperature con tloned s prior to Tiring.
tungsten-Nylon 12® composite is an acceptable substitute for lead antimony. Any

future efforts may expand on the testing already conducted and include rough handling,

weapon compatibility, and barrel erosion testing.

Criteria TRI#1 TRI#2 Control
Core Dimensions 133 24.3 16.8
Bullet Inspection 5.06 10.73 5.72
Bullet Inspection (Fixed Gage) 1.33 1.56 0.07
Total (Dimensions) _ 19.69 36.59 22.59

15



Weat her conditions were clear, approximately 53[err]F with 3 to 8 mle per
hour W Rglesgmogsz After qualifying the barrels, each of thperhagtiisest
sanples were fired, followed by the control sanple. This procedure
was followed at each tenperature. The control | ot was fired last to
'serve as a final check to assure there Wée no equi pnent mal functi ons

WD 98/ 00462

PCT/ US97/ 11573 Table 32 - 43 -

during the course of fire. Requilpe ts for 55, di spersion testing state
that the hori zontal and ve%Pgﬁ Cogiﬂﬂhggﬁgﬁgviation must be less than
6.0 in. for a_30 Tound target fiTEd_ar a o000 yard range. _For tni s
test however, CI6esdund targets were fird&¥l ins*&ﬁz of 30 ¢Hitkel targets
due to the avaishaRidn ty of cartridges. Ajgmnparisonmag 5. tjgen nade

bet ween each of "the sanple cartridges and the regular MB55 cartridges to
assess the peGEletim@démof each prototypel.l®fter firihgéwas conpl.288ed,
results obtained. wi th each barrel re averaged, separ at el Tabl es 7
through 9) anHeRHRM@ 38MBi ned to oﬁ?éin an ovelall averagt®These
overal | value@daﬁg@wgc$ﬂwggbles 10 througE312 were 7317 then uggd as the
basis for conpari son. e score factors shown in these tables were 10
det er mi ned byGelatiniluad Giggst he percent diffizrence beteén the bekd3perforner

and each ot.her sanple. In this case, the best perforner was whichever
sanpl e showedCelgtn/Auto Glass (45) 1.00 Pas 1.05
R50 Al Plate 1.00 1.02 1.02
R50 Steel Plate 1.25 1.43 1.30
Recovery 1.68 1.00 1.31
Total (Ballistics) 20.56 20.91 22.79
5 EXAMPLE V

Compounding Processes

Two compounding processes are applicable for the production of high density
composite materials, namely batch processing and continuous processing. Batch
processing utilizes a Brabender or Banbury type batch mixer and continuous

10 processing utilizes a single or double screw compounding-extruder machine. Each
compounding process used to produce tungsten powder/ Nylon 12® composite

material is described below.

Batch Compounding Process:

15 The first step of this process is to prepare a tungsten powder mixture
comprising a 2 to 40 micron particle size. Then, stainless steel fibers are prepared with
a length of 0.125 inches and a diameter of 75 microns and Nylon 12® fine powder

material 1s prepared with a 0 to 80 micron particle size.



smal | est dispersion in the category being eval uated. These categories

I ncl radi us, horizontal standard devi at ipgRyysd@iishal
stangg’ g)ggw ation, and extrenme spread at each of the three

t enper at ures. Resul ts obtained at each tenperature were then 15 conbi ned
in order to identify the best overall-8erformer. This was acconplished by
addi ng the score factors calculated at each tenperature (Table 19). Each
sanpl e was A BiieAdérasik Bantansg datbhngristed it hiestedl itbathe saelr eemmpdritutdhef | onest
score receiving the hlghest ranking. It is interesting to note that
l(:j)ot h TR bslepl e2®wfiSehdegressel) tahe 3 angpsated quantityyiohdhdpn \POPASE 1B
uring manuf

cartri dgegltm%g?e IP%@‘F?%W @ggrde atélxt T g(r%ré n?étm;é%}vﬁnlettlﬂg %%[Stenﬁ)]to@bqﬁrd \BSS

*l2sferr] xtﬂx%%nﬂ%ta?ﬁl%'stée?ﬁ%r 264 hi&8dd @Maoheegp&kFor mance of the sanpl es.
Thi s woul I ndicate that the thermal expansion or contraction of the

cores as not enough to adversely affect the fit between the core,

| acket, and penetrator .
JPCT/ Us97/ 1 15?39\ measured quantity o\f\our?gstﬁgxogg\%der mixture is gradually added to the

Table 13
I—héé‘of 12® %@1n¥ﬁ§%%1Mn?%ﬁaﬁ&q%Q&§? ok 135@'1%!%&[)' US

E)EV- ) DEMhen, a Shfasdad (quantity of stainless steel fiber is gradudhy HEB)ed to the tufigsten
in.

TRI #1
pgwder)/Nonn 12® mixture in the batch mixer until the required high density

10  composite material mix ratio is achieved.

The molten high density composite material is fed into a screw extruder. The

high density composite material is extruded as thin diameter rod from the extruder into

a quenching water bath. The cooled solidified high density composite material

15  extruded rod is fed from the quenching bath into a pelletizer, which cuts the extruded
high density composite material rod into pellets. The pellets are then suitable for
injection molding or other methods for molding the composition into a variety of

shapes.

20  Continuous Compounding Process:
The tungsten powder, stainless steel fiber, and Nylon 12® powder are prepared

according to the specifications described for the batch compounding process above.

A single or double screw continuous compounding-extruder machine is heated
25  to the melt temperature of Nylon 12® (480 degrees F). The tungsten powder mixture

and stainless steel fiber are heated to 480 degrees F.

A metered quantity of Nylon 12® powder and tungsten powder mixture is
introduced into the front end of the continuous compounder-extruder. A metered

30 quantity of tungsten powder mixture and stainless steel fiber is added into the



Barrel 352420 10 5. 56 4. 30 5. 47 21.85

10 WO b8/36462 7.35 4. 60 23.70 PCTIUS97/11573

Aver age: 6. 47 5.82 5.03 22. 77 Barrel 352723
10 5.01 5.11 2.93 65 16. 25

10 6. 44 4.90 5.27 TY2 T 17.35

Aver age: 5.73 5.01 4.10 16. 80 TRI #2

Barr el 35242:@ntmuous rompounder-exigrudey at one or mqg fill portsdoqﬁed down streem g8 the

i\s er age: 'cowpi)gnder unh?%:.e nguxre%'hlé? %sﬁy compos'nﬁ f}aéezna! mix ratfgaxls Ia&ere\gzgz 723

10 6.79 4.43 6. 29 10
7.56 4. 97 7.09 24. 25 Aver age:
7.18 4.70 The high @@nsity compOsit¢ material is exBadedhs 852 dneter rod ffom the

: . ) 2 - .10, .
491. gé 5 Zgogg)ounder—%trgger into a quer%@?n%dwater bath. The cooled solidified h\gérdg@g'gy
;' gg %g%l})osne ma%riépextruded ro%%zfig%'om the qu@ﬁ&ﬁx’rﬁé batR 26 pelletizf%%/hich
6.72 Tukithe extrudedIogh density co@po§ife material rod into pellets. Aver age:
6. 99 4. 89 7.19 26. 55

EXAMPLE VI
10 Tungsten Composites for use in Recreational Applications

Fishing Hardware

Lead sinkers of all types are currently used in a variety of fishing hardware.

This application of the present invention is ideal from a commercialization standpoint,
since lead poses a toxic danger to wildlife, as well as lakes, rivers and streams. Most

15  sinkers are from about 1/32 to about 1/2 oz., and have been traditionally made of lead.
Alternative compositions for sinkers include brass, steel, and iron powder/polymer
composites. Such compounds have, however, the disadvantage of having less density,

and thus give a bulkier profile to the lure, which may offer negative clues to the fish.
Fishing applications include, for example, jigheads, worm weights, crankbait weights,

20  split shot, weighted hooks, jigging spoons, bait walkers and bottom bouncers. The
present inventors have constructed jigheads and worm weights utilizing a tungsten
powder/Nylon 12® composite. These weights, which have a density of about

11.0g/cc, are shown in FIG. 24.
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Table 14 600 YARD H GH TEMPERATURE (+12S[err]F) DI SPERSI ON
RESULTS MEAN HORI Z. VERT. - EXTREME
SAMPLE NO. RDS. RADI US DEV.66 - DEV. SPREAD

FI RED (in.) (in.) (in.) (in.) TRI #1

Barrel 3524B@bby ApplitQtions 8. 20 8.61 4.90 30. 30

10 9. 37 7.31 7.23 24. 10

Aver age 8. 78obby Apglzea%@ns represeft & further use &/ th€0nstant compdBRIohe! F3p2723
10 5. .22 4.09 4. 33 14. 35

10 Sexiﬁmie modeBtrA'ms engines Qe;@sd on having e mximum possible engine weight

Aver age: 26 63
B\allr r e? 352 4@0prevent wheg! shppage Ibesgzengmes aregmgngl cLuredgo§Qaie and spa@ﬂmggge

,:k\Ser age 5 hzglé :Hgall mogeld gs Igglted s “tlQaé hég/h dens1t3l§'z§1§o§%nt in obtamm%g}er %ﬁsu%% 2793

10 éveB8ll weight b Bfale with thé3 niifdel propomoh§ Hhgine frames molded from this
10 5.49 4.71 4.42 10. 85
Aver age: mawgriglgare one appliggion. Alsog “add-on” weights myde of the present material

would be utilized not only in model train engines, but in train cars as well. FIG. 25
shows a commercially available lead model train add-on weight with a lead-free weight

10 that is made of tungsten powder/nylon and has a density of about 11.0g/cc.

EXAMPLE VI1

Alternative Tungsten Composites Applications
Radiation Shielding

15 Tungsten is an excellent radiation shield material, but is difficult to work with
in solid form. The injection moldable lead replacement according to the present
invention solves this problem, since the material may be used to form radiation shield
parts for all members of the medical x-ray and gamma ray equipment industry. This
high density material has the advantage of superior structural strength when compared

20  to lead. Also, the material may be used to manufacture clothing used by radiation

industry workers for protection against the effects of ionizing radiation.

Testing of Sheet Material of Polymeric Material

Sheet material of tungsten composite materials were placed on a piece of x-ray

25  film with 6 pieces of lead of varying thickness' up to 0.25 inches. The samples of the
present invention were compared to lead of 0.125 inches thick. The samples were
irradiated, and the film was developed and assessed for the ability of the samples to

prevent film fogging.



Contr ol Barrel 352420 10 11. 64 13. 20 7.03

45. 65 WO 98/00462 10 14. 64 8. 93PCT/USINVB53%
46. 45 Aver age: 13. 14 11. 06 11. 23
46. 05 Barrel 352723 10 _67- [-38 7.15 5. 00
23. 30 10 7. 86 6. 46 5.97
21.00 Ave 7.62 6. 80 5.48
22 15 VO 98/ip0as> example, matega 0.250 inches thick and comprising the Nylon

Panl o 10 - ae@ipolgner wix s sefarhaligue had g shiclding equivalency dXduproximarelythay o

MEAN HORI Z. ofERI50 inkXdsREMbheet lead. BAMtker example rh@enaFR%SO FRLT 1S ltﬁck aldEV.

DEV. SPREAD (in.) FI RED (in.) (in.)

(in.) commxﬁag;g the Nylong2®& sampie »athtainlessigyeel fibers as sg. fg_)U:h above yx@@ed

g ig 5 fg:a@grommate shielding equivalency of A&%—E%B?S of she@%s%g. A thxr'fl' %@mple

6. 84 %/asQP375 inches thick and flexible in form, had a shielding equivalency of between
q Y

about 0.94 and 0.125 inches of lead.

In other tests, samples of the composites of the present invention were tested

10 for their mechanical properties as radiation shield components. Sample Al was a
tungsten/Nylon 12® non irradiated composite; sample A2 was a tungsten/Nylon 12®
composite irradiated with 38400 Roentgens; sample Bl was a tungsten/Nylon
12®/stainless steel fiber, non-irradiated composite and sample B2 was a

tungsten/Nylon 12®/stainless steel fiber composite irradiated with 38400 Roentgens.

15
Samples Al, B1, A2 and B2 were conditioned at 25°C and 50% RH for a

period of 48 hours in an environmental chamber prior to testing. The samples were
then tested in a universal testing machine using a crosshead control method. The
results are presented in Table 33.

20

Al B1 A2 B2

File Number L6-67322 L6-67324 L6-67323 L6-67325
Tensile Strength (psi) 6,306 7,257 7,088 7,698
Yield Strength (psi) 5,517 * 6,694 *
Elongation-0.5 in. (%) ~1.0 ~0.5 ~1.0 ~0.5

* Sample broke before the yield point was reached.
Putty '
In another example, a polyurethane resin putty and tungsten powder are mixed
with an activator, which cures to form a flexible material. A representative formulation
25  for the putty comprises 2100 grams of tungsten powder (specific gravity = 19.35)
mixture blended into 300 grams of TECHTHANE 425 polyurethane prepolymer

(specific gravity = 1.11). The final mixture has a specific gravity of about 6.3. For



Barrel 352723 10 7.40 5.73 6.73 25. 05

10 WO 98/00&.272 3.44 2. 60 10. 75 PCT/USST/I11573

Aver age: 5.56 4.59 4. 67 17.90 TRI #2

Barrel 352420 10 7.09 5.54 6. 07 22.75

10 5.15 4.67 4.84 -68-  21.60

Aver age: 6.12 5.10 5. 46 22.17 Barrel 352723 ik
10 use, SO(Bgrams of $uﬁﬁ 1s mixeddSwit# 10 grams26f BOHACURE 300 curative and 10;
6. 91 21.70 Aver age: 5
6. 29 allo&"—" ?0 cure atSO%‘Q temperature)1 Q Cont r ol Barrel 352420

10 6. 58 6.11 4. 14 18. 80

10 7.53 6. 24 6. 26 23.55

?ger age: Gétéﬁﬁ thermos@téﬂg maten7a1§513'1291de thosezilxlszédoilnﬁ‘able 34 arRaThgL 3352723

10 S belogv 50Table 34-7lispy) possible gheymoplastic maregrigdy that can be filled with the

Aver age: 6. 54

Tab) 225 dungsten ngilir eompBsifiRag of the HRitat inveptionty LiORRAT ShprEeIRls of

MEAN  thernfdell rdatefbtY for W¥ERIthe Rdent ineldidtn SAMPLE RADI US

(in.) (in.) (in.) FACTOR TRI #1 6. 10
541 4.56 4.03




TRI #2 7.16 5.56 5.71 4.59

Contr ol WO 98/00462 7.16 6. 84 PCTUSST /98 T3

98/ 00462 PCT/ US97/ 11573
- 47 - Tabl e 17 :
CUMULATI VE H GH TEMPERATURE DI SPERSI ON REBULTS

VEAN HORI Z. DEV. VERT. DEV. SCORE SAMPLE RADI US
(in.) (in.) Table 34 THenmpplastic MAIEEIRIs that cal Bk #ted in

6. 36 4.85 the&oﬁﬁ)osztes of thRlp¥esent invention 6.61

5.53 5.20 Cont r ol 10. 38

8.93 35 5 12

Tabl e 18 5Acry 1°§ TILVE H%D TEMP e{fy aqatlSESULTS

NEAN L@@@ y eta SS(:OR olyoxym DI US
(in.) Ace‘ylﬁm}n e-Butadiene- yrege) anto, ovT pical, Borg Warnar
6. 79 5 75 Chergigals Cycolaqipdename Major

6. 20 4. 78 5.69 Sippdisr Cont r ol

7. 30 Therrhoplastic Fluoropolymérs84 Cofloiv(polyvinylidene fluoride)

Jonomers
Polyamides
Polyamide-imides

Polyacrylates
Polyetherketones

Polyaryl Sulfones
Polybenzimidazoles
Polycarbonates

Polybutylene Terephthalates
Polyether imides

Polyether Sulfones
Thermoplastic Polyimides
Thermoplastic Polyurethanes

Polyphenylene Sulfides
Polyethylene

Polypropylene

Polysulfones

Polyvinyl Chlorides

Styrene Acrylonitriles
Polystyrenes

Polyphenylene Ether Blends
Styrene Maleic anhydrides
Polycarbonates

Surlyn tradename for DuPont Product
Nylons

Condensation product of aromatic diamines

and trimellitic anhydride
Polyhydroxyethylmethacrylate
Amoco Performance Products
Amoco Performance Products
Hoechst Celanese

Lexan manufactured by G.E.

Valox manufactured by G.E.

General Electric Company

ICI Advanced Materials

Ciba Geigy Corporation

Estane Line B.F.Goodrich, Texin Line
Bayer

Ryton, Phillips Petroleum

Ultrahigh Molecular Weight and Low
Molecular Weight, Hoechst Celanese
Phillips Petroleum

Amoco Performance Products

B.F. Goodrich

Dow Chemical

Mobil

Borg Warner Chemicals

Arco Chemical Company

General Electric Company



Table 19 Overal | Dispersion Test Results

CUM%:A s a6 CORE FACTORS SAMPLE  AMBI ENT  HOlctusésdibys TOTAL

RANK TRI #1 4.03 3.36 3.69 11.08

2 TRI #2 4.59 3.20 3.33 11.12 3
Cont r ol 4.82 5.12 -70- 3,77 13. 71 5 10
Termnal Ballistic Testing The Naval Surface Warfare Center, o
Crane, | N, conduct &dblec3 i Bitprirmseis ddaerialscthat can beusechiml per f ormance of the
cartridges incorporati ngetRhipolitand thRp¥deOiiventibes agai nst

simul ated hard and soft targets. Data obtained fromthese tests was used to

I dentify &lg)f shortfal l's or i mrogﬁgggdgtahggnfandi date cartridges as
th
d

conpar ed standard t(le The terminal ballistic
tests conéﬂ 3d |ncI uded the D h ﬁ WD 98/ 00462
PCT/ US97/8%%S °W emica ,

Epoxies Bisphenol A type epoxies and acrylkate

modified epoxies with aliphatic and aromatic
amine curing agents, Ciba Geigy and Shell

Phenolics Resole and Novalacs Occidental Chemical
Unsaturated Polyesters Ashland Chemical
Bismaleimides Ciba Geigy
Polyurethanes Polyether and Polyester polyurethanes
Silicones Dow Corning Corporation
Vinyl Esters Ashland Chemical Corporation
Urethane Hybrids Urethane Acrylates and urethane epoxies
5 A specific example of using Tungsten powder with a thermosetting Epoxy is as

follows. 27.7 grams of Tungsten powder was weighed in a beaker and set aside.
Subsequently 5.0 grams of Epon 8111 of an acrylate modified epoxy was weighed
into another container to which was immediately added 0.5 grams of Shell Epi-Cure
3271. Then 3.6 grams of the mixed epoxy and curing agent was added to the 27.7
10  grams of Teledyne C-8 Tungsten powder. The powder and the epoxy were hand
mixed, placed between two Teflon sheets and allowed to cure overnight. A flexible

sample of Tungsten powder epoxy was produced.

Foam

15 A polyurethane rigid foam can also be produced using the compositions of the
present invention. The foam was produced by adding 238 grams of Teledyne C8
Tungsten powder to 109.9 grams of Premium Polymer 475-20 B component and the
mixture was stirred. Next 120 grams of Premium Polymer 475-20 A component was
added and the slurry stirred for approximately twenty seconds. The slurry was placed

20  in a container. It quickly rose and was tack free within two minutes. The tungsten
powder was uniformly distributed throughout the foam. It is envisioned that the foam
material may be employed in a binder capacity as defined elsewhere herein. The high
density foam will find utility in noise and vibration damping, in radiation shielding and

the like.



- 48 - Soft Targets 1) 20% Bal | i stic gelatin at 10
Meters  wo 98/00462) 20% Bal listic gelatin at 300 nmeters  pcruse7drs?zs 20%
Bal listic gelatin behind auto glass at 300 neters 4) 20%
Ballistic gelatin behind auto gl ass (45 d;gr ees obliquity) at 300 neters

5) 20% Bal i stic gelatin behind a PASGT Vest at 300 neters Har d
Target s 1) Det erm ne R50 range against 12.7 nm al um num pl ate

2) Det er mi Bl@rB50 range agai nst 3.5 nm NATO pl ate 3) Kevl ar[err]
Hel mets at 1, 000 te s* 4 ' r.ete cks at .100,.neter

* Test was conducted i %@ern%rfﬂé?dé"’efﬂshg’&fm%ﬂﬁw cgjaf Pﬁeaagénvennon may be

Bal | istic Ge+rﬁ1% 1bPeto Hodtkie®s high density, low vxs%%my Eiﬁfr?et shestd Qgrr9oRkpPse 20%
ballistic gelatin blocks 10 positioned at ers fromthé weapon
was conduct egmpibydd mdsh s;smnpﬂ ef dd@plwbmbrgetreme rvgssellslomckmote operated gehicles,

tenperature conditioned t o[ errgF for .36 hours and calibrated using the
BB Pen efddnagiRT é‘m"laéFq © CPFieRt W§es OEMCEUEY HEENt hat a . 177 cal i ber BB
at a velocity of 595 15 fps shoul d penetrate the bl ock to a dept h of
1.5 .25 in. The weapon used for the test was a ML6A2-E3 rifle which

was shoul der fireth p/éedmelitymé afer@agls fronsfirddi beedleshasphdfical cBaabsledo adusa
di stance of 15 ft. fromthe nuzzle. After firing each test round,
penetrati on lifepe pomtiorssarhedrd qidotchangectihg istanee dpiavegeitgheent® offbupkiency and

tenmporary Cat\{xiet é/en%‘edz" of gravity. The list system of such vessels involves the transfer of
10  approximately 2800 pounds of mercury between a reservoir which is low and centered

athwart ships and the port and starboard wing tanks which are located 45° above the

horizontal and as far outboard as possible. All the tanks are spherical and equipped

with a diaphragm, which is actuated by hydraulic fluid to displace the mercury. The

spherical tanks are located between and in close proximity to the center and aft

15  personnel spheres, the skin and the structural rings that serve as the aft support for the

personnel pressure capsule. The tanks are connected by 1.25 inch outside diameter

stainless steel tubing and the mercury can be transferred between the reservoir and a

wing tank in 45 seconds representing a flow of about 25gpm.

20 When such systems were designed, mercury was thought to be the ideal fluid
for such weight modulation, however, the toxic nature of mércury makes it an
extremely hazardous material for this purpose. Hence an alternative is neede.d. U.S.
Patent No. 5,349,915 (incorporated herein by reference) describes tungsten balls in a
tube of hydraulic fluid as a weight medium for deep submersibles.

25

The compositions of the present invention provide a high density composite
material that may be used as a weight medium for trim and list systems. Such
compositions may be configured into a high density slurry comprising solvents,
suspension agents, surfactants and lubricants. The high density material of the present

30  invention may be in the form of high density balls or in the form of a powder mixture in

the slurry.



were neasured. Four valid rounds of each cartridge type were fired. A round
was wo ssnsé2dered valid if the projectile fragnents areCwbsy7amssre

cavity were contained within the bl ock and did not contact the cavity
formed froma preceding shot. These 15 measurenents are illustrated in
FIG 31. Resul ts showed th® TRI#1 cartri dges nost cl osely
mat ched t he perfornmance of the reference MB55 cartridge in terns of

cavi ty di mensi onghasoluent leé chricgompy di @ergriluorpolyetberc |ogkassexampleshinchideer ms
‘F’,‘;:T'/f’ﬁggg; ialggsgordgﬁé, htric;reg% Eﬁéﬁ%atae,ndpo y%lxggro%?ggé Sther glyco\{\s(,) 8&@%8&9?;}henyl
averaged 13gifthxiahe, affiodckilzohd) pafatR@REt NAL | GRrmin€S PeFlaleng] Yiribober -2 act or s
wer e determ ned by totaling the average val ues for penetration depth
and cavity genflensiaed hydrocarbdng, hdnmebih cUBA8 i rpyritucepghetiaent Vabirdrfodr 036

bet ween f he and totals for the mai ni Thi s

| ar gest t.ota n anpl es.
met hod assu ugwgﬁyefh?é Vor e ¢ \’/?TP9IY8‘ihﬁ‘ér?§)|06n§”‘§n rea«ziege’%uowﬁs@ﬂ%st

Egrr\/g{ g?n(é:;??(l)%t i '(I:‘heégl %?ild% & }exié)%t cé%ca l\([isscosity, compatibility, aPMBla8lty and are

Tenpor ary Cestipatible with s@aigek etecReuddeten, Veflon@ynthétrnebierth® Viton. Max.
Max. Score
The surfactant of choice may be anionic, cationic or nonanionic in nature.
10 Silicon and fluorosilicone surfactants may also be employed. The tungsten composites
of the present invention may be in powder form or in the form a balls. Polymeric
encapsulation may be employed with the tungsten powder or balls to reduce friction in
the slurry. Urea-formaldehyde emulsions, glyco diols and melamine formaldehyde
compositions are good candidates as encapsulations materials.
15
In an exemplary slurry 700g tungsten powder (2-4 micron) are mixed with
100g 60wt. motor oil (specific gravity 1.1) and 800g ballast material 1 (specific gravity
6.3). In another embodiment, 350g tungsten powder (8-10 microns) are blend with
50g 80-140wt. gear case oil (specific gravity 1.1), and 400g of ballast material 2
20  (specific gravity 6.3).

Al of the compositions and methods disclosed and claimed herein can be made

and executed without undue expertmentation in light of the present disclosure. While

25 the compositions and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations

may be applied to the composition, methods and in the steps or in the sequence of

steps of the method described herein without departing from the concept, spirit and
scope of the invention. More specifically, it will be apparent that certain agents which

30 are both chemically and physiologically related may be substituted for the agents

described herein while the same or similar resuits would be achieved. All such similar



15 Ft. Depth (in.) Da. (in.) Dept h Fact or

(fps) WO 98/00462 (in.) TRI #1 PCTHIS97/11573 3081
13.9 4.2 8.0 2 3098 15. 4
4.4 8.2 3 73 3080 14.5 - 5.0
5.5 4 3074 "’°79.8 5. 2 7.3
AVG 3083 3.4 4.7 7.2 TRI #2
1 3041 substitutes 1agxd0mod1ﬁcauon§ apparent to thogg skilled in the art are deemegl to be
?ggg vjvghxg the spirit, scc@» f}md concept oz th% invention. 4 302 53 §25£91
6.2 AVG 3054 12.2 5.8
7.9 1.16 Lead 1 3073 12.9 5.0
6.5 2 3070 9.0 4.7 7.0

3 3085 11.9 5.1 6.8 4
3104 12. 4 5.0 8.1 AVG 3083
11.5 4.9 7.1 1.28 * Bull et core broke

skin of gelatin at back end of bl ock 10 Ballistic Gelatin at 300 Meters
This test was conducted in the same manner as the 10 neter gelatin test

wth t he exception of the target range which was increased to 300
neters. In addition, this test consisted of only three valid rounds
per cartridge type and projectile velocity was obtained with a WEI BEL

Doppl er Radar system Results of the test are shown below 15 in Table 21.
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Tabl e 21 300 Meter Ballistic Gelatin Test Results
Tenporary Cavity Sanpl e R Vel ? | npac Penetration Max.

MVBX. Scor e . 15 Ft74-t Vel. Depth (in.) Dia. (in.)
Depth (in.) Factor (fps) (f ps) TRI #1 1
3068 2162 13.2 REFERENCES. 3 2 2999
2153 14.5 3.0 5.8 3 3013 2769
16. 3 3.6 7.9 AVG 3027 2361

14. 6 3 3 7.3 1.11 TRI #2 1 3038 2003
12.0 he follow18 Peferences the ex att J j d ?

2.7 8 ? ug 9 '§B’3‘}‘ hZYLR?‘” © excinpyary procecural 3 5
5.2 or other dé¥¥{i sup%%%enta Q@%hose set forth h 3m8 r 7.3
151 or otl s 6’? & a 8& spe01ﬁc§lbp1ncorporated 2 0
2 345 her20®y reference 16. 3 3. 5 8. 5 3
3070 2177 3.8 8.1 AVG 3052
2129 Us. Pfsenéh% 8 189 XX 8.2 1.00

PCT Application No. WO 92/08346
U.S. Patent No. 5,081,786
U.S. Patent No. 3,546,769
10 U.S. Patent No. 4,428,295
U.S. Patent No. 5,399,187
Shooting Sportsman, July/August 1995, pp. 9-12

U.K. Patent Application No. GB 2179664A



d‘@ PASGT; Me$t 5 Thi s
% met erL gel pttrosdens7sw t h
-positioned directly in

Ballistic Gelatin at 300 Meters Prot
test wasypaesgisated in the same manngr!
the addition of a PASGI Kevlar[err] jest

front of the gelatin block. The results of this test are summri zed
below in Table 22. In this test, the’ maxi num aver agie spenet sat,
depth of the lead core projectile was net or exceed p cﬁ‘e
sanpl es tested. WD 98/ 00462 CLAIMS ylﬂn n
PCT/ US97/ 11573
Tabl e 22 Ballistic Gelatin Protected vv/PASGT Vest @
300m Tenpor ar
: 1. high density co sxtion of matter, comprising: mp y
Cavity SarrpIAe '8 5 y i fnp& | npac Penefrle{?ti” on Max. Max.
Score a. I‘sbngstenlpﬁ)vﬁier t Vel. Depth (in.) Da. (in.)
Dept h Fact or (fps) (fps)
(in.) 5 TRI#1 b fiber, 2976 2076 12.8 3.4
3.5 Lin 2990 2091 13.8 3.3 4.7
3 2994 2097 91 o 4.4 6. 4 AVG
2987 2088 13.5 3.7 4.9 1.13
2. The composition according to claim 1, wherein the tungsten comprises between
about 5% and about 95% of the composite weight.
10
3. The composition according to claim 2, wherein the tungsten comprises between
about 10% and about 80% of the composite weight.
4. The composition according to claim 3, wherein the tungsten comprises between
15  about 15% and about 70% of the composite weight.
5. The composition according to claim 4, wherein the tungsten comprises between
about 25% and about 50% of the composite weight.
20 6. The composition according to claim 5, wherein the tungsten comprises between
about 35% and about 40% of the composite weight.
7. The composition according to claim 1, wherein the tungsten powder size is
between about 2 and about 40 microns in diameter.
25
8. The composition of claim 7, wherein the tungsten powder size is between
about 4 and about 8 microns in diameter.
9. The composition of claim 7, wherein the tungsten powder is between about 20

30  and about 40 microns in diameter.

A



PCT/USYTLIST 3

TRI#2 eishe éeQ,zae ced 120y 2.0 5.0

5
3019 M‘l “ ‘E‘QHXS ACES. O AVG 3021
2150 REPLAUE 1.17 Lead 1
3031 2097 11.0 4.3 - 76 - 4.1 2
2988 2053 14.5 4.0 10.6 3 3001
2086 113) 3 The comp’bsﬁ;on accordmfg t?b claim 1, wherem the fib&VEamprd§dtainles® 079
12.9 7 6.3 Auto dass (O[err]
Obl i qui ty) vsutttelh BAPSH é&ln&n\@lryiqrh@vlaza@osmréi@s mcgel glass or carbpite pur pose of
this test was to docunent the effects of autonobile w ndshield gl ass

on bullet integrity and penetration depth. Initially, the glass was

positioned at; a The cdn@ﬁlﬁﬁzoﬁfacg&ﬁxdgﬁb%‘lém@b WheRe ®esbalt k@imdsy stelll fiber.
perpendicular to the line of fire. wi ndshi el d consisted of single

| ayer auogl ass, 0.219" thick. In addltlon a gelatin bl ock was pl aced
18 in. behi th | ass. .T.hreevlldr with each 10
cartridge t;}% ﬁ%@siﬁé@tacc 3%6\{%'%@’” eH‘e‘:h‘égg?}eﬂ"PEPrﬁFr‘eﬁ*PtWﬁ@ poi nt
of i npact abouﬁl\@% aggtgob/g&sthg%& gs,{é ‘;\,g hf rom anot her bullet inpact and the

tenporary cavity d y part of a cavity fornmed from a
previ ous round. Results of this test are sumari zed in Table 23. The
TRI #1 sanpl es achjeved the greatest penetration depth whil e the

cavities produced Wotnﬁé’slt’@aécfﬁréjf’@é?lcﬁ% lgelereln [Ge ibgr qogingises baswRen he
caV|t|esi0 1"'_ébout|pf U@%dzd‘yﬁbptﬂe%n%@ﬁé sanples. It was al so noted that one
es o

or two projecti fragnent ed upon inpact with the
glass. Cavities in the gelatin bl ock were then based on the inpact of
t hese fragnents. o . : . i

14. The composition according to claim 13, wherein the fiber comprises between

about 15% and 18% of the composite weight.

15 15, The composition according to claim 8, wherein the binder is a polymeric

binder.

16. The composition according to claim 15, wherein the polymeric binder is

comprises cellulose, fluoro-polymer, ethylene inter-polymer alloy elastomer, ethylene
20  vinyl acetate, ionomer, nylon, polythermide, polyester elastomer, polyester sulfone,

polyphenyl amide, polypropylene, polyvinylidene fluoride or thermoset polyurea

elastomer,

17.  The composition according to claim 16, wherein the polymeric binder is Nylon

25  12® and polyester elastomer.

18.  The composition according to claim 15, wherein the polymeric binder

comprises between about 1% to about 30% composite weight.

30 19. The composition according to claim 18, wherein the polymeric binder

comprises between about 2% to about 20% composite weight.

RO R0
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For the second part of this testh—the—atto—gtass—was repositioned at 45
degr ees obliquity (top of the glass,jilted away fromthe nuzzle).
Results of this test are summarized 1n Table 24. In this test, the
TRI #1 sanpl e achieved t he greatest penetration depth, followed closely

by the | ead?Proj e8¢ PP@QOS‘“%%"C?FQ‘H&‘%?}G‘W &3 ¢vhergin thep?Qi}’fé%I‘ﬂ(i biadera| so
P Ot hee o] ExpPTaS BhufRKabhfisRlo Bbopi'iRG, EABLGR waghel, 10 addit)on. ol

of the projectiles teste ragmen upon the glass. In one
i nstance the TRI #2 sanple fragnented i nto nunerous pieces and coul d
not be recovered. Tabl e 23

Auto 4 ass Eb[erdfe @bmpasjii@wwming Baflpins29,ovimstin thepdym@dobindarer s
Terrpor ar%c g?vrlngnlfses between %Boft E’ﬁ/& to aliqy\{ak /@:o%?@%aeﬂgfﬂet :' ﬁt I) on Max.

Dia. (in.)
Dept h (in.) Factor (fps) (fps) TRI #1 1
3011 2006 11.0 2.5 2 3088
2085 22 10. A high density masuc compositi@ cbmpnsmg a mixture of a bdse me@D0O7 1997
11.5 8 AV 3035 2029
11.0 poiyde, fiber and binges, 1.12
10 23.  The composition according to claim 22 utilized as a radiation shielding
material.
24. The composition according to claim 23, wherein the radiation shielding

material is a flexible shielding material.

This Sheet Has Been Rep
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G TRI #2 1 2995 2016 8.0 2.0 6.0

2 3031800462023 7.5 2.5 6. 5 PCI/USIIIISTS 3
3010 1985 9.3 2.5 8.5 AV

3009 2008 8.3 2.3 7.0 1.34

G Lead 1 2981 2011; 10. 4 4.0 8.5
2 3017 2055 10.0 21 3.0 8.0 3
3058 2062 12.0 2.5 10.0 AV 3019
2044 10. 8 3.2 8.8 1.03 G

10 WO 98/ 00462

PCT/ US97/ 11573 -53 -

Tabl e 24 Auto G ass (45[err] Qobliquity) with Ballistic
Gelatin at 300 neters Sanpl e Rd Vel @ |Inpact Penetration

Max. Max. Score No. 15 Ft. Vel . Depth (in.)
Dia. (in.) Depth Fact or (fps) (f ps)

(in.) |

RGBT

T ‘n‘- - 5 Tt A
e R A s e s
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TRI #1 1 3004 2048 5.2 3.0 4.0

2 39028/060462065 6.0 3.5 4.5 PCT/USO7/11S7T3 3
3042 2057 9.0 2.7 6.0 AVG 3016
2057 6.7 3.1 2/2 1.00 TR#2 1

3021 1963 . . | . 3.5

3011 3019
1996

3.5 4.0
5.0 : i ; 5.0

3 3028 " T Wl . EEEA\ G
3023 2055 : 2391 - .5 19 "~ R0 vs.
12.7 mm Aluminum Pl ate 5 Seti- up for.this-test.included a 5.56 mm

accuracy*barrel and Rem ngton M700 § 3 B munted in a v-slide. The

target plate was rigidly unted at O'idegrees - bliquity to thekmeapon.
¥~ radar tracking s em was alis@ used t ord projectile
-accel erati;on, and ti | ght omthe nuzzle to targer For
Arfry penetration 'r-i"'tqi';t Wwas _qggg)bigh states ghat any
' ..plate q&alifies as a- | et e penet. n.
Initial 123 .ganpl es achi eved : S n (CP)
of the t 50 'the target was re

meters. TRl #1 sanpl e achi eved fired
whil e ) hi.eved 3 CP
t ar get 5,360, Mets Rl #2

40

Y € Cn
e O 5
1 i L

-l
181
1

MAXIMUM FLEXURAL LOAD {iB)
B
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Based on these results, the R50 range for each sanple was determ ned. The

TRI #2 and MB55 cartridges each achieved an R50 rangecefusebhisnet ers.
The TRI SMYOSAM6R had the greatest R50, 363 neters. Mizzle velocity
and V50 velocity, which is the 20 inpact velocity at the R50 range were
al so determ ned for each sanple. Resggﬁ,é of this test are shown bel ow
i n Table 25. The score factors in th aht side colum were WO
98/ 00462
PCT/ US97/ 114880 - 54 - __
determ ned by calcul ating the percentage difference between the farthest
R50 range 1 41(363 neters for the TRI#1 sanple) and the R50 range |f ¢r
each ot her 5@9& €. As in the previous tables, the |ower sore facgof
i ndi cat esgdet t er { per f or mance.
Tabl e 25 &4%H000 R50 vs. 12.7 nmm Al umi num Pl at €
Sample e~ Muzzl e V50 Velocity R50 Range (m Score_Fadt gr
Vel ocity ﬁ%ﬁ 0- (fps) TRI #1 3047 1963
363 =800011. 00 TRI #2 3056 — [] 910
355 5 1.02
5 — [ ]
>
a3 4000 -
L.
2000 - H —l ﬂ
r-—l H I T T T 1 T T J
c'g T hs 5 8 B 8 g 2 g 8
= oD -3 e [on) b < = - & -
e oy o= <3 2 . o od =
S = b 25 oz 2 8 < = 8 3 2
o - = e 5 5 T 5 Ll o LLE b
Z o G ¥ M OE OBE X 5 I 2 =
e _= | and ) [l ] — pows
o R A o = <§r:
9 =g = ]
<C o
FIG. 4 N
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Lead 3060 2004 355 1.02
R50 vs. w&odlgsdd | d Steel Plate The set-up an? cRRdh PR used
for this test was the sane as used for the previ ous test against the
al umi num pl ate. The target plate was originally positioned at 10 600

nmeters fromthe weapon. Cartridges werlf/sgien | oaded and fired si ngl e shot.
Af ter each shot the target was i cted and the shot was determ ned

to be valid or invalid. To be considered valid, a shot had to hit the
pl ate nes3P@AO0Han 1 in. fromthe nearest hol €, Support, “or edge pf
t he pl . For epch valid shot, the penetration, either full or
parti al s _assebsed. This procedure was repeated with each sanple. Aftef
firing %@5@@ bst rounds, the target range was increased until the[R}0
range W& establ|shed. Again, the score factors in the right side
col unm &re det ef i ned by cal cul ating the per cent age di fference
bet ween¥ BB0GMI0thest R50 range and the R50 range for each other
sanpl e. 8&3 in the previous tables, a |l ower score factor indicates betitér
per f or nEmCe. Tabl e 26 20
R50 vs. 31500060 | d Steel Plate Sanpl e ]
R50 Rangg Score Factor TRI #1
710 m 3§ 1.25 TRI #2 1
620 m - 1000000 4 1.43 Lead
680 m £ 1.30
£
= 500000
S
= |
_C; T ':; 1 : ;BZI oy . — < - T T s L
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WD 98/ 00462

PCT/ USO¥0 2880452 PCT/USIH11STS -
Concrete Bl ock Penetration The objective of this test was to
conpare the penetration performnce of the test cartridges when fired
into concrete bl ocks positioned at a5¢@fjge of 50 nmeters from t he

weapon. Targets consisted of regular 2-core concrete blocks rigidly nounted

on 5 top of a target platform Blocks were held in place with a 1/4"
steel br over the block and boIt o the platform
Six vali k) were fired with : ¢ tridge
A shot if it inpacted a core, |y shot
and the 1.5 in. fromthe ed

bl ock. ri dge sanpl es conpl e front
wal | of only projectiles to t he

bl ock we 4 . gt projectile; ed
achi eved e 2 On average TR ed the
| east daggggee JnBt -Penet r at

This tes . 61 he pertar bctil es
and i ~when fired at

meters. For.

hel met s
nge of 50 nete

wer e pos Crease
the hit t he nunber of - this
test. Ca oaded to. S|nu: el ocity
at a 20 B ' pe

bul | et (856
fps). To

grains o

== 6000+
E;v
L
:
7 .
g l
&
) il
N U)CL’.' o ‘
S4B I
zZT 05
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anount of free case volune resulting fromthe reduced propellant |oad,

proj ecti & 9smod62 Vel ocities showed slightly nore vari ati onPGCHEsP7H 03
standard cartridges. Five valid 25 rounds of each type were then fired at
the hel net. One round of each sanple was fired at the front, top,
back, left side, and right side of thg/gql met. | npact velocities for each
of the sanples were within 3.5% of the'desired velocity of 261 nps.

Overall, the TR #1 and TRI#2 sanpl es achi eved the best results,
penetrating the hel met at each of the five orientations. The |ead
projectiles %WW of 5
shots even though all inpact velocities were within 3.5% of the desired
vel ocity. VIO 98/ 00462
PCT/ US97/ ¥35%) ~ 56 -
Table 27 & Kevl ar Hel met Penetratiop at 1,000 Meters
Sampl e %Poi nt{ of Miuzzl e | npact Conp| et e
| npact o> W ecity (nps) Velocity (nps) Penet rati oh TRI#1  Top
281 m 271 Yes Back
265 = 254 Yes Rt.}{Side
266 — 30-p53 Yes Lft] Sidé
252 = 243 Yes Fr onf
272 © 260 Yes AVG
267 2 20 -pse
L=
(K|
10
| O ' N r— Soavesn '
g
G E s =28 T
Qo = ::E—Q-EU- —d
= % (== =
= >
g5 = Bt
2500
— 2000-
[72]
=
[7p]
= 1500+
rous
g
=
= 1000+
%)
5
= 500
i i 1
= _23 - ZE 3
cEELT S 2L —
[ — — =
=583 = S o
= WA Ll

FIG. 10

SUBSTITUTE SHEET (RULE 26)



TRI #2 Top 277 268 Yes

Baaio s3/00462 278 268 PCRBE97/11573
Rt. Side 262 252 Yes

Lft. Side 292 278 Yes

Front 270 260 Yes

AVG: 276 7/24 265 Lead  Top

280 270 s Back

276 Rt. Side

268 Lft. Side

279 Back

262 A Bava

273 This test was

f the projectiles
e target bermin this
re 100 neters fromthe
sand bags to determ ne
sand bags. After firing
sifted through a screen
ﬂgraphed. New
The TRI#1 and

conducted to obt
after being fire
case consi s
gunner. A witnes
If the projectil
15 to 20 rounds
and the projecti
sandbags were us

TRI #2 cores did ee of
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fragnentation after inpact. A |arger percentage of these cores were
r ecover & $8a10k621 5 within the jackets and i n pieces separet/ws§wiasist he

j ackets. The TRI#2 cores WO 98/ 00462

PCT/ US97/ 11573 - 57 -
denonstrated the | east anmount of frangibility of all the sanples. Several
sanpl es of these cartridges wegggﬂecovered whi |l e reasonably stil

i ntact. Lead projectil agnents consisted primarily of

j acket pieces and | ead chunks 5 which nost closely resenbled the TRI#1
fragnents. The tabl e bel ow shows the average wei ght of the seven

| ar gest recovered core fragnents of each type. The TRI #2 projectiles,

on average, retained the |argest mass of all the sanpl es tested.
Al t hough this test was conducted with a limted nunber of rounds under

tightly controlled conditions, this may be an indication of how
easily recoverable the materials 10 wll be for recycling purposes. A
mass conpari son of the recovered projectile fragnents is shown in
Tabl e 28. Tabl e 28

Average Mass of Recovered Projectile Fragments (G ains)

SUBSTITUTE SHEET (RULE 26)



Sampl e Aver age Mass of Recovered Fragnents Score Fact or

(Grains) woosmossz TRI# 1 29. 4 PCT/USIT11573

1.68 TRI #2 49. 4

1.00 Lead 37.9 :

1.31 15 Toxi ¢ Funes Test Qégﬁoxic fumes testing was conducted
at the ARDEC Armanent Technol ogy ility. This test assessed the

gaseous and particul ate enmi ssions fromthe cartridges when fired.
For this test, an ML6A2 rifle was nounted in a hard stand enclosed in a
seal ed chanber. Five firing trials were ondusted=usrmy—each of the five
cartridge 20 sanpl es. For each trial S
into the nagazi ne and fired intio ma:}r trap 21 in ten 3-round bursts
with 3-5 seconds between bursts. Gas metal concentrations were
nonitored during the firing and for a BB Wwe period after the
firing of each trial was conpleted. Sajpling points were located 6 in. to

t he |l eft and right of the buttstpck as well as directly behind the
buttstock. These locations 25 which pre illustrated in FIG 32, were
chosen to sinulate the position of ghe] gunner's

T —

T —

28

FIG. 14
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WD 98/ 00462

PCT/ USO70PEBYR2 PCT/USITAEBT3
head while firing. Particulate concentrations were then conpared to the
Maxi mum threshold Iimt values (MILV) as determ ned by the Anerican

Conf er ence of Governnent I ndustrial Hygienists. 5
Prelimnary analytical data showed s¢fg i gnificant findings.
t he | ead Wals
reduced to
cartridge. The
| ead concentra
0.5 mg/nmerr],
test cartridge
exceeds the ML
silica, n the TR
sanpl es, was d of the MILV.
Laboratory data al so showed tiFaAD RIMCRNGSTENONs of sul fur di oxi de,

iron, and nickel fell B‘ﬁ\“DWHHGH’P MN‘MRDPWE‘?GHJF 15 sanpl e.

First of all,
£ sanples were
service
Jshomed t he
approxi matel y
10 fromthe
ugh this still
ssions. Al so,

: satdishartid: vaolisaliis
" 81 pra) Y. conpomentss

e

LEAD  NI2-TUNGSTEN
21N DROP HEIGHT 121K DROP HEIGHT

FiG.16

e S TP eSS

LEAD N12-TUNGSTEN
18 IN DROPHEIGHT 18 IN DROPHEIGHT

FIG.17
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Non- Lead Core Materials Eval uation Conducted by Departnent of Energy -
Cak Riwtgeshdsional Laboratory (ORNL) The obpmmsivasE this
effort was to evaluate, in detail, the properties, 20 formability, and
stability of non-toxic materials proposed to be used as projectile cores.
A | aboratory study was conducted at ng to conplinent the |arger

manuf act uri ng and testing effd escribed in this report. Issues
such as densi= i ' and chemi cal
conmpati bi | i ty:ye :
the results. fr
Sanpl es of eac
nmodul us, and '

behaV|or
{:€ sumary of

T i ine strength,
nds|of the core
nt information
n and failure
L dsR BrlneLL.t using a drop
Four» ea V[)98/00462
SRR r “erv A, J'9 _
LEAD N12~ TUNGSTEN-SS
6IN DROP HEIGHT  6IN DROP HEIGHT

FIG.18

A A AN A I AT

P prbiiigginanbi vy

LEAD N1 TUNGSTEN-SS
1214 OROP MEIGHT 12 IN DROPHEIGHT

FIG.19

CLEAD NI2-TUNGSTEN-SS
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FIG.20
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measurenents were taken on the polished cross sections on three each of the
mat eri ayo es/egdez sanpl es and the twel ve val ues were then XRCEFABYHEISTI

Cal cul at ed nmechani cal properties are shown bel ow. 5

Tabl e 29 Summary of Mechani cal Properties of Non-Lead

Mat eri al s Sampl e Demﬂé}?(g/cc) Conpr essi ve Conpr essi ve
Har dness Modul us (Msi)

Strength (ksi)
‘\&“)’v

(Brinell B) 1.01 +
0.12 165. 7 4+0. 41

0. 79+0. 08 4.1
4.0 90 / i al

In addition to erials to a
| ar ger d : G 5% ee speci nens
of each naterla_,. s SElaR) Lilaasy OF*¥0L7 ‘ ipressures of

50, 60, and 75 2k
conpressi on. P23 a was applied to
both ends of the sanpl e. ghe .3fqﬁ¥gs QA TUNBREEN ynch

novenent stopped and was INcBRARHEIBHT 5 §Hﬂoﬂﬁapfﬁﬂﬁﬁﬁthe | oad was renoved
t he part was immedi ately ejected, weighed and neasured. Sanples were
nmeasured again 15 four weeks later to assess the tinme dependent elastic
response of the materials. The i ers of the TRI#1 sanpl es
expanded 0.02 to 0.04 in. while tFE*fE% ggﬁianple di aneters increased
approximately 0.02 in over the four week period.

LEAD TEXIN 480A- TUNGSTEN
121N DROPHEIGHT 12 IN DROP i

FlG.22

TLEAD  TEXIN 480A-TUNGSTEN
18IN DROP HEIGHT 18N DROP HEIGHT

FIG.23

SUBSTITUTE SHEET (RULE 26}



Tabl e 30 20

Sanmpl e Density
(50 KsMyOoB0M6Z 50 Ksi)
(g/cc) (9/cc)

10. 36+0. 36 10. 55+0. 28
8.57+0. 31 9. 02+0. 31
PCT/ US97/ 11573

Chem cal Conpatibility

chem cal s which woul d |
handl i ng, and processin
al cohol, and et hyl acet
and visually exam ned p
mL Nal gene bottle conta
subnersion the sa

exam ned. Sanples were

days after which tinme t
Overall, in terns of we
little effect on the TR
conpatibility test resu

LEAD-FREE —_

Reconpression Densities

Density PCT/USPIEARBt vy
(75 Ksi)
(9/cc) TRI #1
13/21 10. 43+0. 17 TRI #2
8.51+0 ?ﬁQD WD 98/ 00462
LEAD L - 60 -
Core sanples yere al so exposed to

ri ng manufacture,

acet one, i sopropyl

i ghed, 5 measur ed,
re then placed in a 15
After 24 hours of

 ghed and visual ly

for an additional 4
ei ghed and exam ned.
re, 10 sol vents had
ary of the chem cal

LEAD-FREE

FIG.24A

LEAD LEAD-FREE

FIG.24B
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WD 98/ 00462 PCT/ US97/ 11573

- 61 - wo 9sim0462 Table 31  PCTAISI7/ILST3

Chem cal Conpatibility Results ACETONE: Sanpl e Initial
Wi ght Wi ght Wi ght Sur f ace Change Wei ght (24
hrs.) (5 days) Change 4/ (grams) (gramns) (grams)
(grans) TRI #1 2. 048 E %,13 2. 048 0.0

change TRI #2 1.81 1 1.811 1.811 0.0 No
change ETHYL ACETATE: Sanpl e Initial Wi ght Wi ght
Wi ght Surface Change Weight (24 hrs.) (5 days)
Change (grans) (grans) (grans) (grans) TRI #1
2.013 2.014 2.013 0.0 Slight discoloration TRI #2
1.775 1.775 1.776 +0. 001 No change

LEAD-FREE
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| SOPROPYL ALCOHOL: Sanpl e Initial Wi ght Wi ght Wi ght

Sur f ace Q?ngﬁbsz Weight (24 hrs.) (5 days)cnngﬁh@ﬁge
(grams) 3 (grams) (grams) TRI #1 . 919
1.920 +0. 002 Surface washed out TRI #2 1.849 1.849
1. 849 0.0 No change JER: Sanpl e Initia
Wei ght Wei ght Wei ght Surface1éhﬁﬁg Weight (24
hrs.) (5 days) Change (grams) (grans) (grams)
(grans) TRI #1 2.016 2.015 2.016 0.0

change - TRI #2 1. 832 1.831 1. 832 0.0 No
change Concl usi ons & Recommendati ons 5 Projectile

per formance was eval uat ed based on existing requirenents, where
applicable, or on the basis of the best overall perforner during a
particular test. Score factors were then assigned to each candi date
for each test. No_score factors were given for the Kevlar hel net
penetration test-dusdto the variation injgprojectile

FIG. 26A FIG. 26B

SRR

S

SEOOECK

O :

FIG. 27A FIG. 27B

N/

r
Mo e e

FIG. 28A FIG. 28B
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WO 98/ 00462
PCT/ US97/
vel oci ti
t erm nal

gégi%éhf%lng fromthe reduced propellant charges,

per f or mance.

PCTARY7/11573
whi ch affected

the scores were

After testing was conpleted,
total ed and are presented inth es below

The first tabl e
ari.son—-ef-t-he dinensioﬁg§

provi des a conp f-ormty—of—ttejcores and
assenbl ed proles&hkes wi thirespect to speC|f|cat|3n 5 d| ijona

requi renents. [Ehe~décond tabl e shows a conparisoh of the baI tii
performance of pach candidate. |In general, the bgst perforners itn this
ballistic petformance jcat egory had either the snall di spgrsion or
achi eved t he nopt sH@ni ficant target effect$ in te of sqgft target
damage or hard target penetjration. 10 3ased o] he tegqts
conducted and the scoring iret hodol ogy used, the TR t unggt en- Nyl on
12[err] conposite is an acgeptable substitute for Iead a nony. Any
future efforts may expand-on the testing already conducted and i ncl ude

rough handl i ng,

weapon conpatibility,
Criteria

FIG. 29A TR

and barrel erosion testing.

TRI #FlG 298 Cont r ol
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Cor e Di nensi ons 13.3 24. 3 16.8
Bul |l et | i 5.06 10. 73 PCT/USY7/1157. 72
Bul l et | 3’2‘52@@4“% (Fi xed Gage) 1.33 1.56 0. 07
Tot al (Di nensi ons) 19. 69 36. 59
WO 98/ 00462
PCT/ US97/ 11573 17/21 - 63 -
Tabl e 32 Fi nal Score and Ranki ng
Criteria _ N TR #1 Py TRL#2 = Control
Di spersi on ! ! 11. 08 ' 11.12 13.71
Gelatin @yL0Om i i 1.19 \ 1.16 = 1.28
Gelatin @300m; | 111 @ 1.21 < 1.00
Gel ati n/ PABGT West B2 1.13 .- 1. 17 1.09
Gel atin/ Aujfo ASEs = 1.‘{2{’ 1.3 |2 1.03
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R50 Al Plate 1.00 1.02

: 1.02

R50 Steel Plate 1.25 1.43  pcrruse7/11ar3 30
Recover yWO 98/00462 1. 68 1. 00 1.31
Total (Ballistics) 20. 56 20. 91 22.79

: FLss

Conmpoundi ng Processes T oundlng processes are applicable
for the production of high density conposite materials, nanely batch
processi ng and conti nuous processing. Batch processing utilizes a

Brabender or Banbury type batch m xer and continuous 10 processi ng
utilizes a single or doubl e screw conpoundi ng-extruder nmachi ne. Each

conpoundi ng process used to produce tungsten pomder/ Nyl on 12 conposite
material is_described hel ow , Or-kxsocess: 15

The first step of this process is to | En_powder m xture
conprisingfa 2 to 40 mcron particlejsize. Then, st# Mi&ss steel fibers are
prepared wth a length of 0.12% inches and a dlaqg}er of 75 m crons

and Nylon {12 fine powder material is prepared #tth—a 0 to 80 mcron
particle sjze. !

]

I

101 12 13 14 15 16 17 18

SAMPLE NO.

I

i i 1 !

FIG. 30B

T
9

- OO

- @O

- 10>

- - -+ - NYLON 12-STAINLESS STEEL

—o— NYLON 12

o

- €1

CONTROL DIMENSION

O

0.505 -

0.525

0.595

0.585 1
0.575 -
0.565
0.545
0.535 -
0.515
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d%¢§%§mﬁénbury bat ch m xer

A Braben is heated to the nelt tenperature of
Nyl on 12 (480 degrees F) and a neasured quantity of Nylon 12 powder is

i ntroduced into the batch m xer and aH to nelt. Meanwhile, the
tungst en powder m xture and st ai steel fiber are heated to 480
degrees F. 5 A neasured quantity of tungsten powder m xture
is gradually added to the Nyl on 12[err] material in the batch m xer
until the required material mx ratio is achieved. Then, a neasured

quantity of stainless steel fiber is gradually added to the tungsten
powder/ Nyl on 12[err] mxture in the batch m xer until the required high
density 10 conposite material mx ratio is achi eved. The

nol ten hi gh ddnsitTy conposite naterl al fed [nto a sér®w extruder. The
hi gh density qonposite material is extruded asithin diangfer rod fromthe
extruder into a quenching water bajh. The cool ed Sblidified high
density conposite materi al - D
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15 extruded rod is fed fromthe quenching bath into a pelletizer, which
cuts the_extruded hi gh density conposite material rogpdgpesl ets.

The pel | Q9840462 hen suitabl e for i nj ection nol ding or other nethods
for molding the conmposition into a variety of shapes. 20 -
Cont i nuous Conpoundi ng Process: The tungsten powder, stainless
steel fiber, and Nylon 12 powder are 8942% ed according to the

speci fications described for the batch conpoundi ng process above.

A single or double screw continuous conmpoundi ng-extruder machine is heated
25 to the nmelt tenperature of Nylon 12[err] (480 degrees F). The tungsten
powder m xture and stainless steel fiber are heated to 480 degrees F.
A netered quantity of Nylon 12[err] powder and tungsten powder m xture is
introduced into the front end of the continuous conpounder-extruder. A

netered 30 quantity of tungsten powder m xture and stainless steel fiber
is added into the WO 98/ 08262
PCT/ US97/ 11573 \ 65 -

3
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conti nuous conpounder-extruder at one or nore fill ports |ocated down
stream oQ,d &¥o4s2 conpounder until the required hi gh degsitdsrem@pposite
material mX ratio is achieved. The high density conposite
material is extruded as thin dianeter rod fromthe 5 conpounder - ext r uder
into a quenching water bath. The cooggT Zglidified hi gh density

conposite material extruded rod is f / m t he quenching bath into a

pel l eti zer which cuts the extruded high density conposite nateri al
rod into pellets. EXAMPLE VI 10
Tungsten Conposites for use in Recreational Applications Fi shi ng
Har dwar e Lead sinkers of all types are currently used in a
vari ety of fishing hardware. This application of the present
invention is ideal froma comercialization standpoint, since | ead

poses a toxic danger to wldlife, as well as |akes, rivers and streans.

Most 15 sinkers are fromabout 1/32 to about 1/2 oz., and have been
tradi ti onal | y—made—of—t+ead: AHtermattve-compositionsyf or sinkers

i ncl ude brasls, steel, and iron powder/ ppl yner conposiltes. Such
conpounds hajve, however, the di sadyantage of having | ess denfsity,

and thus givie a bulkier profile to ure, which may dfﬁer negative clues
to the fish. Fi shing applic3 i nclude, for e e, jigheads,
wor m wei ght s}, crankbait weights, 2( lit shot, weight hooks, jigging
spoons, bait} wal kers and bottomb The re t [inventors have
constructed jji gheads and worm gh ilizing at st
powder/ Nyl onf 12 conposite. Th&se V s, which havé a
11.0g/ cc, arje shown in FIG 24.

ngity of about
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Hobby App Féations T Hégby Appllcatlons represent a further use,.

for the |nstént conp05|t|ons 1For-*7~w exanp lShtr |ns englnes
depend onihaVi'figiit he 'waxi mum poss{ bFe-engi ne melght s dwheel
sl i ppage.: These engi nes -ar-e- manuf actured to scale and ﬂ@
these small nodels is limted, so that high density |

obt ai ning the desired overal | \@EiAgMS i n scal e mnth the nodel
proportions. Engine frames nolded fromthis material are one

applicatioh. Al so, "add-on" weights nmade of the present materi al

woul d be utilizedinot gnhyghnaaRdetyt E@hPosPiH8Sor Dictd-train cars as
well. FIG 25 shows a commercially available | ead nodel train add-on
wei ght with a | eadotpeéswegght 10 that is nmade of tungsten powder/nyl on

and has density of about g1.0gécc. ]
EXAMPLE WI k- ungsten peYdenat i ve Tungsten Conposites
Appl i cations b. stainless steel fiber; and
c. a binder
2. The composition according to claim 1, wherein
10. the tungsten comprises between about 5% and about

95% of the composite weight.

3. The composition according to claim 2, wherein
the tungsten between about 10% and about 80% of the

15 composite weight.

4. The composition according to claim 3, wherein
the tungsten comprises between 15 about 15% and

about 70% of the composite weight.

20
5. The composition according to claim 4, wherein
the tungsten comprises between about 25% and
about 50% of the composite weight.
25 6. The composition according teo claim 5, wherein
the tungsten comprises between about 35% and about
40% of the composite weight.
7. The composition according to claim 1, wherein
30 ¢ the tungsten powder size is between about 2 and

RN O 0 DA



Radi ation Shielding 15 Tungsten is an excellent radiation.shi.eld
material, but is difficult to work with in solid form .The 'i.nj ect’i.on .
nol dabl e | ead repl acenent according to the present ..~ ~ invention solves °,,"
this problem since the material may be used to formra atslleeﬂ—la%léee%'@piaced

parts for all nenbers of the nedical x-ray and ganma ra

i ndustry. This hi gh density materd al has the advant gm&m‘gﬂ'
structural strength when conpared 20 to lead. Al so, the be
used to manuf act wlew cthimigcnesed by dizdiestaran i ndustry workers for
protection against the effects of ionizing radiation.

Testing of Sheet Miterial of Polyneric Material Sheet

material of tungsfen o néf'ofﬁ}%ﬂ%? e;np)la (ér%rln dRicece of x-ray

25 filmwith 6 pieces of varyln |cKnes up to 0. 25 i nches.
The sanpl es of thaingsterprraeidr igiw@Ntiiobarvedr @eaited #oah@asb®it 0. 125

i nches thick. The sanples were irradiated, and the fil mwas devel oped
and assdssed for & HeEL.qung ti GHaneEsanpl es to prevent film fogging.
WO 98/ 00462

PCT/ US97/ 11573 - 67 -

In one exanple, naterimle QARG Jhick 4Nt CURdesimg e Nyl on
tungsten powder is between about 20 and about 40

microns in diameter.

10
10. The composition according to claim 1, wherein
the fiber comprises stainless steel, copper,
aluminium, nylon, Kevlar®, Spectra®, nickel, glass ro
carbon.
15
11. The composition according to claim 10, wherein
t@e fiber is stainless steel fiber.
12. The composition according to Claim 1 wherein
20 the fiber comprises between about 1% and 30% of
the composite weight.
13. The composition according to claim 12, wherein
the fiber comprises betwéen
25 about 10% and 20% of the composite.
14. The composition according to claim 13, wherein
the fiber comprises between about 15% and 18% of
the composite weight.
30 ’
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12[err]/polymer m x as set forth above, had a shi el di ng equival ency of

appr oxi matied Shedt Fad Been Replaca@f 0. 150 i nches of sheet |ead. In another exanbled,-

mat eri al O. k, and conprising the Nylon 12 sanple with, >,
st ai nl ess set forth above, yielded 5 an approxi mat e
shi el di ng | ency of 0.187 inches of sheet lead. A third exanple

was 0.375 inches thick and flexible in Borm had a shiel ding equival ency of
bet ween about 0.94 and 0.125 inches of |ead. I n ot her
tests, sanples of 16he Thapesnipes itfiochhaduoesdmy ity efitain wewketeshed 10
for their mechani cal E&opertles as radi ation shield conponents. Sanple Al

was a t ungst8R/ RENERT12EeRr PORBHErEaBiBgeY  conposite; sanpl e A2 was
a tungsten/ Nyl on 12 conposite irradiated with 38400 Roentgens; sanple
Bl was a tungsten/ Nyl on 12/ stainl ess steel fiber, non-irradiated

conposite and sagpl eTBE c¥RSoSition aéémﬁtr@ﬂ/twlcq@uilrzhgrr%ékéwl ess
steel fiber conposite irradiated with 38400 Roentgens.

Sanpl es~Al, Bl, A2hgngoBzmeeie b@ndﬁrl9@6?”35825¢%1lylbaﬁd BDgeReH for a

eriod of 48 hours Ln an envjironnental cha to testing. The
ganples wer e bﬁ@ﬁrtéEFéMQFﬁe 185?5e?n£ ?%ﬁynacﬁfﬁﬁt%QFﬁg a

crosshead contr ol eF!ﬁSr"JJ@He T88y1 20 rSéHk&éearonHéﬁé?m ptednffogabl e 33. 20

L6- 67322 L6- 67834yethéb- ﬁﬁﬂdé polyadiﬂéiﬂﬁﬁiyurethﬁ@&s|belﬁéseegth (psi)
6, 306 7,257 7,088 98 Yield Strength (psi)
5 517 * elastomar69@olyester suifone, PEﬁKﬁB@PY%na@lgein

(% [erch). ore the %F%98§08%X8h8rr£élgvhe§lldgﬁé] ?grlde or thermoset 2Pl €

br oke be Was“re
polyurea elastomer.

17. The composition according to c¢laim 15, wherein
the polymeric binder is Nylon 12F and polyester

15 elastomer.

18. The composition according to claim 15, wherein
the polymeric binder comprises between about 1% to

about 30% composite weight.

20
19. The composition according to claim 18, wherein
the polymeric binder comprises between about 2% to
about 20% composite weight.

25 20. The composition according to claim 19, wherein
the polymeric binder comprises between about 5% to
about 15% composite weight.

21. The composgition according to claim 20, wherein

30 the polymeric binder comprises between about 8% to

AR
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I n anot her exanple, a polyurethane resin putty and tungsten powder .are.

m xed with an activator, which cures to forma flexible naterlal
representative fornulation 25 for the putty conprises T hwd ’
tungsten powder (specific gravity = 19. 35) m xture ﬁ r lﬁoo
grans of TECHTHANE 425 pol yur et hane prepol yner (speC|

1.11). The final mixture has a specifi& gravity of about 6.3. For

98/ 00462

PCT/ US97/ 11573 about 12% composite weight. - 68 -

use, 100 grams of putty is mxed with 10 grans of ETHACURE 300 curative and
allowed to cure at room'tenperature. O her thernosetting

materials includezt.hoge Hiight e@nish tyabla s34 cavdmpablieidd cBmprikghiay. Table
34 |ists possible thernoplastic materials that can be filled with™the

tungst en powder eompssireonf afbase metzskemowdemntiider Fad bidBegxhows
exanple% of thernoset materials for use in the present invention.

23. The composition according to claim 22 utilized

as a radiation shielding material.

24, The composition according to claim 23, wherein
10 : the radiation shielding material is a flexible

shielding material.

25. A high density composition of matter,
comprising:
15
a) tungsten powder, wherein the tungsten powder
comprises a first group “of particles having sizes of
between about 2 microns and about 8 microns, and a
second group of particles having sizes of between

20 about 20 microns and 40 microns; and
b) a binder

26. The high density composition of claim 25,

25 wherein the bindexr comprises a polymeric binder.

27. The high density composition of claim 25
wherein the tungsten comprises a concentration of
between about 80% and about 96% and the polymeric

30 binder comprises a concentration of between about 4%

RN O )
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Table 34 Therropl astic Materials that can be used in' gy gpeet Has Been Replaced '+~

the conposites of the present invention Acrylics
‘Pol ynet hyl Met hacryl ate Honopol ynmer and Coppol yner 4%"&‘%“@”!“
Pol yoxynet hyl enes Acrylonitril e- Bttt adi ene-Styrene t

Chem cal, Borg Warnar
Chem cal s Cgndl abouitadékane Maj or

k]

i Dow

Suppl i er Ther nopl asti ¢ Fl uoropol yners Cof | on
(‘pol yvi nyl i dene fl uori de) | ononer s
Surlyn tradenane,for ont. _Pr Lde .
Nyl ons Polyaéfde9ﬁ§i§é?ﬁ SQHSEty comEQL!@Q&Q Sfd%%%%%s%§1on product of
aromati ¢ di @Aepes$n the first group of particles further and
trinmellitic anhydride Pol yacryl at es
Pol yhydPoxyeeWprisgeRacryl at e Pol yet her ket ones -
Anoco Performance E%odgcts fPoI gr%i Sul fones . P
Amoco Per f or manc® ProfftcFEeyP © PBF% ahzFRi §a7bPdsS1zes ot petween
Hoechst Cel anesegpout PomyeabRONah&Sabout 4 microns; and Lexan
manuf actured by G E. Pol ybut yl ene Ter epht hal at es Val ox
manuf act ured by & Ecurth gPolpyetherartnicdes having sizes of betweenGener al
El ectric Conpany Pol yet her Sul f ones . | Cl Advanced
Mat eri al s about 4 microns and about 8 microns.

10

29. The high density composition of claim 25,

wherein the binder comprises Nylon 12F.

30. The high density composition of claim 25,
15 wherein the composition has a specific gravity of a
least 11.0g/cc.
31. The high density composition according to claim

25 utilized as a projectile.

20
32. The ‘high density composition according to claim
31, wherein the projectile is a small arms

projectile.

25 33. The high density composition according to claim
25 utilized as shot.
34. The high density composition according to claim
25 utilized as a container for radicactive material.

3 30 J
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'ThernDpIastic Pol yi m des Ci ba Geigy Corporation-

Ther nopl asti ¢ Pol yur et hanes Est ane khpgw§PFS |Ch Texln Lume
Bayer Pol yphenyl ene Sul fi des Ips, Petroheum
Pol yet hyl ene UItrahié ﬁﬂught and Low
Mol ecul ar Wi ght, Hoechst Cel anese Pol ypr op

Phillips Petrol eum Pol ysul f ones 6 Anpbco

Per f ormance Products Pol yvi nyl Chl ori des B. F.

Goodri ch Styrene Acmethvd ridemanufacturing a hiowddsnitgal

Pol ystyrenes Mobi | Pol yphenyl ene Et her

Bl ends * COmMPOsiteRor@PWfENCH cieps of:Styrene Mal ei ¢ anhydri des
Arco Cheni cal Conpany Pol ycar bonat es Gener al

El ectric Conpany 5 WD 98/ 00462

PCT/ US97/ 11573 ﬁgﬁVldlng polymeric binder; - 70 -

Tabl e 35. Thernosets terials that can be used in

t he conposites of the prasehing uegstan powder; Al lyls
Gsaka Soda Company heating the tungsten powder to approximately a
melting point of the polymeric binder;
mixing the heated tungsten powder with the
polymeric binder at approximately the melting point fo
10 the polymeric binder into a
tungsten powder/polymeric binder mixture; and
pelletizing the tungsten powder/polymeric
binder mixture into a composition having a specific
gravity less than 11.0g/cc.
15
36. The method of Claim 35 further including the
steps of: o
molding the tungsten powder/polymeric binder
mixture into a composition having a specific gravity of

20 a least 11.0g/cc.

37. The method of claim 35, wherein the tungsten
powder further comprises: a first group of particles
having sizes of between aboﬁt 2 microns and about 8
25 microns; and
a second group of particles having sizes of between

" about 20 microns and 40 microns.

38. The composition of claim 37, wherein the first

30 group of particles further comprises:

U L



Am nos Anmeri can Cyanam d Cyanates °, -

Dow Chem cal This Sheet HaEPeexiRegaced : Bi sphenoll A type. *.., ., ",
epoxi es and acy ' B siodiflied .40 Tea
epoxies with aj romatic :

am ne curing agents, a Geigy and Shell Phenol i cs

Resol e and Noval acs Ccci dental Cheni cal” Unsat ur at ed Pol yesters

Ashl and Chemi cal ) Bi srmal ei m des C ba Geigy

Pol yuret hanes & third group ofpppysikdesahadvRopyssres pél patwekranes

Silicones Cor por at.i on Vinyl Esters

Rshl o CheRPEHE GofiisFaRtornd SBtuE il SxgRal D RRH,

Uret hane Acryl at @s rapgtHr %EB@Peoﬁpﬁéi‘@ﬁgless having siZsSRECHEEGet)aMI e of
usi ng Tungsten powder with a thernbsetti ng Epoxy 1s as follows. 27.7
grans of Tuagstgn dpovideonsasvieiadbatd Bnmaclbeaker and set asi de.
Subsequently 5.0 grans of Epon 8111 of an acrylate nodified epoxy was

wei ghed into another container to which was i medi ately added 0.5 ™

grams of Shell Fpiy Qige neci3dlLochiBlnd 80608 106 st Nanliked eagxy and

curing agent was added to the 27.7 1 rans o edyne ungst en

powder . Theppdwtesriandbihéerpaonprdseshanellulosea) xEduopbagpedyiretryween two
Tefl on sheets and allowed to cure overnight. A flexible sanpl e of
Tungst en poRGEY 1epex i RERr HUamad.alloy elaphpngs, ethyleneAvdsitur et hane

(1914 Toam caa.also becRedlcedyelag Lhe saRae! Lians, ©f obiGoceer T e

oarh was proddce grans o

Tungst ap powd@istime}09. PORIFE G RIGFW, PolyIsam 4o, 20 pB1gpRBERENt and
t he m xture was sti%rred. Next 120 granms of Prem um Bol_?r%er 75-20 A
conponent waside, apdéypandyihses| urpglyvinybiddéne agprmxiide el prtwenty

seconds. Th%h%&%k&%ﬁ”%%l%h%%%gelastomer.

40. The method of claim 35, wherein the step of
15 providing a polymeric binder further comprises the steps
of:
freezing the polymeric binder; and

grinding the frozen polymeric binder into particles.

20 41. The method of claim 35, wherein the step of
molding further comprises the steps of:

Molding the tungsten powder/polymeric binder mixture
into a projectile having a specific gravity of a least
11.0g/cc. ‘

25
42. The method of claim 31, wherein the step of
- molding further comprises the steps of:

Molding the tungsten powder/polymeric binder mixture

into a shot having a specific gravity of at least

30 11.0g/cc.
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20 in a container. It quickly rose and was tack free within two m nutes.

The tungsten powder was uniformy di stri but edh t Replpeedf oam. . | t.
is envisioned that the foam mat eri al may be en# der ,,”7%,,"
capacity as defined el sewhere herein. The high ill find

utility in noise and vibration danping, in radiation shielding and t he
li ke. WD 98/ 00462 8

PCT/ US97/ 11573 -71 -

Slurry 43. | A devghaidermiter covsd iteinirs off matd@mosi ti ons of the
present invention.nnﬁ be enpl oyed to produce a high density, |ow

vi scosity sl . a slurry may be enployed in list systens of
deep subnerge rescue Vessghiyed §RILLPerated vehicles, 5 in a manner
simlar to the current uses of nmercury therein. I n present

systens nercury is transflerfidsedetamen spherical chanbers to cause

list to port or starboard or to change the di stance between the center of
buoyﬁncy5pand theé caRf &t ofegravity. The |ist system of such vessels

i nvol ves the transfer of | 10 approxi mately 2800 pounds of mercury between
a reservoir which is I ow and centered athwart ships and the port and

starboard wing tanks Whehhdich | @enkedy4dsigdsiabone bife claim 43,

wherein the fiber comprises metal fibers.

10 45. The high density composition of claim 43

wherein the fiber comprises tungsten fibers.

46. The high density composition of claim 43
wherein the fiber comprises copper, nickel, nicbium,
15 titanium, glass, fibers,Kevlar® Spectra®, graphite,carbon,
boron, cellulose or cotton.
47. The high density composition of claim 43
utilized as a projectile.
20
48. The high density composition o©f claim 43,

wherein the projectile is a small arms projectile.

49. The high density composition according to claim

25 43 utilized as a shot.

50. The high dengsity composition according to c¢laim

43 utilized as a container for radicactive material.

30 51. A radiation shielding material made from a high

O A



. horizontal and as far outboard as possible. Al the tanks are sphericaT and

equi pped with a diaphragm which is actuated by hydraulic flurd tg : |
di spl ace the nmercury. The spherical tanks are |ocated between and ire"
close proximty to the center and aft 15 per sonnel spheres, the skin and
the structural rings that serve as the_ aft support for the ' per sonnel

pressure capsule. The tanks are connect ed by 1.25 inch outside dianeter
stainless steel tubing and the nercury can be transferred between the
reservoir aReRBLLY  CQERRSiEHID i n 45 sEESKRES r epFB8ent FRIgPRS It iam of about
25gpm 20 . w1~ VWhen such systens were designed, nercury, was thought
to be the i ded-TTura’ - for such wei ght nodul ati on, homevg?, the toxic
nature of nercury) mkesngét@l powderEXivhewehy Raeardoiss e ﬁ%d:@ée:? or this
pur pose. Hence an alternative 1s needed. U S. Pat ent . 5,349,915

(i ncor por atedmprieen by Feofsy egreypdedcrpdesiclagshavibgl Isd Zes of t ube
of hydraulic fluid gas a i ght medi um for deep .subnersibl.es. 25

The cpn%osik??%‘ﬁ er’of’ﬁ?% ?é@&ﬁ?nﬁn% ‘t?lb‘?iftprso\?il(‘fgoél_shi Sﬁdd@@?'ﬁ’ln%onposi te
material thatodBy e Ysediased WRiiMg NBOLLM L BeifRand bosl Systens.
Such conpositions may be configured 1nto a high density slurry
conpri si ng smbtwvens sand 40 micsqensiamd agents, surfactants and | ubricants.
The high density material_of the present 30 invention may be in the form
of high density Bhl | s®oPO+YMEREC fRFRH¥F - a powder nixture in t he
slurry.

10
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The sol vent {L}K}}?Sh s B e °§d a perfluorpol ygther —-et-her—exanpl-es-i-AcHude;

castor oils, jt ' H phate, pol yoxypr ,pﬁee"' leYheft iyl pEBESS G

pol ynet hyl ph xane, fluorpsili ci’.o PopararherimeNF,... oherend ngl
i Ing €@iinydr ocambahd Prof preed i3

dynal ene, tribolube F-2 19, perfl uor
1818 perfl uorpol yether, Voranol 5070 5 et Dutowpelsy etgrerd . “Vior grpod =7
per fl uorpol yet her 5004, and Voranol perfluor|pd wakher : paced 20@4pascdies
f1uids exhibi VHebdS GLANER IS conpatibility, and vol ati |E?t”y and are
conpatible with stainless steel, tungsten, Teflme smﬂtkti@g;ﬁ-.r@@d@ﬁpd
Vi t on. The surfactant of choi Tay—he—ant-ontc—cat+ontc—or
nonani oni ¢ i n natur.e. 1A highSiensigotongrditibhwdrmaset, icompasisgir f act ants may al so
be enpl oyed. The tungsten conposites of the present invention may be
in powder formor in th forWPEStemPI¥derpol yieri ¢ encapsul ati on may be
enpl oyed with the tungsten p | 0 reduce friction in t he
slurry. Urea-formnal dehy%e err%ﬂgll%%snégel g?%/régm{ii ol s and nel am ne formal dehyde
conposi tions are good candi dabiaderas encapsul ations materials. 15

In an exenplary slurry 700g tungsten powder (2-4 mcron) are mxed with
100g 60wt. notor oil (specific gravity 1.1) and 800g ballast material 1
(specific gravity ) :apot i , 1 unqas wder
(8-10 mcrons) ar ez'bl engh%gwcpﬁlpgma&? %8%“@?%20@%5% glég‘?g%gé’eﬂgi }t g%gci fic
gravity 1.1),comsisdOfgwedn diml.t &standabeuti 5% 3f the composite weight.

11

3. The composition according to Claim 2, wherein the tungsten

comprises between about 10% and about 80% of the composite weight.

4, The composition according to Claim 3, wherein the tungsten

comprises between about 15% and about 70% of the composite weight.

5. The composition according to Claim 4, wherein the tungsten

comprises between about 25% and about 50% of the composite weight.

6. The composition according to Claim 5, wherein the tungsten

comprises between about 35% and about 40% of the composite weight.

7. The composition according to Claim 1, wherein the tungsten powder

size 1s between about 2 and about 40 microns in diameter.

8. The composition of Claim 7, wherein the tungsten powder size is

between about 4 and about 8 microns in diameter.

9. The composition of Claim 7, wherein the tungsten powder is between

about 20 and and about 40 microns in diameter.
9 § DEC 1998
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20 (speC|f|c gravity 6. 3) *
* Al'l of the conpositions and nethods discl osed and
cl ai med herg{,gghgggasb@eem%ced and executed w t hout undue

experinment a the present disclosure. Wile 25 the
corrpomhonilglmmﬂui MﬂfMthl S inventzgon have been described in terns of
preferred e be apparent to those of skill in the art
that variations may be applied to the conposition, nethods and in
the steps or in the sequence of steps of the nethod described herein
wi t hout departing fromthe concept, spirit and scope of the

I nvention. More specifically, it will be apparent that certain agents which
30 are both chem cally and physiologically related may be substituted for
t he agents deecrihmdcbemeﬁﬁowmﬁ&fdm@easamﬁlowhaEMHhaﬁbaa&mhﬁseMDuld

be achieved. Al such simla WO 98/ 00462
PCT/ US97/ 1157 3¢tween about 3% and 30% of the composite weight. - 73 -

11.  The composition according to Claim 10, wherein the fiber comprises

between about 10% and 20% of the composite weight.

12. The composition according to Claim 11, wherein the fibui comprises

between about 15% and 18% of the composite weight.

13. The composition according to claim 1, wherein the binder is a

polymeric binder.

14, The composition according to claim 13, wherein the polymeric binder

is nylon 12 ®.

15. The composition according to Claim 13, wherein the polymeric binder

comprises between about 1% to about 30% composite weight.

16. The composition according to Claim 15, wherein the polymeric binder

comprises between about 2% to about 20% composite weight.

17. The composition according to Claim |6, wherein the polymeric binder

comrpises between about 5% to about 15% composite weight.

A




substitutes and nodifications apparent to those skilled in the art are

deened to be within the spirit, scope and concept of the iqvegtion.
WD 98/ 00462 This Sheet Has Been Repace

PCT/ US97/ 11573 L}mum&m l
REFERENCES The foll ow ngyreferences, t hat they
provi de exenpl ary procedur al or other details supplenentary to those
set forth herein, are specifically incorporated 5 herein by reference.
U S. Patent No. 5, 189, 252 PCT Application No. WO 92/ 08346 U. S.

Patent No. 5,081, 786  The composition according to Claim 17, wherein the polymeric binder

comrpises between about 8% to about 12% composite weight.

19. A high density composition of matter, comprising:
tungsten powder, wherein the tungsten powder comprises a first group
of particles having sizes of between about 2 microns and about 8 microns, and a
second group of particles having sizes of between about 20 microns and 40 microns;
and

a binder.

20. The high density composition of claim 19, wherein the binder

comprises a polymeric binder.

21.  The high density composition of claim 19 wherein the tungsten
comprises a concentration of between about 80% and about 96% and the polymeric

binder comprises a concentration of between about 4% and about 20%.

22.  The high density composition of claim 19, wherein the first group of
particles further comprises:
a third group of particles having sizes of between about 2 microns and
about 4 microns; and
a fourth group of particles having sizes of between about 4 microns

and about 8 microns.

A o

; 0
‘ ARAERIGETD  QMETT




U S. Patent No. 3,546,769 10 U S. Patent No. 4,428, 295 U S. Pat ent

No. 5, 399, 187 Shoot i ng Sport snan, JuIy/August 1995 Pg

U.K. Patent Application No. GB 2179664A This Shee asBee“Re laced
CLAI M5 1. A high density comnposition of na!ﬂﬂl}“l"' Iﬂlﬂl
conprising: 5 a. t ungst enypowder ; l nl ess
steel fiber; and c. a binder

23.  The high density composition of claim 19, wherein the binder

comprises Nylon 12 ®.

24.  The high density composition of claim 19, wherein the composition has

a specific gravity of at least 11.0.

25.  The high density composition according to claim 19 utilized as a

projectile.

26.  The high density composition according to claim 25, wherein the

projectile is a small arms projectile.

27.  The high density composition according to claim 19 utilized as shot.

28.  The high density composition according to claim 19 utilized as a

container for radioactive material.

29.  The high density composition according to claim 19 utilized as a

vibration damping material.

30.  The high density composition according to claim 19 utilized as a

flywheel.

31.  The high density composition according to claim 19 utilized as a

weight.

32.  The high density composition according to claim 19 utilized as an

acoustic damping material.
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2. The conposition according to claim11, wherein 10 t he tungsten

conpri ses between about 5% and about 95% of mhg@mbm&m&dght
3. The conposition according to claim?2, wherein en
bet ween about 10% and about 80% of the 15 CONMpPosi m‘l“\ﬂmiﬂ
4. The conposition according to clai g, wherein ungst en
conpri ses between 15 about 15% and about 70% of the conposite
wei ght. 20 5. The conposition according to claim4, wherein
the tungsten conpri ses between about 25% and about 50% of the
conposite weight. 25 6. The conposition according to claimb5,
wherein 4

40% of the conposi te Hﬂ%ﬁo@%ﬁﬂ%?&cﬁﬁﬁg » DRI HRERH R0Mbod R SREHARPHE

steps of.

providing a polymeric binder;

providing tungsten powder;

heating the tungsten powder to approximately a melting point of the
polymeric binder;

mixing the heated tungsten powder with the polymeric binder at
approximately the melting point of the polymeric binder into a tungsten
powder/polymeric binder mixture; and

pelletizing the tungsten powder/polymeric binder mixture into a

composition having a specific gravity less than 11.0.

34.  The method of Claim 33 further including the steps of’
molding the tungsten powder/polymeric binder mixture into a

composition having a specific gravity of at least 11.0.

35. The method of Claim 33 wherein the step of molding comprises

injection molding.

36. The method of claim 33, wherein the tungsten powder further
comprises:
a first group of particles having sizes of between about 2 microns and
about 8 microns; and
a second group of particles having sizes of between about 20 microns

and 40 microns.

| RED R T
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7. The conposition according to claim1l, wherein 30 t he tungsten
powder size i bet @pteuﬂ 2 and 76
about 40 m iﬂ i 8. The conposition of claim?7,

wherein the ten powder size is between about 4 and about
5 80 9. The conposition of claim?7,
wher ei n the tungsten powder is between about 20 and about 40

m crons in dianmeter. 10. The conposition according to claim1,
wherein

37.  The method of claim 36, wherein the first group of particles further
comprises:
a third group of particles having sizes of between about 2 microns and
about 4 microns; and
a fourth group of particles having sizes of between about 4 microns

and about 8 microns.

38.  The me.lo2 according to claim 33, wherein the polymeric binder
comprises at least one of cellulose, fluoro-polymer, ethylene inter-polymer alloy
elastomer, ethylene vinyl acetate, itonomer, nylon, polyether imide, polyamide,
polyurethane, polyester elastomer, polyester sulfone, polyphenyl amide,
polypropylene, polyvinylidene fluoride or thermoset polyurea elastomer. acrylics,
homopolymers, acetates, copolymers, acrylonitrile-butadinen-styrene, thermoplastic
fluoro polymers, inomers, polyamides, polyamide-imides, polyacrylates,
polyatherketones,  polyaryl-sulfones, polybenzimidazoles, polycarbonates,
polybutylene, terephthalates, polyether imides, polyether sulfones, thermoplastic
polyimides, thermoplastic polyurethanes, polyphenylene sulfides, polyethylene,
polypropylene, polysulfones, polyvinylchlorides, styrene acrylonitriles, polystyrenes,
polyphenylene, ether blends, styrene maleic anhydrides, polycarbonates, allyls, aminos.
cyanates, epoxies, phenolics, unsaturated polyesters, bismaleimides, polyurethanes,

silicones, vinylesters, or urethane hybrids.

39. The method of claim 33, wherein the step of providing a polymeric
binder further comprises the steps of’
freezing the polymeric binder; and

grinding the frozen polymeric binder into particles.
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the fiber conprises stainless steel, copper, al um ni um nyl on,

Kevl ar[err], Spectralerr], nickel, glass ro carbo;phis 5et R 11.
The conposition according to claim10, wherein s&t Xqplaced
stainles steel fiber. 12. The conposition aiﬂ Eﬂ iﬂ im1l
wherein 20 the fiber conprises t ween about 1

the conposite wei ght. 13. The conposition according to claim
12, wherein the fiber conprises between 25 about 10% and

20% of the conposite.

13, wherein
the conposite

14. The conposition according to claim

. . 0 0
wei gh‘{O 50 efr}lé%}%d ocf%an[n 5§,ew elr)e?rgt e%trclap of r%g%yntg ﬁ}éh@r %grgpr%s%é) of

the steps of:
molding the tungsten powder/polymeric binder mixture into a

projectile having a specific gravity of at least 11.0.

41.  The method of claim 40, wherein the step of molding further comprises
the steps of’
molding the tungsten powder/polymeric binder mixture inte shot having a

specific gravity of at least 11.0.

42. A high density composition of matter, comprising:
a. tungsten powder,
b. a fiber, wherein the fiber comprises at least one of tungsten fibers,

copper, nickel, niobium, Kevlar®, Spectra®, graphite, boron, cellulose or cotton; and

c. nylon 12®.
43.  The high density composition of claim 42, wherein the fiber comprises
metal fibers.
44.  The high density composition of claim 42 utilized as a projectile.

45.  The high density composition of claim 42, wherein the projectile is a

small arms projectile.

46.  The high density composition according to claim 42 utilized as shot.

2 8 DEC 1999
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77 15. The conposition according to claim1l wherein

the binder is a polyneric binder. 16. The conposition according
to claimi15, Wifsdnes} dasBeen Replaced he pol yneri ¢ bi nder conprises cel | ul ose,

fl uoro- H mtuLlﬁthylene i nter-polymer alloy elastoner,

et hyl ene vi nyl I onomer , Pyl on, pol yet her i m de,

pol yam de, pol yuret hane, pol yester el ast oner, polyester sulfone,
pol yphenyl am de, 10 pol ypr opl yene, pol yvinylidene fluoride or

t her noset ol yurea. el astoner., .. A7, . The.c osition
according to claim ﬁ-g \Aﬁ%‘? &gﬁ density compgsifion ASCOTHINE {9 %}F“I%Ig? u?’iggﬁf‘soﬁ 12R
and pol yester shidding contaifbr¥et fi¥Rfactive material.

48.  The high density composition according to claim 42 utilized as a

vibration damping material.

49.  The high density composition according to claim 42 utilized as a

flywheel.

50.  The high density composition according to claim 42 utilized as a

weight.

51.  The high density composition according to claim 42 utilized as an

acoustic damping material.

52.  Aradiation shielding material made from a high density composition
of matter, the composition comprising:

a) tungsten powder, wherein the tungsten powder comprises a
first group of particles having sizes of between about 2 microns and about 8 microns,
and a second group of particles having sizes of between about 20 microns and 40
microns; and

b) a polymeric binder.

LU i P8




18. The conposition according to claim 15, wherein the polyneric

bi nder conprises between about 1%to abqpt eet A S|ite wei ght .
20 19. The conposition according to claim b ep 2c

t he pol yneric binder conprises between about 2@6to 20%
conposite wei ght. 25 20. The g@nposition a|n119
wher ei n the pol yneric binder conprises bet vveen about 5%to

about 15% conposite wei ght. 21. The conposition according to
claim 20, wherein 30 t he pol yneric binder conprises between about 8%
to 78

53.  The radiation shielding material of claim 52 wherein the polymeric
binder comprises polyurethane prepolymer, cellulose, fluoro-polymer, ethylene inter-
polymer alloy elastomer, ethylene vinyl acetate, nylon, polyether imide, polyester
elastomer, polyester sulfone, polyphenyl amide, polypropylene, polyvinylidene
fluoride or thermoset polyurea elastomer, acrylics, homopolymers, acetates,
copolymers, acrylonitrile-butadinen-styrene, thermoplastic fluoro polymers, inomers,
polyamides, polyamide-imides, polyacrylates, polyatherketones, polyaryl-sulfones,
polybenzimidazoles, polycarbonates, polybutylene, terephthalates, polyether imides,
polyether sulfones, thermoplastic polyimides, thermoplastic polyurethanes,
polyphenylene sulfides, polyethylene, polypropylene, polysulfones, polyvinylchlorides,
styrene acrylonitriles, polystyrenes, polyphenylene, ether blends, styrene maleic
anhydrides, polycarbonates, allyls, aminos, cyanates, epoxies, phenolics, unsaturated

polyesters, bismaleimides, polyurethanes, silicones, vinylesters, or urethane hybrids.

54.  The radiation shielding material of claim 52 formed into sheets or

blocks.

55.  The radiation shielding material of claim 52 further formed into a

housing,

56.  The radiation shielding material of claim 52 used within radiation

shielding clothing.

57. The radiation shielding material of claim 52 used as a radiation sealant

maternial.
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about 12% conposite wei ght.

22. A high density plastic

conposi tion conpri sing a mxture of a base netal powder, fi ber
and bi nder. 5 23. The conposition according to claim?22 utilized
as a radiation shielding material. 24. The &l {Hab Been &ededdi ng
to claim 23, wherein 10 the radiation shielding E

flexible shiel ding material . 25. A high ition
of matter, conprising: 15 a) tungsten powder, wherein the

tungst en powder

of

bet ween about 2 m crons and about 8 mcrons, and a.

second group of pa$8.i cl Adighaddnsity sinzEsitoh dfataiter comprising:

tungsten powder, wherein the tungsten powder comprises a first group
of particles having sizes in a first range, a second group of particles having sizes ina
second range, and a third group of particles having sizes in a third range; and

a binder.

59.  The composition of claim 58, wherein the binder comprises a

polymeric binder.

60. A composition according to claim 58, wherein the polymeric binder
comprises at least one of polyurethane prepolymer, cellulose, fluoro-polymer,
ethylene inter-polymer alloy elastomer, ethylene vinyl acetate, nylon, polyether imide,
polyester elastomer, polyester suifone, polyphenyl amide, polypropylene,
polyvinylidene fluoride or thermoset polyurea elastomer, acrylics, homopolymers,
acetates, copolymers, acrylonitrile-butadinen-styrene, thermoplastic fluoro polymers,
inomers, polyamides, polyamide-imides, polyacrylates, polyatherketones, polyaryl-
sulfones, polybenzimidazoles, polycarbonates, polybutylene, terephthalates, polyether
imides, polyether sulfones, thermoplastic polyimides, thermoplastic polyurethanes,
polyphenylene sulfides, polyethylene, polypropylene, polysulfones. polyvinylchlorides,
styrene acrylonitriles, polystyrenes, polyphenylene, ether blends, styrene maleic
anhydrides, polycarbonates, allyls, aminos, cyanates, epoxies, phenolics, unsaturated

polyesters, bismaleimides, polyurethanes, silicones, vinylesters, or urethane hybrids.

61.  The high density composition of claim 58 utilized as a projectile.

62. The high density composition of claim 58, wherein the projectile is a

small arms projectile.

63.  The high density composition according to claim 58 utilized as shot.

conprises a first group of particles having sizes

[T I v,
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20 about 20 microns and 40 mcrons; and a b der

26. The high density conposition of cIa|n125 25 mﬂ@
conprises a polyneric binder. 27. The hlgh |t|on
of claim 25 wherein the tungsten conprises a conc

bet ween about 80% and about 96% and t hegspol ynmeric 30 blnder conprlses a
concentration of between about 4%

and about 20% 64. Thehiph Hfsit) EhnERoh XSRS éléxWSQEt:ﬁie%‘a{E'a%’

shielding container for radioactive material.

65.  The high density composition according to claim 58 utilized as a

vibration damping material.

66.  The high density composition according to claim 58 utilized as a

flywheel.

67.  The high density composition according to claim 58 utilized as a

weight.

68.  The high density composition according to claim 58 utilized as an

acoustic damping material.

69.  The high density composition according to claim 58 utilized as a

radiation shielding material.

70.  The composition of claim 58, wherein the binder comprises a

polymeric thermoplastic binder.

71. A high density composition of matter, comprising:
tungsten powder, wherein the tungsten powder comprises a first group
of particles having sizes in a first range, a second group of particles having sizes in a
second range, and a third group of particles having sizes in a third range; and

nylon 12 ®.
72.  The high density composition of claim 71utilized as a projectile.

73. The high density composition of claim 71, wherein the projectile is a

small arms projectile.

\\!\\\\l\\\\\l\\\i\\\\\!\\\\}\ “AwENDRD ; -
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wherein the first group of particles further 5 conprises: a
third group of particles having sizes of between 1 Crons

. This Sheet ﬁbs ! .
and about 4 mcrons; and a fourth group of pai : cedj zes
of between about 4 m crons and about 8 m cron 29.

The high density conposition of clai mgyp, wher ein rises
Nyl on 12[err]. 30. The high density conposition of claim?25, 15
wherein the conposition has a specific gravity of a | east 11. 0g/cc.

31. The high density conposition according to claim 25 utilized as
a projectile. 20 32. The high density conposition according to
claim 31, 7Anher Blrenhigih derpity cempoditeon ascerdingepiclagm i utilizedigsghett i | e.
25 33. The high density conposition according to claim

75.  The high density composition according to claim 71 utilized as a

shielding container for radioactive material.

76. The high density composition according to claim 71 utilized as a

vibration damping material.

77.  The high density composition according to claim 71 utilized as a

flywheel.

78.  The high density composition according to claim 71 utilized as a
weight.

79.  The high density composition according to claim 71 utilized as an

acoustic damping material.

80. The high density composition according to claim 71 utilized as a

radiation shielding material.
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25 utilized as shot. 34. The high density conp05|t|on accordi ng

to claim 25 utilized as a container for radﬂ@ e 1 ed 30
80 35. A nethod for manufacturing a hlgh d ]
conposite, conprising the steps of: meric
bi nder; 5 provi di ng tungsg8en powder; heating the
tungsten powder to approxinmately a nmelting point of the polyneric
bi nder; m xi ng the heated tungsten powder with the

81. The composition according to claim 13, wherein the polymeric binder

comprises at least one of cellulose, fluoro-polymer, ethylene inter-polymer alloy
elastomer, ethylene vinyl acetate, ionomer, nylon, polyether imide, polyamide,
polyurethane, polyester elastomer, polyester sulfone, polyphenyl amide,
polypropylene, polyvinylidene fluoride or thermoset polyurea elastomer, acrylics,
homopolymers, acetates, copolymers, acrylonitrile-butadinen-styrene, thermoplastic
fluoro polymers, inomers, polyamides, polyamide-imides, polyacrylates,
polyatherketones,  polyaryl-sulfones,  polybenzimidazoles, polycarbonates,
polybutylene, terephthalates, polyether imides, polyether sulfones, thermoplastic
polyimides, thermoplastic polyurethanes, polyphenylene sulfides, polyethylene,
polypropylene, polysulfones, polyvinylchlorides, styrene acrylonitriles, polystyrenes,
polyphenylene, ether blends, styrene maleic anhydrides, polycarbonates, allyls, aminos,
cyanates, epoxies, phenolics, unsaturated polyesters, bismaleimides, polyurethanes,

silicones, vinylesters, or urethane hybrids.
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conpos ity O}QRQ%W ng. gcegeﬁlt{,fpg = |oravi vy [dmwingts) Prral T to pdged RSN TR
36. Th urt her li ncl udijig Alsract Paged T topﬁbéps' of :

nol di n r Km&rlc bi ndet———m——pi- e Lion
havi ng tepppavEer dulb) | Sant 10 0ol oo 3-conpas
met hod of cl aim 35, wherein t he tungst egy » rug powder further conprises:
a first group of particles havi ng sTZzes of between about 2 m crons and
about 8 25 microns; and a second group of particles: having sizes
of between about 20 n1cr%Ps and 40 m crons.,
: den51ty composition of matter,
comprising:
5 a. tungéten powder; - -
b. stainless steel fiber; and
c. a binder
2. The composition according to claim 1, wherein
10 the tungsten comprises between about 5% and about

95% of the composite weight.

3. The comp051tlon according to claim 2, wherein
the tungsteﬁgbetween about 10% and about 80% of the

15 composite weight.

4, The composition according to claim 3, wherein
the tungsten comprises between }S about iS% and
about 70% of the composite weight.

20 ' . '
5. The composition a¢cording to claim 4, wherein
the tungsten comprises between about 25% and
about 50% of the composite weight.

25 6. The composition according to claim 5, wherein
the tungsten comprises between about 35% and about
40% of the composite weight.
7. The combosition according to claim 1,‘wherein

30 the tungsten powder size is between about “2 and

T mm
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38. ‘The conp05|t|on of cIa|n137 wherein +he first 30 group of partlcles RN
81’ :

furt-her conprises:
third group of particles having sizes of “bet weeh
about 4 nmicrons; and

a

a :
amth Mémm§ami

41

23
naa
9

a fourth @oup of particles having siz¥s of °°

bet ween about 4 mcrons and about 8 microns. 5 39. The
nmet hod according to claim35, wherein the pol yneri c binder conprises
cel | ul ose, quoro-ponner ethylene i nter-polyner alloy elastoner,
et hyl ene vi nyl Kﬁ% s,lgygggm oRQ yether imde, polyester 10
el ast oner, polyester one polyam po yphenyl

8. The composition of claim 7, wherein the

ﬁungsten powder'size is between about 4 and about

-

5 8 microns in diameter.

>

9. The composition of claim 7, wherein the

tungsten powder is between about 20 and about 40

microns in diameter.

10

10. The composition according to claim 1, wherein

the fiber comprises stainless steel, copper,

aluminium, nylon, Kevlar®, Spectrak®,

carbon.

15

-

nickel, glass ro

11. The composition according to claim 10, wherein

-

the fiber is-staig}esé”%teel.fiber.

-

12. The' composition according to Claim 1 wherein

20 the fiber comprises between

the composite weight. .

about 1% and 30% of

13. The composition according to claim 12, wherxrein

the fiber comprises between

25 about 10% and 20% of the composite.

14. The composition according to claim 13, wherein

the fiber comprises between

the composite weight.

30

about 15% and 18% of

20 Jun 200

e e e
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anfde, éblypropylene, pol yvi nyl i dene fl-uoride or t her noset pol yurea

. ef ast oner . 40. The nmethod of claim 35, wherei.n the step of : 15
. providing a polyneric binder further conprises the steps: . of: 1 i e
ftreezing the polymeric binder; and 77 grinding the frézen polymeric =
. binder into particles. 20 41. The nethod of claim 35, wherein the
step of nol ding further conprises the steps of: Mol di ng t he
tungst en powder/ pol yneric bi nder m xture into a projectile having a
specific gravity of Iea h t hod, of
claim 31, wherein th Sat egfl%f C°‘“%’g’59?a % J‘mgcct):r?prclzls‘-’lel-sl;“ t%he”&é?]é % of :
Mol di ng t he tungstentggmgghégglygegl%o -@ggicnbgﬁgéﬁ. ; into a shot
having a specific gravity of at |eas 11. Og/ cc.

16. The compos1tlon according to claim 15, wherein

n

the polymeric binder comprises cellulocse, fluoro-
polymer, ethylene inter-polymer alloy elastomer,
ethylene vinyl 20 acetate, ionomer, nylon,
polyether imide, polyamide, polyurethane, polyester
elastomer, polyester sulfone, polyphenyl amide,

10 polyproplyene, polyvinylidene fluoride or thermoset

polyurea elastomer.

17. The composition according to claim 15, wherein
the polymeric binder is Nylon 12® and polyester

15 elastomer.

18. The composition ac¢dording to claim 15, wherein
the polyméric binder comprises between about 1% to
about 30% composite weight.

20 . "
i9. Thé-composition adcording to claim 18, wherein
the polymeric binder comprises between about 2% to
about 20% composite weight.

25 20. The composition according to claim 19, wherein
the polymeric binder comprises between about 5% to
about 15% composite weight.

21. The composition according to claim 20, wherein

30 the polymeric binder comprises between about 8% to

S N o
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82 ) ' 43. A high density conposi.tion of matter, . conpri si ng,

& tungsten powder; b. Afiber; and 5 - c.: nylon'; -,
12[err] - 44. The high density conposition of élaim43, = “*; * =>x2
wherein the fiber conprises nmetal fibers78 10 45" Thé high *° 3w
density conposition of claim 43 wherein the fiber conprises

tungsten fi bers.

about 12% composite weight.

22. A high demsity plastic composition comprising

a mixture of a base metal powder, fiber and binder.
5 . - ’_‘

23. The composition according to claim 22 utilized

as a radiation shielding material.

24. The composition according to claim 23, wherein
io0 the radiation shielding material is a flexible

shielding material.

25. A high density composition of matter,
_ comprising: '
15
a)l tungsten powder, wherein the tungsten powder
comprises a first'grouﬁ‘b?_particles having sizes of
between about 2 microns and about 8 microns, and a
second group of particles having sizes of between

20 about 20 microns and 40 microns; and
b) a binder

26. The high density composition of claim 25,

25 wherein the binder comprises a polymeric binder.

27. The high density composition of claim 25
wherein the tungsten comprises a concentration of
between about 80% and about 96% and the polymeric

30 binder comprises a concentration of between about 4%

el i
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46nghe High density conposition of claim43 wherein the fiber .. — .
conpri ses copper, nickel, niobium 15 ¢{itanium glass, fiberss: I: 2 :

Kev] ar[err], Spectralerr], graphite,carbon, . boron, celluldsé ol ¢utton>"::
47. The high density conposition of caim 43 utilized a3~ a *° >
projectile. 20 48. The high density conposition of claim43,
wherein the projectile is a small arnms projectile. 49. The high
density conposition according to claim 25 43 utilized as a shot.

50. The high density c ngﬂﬁition according to claim 43 utilized as a

cont ai-ner for Fﬁﬁ#&%%?ﬁbe et eri al . 30 51. A radiation shielding

mat eri al nmade froma high .

28. The high density composition of claim 25,

wherein the first grbup of particles further

.

comprises: . ' -

wn

a third group of particlés having sizes of between
about 2 microns and about 4 microns; and
a.fourth group of particles having sizes of between
about é microns and about 8 microns.

10
29. The high density composition of claim 25,

wherein the binder comprises Nylon 12X,

30. The high density composition of claim 25,
15 wherein the composition has a specific gravity of a

least 11.0g/cc.
. ..
31. The ﬁigh density composition according to claim
25 utilized as a projectile.
20 . "
32. Thé'high density cbmposition according to claim
31, wherein the projectile is a small arms
proﬁectile.
25 33. The high density composition acc&rding to claim

25 utilized as shot.

34. .The high density composition according to claim
25 utilized as a container for radicactive material.
30 °

T 20, 0
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83 - " density conposition of matter, the conposition

. -

:2 "

conpri si ng: a) tungsten powder, wherein the tungsten powder ; S
conprises a first group of particles having sizes of 5 betweénlabput*2* =23
macrons and about 8 microns, and a secor8d group of parti‘cl es"havimg >

si zes of between about 20 m crons. and 40 m crons; and b) a

pol yneri c bi nder. 10

35. A method for manufacturing a high density
composite, comprising tlie steps of:
providing é polymeric binder;
5 - providing tungsten_poﬁder;
heating the tungsten powder to approximately a
melting point of the polymeric binder;
mixing the heated tungsten powder with the
polymeric binder at approximately the melting point fo
-10 the polymeric binder into a
tungsten powder/polymeric binder mixture; and
pelletizing the tungsten powder/polymeric
binder mixture into a composition having a specific
gravity less than 11.0g/cc.- .
15
36. The method of Claim 35 further including the
steps of: = = ¢ '
molding the tungsten powder/polymeric binder
mixture into a composition having a specific gravity of

20 a least 11.0gfcc.

37. The wethod - of claim 35, wherein the tungsten
powder further comprises: a first group of particles
having sizes of between aboﬁt 2 microns and about 8
25 microns; and
a second group of particles having sizes of between

about 20 microns and 40 microns.

2

38. The composition of claim 37, wherein the first

30 group of particles further comprises:

. ———
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a third group of particles having sizes of between
about 2 microns and about 4 microns; and
a fourth group of particles having sizes of between

about 4 microns and about 8 microns.

-

39. The method according to claim 35, wherein the
polymeric binder comprises cellglosé, fluoro-polymer,
ethylene inter-polymer alloy elastomer, ethylene vinyl
acetate, ionomer, nylon, polyether imide, polyester
elastomer, polyester sulfone,*: polyamide, polyphenyl
amide, polypropylene, polyvinylidene  fluoride or

thermoset polyurea- elastomer.

40. The method of claim 35, wherein the step of

providing a polymeric binder further comprises the steps

of:
freezing the polymeric binder; and

grinding the frozen polymeric binder into particles.

41. The method of claim 35, wherein the step of
molding furtﬁér comprises the steps of:

Molding the tungsten powder/polymeric binder mixture
into a projectile having a specific gravity of a least

11.0g/cc. ~

42. The method of claim 31, wherein the step of

' molding further comprises the steps of:

Molding the tungsten powder/polymeric binder mixture

into a shot having a specific gravity of at least =

11.0g/cc. ©

—_——— 20 JuN 20%
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43, A high density composition of wmatter,
comprising: < . |
a. tungstep powder;
b. A_fibef; and
.5 c. nylon 128

44. The high density composition of claim 43,

wherein the fiber comprises metal fibers.

-l 10 45, The high - density composition of claim 43

wherein the = fiber comprises tungsten fibers.

46. The high density composition of claim 43
wherein the fiber comprises copper, nickel, niobium,
15 titanium, glass, fibers,Kevlar®, Spectra®, graphite,carbon,

boron, cellulose or cotton.
. y
47. The high density composition of claim 43
utilized as a projectile.
2 0 . . N ’ .
48. Thé ﬁigh adensity composition of ' claim 43,

wherein the projectile is a small arms projectile.

49. The high density composition according to claim

25 43 utilized as a shot.

: 50. The high density composition according to claim

43 utilized as a container for radiocactive material.

30 51. A radiation ‘shielding material made from a high

— 20 Juh Um
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83

density composition of matter, the composition

]

comprising: i

a) tungsten powder, wherein the tungsten powdér
comprises a first é;oup of particles having sizes of
between about 2 micfons and a2boutr 8 microns, and a second
group of particles having sizes of between about 20
microns and 40 microns; and

b} a polymeric binder.

mnmmy
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