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BACKGROUND. OF THE | NVENTI ON The .present application is a e
continuation=in-part of co-pending Provisional U S. 5 Patent Application
Serial No. 60/020,914 filed June 28, 1996. The entire text of the
above-referenced disclosure is specifically incorporated by reference
herein wi thout disclainmer. The governnment nay own certain rights in the
present invention pursuant to United-Btates Arny contract nunber DARE
30-95-C-0021. 10 1. Field of the Invention The present invention relates
generally to the fields of pol ymBESCRIBTIOYh density conpositions. Mre
particularly, it concerns materials that may act as a replacenent for |ead

in applications requifiig# DENSITYW COMEOSITEYMANRRIKEr € the toxic effects
of | ead are undesirable. Further, the high density conposites of the

present invention may bgAtKEROONHOF THRRINMENTRINI on where a high
density material is required. 2. Descriptiron of Related Art Each year,

approxi matel y,.689 m || ion undgs. of. l. a yni. 2 -cal i ber

Chrough 50 hrmury. el Cylofl Lecling MR p At of S RbE RrbvRRua Ul

Far ce, Mafdnn@pphédsion Nakal BloalcoB2argl4 fled Jhes e8y e®d. n Thaeendid ted dftdkes. An

additional 10 mllion rounds are fired annual Ihgdjby-t he Departnent of '
¥t

Ener gy. alforec—caferandedi dinclpsus de t speeificallye incpmorat refpienegy heema | withat | ead
ant i nony,. cpres, .Qr cores,  encased in a ¢ er.all | acket . f. .1 hese
proj ect idllségf“?eés L?Iq}esgqvﬁm_gbeﬁfg%‘/%nef%rtaﬂ B*g@ t”_%)H? por? %lntgg eﬁgonpgﬁr%lﬁélértgbei ng
I nt r odug kel BtfRed REnEHHF 0N RMer LA 30008-@ragpat i on of soil, sedinents,
surface and groundwat er have been confirned through investigations

- conducted at Army, Navy, Air Force, Marine Corps, Coast Guard and private
~small arns r s .throughqut the United States and Europe. Lead uptake in
v]é)get at ilon a&—{}a—s—mmﬂ% smal |l arns range in Quantico, Virginia ,showd

| ead | evel s as high as 23,200 parts per m|lion. 30 Renediation of

cont ani nat ed Thamgessnhingeioavisiftesgeperaly te ehfeligldeshpolymees anddhigh dongfys -2

one” smel O TRAHEOR Mo spEruialit BtehERRI R ATHRL AR P HRUER Yy " Oco

per yeaneddad WppRhiibRd rdqaribgaent aRighaldnsity, Maniherd the toak e ddeyd arel |
arnms firing ranges are now required to inprove hazardous waste maintenance
at a pr edilesireblec oFurthér, $87 hizhhidpnsityncomppsgesiof i tha, Presenh én@EHEBnBaY YE99S

"Cost Anal ysig.for Minitions Rule’ prepared by.the U S Arny Concepts
Aral ysi §“}££%Vﬁ§§ﬂ ?Wﬁp@ﬁ?aélopﬁ’gleé%gglgthod’ep g@é&%ﬁ?é “aivash c(i?oor smal | arnms range
is approxi mately $150, 000 per acre. Currently there are 120 ranges cl osing
or scheduled to be closed as a result of Base Realignnent and C osure

recommeridat i @escyihfion ofiBetated Afbr an estinmated 4, 185 acres or a total of
$627 mllion. 10 In order for firing ranges to remai n open, expensive

cl eanup procedures nust be enpl oyed that provide only a tenporary sol ution
to the problem A non-toxic, |lead-free, environnmentally safe, cost '

=ieffective repiagbernant approxisetaly 688 ondliopareyndalofi smalb gy egmpnitpat? firing
to. : l.i nd nat | duy: he 15
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projectile range and .
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




penetration. In addition, there is nounting concern over the gﬁg ngﬁﬁg
shot for bird hunting, 20 due to ingestion of the shot by birds and o
animals as well as contam nation of wetland areas. |ndeed there has been

| egislation in the United States and ot her countries which bans the use of
| ead shots in waterfowl ShotS. Moreover, such a |ead substitute or high
density material will find many other applications, such as for weights,
acoustic danpening or vibration danpening, and in radiation shielding
applications, including 25 protective clothing, nedical clothing and

1Ot N NG{OF tolt3Brdrf sBELR A RAY Rlprts hazardo S MMARYekbval forh NETHAN The
present inventron,“in a general "and overall sense, concerns a famly of
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tungsten conprises 15 between about 25% and about 50/ of the conposite. In
ot her eifbroadi asemated 4 188 aciasgs ndatat ehprd7sailiaset ween about 35% and about 40%
- 0of. the conposite. O course these are exenplary percentages and the
-tﬁ%gsten may conprise any percentage between these figures, for exanple,
about 5% 6%n 6Yer 3% 08 r %tolfk%auﬂ- &n, 2Q0ensit %Geaddfpradidtared 40st 6% 28%

30% 32% 34% 36% 38% 44% 46% 48% 52% 54% J 56% 58% 60%
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21, 22, r;%ﬁetra%i%n. 25, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38 or 39 mecr ons in
di arrete I'n certain enbodinents, 30 it may be desi rabI e to have tungsten
powder conprised of parti cl es havi ng varyi ng sizes of -4 dianeter. In
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"0 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.



In a particul ar enbodi mrent of the present invention, the fi beﬁ ch% rise
5 stainless steel, copper, alum num nylon, Kevlar, Spectra, -hi e'T, g&ass
or carbon. In nore particular aspects, the fiber i's stainless steel fiber.
In preferred enbodi nents, the fiber conprises between about 3% and about
30% of the conposite weight. In other aspects the fiber conprises between
about 10% and about 20% of the conposite weight. In alternate enbodi nents,
the fiber conprises between about 15% and about 18% of the O conposite

wei ght. O course these are exenplary percentages and the fiber may
conprise any percentage : ase £ LOUNEes exanpl e, about 4% 5%
6% 7% 8% 9% 10% 12% : %~ 23% 24% 25% 26% 27%
28% or 29% of the conposite weight. 15 In yet another aspect of the present
invention the binder is a polyneric binder, In particular aspects the

pol yneric bingder nmay. b cte t I SE ose,
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pol ynmeri c binder is Lan,12. and pol.-yester e t o i.fic
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wei ght %ﬁ{eirﬁigﬂfdehﬁﬁ‘y RRAERAThdyebe rbgmegdher enbodi nents, the pol yneric binder
i %

is at a concentration of about 2%to about 20% weight ratio. In still
further 25 enbodi nents, the polyneric binder conprises between about 5% to

about 15% weight .ratio. of th 0 jte. I n ot her,.embadi.nent '
polymerte by s it bapticSles enBeREERC bt BRI HET TR el BE ot o
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pl astic conposition 30 conprising a m xture of a base netal g)ovvder, fiber
and bi neebodimentrar the ctingster ndvaufiriven ttetwedne aboigte Stetad poawie PSHmypfbtcosni um
iridium platin rhenium tungsten, gold, tantalu hodj al.l adi um
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conposition mlg Ized as a radiation shielding material. In other
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appar ent ow ng detalled description- It 'should be understood,
however ,aré badmglivg pedeatdgedantbthertipgstonmay dombesespycpdéantagedrpivess thagd | e

i ndi cating preferred_enbodi nents, ..J of t i ngj.on r i\, by,.way of
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“1ncluded to further denonstrate certain aspects of the present invention-
The i nveti™ ehthesspmpesibeyeight. under st ood by reference to one or nore of these
drawi ngs in conbination with the detail ed description of specific

enbodi nents presented herein. 20 FIG 1 shows a picture of conpression

ol ded t ungst BNoeEgsdcRObY iRy prestitnide¢ntiohethbrtahgst@s potvdes pafticld si2e shows a

picture of the three point bend flexural test fixture and a erxuraL 25
test barbdtwsempbasd % sndasbaus 4O wisrerssin; dignetenc An g8, aligmaliyp sgrodpnsd thes.

Pt 3 ohdaer ReS e ePRi Fre R TS sbat R s RRbons T URREE 1R Cer
30 FIG hoshWenbohBndnt aKetilssteh HeRAbNpdrde kizk @ battveb® BsopAOyamdrdboubdtrder s.
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



-6 FIG 5 shows the maxi num fl exural displacenent (in.) for various
polymeric binders. FIG 6 shows the flexural modulus (psi) for JdrMédis2004
polynmeric binders. 5 FIG 7 shows a fractured tensile test bar after being
pulled in the Instron tensile testing machine. FIG 8 conpares the tensile
strengths of Nylon 12/ Stainless Steel fiber uO conposite, Nylon 12
conposite, -polyester el astoner conposite and lead. FIG 9 shows the

el ongation at . break of Nylon 12/ Staf#tnl ess Steel fiber conposite, Nylon 12
conposite , polyester elastoner conposite and lead. 15 FIG 10 shows the

tensil e mpeduusin(diain erfodMbRE the/pdixaien s HeJoapriséd bEpatielpasiuntforrhlyl on 12
conposite, polyester elastonmer conposite and |ead. FIG 11 shows a test
speci nenizt ofidiagatert y nodel injection nold. A- ASTM D638 Type 1 tensile bar;
B- inpact disc; C inpact bar; D ASTM D638 Type V tensile bar. .,0 FIG 12
shows a picture of the injection nolded conposite material tensile test

bars. A- brokgn t,ensidhe difskildk Gif i pre@siihRnties! theFfiker AldyShnisise
picture of a tungsten powder polynmer binder injection nolded 25 projectile
car e ( Chtairdess ateal, popperc tlumnen rylqiRKevian®, SpesctpBemigkek lgtase @ Icedanprlj ecti | e
core (A). FIG , 14 shows vertical .drop,c ressive.i npact, test that

provi dednoge é’&ﬁ}qu%aétaﬁ%tsaz%gé%ﬁtﬂ 5% t‘?éeef gg%fct %@rﬁfe&%%%ocg?e?tﬁ’e&?PP
conposi L L SCH ¥ log 3tk RERbEGHe! WhighO! 88 -oth FI G
15 shomtﬁ%sggr%rﬁéﬂé%g&? g‘gée?Géqohgﬁ@ﬁf%aﬁﬂ#ght/) | npact test r elsggl.t S fioorerl\lyl on
12 t ungskgntghadesr conpdss baweenplent i1D% adraboan20%eddhd cvmpositeavdigitn. FI G

16 shows vertical drop (12 inch drop. hej ght) i npa test result r Nyl on
12 t ungdt eHerpatfcrard %ith%gb?roﬁ%&twfeb%wéﬂ ﬁ%‘f ﬁé%ua ‘{)?b%‘iﬁﬁéis Péﬁ'ﬁ 5
L0 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 inventfo‘n 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 betwegn about
1% to about 30% weight ratio of the composite. In 6ther 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,



FIG 17 shows vertical drop (18 inch drop height) inpact test results,for
Nylon 12 tungsten powder conposite projectile core and |ead for oﬂrp@’f\f s&ﬂﬁé
FIG 18 shows vertical drop (6 inch drop height) inpact test results for
Nyl on 10 12 tungsten powder with stainless steel fiber conposite projectile
core. FIG 19 shows vertical drop (12 inch drop height) inpact test results
for Nylon 12 tungsten powder with stainless steel fiber conposite
projectile core. 15 FIG 20 shows verfical drop (18 inch drop height)

i mpact test results for Nylon 12 tungsten powder with stainless steel fiber
conposi 85t T di8ccf OLBmi ioBikrS BRNR o €1k ingAlculk @RibbBimdietHdrigph hei ght )
i npact %cg)&g E?dé’gglﬁ’t‘%éa?eg’réag‘&lg‘}é’g?‘é’?‘%gf ast ochrI\ér I? E!)gf(l N 480A) tungsten %(l)wder

Wi th st aémitgssonsiciionf igr be onjlieed t & pr cjdiaian ehigldng enatgiah. A sHEHs
vertical drop (12 inch drop, .hejght) i.npact_test results far, ppl yester

el ast onBRb@drmERAts) ﬁ‘BGAﬁllaF%éj@ggW%ﬂB%WE;ﬁp Bidt W:@gishpgiggg Qpteppl. ¢ ?lb Srposite
proj ect | r aer] i ; fhaR heigmhy )

i npact Fllélg?&il?lglgta’l f% E %&%%‘%y@?& rbéell%grsl%égn%sr %@%(é%l%%? tungster;ﬁ powder
wist h st giwh&ss ospesdetildsher conposite projectile core. 30 FIG 24 shows
non-toxic |l ead-free fishing weight prototypes and their |ead counterparts.
8 FIG 25 shows nodel train weights. A comercially avail able | ead nodel
trai n add-on i_ght. | t - W Lt

conpr essi on %ﬁ%eg&%t?’ofeqﬂ’h\é% g?%sargﬁ#t?%%/seﬁ??%ﬁ plkegélgh%&n%f(ﬁl 1%112 Bcégﬁltngr .

Lead- f r ggpahaf fiin te followihpudetslad descriptight It sholildebd ealtrtoat Homaver, wetght s
are nmade of tungsten powder and have a density of 11.0g/c

: e . c FI(%‘ZGShowsa
desi gn theadetailgd gscaiprions andrthespegite exanepleso Meulp e1diggfing preferred embodimepi§ys o

-desi gn drawi ng of. a 7.62. | let, F .a.desi i f a
SRkt RSl G, S LT e g SRS, S
pr ot ot y g dficBRo I WRKiQ) tBE kpitie akdE&pei dTGhe 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.

.10

- 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.



15 cavity injection nold. FIG 30A, FIG 30B and FIG 30C shOMI'qs Q@t?@p
results depicting slug weight (FIG 30A), slug length (FIG 305 's a

di ameter (FIG 30C) for tungsten/Nylon 12 and tungsten/ Nyl on 12/ st ainl ess
steel conposites. '0 FIG 31 shows an illustration of penetration depth,

| engt h and hei ght of the tenporary cavity nmade by firing of projectiles of
the present invention into ballistic gelatin. FIG 32 Set up for toxic-fune
test (top view). 25 -9 DESCRI PTI ON6GF | LLUSTRATI VE EMBODI MENTS Lead from
spent lead bullets represents a major source of environmental pollution as
wel | as posi jgGa PR HRl rAsRiddl fldkbial tdsphRbReshaR &bs vansus poigaeper sonnel
alike. Lead 5 bullet residue left in the earthen berns of outdoor ranges
can | eabmdent o the soil and contam nate water tables. Indoor ranges require
extensive and expensive air filtration systens to operate safely as lead is

introduced into the atnosphere as the projectile exits the barrel. Inproved
bul | et t7aps gt 6ahs (i ATnToRuRS (P foh GatbRUolAskicamaRg T ecycl i ng..
Qut door ranges require constant soil renediation. 10 The present invention

prsovi des conpositions that may be used as | ead substitutes, having a

density simlar to or greater than |ead ang bei.ng subhstantially |less toxic
to the user. Fife TcHaps S ﬁr?‘ﬁh@ddFmﬁlﬁéeﬁSS’é&é gr 'i"?ﬂéﬂ’t‘lr rfnttﬁﬁlnsfﬁ%\ff’%s €a new,
relativ <|->s¥in %{Eicﬁi%i c, high performance replacenent for netallic | ead that
can pl a$ a gar I'h the ongoing 15 transition fromenvironnentally hazardous

materials to ecologically acceptable ones. The conpositions of the present
Wl be useful not only in the manufacture qf_ amunitions but alsg in any

appl i cati ons Fl&qudr samparere the densilea stengthy Oh sNylpn 2 @StaplessySited x4b e, t he
=imgterials are, u ul .ght s ' i shing wei ghts,
' ”'\r/TvE)eel weegkpgte, ?\S’mlezéﬁ %g\lﬁpgﬁltgrp(ﬁlggsq%n@%ﬁ e%é’g{ }glglclt:%%}%dgﬁasé suc hgas i'g nodel

railroading. Oher simlar 20 applications include use as an acoustic

danpeni ng or vibration danpening material. Also, the high density grat erial
will find uséIGh Pashoatsi the sleinghdomgt abrskk ceft Notes, 128YStailasp| deel] fber
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spaces, such as cracks. As defined herein "high density" refers to a
density that is near to or higher than the density of |ead. 25 As stated
el | ier, the Khpbsishownshoftensie mpddant(ksihvdnmiylon HBYStaanlessedterh fibge

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.

B FIG. 12 shows a pictﬁre 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 ’

(&).

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

30 lead projectile cores.



manuf acture of practice amunition for all types of rifles and pﬁsicﬂ%ﬁ 2084
the lead-free projectiles are also frangi ble, they have applications when
ri cochet poses a danger to innocent parties. Applications for frangible
non-toxi c projectiles includes indoor/outdoor 30 firing ranges; police and
mlitary training and qualification; comercial institutions; industrial
installations; banks; prisons/jails; nuclear power plants; chem cal
processing plants; hospitals; and universities. -l o The non-toxic
projectile core technol ogy of the present invention may be used to repl ace

| ead shot gun_pel | et now. .pr.ohi bi te. use i.h- r Wb REionl he
t ungst en bas@ﬂépﬁﬁ@%s YFFal iR ilmd{ g%wﬁgg%ﬂ%ﬁ%ﬂ‘g ttgégvidlese"gg sh?}tg' Ofunl i ke
steel sfad yifpatenipdweldf ESiEdsite PRdjBEiltca@ 288 lad fendcamenent. for |ead shot.
Bi smuth is al'so used, but this material is not as 5 dense as Lez\gdq maki ng

it an undesi FHBI &6 shaves verticalrdrpp 442 dnebtdrpp peighOriampect et 1egdtssion 1oy
shotguns_and air rifle pellets may.,also b ctur utilizing the
non-tg'.J ox 1 2B tiegep ™ISt ﬁ‘ﬁP%?silt&%OJﬁ%tggF%ﬁeﬁﬁgg%ﬁ{ﬁ]‘e&ﬁé sngﬁ? i nvent i gn.

Further, the conpounds may be fornmed into sheets or blocks useful in
radi ati on shielding applications. Also it is contenplated that the high
density mat eFIG! §7 showheenicaisdmp (il Bmit drop hemght)biepasictestnregultsofor Sk onpl ex
shi el ds, housings or, assenblies.. O her ragi ation shi el ding applications
i ncl ude 1 2@aungsteRI ROPHieR EOMBPSeAVISEHIE SATEAD é‘??ﬁ(fglé‘éorf‘%arﬁgﬁi ation sources.
Such dense, and non-toxic materials may further be fornulated to be
- flexible and will find applications in protective clothing and ot her
protective gEaG. fi8rshdds vetticablrapnes thehtdabp heigbDrimphct fostr wevlts fondylord in
~{the nucl ear power or_ defense industrjes, and aqy_otEgg application where
40ch cl b2Ritwagstan popysier avith; stainglgssrsteql Sher GoRPQSLGPTOICCHREOESand structural |y
weak nmetal and is therefore unsuitable for certain such applications. The
material may be injection or conpression nolded into a variety of shapes.
70 | nj ecti onwrgl dbngofvakeitkal d@p Uiingh e Wedhey inpacatdsonsufioforiNghnvol une,
| ow cost fabrication. Products utilizing the high density materials of the
pr esent 12@vengstempaveder atidostyaleseped! ERLPRRISHY P HISES and t her nopl asti ¢
extrusion, thernoset and thernoplastic pultrusion, conpression, centrifugal
nol di ng, rotational nolding, blow nolding, casting, calendering, liquid
fisl |t her mos e dihBes Yertfdal a@"%mwin&d'dﬂ@ kdgHipimpat vat irestults 6dr Nylapes. 25
The material of the present formnulations conprises a tungsten powder as a
hi gh den2®rtyngsterppmeder withusigisteenstpRier campasie AAIGEHIS,CHBN-t oxic and i s
suitable for comercial applications. Because solid netallic tungsten is a
very hard material and nelts at an extrenely high tenperature (approx.
3410C, the higgaesy Bk vBgicROdRp é@fin@ﬂ droﬁ@ei@ﬁi)&ﬂn?ict tbh@eqilte Fompolyester
formul ations allows injection and conpression nolding and other . .
elastomer (TEXIN 480A) tungsten powder with stainless steel fiber composite projectile

9 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.



previously nentioned nmethods, thus avoiding difficulties that may ?eNﬂY n
encountered with working with pure tungsten. -11 A novel. aspect of"th‘igulr
present formulations is the use of fibers to forma conposite material
conprising tungsten powder, polyneric binders, and fibers. The fibers nmay
be stainless steel, or other netallic fibers such as copper, nickel,
niobium or titanium Alternatively, non-netallic fibers, such as gl ass
fibers, Kevlar~, Spectra, graphite, 583carbon, or boron, nmay be used to
increase the tensile strength of the conmposition. It is possible to enhance
t he physical properties of the conposition by adding various fibers, either
singly or in conbination with each other. For exanple, use of fibers softer
than steel, gwch2ashevassodecehinubagls coicbmmerdialbketailoble depglpmodélitens, may
result in reduction of barrel wear in Erojectile appl i cations., Anot her

S
aspect edd-pheviighienshaym pa thelefi pad plead fige PEYPLPE| OMPREFSIORIPAGELLY Kbt eri al s
as a pol,yneric, binder.. t. i _ ) Vv e physi cal
proper t f%’sprB?enf HeEeE 5%185%[%&“ 1%421% g%(né%b ﬁ%% rff)%%\?grgtf ldﬁ gfﬂ{%%n g%met 5ha

flsexi bl gne AsdLRRdrdieRights ard Ride BEAMGSttR ot and dadkes dpmdityragriil Oghicnder
conposite materials. In certain 15 enbodi nents, the binder may be a hot
nmelt or thernosetting type of glue. In particular enbodi nents, the

t her roset may, conprj se a,si.ngle ., COpp t 3 S. 1 er enbodi nents,
the ther rmsetyq&cgﬁﬁb‘?‘g%a gesbgrgérgmquo Jf 'é%{r%rlpr%ﬁ{[ebﬁ{cglﬁe inﬁg(sgé%perti es of the
conposition may be varied as well by the use of tungsten :0 powders of
different particle sizes. A conposition nay conprise a powder of a single
particle siz&IGor7shevsodpdwi diavmmgefya T6XHpmh belles. t ungst en powder bl end with
—a distribution of different particle sizes. In certain aspects, equal

'pﬁ}tions of a tungsten powder with size distributions of 25 about 2-4

ni crons, abo ) i tlvABOba 282 40 METIOAS I Chr. m xed wi t h
Qﬁ(ﬁ2§sﬁbﬁ§ﬁ Sl i In eé% steel fibers are addé%, for exanpl e,

fi bers and polyneric er; Sta
at about 5% by volunme with the conmposition to inprove tensile strength. As
previously nmentioned, the conpositjons, of the present inveqtion na 1be used
30 as ionizi FG-2 81avena design dirawehef PoLotyRs 4194 B PRYACH!S,EOL S %easy to
apply. %Qiﬁh&fmﬁéfﬁﬁﬁd tungsten powder is mxed with the bul k conponent of
a tmo-parY curtng resin system -12 such as an epoxy resin. The

resul tant m xture, having the viscosity of a caul king conpound, is easily

stored until ready for use. Prior to application, a ca al%st S addgd and
the mxture iHG-Fd% 3G 0B and g 39hshawt Bsnegiionsyulisdap! Elga%‘lﬂ VE8% 0 any
surf ace, r anpl e int r& [ cured
mat er i aI(Fi:(g’u%Og%S’ ?ig% ?qggglx@rlr% [ %?gf%?gﬁsﬂ%e@é%&\gg&aﬁ%g?gk%frég ;%r?lgﬂogr} Qfmeaks in
a radi atin@Rushi@ldiiog 1 3@htAiesslseedtdrtpositppl i cations, the conposition may be
used as radiation shielding in clinical applications, for exanple to form
shields for use in radiation therapy procedures. Alternatively it wll be

_possible to oy, t he conpasi.tions -pre ] 11031 0
“aprons, glovggR%r¥5t 8?358p§?§$“§ﬁd°€5%#%§P§é‘?@?hdéﬂﬁﬁﬁﬁgbg?F@ag?gﬁg such
“as, for @asRie catity MadeObyeRanE NoFt profetilel Nofotheprepapdateantionhmtd dellistiat i ons
of the present” invention are useful 1n making a | ead-free projectile, which
conpri segslatinor exanpl e, a powder material that may be tungsten, tungsten
carbide, ferrotungsten, and the |like. The fornulation al so conprises a 15
fiber material that may be, for exanple, stainless steel, copper, glass,
zinc, and thepiiker QS o R futhe thi1GtdpigN). at i on conpri ses a bi nder
material that may be a'two-part curing resin, such as epoxy. resin,
pabyur et hane or polyester resin, or other polyner material. One-conponent
thernmosets are often cure initiated by air or noisture. ~:0 In certain

ot her aspects of the invention, nethods are provided for nolding articles
of the present invention into a variety of shapes, including projectiles,
shot, radiation shielding blocks, customradiation shields with conpl ex
geonetry, and the like. Al so provided are nethods of preparing the

formul ations into a putty-1like consistency that may be applied into cracks
or holes to block radi ati on passage. The conpositions of the



25 present invention and nethods for making and using such conpdgiit Mais2e
described in further detail herein below Metal Powders Table 1 presents a
list of elemental netals that were considered as potential 30 candi dates
for use as |lead substitutes in high density conpositions . Fremthe |ist of
metals with a specific gravity greater than. lead, it is evident that

tungsten neets the -13 physical requirenents of high density.
Furthernore, tungsten has a |ow toxiei®y, nmaking it an excellent netal of
choice in | ead substitutes and other high density material s. -14 Table 1

Potential Candi daipgRagpMIRIOF BNOUAITRYITNG: MMBODIBENTS: al Mt al
Specific Gravity Potential Base

Met al sGsm unR2. 481 ri di un2. 42P| ati nun1. 45Rheni unR0. 53Tungst enl9. 35CGol d18. 8
BTant al ut 6, SOKATALUTLS, DAoLy 2. A0R REBl e, FPERMCAHIHA ofiETRR T v
Met al sSi &Wﬂ&;@@%@%&&mﬂ&&ﬂ Bisk 1 bbth $R6RPPAIB025 pkabirk] 90N, ckeld8. 90Cad

m unB. 64N obi u Iron7.86 5 The great advantage of tungsten as _a | ead
subst i t Undletrassieluk deft iis thé serthdnnbernidi ofi @ndoer tagesgcatiolepelr antp\ile ysoH o oxi c,

it.h / high densjty (19 25 g/cc).. Conmer.ci al | - 15 avai | abl
L ungat erFUREHS EAFT PREF oBRes onars. YR AP acs ot st bE R gt o

non- t oxi sgfs TRk 8 %peéf@émf al 13 ¥ infloBBeedtift : BafAdphiad theBsdjbdtlé exits

. t 151 ! -
materials wth a"range of densities as high as, or even higher than, that

of | ead.thsb@kelc dmpsmed bulletittdps bee Possigbired toopepmis derclecolle¢tiqyhanderesyalipg.
conposite material in accordance wth.the present invention by using any of

the net alstdasFngehIeaBE SoastabSPY FRRAYANOD preferred is tungsten, but

“bignuth, copper, cobalt, tantalum nickel, silver and so forth can also be

-used. 10 In certain instances, copper was found to have a nunber of

advant ages asTlke piesdntlinvention 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 inveﬁtion thus provide a new, relatively non-toxic,

high performance teplacement 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 iead-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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material. It is relatively non-toxic and is wi dely accepted by:§geM§@o§mﬁng
comhunity through its extensive use as a jacketing netal for |€a
projectiles. Solid copper has a reasonably high density of 8.96 g/ec, which
is about 80% of that of lead. 15 A survey of the periodic table of elenents
shows that netals with densities higher than copper (such as silver, gold,
tungsten, bisnmuth) are considerably nore expensive than copper and have
previously been rejected as possi bl e1pepl acenents for |ead on grounds of
affordability, however the nethods and conpositions of the present

| nventi on makge hBLRGIBIALIR Sord thiRblley 3Atheard ablerrial g patsued o | ead
and copper in sone appfications. 'O Finally, the high nelting and boiling
poi nt's eéple&ermdrsheﬂgaurpellettklatowplroﬁitiiﬁedﬂnamafinerel“ﬁb’gig‘e‘mln@t dhe wngstepapor i ze
into an easily breathabl e_for so calle opper., f ),either at ‘the firing
poi nt obPasA Pﬁﬁm il hagumilag He%l(’?‘ﬁ%&rto ﬂ%{’ﬂg‘éogt”é@m %g‘?elfslhf)hgmgﬁ FUFY traps.
Copper 'bfr:]in% nggrﬁ%taaﬂﬁ#w A F R Ehof. OB Birush BQlisoPsS@ Wik €hiP Hakétla®idinot b 1S

wi dely use I'n |%ary stores. Nearly all small arns cartridge cases
are madgehse@pidat amskifgit aalundysimblecngtpral iatwd shoteplatersensx Baflddestegs for

| ubricating and fl ow characteristics al sp mak Lt.thglnetal of ,choice for
j acket i shotEesdandoresfle pelietnmayAlsa; by manutagtured, ptilizing theponipapungsten) o

sufficiently hi t Q.. - S.cartridge cases are always either
reused ?H$%%5nggﬁg?§$aﬁ%@é%&ééfggﬁﬁéa'copper bul l et jackets al so have
val ue and can be recovered and 30 recycled as scrap copper, further

assisting reclamation of waste material s and, protection of irgﬁ %nv.i ronment .
Copper al | oy Fustherh thescampeimda meydeotprdes 1o Shes 98 § upgful iy adiationy g

< byl | il |l hard : ssed
ithner ohEUER sl LR 1 ohsRRICREREE AP ARG PRAUSTIT e

as zi nc padnt infdertiod @nSke RRLERE ab forn dodplesstieds, dpuaings lozadsantlies, bei ng
| ess dense than copper and tungsten, may suffer frommrgrobl ens ari siegg from
| oner pr@theciaiiagomslseldingappheationnineludsiuse 15 clpthing wiomby PEEPRYE! &rBPISDl e

propellants,. reliable | i ng and feed,]. f'ﬂﬁﬂﬂ ! S daGndl j
ener gi es® ?‘ﬂfiatf?ﬁtsé’ﬂfcﬁ@ 5%31 4‘3“%?’ 8€8P§?%)?9%e3‘%513pr01 g@fﬁlj F[(ras. 9 &%‘v&grt,%q%lhe.
present f N b Witk i@ WPpasdifont hh Sroteoiletloting baY iothdd gprovictiod geaf foraki ng
conposite materials that make the material nore dense. 10 Mire volatile
nef al s trheticat ephdantal petshnael, parsena iryopied dn thermuckeps pogeroRTedef@ise Hqusiigs,

i ngestible vapars at.the hi,gh te ratures generat dur | et tlrpact
on st ee|&n_§|a_&¥é>g‘}ef peplifeson “‘a&“cgg‘ﬁ g 91 EPe regﬂ%?’?’g‘h mﬂg%%%pg%g’dﬁolﬁi rﬁngl so
have de%’dts{rﬁ&ul;a!ﬁgtwe%k?n&éi%ﬁﬁ id BeRford BAliRbletthACeriatesutanppliatiohs. | ead and
woul d therefore, be suitable as materials IS for the conposites of the
present invention. The drawback with these netals is that they are

expensi ve; however, the present.invention conbi netals - i density
with, for exa"\F,ﬁﬂ watefip] Hﬁy IbefnJS?“q{}y?r()ﬁorTfef‘%O%mﬁ’EfE%t18 9 Q’gnés)( c‘ﬁ nggﬁ%OSi tes

g e Cosfng%{i&??ﬁ&l%iﬁg FURERRA QlikertheonamBhaklides qormegevouur@yide dased in

Fconbi nat' ! k
““requi si tabdemisht Produce utdikiagithehigh dessity efdftetals okthe 'preyentnvRtion Ipgshalso

n w di scl osed conpositions to forma material of the

non-netal | i.c conponents may .include m neral ores for ex h te. ra:
be fabricated using thermoset an% tﬂermo?lastxc extrusion, t fmSsee ggc.!l ?henn%%tsﬁé
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' corhponent. 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.



In certain applications where projectiles are made, enpl oyi ng thdstéd, 2elt
any"of the other non-toxic netals |isted herein as a conponent, it is
possi bl e to denonstrate a uniform bl ending of the.nmetal powders, essenti al
to ensure consistent projectiles and other 2S artieles described in the
present invention. Furthernore, the conposite projectiles match standard
ball amunition, both in weight and trajectory, over realistic training

di stances. Lead substitutes using tungsten powder as a conponent are
frangi ble but they tend to be nuch nore penetrating against netal plates

than ot her metal, | oaded Aol YISt EOLREIdL Ethe use offodBldtorf DEIpdscor der

to reduce théAB%Vs eng 0 a tungsten 6ovvder pol yneri ¢ bi nder
CONPOSi tR,1 88| @bindlising Mengdfeg SRMdet, PetHhEriSbiAse, adidBisbryreTak fibeisemsy &t a | ow
volume fraction. The inventors perfornmed a survey to identify sujtable

met al  f istesmlessf seelusie other andalhe d{)béﬁt PUch @oFePREppIickelt PIORIUNT LY HETIIMf | per s

need to possess, high strength, high specifij r aVvj a cost.
The. sur vy ottt mbsr orl o3 b BUkin PR Gapflit o0

st engt NaARd 8PB&HohI ﬁlaglba\aisécyt@rnereqswmetanﬁxeasimahg,aaa)fshe_ebmpbmrs. IiSisai nl ess
steel fibers are readily available and are currently being added_to

i nj ect i qrossibledatenbange Itherplysicek propesiies 9f tho compasidanoby pdding vadoysohibers,

el ect romagnet.i ¢ shi.el di appl i.catipns. Fiber nmade 10 f i.nl ess
steel wiHHERSIPEH G A 8Pf“§.91’1“2‘§‘9 CHES! Oih“trhi‘?%eé‘&??g"f “g%ogn%@r"%#gﬁg’;a{sa%eci fic
gravity ol 8su9ﬁl ¥l SEIBMNSH, BStiéh, RINLEE BFHier \BedsU HES tresuliavdaidtival ofrer i ¢
bi nder matérial a él tive. In other enbodi nents, any of the netals listed in

Tabl e 1,banmywearrit pasjedtide dppticatlomsed into fibers for use in the present
=finvention. 15 Polyneric binders Once tungsten was sel ected as the candi date
“mt®al powder, a survey was performed to identify potential polyneric

bi nders for the tungsten powder. As used herein a "binder" is a materi al
that is used Auwotheroesmtet ©6Hbs iovettiionwisether Hee of gthereerdastiy Ayt dherBtdfer and

the fibers such that the j.ntegrity ,of the.netal f i :

mai nt ai _n‘EEF.e_“aé A 231 r@?rﬁr'ﬂg‘i%t staa(%jstﬁ%ﬁ? %_mgif%r gléiprgj%?ue%gg?o‘}ﬁgf P}eeéhyfg igal _
pol yrer 'Is}ogéﬂﬁ@%?ﬁfé%?ﬁﬂﬁﬁéctof QkarfIpl¥ it Wehhdrd N Sdofnar@onelgble. Theusal ection
criteria used to formthis 'list of potential polyneric binder materials.

i ncl udedhayeiod TRt mednsyuigstaphp el dmpabinmickindes Spmppsitthngtengtsy digidtaini gh

nodul us, high neltjng.tenperatures, hjgh., npact.stren | o .
abgorpti ?fﬁb%ﬂ‘aerﬁ%v&‘% g@[d;rn%ﬂ% %Rhﬁ l?ﬂi %Qgﬂat%%g%etﬁg}%{yp 3 g’:f %“%ﬂeﬁ%g‘ﬂé" to
have hi gy ¥&dGEn@DSRY RhdrRBsdalidgScomhePal Vinglaeesmbbmne ahetepoliyy pbthbal ani de
had | ow el ongati on val ues. The Cellul ose resin was retai ned even though it
al so hasembwimbanght thenmbsetsawseprist aipduralityicddenpankibd. e projectile core
material. After consulting with U S. Arny ARDEC 30 engi neering personnel,
it was determ ned that all of these candidate materials should be
chem ca |y compabidiefictidrind BSmpdiddd HAP vRIVAPRE lael bydile @e dh@ngatect ed
candi dat e -18"polyner resins are injection nolding grades except for the
#1t her nos epowleas tof riifferert ertind yiaeseaAt empsgen mhnsoopese & powvdterhs Teglear ch
““Institute/ Austin MDI/Pol amine 1000 fornulation. The Polv%ﬁ nﬁl 1(200. go#yurea
el ast omePaigendirat Porfhf LOPOPEPEI™RY FRINTHG 38MFSYDRY™AA3P Y ified

di phenyl B . 150g Pol am ne 1000 5 (an am ne term nated
pol yt et rggngpﬁgﬁ%gg&et%r mslﬁé S%ggAi r Products) with Tel edyne C 8 tungsten
powder for a final product density of 10.33g/cc. This material is referred
to hereinafter as "TRI/Austin MDI [ Pol am ne 1000 fornulati ora‘.‘. b t.'I'abl e 2.
Sel ect ed Pr op&t £¢1t2in aspecianenush Pertionp 9 adungsten powder with size distributions o
Poj.ynmer i : S (TR | | at ; hesehewsh! Fl exu
r 2kt chediaey e PG GERE Hd SPL 2R 1R R A a PO
Br eak Mod ghes Mad pbly iz 8inish astaiis o ktetl fiteredre R)ldednfor example, at about 5% by
at(psi)(NQ (W (~1)(~i)Strength (ft-24 hr.263 psi (F)IDb/in)lmersion
(99 Cel | ulvolm witlethe composition to improve tensile strength,
Pol yners1. 293601256, 182---113384131. 3- - - Based( PT- C300ZT) ECTFEAusi nont 1. 6846
01536, 600- - - 260- - - 242N. B. 0. 10FI uor o- ( Hal ar pol ynmer SOQ LC) Et hyl eneDuPont 1. 203
65- - - 1, 200937%¢ previonsty mentioned, the compositions of the present invention may be used
“1 nter-( ALCRYNpol yner 2070NC) Al [ oyEl ast o- ner Et hyl ene . :
- DWPont 0.a9 fatiiSng radia60n shieldipg-thatds Flatively-nonviomigl anglewspto apply. In this aspect,
(St g0 e, boviog oo Akegomith theyulk comapnspy R giyo-part curing resin system,
6Hoechst 1. 1341914711, 400- - - 804353951. 11. 70Cel enase (2800) 0 O



AN 4
Pol ymeri c Manufacturer Spec. Melting Heat Tensile El ongation E’i} c;lngé 'i 6918!'
Tensi | Fl exural NotchedWat er bi nder (Grade) Grav. Point Deflection Strength
At Yield At Break Modul usModul us |zod | npact Absorption at(F) Tenp. at (psi)
(99 (9% (ksi)(ksi) Strength (ft-24 hr.263 psi (F)Ib/in)lnrersion (%
Nyl on6, 6Hoechst . 1.1449519011, 000 ---Cel anese (1000) Nyl on
11At ocheml. 043671 1510, 000 ---(BMFO) Nyl on 12DEMS- Aneri canl. 013521317, 500
20( Gi | anmi deL20GHS) Pol y- GE1. 2767539212 200 7t hermi de(U tem
1000) ( PEl ) Pol yest er Bayer 1. 20385- - - 6, 000El ast oner ( Texi n
480- A) Paligte st e BASHy1rc3in68Fhe- 43y mixture, having the viscosity of a caulking
---sul fone(U trason(PES) ElOlQl) Pol y- AMOCOL, 1559024811 , 000 .
6pht al afPERCRRHdEEEPRAIGSd ¥oaljcadfor. use. f2aaprato1apphgaing, a_catajysh is addgd3p320
--- 126 : 2 : 2 e B .0 0.30
30 350 %8%@%%%@81%6% tl?\?ré?&ﬂ} §9rrr€d 0%8? Ot erial m4ay5[hen be apﬁhgd %B:ery surfaa'é
Pol yner ifeivVeguntAe intd er&hscadhildvrgHeatirensthe Hsohgat duweEhmogat icondefsi | FI exu
r al Not chedWat er bi nder (Grade) Grav. Paoi nt-Def | ecti gnStrengt. hAt Yi el dAt
Brieak Mo ¢¥ruRIRDEGN serve 8%2 ptsadorsdintion tesks i ¢ pdrtign shielding system. In other

(9 Pol y RN Hichormbeagh Bat b 184 06 B indloe 1o e Bpa b . aus
i mont 1. #8865 tPRPm-sh#R(:200 2603 Q8ia4y itiyrhpydpeédhiear Alternatively it will
461) Fl ouri de( PVDF) Thennoset TRl Austin--------- 8,000---4602.1---------

. Pol yur de(pvskiblpé smpley the cempesitionsrafGhopresent inveptionin melias GPronakglayes
Pe et MRkl 3P RS o e b SRR E s Ao SRRg per n o

wel | e ar e SkKi isanis referred to
U Pat endcabosting264, 022; 5,399, 187; 5, 189, 252; 4,949, 645, and WD 9316349
“for details on the use of alloys in the preparation of projectiles, each of
the 5 aforenentioned publications is incorporated herein by reference. US

Patent No. 5,081, 786 d WO.publi.cati No. 9208346 (both |j t ed
ner el n by r eBrdgesrerts h BEHLRBe T Weat Psehat fe CrMh i PR ST om
metal aljbpyfee ?}H@Bctﬂ@t hads BavplaRserd eysebis NacpiRidakiafiiaMibdt #R¢ be

conpositions o he p’resent- i nvention. Methods of naking radiol ogi cal
shi el di rtgnghan, tegsendabids, rnguegstet hed thepier elheafosmuiatipn klso wAMPEsER t hose

o{ skill.in the. art. Th%f || owi ng exa Ie%‘ reinclkjded.todrmntrate
obof er r JIPEBABEAIRERE D100 I TR SHIICS S1Eh 0PRSS 85105 45 0F Byt hose
of skilladdiibi@y it halatBecdBEiel dUsSded it elatl Maj BE atRIPdreeuddy ch

foll ow represent techni ques di scovered by the inventor )
resin, such as epoxy resin, polyurethane or polyester resin, or other polymer material.

One-component thermosets are often cure initiated by air or moisture.

70 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



| Sto function well in the practice of the invention, and tlus j¢&n et
considered to constitute preferred nodes for its practice. However, those

of skill in the art should, in light of the present disclosure, appreciate
t hat many changes can be made in the specific enbodi nents which are
di scl osed and still obtain a like or simlar result w thout departing from

the spirit and scope of the invention. 20 EXAMPLE | Material Testing The
material testing consisted of perforsidng flexural three point bend tests on
conpressi on nol ded tungsten powder/pol ymeric binder flexural test bars and
25 perf nj R Ghallisd
stainle sggs‘%gr‘%q%pé@eﬁ) togg r?g{r??l gﬁlﬁ%lg?ﬁb[rgﬁlsl r%%'g%lﬁ%?’?g' e fllgg;ur al

t esti ng anascadliserimttal stahets 1m lead kswahsgmtmmﬁeﬁh&m@mmﬁ@ametqni@hyner m Xt ur es
and to select several optinmal materials for injection nolding. The tensile
testing was perfornmed to conpare the material properties of each candi date
i njection nolded conposite m xture and | ead. 30 - 23 Flexural Testing
El even candi date thernopl astic polyneric binders were successfully m xed

wi th tungsten powder in a Brabender m xer. Each polyneric binder was m xed
with the tungsten powder in a 50% volunme ratio (25cc of tungsten powder and
25cc of 5 polyneric binder). The tungsten powder had an equal distribution
of particle sizes ranging fromabout 2 to about 20 microns. Each of the
tungsten powder/ pol yneric binder m xtures was renoved fromthe Brabender

m xer and ground into particles using a | aboratory grinder. Each m xture
was then conpression nolded into flexural test bars using a hydraulic
conpressi on nol di ng machine. Figure 1 shows a picture of 10 conpression

~4imol ded tungsten powder/polyneric binder flexural test bars. One thernoset

pol ymeric binder (TRI/Austin M/ Polam ne 1000 fornul ation) was mixed with
tungsten powder in a standard rotary m xer using a 50% volune ratio. The
tungst en powder thernoset polyneric binder m xture was placed into a flat
pl ate conpression nold. The nold was put into a hydraulic conpression
nmol di ng machi ne 15 and was allowed to cure overnight at roomtenperature
under cl anping pressure. Flexural test bars were punched fromthe fl at
plate using a flexural test bar stanping die. Al of the flexural test- bars
had the follow ng dinensions; 2.5 inch length by 0.5 inch width by 0.125
i nch thickness. Table 3 provides the average neasured specific gravity for
each of the polyneric binders used. The flexural test bars had a specific
20 gravity ranging from10.00 to 10.63. -24Table 3 Specific Gravity of
Conpr essi on Ml ded Tungsten powder/ pol yrmeri ¢ bi nder Fl exural Test Bars
Pol ymeric binder Specific Gravity Biodegradabl e Cellul ose (Planet Polyners
PT- C300ZT) 10. 02 ECTFE Fl our opol yner- (Ausi nont Hal ar SOOLLC) 10. 63 Et hyl ene
I nterpolymer Alloy Elastomer (DuPont Alcryri 10.15 2070NC) Et hyl ene - Vi nyl
Acet ate El astonmer (DuPont El vax 360) |0.48 |ononer (DuPont Surlyn 8220)
10.00 Nylon 11 (Atochem BM-O 10.10



Nylon 12 (EMS Gil am de L20GHS) 10.08 Polytherimde (GE. U tgn:] yg@og 0.43
Pol yester Thernopl astic El astomer (Bayer Texiri 480-A) 10.43 Polypro 9 ene
(AMOCO ACCTUF 3434) .10.15 Pol yvinylidene Flouride.(Ausinont Hylar 461)

10. 00 Thernoset Pol yurea (TRI/Austin MDI/Pol am ne 1000 10.33 Fornul ation) 5
Si x conpression nolded flexural test bars of each tungsten powder/ polyneric
bi nder m xture from Table 3 were subjected to a three point bend fl exural
test. Figure 2 shows a picture of thel4hree point bend flexural test
fixture and a flexural test bar installed in .an Instron testing nachine.
Each of the flexural bars was testeg,ffailure 10 using a nodified ASTM
D790 standard flexural test nethod. Figures 3 through 6 present the results
fromthe flexural Posdntizd CahdéddteBase Mbathls anddloyateMebds a wi de range in
fl exural strength, displacenent and nodul es can be obtained by m xing
different polyneric_binders with tungsten powder. The el astoneric polyneric
bi nders (ALCRYN 2070NCr1EaVheal 38&al TEXI N S@R#ficGeavifye pol yurea thernoset)
showed 3 1 ~1, ~Y 2084—25-the—nost—duectite—behavior—havi ng t he | owest
flexural strength and nodul us, and the highest flexural displacenent. The
hi gh melt tenperatur EopasitinbBase Metals (ULTEM 1000) ni xture had the hi ghest
flexural strength and nmdQsmhius but exhibited2348rittle behavior with a | ow
fl exural displacenent. -Egﬁ lon 12 (GRI LAM ﬁlﬁ L20GHS) 5 exhibited the
second hi ghest fl exural gth and the hi& &3t flexural di spl acenent
excluding the el astonerimpRlyneric bindersyjbyt had a relatively | ow

fl exural nodulus. Since ductility and strength are of paranount i nportance
in cold form ng tungst eRlpmwder / pol yneric bi2@dér projectile cores, the

=Nyl on 12 ( GRI LAM DE LZO%@géand pol yest er tq%rﬁopl astic el astomer (TEXIN
‘480A) pol ynmeric binders 8ol ected 10 for'”i jection nolding into
tensile.bars and projectglg cores. Tensile Tgsfg ng Tungsten _
powder / pol yneri c bi nder m xtures using the Nylon 12~ (GRI LA VI ETE LZOGHS)
and pol yester thernopl asTamtaletast oner ( TEXI N6ABOA) resins 15 were prepared
in a Brabender m xer. 700 cc mi xtures were prepared for each polyneric
bi nder with a tungsten p%@@lé’tmvol une ratio 0f-¥4% The t ungst en powder had
evenly distributed partig]e;ssi,zes ranging frI?r_QOZ to 20 mcrons. An
additional 700 cc m xture was al so prepared for each polyneric binder by
addi ng stainless steel fRiwhesiuat a 10% vol uni2.30atio to the Nylon 12
tungst en powder/pol yneric binder material. 20 Each m xture was renoved from
t he Brabender m xer and EﬁIMW&li nto particl e Usi ng a grinder. Table 4
shows the volume and wei ghy; l_glti os for each pigfure. ASTM D638 Type V
"dogbone" tensile test bars'{ .s inch length by 0.12s inch width by 0.06
i nch thickness) were injeeid on nol ded from edc4B m xture using a Master
Preci sion Ml d Test Specinmen Four Cavity nold. Figure 12 shows a picture of

the injection nolded _ 25 conposite material tensile test bars. - 26
Table 4 Vol ume and WHghatiHaAllagdng dfetTlsnsi | e Bar Conposite Materials
& Silver 10.50
Molybdenum 10.20
Bismuth 9.80
Copper 8.92
Cobalt 8.90
Nickel ' 8.90
Cadmum 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



GRI LAM DEGRI LAM DETEXTN 480AL20GHS Nyl on 12M xture L20GHS Nyl on MAY 2004
120Pol yester El astomerwith Stainless Steel _Fi ber Constituent Volajr{‘ei'ﬁ” 2

Wei ght Vol une Wi ght Vol ume WeightRatio (% Ratio (Y Ratio (%9 Ratio (WRatio
(%9 Ratio (9% Tungsten Powder 54.0 96.054.0 95.046.0 88.0 Pol yneric 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 m xture were tested using an Instron tensile
testing 5 nmachine. The tensile testsigere perforned as per ASTM standard
D638 test nmethod. Figure 7 shows a picture of a fractured tensile test bar
after beir l1ed in the Lns LLe. | ' L OUT;
Fhr ought 0 ThSpeEice Ratiiry SF MsRphERT biteq ) g teith SRR H AR ¢ (e
t ensi | epsifnghbaRf siches ¢anrosid e penjrae idddesubgitetckfatrmtle pithlasrahge bfad. The
Nyl on 12/tungsten powder/stainl ess steel fiber conposite had the highest

t ensi | edstsitiengs highfs, ievernkigkerdbipdkat©&leddt eri al s. The addition of
stainless steel fibers increased the strength of the Nylon 12 tungsten
powder conposite approximately 4.5%from 6,769 to 7,074 psi. Both of the
\';%' on 12 conpesohfie MW B¢ pofiasle T GHRodicehe highedeisltg cdinpesigt hatddabin | ead,
whil e the pol yester elastonmer 15 conposite was approxi mately one third of

t hat of ateeathncdivgthr the presenp drventioth &y alsinggaityi oh the mstalsaghoyd) Wedadljdne of t he

ite materials showed el L | i 5 f
[ond. - Thepaskbrra R e ot SR dihaalh BBt T i
conposi thF dibe yiBst el ongation of the conposite materials tested with

‘a value o .9% Figure 10 presents the tensile nodulus results 20 for the
conmposite materials relative to | ead. The addition of stainless steel fiber

=iprovided an 8.6% i nprovenent in tensil.e nodulus fro 74 1, i for
"-'ltoll‘?e Nyl on 121%%%?@@%% e?nP&T W%E@’"ﬁ&?%‘é‘? T ﬁrsﬁoar%@?m%éﬁ aggdslgsfﬁgerrel y
| ow modyl gt 8 éli&%lgig%&ﬁdaﬂcpist\hﬁe& 2QptedivyRdUWdstifd cb@atinity - 27

The tensile test res show that Nylon“12 conposite projectile possess a
super i othrbeglsith exshsiengsdhaandadiatieg anataaooneddl grofrcglest evmidl «oppedbpus
conpared to | ead, but_are nuch less ductile than . |ead. The addition of

st ai nl e§eeseradly high g%r}sgy Pﬁstgﬁégl)‘?\clyP’@H*Fhll%a]%%ﬁ%(gs}?]?gthﬁ’a‘?ﬂﬁdal substantially
increases the tensile strength and nodulus with 5 negligible reduction in
ductility. The polyester elastomer was the nost ductile of the conposite

net erial's, but sdiee) oiheIpesiedit titdasf Elemstis ahowh thah chetasivith slensiwes ngheter
conposites with specific gravities in.the ran%e 0% ll% to 11 ma%l b’ﬁh n

f or mul atthah ©EPH (SR HVEFagPldt ERSIER Obafe COPBLEARYY Swre FASENYF R on t he
type of | | | 8-]'%};5 i dn{iitd 13F 2R InBrb@AUsOdF
fibers, %g%‘%%gérﬁg{éa rﬁﬁgggggteee %%Sgggglﬁl?\geélﬁ% tu#gfsz}t en pO\?\%er/ Eol yneric
bi nder coRRSIlitE howees tht snedieodanst rcatnpssitiond ofpthe pessentt inientiohysdkeehese
properties of the nmaterial. Ove projectile cores,with specific

: r 150, 7. 62 .
gravi t i esaterighgpritgeiut 8pd afordapls ajser"liaﬁlvs*do\/%@@ andhiCERRST IR SPBICIERPISEI:

t yngst en..powder d_st-al oy i ] L0 1 d
< pdl st SRRV Ee Sl mSL AuFBguEs 8l SRTRalBRLE T vl JRUY! 28 chppar
“'Mat er i alfetdOwilr @ipetiké irto Mat kit bs:atHablefotni n(es icallddi cuppes furse)cdithas aNgheon 12~
pol yester el astoner, and pol yetherimnm de were cor_rpounge?l wi th tungsten
powder i firingineint ongadublet impags Withindperangysied batlipg pp Rl §3P%0 to 40
m crons, followed by physical evaluation of conposite. Larger particle
" sizes have less total surface area than snmaller particle sizes 25 for a

gi ven nass ofcépprpst B8 nReMeind pdied@fomeisidot hseyns polltentt dt adddetprueedf t he
| arger particle si zeNpowder with the polyneric binder to produce a ngre.
d2fise THR mibitapostiores. Neartnalismtharms cisendge eagesargnadedfiom dsassdpralloy Pher s,

7 S ST O B T e
the TPP GONRAS iR jhekeBNENIAAL &Stes RP small wfMls 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 coppér, further assisting reclamation of waste materials and protection

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



I njection Ml d Specinens Speci nens may be injection nol ded fr0£1e§ R t he
TPP conposite materials canpounded as above. Mol ding of tensil Tandii ct
bars may be acconplished using, for exanple, -the Master Precision Mld Test -
Speci nen Four Cavity Mddel 5 injection.nold. See FIG 11. The nold produces
the follow ng test specinens: 1. 0.04 inch thick by 2.5 inch dianeter

i 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"; and-10 4. 0.06 inch by 0.125 ASTM D638
Type V "dogbone" FIG 12 shows an injection nolded TPP conposite tensile
bar. It.] o] I t t tatl | tr@gurek | | be
utiIizegu“%gngﬁﬁgﬁg$%f%€égﬁ#§ﬁgﬁ1aﬁ%%g%@%gém{gﬁg?Fggﬁgfg f%?ﬁgtnsile

t est i ng aadeinfergdas fowastmpemsarwd. | | be 15 nolded to |zod inpact testing.
Materials Properties Testing Materials properties tests are perforned on
each sel ected candidate TPP conposite material to evaluate the physica

behavi or of e Bterl.k Aifad B CRIPAE Sre2flsd PRLoIB Rhidlarll QPRBIEERaA! Lhe

conposite ma 0 ése S Were used to screen TPP conposite
gt er i alpgt dRMBNSis @nkd thannadeeauaid npiyeh Caky pufireirdmesoplens arimmgdegmsuch as

| ow specific gravity, low ductility, |ow. inpact strength | ow tensile
st r engt howahpropefils owps pﬂ@p@ﬁt“r@@aﬁ@glﬁ gt sABmerdaliy a‘c?élag{eni”fﬂpﬁ Bhe
specific vity. performng i 4] j : tder mal
ckpansi i s picing 4. fdisdopt SbbE, AHRIE et (BREES 38 bmaily) 67T
aver age 1SReedrf belegd ?iﬂjédﬁl&f HRRedveTRhE picddnt iifveRdiC tir@inpdniythivpashien by t he

mass and vol une of the tensile and inpact bars injection nplded as above.
- 29 TengrdedifigsndthedsTefrmitiing cowppsity matsriplsdhatpmpke theemasrahgoshdese. Nyl on

#12 with _.10% st.aj.nl | fibers..and.polyves | P it

o or | alore plalE 1EF Rl BT, orpghetich off P 4USERET o 880 3Bhe STroamEOy €

tensile i{léeﬁ{im@%p%élﬁ)% tﬁ?ﬁl‘%}’lﬁgﬁp&aﬁﬁ@gﬁﬂeh@ed@hﬁfgib@ﬂlleﬂ impatt dmsttdl @tutésensi | e
S

testing chi ne. ows a picture of a fractured TPP conposite
tensile test bar in the Instron testing machi ne. The average tensile

strength, el afion_at break and, nodul us . cal cul.a for. e

material . FI &gtag_ spgh 3 egsoﬁecﬁtslﬁ?’%rp P&@H?“a?ridvﬁaﬁ(agwgf F‘légthé&s[?%F %Sg% % @g?ﬁrg't may
be used §0..35%¢$FedtOnbEDRS Jle%smrepferaaiaﬁé Wul@athefOR, @kisaltatlads apepale these
tensile properti'es to lead. 10 Thermal Expansion Testing The coefficient of

t her mal fex fizroimposites afehe preserg dnventiomadhe deavdiadiamatimthpsecmislish that tedver i al .

The thermal expansion is nmeasured by.attaching strai es.taq .l t test

bars. THE® SYRSRPIME JINFAET éli‘eepr(??‘?“émvéét‘%?%wl?l&?sglﬁﬁta Spoef_;]ap@%lg%ﬁltgm Pg?@ﬁe | ong

15 axis %fagﬁ){egN?ﬁJn 119 GERFISHE 2618 c{r@&rt%]{lak%&ﬁaﬂ&xﬂﬁbsﬁtes ildge EdspwiraqiEhecr 0SS
réc

fl ow nol lons. The testing is perforned in a tenperature controlled
envi r onminttabr sthanber-metdid tenpoeotsphas baneedin ewhiedatian with thadisglesed
accurately neasure tenperature, An autonated data acqui sition system
recor ds BERRPSHIRES te Rt & H}a@r‘éhﬁ’féP? APRITS FINtY ¢ rf’eg%ﬂ ‘iehgg?ﬁ%eéﬁegg‘{? The

TER COWD&;M& Sha el %ﬁﬁ%h@en&ﬁmag%ﬂ& FRBRRSRY fCxafipld Bemaatf i ci ent

of t hermal” expansi on for the copper jacket material to predict thernal
“'stresses that would be applied to the TPP conposite projectile core by the
coppet 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 penectrating against metal plates than other metal loaded polymer projectiles.



~ about 3

jacket due to differential thermal expansion. The coeffic@;gtﬂgﬁ P8¢ r mal
expansi on for copper is about 9.2 parts per mllion degree F, 2.55 for
tungsten and 70 for Nylon 12. Using the rule of mxtures, the estinmated
coefficient of thermal expansion for a 25 tungsten powder/Nylon 12
conposite with a specific gravity of 11.0 woul d be about 33.6 parts per
mllion degree F. Injection Ml ded Projectile Cores -30 One net hod of
maki ng copper jacketed injection noldéd netal powder pol yneric binder
conposite projectile cores is to place the copper jacket into the injection
nDId.anﬁqé:'pﬁkn;he met al powder polyneric binder conposite material into
the jacket cavity. The second and preferred nethod is to injection nold the
tungsten 5 powder/ pol rig. bj r | Llie,.car i d
projectile cOt &1t ‘%’ & g"(?k%%?%gﬁgar dgoﬁqffgl%%lrtrﬂ gott%ﬁgéttﬁlg%?g?dtghgggﬂjkggket

i nto t hgjdesidgshshe da@iria @ReBickdnt iftleftors B&cadided thetdl dibdrsaatianlgs/ ofluhbe 7. 62
mnm projectile core injection nold. About 50 projectile cores_were.injection
mol ded ficinreathe ofvertoes pasfaamep guiisrey(taridentdy svizabi mstal é“@é@ for use s

pal yneri c .bi nder conposite. i xtuyr sho i - 4. S a
pPct ur e PEBECHE F‘?ﬂeé@ﬁ‘) o%l'[g?gdn%§lgij§b§£s[ I|"%f(é'@ tggjro-é,%ggﬁggla%}% cl)}’e 3 gwggr e, and
a Coppek Mg‘aﬁa agvd SR B30 a6t khi@ef AFvBaled iRt Hienabe cosviffettive fidtafibers

pr oj ect fe ore Injection nold may be nodified into |l S a nulti-cavity nold

to al | owifroliighmstrengtic enbrpecific gravituatei depptd bainlpss sigalafiears edaiplesstigel
it i ti.l . oAt | . i d. t hat i |
or oduot FoHPe el e bicand e BrEnthbr G HayT REbiTbn bRl pefier
f or mul atLans, ol 1b Bg0E G31GRHe rhiy R dRfomBedhicThleting dflicnatipRbermatecont ai n
S.

: cavil rrently, a copper jacket is cold formed onto the
or e, Wiidne3 Léhbtaintss steel wittya lwegthuif0alSandhes, & thickpess 976 reigraRest snesiis,

another nethod is to heat the projectile cqore ab Ve roomtg.rﬁﬁlr LML but
bel ow t & & LHBE PR LaH rqpﬁeée?}@,ﬁl‘gﬁr{élflg%efbpﬂ‘ag?f FONHIDA 1ma§er?‘y {igo to
150 dear agsi e I bl EALDARRALI ARy oF Al Gs@AliA Thfe AORREY firkitkele Thi s

in effect woul ange the cold form ng process into a hot (or warnm) . 25

f or mi ng PHredess intBEbaySer dseen el present iovéitinder s are t hernopl astics they will
become nuch nore ductile at the warmer tenperature allow ng for inproved
formng of the projectile core into the final desired bullet shape. The
second nmethod is to change the shape of the injection nolded core to nore
closel y rdpmetik dindves f i nal copper jacketed bullet-shape. This allows the
nol ded projectile core to be cold forned into the final 30 copper jacketed

bul | ed shape @hdd thRsendehOrRREIcANaDftHd handiPRe cormbspdvedarpteesupiky was
-31EXAMPLE 111 Projectiles Cores Projectile cores suitable for éhe P esent
i nvent i qrerionokdide iBentifiametensel pelineee binslers Hir e pegen POBsH M hnd . 50

cal i ber feren 2 "binder i'g\ laslgat%Haltt%zti)tl i B34S t07pr%%icfy@ohesion between the high density
metal powder and the fibers such that the integrity of the metal and the fiber is maintained.

el 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 melfing temperatures, high impact strength, low water
absorption and low cost. The Nylon 6® and Nylon 6,6® resins were found to have 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 ma_terials should be

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



5 and .45 caliber. FIGS. 26-28 are design draw ngs for 7.62 mm JF iﬁﬂ
and are used in design studies. Such design studies identify ap%?gg a@

TPP conposi.te materials to use for each type of |ead projectile core :
repl acenent. Table 5 shows the average prejectile core weight and specific
gravity, and 10 Table 6 shows the average di mensi onal neasurenents for the
TPP conposite projectile cores. Table 5Average Wi ght and Specific Gravity
of Injection Ml dedl5 Conposite Projedile CoresConposite Projectile Core
Mat eri al Average. Projectil eAverage. SpecificCore Wight (g)GavityNylon 12
- Tungs Slynﬁﬂ\t\étﬁ{s hrenajkttiSPedoldiag eradds ascaprefor thel urgsben dPovetesr. The

5.5710. 4hguon 12 - Tungsten Powder with 5.2510.2Stainless Steel FibersTable
6Conpos PP mad}l@r@thPfeeleﬁp@eUSn%FI§K%BPS@M§§SI@N§H@ uey by Ralanpg 1869 | e

Core Mater| Av r €@ -
st S iR SR P8 CLERRP AR MRS Gl

0.2421. 28NgL Wbw 214310 l@@gﬁﬁmdmpmymmmalne@uwanaz@stn@ T50gsEol&ihme 1060 ber s
-32 Conpression tests are perfornmed by placing the proiectlle core on a

fiSat pl &reamnine sermiingied aﬂwgmﬂglm@men@adﬁ e rieBrodects) wath) 1;elwlypﬁ Ghe tip
of the Elll egltp}olgggser ﬂr aBJBAS] c*%u?ce)ggns otf l%l tg}%ccat '&‘ﬁ@ hrgg r%q 1% gfe?rr §3head of

t he mac cor to ‘be~conpresse EtMEeN

pl at es ByrelfAfed SITRIEA MG NDEPoEREnPI®i0REMtIgIGOr e is S tested to fal I ure.
A lead projectile core is also conpression tested for conparison to the TPP
conposite cores, allowi ng a conparison between conpressive strength, and
nodul us of each core. FIG 14 shows a vertical drop conpressive inpact test
that provides a 10 qualitative assessnent of inpact resistance for each of

~w€the TPP conposite material projectile cores and |ead projectile cores. The
“projectile core 1 is placed in a stand 2 nounted on a concrete floor 3. An

i npact mass 4 of 16.5 Ib. which is attached to cable 6 that passes around
pulley 7 is released fromcalibrated height positions 5 of 6, 12, and 18

i nches. FIGS 15-23 show si de-by-side conparison pictures of each 15

candi date TPP conposite material conpared to | ead. A visual conparison

mat eri al showed the greatest inpact resistance of the conposite materials
tested. This qualitative assessnent indicates that the addition of
stainless steel fibers substantially.increases the inpact resistance of the
Nyl on 12 tungsten powder conposite materials. The Nylon 12 conposite
material with and wi thout stainless steel fibers 20 appear to perform as
wel | or better than the |lead projectile cores (retain the sanme or nore of
their original shape) at each drop height. The | ead projectile cores show
nore deformation than the Nylon 12 conposite cores, but the Nylon 12 cores
tend to shed material at higher inpact |evels. The pol yester el astoner
projectile cores show about the same defornmation as the | ead cores but
fragment at all drop heights. 25 Ballistic testing of projectile cores is
~acconplished by testing the velocity and pressure (ANSI/SAAM nethod) from

““test barrels. Chanber pressure and velocity neasurenents are nade

“'simul taneously, and individual values, nean val ues) extreme variation of

i ndi vi dual val ues, and standard deviation are neasured. Also neasured is
-33 accuracy fromtest barrels, bullet integrity and fouling, function and
casualty of ammunition, penetration, and tenperature stability. Projectile
Core Testing 5 Preliminary exami nation and testing was perforned on the
prototype injection nolded projectile cores to conpare their nateri al
behavior to that of the | ead cores. Visual exam nations were made of
sections of projectiles to determne if any voids or porosity problens

exi sted. None of the exam ned projectiles showed any void or porosity
"probl ens. Dinmensional neasurenents were nmade to determ ne the 10

di mensional stability of the tungsten powder/pol yneric binder conposite
materials. Length and di aneter neasurenents were made on randomy sel ected
projectile cores fromeach of the projectile core conposite naterials.
Tabl e 6 presents the di nensional neasurenment results. 15 Al three of the
conposite materi als showed excel |l ent di nensional stability after injection
nol di ng. The di aneter and | ength neasurenents were consistent with only a 1
to 2 mls difference between individual projectile cores. Each of the three
conposite materials had simlar dianmeter and | ength neasurenents with the
pol yester el astoner having slightly | arger dinensions than the Nylon 12
conposites. All of the materials 20 showed nol d shrinkage having smaller

di mensi ons than t he desi gn draw ng



specifications of 0.245 inches in dianeter and 1.033 inches in | n,g&lh., T‘E@'S
indicates that the projectile core injection nold wll have to b fﬁt}stﬁ
accordingly once a final conposite material is selected. The nass and

vol une of the injection nolded projectile cores-were neasured and the -
specific gravity of each conposite materials was 25 determ ned. Table 5
presents the weight and specific gravity of the candi date netal powder (and
fiber) polyneric binder conposite ptdjectile cores. Eleven thernoplastic

i njection noldable and, two thernosetting polynmers were successfully m xed
with tungsten powger Pfoducing projectile core conposite 30 materials with
specific gravitjes [ggi ng from10.0 to 10.63. A wide range in physical i.
-34 properties @ | eved dependi n;g on the tyge of pol ymerig_ bi nder

syst em enpl oyedz Jt&® ¥ ungst er? powder/ pol yneri c bi nder conposiTe material s
showed physical b&had or ranging frombrittle to highly ductile. The
flexural strength of /#he conposite materials ranged from509 to 12,990 psi,
t he maxi mum fl exugal displacenment ranged fromO0.02 5 to 0.46 inches, and
the flexural noHuEUS £anged from16.2 to 2,531 ksi. Stainless_steel fibers
wer e successf ulﬁyﬁa@efe to t t ungst en powder/ pol yneri c;-bi nder conposite

projectile cor ef;r@teﬁ | s to I nprove physical properties and reduce cost.

Both tensile bars~amd projectile cores were successfully 10 injection
nol ded usi ng 46%1:1:.}/ voliune tungsten powder and 10% by vol une stainl ess
steel fibers in®Ppgymeric kinder. Tensile test resultsgshowsthat the
Nyl on 12 tyngsteh énd er conposite materials pd8sess the requfred tensile
physi cal pigoper t fol- projectile core 15 applications. The addition of
:z{stainl ess Gteel fibersiproduced a significant increase in tensile strength
“and nodul usi of t@e}" | & 12 tungsten,powder conposite materiakn A
-qualitativ& ass t |86 vertical drfop inpact tesults showed<that the
Nyl on 12 t_@ngst enspowder conposite materials with and without stainless
steel fibe®s hads20 eqyal or superior inpact strength when conpared to
| ead. The | on %253 tungsten cgnpositg material Mith staipless steel fiber
showed t hechi gheg’tc‘a @r’irpa& reskst ancetof the con@osite maferi als tested.
Bot h tungsten pg%@r/pcl yneri c bi nder conposites and tungsten powder. and .
25 stainlegs stéel fiber polymeric binder conposite materials can be easily
m xed together aBdsinjdction nol ded using standard m xi ng and nol di ng
equi pment . g malé_‘%l e priobl ems;were egcountered with tunggten ppwder vol ume
rati os as B gh ag 54% gnd a stainless steel fiber ratio of 10% Visual
exani nati ofg of tHe< nol ded projectile cores showed excellent surface finish
and no voi & or Rokosity problens were identified. 30 Al though no fornal
procedure @as uSed 4o m&hsure3t he baBance of th& proj ect@ e cages, -35 a
vi sual exam nat 'Eo@&f t{he secki oned Eores showe&the appear ance of an even
di stributieh of n#tal powder and fibers in the polynmer matrix. EXAMPLE IV
_Tungsten/ Ng@ on 12 gagd<Tungst en/ Nyl on 12/ St ai nl ess Steel Conposites for Use
=5 as Projediles Byl Eein Assembl y and Testing Two conposite nmaterials were
““devel oped for used & (ﬁ'ré}"ecti:?e assenbly as illdstrations' of tfie uses of
the conpositions a&f =tRe present invention. These materials included a
tungsten/ Nyl on 12 conposite and a tungsten/ Nyl on 12/stainless steel -
conposite. Stai g 6’5& stigel figers (025" long, w5 mcrogdiangter) were
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=bel ow t he 32 & 0.3

““el i m nat ed. «A’m"

10 second conposit
increase in tensil
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grinding the mater
ground much fi ner
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shape. Coreswwerg
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““al though clBsE 4o
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e to provide a 4% increase in flexural strengti @?‘9‘&{8?@@
e nodul us. The process for manufacturing the terial
each conponent in a Brabender-type m xer and then

ials into particles. The tungsten/nylon conposite is
than the stainless steel conposite which is left as a

al so as not to damage the steel fibers. Once the 15
d, they are put i-20a drier for 24 hrs. After the drying
ial is fed into a hopper and injection nolded to final

nol ded by Gate Mol d, Inc., Round Rock, TX. Processing
was apprOX| mately 20 seconds. This tinme may be

&ed i fRa muRiti-cavidy moldjis uBed. In&ddition, the
t—erlalc’(maté’rlal tifat cures whife in 26 the runner

e elimnated, substantially reducing unit cost, if a hot
al ve-gate m)l d is used. However, this type of nold was
nom cal for the limted nunber of projectiles required

n. Table 7 25 Candi date Projecti) e Matefials MANUFACTURER
‘\[TE MATER AS Texas=Resear ¢h | nst. Non<Joxic Mterial #1
Texas Research Inst. Non- Toxi ¢ Material #2

Stainless Steel Initial post nold quality control

cores yielded sone significant findings. The cores

le denoast rated exceglent w«w -36 uniforgty in ternms of
ahet er— However, there wasvsi gni‘fi cant “anount of

the core wei ght Aver age wei ghts of both conposites were
grain requirement. The tungsten-Nylon 12 conposite,
the requirenent, averaged 81.3 grains while the

2L st ai nl ess ‘st eeI conposi te wasesi gni ficcantly |ighter,

averagi ng 2 ar
overall len t_l;;
| ess than t@eur,eco
stai nl ess st&@lSco
correspondi gg<we| g
requi renent. The p
the use of fge;grl nd
cones from & @xc
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rei ntroduced i'nto

properties 9f.=the
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§0:3
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elininate any &xie
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are shown |£

conparison.“"of the
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bet ween the averag
(requirenenp) dime
the cl osestZsgm | af
Tabl e 8 Cor& ® nen

=

Tn

Man
(Grade,

Polymeric
binder

ins. Part of the reason for the | ow weight was the core
i ch, although consistent, was approximately 0.052 in.
rgrendeg lengt h due to postcrml d.shrinkage. If the

(@osi t® cor&s were ol ded Ko t h& r ecomtended | ength the
ht woul d be 30.8 grains, nmuch closer to neeting the 10
rimary cause for the variation in weight, however, was
material during the nolding process. Regrind materi al
§S mater i a|oWhI ch cures |n t he yunner gystem of the nold
ced. Thls éxcess is then reground, mxed, and

t he nol di ng process. During this process the physi cal
hyl on, _such as density, are altered 15 significantly,
feons £n théfl nal &r oducto Bot I® of t hegprobl ens not ed

-€ngt h<and Wei ght) way eaSLofy bedcorrected. By nodi fying
veral | Iength may be increased as reqU|red and by using
material, the variation in weight will be reduced or

& a nwol d with a hog runner, system or agval ve-gate type
SPIOUgh'ﬂ nitiall y nmoie 20 e><'pen5| Ve, would hel pto

5s (waste) material during the nol ding process. However,
to be recycled, the tungsten and nylon may be separated
an regused.cil nspecgi on regults gor botf core materials
50A, FIFG. 308 and 30C* 25 Tabl e 8 Shows a

average neasured wei ghts and di nmensions for each sanple
€i meng ons ghown of the cefe draw ng. $he Score Factor
hCunm s a canul ati v total of the percent age difference
e sanpl e di mension and the correspondi ng draw ng

nsig®n. Ther eﬁore t he Iowest?corl ng factoring represents
i t% to 30 tgeodem reﬂ wei ght3 and d| mensi ons. - 37
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MATERI AL*DI A. (i n.
FACTORRequi r enment 0.
(Contr-ol ) 0. 1750. 50
#10. 1810. 4572. 0261
Length and di anete
determ ned by core
MB55 projectile co
above were deliver
cores were a§'sen£|
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3. 3Non- Toxi ¢ Materi-al #20.1810.4591.78924.3 5 10 15 20 *
r are given as basic dinensions. Final configuration is
wei ght. Bullet - ienbly One-t housand (1, 000) 5.56 mm
res manufactured ™from each of the materials described :
ed to Lake City Army Ampunition Plant in June 1996. These
ed into 5.56 nmcartridges. Assenbly included jacketing
the bullets, and | oading into cartridge cases. Assenbly
A3t erbyry-Farrel {Bul l el Assenbly Machine (BAM currently
& projectile productionf Core sanples were initially hand
a dinmensiofally correct bullet was produced.
s were then put into thé hopper and fed automatically
process. Sanpl es of assénbled bullets were randony
ted fqr weight and digensions throughout the assenbly
5t en- nyl on conposite, TRI#1,
5 were made to the BAMfromthe
al ly well, neeting al
no feed or assenbly problens. The
steel conposite, was then used.
M and no feed or assenbly probl ens
nal requirenents, - 38 however,
xi mately 3-4 grains bel ow the
enbly, a 10% i nspecti on was
each lot. Bullets were wei ghed
| engt h, dianeter, ogive profile,
il profile, as well as point and
showed a hi gher degree of weight
spected parts wei ghed 60. 2
t while the TRI #2 sanple had
of the latter sanple fell bel ow
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-39 is shown. As before, the | owest score factor represents thg fkﬁ§e2§

simlarity to the desired weight and di nensions. Table 9 | nspe¢t 'R Qﬁ

Di mensions TRI#1 TRI#2 Control Weight61. 70058. 20062. 400(61.8 t 1.5

grai ns) Over-All LengthO. 9160. 9140. 968(0.923 - 0.030 in.)Length

of Boattail 0.1060. 1060. 107(0. 110 - 0.010 in.) Poi nt

Concentricity0.0040. 0030. 004(0. 005 in.)Boattai

Concentricity0.0010. 0000. 000( 0. 003 i n.2¢Score Factor5.0610.735.72 5Tabl e

10Fi xed Gage I nspection ResultsPercentage of Sanple Qut of Specification

Li mi t sChar act enighb&sT R#haliRk #2:Giutiles] Bhigkiiiee 3dic&s3And ( 6th22 4pplicAic®B06

in.)Qgive Profile0.0 0.00.0Cannel ure Location0.0 0.00.0(0, 485 - 0.010

i n.) Poi nt dBicailved dregeirs A(e0well Gmowp tgthosenol slgltin dhe apy off e siidied POERRNOE0. 2245

- 0.0006 i Scaor torl.33 Q7 Gardr i adj Prjot40 fina
r&sllara(i(l: ﬁa,eUgalgaé ﬁlgo%ébfgqn% % 39%818%, Sdl%% ﬂl's‘gaqf b 445 Flid g{](t)

cartridge : Pcarttirdges’ were’ ded 'using each core
type to cenisIdn fohaktdbonItt 863 6Ualya g theiephitBoofibthjhitileaf tatt dveunder
the production assenbly conditions. This is standard procedure for all

| oadi nf opfrremeutivsied Afublicatione i rihedrpgratedehdreindby pelesange-esUSnHaigal $d-ti es

bre-1 oad Sttt e o eaialonls” S20s 5 GolirhiePbidd! Lo Rtsiad..
bul | et s Wefe& R SRtASRUIRbESnIcRES ANBRS A fhérh daed aUsIs) SudthResibanday Gepl at e

| oadi ng equi pnent and MB55 cartftidge cases. WC844 propellant, |ot 49924,
was used feapldyed iekoinbieaticradithghopempasitoms oPtle presadt angntiomaMahedsge

S A e s e S R N
& (G ai qgé?rﬁﬁﬁﬁsggﬁS J-padlst Pre-Load 2nd(Final)

Pre-Loa 7. 3TRI #227. 327. 327. 1Cont r ol 27. 2272None Fired Upon
conpletion of |oading, all cartridges were subjected to a 100% gage and

length, " and. meaSit PG BT REURBHST BrHroTHE B LG RAE BRAGHONE no
defects w.jh: - TR ' : | : T, RORREHiL8es howed
appr oxi nattlé%/&‘@g%rg‘ ﬁ'gs Riéﬁ@%ﬁiﬁﬁéﬁ%&gﬁz@ﬂﬁgbﬁgf %légr?ﬂlv?e%ﬁ%t me ch \E}/az due to
the | ow prdjchetd iretherkghples Waithdalidw rapgessntobcleanies tlispevaned by Hlesoventdghed on
an electronic scale for weight verifjcation. TEST PROGRAgIZO rtridges
made flPomtPeligclion Vesdch B PREICORDOY (TSNP 121 3}‘1’6 R RC X9 gretlh

subj ect ed Q.4 BE5RSelnddeS kot ilsPratRe Soldfer Mot bPHkill HXHE HNhodid in

t er m nal

ts

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 nﬁolded 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 materal
properties of each candidate injection molded composite mixture and lead.

30



ballistic performance of each material candidate. Throughout P£a15§ _.SL‘,, zéﬂl@e
curfent 5.56 nm MB55 cartridge was used as the baseline (control 4\’

ref erence) for assessing performance. Testing was conducted at three

| ocations: Lake Gty Arny Ammunition 25 PlLant, Naval Surface Warfare
Center, Crane, and the Armanent Technol ogy Facility (ATF),. Picatinny
Arsenal . Testing conducted by LCAAP included El ectronic Pressure, Velocity
and Action Tinme (EPVAT) as well as dispersion at a 600 yard range. Both of
these tests were conducted at hot (+125F), cold (-65F), and anbient (70F)
-41 tenpeat ir asr. REYAT testing was used to identify the pressures the
projectiles were Subfected to when | aunched from a gun tube as well as the

correspondi 19 e oL 5ol suelal e, EisBelt Sh L SSLLIR By, {1

flight and;j4ich Pldey iU BAGARR HhAEL UESH ?01%1@&& HRALCWRE eSiRel QithMekoCi ty
and Action Time Test Results of the EPVAT test are shown in Table 12. Data

obt ai ned furmgsichhpesvdasin & Nl dedunagetio 2bcpoésengsen powderpars 5ce oft he
pressure at_a md-ppint in the barrel, c ar abl o.the g qQrt Jocation
on aut%nappbmfa@agw%), VidE JEpgsjer, povger had %ﬁﬂwﬁéitl%bmﬁyfraﬁla SKS5i on
time which,J t] oI L BRI . nt Iﬂ.%tg{g g,ﬁ;érn- IS
obt ai ned. Paélg?rﬁ[ &ﬁ‘i“ é(:t{)gﬁ{)fgst?)&b?rulrtrg? aCF&tﬁheEgrcgqalﬂHrigﬁe snﬁg‘;&d&?@g ur e,%

vel ocity dhdeaadiktarest wae rahoegicfionf tHehBrabbidee rhieeperdpround. intd pagichdsso

interesting to note that the TR #2, which had the |argest \ge_i %’nhh vari ation,
denonst r ati&as & lpkgratory gripden JEachnmixtyre vas then eompresimmekdsdvintontlengalc ont r ol

e | o ) pile . _ _ ) !
witness plsEPisRE s RoEAIE Ot AT ARG, FRARE) showdaiubac |
‘front j0f theprssipe nmbliedr dapsted paeduriboBmericnbinddc Gexual pesoj at.i | ©der eak- up

or yaw. Throughout the test there was no_evi dence of projectiles yaw ng or
becom ng trsmapsteolymgris bipndsrddRddusiatMPHEBokREenHI00Sepamniation wagmixed
contraction,of the terial _ r t epper i i gihl e.

Al so, the {uélg%%s”p?)twé(%rg%%@én%gﬁgé@?@gﬁcg% agf’iog/f S%%Lllrﬁee? %tgdr'e Hr%eak-up.

-42 Tabl e tdnbsERVAIwd@StheRasss: tfooASRVEITerP Gk u dEW ¥ e DIAGT h ANt SAMRLE H
PRESSUR 78' TI PRESSURE E (psi) (fps) af—]%@f Requi renent Anbi ent 55, 000

(max) 13, Gomps:sgion mold Theangldayas Ruiiinp Wik fompresgion melfingmagmne< 250
f . . f (min) fr. np. . . TRL# 20
‘ gzn‘éjé fi \r‘%% Véatsr a‘eifé‘gﬁe'é’fteon%@;gv&égﬁ? A @Y GapeBire Jidel LdANEL F0Gs O

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 dimenstons; 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 bindgrs used. The flexural test bars had a specific

20 gravity ranging from 10.00 to 10.63.



Anbi ent 49,531 13,861 3,021 0.897 Hot 53,592 14, 215 3,103 0. 8831 Gopd 484 192
13,461 2,880 0.932 TRI#2 (Average of 20 rounds fired at each tenperature)
Anbient 46,864 13,752 3,009 0.892 Hot 49,984 14,140 3,089 0.884 Cold 42, 464
13,340 2,860 0.937 Control (Average of 20 rounds fired at each tenperature)
Anbi ent 48,927 13,584 3,008 G 891 Hot 54,105 13,816 3,101 0.870 Cold 43,427
13.029 2,866 0.933 Dispersion Testing 5 Dispersion tests were then
conducted using a M/00 receiver and t.ga .accuracy barrels nmounted in a
v-slide. Each of the barrels had approximately 1,250 rounds fired prior to
this test and were qualified with MepaLgference anmmunition. Two record
targets consisting of 10 rounds each were fired fromeach barrel at

anbi ent, hpeeific2GHvityastiCempdessioaiWpldediPengtan povdir{ioloetic BRdesanpl es
and the control 10 sanple. Ammunjtion_was tenperature conditioned for 4
hours prior to firing. Weather cbsanealdsst idfe clear, approxi mately 53F
wth 3 to 8 mle per hour winds. After qualifying the barrels, each of the
four test-sanptes—were—f+reth—fFottowed by theTontTol_sanpte, This
procedure was foll owed aRolpmehicthingaar at ure. The cont r SiPe¢ife WALty i red | ast
to serve am Ll EURGE. BIARPPRRENFECKLETNIO SqUl pTEnd ogal T unct i ons

- 43 during course o qui renents for MB55 di spersion testing

state that ri zont al . t ard devi ation t be less than
6.0 in. foﬁbggggﬁ?%ﬁﬁé}lyfn% g%%n%?}rhe%ﬁ%lt_soy%g’g yard range. I%g']régt his test i
however, 10 round targets refired j .30 round tarngets due to the
avaiIabiIiggW%Pegﬁ?ﬂpgﬁgggﬁﬁﬂ%@3%8%$fggﬁkﬁggugg?hen made 6g#aeen each of
't he sanplez'gpﬂxldges and the regular MB55 cartridges to assess the
~iperformance of each prototype. After firi conpl eted, .results obtained
‘Wi th each Bdwiear -wepd AspEitd K§@5£P3P8W¢5§¥§§$Qs 7 throu HAS) and t hen
conbined to obtain an overall average. These overall val ues, shown in
Tabl es 10 {enosegrDuBonieuelyn$8d0used as the basis for conpgﬁﬂgon. The score
factors shown in these tables were 10 determ ned by cal cul ating the percent
di f f er ence Nyemwaéh (Atoshere BMEB@) f or ner and each other, sanpPe?® I'n this case,
the best perfornmer was whi chever sanple showed the snallest dispersion in
t he cat egoNyldrel2®)(BVIS Grlamide THYESESEat egori es i ncl uded n8&d% adi us,
hori zontal standard deviation, vertical standard deviation, and extreme
spread at @abithainidhéeG. Fhident E0AMr at ures. Resul ts obt ai ned%t3 each
tenperature were then 15 conbined in order to identify the best overal
~per f or mer . Poljiestem@eramptisyt EtdsanndryBaytdiTegint489-4kor e f act di¥s#cal cul ated at
each tenperature (Table 19). Each sanple was then ranked according to this
final scor @oliptdpyidne (AM@SO ACOTEH B4 vi ng the highest rafking. It is
interesting to note that both TRI sanples which showed the | argest

di mensi onalpokakiyiliéRFlehutideghushntftabtaragl) al so exceeded t h.¢er f or mance of
the 20 standard MB55 cartridges. More inportantly, the extrenme tenperatures

_(-65F and +igRaR)sehpdlynRaITemi Aisea MDEPblagineorooohe per f or marss of the
ﬁysanples.'T@dﬁnwgﬂ&g indicate that the thernmal expansion or contraction of
““the cores was not €nough to adversely affect the fit between the core,
j acket ,. and—penetrator. —-44Table 13 600 YARD AVBI ENT TEMPERATURE
DI SPERSI ON RESULTS MEANHORI Z. VERT. EXTREMESAMPLE ‘NO. RDS. RADI USDEV. DEV.
SPREAD (i n. ) Fl R&R doirfprassion. mblidad YRl Bsr bad 3524@0tub@stn p6wdsdBlumend . 85
Aver age: 6. 475. 825. 03 2.77Barre1352723105.015.112.93%6H%§%36 444-905. 2717. 35
Aver age: 5. Maderonisture fremebatie 2 mr seiesed ina Mires goind Bond Hoxsral sashe FEAES 5g5. o5

Saver age. 72 SRR T G A Mo d R 15 iR a8 Al s 88051
. 30Aver ageinéaBdbm83tmdR 8 1 S8Ra miehds 2 FidH OF 1/ Aexmial bARAbaslndte6 +J T512F6. 9627

. 95Aver age: 6. 994. 897. 1926. 55 )
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



_ - 45 Table 14 600 YARD HI GH TEMPERATURE (+125F) DI SPERSI Q) REBUL 7604
VEANHORI Z. VERT. EXTREMESAMPLENO, |

RDS. RADI USDEV. DEV. SPREADFI RED(i n.) (in.)(in.)(in.)TR #1Barr el -
352420108. 208. 614. 9030. 30109. 377Z. 317. 2324. 10Aver age: 8. 78

.7.966.0727. 20Barr el
352723105.224.094.3314.35105.305.422.9%17.20Average:5.264.763.6315.77TRI#ZB
arrel -25- _
3524201010. 328. 298. 5230. 15105. 745. 074. 0115. S5Aver age: 8. 036. 686. 2722. 85Barr e
1352723104, 894 HR3ShdRvid) HVREAES 1Sw Q41384 14dAat ZadntodilBarné 1852420
1011. 6413. 207. 034S. 65101 4. 648. 9315. 4446. 45Aver age: 13. | 41 1. Q611, 2346, 05Barr e
| 352723 hipfedSexural Shspdeedeno1 e d6g) 16l wrperappanalystienmig 6UBAEMigoo 15

- 46Tabl e 15 600, YAR D . TEMPERATURE (- 75F) DI SRERSI ST HORI Z.
VERT. EXTRERBIAMPAENGT REIFNE) 800 1) s oants b exabiekd  tHefEHON =
(i n.) FI RERGLRior Gith ) (0 fetiRat 4836 E2hed® 2420 1ol 0@ IGRIBABUDISLA0GHSS. 806. 10
22. 35Aver age: 8. 007. 096. 8427. 05Bar r e1352723107. 405. 736. 7325. 05 , : : . ;

- 103. 1¢3. 4dibitddVihe. sceand highasteflameal Bresgthdargiothe. leghest flexural displacement
17. 90TRI #2Bar r.e1352420107. 095. 546. 0722. 75105. 154, 67
4. 8421 . 66&&}%418%&06‘3&%?1%%9 e bigders 8 439 3345 ey love s J80 6. 015 3

86. 0821. 70 : . . ' 6 Alndstéd18. 8010
7 536 246, S5, ey AR Alngliat FUhOha0k Mapbedtaa AAUORG
Bar r e135233366pAPRcAS binlleR 4rgedids cbi3, 2e5Ngnaol 28 ACRIbHMIPEB0GHS)5422. 65

DEV. VERT. SDEVOSORFEGAVRARNDICS i (AT J50R) polyiicric bt were sledied

<) (i YL N F | #16. . 4. 564, 03TRI#27 165 565. 714. S9Cont rol 7. 165. 366
“" 844, gé fé"{:‘ﬁgl%%ﬁé’ﬁ?# ‘é%fﬁﬁﬁﬁel%ﬁ ?—#%EQTENPERATURE DI SPERSI ON
RESULTSMEANHOR! Z. DEV. VERT. DEV. SCORESAVPLERADI US

(in.)(in)(in. )FACTORTRI #17. 026. 364. 853. 36TRI #26. 615. 535. 203. 20Cont r ol 10. 38

8. 938. 355. t CUMULATI VE COLD TEMPERATURE DI SPERSI ON
RESULTSNE&%[&&???S %5/ VERT. DEV. SCORESAMPLERADI US

(in.)(in.)(in.)EACTORTRI #16. 795. 845. 753, 69TR| 204 785, 693 33C0Rs&0l 7. 305
| 755. 843. 77 Tabl BIEIGN RPAFIHPO s?B%rs‘?l%dnet'sTergt‘ﬁ%gssu%‘ég C@R{JL%‘AI EVhE' SCORE-
FACTORSSA b@n@lﬂﬂgﬁ@@sﬁa @g&ly&%m Riridifas0id 3asomcd ITEXTINBBTR) #&ins
"4,593.203.33 11.123Control 4.825.123.77 13.715 10 Term nal Bal listi

Testi A§ TheerblawaparSiirifiax Breeridar enigesnt S100 G AMBIUTGSNWEED RARRETEd [7e&8Gg t o

assess the term nal ,performance of the cartri | d}C 0, ' | and
TR w2 compslitals S Ret s Gr aa i a0 BT BF s RGBT pa Tt
from t hese, g3ty WRSriMaed ph@iciedent irﬁr)gri]@ffoﬁlhp’fd b@hlisrons. Anpiditensited of the
candi date cartridges as conpared to the 15 standard MB55 cartridge. The

terninal bl thixatre svas ebsosprepared Sredch pelymgee binder biopdding sginless steel Tibers

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 Spectmen Four Cavity mold. Eigure 12 shows a picture of the injection molded .

25  composite material tensile test bars.



-48 Soft Targets 1) 20% Ballistic gelatin at 10 nmeters 2) 20% Bati\ s?gﬁgzp
gelatin at 300 neters 3) 20% Ballistic gelatin behind auto glass at 300
meters 4) 20% Bal | istic gelatin behind auto glass- (45 degrees-obliquity) at
300 neters 5) 20% Bal listic gelatin behind a PASGT vest at 300 neters Hard
Targets 1) Determ ne R50 range against 12.7 nmm al um nunpl ate 2) Determ ne
R50 range against 3.5 nm NATO plate 3) Kevlar Helnets at 1,000 neters* 4)
8" concrete blocks at 100 meters * Test®®-was conducted at 50 neters with
downl oaded cartridges. Ballistic CGelatin at 10 Meters Soft target testing
agai nst 20% ballistic gelatin bl ocksTdlegositioned at 10 5 neters fromthe

weapon was conducted with each _sanple. Prior to_testin o&gks wer e
t enper at ur e condVOlillGWéﬂldtW@FR%PoséﬁrFﬁ%‘&ﬁ'@%(f:%l’? ‘i‘g“é‘ ¥ ng the BB

penetrati en—ertterta—Thirs criterra states that 77 cal IR I?)t a
velocity of 595 t 15 fps sh nefrate t o) to a ﬁ?{ . .25
in. The weapon used for the&kg‘ﬁ%g@ﬁa I\/IlGAgﬁggILI b }‘gﬁ&tgs hoo r
fired. Vel oci tMittyre each k2EHSNYvlan 13 P M&&%ﬂm m S gkeeh 5
ft. fromthe nmuzzle. After firing each test round, penetratlor}:—%h 11 as
wel | as the |@Engtituei? and Viubight Meight t h¥olvempor Wejghtayi Yglutze weWeight
~measured. Four valid rourRigidf%patitionds) Ratigd%)yRatiek?s) Ratied“)ARatarlemas
consi deredm%hiegpo;xdgpe projsasti I e dgroagnentsg pand tbeoentiragoavi tyggere

cont ai ned I'n the block and did not contact the cavity formed froma
precedi ng J 5 nRpasurenenps aregiglpl ustraged in Bh@ 31. Rpsults
showed theﬁg}%ﬁ%ﬂ 15(}grtrl dges nost closely mat.ched the perfornmance of the
reference s§§{ete fgge in_terms of cavity_dinensions whilgothe TH #2

“¢provi ded t & oses match in terms of penetratl on depth. The TRI #1 and.
TRI #2 sanptes —49—averaged 134 Tm —and—12-2Tn. of penetration,

tively. S fact det d by total th I
For penet rat i onSBEREHEdHE B 0F, M HEner 6 C e A TRt LaICUNETY R erRe

per cents d%&éﬂiﬁé" DeLuRes:d Herd RrLestd top@ AN daidalsDE9S téslﬂeneﬂﬁmal ni ng

sarrpl es. I's nmet od assunes that the |largest cavity dinensions indicate 5
the best pegher henees.a ﬁaﬂukeeofza)fracﬁun‘e@ttmslleedst bartdfier Geingtputedrgsthe Instron

Resul t sTenporary Cavit leRd e net ati on

Ft. Depth (feRsieriegingmpas! HURESAC 5 Ltgb“ﬁg) ?‘PW" RIS %tg}b?“é‘%ﬁ’z{eg‘m&

8. 02309815. 44. 4 8. 23308014 55.0 5.5430749.85.2 7.3AVG 308313.44.7

7.21. 19TRI #21304113. 05. 8 7,82309010.8 .5.4 7.03305912.56.0 8.74302512. 46.2

8. 4AVG 305412. 25. 8 7.91 . 16Lead1307312. 95. C.6. 5230709. 95. 1
6. 84310412. 45. 0 @“ieA\?Gc%‘g%f%?qéﬁ ‘§“11 %‘%thk 9 E%Fe org ‘%‘tzbgcﬁ {%k

in of

gel atip at mlﬂ%?ﬂélsqe%a‘af e Wﬁoﬂ-@Z@ﬁhh%s@érﬂ ;S‘ov@%lrﬂ@ﬁairﬂbs@tstéépﬁbévﬁﬁoﬁ’fpﬁ)sﬂélhﬁd t est

was conducted I n the sane nmanner he 10 neter gelatin test with the
excepti on tie Higiest @ngjletstreagth el theovasniosite satasialst ol Boaidigenepistaiplgss

g RO e L B
_Results of L 08, §&%dly A $ SHOWs 268 QV7l74l fsi Tabbtd @lthe 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 vﬁth 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.



-SO Tabl e 21300 Meter Ballistic Gelatin Test ResultsTenporar 1 MAY 2004
Cavit ySanpl eRdVel @ npacPenetrati onMax. Max. ScoreNo. 15 Ft.t Vel . Depth
(in.)Dia. (in.)Depth ' : _
(in.)Factor(fps)(fps) TR #113068216213..23. 48. 322999215314. S3. 05. 833013276916
. 33.67. 9AVG 3027236114. 63.3731. 11e"' - ;"

TRI #213038200312. 02. 78. 023027204012. 02. 78. 73303721 4314. 53. SS. 2AVG 303420621
2.83.07.3l.21Lead130402129. 1S. 84. 08. 02304520821 6. 33. S8. 53307021771S. 63.88. 1
AVG 305221291S.93.88.21.00 Ballistic CGelatin at 300 Meters Protected by
PASGT Vest S This.test S C ed . e ; ter
gel atin test vﬁbﬁ t'l:’rﬁge G IRe Siugﬁgdsgﬁ %aﬁil&%géfﬂ Kle%?grg m\@ggg@ rc{?%cﬁﬂ%gé%%%s?ﬁ oned
directly kfpefibPfnsitf stielfsgﬂge&idataive alrteookabliThigh tesild tedohistchinpatedgb leade

sumari zed ‘below in Table 22. In this test, the. maxi rru%avera e 1@ﬁnet ration

depth of bieart eahdesselugiilsj than lepd. vidhs adgiiop of ghainksy stechiibs thg N AR

sanples t ed. - 51Tabl 2.Bal | st 1.1 t SRRGTYESt @
300m Te nggéacrﬂ?p_@é\}? Rf%éf f'ﬁi !Szbsﬁﬁ%gi& %Ch%%g%gﬁg%l{rgg‘f?%{g%ﬁx %ﬁgx 1°SCor eNo. 15

Ft.t Vel. FP%Q?%M riubfbiin ﬂthd’ﬂili?Dem‘hb pbgeiter disenét wa) (HermdpERIuedle of the
129762076127 83. 43. 522990209113. 83. 34. 732994209714. 04, 46. 4AVG 2987208813. 53.
74.9 1. 13cdRpédte materials, but had the lowest tensile strength and modulus. .

1301721 0212. 02. 05. 023028217313. 62. 06. 53301921741 3. 02. 58. 0AVG 3021215012. 92.
26.5 1.17Lead 1303120971 1. 04: 34. 122988205314. 54. 010. 633001 208613. 32. 74. 1_
AVG 300720791 2493 ffidet dongy%sﬁe&twitﬁsg@ﬁd &2k GUhé Yangei 3t 0Bl 11 siay deGel at i n
at 300 neters 5 The purpose of this test was to docunent the effects of

aut onobi | domiuldsehite | modlaass vanating inephyisisalepiioperyiesndensadiag rat fsntyge sth.

= Initially, the glass was positjoned at, a.range of ter t grees
“obl i qlft yPOEaneﬁ‘érbb’éqs‘Fﬂiegml 4 JMOFOVER ke b‘\‘cofﬂ%rf%%‘m@g@?ﬁgrd% g égétag%l%gi st ed
of single t Qg2 n bk &adi Bih@dt, RngRkitd | makiriattk was
pl aced 185#%?/ 1%‘%%3%%?& gé%%@%hrpggﬁégﬁlgnrounds We_ren?iﬁr ed with each 10
car tri dge depastrdtey art inipsotesdnt imephysigaicbropsstiesorishdmatagiabal i d when the poi nt
‘of inpact was not less than 2.5 in. fromanother bullet inpact and the
tenporary cavity did not inpact any part of a cavity forned froma previous
round. Results gf. 13 TRRE bk @tiéSranghg fidth#b.2s@npl es
achi eved the gr(g‘éﬂtrelgp%péezﬁg%nr to' 0‘3?11 dep%éh%ﬁmﬁisl?éem}%hcavi ti gts]?@pr oduced by the
| ead pEoj QL0 e Wwkktos ofthdl ysingauggstert pawder ied stauiless steel 8bgrp ead adtedi t h
the other sanples. It was, al so noted tqat one @qr two projectiles of each
type fragieatedon bR andpalyestil ¢ipstPREr it yaeic "ties in the gelatin block
were then based on the inpact of these fragnents. -52For the second part
of this test, the auto glass was repositioned at 45 degrees obliquity (top
of the glass tilted away fromthe EBXAM®LE Results of this test are
sumari zed in Table 24. In this test, the TRI#1 sanple achieved the
greatest penetration depth, fM'olcﬁWE‘i’rS RfRIMakYidde | ead projectiles. The
TRI#1 and lead 5 projectiles also produced the |argest cavities of all the
# sanpl tested. . | ddifion, all of the projectiles tested fragnented upon
"*‘i"npact%%wi ﬁﬁr%%'lﬁsg% "a{sn one instance the TR #2 sanple fragmented into
nuner ous pi eces _and coul d not be recovered. Tahl e 23 Auto

| 0
bl i quity) withTHBalpelympic dandars.n sHEh 750 Ndter S &e Mobicstey %@5?‘6§aﬁ%‘? eRd Vel

(75 Fact oy b PR R PGB it o len BBt hsp koot M A 0 00711
.- 52. 09. 0AYROSE2 U201 §. B2k A 20 G TRl #cta:9 Faihahl B phsioR 30212008 PE52. 56.

53301019859. 32. 58. 5Av300920088. 32. 37, 01 . 34G Lead12981201510. 44..08. 523017205
510. 03. 08. 03BESH20E21ger PartBlOsizyIBee dpp falgugacearga @1@(@@}1‘3&83”“’ €S58S

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



Gelatin at 300 meters_.Rd No. 1 2 3 AVG 12 3 AVG 1 2 3 Vel

Tabl e 24 Sanple TRI#1 TRI#2 Lead Auto 3 ass (45 Obliquity) wgt@h p?@d bt ic
Ft. (fps)
3004 3002 3042 3016 3021 3011 3019 301 7 3021 3021 .3028 | npact Vel. (fps)

12048 206S 20572057 1963 2006 1996 1988 2069 2041 2056 Penetration Max.

Depth (in.) Dia. (in.) 5.2 6.0 9.06.7 5.04.7 3.03.52.73.1201.14
Max. Depth (in.) 4.0 4.5 6.0 4.8 3.5 3.5

4.81.73.56.04.05.05.72. 25. 06. 02. 45. 3 SéBre Factor 1.00 1.46 AVG 3023 2055
5,9 2.9 5.1 1.05 RS0 vs. 12.7 mm Aluminum Plate 5 10 15 20 Set-up for this
test incl UdgettionMbRl Spaciaeny acy barrel and Remi ngton M/00 receiver nounted
in av-slide. The target plate was rigidly nounted at O degrees obliquity

to the weapon. sggel!ma% Sy RAMecHSRRIIRE XS &R daRe BPPLoHFRMid RafeRRr d

projectile velocity, accéleration, and tinme of flight fromthe muzzle to
target.. FRompohidedt estbover mMpdmet ofatdnsite end impach basss magde wiviociplishedt es

that any cracking of the target plate qualifjes as.a c | et e. tration.
Initial resher s it Misiar Secciion Meld Eeshspésiges ﬁ@fréq‘f.ltgfl@'%éﬁl) of
t he target:. at,; t o1t h r Wik : .meters. At
this r astngel?ﬁ%hozlsl'ﬂi%lﬁzlﬁ égrrlrgl lei'agh% g{/o%gb%)\ﬁﬁc%gt %&%ﬁ%}gﬂgﬁ%ﬁ@g ‘while the

MB55 cartridge achieved 3 CPs for 6 rounds fired. The target was then noved
back to 360 neters. At this range, the TRI#2 sanple had no CPs after four

rounds fired. The THI-84mehipick bEdn) g diapsterigpacsteshiiels fired. The target
pl ate was thendiyo;/edo_li@gz ch%g%%ingﬁthﬁé&t%?f)&'the TRI #1 sanpl e achi eved 2
s fi es

CPs for 6 roun red. Based on t results, the R50 range for each

_sanpl e was det e31i ned).175imch Bl #25 ASTM/BB38 Ggpt I *diggbene’aahd achi eved "an R50
= range of 355 neters. The TRI#1 sanple had the greatest R50, 363 neters.

~Mizzl dOvel oci t y*and &80 mAINA 135 AWAMROPS Tyne Vi'Wpgkanciel ocity at the RS0

,,,,,

range were al so determ ned for each sanple. Results of this test are shown
bel ow in Table 25. The score factors in the right side colum were -54

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 sfrength. The physical properties testing consists of determining the specific
gravity, performing tensile and Izod impact tésts, and thermal expansion tests on each -

25  of the candidate TPP cdmposite 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.



«.concrete b _
“~consi 40ed of regular 2-core concrete blocks rigidly mounted on 5 top of a

& woul d have a residual velocity of agproxi mately 20l DS {880 P
““achi e t hihs coefficient yf, theemal rexggsio

determ ned by cal cul ating the percentage difference bet me;nahﬁf"‘gaé®265t
R50"range (363 neters for the TRI# | sanple) and the RS0 r e ‘for ch
ot her sanple. As in the previous tables, the |lower sore factor indicates
better performance. Table 25 5 R50 vs. 12.7 nm Al um num Pl at e

Sanpl eMuzzl eV50 Vel oci t yR50 Range (n) Score FactorVelocity

(fps)(fps) TRI#1304719633631. 00TRI #2305619103551. 02Lead306020043551. 02 R50
vs. 3.5 nmm M1 d Steel Plate The set-u@®%nd equi pnent used for this test was
the sane as used for the previous test against the alum num plate. The
target pl : ri,ginally positioned at 10 600 neters fromthe weapon:
Cartri dge?e\ﬁ/sel@%sﬁig . loaded and fired single shot. After each shot the
target was inspected and the,shot S terqyin al 4 in¥al id. To
be consi der ed 3%‘?1@, tegt“égné?s REG! Pgﬁﬁﬁe@fﬁg Igidgﬁglztr(%’t leo\ésugh‘gﬁhllrbiﬁ. from

the near est,ifiak 8tecS UPRS dnd Pélyeiigeelftombe TPPadciapdsité nedetnly alThe teile, the
i full or partial was assessed. This Erocedure was

penetration, either _ [ ] _
repeat ed wsth cemisteds afrpésting At STV DAZS tThpe 19 teasle fesuhas, oft easht BrBet

range s increased until the R50 r. . was_est ablli . _Agai.n he.score
fact or gﬂi (FOTRASC; [HED i*ﬂéﬁ%ﬁﬂ%"%@&gﬁ@ﬁeﬂ% db%lj(yf?gﬁ%@msa Plﬁfg'jlr% Rga
percentag %a@fufr&fﬂrpﬁ CEmpBLVERAsilc @5t B il @5 1138 6n teAiEg naRBinkherB R efagage for
each other sanple. As in the previous tables, a |ower score factor

i ndi cat es thmtl¢ etrenpér, febmpatice at Tizbk end enq@iDluRSPere salcglatdnfer ph¢himaiesal. Pl at e
Sampl e ~ RSg Ran%e Score Factor, TRl #:l[ 710 m ft TRI #2 620 ﬂ1 1.43 lLead 680
m1.30 LIS Eofcpresedt BFRSRIEniBLNG dFIsHe 75t THY Bé%éctfl? e 5gFed 19 85F8sPeuas to

conpare t L QR I j n fired into
nm Q?nosgg En%g)(%)lﬁe% igg%%g hALTRARAE c%g%ﬁéggés%%nsﬁé‘bﬁdﬁeﬂﬂﬁ $o Yeag!

at a range meters fromthe weapon. Targets

target platform Blocks were held in place wwth a 1/4" steel bracket

posi ti onedriyRial Egﬁmpsliﬁpifeﬁ[}% bolted to the platform Six valid shots (2
per block) were fired wwth each type of cartridge. A shot was consi dered
valid if it i cted-a.core n revi ok . u re
Yhan 1.5 in. {1t CHoradlct el SRRaR, 1 SPimpos st fucp biflaa BT PP
cartri dge sapkiasmeRipl eTiR) thepedlixpaisth i Meeablired bywidathing strhie ghGgdsatoget .
The only projectiles to conpletely penetrate the bl ock were the standard

| ead proj ewppdtdest barst ThecstBin sanggs are orecntegdcparalich and perpredieilydodhs M%n. on
avera TRI #2 | e .produced.;t he | east : . .Ke r. He tion
at 1, 8%0 Wé{fse?é&'iengoaﬁ'ﬁgsm resye Jﬁ\%st%glbrrrlla uePes” o%cf)ﬂrép%“lr)‘g at“ﬁeé%g% P(E)’x?&éh{:dg of
the test phiRLESHs | emeandtist andsfbrded)ach i leperhiad Edmtetedtedttvhmentai ned

conbat helnets at a range of 1,000 neters. For this test however, targets

wer e posi tihember aud thermodoeres 2rantjachst! te thankarde gosuraishydesasies ieHPP@HYE t he

hit probability and,reduce .t.he nunber of .r requir.e al t.

Car t P Qges AReiorbieh I55 e Ttin o8 rahral BOPHEC TEREAAR R wla B 5P

20 sO net efmé aRgsy thelieWaSTIRETRP Fohpdsitd Blerrhilexpamor FashBS Srel atpgpabed tcet

déh¢ oepimd jaskehmategiayrapredichthmmal seye

powder. However, . due tq .the |large of free case, volu sulting from

the reducet s bt ‘ﬁﬂlflgl R5agPplist cgiP e@w GRPBRT Egj%ﬁg\/\%odesrﬁ%i ghﬁt (?]Ofﬁ)ﬁlgr e

variation bhan 4h8% HRRIFLECHEARI xHSR%on. FrNeeccv@;l]éi&n?&l theid expinsieadhr t ype
sa

were then fired at the helnet. One round of eac nple was fired at the
front, topcoppacis,aboef ©.2spatts panuilliongHegrse & 2075 fdretungstereand (7Rpfae Nylon

elocities for _each, of the sanples were within,3.5%.0f the desi.re el ocit

of 261 mpsl2®yLlsing the ryle OF mpxties, i SHRMARCeRiasT S fherafiefiRRtpgle € °' Y
| t i 1. Qf f. i i | ead

resul 15 pﬁﬂgﬁéx?hbw&r@?oﬁ g%g?omsﬁ@ﬁ@h%eﬂ)gaﬁc ok M8y 1878 foLiRiNse abbue | ea

projectiles e ot eve tratiton“on only 30 3 of 5 shots
even thougss.alphrts peranillionelegedeti.es were within 3.5% of the desired velocity.

Injection Molded Projectile Cores



-56 Table 27 Kevlar Hel net Penetration at 1,000 Meters Sanpl g PoMAY 2004

of Mizzl el npact Conpl et el npact Vel ocity (nps)Velocity (nps)Penetrati onTRI #1
Top281271YesBack265254YesRt . Si de266253YesLft. . -

Si de252243YesFront 272260YesAVG 267256 TRI #2 Top277268YesBack278268YesRt .
Si de262252YesLft. Side292278YesFront 270260Yes AVG 276 265 Lead
Top280270YesBack276265YesRt . Si de268260NoLft. Si de279267YesBack262252No
AVG 273 263 Soft Recovery Test 5 Thi-30t-est was conducted to obtain
information on the condition of the projectiles after being fired into a

si nul ated tar geiueb@RthodThe Mhangetcoppan jddkelchi hjcase Lokisl sedl giovatandbags
whi ch were positioned 100 neters ftomthe gunner. A w tness panel was

pl aced belpohyherioebisdanccopmysite prejestde wores is ftot placepthsj eenrer dackebmpp sl y
trated . th bags. After firing 15,to 20. ds_in: : ,th
PG vias. TeomaNc R qnisH e dosttluf ity ToMe e o rP RS el BRD,, 1N

recover ed ;angd pHoLGGF aPheshcohlih$ PREAUS meRi0E 15186 thidtioneaell thatmigetehest ed.
The TRI#1 and TRI #2 ‘cores did not denonstrate the Sane hi gh degree of

f r agmefit atpoorlespolgmerionbacier projeciile eprepdnsesnthageolded tieisetile oioss 1njer e
recovered both 1 i.thin the jackets.and.in pieces,separate fromthe
oo rer s e mideoluisnbomind &56 5hd sRet ind aBe ARG TR EhBickb ot

frangibility of all the sanples. Several sanples of these cartridges were
recovered while reasonably still intact. Lead projectile fragments

i sted primagily.of jacket .pi d-lead ch i <l osel
Feserbl od | ne TSt 28 ent A e PR RERURE 7 B kR ool LR BRI OhE U

the seven ARy 9ediprhealy bR wiedé thjddivamdlisd abmeaeh JRe meld @owdes Pand
=+ projectiles, on average, retained the |argest mass of all the saE;DI es

" tested0 Alstdidesststechiibersepilymensc biodeeompgsing mixtarcs ishowedn Aabtbdr TG rldunds
under tightly controlled canditio t hi.s be an_indi.cati on of W
easily rec%(}'éﬁ é‘bﬁ"%mf%BFﬁ%t‘@?‘%ﬁf‘sm%é%pﬂ]e%ggfxﬁ?e’ raglg@%lpf%&&@%? %rgsgls}&%A mass
conpar i son, e tih&fRANEHBRMERpRCtI | € fragments is shown in Table 28.
Tabl e 28
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 polyr’nen'c 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.



Aver age Mass of Recovered Projectile Fragnents (G ains) Sanpl® AgrageliMass
of Recovered Fragments Score Factor (Gains) TRI#1 29.4 | .68 TRI#2 49.4
1.00 Lead 37.9 1.31 15 Toxic Fumes Test. Toxic funes testing was conducted
at the ARDEC Armanent Technol ogy-Facility. This test assessed the gaseous
and particulate em 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 conducted using eagh-of the five cartridge 20 sanpl es.
For each trial, 34 rounds of ammunition were | oaded into the nagazi ne and
fired into water trap 21 in ten ¢ QWpsiRYfSts W th 3-5 seconds between
bursts. Gas and netal concentrations were nonitored during the firing and
for a 30-mnute period after the fi,riq f each trial was conpl eted.

Sanpl i ng points were |ocated 6 ihrojeg! ?%éofeéft and right of the buttstock
as well as directly behind the buttstock. These_ | ocations 25 which are

i | lustrated i nPijtile3dresmitable ferstha prasenfiinyansipr inchide s afg oot lingteditpe

gunner's -ss head while firin Particul ate co nt ratij.o hen
conpar ed 18 ei‘%l)l%gsﬁﬁfﬂtgﬁ%sm 'golﬁaﬁ}?etr AP f%glgfé%%e{}grﬂrﬁle by the
Ameri gan fugr . GfiGS0¥8IRMRRdekipA Wsdwihad fityO62 Rirs tatnminifRig landiarar y
anal yti cal data showed sonme significant findings. First of all, the |ead
em ssi onsudetiom design efudiehe Sochr design studicsr idgaely sepnbeEataeFBP reoMiesEe t o
approxi mately one half that of Xt%g(g stanFard service tcartri dge. The MrILV for
lead is OmpkTialy/ aduise QL&A ¥PSABIRRYPIREICSLEC EBIRCERFMat i ons from the service
cartridges averaged approximately 0.5 ng/nB, 10 tines the MILV. The
concentrations emtted ' ' 10 fromthe test cartridges averaged
&< approxi mately @afls Srghovds thdl avevagghpiofactlestare| weighteantd spemfigvpravityt Bede is a
““hoti ceabl e reduction of | eag. em ssions. Al so sti |, i glap which.is ae&hé mary
conpotfent Talrle orBovy theravaesga dimensiogatmpgasuismsisor figs detwrpeiedrd
concentra&gr%gls of less than 1 % of the MILV. Laboratory data al so showed
t hat concénttations of sulfur dioxide, iron, and nickel fell well below the
MILV for each 1 s sanple. Non-Lead Core Materials Eval uati on Conducted by
Departnent of Energy Oak R dge Natignal Laboratory (ORNL) The objective of
this effort was to evaluate, in detaT‘ftfletShq properties, 20 formability) and
stability of non- tAviregaRleightzans SpesfiGravity sdniedipnadolded ectile cores. A
laborpory study was conduct edesaposiRNErojectidofprésnent t he | arger
manuf acturing and testing effort descrj i al Salep SSMES uch as
donsi ty. héoamesste RepipeticCrienaelesta - ari)e i k"ri?;‘t"ﬂécz“énpa‘tgf’%'i gltgf/ e
exani ned._The fol | owing presents a sunmP§ fe'g%ne(gfpsul ts Trontthis study.
2s Mechanig@dn Pr®pauhieen Bawmdres of each matéiti al were testEdOin
conpressign . to d Eern‘i ne stre&%h, nodul us, ngld el astic behgyjor. A |oad
was appl i €@iyescr klastomss - JEogfiet RV sanpl es arate of 0.02°in/mn. Load
versus di $ph@eementruhpiied pafianyias recorded .zl ong with 30 imEor mation
_about the Qgs@t{e%l%e?@d failure of the material. Hardness was then
f# measured i n Brinel B US| ng a drop hammer technique with a |arge dianeter
“ball. Four -59 nmeasurenents were taken on the polished cross sections on
three each of the materi al 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




sanpl es and the twel ve val ues were then averaged. Cal cul ated neggggiﬁgg
properties are shown below. 5 Table 29 Summary of Mechani cal PrOpert | of
Non- Lead Materials Sanple Density _
(g/ cc) Conpr essi veConpr essi veHar dnessStrengt h (ksi ) Modul us (Msi) (Brinell B)_
TRl #1 10. 35+0. 8110. 09+0. 021 . 01 +0. 12165. 7+50. 2TRI #2 8.80 + 1.139.74 +
0.410.79 + 0.0814S.8 + 39.1Pb-6% Sb* 10.94, 14. 090 (approx.)* Used a
reference materialln addition to these teSts,the effects of conpressing the
materials to a lar 10 15 dianeter at different pressures were studied.

er
Three speci nens of(g‘ﬁﬁ@ﬁssf%’tt@w afe resfosmpd by slaeing Hhespraicsiecere of a fatxdare imt
pressures of J .o | i,ghed.and neasured
prior to corrpar%celél Sstiﬁ%nt.e%%%r%%h\}\%r %nélﬁ?]eggbre?@%ﬁ# %@l t}é@%f?\éﬁéﬁ%?g{’ﬁ%‘ dc%ﬁlé‘papApI i ed

to both ends sefortdtfiat pesmtached fiethk @ashsiag oBR) mechingliokstthe pRYAEI: By erent
st opped and ﬁﬁas then held for 5 seconds. Wen the | oad was refmoved the part
was | medi at S1SyFOBPESEELbetweer hedtvenpltes &% dhe testigamatisse. wdhe preestile eatedgai n

f kg | ti d dent el asti f th
ot eri ol 50 TRE o herars 18 sporblefhs YORER STl Bl o6R30% crropsiaot e

whil e the TRt TRRNhositAoBes! SloWiy £ 35RHaMIRMRN B &n¥prBsd? difing@YEha t he
four week period. Table 30 20 Reconpression Densities Sanple Dens%til

Density Densir?‘iﬂ“é@@fl%éﬂf}bcqfﬁo Ksi) (75 Ksi) (g~cc) (g/cc) (g~cc) TRI#1 _
10. 36+0. 36 10. S5+0.28 10.43+0.17 TRI#2 8.57+0.31 9. 02+0. 31 8.51+0. 58 - 60
Chem cal Conpatibility Core sanples were al so exposed to chem cals which
~would lIikely be e&i&untered during manufacture, handling, and processing.
These included wat'el; dcéivirea vedptlopipp apwpiesiive dmgadit inpt thaeprmviles a

1 ndividugh CRLETaMES ighede [ nd yisual | xam ned prior to
exposur e. Saﬁpl.eg we?sg&atgﬁg% gﬂv%{‘?"e&? ?%syséﬁ’%gfﬁie Iagﬁif %g?tqoglp@g,rﬁ AR 10
nL of the solpvgedtie Areein?iball Qusiscté c6rdD MRS pRYedtile cSRMPIsET2 MRS ars?iﬁgvfd’
dried, weighed and visually exam ned. Sanples were then quickly resubnerged

For an addi t Mvaedomapenepicefioarht. c it impact massshrofl 16sS ke rnvehiclgis attaskédyted
Colvents nad Tt o1 2t aprel el Tnlonkrs Ml Fafes B udht Rosiames gL 61 « ne
chemi cal conpaf iahd |18t juch@st FIGSUNS-23a8RWOLREIHEHDEAParison ptbres of each
15 candidate TPP composite material c;)rnpared to lead. A visnal 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 stainléss 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 (ANSYSAAMI method) from test barrels. Chamber pressure and velocity
- measurements are made simultaneously, and individual values, mean values, extreme

variation of i‘ndividual values, and standard deviation are measured. Also measured is




=iper f or man
‘bal |'i 30i ¢ dpeedsRnAPREBIiSALE #Y Yanken PokkiR/pb R e Blrdes totlhSME Bhteraler

_processi ndasging skghilyi laigso

“Hor BanRhury,t bat ch.m xer and. conti puou rocessi ng utilizes single or
“doubl gescrsg%%ggnﬁgmdﬁhﬁ‘ag &G rlidde r‘?’B@ﬂFrne.lmE%SéWSc l}ﬁ?odﬁ%li ﬂ%fl%lr o%g‘svén sed to

Tabl e 31 Chenical Conpatibility 3 1 MAY 2004

Resul t SACETONE: Sanpl el ni ti al Wei ght Wi ght Wei ght Sur f ace ChangeWei ght (24

hrs.) (5 days) Change(grans) (gramns) (grans) (grans) TRI-#12. 0482. 0482. 0480. ONo
changeTRI #21. 81 1L.811L8%10. ONo changeETHYL :
ACETATE: Sanpl el ni ti al Wi ght Wei ght Wei ght Sur f ace ChangeWei ght (24 hrs.)(

days) Change(grans) (grans) (grans) (grans) TRI #12. 0132. 0142. 0130. 0Sl i ght

di scol orati onTRI #21. 7751. 7751. 776+0. 001ho changel SOPROPYL

ALCOHOL: Sanpl el ni ti al Wi ght Wi ght Wei ght Sur f ace ChangeWei ght (24 hrs.) (5
days) Changegueaniipofy teatrsharmplsaneiiey neteg)ity Rumdl foding,1 figicgon od+0as0aizswif ace
washed out TRI #21. 8491. 8491.38@21}90. ONo chatn 1% WATER: Sanple_ Initial

Wi ght Viei GRS PRIERLHER BR4HYRHEI G aﬁ W-nrs.) (5 days)Change(grans)
(grams) (granms) (grans) TRI#1 2. 016 2.0152.0160.0 No change TRI#2 1.832 1.831
1.832 0.0 No change Concl usions & Recomrendations 5 Projectile performance
was eval u?l; ed ggféd Of Fin sting requirenents, where applicable, or on the
basis of tA&% et d lIngperformer during a particular test. Score factors
were then assignhed to each_candidate for each_test. No score factors were
gi ven Por the Redinapapepaainasionand destieg wassheripnaed en thfePipietyns ingertion
projectil : oclties i f 1.0 £ char ges,
i oh af f Gt PEiEIORrk B bR h Lot LIRS SRR BBlesre

scores werdstabbadnEdattdid vadre ndesaikettbns pftphgjettdd Rsddietive if Bhe vbidssdr t abl e
provi des a conparison of _the dimensional uniformty of the cores and
assenbl ed PSFSItERIPPlEBs \ixished: e Syt of thespraatingde projastlos shpyed g rigid or

U e B ATERN, 3R B AL SRR, o L o,

achi eved the nost significant target effects in terns of soft target danmage
or hard tdregsth spdrdiameter areasuromses avere madheont madamly saldiet adojasile tchEesscor i ng

met hodol o used, e TRl #ltungsten-Nyl on 12 c osite is. an. acceptable
subst tut bl prgt SRS TR BPee THES Sakpans B oRRESBhEL] ng

al ready coepduateenadshiisncl ude rough handl i ng, Weapon conpatibility, and
barrel erosion testing.Criteria TRI#1 TRI #2Control Core D nmensions 13.3
24.316.8Bullet Inspection 5.06 10.73S.72Bullet Inspection (Fixed Gage) 1.33
1.560. 07Total (D nmensions) 19.69 36.5922. 5915 -63 Table 32 Final Score

and Rasking 5 il theed TRk #dhBb#eGantrgb Bhepal scaRhilddBidodl k@bilitceftatin @ |
Oml. 191. 161. 28Gel atin @ 300mi. 11L21| . 00Gel ati n/ PASGT _ _
Vest 1. 131.19gtiapgmadime: nihedignetenard length reeppuggEaisavsra corfigent vatsonly a

b ot of o5 g MATRANcE bR Tkn WA ARy O VRS Fach of s hreg somagsls g

EXAMPLE V rhpemasihel Bighil2F di@ss@santiOledi rGoRmRHRAI AP IRCRIs@Eralatahgl | cabl e
for the production of hi g_h density conposite materials, nanely batch

inpgngioas thamghe Biylaphl 3% eempeditesy ddliafitkematerBisabender

produce t upasti@fion WHerd4sNMEIRR id AiHEANOSIH €osRiRheAln leRgtdeSElit hefcde ow.
Bat ch Compoundi ng Process: |IS The first step of this process is to prepare

a t ungst erthgdhelprojedtie eore injestiomi mpldgvill lave to Boadiussed acopedingly loacg pfial Then,
stainless steel. fibers .ar repated with a.length of. 0.125 i.nches d a
i amet or | SOTPESIS AGHE AGRGToRRS ZaF 1l UwERH: racurign TRt SRl it h a
O to 80 m@rANWRAS trh&sEred! 4R the specific gravity of each composite materials was"

©25  determined. Table 5 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 -



-64_A Brabender or Banbury batch mxer is heated to the nelt @ehﬁ%?%@@ﬁe of
Nyl on 12 (480 degrees F) and a neasured quantity of Nylon 12 powder is
introduced into the batch m xer and allowed to nelt. Meanwhile, the
tungsten powder m xture and stainless~-steel fiber are heated to 480 degrees
F. 5 A neasured quantity of tungsten powder m xture is gradually added to
the Nylon 12 material in the batch mxer until the required material mx
ratio is achieved. Then, a neasured qﬁ%htity of stainless steel fiber is
gradual | y added to the tungsten powder/Nylon 12- m xture in the batch m xer
until t he pregpuigsedstachievelbderiending @naberfiwsiaf @olyaesicibaiderisysteraemplaysd.

aoh o1 S, TRl R R 1 BRSSO Rer e,

rod from &&%@frémﬁ&ﬂéﬂ%tlﬁgﬁytau@me.himg 8REAT! sthkth offthe coppbat makgifi ed
hi gh density conposite material 1 S extruded rod is f'ed fromthe quenching

bat h i nt o ranged|ftosh 5021to 122PQ Ipsic thesmetieuex fleods displagemdengingsd ompd82t e
material rod into pellefs, Th e]lets are th sui.tahl.e.for injection
nol di ng ortogt%éF‘%ﬁét%Sdée ﬂwﬁ&@% ’?‘Pf’eﬁd?%igizttpgnﬁ b a variety of

shapes. 20 Continuous Conpoundi ng Process: The tungsten powder, stainless
steel fiber, and Nylon 12 powder are prepared according to the

i ficati i bed for. the batch di boye. i ngl
oF “Goubl o or e BHFH nasts. CBHSouNBing SEEPRTNE: AR nis T D ReatiesBa® 0%t he
mel t t enpefRlddf/ gflfne et 2o} BQitd 686188 He Rore ThAehAMNGS! RRHBONGAKsiBAIXT Ur e

ol
and stainless s?e ‘fi1ber are heated to 480 degrees F. A netered quantity

. of Nyl on IRopoticleandaredutaioast Bothowdde baisxandr mojestifertaresdwersdsucaessiullie f r ont

“'end of the conti der - der. A Lty of
Fungst8n pBeteR TOAE PRAE cpatalves s eRearorurnd L0kl illes oo

conti nuousste%?ﬁpé?yﬂldae%ﬂgﬁéﬁé’ﬁﬁfle@t one or nore fill ports |ocated down
r

stream on the conpou until the required high density conposite nateri al
mx ratio is achieved. The high density conposite material is extruded as
thin dianeter rod fromthe 5 conpounder-extruder into a quenchi ng water

bath. The cool eghysipd k&l fre@akshihahy dRRShE INEONNOS tteng¥Rine pbatiere¥bhpee@d rod is
fed fromthe quenching bath into a pelletizer which cuts the extruded high

density conglesils eposatser itld nequirddntiensilel physical EpeapPILEs Viorlprajgsigst epre
CorrpOSlISt esap%ﬁgati%%s? 'f[%e %ﬁgﬂi%%tdf%?a%lﬂeé\p &l;él i terlsoﬁ’]r%dtllzée%ihé E‘%m'ﬁ%&&%&%ase n

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

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

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

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 matenials 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,



Lead sinkers of all types are currently used in a variety o? ;i-@i‘fi A4
hardware. This application of the present invention is idea rom a
comerci al i zati on standpoint, since | ead poses a toxic danger to wildlife,
as well as lakes, rivers and strears. Myst 15 sinkers are from about 1/32
to about 1/2 oz., and have been traditionally nmade of |lead. Alternative
conpositions for sinkers include brass, steel, and iron powder/ pol yner
conposites. Such conmpounds have, howewér, the di sadvantage of having | ess
density, and thus give a bulkier profile to the lure, which may offer
negative glHeSI eQathP8iidd T thEl sdotibfkdaRBlek Cabiv@dStht Ngpegiancd of axavl e,
jigheads, worm weights, crankbait weights, 20 split shot, weighted hooks,
jigging sdletmnbanorbafmemhpck\ed@ and dibbestin H1n HeGUPRTERETX The present i nventors
have constructed jigheads and wor ?E‘ tilizing a tungsten

powder/ Nyl on 12 conposite. These m ich have a density of about

|1. Qy/ cc, rghEses ﬁ?“od @& lafd Pohgsten/NyRR 1&@9%&@&'3@&@&1&&&*&9% Use
Applications®represent a further use for the instant conpositions. For
exanplse, nodel trains m@matdwé}ﬂebnsmmlﬁgnd%SM| mum possi bl e engi ne
wei ght to prevent wheel lsfﬁg age. The e 1en%n are rranuf?cturleng to scale
and space i nsi d&0o5CeRRHe PiolEes qvg OPFHhiiPTelSe B PIYRH &ty is

| mpor t ant ; h&rﬁmlo@lﬂ?wuéceg%f ARSLIRSh BRI A kndregiat 1ﬂv@nt$&ﬁ| Th&‘etrﬁ'atérli&s nodel
proportlons ngr ne franmes nol ded fromthis material are one application.
Al so, "adfichided Wewggitsmm tﬁ@tdwlgmsmesem anlungsterafNylmmulii@As@lrﬂﬂSsIStegbd not
only in nodel train engines, intrain cars as well

_ CONME Ci aF‘PIVP%SJtél |Sipiplesy glgel ﬁh‘iﬂ‘e(‘) 13% 1Ang, db- wiFTom AgEtSR W‘?reau’f géﬂ Qﬁ? ee
“wei ght, rdAOSLe r Msdrdade @f  about
- 11. Og]7t cc. %&iﬁﬁf&p@g& IBCJ Per nat?%e/n %%fgeél@%onplogt?%egg@%% Slﬁ}gat |rong

Radi at i ontenkileehmddigs. 15‘h€lpl&g&t£ﬂ>rnﬁara1fac&mgl the ntatermth anisists ofimiging exalber i al ,
but is difficult to work with in solid form nj ectj on. nol dabl e | ead

repl aceneﬁ@maﬁwﬁm adrebendpetype aaigat and (henEri8 n%di"?/glé‘tecr S BYHES si nce

t he mat er e ers of
t he nedi ca ﬁlﬁr%ge%jglﬁ@%g%omé) Srtgg/%{ﬁ)gﬂa ?rkegdr?? ’hlnglgg%hgh@?{?ﬁ%sg ﬁ{eSﬁMdneﬁr%m@y
materi al  Raschtibeerosh/arioag eodite ﬁMtHiYaiQfasSﬁditltotdarrage $lterﬁatgtﬂbemhe®n®dﬂrpar ed 20
to lead. Also, the material nmay be used to nanufg%tureglothl ng tgd by
radi at$ onmatefisy arg W?%éh@y #‘@rplﬁﬂ@tﬂe@ﬁréﬁr %éfsns EhEhecd g RIOtTSSi Bfii zi ng
radi ati on.. Testing,of, Sh er, eri al
of tungst I%-baﬁrbs %fitnetorfaa N EJrv?ltlaa\{/\I/i:—l,'gclno8I aceé1y onugl? Sﬁ%te chlaﬁ(%r%gasﬁlgfgégl | m

with 6 piggeganf Nedd ., VREMAO RN C'kHessProuasmg ﬂm25f0rnekxﬂs shighevasanpl es
of the present invention were corrpared to lead of 0.125 inches_thick. The
sanpl es wepproximately 20cspcondsd This fimf mayake %W@P@ﬁ‘é’dre%%? 2 SoBREHCTYY t he

ability of he sa vent fil Le,

mat eri al g8 P??gp elgl dﬁ%@{z eaarrcl%ur%r()l@s‘?ra(r%g%%gn?\lly ateqﬁ}%t%ﬂ?rﬁgﬁ%%@ as set
~fort h2@b0\f§e gy dysséth phidy ngsock ENminaray swstaaﬂaryowdaahgma dmt i6fa Hotl 50
|nches of sheet lead. 1n another exanple, material 0.50 i nches t hi ck, and

" conpri si nguttiee syytlenn o ¥abvargotee wild His sised. nlBewever.elis finsert medd 98s Rr t h
above, ‘i el degerﬁfl ?gmg'g&‘:ﬁ%i( rtt%es ﬂlrxl‘%:leg : nl.gnbegu rgjeg’}fles? fregu&'gd? f'opci!ﬂfss of

sheet | ead®™

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



was 0.375 inches thick and flexible in formhad a shiel di ng_equi val ency of
beteen about 0.94 and 0, |25 .inches of lead. In other tests, |s#ivpl2884 of -

t he conposites of the present invention were tested 10 for their nechanical
properties as radiation shield conponents- Sanple Al was a tungsten/ Nyl on
12 non irradi ated conposite; sanple A2 was a tungsten/Nylon 12 conposite
irradiated with 38400 Roentgens; sanple Bl was a tungsten/ Nyl on

12/ stainl ess steel fiber, non-irradi at¥d- conposite and sanple B2 was a
tungsten/ Nyl on 12/ stainless steel fiber conposite irradiated with 38400
Roent gens .un¥8rmSam esimAl of Bire 182sthrahdBRiamerce ClHOWEdrotiedle avas2 Sgnifinat50% RH
for a period of 48 hours in an environnmental chanber prior to testing. The
sanpl es wemwunhef veraioadated M theicper B8Isht-o Svergenteaits ©f RIth §oRPRF S shead

control nethod. . The, r I I r d i 0 - B2 File
Nunber L6- 67945 P4%Y 29%%2%@36%%3%@&%%‘55%%%; Sget“?&#&ahl_z(l%s‘%% , 6% 7,257
7,088 7, 698¥bei cBké @9 GhE réqitchient laketaghd BI4Eedigaiihile -the Gungsten(Bylon0 ~0. 5
~1.0 ~0.5* Sanpl e broke before the yield point was reached. Putty In another

exanpl 6, al2@bipintess Nepleconisite pias signifisantly igherepveseaing: 27 ArEanf x €a#%t h an
activator, which gures.to forma flexible eri,al AT ese i

formul at i dhe 58seR Orttﬁ%l%fvtebgh S Pheee fﬁ%ﬁl téerng’ﬁls “61'1’1@[’ l?ﬁgé'?%ln%rgk{ ér?’ _
(specific gray .rﬁrb{xiﬁlaae?y 3D)52NinXt MELtHah BRE @6cdnithénd3@ et rtucofo FEEHAGIINE 425
pol yur et hane epol yner (specific gravity = 1.11). The final mxture has a

speci fi ¢ ghaiukdge. off thboetinlés FteeFgpmposite6®res werel Boldgd diosthefreprpumgndes nj xed

with 10 granms, of ETHACURE 300 .curati al l.owed to cure a

_tenperat urlé?gt@t{\%t"o’frﬁ%’to SCVSIBY Wﬁ'ﬂléfqegﬂggig%lfl%dgu?}hS@gerl tlosfnéaét(ﬁfgﬂ}hleabl e 34
t~and Tabl e 35 OVye TallaBy Bdusk ifSt heRASEHA B WHEhIBBLRsH walaletisads t hat
“can bgl%fi Irl%gléé?/r\npﬁ' \t@ﬁlg-g?lur? ster? powdgr corlrpo_si ti gns of the present

i nvent i on. regitd maBSiab s the anpdieg podcesh eRegdt matatidrdomes fram thsexdess t he

present invention,. -69 Table 34 Thermppl ast,i.c. Materi al s _that ,can.be used
in the conPaiéritleghigh curss R BIECT FFET ggﬁ‘e,&&?‘f?lqo’éga%o? f%‘l}ﬂce%t astgr yl ate

Honopol yne A Lad Pah¥OR-EB Y| ®B8Solding process. Durin
Acryl onit r%’i%%&tqg‘%?géﬁg‘?%‘tdyﬁgﬁég’ I%/bnéant o, Dovlv Chem c%l l,ng org \\r nar &
Cheni cal s ByC@teuesd rthe grhgsieal MpjopertSe ppfl itler nylvey reoph asst idendiyucire pdtejeter s
Cofl on (polyvinylidene fluoride) Iongmers, Surlyn fradepane f DuPon
~ Produck’ Posigaificandy, NyriERs pyyEiony & ﬁ’rﬁ’l%@%p@?ﬂ\é né&‘t 8€%r %r(?g%fnso?o(%%r omatic
di am nes Pgl I Yy, : QI et ecttdd! N8R difving the mold
Pol ybenzi m&g}e{lg}g‘{%g%%ﬁ?@%r}lbaglﬁg}?ée@ﬂkgﬁg%S%}I ene 'Iggr ephthal a’éﬁen;gRoI yet her
i m des Pol ygifpebv&ull lapes mbyebenppleasid s Raliyedyi adsbyTheingoplnsirgia nylon
Pol yur et hanes Pol yphenyl ene Sul fi des Po] yet hyl ene Pql ypropyl en .
Pol ysul f oneateria), yRe Yafiation i Weids V@f be %C%ﬁ P%}PIBWP%TF& e@scbdf?é‘?‘g? SrEL2
Pol yphenyl ene Et her n 3 f L dd€Si1tRoh ME AikARAKRSe and
trimelliti EOtaﬁLhnﬁl fisﬁgglﬁo&iﬁ%ﬁ%ei %? %Pﬁe‘?‘ﬂ%g‘ﬁ}%g‘t‘% Anpco %grfor Brr:"jllnc.e
Products Aspeasiber Wotldengs tPreitituts aijoecdss (Wadtgnmsterial 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.



“*pe produce

Lexan manufactured by G E. Val ox manufactured by G E. GCeneral I:Tfl ﬁg\yré@,}-
Conpany | Cl Advanced Materials C ba Geigy Corporation Estane q_i ne’

B. F. Goodrich, Texin Line Bayer Ryton, Phillips Petroleum U trahigh :
Mol ecul ar Wi ght and Low Mol ecul ar Wi ght, Hoechst Cel anese Philli ps

Pet rol eum Anbco Performance Products B.F. Goodrich Dow Chem cal Mbil Borg
Waner Chenicals Arco Chem cal Conpany 3C§e_neral El ectric Conpany Allyls
Am nos Cyanat es Epoxi es Table 35. Thernpsets Materials that can be used in
t he conposites of the present invention 5 10 15 Phenolics Unsaturated

Pol yest ers Bi snal ei mi des Pol.yur et hank2b!&8| i cones Vinyl Esters Urethane

Hybrids -70 Osaka Soda Con%pgnfm%égigﬁ& &{m%mrﬁti w Chem cal Bi sphenol A
I € a

type epoxi es and acryl kat e odi epoxies wt i phatic and aromatic

am ne cur MOTREIALS, C ba Gomy @ng SKEENJREHO! e wipIGHAval acsCORE dent al
Chem cal Ashl and Chem cal G ba Geigy Polyether and Pol yester pol guret hanes
Dow Cor ni ng Cor poration Ashland Chem calgld) Bl ates and
ur et hane epexies—A—speetrfiec—exans of—tis i ,
t her moset BPAYTBEIXy i s as fol T-OWE. 27. :

wei ghed in a beaker and set aside. Subsequently 5.0 grans of Epon 8111 of
an acrylate nodified epoxy was wei ghed&v@;&ezm@ﬁgﬁeém@ﬂgt ai ner to which was
i mredi ately added 0.5 grans of Shell Epi-Cure 3271. Then 3.6 grans of the
m xed epokyadaftbntrel) ng agent ®A%5 added OF0Bhe 27. 72§bans of Téb&8dyne C- 8

Tungst en r. The er a he epoxy re han L xed, pl d between

t wo Tefloﬁ%\glﬁﬁ@‘ﬂ%b/gmggﬁjomd&ﬂg cure oéeﬁsﬁ?ght. Agpgéxi bl e sanpl e of

.. fungsten Ehg\‘i@ﬁ{m@m&ﬁamﬁ progyged. FoamsAopol yurefhgae rigidahgam can al so
o using the conpositions of the present invention. The faam was

produced by addihggfB38nddanrtafars aliedymebBh diurgdsomn Poadernfigordt®@.i9 gr ans
of Prem um Pol yner 475-2Q B conponent and the m xture was stirred. Next 120
‘grams of Pelergsd Porgisereights- 20 A conponent was added and the slurry
stirre¢l for approximately twenty seconds. The slurry was placed

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 turigstenjnylon 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
compasite, was then used. Again, no adjustments were made to the BAM and no feed

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



tAS

20 Ln a container. It quickly rose and was tack free within gm%P%?hgng_
The tungsten powder was uniformy distributed throughout the foam It is
envi sioned that the foamnaterial nay be enployed-in a binder capacity as
defined el sewhere herein. The high density foamw Il find utility in noise
and vibration danping, in radiation shielding and the |ike. -71 Slurry
In certain other enbodiments, the conggsitions of the present invention may
be enpl oyed to produce a high density, |low viscosity slurry. Such a slurry

may be enployed in |ist syst of deep subnerge rescye vessel s or, renote
oper at ed JSKFEr-d8¢ “Selgiﬁ Oztﬁﬁﬁﬁiﬁ §?‘H§1F et aRM XlEﬁFei%ﬁfd‘ geus WOt G ury

t herein. J‘e@ugérﬁéﬁnt systens nercury is transferred between spherical
chanbers to cause list to port or starboard or to change the distance

bet ween the center of buoyancy and the center of gravity. The list system
of such vessels involves the transfer_ of 10 approxinmately 2%00 ounds of
mercury bet weeHPan cem@iolign rof\iilleh assgmblyy aa Hiy e dBHRCEHQY V46 Mghi®Ps? and t he
port d ] k i,ch i tal and
Bt ar oulbEaRaRhdietatd: EBR e ol vRELRRIED AR MALOE ANl "
a di aphr apapthwdbgiail fengt ubiméeedYodiye peaflle, Ccdnhelutt laxatbs ppéiae didnestergr cury.
The spherical tanks are |ocated between and in close proximty to the
cent er anboaifail p1afilpeys seliras|pos laad beattailfonsRtrciihd t he structural rings that
serve as the aft support for the personnel pressure capsule. The tanks are
connected by |.25 inch outside dianeter stainless steel tubing and the

mercury can beThé argfersapgiciahvRen d Righsre8&iryd of vaditht avankfign.t aNkhithe 45
..seconds representing a flow of about 25gpm 20 Wen such systems were
' desi ghed, TRE#G TP ofiths indpecigh tpatts wWeéshel §0i2dgwins 0.4 grains belgw g apniggig ht

nmodul ati on, . er oxi at.ur cury.nmakes it, an _ex |y
hazar douswﬁ@g%? tqeoigfﬁ%‘ §a‘BﬁH¢g‘8§ é).n?yl—lg%?c‘gﬁ%ﬁ f ‘%flréirnheél Y v’ghef geﬂ.ﬁaé%d’ gg‘? uU. S
Pat ent  NOtheSlaBéds e EIN6OLRONR @hiMemhenBighly #/6f8ense) EHeins MEs wagngst en
balls in a tube of hydraulic fluid as a weight nediumfor deep

subner si begwcted5luF e thearsp of regriod snasérial duripg Swaneldingypsetdsdn provi de a hi gh
density conposite material that nmay be used as a weight nediumfor trimand
i st systenms. Such conpositions may be configured into a high density

sl urrys conpri siRgraAqtyeA hfoasSESEARTERARAUBN Smpiddl daGkRMScr dohtdlieicant s.
The high density material of the present 30 invention may be in the form of
hi gh densbettyebml § SooR1 i partshéhat oweneoD.090pbvide 0085 %t abowe | the overall length
requirements. Boattail lengths on the other hand were all within Government control
limits, with each sample showing about as much varation as the control. Other
dimensional characteristics such as diameter, ogive and boattail profile, cannelure
20  location, 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 -

requirements.

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 average 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



the-slurry. 72_ The solvent of choice may be a perfluoﬁbleéthamk ot her
exanpl es include castor.oils, -tricresyl phosphate, . pol yoxypropyl ene ether

gl ycol s, pol ynet hyl phenyl S|onane, quorosiIicOne, par at her m NF,

therm nol, dynal ene, tribolube F-219, perfluorinated hydrocarbons, fonmalin
181 8 perfl uorpol yether, Voranol 5070 5 per fl uor pol yet her, Voranol

per fl uor pol yet her 5004, and Vor anol gfluorpolyether 2004. These fl uids
exhi bit good- viscosity, conpatibility; ? and volatility and are conpatible
wth stainless steel, tungsten, Teflon, synthetic rubber and Viton. The

sur f act antis éhO\EIhoiAéebewy lgiesinsaore Exmtdronsprsseats Honensahiiemilaritnet thee. 10
Silicon a(p oro |I|c ne surfactants nay al so be enpl oyed. The tungsten
commmtes% KEERY T?%m%uonrmybelnrmWMrformor|ntheforma
balls. Polynmneric encapsulatlon may be,ggd oyed with the tungsten powder or
bails to reduce friction in the slurry. Urea-fornmal dehyde enul sions, glyco
di ol s and nel am ne formal dehyde dosgrpotipniRessltare good candi dates as
encapsul at+ens—atertal-s—3i5—tn—an—exenpltary——sturry +00g-tungsten—powder
(2-4 nlcrdﬁhnmmmnnlxed with 100REAW . nDtoImez (speC|f|€ognaV|ty 1.1) and
800g bal | ‘_ 1 R ) ent, 3509
tungsten 8-10.m crons) are - case oOi
(speC|f|c(§ ngﬁmE? and 400g of ball ast naterlal 2 20 ég ecific gravity

.3). %%m3f5|t|ons and ket hods di $€ldsed and c %Ed herein can
be nade aﬂa98§eéUI%Uﬂ t hout undue experinmentation in |ight of the present

~di scl osur d.ength ¢fdB@ftatlhe conposi t9.066 and net®dd§é of this 0.40Enti on have
been descrDliad-i00M0enfys of preferred enbodinents, it will be apparent to

“those of giihlCdnRedthigitart that vagiesions mayobes appl i ed tgobhe

conposi ti qp,oo8%i hods and in the steps or in the sequence of steps of the

net hod de a't@ff‘é)otﬁ‘c?&ﬁh&t})'(‘/‘bt hout d@?@{tl ng from)b#;ue concept 4 48 irit and

scope of t( &0 re specifrcall y, it be apparen that certain
agents mﬁEﬁﬁ—é— h—cherr —ard—p , | at ed-pay be
substi t ut-et¥%%o a‘FtHE ;mpnf S dp:rn%ﬁ herein ‘3\914739 thP qarmst?; simlar

resul t§ woul d be achieved. All such simlar - 73 substitutes and
nodi fications apparent to those skil eﬂs ﬁ the art are deened to be within
the spirit, scope and concept of the e dfi on. - 74 REFERENCES

Fixed Gage Inspection Results

Percentage of Samplé Out of Specification Limits

Characteristic TRI#1 TRI#2 Control
Diameter 31 53 0.0
(0.2245 - 0.0006 n.)
Ogive Profile 0.0 0.0 0.0
Cannelure Location 0.0 0.0 0.0
(0.485-0.010in) .
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
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2 A
The follow ng references, to the extent that they provide eife?rpl‘ ar
procedural or other details supplenentary to those set forth herein, are
specifically incorporated 5 - herein by reference.- U S. Patent No. S,
189, 252 PCT Application No. WD 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
Shooti ng Sportsman, Jul y/ August I995,_,;£(£. 9-12 U K Patent Application No.
GB 2179664A 75 CLAIMS 1. A nethod FOr manufacturing a high density
conposite, conprising the steps of: providing a polyneric binder; providing
tungst en PERERIES torher escapteble. tﬂHg@{“@% Vekdidien fagsembed iserdYIB8 samridgesst
group of riigle ! i f b 2.m.craons and 8

m crons, aglé"%aﬁlgegon ¥%;}%ﬁf§) %?&B r%qilaﬁ%%?ﬂaé@i %étsgi%aerﬁsndg? %aes?g\;\eeﬁ%%ut 20
m crons apeéoptfla Cator®24 mixgs Dged R thel RESieCldagiandperaiohh BragoRPhydTERAIC

bi nder at approxinmately the nelting point of the polyneric binder into a

t ungst en sbatgewehtsreshewppbpl@®: m xture; and pelletizing the tungsten
powder Lpol yneri c binder m xture into a conposition. 2. The method of claim
1 further including the steps of nolding the tungsten powder/ polyneric

bi nder m xture into a conposition hapdylgis specific gravity of at |east |
LO. 3. The nmethod of claim1 wherein the step of nolding conprises

i njection nolding. 4. The netBompedantcChargeiWelghtein the first group of

particles havi 4 4 mcrons and about 8 mcrons. 5.
- The met hoed—-accdrdfthy c . sretn-the polvneric binder conprises at
| east one_of cellul ose, f|Rropella|Urpree Veighisd@araingd er - pol yrer al 1 oy
el ast oner  Pegjevtilene vi n\Haratkbovad e, i ondstre-Ingddon, poldy@ihsl) Predldad
pol yam de, TR®#yur et hane, palrysester el astongrs, pol yester supfone, pol yphenyl
ami de, pol yprepyl ene, pol ygiznyl i dene fluomkizde or thernoset,pel yurea
el ast oner, Caﬁ{fﬁi ics, honopgtyners, acetatgg,, copol YNer S, \yne Fired
acrylonitrile-butadi enestyrene, thernoplastic fluoro polyners, rooners,
pol yah¥ des, pol yanm de-ini des, pol yacryl ates, pol yet herketones,
pol yaryl - sul f origson qatplétemzefitosthag)| Mcartfidkescomedecnbiceed tpal 1000 pienead
t er epht hal at el{s pol.yet her .im des, .pol'yether sul fones, thernpplastic

weigh mspection. This includes weighing each cartridge, measuring overall length, and

measgri'ng 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 MBS855 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)




pol yi m des, thernoplastic pol yurethanes, polyphenylene sulfides, ,

pol yet hyl ene, pol ypropyl ene, pol ysul fones, pol yvinyl chl ori ded, M&¥ y2lBhe
acrylonitriles, polystyrenes, polyphenyl ene, ether blends, styrene nalefic
anhydri des, polycarbonates, allyts, am nos, cyanates, epoxies, phenolics,
unsat urated pol yesters, "bi snal ei m des, pol yurethanes, silicones, .
vinyl esters, or urethane hybrids. 6. The nethod of claim11, wherein the
step of providing a polyneric binder TUriher conprises the steps of
freezing the polyneric binder, and grinding the frozen polyneric binder
into part itehpsatuies. TRV Ak tthohgorascesed o Adenjiffie thei presshees she prajécties| wémeg

further conpris the ste nol di ng t he tupgsten powder/pol ric binder
mixture | ADeseg ie e ERed Find & Hpdube Fe VTR 1S BFeE BRI g

The met hod @byl RhilB dispeMih &dsting PPoBARIN Bhic MRIiEALBSE of Wid f&TorGRARY 6562 t he
steps of nolding the tungsten powder/polyneric binder m xture into shot _
havi ng a spacisfin tergs af stalilinf dung|fegigtand tndorngty darimghepd ffcarremanuf act uri ng a
hi gh density .conposite, conpri-sing the steps of: providing a binder;

provi drng tungsten powder, wherein the tungsten powder conprises a first

group of RaEkt&liePrhaYi Vel i Suidla &idd Tithe TRAge, a second group of

particles having sizes Iin a sécond range, and a third group of particles
havi ng si zes i Reaulthofittle ERNVGEL tasi aieshowhen Tablg$2 eDapovitainedirom thiseeddi nder
Iting point of the binder into a tungsten

at approxi.mately the
powder / bi hfirﬂ”ri‘fdeeﬁi%ﬁfﬁ?@?ﬁé’ﬁ‘ifs & PRALiPFPSTYe: (e PERSE 8ha py G iR Pamelxt ur e
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15  pressure and velocity, a rolling witness paper, which was scrolled after each shot, was
placed 25 fti. 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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5  then made between each of the sample cartridges and the regular M855 cartridges to
assess the performance of each prototypé. Afier firing was completed, results obtained

with each barrel were averaged separately (Tables 7 through 9) and then combined 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 recéiving the highest
ranking. It is interesting fo note that both TR 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.
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10 7.56 4.97 7.09 2425
Average: 7.18 470 6.69
Control : _ ‘
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10 6.72 5.27 6.96 27.95

Average: 6.99 - 4.89 7.19 26.55
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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 10 439 - 4,05 . 385 15.10
10 5.49 4.71 4.42 10.85
Average: 5.19 438 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
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600 YARD COLD TEMPERATURE (-75°F) DISPERSION VRESULTS

MEAN HORIZ. . VERT. EXTREME

SAMPLE NO.RDS. RADIUS DEV. DEV. SPREAD (in.)
FIRED (in.) (in.) (in.)
TRI#1
Barrel 352420 10 8.10 7.38 7.57 31.75
10 7.90 6.80 6.10 2235
Average: 8.00 709 - 6384 27.05
Barrel 352723 - 10~ 7.40 5.73 6.73 25.05
10 3.72 3.44 2.60 10.75
Average: 5.56 4.59 4.67 17.90
TRIH2
Barrel 352420 10 7.09 5.54 6.07 22.75
' 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 5.38 6.08 21.70
Average: 6.29 4.47 5.92 21.00
Cont.rol
Barre! 352420 10 6.58 6.11 414 18.80
' 10 7.53 6.24 6.26 23.55
Average: 7.06 6.17 5.20 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 5.41 4.56 4,03
TRI#2 716 5.56 5.71 4.59

Control 7.16 5.36 6.84 4.82




MLOYDDE ()- @A J_P_QY_ ' tRI!F LIF MOYDD& ()-F MOYDDE ()5 LIy 9
MLOYDD& () - F MLOYDD& ()- L™ _h_n_o_y i Q4! F MLOY®DD& ()- LIF MLOSDE %
MLOYDDE& ()- L!F MLOYDDE ()-' F MLOYDDE () -. oR0! F MLOYDDE () - F
MLOY®DDE ()- L!F MLOY®DDE& ()-F MLOYEDE ()- LIF

MLOY®DDE () - uS1! ! (<109DD& () - 0! ( <109DD& () - 0<( <10%DD& () - 0! ( <10%DDE&

() OF MLOYDD& () -

tR 1<l (<109DD& ()-0(<109%DD& £} -0<0! (<10%DD& () - 0( <10%DD& ()-0<__
“““ i Q4! (<10%0D& () - 0<! ( <10%DD& () 0’ (<10%')D& ()-0<! (<109DD& ()-0' (<10%DD
& ()-0""& +, 479 oR0! (<109%DD& () - <% ()-0<! (<109DD& () -0(<109DD& ()
- 0<! (<1090D& ()-09": ?2°D E F " uTG A%y x10X: ) X c¢: 9a0%«:
oo & (- a3 Lo BT 8P X R b R a0
) X9bbbcZced| [ : 3"10% &VEBAN 3" 10HGERIZ.- DEVL0YVERT (DEVV10BHRORE
v3"10% & ()SAMPQ%& () rRpdeS efl) [ -: (iB)' 109%R) &&' () 8" 10FALTOR
$P" 109 & (IR 3 10N & () - 7b2cy<10%& ()635910%& () -4@Kgg+1 111 B[3g : 10) Of ;
P'10% & ()Tﬁlﬁ &10% & ()- H3p" 10 yc1}' 10% & {3q /c109
S, y10% & ()CI L1 —j aj j bA ]1)38 I Floo/((& L F 10%& o -5 V' 10% &
3$10%{& ()= 0%-& A S :
3"10% & ()-- Y3" 10%{& () 10%{& ()- V(V&O%i& () nemmyoo)p|[ A 10)
S, 10% & ()- (&10% & ()- OP'P"10% & (Tablp 184004 & ()- 03" 10% & (

Vo810 & | QUL RV COEDARRIERRA t Pﬁ%ﬁ%ﬁ%‘é‘-ﬁéﬁl#' Vo

), & ()-Z\ '10% ). &() Zn@é&ﬂ%)&ﬁbilﬁl% & VERTYBES.; )§CO)RE

'_:::._-'10 10 $U| \ .' .] a | [ = \: % ) & } - % &10% ) ) X 0_ Q d .t () -
ldr 10%) e S & £ E
'+ &10° # " Y9409% Y4006 - #10 6% ()- <VA0Y & ()- 10;
)10 ) }}}}} bUH ) 1F § /0]%]&() |f‘ 10%]%]& > 377
Table 19-
Overall Dispersion Test Results
CUMULATIVE SCORE FACTORS
SAMPLE  AMBIENT HOT COLD  TOTAL RANK
TRI#FL 4.03 336 3.69 11.08 2
TRIH2 - 4.59 3.20 333 11.12 3
Control 4.82 512 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:
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Soft Targets

1)  20% Ballistic gelatin at 10 meters

2}  20% Ballistic gelatin at 300 meters

~3)  20% Ballistic gelatin behind auto glass at 300 meters
4)  20% Ballistic gelatin behind auto glass (45 degrees obliquity) at 300 meters

5}  20% Ballistic gelatin behind a PASGT vest at 300 meters

Hard Targets

1)  Determine R50 range against 12.7 mm aluminum-plate
2)  Determine R50 range against 3.5 mm NATO plate

3) Kevlar® 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
5  meters from the weapon was conducted with each sample. Prior to testing, blocks
were temperature conditioned to 50°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 dépth 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 andr height 13 of the tgmpofary 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 TRI2 samples
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averaged 13.4 in. and 12.2 in. of penetration, respectively. Score factors were
determined by totaling the average values for penetration depth and cavity dimensions
" and then calculating the percent difference between the largest total and totals for the
remaining samples. This method assumes that the largest cavity dimensions indicate
5  the best performance.
Table 20
10 Meter Ballistic Gelatin Test Results

Temporary Cavity
Sample RdNo. - Vel@ Penetration Max. Max. Score
15Ft. Depth(in.) Dia. (in.) Depth Factor
(fps) (in.)
TRI#1 1 3081 13.9 42 8.0
2 3098 15.4 4.4 82
3 3080 14.5 5.0 5.5
4 3074 9.8 5.2 7.3
AVG: 3083 134 47 7.2 1.19
TRI#2 1 3041 13.0 5.8 7.8
2 3090 108 . 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 5.0 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

* 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.
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Table 21
300 Meter Ballistic Gelatin Test Results

Temporary Cavity
Sample Rd Vel@ Impac Penetration Max. Max. Score
No. 15Ft. tVel. Depth(in) Dia. (in.) Depth (in.) Factor
(fps)  (fps)

TRI#1 1 3068 2162 13.2 34 8.3
2 2999 2153 14.5 30 58
3 3013 2769 16.3 3.6 7.9

AVG: 3027 2361 14.6 33 7.3 1.11
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 35 5.2

AVG: 3034 2062 12.8 3.0 7.3 1.21
Lead 1 3040 2129 . 158 4.0 8.0
2 3045 2082 16.3 3.5 8.5
3 3070 2177 _ 156 3.8 8.1

AVG: 3052 2129 159 3.8 8.2 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 a PASGT Kevlar® vest which was positioned directly in front of the
gelatin block. The results of this test are summarized below in Table 22. In this test,
the maximum average penectration depth of the lead core projectile was met or -

exceeded by each of the samples tested.
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Table 22
Ballistic Gelatin Protected w/PASGT Vest @ 300m

. Temporary Cavity
Sample Rd Vel@ Impac Penetration Max. Max. Score

No. 15Ft. tVel. Depth(in.) Dia.(in.) Depth Factor
(fps)  (fps) (in.)
TRT#1 1 2976 2076 12.8 3.4 35
2 2990 2091 13.8 3.3 4.7
3 2994 2097 14.0 4.4 6.4
AVG: 2987 2088 13.5 37 4.9 1.13
TRI#2 1 3017 2102 12.0 2.0 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 22 6.5 1.17
Lead 1 3031 2097 11.0 473 4.1
2 2988 2053 14.5 4.0 10.6
3 3001 2086 . 133 2.7 4.1
AVG: 3007 2079 129 37 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 blo_ck were then

based on the impact of these fragments,
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For the second part of this test, the auto glass was repositioned at 45 degrees
obliquity (top of the glass tilted away from the muzzle). Results of this test are
summarized in Table 24. In this test, the TRI#1 sample achieved the greatest
penetration depth, followed closely by the lead projectiles. The TRI#1 and lead

5  projectiles also produced the largest cavities of all the samples tested. In addition, all
of the projectiles tested fragmented upon impact with the glass. In one instance the
TRI#2 sample fragmented into numerous pieces and could not be recovered.

Table 23
Auto Glass (0° Obliquity) with Ballistic Gelatin at 300 meters

Temporary Cavity
Sample Rd Vel@ Impact Penetration Max. Max. Score
No. 15Ft Vel Depth (in.) Dia. (in.) Depth (in.) Factor
(fps)  (Ips) -

TRI#1 1 3011 2006 11.0 2.5 6.2
2 3088 2085 10.4 2.5 8.0
3 3007 1997 - 115 2.0 9.0
AV 3035 2029 11.0 2.3 7.7 1.12
G ) :
TRI#2 1 2995 2016 8.0 2.0 6.0
2 3021 2023 7.5 2.5 6.5
3 3010 1985 9.3 2.5 8.5
AV 3009 2008 8.3 23 7.0 1.34
G: :
Lead 1 2981 2015 10.4 4.0 8.5
2 3017 2055 10.0 3.0 8.0
3 3058 2062 12.0 25 10.0
AV 3019 2044 10.8 3.2 ‘8.8 1.03
G:

10
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Taf)le 24

Auto Glass (45° Obliquity) with Ballistic Gelatin at 300 meters

Sample Rd Vel @ Impact Penetration Max. Mazx. Score
No. 15 Ft. Vel. Depth (in.) Dia. (in.) Depth Factor

(fps)  (fps) (in.)
TRI#1 1 3004 2048 5.2 3.0 4.0
2 3002 2065 6.0 3.5 4.5
3 3042 2057 9.0 2.7 6.0
, AVG: 3016 2057 6.7 3.1 4.8 100
TRI#2 1 3021 1963 5.0 2.0 35
2 3011 2006 4.7 1.4 3.5
3 3019 1996 .
AVG: 3017 1988 4.8 17 3.5 1.46
Lead 1 3021 2069 6.0 4.0 5.0
3021 2041 5.7 2.2 5.0
3 3028 2056 6.0 2.4 5.3

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 targét plate was rigidly mounted at O 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 t:lred. 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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determined by calculating the percentage difference between the farthest R50 range

(363 meters for the TRI#1 sample) and the R50 range for each other sample. As in the

previous tables, the lower sore factor indicates better performance.

Table 25
5 ' R50 vs. 12.7 mm Aluminum Plate
Sample Muzzle V50 Velocity RS0 Range (m)  Score Factor
Velocity (fps) (fps)
TRI#1 3047 1963 363 1.00
TRI#2 3056 - 1910 355. 1.02

Lead 3060 - 2004 355 1.02

R50 vs. 3.5 mm Mild Steel Plate -
The set-up and equipmeént used for this test was the same as used for the
previous test againsf the aluminum plate. The target plate was originally positioned at
10 600 meters from the .wea;.)on..' Cartridgeé were then 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 better performance.

~ Table 26
720 ‘ 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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Concrete Block Penetration
The objective of this test was to compare the pénetration performance of the
test cartridges when fired into concrete blocks positioned at a range of 50 meters from
the weapon. Targets consisted of regular 2-core concrete blocks rigidly mounted on
5  top of a target platform.- Blocks were held in place with a 1/4" steel bracket positioned
over the block and bolted to the platform. Six valid shots (2 per block) were fired with
each type of cartridge. A shot was considered valid if it impacted a core not
previously shot and the bullet was more than 1.5 in. from the edge or center of the
block. Each of the test cartridge samples completely penetrated the front wall of the
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 comf)are the performance of the test projectiles and
standard projectiles when fired at Kevlar® 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 M855 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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Table 27
Kevlar® Helmet Penetration at 1,000 Meters

Sample Point of Muzzle Impact Complete
Impact Velocity (mps) Velocity (mps) Penetration

TRI#1  Top 281 271 Yes
Back 265 254 Yes
Rt. Side 266 253 Yes
Lft. Side 252 243 Yes
Front _ 272 260 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 aﬁer‘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 ﬁagments 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
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demonstrated the least amount of frangibility of all the samples. Several samples of

these cartridges were recovered while reasonably still intact.

Lead projectile ﬁagments consisted primarily of jacket pieces and lead chunks
5  which most closely resembled the TRI#1 fragments. The table below shows the
average weight of ‘the seven largest recovered core fragments of each type. The
TRI#Z projectiles, on average, retained the largest mass of all the samples 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 Score Factor
(Grains)

TRI#1 29.4 ' 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 iest, an M16A2 rifle was mounted in a hard stand endosed 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
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approximately one half that of the standard service cartridge. The MTLYV for lead is
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 MTLYV, 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
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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
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performance. After testing was completed, the scores were totaled and are presented
in the tables below. The first table provides a comparison of the dimensional
uniformity of the cores and assembled projectiles with respect to specification
5 dimensional requirements. The second table shows a comparison of the ballistic
performance of each candidate. In general, the best performefs in this ballistic
performance category had either the smallest dispersion or achieved the most

significant target effects in terms of soft target damage or hard target penetration.

10 Based on the tests conducted and the scoring methodology used, the TRI#1
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
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rabender or Banbury batch mixer is heated to the melt temperature of
Nylon 12® (480 degrees F) and a measured quantity of Nylon 12® powder is
introduced into the batch mixer and allowed to melt. Meanwhile, the tungsten powder

mixture and stainless steel fiber are heated to 480 degrees F.

A measured quantity of tungsten powder mixture is gradually added to the
Nylon 12® material in the batch mixer until the required material mix ratio is achieved.
Then, a measured quantity of stainless steel fiber is gradually added to the tungsten
powder/Nylon 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
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continuous compounder-extruder at one or more fill ports located down stream on the

compounder until the required high density composite material mix ratio is achieved.

The high density composite material is extruded as thin diameter rod from the
5  compounder-extruder into a quenching water bath. The cooled solidified high density
composite material extruded rod is fed from the quenching bath into a pelletizer which

cuts the extruded high density composite material rod into pellets.

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
cbmposites. 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 spoc;ns, 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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Hobby Applications

Hobby Applications represent a further use for the instant compositions. For -
example, model trains engines depend on having the maximum possible engine weight
to prevent wheel slippage. These engines are manufactured to scale and space inside

5 these small models is limited, so that high density is important in obtaining the desired
overall weight in scale with the model proportions. Engine frames moldéd frorﬂ this
material are one application. Also, “add-on” weights made 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 VII
Alternative Tungsten Composites Applications

Radiation Shielding

15 Tungsten is an excellent radiation shield material, but is difficuit 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.
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1 10% * & (Han®yn@rapd Coppolymer Acetals
Acrylonitrile-Butadiene-Styrene

Thermoplastic Fluoropolymers
Ionomers

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

oaPolymth

if) - SEF 1 10% *& () - SEF 110

EEF
Polyoxymethylenes

Monsanto, Dow Chemical, Borg Warnar
Chemicals Cycolac tradename Major
Supplier

Coflon (polyvinylidene fluoride)

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 Wamer Chemicals
Arco Chemical Company
General Electric Company
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Table 35. Thermosets Materials that can be used in
the composites of the present invention

Allyls Osaka Soda Company

Aminos ' American Cyanamid

Cyanates Dow Chemical :

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 Cormning 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
Tunésten powder to 109.9 grams of Premium Polymer 475-20 B component and the
mixture was stirred. Next 120 gramis 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.
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20 Wﬁen such systems were designed, mercury was.thought to be the ideal fluid
for such weight modulation, however, the toxic nature of mercury makes it an
extremely hazardous material for this purpose. Hence an alternative is needed 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.
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The surfactant of choice méy be anionic, cationic or nonanionic in nature,
10 Silicon and flucrosilicone surfactants may also be employed. The tungsten composttes
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).

* * *

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

and executed without undue experimentation 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 results would be achieved. All such similar
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3. The method of claim 1 wherein the step of molding comprises injection molding.

4. The method of claim 1 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.

5. The method according to claim 1, 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-butadiene-
styrene, thermoplastic fluoro polymers, inomers, polyamides, polyamide-imides,
polyacrylates, polyetherketones, polyaryl-sulfones, polybenzimidazoles, polycarbonates,
polybutylene, terephthalates, polyether imides, polyether sulfones, thermoplastic
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providing 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;
mixing the tungsten powder with the binder at approximately the melting point of
the binder into a tungsten powder/binder mixture; and

pelletizing the tungsten powder/binder mixture into a composition.
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