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This invention relates to a new bullet for use in shoot 
ing galleries and the like, land to the process of fabricat 
ing such a bullet. ‘t, 

This application is a continuationin-part of the prior 
copending application, Serial No. 119,030, ?led October 
1, 1949, and now abandoned. , 
The lead gallery bullets ‘of the prior art are best 

exempli?ed by Patent No. 2,168,381 to Woodford; No. 
2,315,853 to Hodgson; No. 2,105,528 to Foisy; and No. 
2,076,868 to Smith. All of these bullets are character 
ized by the use of powders or fragments of lead consoli~ 
dated into a bullet having su?icient strength for use and 
intended to be disrupted into small fragments on impact 
with a resistant target or gallery backstop. Although 
such bullets are a great improvement over solid lead bul 
lets, they break up erratically and occasionally lead frag 
ments large enough to cause injuries to eyes and other 
delicate organs are returned to the shooter’s position. 
Most large galleries are faced with personal injury claims 
at su?icient frequency to keep their public liability insur 
ance rates inconveniently high. In addition, all of these 
bullets, upon disintegration, release quantities of ‘lead 
dust into the atmosphere and require exhaust systems of 
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more than usual effectiveness» to prevent exposing the ' 
gallery operator and his employees to a lead poisoning 
hazard. This same hazard exists in the manufacturer’s 
plant where loading operations with lead bullets of the 
type shown in the cited patents usually increase the lead 
dust content of the air to or above safe limits. 

Accordingly, the primary object of this invention is to 
reduce the hazards involved in the use and manufacture 
of gallery ri?e ammunition. In arriving at this primary 
object, attention may be directed at two important inci~ 
dental objectives which are the elimination of back 
spatter to the shooting position and the elimination of 
lead with its poisoning tendencies. Other objects are the 
improvement of the accuracy characteristics of the loaded 
ammunition and greater economy in manufacture. 

It is contemplated that these objects can be best ac 
complished by fabricating the bullet from a powdered 
metal other than lead, iron having been found most satis 
factory, molded into a homogeneous body with the aid of 
a thermoplastic binder. It appears to be desirable to use 
an iron powder composed principally of particles of 
rough irregular shape as distinguished from smooth sur 
faced particles of fairly regular shape. Swedish iron 
powder of 100 mesh nominal size has been found to be 
highly satisfactory. The usable thermoplastics appear to 
be those which are quite ductile, having elongation 
greater than 150% measured at room temperature. For 
‘processing reasons, the choice of a thermoplastic material 
is desirably limited to those which are readily soluble 
in an economical solvent of fairly low boiling point, and 
which maintain their high elongation values at tempera 
tures encountered in processing and in service. 
The most convenient and economical processing can be 

brie?y described as comprising the steps of thoroughly 
coating the individual particles of the iron powder with 
the binder; cold molding the coated powder; and baking 
the cold molded bullet. 
The exact nature of the invention as well as other ob 

jects and advantages thereof will be more apparent after 
consideration of the following speci?cation referring to 
the drawings, in which: 
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FIG. 1 is a ?ow sheet, outlining the various steps in 

processing the bullet. ; 
FIG. 2 is a micro-photograph at an enlargement of 300 

diameters, showing a section of a ?nished bullet. 
FIG. 3 is a side elevational view of a bullet of the type 

produced by the process. 

PROCESS 

1. Coating 

In practising the preferred process, it is essential that 
each particle of the metal powder ?ller be completely 
surface coated with the thermoplastic binder. This is 
best accomplished by dissolving the thermoplastic binder 
in a suitable volatile solvent and applying it to the 
powder. In a speci?c example of our preferred process, 
polyethylene powder in proportion of 3.5% of the com 
bined weight of the polyethylene and the iron powder 
is admixed with tri-chlorethylene, or with benzene, some 
times commercially known as benzol. This solution will 
be facilitated by the use of a steam jacketed kettle and 
a mechanical mixer of the type of the widely used Hobart 
Mixer such as shown in Patent No. 1,747,443, and others. 
Sufficient solvent and sufficient heat should be used to 
get a highly ?uid solution. The indicated amount of 100 
mesh Swedish sponge iron may then be added and the 
mixing continued. The transfer of heat to the iron 
powder usually results in jelling the solution and more 
heat should be applied until the mixture ‘again becomes 
completely ?uid. Mixing is continued until the heat has 

_ caused the solvent to evaporate and the iron powder 
apparently has returned to its original ?nely divided 
powdered condition. Careful examination reveals that 
each particle has been coated with the plastic binder, al 
though not apparently different in particle size or ap 
parent density from the original iron powder. In the 
mass, the coated powder is free-?owing at all ordinary 
temperatures. In the interest of economy, equipment 
should be provided to condense and recover the solvent 
evaporated from the mix. 
As has been indicated, the minimum amount of the 

solvent is dictated by the necessity for securing complete 
?uidity and ‘a complete coating of the particles. The 
higher limit is that set by economical considerations 
both in solvent consumption and evaporating time. 
Other suitable solvents for polyethylene are toluene or 
naphtha. For other thermoplastic binders the choice of 
the solvent will be dictated by the known characteristic 
of the binder and the requirement of securing a com 
pletely ?uid solution from which the solvent may be 
readily evaporated. Suitable solvents are shown for other 
thermoplastic binders in a table appearing hereinafter. 
The content of the thermoplastic binder should be kept 

low for two reasons. One of these reasons is the fact 
that the plastic has a lower speci?c gravity than the metal 
powder. For ballistic reasons, the speci?c gravity of the 
?nished bullet should be kept as high as possible, which 
demands a maximum-metal content. The plastic con 
tent should also be kept ‘as low as possible, consistent 
with adequate bonding, because higher plastic contents 
and'particularly any free plastic ,tend'to cause swelling 
and distortion of the bullets in subsequent heat treatment. 
Below about 21/2 weight percent of‘Type ,6, nylon or poly 
ethylene binder, the resulting bullet lacks‘- strength. Much 
above 4 weight percent, it tends to swell in baking, about 
41/2 of Type 6 nylon or polyethylene being about a maxi 
mum, and 3% appears to be optimum. ‘ 

Actually, volume percentage is a better criterion 0 
optimum proportions for such bullets, as it is the volume 
of free plastic between the grains of metallic powder 
which tends to cause trouble at either limit. With poly? 
ethylene or Type 6 nylon, the weight percent limits of 
21/2% and 41/2% correspond respectively to volume per 
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cent *limits of 17% and 271/2%. With other thermoplastic 
binders, the same volume percent limits apply and corre 
sponding Weight percent limits can be calculated from the 
speci?c gravity of the particular thermoplastic binder. 
In all the speci?c examples tabulated hereinafter, the 
proportions were established at 31/2% by weight which 111 
every case falls within the limits of 17 to 271/2% by vol 
me. 

In a speci?c example of production operation, a steam 
jacketed 50 gallon kettle with counter-rotating agitators 
and a re?ux condenser is utilized as the mixing means. 
With the jacket of this kettle heated by steam at 25 to 30 
pounds pressure, the kettle is charged with 16 gallons of 
tri-chlorethylene, the agitators started, and 16 pounds of 
polyethylene added. The kettle is then closed and mix 
ing continued to dissolve the polyethylene, the condensed 
vapors of tri-chlorethylene being returned to the kettle 
by the re?ux condenser. After 15 minutes of mixing, the 
kettle manhole is opened and 440 pounds of powdered 
iron is charged. The manhole cover is closed again and 
after about 10 to 15 minutes, tri-chlorethylene will start 
to distill off. Mixing is continued, with return of con 
densed solvent for 30 minutes to insure that all particles 
of the iron powder are uniformly coated. 
The condensed solvent is thereafter diverted to a sol 

vent receiver and as ?ow of distilled solvent through a 
sight glass slows appreciably, a vacuum is applied to ac 
celerate distillation. When the recovery of solvent is 
nearly complete, as shown by an appropriate gage glass 
on the solvent receiver, the steam is turned off in the ket 
tle jacket and the degree of vacuum is increased to com 
plete drawing off solvent vapors. 

Mixing is continued until the jacket temperature drops 
to 185° F., the kettle opened, and contents discharged as 
a ?uent coated powder through the kettle draw-off valve. 
For convenience, the coated powder is screened through 

a 40 mesh vibratory screen to remove any lumps which 
may have formed and the oversize particles returned to 
the kettle for rework with subsequent batches. The coat 
ed powder is stored in dry moisture resistant containers 
but care should be taken not to hold coated powder in 
storage for more than 120 hours. 

2. Molding 

The coated molding powder may now be molded runder 
high pressure in suitably shaped dies to the desired size 
and contour. Suitable pressures in the preferred range 
are 30 to 45 tons per square inch and the resulting com 
pact is a rigid body having considerable mechanical 
strength. With lesser pressures, the density is lower, 
which is undesirable for ballistic reasons, and the me 
chanical strength may be somewhat lower. An upper 
limit to molding pressure is set by tool life. For ex 
ample, at 60 tons per square inch, tool life is decreased 
to a materially greater extent than bullet quality is im 
proved. 
The most satisfactory equipment for molding has been 

found to be a rotary tabletting machine of the type much 
used in the pharmaceutical ?eld. A suitable machine of 
this type provides a rotary table provided at spaced in 
tervals with suitably shaped die pockets, each of which 
is provided with a heel forming and ejecting punch op 
erated from beneath the table and a nose forming punch 
operated from above the dial. An illustrative machine 
has 15 die cavities in the table and when operated at 23 
r.p.m., will produce 345 compacts per minute. Machines 
of greater capacity and similar construction are readily 
available in commerce, highly suitable machines being 
manufactured by the F. J. Stokes Machine Company of 
Philadelphia, Pennsylvania, and shown, for example, in 
Patent No. 2,043,085, and others. Production machines 
of this type are capable of molding 1250 bullets per minute 
when operating and two machines of this type can be 
expected to produce about a half million bullets per shift. 
Machines of this type provide for retracting the top 
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4 
punch to clear the upper opening to the die cavity for a 
substantial portion of the rotation of the table. During 
part of this rotation, the open die pockets are moved 
through ‘a zone in which the molding powder is only later 
ally con?ned on the face of the table and tends to ?ow 
into the die cavity. During the initial portion of this 
cycle, the bottom punch is retracted to its lower limit, 
giving maximum capacity to the die pocket. As the 
table rotates, the bottom punch raises slightly to compact 
the mix and take up any voids, and a wiper clears the 
top of the table, leaving a precisely measured charge in 
the pocket. The top punch then descends into the cavity 
while the lower punch ascends, further compressing the 
powder between them into the desired form determined 
by the end shape of the punches and the dimensions of 
the die cavity. At the end of the cycle, the upper punch 
is retracted completely and the lower punch ascends to 
eject the ?nished compact which may be delivered into 
suitable conveying equipment for further continuous proc 
essing or into tote boxes for batch processing. The green 
compact has adequate strength to withstand any normal 
amount of handling in either manner. 

3. Baking 

To complete the bonding of the cold molded bullet, it 
is necessary to bake at a temperature approximately 
100° F. above the softening point of the particular plastic 
used as a binder. It is not necessary to hold at this tem 
perature for any particular length of time provided that 
the rate of temperature rise and the method of applying 
the heat are such that an equilibrium temperature is 
reached throughout a bullet or a mass of bullets. In 
some instances it has been found that a rapid rate of 
heating or close packing of bullets in a deep mass will 
initiate a low level exothermic reaction having su?icient 
heat output to cause the temperature to rise excessively 
and even burn bullets, although the application of heat by 
the oven may have been stopped completely, and it is 
therefore desirable to control the method of packing and 
baking the bullets. 

In the laboratory, sample batches have been baked in 
4" x 4" cardboard boxes containing a layer of bullets 
one inch thick. These boxes have been placed in an 
oven preheated to 350° F. and held there for two hours 
to insure reaching an equilibrium temperature, after 
which they are removed and, still in the boxes, permitted 
to cool to room temperature. The time and temperature 
for all binders tested and found to yield good bullets is 
noted in the table appearing hereafter. 

In large scale production, several methods have been 
employed, but the preferred technique is to spread the 
molded bullets in a layer of about 11/2" depth on a mesh 
belt which is moved into a furnace at room temperature 
and there subjected to a down draft of recirculated heated 
air. Temperature of the heated air is controlled so that 
until the temperature reaches 200° F., the rate of tem 
perature increase is about 9 degrees F. per minute. This 
rate of rise is not critical at this stage as the exothermic 
reaction referred to above has not been noted unless the 
rate of heating is fast, or the rate of heat dissipation slow, 
at temperatures above 220° F. To maintain equilibrium 
temperatures throughout the mass of bullets, the down 
draft of heated air passes through the mass at a speed 
of 300 feet per minute or higher, actually 450 feet per 
minute in an exemplary installation. In the temperature 
range from 200° F. to 300° F., the rate of temperature 
rise must be controlled more closely and temperature in 
crease at a rate of 3° F. per minute i0.5° F, per minute 
has proven satisfactory in production operations. Once 
the indicated maximum temperature has been reached, 
there is no necessity to retain the bullets at that tempera 
ture as the high rate of circulation of heated air assures 
that equilibrium temperatures will be maintained through 
out a reasonable thickness of bullets on the mesh belt. 
No harm, however, will come from holding bullets at 
that temperature for periods up to one hour except for 
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the unnecessary waste of power for heating and circulat 
ing the air. For maximum e?iciency in production, the 
heat is turned off on reaching 300° F. and air at room 
temperature is circulated through the oven and discharged 
outside the building to rapidly cool the mass of bullets 
and the furnace to permit the loading of subsequent 
batches. The temperatures referred to in this example 
are those used with polyethylene and other binders hav 
ing similar softening temperature. 

In an exemplary installation, the heating oven is built 
around an eight foot section of wire mesh belt two feet 
wide. This belt is a continuous belt arranged with an 
eight foot loading section outside the furnace to permit 
loading of one batch while a second batch is being baked, 
and at the completion of a baking cycle the belt is driven 
to discharge the baked load and transfer that just loaded 
into the oven zone. 500 pounds of bullets (about 232,750 
bullets) may be loaded at a depth of 11/2" on the belt. 
With the 65 minute average cycle time capacity is about 
3,500 pounds or 1,630,000 bullets per eight-hour shift. 
For additional peak capacity, the belt may be loaded to 
2” depth with a resulting 16 increase in an output, 
although at some sacri?ce in life of the wire mesh belt. 

Care should be taken to avoid exposing the bullets 
during baking to any substantially degree of moisture, for 
the iron powder appears to be particularly susceptible to 
rusting under these conditions. Although production 
operations have never demanded it, the application of 
controlled atmospheres is contemplated if rusting of the 
iron content due to particular humidity conditions, or 
air oxidation of some particular plastic binder, becomes 
a serious problem. 

4. Tumble 

To facilitate handling in conventional loading equip 
ment such as shaker plates and transfer plates, the other 
wise ?nished bullets may be self-polished by tumbling 
in suitable tumbling barrels for a short time. Otherwise, 
the iron-plastic bullet seems to tend to occasionally stick 
in the transfer plate and does not always orient itself 
in the shaker plates with the desired facility. In the in 
terval between tumbling and loading, it is usually desir 
able to protect the bullets from atmospheric moisture by 
the use of closed containers. As an additional protec 
tion, such containers may be lined with paper or other 
material impregnated with a suitable rust inhibitor. The 
vapour phase inhibitor which is a product of the Shell 
Development Corporation is suitable. 

LOADING 

Bullets prepared as described above may be loaded 
into ?nished cartridges by any standard production load 
ing equipment with no changes from the procedure em 
ployed with lead bullets other than those noted below. 
The powder charge should preferably be adjusted to 

produce a higher velocity and a momentum at usual 
gallery ranges comparable with the prior art lead gallery 
bullets. Since the new. bullet weighs only about 16 
grains, this usually requires a muzzle velocity in the range 
of 1500 to 1600 feet per second. 

In crimping the cartridge case to the new bullet, care 
should be taken to avoid the use of techniques which 
tend to score or notch the surface of the bullet. With 
the lead bullet the crimping operation usually involves 
rolling the loaded cartridge between a rotating wheel and 
the arcuate blade of a crimping knife which engages the 
mouth of the cartridge case at an angle of about 55° to 
the cartridge axis and turns in the mouth of the case. 
A lead knife is also sometimes employed to turn up a 
burr on the bullet and the loaded cartridge then rolled 
against a sizing block to iron the burr down over the 
mouth of the case and to insure that the case has not 
bulged to an extent which would interfere with cham 
bering. 
The iron plastic bullet may be successfully crimped in 

this equipment, providing its heel diameter is slightly 
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less than that of a lead bullet and a crimping knife 
working on an angle of 30° to 35° to the axis of the 
cartridge is employed. The lead knife should not be 
used and with the reduced heel diameter and ?atter 
crimp there is no material tendency to case bulging. The 
sizing block may therefore also be dispensed with. It 
is, however, desirable to use brass cartridge cases which 
are somewhat harder than are ordinarily used for standard 
velocity .22 Short cartridges. For example, the .22 Short 
Standard velocity cartridge is relief annealed at 525° F. 
For the high velocity Short cartridge, the case is relief 
annealed at 475° F. and is hence harder and stronger. 
The high velocity cartridge case has proven to be satis 
factory for this application and effectively resists any 
tendency to bulging at the crimping operation or to head 
bulges on ?ring. Any operation which tends to notch 
the iron plastic bullet weakens it sufficiently to cause 
occasional fractures in the notched region and the crimp 
ing operation should therefore be carefully controlled. 

Lubrication of the ?nished ammunition is necessary 
and desirable both from the standpoint of protecting the 
bullet against rusting when stored under adverse condi 
tions and the gun barrel against abrasive wear under the 
severe conditions of conventional commercial gallery 
use. Experimentally, such bullets have been copper 
plated, lacquered, and then lubricated with the usual 
wax lubricants, and so treated, can be stored under 
almost any conditions without noticeable deterioration. 
Commercially, only the conventional wax lubrication 
with mixtures such as those disclosed in the patent to 
Schilling and Curran, No. 2,298,844, appears to be justi 
?able. Particularly, when such lubricants are extended 
over the mouth of the cartridge case they afford sub 
stantially complete protection against bullet rusting and 
they have long since been proven to be highly effective 
in reducing barrel wear. If desired, the loaded cartridges 
may be further protected by impregnating some part of 
the packaging with rust inhibitors such as the vapour 
phase inhibitor previously mentioned herein. 

MATERIAL REQUIREMENTS 
From a performance standpoint, powders of most of 

the metals which do not tend to be poisonous in dusty 
form should be satisfactory. For ballistic reasons it is 
desirable to avoid the light metals. Iron powder, how 
ever, and particularly Swedish sponge iron powder, is 
highly satisfactory both from the standpoint of its low 
cost and good performance in service. ‘Of the iron pow 
ders which have been investigated, all appear to function 
satisfactorily, with the exception that those of smooth 
regular particle form, either as small spheres, or wire-like 
bodies, etc., are somewhat lower in strength. A rough ir 
regularly surfaced particle which may a?ford some me 
chanical keying between the compressed particles appears 
to be desirable and these characteristics are found to a 
high degree in the preferred Swedish iron powder. 
As noted before, iron powders show some tendency to 

rust and, if desired, a small amount of Zinc powder may 
be incorporated with the iron powder with some improve 
ment in rust-resisting properties of the ?nished bullets. 
Presumably, this improvement is due to electro-galvanic 
action and up to 5% zinc powder has been added with a 
reasonable improvement in rusting characteristics. 
Of the available thermoplastic binders, polyethylene 

appears to be the most economical and generally satis 
factory binder which can be cited as an example. An 
other excellent binder is nylon, examples of speci?c ny 
lons being Type 6 nylon, identi?ed as a co-polymer of 
the reaction product of adipic acid and hexamethylene 
diamine, the reaction product of sebacic acid and hexa 
methylene diamine, and E-amino caproic acid, and Type 
8 A-l nylon, identi?ed as the reaction product of poly 
hexamethylene-adipamide, formaldehyde, and methanol 
in the presence of an acid catalyst in such a fashion as to 
introduce methoxy methyl groups in place of hydrogen 
on some of the amide nitrogen of the polyhexamethylene 
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adipamide. The essential properties of the binder with 
examples appear hereinafter. 

In general, the basic requirements for a satisfactory 
binder appear to be thermoplasticity and the ability to be 
greatly elongated without fracture. If a plasticizer is 
used, it should be a plasticizer of great stability or one 
which will not appreciably decompose or volatilize when 
exposed for short period to the temperatures employed 
in baking and lubricating bullets or when exposed for 
long periods of time to storage in hot warehouses. 

In order to process economically, a satisfactory binder 
should form a highly ?uid solution with some convenient, 
inexpensive or recoverable solvent of fairly low boiling 
point. 

In an extensive investigation of the suitability of ther 
moplastic binders, it has been determined that the per 
centage of elongation at room temperature, as measured 
by ASTM Standard Test D—368—49T, correlates most 
closely with performance of ?nished bullets. No thermo 
plastic binder material having a high percentage of elon 
gation has been noted which does not produce good bul 
lets in the practice of the preferred process. Conversely, 
no thermoplastic binder having a low percentage of elon 
gation has been found to produce a good bullet, even 
though some of the low elongation materials tested ex 
hibit high tensile strength and high impact strength. In 
general, a percentage of elongation in excess of 200 is 
desirable from a production standpoint. However, bul 
lets have been produced without dif?culty from materials 
having a percentage of elongation of about 150. 

For the purpose of testing ?nished bullets, both baked 
and as a green compact, a special impact test machine 
has been constructed. In this machine a bullet is clamped 
by the heel portion and the protruding nose and bearing 
band section are struck by a pendulum which is tripped 
to swing from a ?xed height. If the bullet breaks, the 
pendulum swings on beyond the bullet position and the 
height to which it rises is in inverse ratio to the energy 
absorbed in breaking the bullet. In the arbitrary scale 
applied to such a machine, zero is applied to the height 
to which the pendulum will rise after falling in the ab 
sence of a test bullet and ten is applied to the position 
of the test bullet, between these points the scale is divided 
equiangularly. Thus, a bullet which does break but, in 
doing so, absorbs all the energy in the pendulum, is rated 
as having a strength of ten. Similarly, a bullet which 
breaks without absorbing much energy from the pendu 
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Into, would be rated as having a strength of one or less. 
Bullets which could not be broken with this machine 
were rated as 10 plus, although it should be noted that 
all bullets tested in service tests pulverize on impact with 
hard targets in the manner desired. Bullets rated as hav 
ing a baked strength of 3.0 or greater by this test have 
proven to have adequate strength to resist bullet break-up 
in factory handling operations, in loading and ?ring in 
conventional ?rearms, and in ?ight to a target. 
The energy which is absorbed in breaking the bullets 

at each scale division of this tester is shown in the follow 
ing table. 

Scale reading: Ene1rug€if§i>s1i§ii§d— 

1 ___ .27 

2 .55 
3 .84 
4 1.10 
5 _____ __ _ 1.35 

6 _____ __ _ 1.57 

7 ___ 1.75 

8 __ _ 1.89 

9 ____________________________________ __ 1.98 

10 ___- __ _ 2.00 

In the table following, suitable binders are listed with 
their physical properties, with certain data pertaining to 
their processing and with the results of bullet tests. In 
explanation, it may be stated that Percentage Elongation 
reported is as determined by ASTM D—638-49T. Izod 
Impact Strength is as determined by ASTM D—256-47T 
and Flow Temperature is as determined by ASTM D-569 
48. Flow Temperature is of signi?cance in determining 
baking temperature, it being desirable in baking the bullet 
to insure that all portions thereof have the binder brought 
to such a condition of ?uidity that the binder coating ad 
jacent particles of metal powder ?ows together in a ?rm 
bond, assuring adequate impact strength in the baked 
bullet. It has been found that an appropriate baking tem 
perature should exceed the flow temperature by some small 
amount. For production control, a baking temperature 
about 100° F. above ?ow temperature is preferable, and 
baking time or baking conditions should be such as to 
insure that an equilibrium temperature is reached through 
out each individual bullet. Bullet green strength and 
bullet baked strength are as determined by the special test 
referred to above. 

TABULA'I‘ION OF PROPERTIES OF BINDERS FOR IRON-PLASTIC BULLETS 

° F. 
Flow 
Temp. 

Izod 
Impact 

Percent 
Elong. 

Material 
Baking 
Temp., 
degrees 

Bullet 
G reen 

Strength 

Bullet 
Baked 
Strength 

Bullet 
Break-Up 
On Firing 

Baking 
Time, 
hrs. 

Solvent 

223 
276 

600 
300 

16+ Pol eth lene _______________________ __ y y 1.8 
Nylon 6 _________________________ _..__._ 

(A eo-polymer of the reactlon 
product of adipic acid and 
hexarnethylene diamine, the 
reaction product of sebacic acid 
and hexamethylene diamine, 
and E-arnino caproie acid.) 

Nylon 8 A-l ________________________ ._ 
(The reaction product of poly 
hexarnethyleneadipamtde, for 
maldehyde and methanol in the 
presence of an acid catalyst in 
such a fashion as to introduce 
mcthoxy methyl groups in place 
of hydrogen on some of the 
amide nitrogen of the poly 
hexamethylene-adipamide.) 

Polyvinyl acetate 71% plasticized 
with 29% of Arochlor 1254 (chloa 
rinated biphenyl). 

S-Polymer-Resin ____________________ .. 

(A product of low temperature co 
polymerization of 60% styrene 
and 40% isobutylene.) 

Ethylene-Vinyl Acetate Co'polyrner 
in 3-1 mol ratio. 

Vinylite VYNW 60% plasticized with 
40% di~octyl phthalate. 

(Vinylite VYN W is Vinyl ch1o~ 
ride-vinyl acetate co-polyrner.) 

6-800 16+ 300 

. 75 212 

120 

200 

250 

16+ 

16+ 

4. a 
10+ 

None 350 . 

Do. 450 
TrieOhlor-Ethylene. . _ 

Ethyl Alcohol _______ __ 

.88 
2.1 

450 _._._d0 _______________ c. .96 10+ 

850 Benzene ............. _ . l. 99 N 8. 35 

350 __.__do _______________ ._ l. 65 

_.___do _______________ __ 

Methyl Ethyl Ketone_ 

350 

350 

1. 57 

1. 81 

6. 61 

4. 3 K 
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It thus appears that the requisites of a suitable binder 
and bullet are an elongation not less than about 150 and 
a bullet baked strength not less than 3.0. The binders 
which have been found to meet these requirements 
are found in the class of organic thermoplastic resins, 
which are soluble in a volatile solvent. Some such thermo 
plastic materials (e.g., vinylites) tend to decompose at 
temperatures above their softening point, and such de 
composition may be catalyzed by the iron powder. Such 
substances may require the use of stabilizer. For ex 
ample, vinylite VYNW with 40% of di-octyl phthalate as 
a plasticizer decomposes somewhat during baking, and 
the hydrogen chloride evolved in decomposition produces 
severe rusting of the iron powder. The incorporation of 
5% ..0f White lead as a stabilizer reduces decomposition 
to a degree permitting the production of acceptable bul 
lets. 

In common with most molding problems, some dimen~ 
sional changes are encountered through the process. In 
a typical case, the cold molded compact will expand or 
spring back slightly on release from the dies and in most 
cases the bullet will undergo further slight expansion in 
baking, although in some cases a slight contraction ac 
companies baking. In all cases, however, a test molding 
and baking under the desired conditions will establish the 
expansion or contraction ratio which will permit manu 
facturing production dies to form bullets of the desired 
?nished dimensions. Once the expansion ratio has been 
established for a particular thermoplastic binder and set 
of processing conditions, no di?iculty is experienced in 
satisfactorily controlling product dimensions. 

SUMMARY 

The bullet may have a thermoplastic binder content 
between about 2.5% and about 4%, but we prefer to 
operate within a range of 3.25% to 3.75%. 
As shown in FIG. 2, the ?nished bullet is a solid body 

comprising many small grains or ?akes of iron powder, 
each enclosed by and bonded to its neighbors by a thin 
?lm of the plastic binder. In that ?gure the white sec 
tions are the granules of iron powder, while the black 
sections and the black ?laments separating adjacent grains 
are the plastic binder. In this micro-photograph there 
are shown several relatively large grains of iron powder, 
the largest of which has an actual major dimension of 
approximately .005 inch. Some of these larger granules 
are porous and, to the extent that the porosities are open 
to the surface of the granule, these holes are also ?lled 
with the plastic binder accounting for the black islands 
within these larger grains. The gray areas in the micro 
photograph appear to be impurities, perhaps manganese 
sul?de, in the iron powder. 

This new bullet contains no poisonous ingredients and 
may be manufactured, loaded, and used with no hazard 
of toxicity. Although the bullet has adequate strength 
to resist breakup in handling and shooting in autoloading 
weapons, and will penetrate wood and other relatively 
soft material, as well as a lead bullet, it is completely 
reduced to fine powder on impact with a metal or other 
resistant surface. The particles produced are so small 
and their energy so completely absorbed in pulverizing 
that back spatter cannot be detected on tissue paper sus 
pended within one to two feet of a metal target. With 
a lead bullet of the type discussed in the patents noted, 
such a test would result in shredding the paper and many 
of the fragments would be of appreciable size and possess 
considerable kinetic energy. 
The resulting bullet weighs about 15 to 16 grains by 

comparison with 28 grains for a lead bullet and may be 
loaded to higher velocities such as 1600 fps, with re 
sulting greater accuracy, ?atter trajectory, and a clean 
sharp report which appeals to the shooter. The harder 
cartridge case previously referred to is desirable in that 
it resists any tendency to bulge at the head due to the 

10 

15 

20 

25 

30 

85 

40 

45 

55 

60 

65 

70 

10 
pressures used to achieve these higher velocities. At the 
higher velocities, the new bullet has su?icient momentum 
to knock down any of the usual type of mechanical gal 
lery targets and the reaction upon the gun mechanism is 
great enough to function any of the conventional auto 
loading ri?es designed for the short cartridge. The new 
bullet produces a shower of brilliant sparks on impact 
with metal targets, and in this way, also appeals to the 
shooter in assisting him in spotting his shots. 
Although the new bulletin and the process of manu 

facturing it have been quite speci?cally described here 
in, it is not intended that the invention be considered 
limited to the speci?c examples. Reference to the fol 
lowing claims will show the limitations upon the scope 
of the invention. 

I claim: 
1. A bullet for gallery shooting adapted to completely 

disintegrate on impact with a hard target, said bullet 
consisting essentially of a coherent but disintegrable com 
pact of a multiplicity of discrete particles of a metallic 
powder, each particle of said powder being substantially 
completely coated with a binder material which also sub 
stantially completely ?lls the interstices between said 
metallic powder particles, said binder material being se 
lected from those organic thermoplastic resins which are 
soluble in volatile solvents and have an elongation of not 
less than about 150% at room temperature; said bullet 
comprising between 17% and 271/».% by volume of said 
binder material, balance substantially all metallic powder. 

2. A bullet according to claim 1, in which said me 
tallic powder is iron. 

3. A bullet according to claim 2, in which said thermo 
plastic resin is polyethlyene. 

4. A bullet according to claim 2, in which said thermo 
plastic resin is nylon. 

5. A bullet according to claim 2, in which said thermo 
plastic resin is plasticized polyvinyl acetate. 

6. A bullet according to claim 2, in which said thermo 
plastic resin is the product of low temperature co-poly 
merization of isobutylene and styrene. 

7. A bullet according to claim 2, in which said thermo 
plastic resin is a co-polymer of ethylene and vinyl acetate. 

8. A bullet according to claim 2, in which said thermo 
plastic resin is plasticized vinyl chloride-vinyl acetate 
co-polymer. 

9. A bullet according to claim 1, in which said metallic 
powder comprises about 5% zinc by weight, balance sub 
stantially all iron. 

10. A bullet for gallery shooting, adapted to completely 
disintegrate on impact with a hard target, said bullet con 
sisting essentially of a coherent but disintegrable compact 
of a multiplicity of discrete particles of a metallic pow 
der, each particle of said powder being substantially com 
pletely coated with a binder material which also sub 
stantially completely ?lls the interstices between said 
metallic powder particles, said binder material being 
selected from those organic thermoplastic resins which 
are soluble in volatile solvents and have an elongation 
of not less than about 150% at room temperature; said 
bullet comprising between 17% and 271/z% by volume 
of said binder material, balance substantially all metallic 
powder; said metallic powder being iron, substantially all 
of which will pass a l00-mesh screen. 

111. A bullet according to claim 10, in which said 
metallic powder is Swedish sponge iron. 
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